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Executive Summary

The mission of the National Park Service is “to
conserve unimpaired the natural and cultural
resources and values of the national park sys-
tem for the enjoyment of this and future gen-
erations” (NPS 2000). To uphold this goal, the
director of the National Park Service approved
the Natural Resource Challenge to encourage
national parks to focus on the preservation of
the nation’s natural heritage through science,
natural resource inventories, and expanded re-
source monitoring (NPS 1999). Data obtained
from a scientifically developed monitoring
program will allow park resource staff to make
better management decisions based on credible
scientific information.

Through the Challenge, 270 parks with sig-
nificant natural resources in the National Park
System were placed into 32 Inventory and
Monitoring (I&M) Program networks. The
parks in the Mid-Atlantic Network (MIDN)
include Appomattox Court House National
Historical Park, Booker T. Washington Nation-
al Monument, Eisenhower National Historic
Site, Fredericksburg and Spotsylvania National
Military Park, Gettysburg National Military
Park, Hopewell Furnace National Historic Site,
Petersburg National Battlefield, Richmond
National Battlefield Park, and Valley Forge
National Historical Park. Shenandoah National
Park is also part of the network but, having been
previously designated as a prototype park upon
which the I&M Program network model was
developed, already has an ongoing monitoring
program.

The challenge of protecting and managing a
park’s natural resources requires a broad-based
knowledge of the status and trends in park re-
sources and takes an ecosystem approach. Most

2008

NPS Vital Signs Goals

+ Determine the status and trends in selected indicators of the condition
of park ecosystems to allow managers to make better-informed decisions
and to work more effectively with other agencies and individuals for the

benefit of park resources.

+ Provide early warning of abnormal conditions of selected resources
to help develop effective mitigation measures and reduce costs of
management.

 Provide data to better understand the dynamic nature and condition of
park ecosystems and to provide reference points for comparisons with

other, altered environments.

+ Provide data to meet certain legal and Congressional mandates related to

natural resource protection and visitor enjoyment.

+ Provide a means of measuring progress towards performance goals.

parks are open systems vulnerable to threats,
such as air and water pollution and invasive
species, that originate outside of the park’s
boundaries. Understanding the dynamic na-
ture of park ecosystems and the consequences
of human activities are essential for manage-
ment decision-making that is able to maintain,
enhance, or restore the ecological integrity of
park ecosystems and to avoid, minimize, or
mitigate ecological threats to these systems.

Many of the parks in the MIDN were estab-
lished for cultural and historical reasons, but
they protect important terrestrial and aquatic
habitats. Located within a rapidly urbanizing
landscape, park resources are threatened by

land use change, habitatfragmentation, invasion
animals

Park forests are home to a
diverse array of plants and
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Vital signs monitoring
forms an integral part of
the adaptive management
cycle by providing critical
information.

Vital signs selected by the
Mid-Atlantic Network.

Eastern bluebird (Sialia sialis)
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by exotic plants, increasing densities of deer, air
and water pollution, and climate change.

Vital signs are a subset of physical, chemical,
and biological elements and processes of park
ecosystems that are selected to represent the

Level 1 Category Level 2 Category

Air Quality
Air and Climate

overall health or condition of park resources.
The purpose of this Vital Signs Monitoring
Plan is to establish the vital signs, explain the
approach used to develop sampling designs
and protocols, and outline the administrative
and budgetary framework for the Mid-Atlantic
Network. In addition, the report addresses the
long-term management of data that is essential
to the monitoring program.

The vital signs selected by the MIDN include a
suite of physical, chemical, and biological ele-
ments and processes that collectively represent
the overall health or condition of park resourc-
es. The 15 vital signs selected for implementa-
tion over the next five years include five related
to air and climate, two related to geology and
soils, three related to water, and five related to
biological integrity. The MIDN has also identi-
fied five additional vital signs of importance
that will be implemented if additional funding
becomes available.

The fifteen vital signs the network plans to
monitor are grouped into five protocols: Air
Quality, Weather and Climate, Water Quality
and Quantity, Aquatic Macroinvertebrates, and
Forest Vegetation. Detailed monitoring proto-

MIDN Vital Sign

Ozone

Wet and dry deposition

Visibility and particulate matter

Air contaminants (mercury)

Weather and Climate

Weather and Climate

Geomorphology Stream / river channel characteristics
Geology and Soils

Soil Quality Soil structure and composition

Hydrology Stream and river water dynamics

Water
Water Quality

Water chemistry

Aquatic macroinvertebrates

Invasive Species

Invasive exotic plants

Biological Integrity

Infestations and Disease

Native forest pests

Exotic Diseases / Pathogens — plants

Focal Species or
Communities

Forest plant communities

White tailed Deer (herbivory)

National Park Service



cols will document step-by-step guidance for
collecting, analyzing, and reporting informa-
tion for each vital sign.

Centralized staffing, agreements with coop-
erators, and park-supported programs are
some of the mechanisms that will be used for
implementing monitoring efforts. In some
cases other agencies are already collecting data
relevant to the MIDN’s selected vital signs (for
example, air and climate), and the network’s
monitoring program for these indicators will
focus on acquiring existing data, interpreting it,
and reporting these results.

As part of the Service’s efforts to improve
park management through greater reliance on
scientific knowledge, a primary purpose of the
monitoring program is to develop, organize,
and make available natural resource data by
transforming data into useful information
through analysis, synthesis, modeling, and
reporting. Vital signs monitoring will be an in-
tegral part of the adaptive management cycle by
providing critical information about trends in
natural resource conditions. The information
will be available to identify desired conditions
and evaluate management effectiveness, as well
as for research, education, and promoting pub-
lic understanding of park resources.

Administrative oversight for the program is
provided by the Board of Directors (BOD),
which includes the superintendents (or their
representatives) of the 10 network parks.
Technical input is provided by the Science Ad-
visory Committee (SAC), with additional input
as needed from an ad-hoc Technical Advisory
Committee (TAC) established to address spe-
cific technical needs. The network is staffed by
a coordinator/ecologist and a data manager/bi-
ologist. Seasonal staff are hired to implement
the monitoring protocols. The network office is
located at the Natural Resources Office at Fred-
ericksburg and Spotsylvania National Military
Park, Virginia.
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Executive Summary

Cultural landscapes are an important component
of Mid-Atlantic Network parks. Gettysburg NMP
(top) and Fredericksburg and Spotsylvania NMP
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The MIDN will be subject to periodic reviews
to ensure high program quality and account-
ability. In 2012 and every fifth year thereafter,
a comprehensive review of program operations

protocols will be conducted by the NPS North-
east Region I&M Program coordinator upon
completion of the protocols and prior to their
implementation.

will be conducted. Peer review of monitoring

Protocols to be implemented
by the Mid-Atlantic Network.

Protocol

Monitoring Objectives

Management Applications

Air Quality

Weather and Climate

Water Quality and
Quantity

Aquatic
macroinvertebrates

Forest Vegetation

Document the annual status and trends in atmospheric ozone concentrations in MIDN
parks using metrics that are relevant to human health (e.g., 8-hour average) and plant
response (e.g., SUMO06).

Document the annual status and trends in wet and dry deposition in MIDN parks.

Report on the annual status and trends in mercury concentration and deposition in
precipitation in MIDN parks.

Report on the annual status and trends in fine particulate matter (PM, ,) and coarse
particulate matter (PM, ) concentrations and composition in MIDN parks as they pertain
to visibility impairment and human health.

