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Glossary of Terms

Alien, exotic, and nonnative: terms used interchangeably in this Plan to denote species not native to America or the Mid-Atlantic region.

Executive Order: a policy document issued by the Office of the President of the United States.
GMP: general management plan for a park unit.
GPRA: the Government Performance and Results Act of 1993 requiring linkage between programmatic planning, budgeting, and accomplishments reporting.

Herbicide: a chemical pesticide targeting unwanted vegetation.

HOFU: a four-digit code for Hopewell Furnace National Historic Site.

Invasive: a subset of alien, exotic or nonnative implying a species’ ability to take over and dominate a site thus changing an area’s natural ecological character and function.

IPM: integrated pest management; a scientific method to approach pest management, reduce pesticide usage, and increase management effectiveness.
NEPA: the National Environmental Policy Act of 1969 that requires public disclosure of environmental impact analysis and decision-making for planned federal actions.

NHPA: the National Historic Preservation Act of 1966 that requires protection of cultural resources (Section 106) and oversight by state historic preservation officers.

NPS: the National Park Service.

NHS: national historic site.
ONPS: Operations of National Park Service funding.
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Strategic Plan for Managing Invasive Exotic Vegetation
At Hopewell Furnace National Historic Site
Executive Summary

· This Strategic Plan takes a broad view of the invasive exotic plant situation facing Hopewell Furnace NHS. It also examines the specific priorities and tools that may be employed in field management.
· The Plan shall be in effect until replaced. Amendments are encouraged and cause the Plan to be a living document that extends its validity.
· One week of field reconnaissance survey was conducted in May 2006 by the Mid-Atlantic Exotic Plant Management Team. During that time, 23 invasive species were detected and subsequently described. 
· Consideration was given to additional species noted by the staff of Crow’s Nest Preserve and other species that are in the region and require surveillance for early detection.
· Priorities for treatments were established that put specific species’ eradications at the top, with extirpations, cultural management, and general suppression treatments on successively lower tiers.
· Nine management compartments are described for Hopewell Furnace, including West Lenape, East Lenape, Maintenance, Raccoon, Upper Village, Lower Village, Baptism Creek, Bethesda Church, and Horseshoe.

· Law and policy are described that influence and direct invasive plant management for Hopewell Furnace NHS.
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Strategic Plan for Managing

Invasive Exotic Vegetation
Introduction

The Hopewell Furnace National Historic Site portrays the operations and importance of iron-making to the peoples of the region and nascent nation. Much of the Site’s focus is therefore upon the buildings, grounds, and operations immediately surrounding the iron works and village. However, Hopewell’s history of legislation also makes it incumbent to manage the recreational values of the land and to preserve and protect “…the natural and cultural landscape” of the area (NPS 2006). There are currently 848 acres contained within federal jurisdiction. The forested backdrop to the area also has high value due to its centrality within the envisioned multi-ownership Hopewell Big Woods preserve of over 15,000 acres. The preserve encompasses other land ownerships such as French Creek State Park, Pennsylvania State Game lands, a not-for-profit Natural Lands Trust, and other private owners. The natural heritage of the area is the primary focus of the preserve. Threats to its natural values must therefore be controlled and managed. According to many authorities, invasive species pose the greatest single threat to individual species, biological diversity, and ecosystem health of the forests and meadows of America (Westbrooks 1998; Cox 1999). This Strategic Plan therefore describes the scope and policy guidance for invasive, exotic plant management relative to the preservation of natural and cultural resources at Hopewell Furnace.
Context & Scope

The Strategic Plan for Managing Invasive Exotic Vegetation at Hopewell Furnace National Historic Site fits within a context of national and park-derived policy aiming to preserve and protect native species, biological diversity, functioning ecosystems, and cultural resources. The following subsections describe influencing law and policy relative to invasive plant management.
NPS Organic Act

The 1916 Organic Act establishing the National Park Service gives guidance for land management that is helpful in describing the task of resource protection.

The service thus established shall promote and regulate the use of the Federal areas known as national parks, monuments, and reservations … by such means and measures as conform to the fundamental purpose of the said parks, monuments, and reservations, which purpose is to conserve the scenery and the natural and historic objects and the wild life therein and to provide for the enjoyment of the same in such manner and by such means as will leave them unimpaired for the enjoyment of future generations."

The charge to leave natural and historic resources unimpaired for future generations is a high calling. It is one made the stronger through a series of federal court decisions and subsequent congressional acts that interpret our "conservation" mission as truly to "preserve and protect." This implicates invasive nonnative species as clear threats to native natural resources and healthy functioning ecosystems. Further, invasive species are well known for their negative impacts upon cultural landscapes and structures by change to the historical periods of landscapes and outright physical degradation to structures.

Park Enabling Legislation

Lands set aside for preservation of the Hopewell Village, later known as the Hopewell Furnace National Historic Site, were first dedicated by order of the U.S. Secretary of the Interior, August 5, 1938, under the authority of an Act of Congress, August 21, 1935 (49 Stat. 666). Subsequently, Congress approved certain lands for addition, June 6, 1942 (56 Stat. 327), and removal, July 24, 1946 (60 Stat. 635). The resulting land area amounts to 848 acres which celebrates the influence and role of Eighteenth Century iron works to the region and emerging nation.
The focus for resource protection emanating from the park’s enabling legislation therefore centers on its cultural and historical values.
Government Performance and Results Act

The Government Performance and Results Act of 1993 (GPRA) requires Executive agencies and their bureaus to formulate and update strategic plans for program activities. The National Park Service completed such a document, September 30, 1997
, with periodic updates since that time. Several mission and long-term goals were established which directly require activities and planning relative to invasive exotic vegetation management.

· NPS [National] Mission Goal Ia: Natural and cultural resources and associated values are protected, restored, and maintained in good condition and managed within their broader ecosystem and cultural context.
NPS Long-term Goals, adopted by the park, to be achieved by September 30, 2008:

· Ib3A. Vital Signs Identified – 100% of 270 parks with significant natural resources have identified their vital signs for natural resource monitoring.
· Ib3B. Vital Signs Monitoring Implemented – 80% of 270 parks with significant natural resources have implemented natural resource monitoring of key vital signs parameters.
Executive Order

The February 3, 1999, Executive Order #13112 on Invasive Species, among other things, calls on federal agencies to prevent new invasive introductions, detect, monitor and control current infestations, and educate the public about invasive impacts and control methods.

Federal Agency Duties.  (a) Each Federal agency whose actions may affect the status of invasive species shall, to the extent practicable and permitted by law,

(1) identify such actions;

(2) … (i) prevent the introduction of invasive species; (ii) detect and respond rapidly to and control populations of such species in a cost-effective and environmentally sound manner; (iii) monitor invasive species populations accurately and reliably; (iv) provide for restoration of native species and habitat conditions in ecosystems that have been invaded; (v) conduct research on invasive species and develop technologies to prevent introduction and provide for environ-mentally sound control of invasive species; and (vi) promote public education on invasive species and the means to address them; and

(3) not authorize, fund, or carry out actions that it believes are likely to cause or promote the introduction or spread of invasive species…

(EO #13112-Invasive Species; 2/3/99; §2)

This far-reaching order demands that federal land managers prevent, detect, monitor, and control invasive species on their lands. Furthermore, no federal action may cause or promote the spread of invasive species.

General Management Plan

Hopewell Furnace NHS is at this time completing its first General Management Plan which sets forth a basic management philosophy and provides a foundation for future decisions to achieve the park's goals over a 15-20 year period.
Hopewell Furnace's stated purpose (NPS 2006):
A) Provide for the public enjoyment of Hopewell Furnace NHS through a range of learning and recreational opportunities.

B) Preserve and protect the old Furnace, Mansion House, and other resources that define the natural and cultural landscape known as Hopewell [emphasis added].
C)
Interpret and share the history of Hopewell and its people.

Therefore, not only the historic grounds of the iron works village but also the natural and cultural landscape must be protected from change and impairment.

Resource Management Plan

The park's Resource Management Plan, dated April 1994, describes among other issues the need and intent to treat nonnative invasives. The appendix of that document contains a project proposal titled, “Alien Plant Control” (statement #HOFU-I-102.005), which describes the need to survey and manage nonnative plants that would undermine the park’s purpose.
Management Activity
Prior to this programmatic Plan being drafted, seasonal staff members under the direction of the Maintenance Division conducted invasive vegetation control to manage the trails and enhance the cultural aspects of the Historic Village area. Asiatic bittersweet, Japanese honeysuckle, and Japanese barberry were removed from along several trails and field edges, and a small grove of Ailanthus trees was removed from the Historic Village area. This Plan shall encompass such activities and set forth direction and guidance for future project considerations.
Incorporating IPM into Invasive Vegetation Management

Integrated pest management includes a nine-step process for evaluation, consensus building, action, and improvement. The following table lists those steps and indicates how each has been incorporated into the Plan. Whether in a “plan” or in day-to-day practice, managers and staff are required to approach pest problems in a holistic fashion that seeks to avoid problems and minimize impacts so that direct controls and pesticide usage are minimized. In the case of invasive vegetation, IPM strives to prevent new introductions, determine whether a given nonnative plant is indeed an invasive pest, and preferentially use non-chemical means of control over chemical methods where indicated by professional best management practices.

Figure-1. Integrating IPM into Exotic Plant Management at Hopewell Furnace NHS.
	Integrated Pest Management

Process Steps
	Actions Described 

in this Strategic Plan

	1. Identify specific pests
	Refer to the Analysis of Nonnative Threats section, Reconnaissance Summary subsection

	2. Build consensus on stated problems and treatments
	This Plan and ongoing communications are required elements

	3. Review appropriate Federal & State laws and NPS policy
	Refer to the Context & Scope section

	4. Establish action thresholds
	Refer to the Analysis of Nonnative Threats section, Approach to Priority Ranking subsection

	5. Establish priorities
	Refer to the Analysis of Nonnative Threats section, Integrated Treatment Priorities figure

	6. Monitor pests and the environment
	Refer to the Program Implementation section, Invasives Monitoring subsection

	7. Apply indirect/direct suppression as needed:

· Apply non-chemical methods as the first course of action where professional literature and experience indicate feasibility and practicality

· Obtain prior approval and apply pesticides if they are warranted
	· Refer to the Invasive Plants & Appropriate Action section; the Program Implementation section, Control Methods Summary subsection; and Appendix A
· This Plan and specific communications within Hopewell and with the NPS-NER IPM Coordinator are required

	(Integrated Pest Management

Process Steps)
	(Actions Described 

in this Strategic Plan)

	8. Evaluate effectiveness
	Analyze field information linked to invasive vegetation monitoring

	9. Keep records of pesticide use for annual reporting and the publics "right to know."
	Refer to the Program Implementation section, Record Keeping subsection


This backdrop of law, policy and planning provides a strong foundation for an invasive exotic vegetation management program at Hopewell Furnace.






Figure-2. Illustrating the hierarchy of law, directives, and policy that inform invasive plant management.
Life and Scope of the Plan

The Strategic Plan shall guide the approach and implementation of exotic vegetation management until replaced. It is intended to be a living document that may be amended as conditions and new information warrant. Changes should be recommended and discussed in an interdisciplinary approach that encourages full disclosure and appropriate dialogue. Amendments shall be ratified by the Superintendent and attached in the appendix. Each amendment extends the Plan’s validity.
Establishing Invasive Plant Management Policy at Hopewell
Mission and Policy Statements

The mission of invasive plant management shall be to preserve and protect natural and cultural resources, maintain healthy functioning ecosystems, and alert the public as to the potential impacts posed by invasives in the area.
Based upon the body of law, directives, and policy aforementioned, implementing an invasives program shall include the following objective elements.

Invasive Plant Management Objectives:

Objective-1.
Prevent the introduction of new invasive species.


Objective-2.
Reduce the impacts of invasive plants to natural and cultural resources.



2.A.
Eradicate invasives where possible.



2.B.
Suppress invasives and minimize resource impacts where invasive populations are too large to eradicate.



2.C.
Conduct botanical/silvicultural restoration as appropriate to reclaim formerly infested areas that will not readily naturally regenerate.


Objective-3.
Conduct field monitoring and analysis to facilitate adaptive management and respond to new challenges.