Document long-term trends in weather and climate through seasonal and annual
summaries of selected parameters (e.g., multiple forms of precipitation, temperature).

Identify and document extremes and averages of climatic conditions for common
parameters (e.g., precipitation, air temperature), and other parameters where sufficient
data are available (e.g., wind speed and direction, solar radiation).

Provide information on near real-time weather parameters, historical climate patterns,
and climate station metadata from a single, easy to use Internet portal.

Document the status and trends in water quality as influenced by point source and non-
point source pollution (including atmospheric deposition).

Determine the natural range of variability in water chemistry (including bacterial
composition).

Detect water quality measures that exceed threshold values and determine their
compliance with state and federal water quality standards.

Document the status and long-term trends in water flow.

Document changes in stream channel characteristics at sampling sites.

Document the status and trends in the structure and composition of aquatic
macroinvertebrates.

Determine trends in macroinvertebrate communities in relation to changes in water
quality and quantity.

Determine the status and trends in forest structure, composition, and dynamics of canopy
and understory woody species.

Determine the status and trends in the density and composition of tree seedlings and
selected herbaceous species that are indicators of deer browse.

Detect and monitor the presence of invasive exotic plants, exotic plant diseases and
pathogens, and forest pests.

Determine the status and trends in forest coarse woody debris and the availability of
snags.

Determine the status and trends in soil Ca:Al and C:N ratios to asses the extent of base
cation depletion, increased aluminum availability, and/or nitrogen saturation impacting
MIDN forest soils.

Evaluate the causes of ozone formation and its
impact on natural resources.

Determine the impact of acid deposition on
aquatic and terrestrial ecosystems.

Identify the effects of air contaminants on park
biotic communities.

Evaluate the impacts of air pollution on
visibility, and the consequent effects on visitor
experience and biotic communities.

Understand the effects of local climate change.

Identify threats to maintaining stream flow
and determine where restoration efforts are
needed.

Identify and improve water quality of impaired
waters.

Maintain high water quality where it exists.

Identify changes in macroinvertebrate
communities in relation to changing land use
and pollution.

Assess changes in forest communities and
determine the need for management and
restoration efforts.

Determine the need for deer management to
reduce the impact of this species on vegetation
communities.

Identify the need and location for exotic plant
and animal management efforts.
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Chapter 1: Introduction and Background

1.1 Network Overview

The Mid-Atlantic Network (MIDN) is one of
32 vital signs monitoring networks established
by the National Park Service (NPS) as part of
a service-wide strategy to institutionalize scien-
tifically credible natural resource inventory and
monitoring. This effort will ensure that manag-
ers of the nation’s 270 park units identified as
having significant natural resources possess the
information needed for effective, science-based
resource protection and management. The
MIDN received full funding in 2006 to conduct
long-term vital signs monitoring.

The Mid-Atlantic Network consists of 10
parks distributed from southern Pennsylvania
to southern Virginia, and extending from the
Blue Ridge to the Coastal Plain (Figure 1.1).
The parks are predominantly small, cultural
units with a limited history of natural resource
monitoring, but the network also includes the
comparatively large Shenandoah National
Park, which was designated as a prototype park
for development of vital signs monitoring.

Richmond National Battlefield Park and the
Eastern Front of Petersburg National Battlefield
fall within the Coastal Plain, which is composed
primarily of unconsolidated sand, silt, and clay
that has been cleared extensively. The Coastal
Plain gives way to the Piedmont at the loosely
defined fall zone, and it is in this transition zone
that Fredericksburg and Spotsylvania National
Military Park is located. All other MIDN parks
are located within the Piedmont, except for
Shenandoah NP, which is located in the Blue
Ridge Mountains.

All of the Mid-Atlantic Network parks are
located in Eastern Deciduous Forest that has
pronounced seasons and strong annual cycles
of temperature and precipitation. Forests of
the Blue Ridge vary along altitudinal gradients
but are primarily Appalachian Oak Forests.
The southern Piedmont and Coastal Plain
are characterized by Southern Mixed Forests
composed of pines and hardwoods. The Penn-
sylvania parks have primarily broadleaf forests
that represent a lowland, northerly expression
of the Appalachian Oak Forest.

The Mid-Atlantic Network consists of
ten parks in Virginia and Pennsylvania.
Shenandoah National Park is the
largest, and was designated as a
prototype long-term ecological
monitoring site in the 1990’.
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1.2 Integrated Natural Resource
Monitoring

1.2.1 Justification for Monitoring

Knowing the condition of natural resources in
national parks is fundamental to the National
Park Service’s ability to manage park resources
“unimpaired for the enjoyment of future gen-
erations” (Fancy et al. In press). National park
managers across the country are confronted
with increasingly complex and challenging
resource management questions that require
a broad-based understanding of the status and
trends in park resources as a basis for making
decisions and working with other agencies and
the public for the benefit of park resources. For
years, managers and scientists have sought a
way to characterize and determine trends in the
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Appomattox Court House
National Historical Park

The intent of

park vital signs
monitoring is to
track a subset of
physical, chemical,
and biological
elements and
processes that are
selected to represent
the overall health

or condition of park
resources, known or
hypothesized effects
of stressors, or
elements that have
important human
values.
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condition of parks and other protected areas,
in order to assess the efficacy of management
practices and restoration efforts and to gain an
early warning of impending threats.

The challenge of protecting and managing a
park’s natural resources requires a multi-agen-
cy, ecosystem approach because most parks
are open systems, with threats (such as air and
water pollution or invasive species) originating
outside of the park’s boundaries. An ecosystem
approach is further needed because no single
spatial or temporal scale is appropriate for
analysis of all system components and pro-
cesses; the appropriate scale for understanding
and effectively managing a resource might be at
the population, species, community, or land-
scape level, or even, in some cases, may require
aregional, national, or international effort. Na-
tional parks are part of larger ecosystems and
must be managed in that context.

Natural resource monitoring provides site-
specific information needed to understand
and identify changes in complex, variable,
and imperfectly understood natural systems
and to determine whether observed changes
are within natural levels of variability or may
be indicators of unwanted human influences.
Thus, monitoring provides a basis for under-
standing and identifying meaningful change in
natural systems characterized by complexity
and variability. Monitoring data help to define
the normal limits of natural variation in park
resources and provide a basis for understand-
ing observed changes; monitoring results may
also be used to determine what constitutes im-

pairment and to identify the need to initiate or
change management practices. Understanding
the dynamic nature of park ecosystems and the
effects of human activities on them is essential
to make management decisions that will main-
tain, enhance, or restore the ecological integrity
of park ecosystems and to avoid, minimize, or
mitigate ecological threats to these systems
(Roman and Barrett 1999).

The intent of park vital signs monitoring is to
track a subset of physical, chemical, and bio-
logical elements and processes that are selected
to represent the overall health or condition of
park resources, known or hypothesized effects
of stressors, or elements that have important
human values. The elements and processes
that are monitored are a subset of the total
suite of natural resources that park managers
are directed to preserve “unimpaired for future
generations,” including water, air, geological
resources, plants and animals, and the various
ecological, biological, and physical processes
that act on those resources. In situations where
natural areas have been so highly altered that
physical and biological processes no longer
operate (e.g., control of fires and floods in de-
veloped areas), information obtained through
monitoring can help managers understand
how to develop the most effective approach to
restoration or, in cases where restoration is im-
possible, ecologically sound management. The
broad-based, scientifically sound information
obtained through natural resource monitoring
will have multiple applications for manage-
ment decision-making, research, education,
and promoting public understanding of park
resources.

1.2.2 Legislation, Policy, and Guidance

National park managers are directed by fed-
eral law and National Park Service policies
and guidance to know the status and trends in
the condition of natural resources under their
stewardship in order to fulfill the NPS mission
of conserving parks unimpaired (see Appendix
A). The mission of the National Park Service
(as stated in the National Park Service Organic
Act of 1916) is:

...to promote and regulate the use of the Federal
areas known as national parks, monuments, and
reservations hereinafter specified by such means
and measures as conform to the fundamental
purposes of the said parks, monuments, and res-
ervations, which purpose is to conserve the scen-
ery and the natural and historic objects and the
wild life therein and to provide for the enjoyment

National Park Service
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of the same in such manner and by such means as
will leave them unimpaired for the enjoyment of
[future generations.

Congress strengthened the National Park
Service’s protective function, and provided
language important to recent decisions about
resource impairment, when it amended the
Organic Act in 1978 to state:

.. .the protection, management, and administra-
tion of these areas shall be conducted in light of
the high public value and integrity of the National
Park System and shall not be exercised in deroga-
tion of the values and purposes for which these
various areas have been established.

In 2006, NPS management policies reiterated
the importance of the protective function of the
National Park Service to “understand, maintain,
restore, and protect the inherent integrity of the
natural resources” (NPS 2006a). The approach
to the management of park natural resources
is clearly established in NPS management poli-
cies, which state:

The Natural resources will be managed to
preserve fundamental physical and biological
processes, as well as individual species, features,
and plant and animal communities. The Service
will not attempt to solely preserve individual
species (except threatened or endangered spe-
cies) or individual natural processes; rather,
it will try to maintain all the components and
processes of naturally evolving park ecosystems,
including the natural abundance, diversity, and
genetic and ecological integrity of the plant and
animal species native to those ecosystems. Just as
all components of a natural system will be recog-
nized as important, natural change will also be
recognized as an integral part of the functioning
of natural systems. By preserving these natural
components and processes in their natural condi-
tion, the Service will prevent resource degrada-
tion, and therefore avoid any subsequent need
for resource restoration. In managing parks to
preserve naturally evolving ecosystems, and in
accordance with requirements of the National
Parks Omnibus Management Act of 1998, the
Service will utilize the findings of science and the
analyses of scientifically trained resource special-
ists in decision-making. (NPS 2006a, Chapter 4)

Consistent with this policy, the National Park
Service has adopted a science-based approach
to natural resource management. NPS manage-
ment policies further clarify the importance of
ecosystem-based monitoring:
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Science has demonstrated that few if any park
units can fully realize or maintain their physical
and biological integrity if managed as biogeo-
graphic islands. Instead, park units must be man-
aged in the context of their larger ecosystems. The
ecosystem context for some species and processes
may be relatively small, while for others this
context is vast. In any case, superintendents face
the challenge of placing each of the resources they
protect in their appropriate ecosystem context
and then working with all involved and affected
parties to advance their shared conservation
goals and avoid adverse impacts on these re-
sources. (NPS 2006a)

Recent and specific requirements for a program
of inventory and monitoring of park resources
are found in the National Parks Omnibus Man-
agement Act of 1998 (PL. 105-391). In part,
the intent of the act was to create an inventory
and monitoring program that may be used “fo
establish baseline information and to provide
information on the long-term trends in the
condition of National Park System resources.”
NPS management policies (NPS 2006a) direct
the service to inventory and monitor natural
systems in efforts to inform park management
decisions:

Natural systems in the national park system, and
the human influences upon them, will be moni-
tored to detect change. The Service will use the
results of monitoring and research to understand
the detected change and to develop appropriate
management actions. (NPS 2006a)

In addition to the legislation directing the
formation and function of the National Park
System, a number of laws not only protect the

Gettysburg National Military
Park
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Park Enabling Legislation

To preserve the village of Appomattox Court House
where General Lee surrendered the Confederate
Army.

To provide a public national memorial to Booker

T. Washington, a prominent African American
educator.

Appomattox Court House National
Historical Park

Booker T. Washington National
Monument

To preserve the farm of General Dwight D.

Eisenhower National Historic Site Eisenhower, 34th President of the United States.

To protect and interpret the historic resources
associated with the four Civil War battles fought
near Fredericksburg.

To protect lands occupied by the military on July
1-3, 1863 and to preserve important topographical
features of the battlefield.

To preserve the iron making community as a
significant way of life and work in the late 18th and
19th centuries.

Fredericksburg and Spotsylvania
National Military Park

Gettysburg National Military Park

Hopewell Furnace National Historic
Site

. ) To commemorate the campaign, siege and defense
Petersburg National Battlefield of Petersburg, Virginia during the Civil War.
. . ' To conserve Civil War resources in the military
detimmeins Wetieme i P battlefield area in the City of Richmond, Virginia.
To protect the natural and cultural resources of the

shenandoah National Park northern Blue Ridge and immediate area.

To preserve and commemorate the area associated
with General George Washington's Continental
Army during the winter of 1777-1778.

Valley Forge National Historical Park

Table 1.1. Enabling legislation
for parks in the Mid-Atlantic
Network.

natural resources within national parks and
other federal lands, but also address environ-
mental compliance in the United States. Many
of these federal laws require natural resource
monitoring within national parks. A summary
of legislation, policy, and executive guidance
having a direct bearing on natural resource
monitoring by the National Park Service is pre-

Figure 1.2. Relationships
between monitoring,
inventories, research, and
natural resource management
activities in national parks
(modified from Jenkins et al.
2002).

Inventory

Monitoring

Identifies trends and natural
variation in resources

Determines
Management
Effectiveness

Cause
Understood?

Objective
Achieved?

Resource
Management

Intervention Research

Needed ?

sented in Appendix A. In addition, each park
has specific enabling legislation that was passed
at the time of the park’s creation, as outlined in
Table 1.1.

1.3 Natural Resource Monitoring

1.3.1 The Role of Inventory, Monitoring,
and Research

Monitoring is a central component of natural
resource stewardship in the National Park
Service and, in conjunction with natural re-
source inventories and research, provides the
information needed for effective, science-based
management decision-making and resource
protection (Figure 1.2). Ecological monitoring
establishes reference conditions for natural
resources based on which future changes can
be detected. Over the long term, these “bench-
marks” help define the normal limits of natural
variation and may become standards with which
to compare future changes, provide a basis for
judging what constitutes impairment, and help
identify the need for corrective management
actions.

The NPS strategy to institutionalize inven-
tory and monitoring throughout the agency
has three major components: (1) completion
of 12 basic resource inventories upon which
monitoring efforts can be based; (2) formation
of anetwork of 11 experimental or “prototype”
long-term ecological monitoring (LTEM)
programs, begun in 1992 to evaluate alterna-
tive monitoring designs and strategies; and (3)
implementation of operational monitoring of
high-priority measures of resource condition
(i.e., “vital signs”) in approximately 270 parks
with significant natural resources, which have
been grouped into 32 vital signs monitoring
networks linked by geography and shared
natural resource characteristics (Fancy et al. In
press).

1.3.2 Monitoring Goals and Strategies

The National Park Service has adopted five
goals for vital signs monitoring: (1) determine
the status and trends in selected ecological in-
dicators, (2) provide an early warning system of
ecological change, (3) provide data to increase
our understanding of natural processes, (4)
meet legal mandates, and (5) allow the Service
to measure performance (Table 1.2). These
goals guide the MIDN monitoring program.