Objective-4. Conform to all administrative and environmental laws and policies (i.e., NEPA, NHPA, and other appurtenant laws and policies).


Objective-5.
Maintain records to enable management based on science and facilitate optimal programmatic reporting.


Objective-6.
Operate in a safe manner that protects park staff and resources and minimizes waste.


Objective-7.
Promote public education on invasive species and potential public involvement.

Program Funding

Current NPS base funding of Hopewell Furnace does not include support for invasive plant management. Past invasive plant control took place by assigning Student Conservation Association interns, among many other duties, to cut and uproot specific plants that infringed upon trails and the Historic Village. There has never been sufficient funding to support a robust approach that would address the expanding invasives infestations of the area. It is appropriate that three funding avenues be pursued to meet the invasives challenge at Hopewell Furnace.

Funding Avenues to Pursue
1. ONPS funding to support a base level of invasive plant management. The NPS typically allows annual requests for park base funding increases. To the extent that Hopewell Furnace hopes to participate in the greater Hopewell Big Woods Preserve, it is appropriate that the park seek base funding to manage the growing problem it has with invasive plants. An appropriate level of activity at this time would include 1.5 FTE in temporary or permanent subject-to-furlough positions plus $10k for vehicle rental, equipment, and supplies. A permanent position is preferred unless another staff person is prepared to train new staff and direct the program each year. Base increase proposals must be entered into the OFS (financial) database when allowed (typically November-February)
2. Competitive NPS funding to support specific eradication and suppression projects. Many of the identified infestations are large enough to require an infusion of support to get them under control. Several NPS competitive funds are available for such project proposals (i.e., NRPP-Resource Resource Management; NRPP-Small Parks; NRPP-Regional Block Allocation; BRMD-Competitive; and Regional Science (if reinvigorated). Each fund has its own funding maximum/minimum, length of project operations, and proposal writing requirements. Each year’s funding call provides its own description of application requirements. Project proposals must be entered into the PMIS (projects) database when allowed (typically November-February).
3. Outside funding from non-NPS and not-for-profit sources to support specific eradication, suppression, monitoring, and public education. Though limited to a few federal agencies and charitable foundations that are willing to support governmental agencies, money is available outside the shrinking pot of NPS budgets. The National Parks Foundation is an excellent clearing house for several foundations that are interested in supporting parks. Typically, grants are an excellent source of short-term support to achieve specific goals. Most agencies are not willing to support program augmentations or salaries of existing staff. They often want to gain credit for helping organizations build, grow, or achieve something new that will reflect well on their organization’s reputation. Good texts for advice to get started in fundraising include rudimentary books such as Fundraising for Dummies (2000) and I’ll Grant You That (2000).
Invasive Plants & Appropriate Action
Characteristics of Invasive Vegetation. 

Invasives have biological characteristics that allow them to rapidly invade and out-compete others for moisture, light, and nutrients. They do this through one or more of the following traits:

· High rates of photosynthesis;

· Able to withstand high microsite temperatures;

· Prolific reproductive capacity (short maturation to create seed; great seed producers, rapid vegetative spread rates, etc.);

· Rapid early growth and maturity (overshadowing others or expanding roots quickly);

· Highly successful seed germination, seed dispersal, and colonization;

· Long lived seeds or reproductive structures in the soil;

· Roots or rhizomes with large food reserve (resisting site impacts such as grazing, fire, insects, drought, etc.);

· Production of biological toxins that suppress the growth of other plants;

· Ability to use other plants, natural features, or structures to overcome natives (shading out other plants); and

· Relatively free of natural controls! (Probably the single most important factor.)
Implications & Warnings for Land Managers. 

Invasive exotics thrive in areas of recent site disturbance. That is characteristic of pioneer species as they colonize lands opened up due to natural/man-caused events. Typically, after filling an early niche, native pioneers are later shaded out (or otherwise replaced) by shade-tolerant species as the stand develops through time. Unlike native pioneer species, however, many nonnative invasives
, once established, are able to create space for themselves by out-competing or overcoming natives. Thus, many have biological power to capture a position on the landscape from pioneer-to-climax. That is not natural either here nor in their native ranges.

Typical land disturbances or actions that encourage invasives include:

· Road projects where there is soil exposure, soil compaction
, or infested fill dirt
· Utility projects where there is soil exposure or compaction
· Natural erosion along streams or roads causing soil exposure or invasive seed transport
· Natural disaster such as windthrow, hail, wildfire, and insect/disease epidemics causing opening of forest stands, harm to natives, or transport of invasive seed
· Open plowing of fields rather than conservative chisel plowing that causes soil exposure and subsequent erosion
· Pedestrian trampling causing uncontrolled soil compaction
· Timing of prescribed fire or grazing that disfavors native plant growth or reproduction

· Herbicide use that either disfavors natives or opens the site to invaders.

Appropriate & Common Field Controls

Current benchmark species-specific controls are described in the appendix for invasive plants identified to date. Those descriptions are gathered from such sources as the Pennsylvania Department of Conservation and Natural Resources, the NPS Plant Conservation Alliance's Alien Plant Working Group, the Southeastern Exotic Pest Plant Council, and, Virginia Native Plant Society, among others. Each is an organization of high repute.

Several broad categories of action are appropriate when treating nonnative invasives. One or a combination of approaches may be involved to effectively match the invasive challenge with effective suppression. 
General suppression/eradication approaches include the following:
· Mechanical Control -- Involves such treatments as hand pulling or hand cutting of specific plants, as well as mechanical mowing, harrowing or other treatments of plants en mass.

· Silvicultural/Agricultural Application -- Includes the use of fast growing native vegetation to capture sites immediately after other suppressive methods have dealt with the primary invasive presence.

· Chemical Application -- Involves herbicide applications to directly treat individual plants or groups en mass. This may be done in combination with mechanical and other control methods.

· Prescribed Fire -- Involves the use of ground fire for the purpose of killing or stressing invasive plants, killing seed in the ground, or as a preparation to open better access in areas choked with vines. The latter can be viewed as a form of mechanical control.

· Biological Control -- Includes the use of specific and nationally approved insects, diseases or animals to prey upon invasive exotic vegetation.