National Park Service
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1.3.2.1 Developing an integrated monitoring

program
During development of the vital signs moni-
toring strategy, it became clear that a “one
size fits all” approach to monitoring design
would not be effective for the National Park
Service, because of the tremendous variabil-
ity among parks in ecological conditions, size,
and management capabilities. To develop an
effective, cost-efficient monitoring program
that addresses the most critical information
needs of each park and integrates with other
park operations requires considerable flex-
ibility to combine existing and new programs.
Partnerships must be developed with federal
and state agencies and adjacent landowners to
fully understand and manage issues that extend
beyond park boundaries, but such partnerships
(and the appropriate ecological indicators and
methodologies involved) will differ from park
to park throughout the National Park Service.

The complicated task of developing an inte-
grated monitoring program requires an initial
investment in planning and design to (1) guar-
antee that monitoring meets the most critical
information needs of each park; (2) produce
scientifically credible results that are clearly
understood and accepted by scientists, policy
makers, and the public; and (3) make results
readily accessible to managers and researchers.
The planning process must also ensure that
monitoring builds upon existing information
and understanding of park ecosystems while
maximizing relationships with other agen-
cies and academia. Each network of parks is
required to design an integrated monitoring
program that addresses the monitoring goals
listed above and is tailored to the high-priority
monitoring needs and partnership opportuni-
ties for the parks in that network. Although
there will be considerable variability among
networks in the final design, the basic approach
to designing a monitoring program should fol-
low six basic steps, which are further discussed
in the NPS document Recommended Approach
for Developing a Network Monitoring Program
(http://science.nature.nps.gov/im/monitor/Ap-
proach.cfm):

1) Define the purpose and scope of the moni-
toring program.

2) Compile and summarize existing data and
understanding of park ecosystems.

3) Develop conceptual models of relevant eco-
system components.
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NPS Vital Signs Goals

Determine the status and trends in selected indicators of the condition
of park ecosystems to allow managers to make better-informed decisions
and to work more effectively with other agencies and individuals for the

benefit of park resources.

 Provide early warning of abnormal conditions of selected resources
to help develop effective mitigation measures and reduce costs of
management.

+ Provide data to better understand the dynamic nature and condition of
park ecosystems and to provide reference points for comparisons with

other, altered environments.

+ Provide data to meet certain legal and Congressional mandates related to

natural resource protection and visitor enjoyment.

+ Provide a means of measuring progress towards performance goals.

Table 1.2. Vital signs

4) Prioritize and select ecological indicators
monitoring goals.

(vital signs) and specific monitoring objectives
for each one.

5) Determine the appropriate sampling design
and sampling protocols.

6) Establish data management, analysis, and
reporting procedures.

These steps are incorporated into a three-phase
planning and design process. Phase 1 of the
process involves defining goals and objectives;
beginning the process of identifying, evaluat-
ing and synthesizing existing data; developing
draft conceptual models; and completing other
background work that must be done before the
initial selection of ecological indicators. Each
network is required to document these tasks in
a Phase 1 report, which is then peer-reviewed
and approved at the regional level before the
network proceeds to the next phase. Phase 2 of
the planning and design effort involves priori-
tizing and selecting vital signs and developing
draft monitoring objectives for each. Phase 3
entails the detailed design work needed to im-
plement monitoring, including the refinement
of specific monitoring objectives, development
of sampling protocols, a statistical sampling de-
sign, a plan for data management and analysis,
and details on the type and content of various
products of the monitoring effort such as re-
ports and Web sites.
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Valley Forge National Historical
Park

Figure 1.3. Conceptual approach
to selecting vital signs in the Mid-
Atlantic Network (Modified from
Woodley 1993).

1.3.2.2 Strategy for defining what to

monitor
Monitoring is an ongoing effort to better
understand how to sustain or restore ecosys-
tems, and serves as an “early warning system”
to detect declines in ecosystem integrity and
species viability before irreversible loss has
occurred. One of the key initial decisions in
designing a monitoring program is deciding
how much relative weight should be given to
tracking changes in focal resources and stress-
ors that address current management issues,
versus tracking measures that are thought to be
important to long-term understanding of park
ecosystems. Complicating this decision is the
fact that our current understanding of ecologi-

System
Drivers

Monitoring Need |:> Monitoring Strategy

Known Effects

Threat-Specific Monitoring
¢ Predicted responses

Focal Resource Monitoring
o Potential scenarios

Ecosystem Status Monitoring
o Early-warning indicators

cal systems—and consequently, our ability to
predict how park resources might respond to
changes in various system drivers and stress-
ors—is poor. A monitoring program that fo-
cuses only on current management issues and
threat/response relationships may not provide
the long-term data and understanding needed
to address high-priority issues that will arise
in the future. Ultimately, an indicator is useful
only if it can provide information to support a
management decision or to quantify the success
of past decisions, and produce results that are
clearly understood and accepted by managers,
scientists, policy makers, and the public.

Should vital signs monitoring focus on the ef-
fects of known threats to park resources or on
general properties of ecosystem status? Wood-
ley (1993), Woodward et al. (1999), and others
have described some of the advantages and dis-
advantages of various monitoring approaches,
including a strictly threats-based monitoring
program and alternate taxonomic, integrative,
reductionist, or hypothesis-testing monitoring
designs (Woodward et al. 1999). The MIDN
has adopted a multifaceted approach for moni-
toring park resources, based on integrated and
threat-specific monitoring approaches and
building upon concepts originally presented
for the Canadian national parks (See Figure 1.3;
Woodley 1993). This approach groups indica-
tors into one or more of the following broad
categories:

1) Ecosystem drivers that fundamentally affect
park ecosystems

2) Stressors and their ecological effects
3) Focal resources of parks

4) Key properties and processes of ecosys-
tem integrity

In cases where there is a good understanding
of the relationships between ecosystem driv-
ers and stressors, and their effects on park re-
sources (known effects), monitoring of system
drivers, stressors, and affected park resources is
conducted. A set of focal resources (including
ecological processes) is monitored to address
both known and unknown effects of system
drivers and stressors on park resources. Key
properties and processes of ecosystem status
and integrity are monitored to improve long-
term understanding of park ecosystems and
provide an early warning of potential undesir-
able changes in park resources.

National Park Service



Chapter 1: Introduction and Background

Natural ecosystem drivers are major external
forces such as climate, fire cycles, biological
invasions, hydrologic cycles, and natural dis-
turbance events such as earthquakes, droughts,
and floods. These can have large-scale influ-
ences on natural systems. Trends in ecosystem
drivers will suggest what kind of changes to
expect and may provide an early warning of
presently unseen changes in the ecosystem.

Stressors are physical, chemical, or biological
perturbations to a system that are either (a) for-
eign to that system or (b) natural to the system
but applied at an excessive (or deficient) level
(Barrett et al. 1976:192). Stressors cause sig-
nificant changes in the ecological components,
patterns, and processes in natural systems.
Examples include water withdrawal, pesticide
use, timber harvesting, traffic emissions, stream
acidification, trampling, poaching, land-use
change, and air pollution. Monitoring of
stressors and their effects, where known, will
ensure short-term relevance of the monitoring
program and provide information useful to
management of current issues.

Focal resources, by virtue of their special pro-
tection, public appeal, or other management
significance, have paramount importance for
monitoring regardless of current threats or
whether they would be monitored as an indi-
cation of ecosystem integrity. Focal resources
might include ecological processes such as de-
position rates of nitrates and sulfates in certain
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parks, or they may be a species that is harvested,
endemic, alien, or has protected status.

Monitoring of key properties and processes
of ecosystem integrity provides the long-term
baseline needed to judge what constitutes un-
natural variation in park resources and provide
early warning of unacceptable change. Biologi-
cal integrity has been defined as the capacity to
support and maintain a balanced, integrated,
adaptive community of organisms having a
species composition, diversity, and functional
organization comparable to that of natural
habitats of the region (Karr and Dudley 1981).

These categories provide a framework for
selecting vital signs. A program based on vital
signs chosen from multiple categories ensures
an integrated approach that can address eco-
logical status and trends for which effects are
known and unknown. This is the approach
taken by the MIDN.

1.3.2.3 MIDN approach

Development of the MIDN Vital Signs Moni-
toring Plan was initiated through a series of
scoping questionnaires, meetings, and work-
shops to identify (1) focal resources (including
ecological processes) important to each park,
(2) agents of change or stressors that are known
or suspected to cause changes in the focal re-
sources over time, and (3) some key properties
and processes of ecosystem condition (e.g.,
weather, soil nutrients) (detailed below in this
chapter). Conceptual models were then devel-

Shenandoah National Park

Mid-Atlantic Network
identified focal
resources for each
park, agents of
change or stressors
that are known

or suspected to
cause changes,

and key properties
and processes of
ecosystem condition.
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Table 1.3. Overview of the
parks in the Mid-Atlantic
Network.

Park Name

oped, to help organize and communicate the
information compiled during scoping. From
these general models, stressor models for ter-
restrial and aquatic ecosystems were developed
to focus on high-priority monitoring issues
and to aid in the ranking process (Chapter 2).
The scoping and conceptual modeling efforts
resulted in a list of potential vital signs which
were then prioritized through a series of park
workshops and an online ranking effort to iden-
tify the subset of these indicators that would be
included in our initial integrated monitoring
program (Chapter 3).

1.4 The Mid-Atlantic Network

This section provides information derived from
the first step in the scoping process, including
an overview of the cultural and ecological set-
ting of the MIDN. It also identifies significant
resources, management issues, threats, and ex-
isting and historic monitoring in the parks. The
information in this section was derived from
(1) literature and management plan reviews
for each park, (2) an evaluation of existing data
sets and current monitoring programs, and (3)
a resource management issues ranking by park

managers. Compilation of this information was
essential in identifying the initial suite of po-
tential vital signs and in defining priorities for
monitoring.

1.4.1 History and Formation

The Mid-Atlantic Network encompasses two
independent programs, the Shenandoah Na-
tional Park Prototype Long-term Ecological
Monitoring (LTEM) Program and the Mid-
Atlantic Network (MIDN). The Shenandoah
LTEM Program was established as a prototype
in 1992 to represent the Eastern Deciduous For-
est biome, with program objectives to (1) obtain
and maintain a scientifically based understand-
ing of the type, abundance, and distribution
of natural resources; (2) monitor resource
condition and changes through time; and (3)
monitor natural processes and anthropogenic
influences that maintain or affect ecosystem
health. The Shenandoah prototype LTEM Pro-
gram receives funding that is separate from that
of the Mid-Atlantic Network and currently has
amonitoring program that focuses on six major
areas (see park profile Appendix B), including
watersheds (this monitoring program has been

Appomattox Court House National Historical

Park

Booker T. Washington National Monument

Eisenhower National Historic Site

Fredericksburg and Spotsylvania National

Military Park

Gettysburg National Military Park

Hopewell Furnace National Historic Site

Petersburg National Battlefield

Richmond National Battlefield Park

Shenandoah National Park

Valley Forge National Historical Park

Park Code State Year est.
APCO VA 1935
BOWA VA 1956

EISE PA 1967
FRSP VA 1927
GETT PA 1895
HOFU PA 1938
PETE VA 1926
RICH VA 1936
SHEN VA 1935
VAFO PA 1976

Yearly Visitors ! Acres 2 Hectares 2

151,294 1,774 718
19,751 239 97
70,140 690 279
1,500,071 8,382 3,392
1,731,695 5,990 2,424
57,834 848 343
556,353 2,740 1,109
282,830 7,127 2,884
1,125,097 199,073 80,562
6,667,530 3,466 1,403

through the park and can impact park natural resources.

2 Park area data is from 2007.

Yearly visitation data is from 2007 and includes recreational and non-recreational visitors. Non-recreational visitors can include traffic that passes
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in place for more than 25 years, SWAS 2005), air
quality, forest vegetation, stream health, white-
tailed deer, and birds.

The MIDN conducted an initial scoping
workshop in 2001 to identify the biological
inventory needs for network parks. Over the
next six years, the network focused initially on
conducting baseline inventories, and subse-
quently on identifying natural resource issues
and priorities for developing the monitoring
program.

1.4.2 Overview of Parks

The MIDN parks range in size (Table 1.3) from
97 hectares (ha) (239 acres, Booker T. Washing-
ton National Monument) to 80,562 ha (199,073
acres, Shenandoah National Park), and include
many sites of historical and cultural interest as
well as diverse natural resources. Valley Forge
National Historical Park is the site of General
George Washington’s winter encampment and
the training ground of the Continental Army
during the Revolutionary War. Iron used to
make many materials, including arms for the
Continental Army and American patriots, was
produced in nearby Hopewell Furnace Nation-
al Historic Site. This is an excellent example of
an early 19th-century rural iron-making com-
munity, where locally mined ore was refined in
the furnace, and charcoal for fuel was produced
from the surrounding hardwood forests that
now form French Creek State Park. In contrast,
a tobacco plantation home at Booker T. Wash-
ington National Monument interprets the daily
life of plantation slaves, and documents the life
of Booker T. Washington from slave to educa-
tor and national leader. Five other parks record
key events of the Civil War, such as the battles
of Fredericksburg, Chancellorsville, Wilder-
ness, and Spotsylvania at the Fredericksburg
and Spotsylvania National Military Park; the
turning point of the war towards Union vic-
tory at Gettysburg National Military Park; the
Confederate capital at Richmond National
Battlefield Park; the prolonged siege of Con-
federate forces by the Union army at Petersburg
National Battlefield; and the final surrender of
General Robert E. Lee to General Ulysses S.
Grant at Appomattox Court House National
Historical Park. Of more recent historical
interest Eisenhower National Historic Site,
President Dwight D. Eisenhower’s farm retreat
and a meeting place for world leaders. The only
national park within the MIDN is Shenandoah,
which contains a diversity of natural, geologic
and cultural resources.
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1.4.3 Ecological Setting

The Mid-Atlantic Network parks are located in
the Eastern Temperate Forest Ecoregion (CEC
1997), which is characterized as having high
rainfall, warm summers, and cold winters with
temperatures falling below freezing (Cox and
Moore 2005). Most of the parks are located
primarily in the Piedmont, with Richmond
NBP and the Eastern Front of Petersburg NB
located in the Coastal Plain, and Shenandoah
NP located in the Blue Ridge Mountains (Ap-
pendix B). The network’s Pennsylvania parks
are located in what is considered to be the
Northern Piedmont (Woods et al. 1999).