Many species when caught in the early stages of infestation may be successfully treated using mechanical methods. Common mullein and garlic mustard can be treated in this way. Unfortunately, as invasives expand their presence, the feasibility of handwork diminishes because of the sheer magnitude of the problem verses available work time. However, when focusing on specific sites, mechanical control can still be a valuable tool in combination with other approaches. Indeed, many invasives are best treated with a combination of approaches.

Refer to the Program Implementation section for a description of methods that are specifically planned for use at Hopewell Furnace.
Analysis of Nonnative Threats

Reconnaissance Summary.

James Åkerson conducted an afternoon of reconnoitering at Hopewell Furnace on November 29, 2005, to plan the in-depth field work that followed. Dale Meyerhoeffer and Kate Jensen conducted detailed field reconnaissance during the week of May 22-25, 2006, to gain site-specific understanding of the challenge posed by invasive plants.
Management Compartments.

The first task in describing the invasive exotic plant problems at Hopewell Furnace was to arrive at common geographical names for the various park areas. Discussions were held so that staffs could communicate effectively. In cooperation with the Maintenance Division and the Resource Management & Visitor Protection Division, compartment naming was agreed upon and is displayed in the following figure.
[image: image2.jpg]Hopewell
Furnace NHS
Compartments





Figure-3. Illustrating the management compartments of Hopewell Furnace NHS.
Infestation Gradient.


There is a continuous gradient of invasive species and infestation levels that is lightest in the north and heaviest in the south. The northern compartments of West and East Lenape are in relatively good condition with neither many invasive species nor heavy infestation levels. The most species and heaviest infestations were found in the southern border areas of Lower Village, Horseshoe, Baptism Creek, and Bethesda Church compartments. Generally, infestations are heaviest adjacent to road and field edges, with decreasing density into high forest areas. Quite a number of species were found in only a few locations, and many of those were in low densities. Such species may provide the best opportunities to start in the early part of the control program.
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Figure-4. Illustrating the infestation levels from north-to-south at Hopewell Furnace NHS.
Reconnaissance Findings.

The exotic vegetation survey indicates heavy area-specific infestations in the forb and shrub layers. Typically infested areas include road sides, field edges, and along rock walls and stream banks. These areas have exposure to the sun and resemble areas of disturbance, thus favoring invasives and other native pioneer species. There is generally a decreasing presence of invasives in high-forest areas the deeper one goes into undisturbed shade. The most troubling invasive species, due to dominance or widespread presence, include mile-a-minute, Oriental bittersweet, garlic mustard, and Japanese stiltgrass. They are known to penetrate into natural areas without the need for canopy disturbance. The reconnaissance descriptions that follow are meant to serve as a touchstone and guide around which added information may be incorporated. Though additional exotics may be present in the park, those species listed are known to be invasive. The following figure and compartment summaries briefly describe our knowledge and findings to date.

Figure-5. Summary of invasive exotic plant distribution at Hopewell Furnace NHS.

	Compartment
	Invasive Species

	Density

(>5%)
	Comments

	West Lenape
	Japanese stiltgrass
	15%
	Both Lenape compartments are among the least infested. Only six invasive species were found.

	East Lenape
	Japanese stiltgrass
	15%
	Both Lenape compartments are among the least infested. Only six invasive species were found. The powerline right-of-way is surprisingly free of invasives except stiltgrass.

	Maintenance
	Japanese stiltgrass

Japanese barberry

Ground ivy
	15-35%

15%

15%
	Field-15 and the woods have the highest densities. Ten invasive species were detected.

	Raccoon
	Japanese stiltgrass
	15%
	Field edges are infested with a composite of invasive canopy cover exceeding 75%. Twelve invasive species were detected. The SW corner is heavily infested. Winged euonymus was spotted at the road and powerline crossing.

	Upper Village
	Japanese stiltgrass

Japanese barberry

Oriental bittersweet

Lespedeza
	15%

15%

15%

15%
	The compartment is heavily infested along field and road edges. Thirteen invasive species were detected. Field-6A has >75% density on the French Creek bank. Field-16 is being rapidly infested due to lack of mowing.

	Lower Village
	Japanese stiltgrass

Multiflora rose
Oriental bittersweet

Japanese barberry

Wineberry
	15-80%

15-35%
15-35%

15-60%

15%
	Generally very infested compartment. Twelve invasive species were detected overall. The most densely infested area is between (and east of) fields 6b and 7.

	Baptism Creek
	Japanese stiltgrass

Japanese barberry


	35%

15%


	The highly invasive mile-a-minute vine was found along French Creek. Thirteen invasive species were detected.

	Bethesda Church
	Oriental bittersweet

Japanese stiltgrass

Japanese barberry
Japanese honeysuckle
	60%
15%

15%

15%
	The area north of Winsome Farm and Crow’s Nest is heavily infested. Thirteen invasive species were detected.

	Horseshoe
	Japanese stiltgrass

Oriental bittersweet
Multiflora rose

Japanese barberry

Tree of heaven
	15-35%

15%
15%

15%

85%
	The highly invasive mile-a-minute vine was detected in units 001, 002, and 003. Seventeen invasive species were detected overall (the greatest number). Moderately but consistently infested; many species are at trace amounts.


West Lenape Compartment Description.

This is the least infested compartment in the park. Six invasive species were detected, including Japanese stiltgrass (Microstegium vimineum), Japanese barberry (Berberis thunbergii), multiflora rose (Rosa multiflora), wineberry (Rubus phoenicolasius), Oriental bittersweet (Celastrus orbiculatus), and common mullein (Verbascum thapsus). Stiltgrass has the greatest density. Invasives are typically found along field and road edges.
East Lenape Compartment Description.

Like the West Lenape compartment, this is lightly infested. The powerline right-of-way along the eastern boundary gives opportunity for invasives – though surprisingly at this time it is only lightly impacted. Six invasive species were detected, including Japanese stiltgrass, Japanese barberry, multiflora rose, wineberry, Oriental bittersweet, and common mullein. Stiltgrass has the greatest ground cover density at about 15%. Invasives are typically found along field and road edges.
Maintenance Compartment Description.

This is a moderately-to highly infested compartment. Eleven invasives were detected, including Japanese stiltgrass, Japanese barberry, multiflora rose, ground ivy (Glechoma hederacea), wineberry, Oriental bittersweet, garlic mustard (Alliaria petiolata), Chinese lespedeza (Lespedeza cuneata), Japanese honeysuckle (Lonicera japonica), privets (Ligustrum spp.), and tree of heaven (Ailanthus altissima). Stiltgrass, barberry, and ground ivy have the greatest ground cover densities of 15-to-35% around building sites, and field and road edges, decreasing into the forest.
Raccoon Compartment Description.

This is a light-to-moderately infested compartment. Twelve invasives were detected, including Japanese stiltgrass, Japanese barberry, Oriental bittersweet, Japanese honeysuckle, multiflora rose, wineberry, garlic mustard, winged euonymus (Euonymus alata), common mullein, privets, bush honeysuckles (Lonicera spp.), and tree of heaven. Stiltgrass has the highest canopy density, at 15%, and is generally present throughout. All other species have far less density. Invasives are generally dense in the southwest corner of the compartment. Edges and tree clumps are heavily infested, at 75-95% density. The highly invasive winged euonymus is found at the powerline right-of-way and road crossing.
Upper Village Compartment Description.

This is a heavily infested compartment. Thirteen invasives were detected, including Japanese stiltgrass, Japanese barberry, Oriental bittersweet, Japanese honeysuckle, multiflora rose, wineberry, garlic mustard, autumn olive (Elaeagnus umbellata), Chinese lespedeza, common mullein, privets, bush honeysuckles, and tree of heaven. Greatest canopy densities are held by stiltgrass, barberry, multiflora rose, lespedeza, and Oriental bittersweet, at 15%. Invasives are found mostly in fields, along forest/field/road edges, in the woods, and along stone walls. Field 6A has dense invasives cover at the southwest edge down to French Creek of 75-95% cover.
Lower Village Compartment Description.

This is a heavily infested compartment. Twelve invasives were detected, including Japanese stiltgrass, Japanese barberry, Oriental bittersweet, Japanese honeysuckle, multiflora rose, wineberry, garlic mustard, autumn olive, lespedezas, privets, sweet mock-orange (Philadelphus coronarius), forsythia (Forsythia spp.), and Norway maple (Acer platanoides). The heaviest canopy densities are of stiltgrass at 35-to-80%, barberry at 60%, Oriental bittersweet at 15-to-35%, and multiflora rose at 15-to-35%. The worst infestations were between and east of Field-6A and Field-7. The western portion of the compartment was also heavily infested.
Baptism Creek Compartment Description.

This compartment is moderately infested overall, with heavy infestation centers. Thirteen invasive species were detected, including Japanese stiltgrass, Japanese barberry, Oriental bittersweet, Japanese honeysuckle, multiflora rose, wineberry, garlic mustard, Canada thistle (Cirsium arvense), autumn olive, privets, bush honeysuckles, mile-a-minute vine (Polygonum perfoliatum), and tree of heaven. The greatest canopy cover density was of stiltgrass at 35% south of Hopewell Road and northeast of French Creek. Mile-a-minute vine is present all along French Creek and should be dealt with soon to keep it from both expanding and dominating; it is currently only 1-to-5% density presence.
Bethesda Church Compartment Description.

The compartment is moderately infested overall, with heavy infestation centers. Thirteen invasive species were found, including Japanese stiltgrass, Japanese barberry, Oriental bittersweet, Japanese honeysuckle, Chinese wisteria (Wisteria sinensis), multiflora rose, wineberry, garlic mustard, Canada thistle, common mullein, autumn olive, bush honeysuckles, and winged euonymus. The greatest canopy cover density was of Oriental bittersweet at 60%, and stiltgrass, barberry, and honeysuckle at 15%. Field-13 is being invaded due to decreased farm activity. Referring to the forested area, one staff member said, “This is an exotics showcase!” The Oriental bittersweet is very dense in the area.
Horseshoe Compartment Description.

The compartment is moderately-to-heavily infested. Seventeen invasive species were found (the greatest number of species) including Japanese stiltgrass, Japanese barberry, Oriental bittersweet, Japanese honeysuckle, English ivy (Hedera helix), multiflora rose, wineberry, garlic mustard, nonnative thistle, common mullein, autumn olive, bush honeysuckles, winged euonymus, mile-a-minute vine, tree of heaven, Norway maple, and golden bamboo (Phyllostachys aurea). Mile-a-minute vine is present at the park boundary along the Harrison-Lloyd road and should be dealt with soon to keep it from expanding and dominating. It is currently at only trace density presence along Harrison-Lloyd road and the southern boundary, and 1-to-5% density in several locations along French Creek. (One of the mile-a-minute locations along French Creek was mentioned in the Baptism Creek Compartment.)
Approach to Priority Ranking.
To arrive at the final field work prioritization and program focus, the analysis includes the following criterion.

(1) Identify and rank invasive species. (Eliminating all nonnatives is virtually impossible. It is imperative, therefore, to create a ranking based on relative invasiveness and potential for eradication.)
(2) Identify natural and cultural resource areas that need special or early management due to their significance or sensitivity. Identify vectoring areas that should be treated early to reduce infestation threat and minimize spread potentials.

(3) Identify natural and cultural resource areas that preclude management activity. (The areas must be protected from the disturbance of management activity.)
(4) Meld the species-specific, geographic and programmatic inputs (#1-3 above) into an overall treatment priority system.

Species Ranking. 

Initial Winnowing


To narrow the focus of prioritizing the many nonnative species in the park, only those known to be moderately-to-highly invasive were considered. Therefore, plants of low invasiveness were not considered. Two sources of technical information were used to make the initial winnowing decision, including the websites for the Pennsylvania Department of Conservation and Natural Resources “Invasive Plants in Pennsylvania,” and the Virginia Native Plant Society’s “Invasive Alien Plant Species in Virginia.” 
Hiebert & Stubbendieck Ranking Handbook. 


The winnowed list of invasives were prioritized using a system outlined in the Handbook for Ranking Exotic Plants for Management and Control by Hiebert and Stubbendieck (1993). The method assesses each species according to its environmental threat potential and its current control/eradication potential. The resulting plot of species values on a four-quadrant grid allows comparison. (See the following figure.) The first priority for treatment are those invasives having high environmental threat but which are easily controlled. The second priority includes high threats but lesser control potentials. The third contains lesser threats and easier control potentials, while the lowest priority contains lesser threats coupled with lesser control potentials.
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Figure-6. Ranking invasive vegetation for early treatment at Hopewell Furnace NHS.