1.4.3.1 Geology and topography

The MIDN parks are located within two major
geologic divisions, the Appalachian Highlands
and the Atlantic Plain (USGS 2005). The Appa-
lachian Highlands includes two physiographic
provinces, Blue Ridge and Piedmont, while the
Atlantic Plain geologic division contains the
Coastal Plain province (Isphording and Fitzpat-
rick Jr. 1992). The Blue Ridge is composed of
resistant Precambrian granites and metabasalts
(greenstone) with resistant metasedimentary
rocks exposed on the western flanks. Shenan-
doah NP is the only park in the network found
in this physiographic province, with elevations
that range from 146 meters (m) (479 feet, ft)
to 1,234 m (4,049 ft) at Hawksbill Peak. In
contrast, the Piedmont is composed of rolling
uplands that are underlain by deeply weathered
and deformed metamorphic rocks, intruded by
igneous material, and ranging in age from Pre-
cambrian to late Paleozoic (Hack 1989, Woods

Sweetgum (Liquidambar
styraciflua)
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Figure 1.4. Bailey’s ecoregions for the Mid-Atlantic Network.
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et al. 1999). The Coastal Plain is composed of
unconsolidated tertiary sands, silts, and clays,
overlain by sedimentary material that contrasts
with the older rocks of the Piedmont (Isphord-
ing and Fitzpatrick Jr. 1992).

1.4.3.2 Soils

Most of the Mid-Atlantic region is character-
ized by Ultisols, light-colored, acid soils with
low base saturation (Soil Survey Division Staft
1993). Along the Blue Ridge, Ultisols commonly
overlay the igneous ridges; Inceptisols, charac-
terized by low fertility, acidity, and stoniness
(White and Wilds 1998, Woods et al. 1999),
are found on the steeper landforms (Woods et
al. 1999). Boulders and outcrops are common
on the upper slopes and provide important
habitat for rare and threatened species, includ-
ing the Shenandoah salamander (Plethodon
shenandoah), which is found in the Central Ap-
palachian High-Elevation Boulderfield Forest
(Fleming and Coulling 2001). In the Northern
Piedmont, Ultisols give way to a combination
of Alfisols and Ultisols that are generally deep,
well developed and have moderate to excellent
fertility (Woods et al. 1999,White and Wilds
1998). The most common soils of the Coastal
Plain are Ultisols of the suborder Udults, which
are well or moderately well drained, and low
in bases (Hubbard et al. 2000). Spodosols and
Entisols can also be found in the Coastal Plain
(White and Wilds 1998). Silty soils occur mainly
in level expanses.

1.4.3.3 Climate

The climate of the Mid-Atlantic Network is
defined as continental, characterized by hot,
humid summers, and short, relatively cold
winters, with some variations experienced
along both latitudinal and altitudinal gradients
(Bryson and Hare 1974). The Blue Ridge tends
to have the most extreme climate while that of
the Coastal Plain is the most moderate. Dur-
ing August and September, the area may be
subjected to occasional hurricanes or tropical
storms that can account for 10-40% of monthly
rainfall (Hayden and Michaels 2005). Water
deficit conditions are not usually experienced
during any month of the year. The elevational
gradients of the Blue Ridge provide for varia-
tions in local climate. Average annual tempera-
tures range from below 10°C (50°F) in the
north to about 14°C (57°F) in the south, with
average annual precipitation varying from 890
millimeters (mm) (35 inches, in) in the valleys
to up to 2,040 mm (80 in) on the highest peaks.
The southern portions of the Piedmont tend to
experience mild winters and hot, humid sum-
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mers with average temperatures ranging from
14-18°C (57-64°F) and precipitation 1,120-
1,400 mm (44-55 in) annually. Farther north in
Pennsylvania (Northern Appalachian Piedmont
sensu McNab and Avers 1994), the winters are
colder and average annual temperatures range
from 11°C to 16°C (52-61°F) (The Pennsylva-
nia State Climatologist 2005, McNab and Avers
1994). Rainfall averages 920-1,400 mm (36-55
in) per year. Average annual temperatures in the
Coastal Plain range from 16-20°C (61-68°F),
and rainfall is abundant and well distributed
throughout the year, ranging from 1,020 mm to
1,530 mm (40-60 in).

1.4.3.4 Vegetation communities and
ecoregions

Two primary vegetation types occur in the Mid-
Atlantic Network, the Appalachian Oak Forest
and the Oak-Hickory-Pine Forest, with a third
type, Southeastern Evergreen Forest, occurring
south of the James River in Virginia (Barbour
and Billings 2000, Rohrig and Ulrich 1991).

The Appalachian Oak Forest coincides primar-
ily with the Central Appalachian Broadleaf
Forest, and is mostly mountainous except at
its northern limit, in Pennsylvania, where it
extends onto the Piedmont and Coastal Plain
(Figure 1.4, Barnes 1991). The best expres-
sion of the Appalachian Oak Forest occurs in
Shenandoah NP. The forest is mainly com-
posed of diverse oak, oak-hickory, and mixed
mesophytic communities that vary along topo-
graphic and hydric gradients.

Appalachian Oak
Forest and Oak-
Hickory-Pine
Forest, are the
most common
vegetation types
in the Mid-Atlantic
Network. A third
type, Southeastern
Evergreen Forest,
occurs south of
the James River in
Virginia.

Vegetation mapping

in Fredericksburg and
Spotsylvania National Military
Park

1
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APCO

BOWA

EISE

FRSP

GETT

HOFU

PETE

RICH

SHEN

VAFO

Natural Resources Significant to Legal Mandates/Policy

Wetlands, Water quality, State listed species, Exotic species

Wetlands, Water quality, Exotic species

Wetlands, Water quality, State listed species, Exotic species

Wetlands, Water quality, Federal and State listed species, Exotic
species

Wetlands, Water quality, State listed species, Exotic species

Federal and State listed species , Wetlands, Water quality, Exotic
species, Exceptional Value Waterway

Federally listed species, Wetlands, Water quality, Exotic species
Wetlands, Water quality, State listed species, Exotic species

Federal and State listed species, Wetlands, Water quality, Designated
Wilderness Area, Exotic species, Air quality

Federal and State listed species, Wetlands, Water quality, Exotic
species, Caves, Exceptional Value Waterway, Class A Wild Trout
Stream, Warm Water Fishery, State Scenic River

ural Resources Significant for Other Reasons

Rare wetland communities, Open agricultural lands

Unique vegetation community, Globally rare species (bigeye
jumprock)

Important Bird Area, Important Mammal Area, Grassland
habitat

Unique vegetation communities, State sensitive or rare mollusk
species

Grassland habitat, Important Bird Area

Potential bog turtle habitat

Unigue vegetation communities

Unique vegetation communities, Grassland habitat

Big Meadows endemic plant communities, High fish diversity
(with native brook trout), outstanding example of the Blue
Ridge/Central Appalachian biome, Appalachian Trail

Grassland habitat, proposed Important Bird Area, Rare crayfish
populations

Table 1.4. Significant natural
resources at parks within the
Mid-Atlantic Network.

Fields are an important
component of the Mid-

temporary, early-successional

NMP and Petersburg NB.

Atlantic Network cultural

landscape

12

Oak-Hickory-Pine Forest occurs along the
Piedmont Plateau, with pines characterizing
stands
are eventually replaced by deciduous species
(Braun 1950). The Oak-Hickory-Pine Forest
corresponds with Southeastern Mixed Forest
(sensu Bailey 1995), and is found in several park
unitsincluding Appomattox Court House NHP,
Booker T. Washington NM, and the western
portions of Fredericksburg and Spotsylvania

The Southeastern Evergreen Forest occurs in
a very small portion of the area covered by the
Mid-Atlantic Network, on the Coastal Plain
south of the James River in Virginia. This area
forms part of the Outer Coastal Plain Mixed
Forest (Figure 1.4). Petersburg NB is located
within this community (Rantis and Johnson
1995, Rantis and Johnson 2002), although its
vegetation shows a much greater affinity to the
Oak-Hickory-Pine Forest (Fleming personal
communication).

that
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1.4.4 Cultural Setting

Nine of the 10 parks in the MIDN were created
for cultural reasons, commemorating the Civil
War (Appomattox Court House, Fredericks-
burg and Spotsylvania, Gettysburg, Petersburg,
and Richmond), the Revolutionary War (Valley
Forge), or specific people or ways of life (Book-
er T. Washington, Eisenhower, and Hopewell
Furnace). Although cultural landscapes repre-
sent a small portion of the total area of these
parks, they are disproportionately important
to the parks’ mission and visitors’ experience.
In many cultural parks, this can create tension
between cultural and natural resource manage-
ment. For example, in battlefield parks, land-
scape restoration efforts recreate open fields
that restore the vistas to those present at the
time of the historic events. However, it is be-
cause of the cultural landscape that the natural
resources have gained protection.

1.4.5 Significant Natural Resources

Shenandoah NP was created primarily for nat-
ural resource reasons, and it is the only park in
the network whose enabling legislation specifi-
cally provides for natural resource protection
(Table 1.1). Shenandoah is a Class 1 air quality
area under the Clean Air Act and therefore is
subject to specific legal requirements for main-
taining air quality. In addition, the park has
a designated wilderness area which requires
special management considerations (Appendix
A). Nevertheless, all the parks in the network
contain natural resources that require protec-
tion under current legal mandates (Table 1.4).
For example, Valley Creek at Valley Forge NHP
is classified as an Exceptional Value Waterway
and a Class A Trout Stream by the Pennsylvania
Department of Environmental Protection.

All network parks have a number of species that
are protected at either the federal or the state
level. Five parks harbor a recently delisted fed-
erally threatened bird species: Fredericksburg
and Spotsylvania, Hopewell Furnace, Rich-
mond, Shenandoah, and Valley Forge have all
registered the presence of the bald eagle (Hali-
aeetus leucocephalus). In addition, Shenandoah
and Fredericksburg and Spotsylvania have one
federally listed vascular plant, the small whorled
pogonia (Isotria medeoloides), and Shenandoah
has one federally listed amphibian, the Shenan-
doah salamander. In addition, Shenandoah has
10 confirmed plant species listed by Virginia
as critically imperiled, and 20 species listed as
imperiled. Fifteen species that occur in Penn-
sylvania parks are listed as endangered at the
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Vegetation Community

Parks

Upland Depression Swamp

Non-Riverine Saturated Forest

Coastal Plain Depression Wetland

Coastal Plain/Piedmont Acidic Seepage Swamp

Central Appalachian High-Elevation Boulderfield Forest
High-Elevation Greenstone Barren

High-Elevation Outcrop Barren

Central Appalachian Mafic Barren (Mid-Elevation Type)

APCO

FRSP

FRSP

FRSP, RICH, PETE

SHEN

SHEN

SHEN

SHEN

state level, and an additional five are considered
threatened (Appendix C).

Shenandoah NP also has four globally imper-
iled plant species, and four plants and one am-
phibian (again, the Shenandoah salamander)
that are globally vulnerable (Appendix C). A
number of plant communities that have been
identified as globally rare occur in the MIDN
parks and merit protection (Table 1.5).

1.4.6 Priority Resource Management
Issues and Threats

The MIDN parks share a number of issues
of concern to natural resource management.
These can be divided into four major catego-
ries: atmospheric resources degradation, biotic
change, land use change, and water resources
degradation. An overview is provided here,
with more details in Chapter 2.

Atmospheric resources degradation includes
changes in the condition of air quality through
the influence of anthropogenic pollutants.
Many pollutants resulting from burning of
fossil fuels originate outside the region, and
influence the network parks through wet and
dry deposition, or through elevated ozone
concentrations (Sullivan et al. 2003). Heavy
metals such as mercury also pose a threat, and
particulate matter in the air alters visibility. The
Mid-Atlantic region suffers from some of the
worst air quality conditions in the country, and
this poses a threat to the natural resources in
the network parks (Nash et al. 1995).

Also included in this category is climate change,
which has the potential to influence a variety of
species and ecological processes in the Mid-

Table 1.5. Rare vegetation
communities of the Mid-
Atlantic Network.

Although cultural
landscapes
represent a small
portion of the total
area of the Mid-
Atlantic Network
parks, they are
disproportionately
important to the
parks’ mission and
visitors’ experience.

Shenandoah salamander
(Plethodon shenandoah)
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Other stressors to Mid-
Atlantic Network park natural
resources include deer and
increasing changes in the
landscape mosaic due to
development. Valley Forge
National Historical Park
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Atlantic Network parks. Over the past cen-
tury, average temperatures in the Mid-Atlantic
region have increased by 0.5°C (0.9°F), and
current projections are for warmer, perhaps
wetter, and possibly more variable conditions
to prevail in the future (Frumhoff et al. 2007,
IPCC 2007). The severity of weather events is
expected to increase, including hurricanes and
tropical storms, floods, nor’easters, droughts,
and ice storms (Fischer et al. 2000, Hayhoe et
al. 2007). These changes are predicted to cause
shifts in the species composition of ecosys-
tems, with the likely migration of both plant
and animal species in response to changing
environmental conditions (Iverson et al. 2008,
Ollinger et al. 2008, Rodenhouse et al. 2008).

The frequency and intensity of other stressors
may also increase, including forest fires and pest
and pathogen outbreaks (Paradis et al. 2008).

Biotic change includes any changes in the
structure, composition, or function of biotic
communities in and around the parks. Invasive
exotic species pose a serious threat to parks in
the network due to their rapid spread (Swearin-
gen et al. 2002), and the National Park Service
has targeted their eradication through Exotic
Plant Management Teams (NPS 2004). Intro-
duced animal species also present a threat; for
example, exotic earthworms are displacing
native soil fauna and altering soil structure,
composition, and processes (Groffman and
Bohlen 1999). Because the network parks are
frequently located in rapidly expanding urban
areas, feral animals can also pose a threat (e.g.,
see Kays and DeWan 2004). On the other hand,
continued habitat fragmentation and land-use
change can result in native species being lost
from the parks. Also of concern are the native
and exotic pestsand pathogens such as the hem-
lock woolly adelgid (Adelgis tsuga), gypsy moth
(Lymantria dispar), dogwood anthracnose
(Discula destructive), and southern pine beetle
(Dendroctonus frontalis), as well as a number of
other species that have the potential to pose a
threat (e.g., see Morisawa 2003, Byington et al.
1994, and Chapter 2 of this document for more
detail). The creation of transitional habitats
has favored some native species, most notably
white-tailed deer (Odocoileus wvirginianus),
leading to population densities that are beyond
the carrying capacity of the parks (Decalesta et
al. 1997, McShea et al. 1997).

Land use change that takes place either within
a park or outside its boundaries can ultimately
influence park resources. The Mid-Atlantic re-
gion is continuing to develop very rapidly, with
a human population increasing from 15 mil-
lion in 1940 to 26 million in 2000 (U.S. Census
Bureau 2008). Parks that previously enjoyed an
isolated location are now facing suburban de-
velopment. Such changes can result in numer-
ous impacts including increased air and water
pollution, habitat fragmentation, increased
visitor pressure, and the threat of invasion by
exotic species. Management activities within
the parks can also pose a threat to natural re-
sources through the maintenance of roads,
trails, vistas, and open spaces to maintain the
cultural landscape. Other historical practices,
including filling in sink holes at Valley Forge
NHP, are being reversed to enhance natural
resource conditions at the parks.