The Hiebert & Stubbendieck ranking from the preceding figure is as follows (order within priority bands includes subjective ranking):


Priority 1


------------


None ranked
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------------
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Priority 3


------------
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------------
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Thistles
Zonal Ranking. 

Areas Needing Early Management

Consideration of natural and cultural resource protection factors indicate the following zonal priorities for control of invasive non-native vegetation. The order of listing as well as the relative urgency imply priority for treatments.

Figure-7. Ranking zones for early exotic plant treatments at Hopewell Furnace NHS.

	Zone/Area
	Values at Stake
	Relative Urgency

	Stream/wetland sites
	Riparian; biodiversity; ecosystem function
	High

	Upland sites within otherwise in tact high forest areas
	Biodiversity; ecosystem function
	High

	Road and powerline right-of-way corridors
	Exotic plant vectoring; visuals; aesthetic
	High-to-moderate

	Upland sites within the historic village
	Historical preservation; biodiversity;
	Moderate


Sensitive Areas that Preclude Management without Special Clearance

It has also been determined that overriding cultural resource protection needs may exist that would preclude or alter exotic invasive vegetation management in certain areas. Therefore, the following areas and species should receive special caution and clearance approval for action prior to implementing treatments for invasive vegetation.

Figure-8a. Zones requiring coordination prior to exotic plant treatments at Hopewell Furnace NHS.

	Zones
	Values at Stake
	Comments

	Known archeological sites
	Archeological
	Avoid mechanical control techniques that could alter or degrade the involved resource.  Chemical and/or biological controls would be preferred methods.

	Any linear feature that may define current or past use
	Historical; cultural; archeological
	Avoid mechanical control techniques that could alter or degrade the involved resource.  Chemical and/or biological controls would be preferred methods.


Figure-8b. Species requiring special approval prior to exotic plant treatments at Hopewell Furnace NHS.

	Species
	Values at Stake
	Comments

	Isolated patches of periwinkle (Vinca minor)
	Historical; archeological; grave sites
	Avoid mechanical control techniques that could alter or degrade the involved resource.  Chemical and/or biological controls would be preferred methods.


Operational Considerations. 

To organize the species and zonal priorities discussed above into an integrated field directive, a treatment priority ranking is provided. It consolidates the species and zones for programmatical management. Refer to the figure that follows.

Figure-9. Integrated Treatment Priorities at Hopewell Furnace NHS.

	Priority Band
	Criteria - 1
	Criteria - 2
	Criteria - 3

	1
	Eradicate invasives
	Mile-a-minute vine
	Baptism Creek Compartment

Horseshoe Compartment

	
	Eradicate invasives
	Winged euonymus
	Raccoon Compartment

Horseshoe Compartment

	
	Eradicate invasives
	Chinese wisteria
	Bethesda Church Compartment

	
	Eradicate invasives
	Golden bamboo
	Bethesda Church Comp

	
	Eradicate invasives
	English ivy
	Bethesda Church Compartment

	
	
	
	

	2
	Extirpate invasives locally
	French Creek corridor:

  reduce vectoring and

  improve natural setting
	Multiflora rose

Lespedeza

Oriental bittersweet

Japanese honeysuckle

Tree of heaven

Wineberry and others

	
	Extirpate invasives locally
	Baptism Creek corridor:

  reduce vectoring and

  improve natural setting
	Multiflora rose

Lespedeza

Oriental bittersweet

Japanese honeysuckle

Tree of heaven

Wineberry and others

	
	
	
	

	3
	Improve the cultural setting
	Upper Village Field-16
	All invasives within targeted management areas

	
	Improve the cultural setting
	Upper Village general area
	All invasives within targeted management areas

	
	Improve the cultural setting
	Lower Village general area
	All invasives within targeted management areas

	
	Improve the cultural setting
	Maintenance Compartment general area
	All invasives within targeted management areas

	
	
	
	

	4
	Control invasives
	Norway maple
	Lower Village Comp.

Horseshoe Comp.

	
	Control invasives
	Tree of heaven
	Maintenance Comp.

Raccoon Comp.

Upper Village Comp.

Baptism Creek Comp.

Horseshoe Comp.

	
	Control invasives
	Oriental bittersweet
	Bethesda Church Comp.

	
	Control invasives
	All other ranked species
	All compartments

	
	
	
	

	5
	Control/eradicate as time allows
	Species detected but unranked:

  Sweet mock-orange

  Forsythia
	Lower Village Comp.

	
	Control/eradicate as time allows
	Other low-ranked species
	All compartments

	


Species Watch List. 
It is very possible that other invasive species are present in the area but escaped detection. A single springtime reconnaissance survey will miss mid-to-late growing season species. Since the Natural Lands Trust Crow’s Nest Preserve found several invasive species in their ownership that we did not detect, we will mention them in the watch-list of invasive species figure that follows. 
It is also very possible that other invasives that are not in Hopewell Furnace at this time may subsequently find their way in by various vectors. Though dozens of invasives could potentially infest the park, the following species are known to be in the region and are particularly worrisome due to their environmental impacts. Both the Hopewell Furnace and Mid-Atlantic EPMT staffs should conduct ongoing surveillance to look for new species and incorporate them into subsequent analysis and planning. 

Figure-10. Watch-list of invasive species not currently found in Hopewell Furnace NHS.

	Common Name
	Latin Name
	Appearance Comments

	Akebia or five-leafed akebia
	Akebia japonica
	Woody, perennial vine. Leaves dull blue-green, alternate along the stem; each leaf divided into five stalked 1½” to 3” leaflets, notched at tip, that meet at a central juncture. Flowers are reddish to purple-brown, about 1” across. See “Weeds Gone Wild” website.

	Crowned-vetch*
	Coronilla varia
	Creeping pea-like plant with many small paired leaflets. Clover-like flowers of pink & white. See Peterson, p. 252

	Japanese knotweed
	Polygonum cuspidatum
	Upright, shrub-like herbaceous, rhizomatous plant up to 10’. Stems smooth, jointed, swollen at joints where leaf meets stem; each joint surrounded by a membranous sheath. 6” leaves broadly oval. Minute greenish-white flowers in branched sprays in summer followed by small winged fruits. See Gleason & Cronquist, p. 139.

	Johnson grass
	Sorghum halepense
	Tall grass (4”-8') of upland fields. Its rhizomes resist control efforts and cause vegetative spread. Reddish-brown seeds are on loosely branched tops. See Gleason & Cronquist, p. 815.

	Kudzu
	Pueraria lobata
	Climbing vine without prickles; of forest and field. Three-lobed, dark green leaves. Elongated purple pea-flowers with a fragrance reminiscent of grapes. See Gleason & Cronquist, p. 305.

	Lesser celandine
	Ranunculus ficaria
	Buttercup family; prostrate plant. Eight-pedaled yellow flower, glossy. Found in moist shaded areas. See Peterson, p. 130.

	Miscanthus* or Eulalia
	Miscanthus sinensis
	6’-9’ tall grass in large tufts. Seed heads form fan-shaped panicle. Glumes 3-4 mm with silky hairs; awns 6 mm. See Gleason & Cronquist, p. 814.

	Phragmites* or common reed
	Phragmites australis
	6’-12’ tall grass. Its rhizomes resist control efforts and cause vegetative spread. Long leaves 2-3 cm wide. Long, dense, copiously branches panicles. Found along shores and within wetlands. See Gleason & Cronquist, p. 781.

	Porcelain-berry
	Ampelopsis brevipedunculata
	Deciduous, woody, perennial vine. It twines with non-adhesive tendrils opposite the leaves; closely resembles native grapes. Stem pith of porcelain-berry is white (grape is brown); bark has lenticels (grape does not); bark does not peel (grape bark peels). Leaves alternate, broadly ovate with heart-shaped base, palmately 3-5 lobed or more deeply dissected, and have coarsely toothed margins. See “Weeds Gone Wild” website.

	(Common Name)
	(Latin Name)
	(Appearance Comments)

	Princess tree*
	Paulownia tomentosa
	Juvenile seedlings/saplings have large leaves (8”-15" wide); smaller thereafter; fuzzy underneath with long stems. Flowers are long chains of pretty purple. See Gleason & Cronquist, p.493.

	Purple loosestrife
	Lythrum salicaria
	Herbaceous perennial of 2’-4’ found in wetlands. Leaves are stalkless, opposite, downy, in threes. Slender flower spikes of magenta with 5-7 petals. See Peterson, p. 224.

	Reed canary grass*
	Phalaris arundinacea
	3’-6’ tall grass with sturdy, often hollow stems up to 1/2” diameter; some reddish coloration near the top; rhizomatous. Leaf blades flat and hairless, 1/4” to 3/4” wide. Flowers borne in 3-6” panicles on culms high above leaves. Found in moist/wet areas. See Gleason & Cronquist, p.765.

	Spotted knapweed*
	Centaurea biebersteinii (aka C. maculosa)
	Wiry-stemmed upright biennial plant, 8”-50”. Deeply clefted leaves with pink to purple flowers. Name is derived from flower bracts with fringed black triangular tips. See Peterson, p. 306.



* Species known to be within the neighboring Crow’s Nest Preserve.

Program Implementation

The exotic vegetation control program shall be led by the Site’s Resource Management & Visitor Protection Division with substantial assistance from the Maintenance Division and Interpretation Division. To date, there are no dedicated park base funds for exotic vegetation management. Rather, the program is tended locally as time allows among other resource management duties and as competitive funding becomes available. Washington Office base funded support resides in the park’s share (about 7%) of the Mid-Atlantic Exotic Plant Management Team activities. The Team is funded directly through the Washington Office’s Biological Resources Management Division. It provides field monitoring, field vegetation controls, data management, planning services, and public education/information support as time allows. 

It is incumbent upon the Park to increase invasive plant program activity by all means practicable. Avenues may involve programmatic funding and public volunteerism. Funding support may come from a variety of sources including the park base, Washington Office base funding (ONPS), and various competitive sources such as the Biological Resources Management Division – Natural Resource Challenge (BRMD-NRC), the Natural Resources Protection Program (NRPP), the User Fee Fund, the National Fish & Wildlife Fund Pulling Together Initiative, the NPS Challenge Cost Share Program, and not-for-profit non-governmental organizations, among others. 
Public volunteerism is an important avenue that should be developed. Weekend weed warrior programs can accomplish much on the ground while increasing public awareness on the subject and public advocacy one-on-one.

Program Elements of Invasive Vegetation Management

The goal of invasive vegetation management is to preserve and protect natural and cultural resources and maintain healthy functioning ecosystems. It must be a broad-scoped program that acts in the strategic arena for planning yet formulates tactical operations and delves into the minutia of methods and reporting. Programmatically, invasive vegetation management at the park shall include the key elements of planning, field implementation, public education, record keeping, and safety/risk management.

Planning Activity (for new infestations subsequent to this Plan):

(1) Identify and rank new pest species. Since eliminating all nonnatives is not possible, the park must distinguish the most aggressive exotics and choose which should be dealt with on a priority basis. Typically, invasives cannot be tolerated at even low levels due to their ability to quickly expand and dominate sites.

(2)  (a) Confirm the natural and cultural areas that need special or early protection due to their significance or sensitivity. 

(b) Identify sites having natural vectoring potential for invasive introductions.

(3) Confirm the natural and cultural areas that must be protected from management activity (where law/policy contraindicates management).

(4) Meld the geographic and programmatic inputs into the integrated treatment priority system.

(5) Conform to all appurtenant laws and policies in the management of invasive nonnative plants.

Field Implementation:

(1) Conduct periodical reconnaissance for early detection of invasive plant in-cursions. Establish and measure monitoring plots to document infestation trends.

(2) Treat prioritized invasives and infested areas promptly as they appear.

(3) Follow up with treatment monitoring and subsequent treatments to (a) assure eradication or control at the lowest levels possible and (b) learn from treatment practices for increasing effectiveness and efficiency.

(4) Conduct appropriate site restoration to prevent secondary introduction of invasives.

Public Education:

(1) Work with NPS staff, surrounding land managers, and the public to prevent invasive plant infestations by increasing awareness of the general issues surrounding invasive species as well as specific plant threats in particular.

(2) Educate the inquiring public regarding the effect of invasives as related to the NPS mission.

(3) Educate the inquiring public regarding the efficacy and safety of the park’s invasive plant management program.

(4) Reach out to the general public regarding the effect of invasives, Hopewell Furnace initiatives to eradicate and control, ways the public may participate at Hopewell, and ways the public can reduce invasives in their own neighborhoods.

Record Keeping:

(1) Account for monitoring, treatments, and herbicide usage on the “Herbicide / Treatment Report” form. (Refer to the appendix.) Reporting is typically done on a daily basis.

(2) Enter field data into a prescribed and stable database on a regular basis.

(3) Analyze herbicide usage and treatment effectiveness for refinement, efficacy, and pesticide reduction.
(4) Analyze treatment and monitoring records for trends and other aspects to anticipate invasive problems and improve management outcomes.

(5) Submit annual calendar-year reporting of herbicide usage to NPS-NER IPM Coordinator in January.
Safety & Risk Management:

(1) Create a risk assessment of the tasks involved in invasive vegetation control, travel, and equipment/supplies storage.

(2) Maintain pesticide labels and Material Safety Data Sheets for all chemicals used.

(3) Maintain a safe and uncluttered storage facility for chemicals and equipment.

(4) Be prepared to adequately respond in the case of a chemical spill.

(5) Conduct regular safety discussions with program employees and volunteers to pass along safety tips and gather employee input.

Control Methods Summary

Appropriate control methods include the use of prescribed fire, hand pulling and cutting, machine cutting and mowing, and herbicide application. Silvicultural treatments such as planting, thinning of native species, and soil amelioration may be indicated where simple plant competition may solve nonnative incursions. Planting natives may be necessary to capture and hold sites after treatment. Current knowledge indicates the need for the treatment actions listed in the following figure.

Figure-11. Pre-approved methods for controlling specific invasive plants at Hopewell Furnace NHS.

	Invasive Species
	Typical Control Method

	Species in Early Stage of Infestation

	
Including mullein, garlic mustard & Japanese stiltgrass
	Hand pulling. To stop seed dispersal, mullein and garlic mustard must be bagged if flowers are/were present (garlic mustard: Mid-May; mullein: mid-summer).
Cutting. Motorized cutting of stiltgrass is effective only if timed just prior to seed development (August-September).

	In General -- Initial Treatments

	
Trees & shrubs (mature or large)
	Basal
, cut stump
 or injection
 application of herbicide (virtually any season when not freezing). Triclopyr is preferred with basal applications; triclopyr or glyphosate with cut stump; and glyphosate with injection.

	
Trees & shrubs (seedlings)
	Foliar application with triclopyr or glyphosate (during growing season).

	
Vines
	Foliar
 spray, basal or cut stump applications of herbicide. Triclopyr or glyphosate are preferred. (Basal and cut-stump may be applied when not freezing; foliar is during growing season.)

	
Forbs
	Foliar application with triclopyr or glyphosate (during growing season.).

	
Grasses
	Foliar application with fluazifop/fenoxaprop or glyphosate (during growing season.).

	In General -- Follow-up Treatments

	
Trees/shrubs/vines/forbs
	Foliar application with triclopyr or glyphosate (during growing season.).

	
Grasses
	Foliar application with fluazifop/fenoxaprop or glyphosate (during growing season.).

	Specific treatments

	
Species included in this plan
	Refer to Appendix-A for species-specific fact sheets.


Refer to the appendix for species’ fact sheets. They provide plant identification aids, ecological impact analyses, and best management practices. Where treatment sites involve water or riparian resources, it is required and essential that appropriate herbicides be used that are labeled for use in such settings. These include, among others, AccordR, RodeoR and GlyproR, or Garlon-3AR.

Recognizing New Exotic Plant Threats
New species or infestation areas that are not mentioned in the initial Plan shall be discussed and cleared for action through the Hopewell Furnace’s normal project clearance process. Such species and areas will be made part of the Plan when analyzed, approved, and attached to the appendix.
Site Restoration

As described in the “Appropriate Field Controls” subsection, it may be necessary to plant fast growing native vegetation at treatment sites to ensure that nonnative invasives do not recapture an area. In general, native plantings are not needed where affected areas are smaller than ¼-acre, narrow as opposed to wide and exposed, and not involving soil compaction. Resident or adjacent natives are well able to colonize and hold such sites without intervention. On the other hand, larger sites with impacted soils or areas with heavy invasive seedbank may well need soil treatments, prescribed fire, and/or native plantings to minimize nonnative colonization. The need for site restoration subsequent to exotic, invasive controls will be evaluated on a case-by-case basis to determine appropriate follow-up treatments.
In the end, the goal of invasive plant management is not solely to control nonnatives, but it is to create conditions that allow for healthy functioning ecosystems. With the combination of field reconnaissance, vegetation management, site restoration (as needed), and on-going monitoring vigilance, the park can maintain a landscape that accurately reflects its historical base, preserves and protects native species, and encourages healthy ecosystem functioning.

Invasives Monitoring

A set of monitoring plots shall be established and remeasured over time to determine current and trending invasive exotic species levels in treatment sites and surrounding areas. The focus shall not be to accommodate research, but rather to gather operations information to assist suppression planning and refine the treatment approach. Photographic points will be created at several treatment sites to supplement the field data. Refer to the appendix for monitoring protocols.
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� National Park Service Strategic Plan: 1997.


� Even those nonnative invasives that resemble native pioneers, and are phased out by shade-tolerant species, pose environmental risk by taking the place of natives during their land tenure.


� Soil compaction disfavors most species, not allowing root expansion. Only a hand full of species are well adapted to compacted ground, many of them nonnative.


� Only species with canopy cover densities greater than 5% are included in the table.


� Basal application indicates the spraying of herbicide on the lowest 1-to-2 feet of the outside bark of the plant.


� Cut stump indicates the cutting down and subsequent herbicide application to the stump surface closest to the cambial growing material.


� Injection is carried out with E-Z-JectR lances that push a capsule of herbicide into the cambium of a woody plant.


� Foliar spraying indicates application of herbicide onto green leaf and stem surfaces of the plant.
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