National Park Service
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Water resources degradation can result from
changes in atmospheric conditions as well as
land use change. The Mid-Atlantic region suf-
fers from substantial water quality issues, with
an estimated 1,085 waterways in Virginia and
4,298 in Pennsylvania classified as impaired
(EPA 2005b). Increased acid deposition can
alter the pH of water, while heavy metals pose
a threat to native species and can enter the hu-
man food chain (Naimo 1995). Point and non-
point pollution sources alter water chemistry;
creation of dams and extraction of water from
streams and rivers can alter water flow; changes
in land use surrounding waterways can greatly
influence flooding regimes and sedimentation
rates and strain geomorphology. All of these
influences can drastically change the structure,
composition, and natural ecosystem functions
of aquatic habitats in the network parks.

The MIDN scoping exercise proved very useful
in identifying the issues of greatest concern to
the resource managers of the network’s parks.
The issues that the managers considered to pose
a high threat included invasive exotic species,
urbanization, and white-tailed deer (Appendix
G). The fragmented nature of the small cultural
parks within an urbanizing matrix suggests
that understanding trends in land use change
are at the forefront of park management. In
contrast, regional-scale impacts, including cli-
mate change and air pollution, are considered
to be present in most parks but to pose a low
threat to natural resources; Shenandoah NP is
the only park where atmospheric conditions
are considered to pose a high threat. One un-

2008

expected issue of concern is that five of the 10
parks consider park operations to be either a
moderate or high threat to natural resources.
Data provided by the MIDN monitoring pro-
gram will aim to help alleviate this situation
by creating a platform for communication and
valuable information to guide decision-making
at the park level.

1.4.7 Existing Monitoring Programs

The network evaluated current monitoring
programs at each park as part of the initial
scoping process. All parks, except Hopewell
Furnace, currently have ongoing monitoring
activities, with Shenandoah having the most
extensive program. Monitoring activities var-
ied considerably from ad hoc data collection
over several years to long-term, peer-reviewed

Invasive exotic plants are a
significant threat to natural
resources in the Mid-Atlantic
Network parks. Tree-of-
Heaven (Ailanthus altissima)

All Mid-Atlantic
Network parks
contain natural
resources that
require protection
under current legal
mandates.

Some parks have ongoing
monitoring projects.
Gettysburg National Military
Park staff monitor Eastern
box turtle (Terrapene
carolina) in the park
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Figure 1.5. Air quality
monitoring stations near Mid-
Atlantic Network parks.

The network prototype
park, Shenandoah National
Park, has been an essential
element in helping the Mid-
Atlantic Network develop
its vital signs monitoring
program. Shenandoah

NP staff conducted fish
inventories in network
parks
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protocols that have collected data for several
decades. As a prototype park, Shenandoah has
had a formal monitoring program since the
early 1990s, with some monitoring activities
spanning more than 25 years (for example, the
Shenandoah Watershed Assessment Program,
SWAS 2005). Recent funding constraints have
resulted in cutbacks of some monitoring activi-
ties, and it is hoped that these programs, such
as bird monitoring, can be restored in the near
future. Air quality is an important natural re-
source in the park, which has been designated
as a Class 1 area under the Clean Air Act, and
the park has an extensive air quality monitor-
ing program currently in place (Sullivan et al.
2003). All parks have exotic plant management
monitoring as part of the Mid-Atlantic Exotic
Plant Management Team (NPS 2004). Other
issues that are considered high priority within
the network currently have associated moni-
toring programs, including physical, chemical,
and biological water quality parameters, and
white-tailed deer counts. Though urbanization
and land use change are important concerns to
the network, no park is currently monitoring
land use change. Outside the boundaries of the
parks, other organizations and state and federal
agencies are also conducting monitoring proj-
ects and these are outlined in Appendix D.

1.4.7.1 Air quality monitoring

The Mid-Atlantic region has a number of ongo-
ing air quality monitoring programs that collect
data relevant to MIDN parks. These include
data on wet and dry deposition, particulate
matter, and ozone (Figure 1.5, Appendix E).

All MIDN parks have both wet and dry deposi-
tion monitors on-site or within 90 kilometers
(km) (56 miles, mi). Most likely, this coverage
is adequate for all of the network parks. The
four Pennsylvania parks, Shenandoah, and
Fredericksburg and Spotsylvania have mercury
deposition monitors on-site or within 45 km
(28 mi) (Figure 1.5). However, mercury deposi-
tion monitoring may not be adequate for the
other four network parks. Some streams in
Shenandoah have documented sensitivity to
atmospheric deposition. With the exception of
Appomattox Court House and Fredericksburg
and Spotsylvania, where sensitivity is unknown,
surface waters in the rest of the MIDN parks ap-
pear well buffered. Given the fish consumption
advisories for mercury, PCBs, and chlordane in
Pennsylvania and Virginia, long-term monitor-
ing of contaminant levels in fish or other biota
is recommended as an indicator of ecosystem
health.

Particulate matter is monitored within 30
km (19 mi) of all MIDN parks. Interagency
Monitoring of Protected Visual Environments
(IMPROVE) sites for visibility monitoring are
located within 75 km (47 mi) of all network
parks except Hopewell Furnace, Petersburg,
Richmond, and Valley Forge. If visibility im-
pairment is a particular concern for any MIDN
park, the network may want to consider install-
ing a digital camera to record and interpret vis-
ibility conditions.

National Park Service


http://science.nature.nps.gov/im/units/midn/reports/MIDN_MonitoringPlan_Appendixes.pdf#nameddest=D
http://science.nature.nps.gov/im/units/midn/reports/MIDN_MonitoringPlan_Appendixes.pdf#nameddest=E

Water Body

Chapter 1: Introduction and Background

Length impaired

(k) Impairment

BOWA Gills Creek

EISE Willoughby Run

Hazel Run
FRSP
Rappahannock River

GETT Stevens Run, Rock Creek

James River

PETE

Harrison Creek, Poor Creek, Hatcher Run,
Appomattox River

James River

RICH

Western Run, Crewes Channel, Beaverdam
Boatswain Creek, Coles Run, Bloody Run

Paine Run, Meadow Run, Deep Run, Rocky
Branch, Jeremy’s Run

Naked Creek
SHEN

Hawksbill Creek, Pass Run, Flint Run Happy
Creek, Swift Run

North Fork Moormans River

Valley Creek, Schuylkill River
VAFO
Trout Creek

2.92 Bacteriological
1.14 Organic enrichment, low DO, siltation
0.42 Bacteriological
1.27 Bacteriological, PCBs
3.85 Nutrients, siltation
Nutrients, chloride, estuarine benthic macroinvertebrates,
0.81 ) .
bacteriological, PCBs
18.32 Bacteriological
Dissolved oxygen, pH, nutrients, chloride, estuarine benthic
0.34 ) . '
macroinvertebrates, bacteriological, PCBs
Crees, 7.54 pH, dissolved oxygen
49.68 pH
11.64 Benthic macroinvertebrates
43.39 Bacteriological, temperature
20.15 Dissolved oxygen
8.59 PCB, siltation
3.09 Siltation

Except for Appomattox Court House, all
MIDN parks have an ozone monitor on-site
or within 30 km. With the exception of Ap-
pomattox Court House, Booker T. Washington,
and Shenandoah, all MIDN parks are in the
proposed 8-hour ozone nonattainment areas,
that is, they do not meet the minimum national
ozone standard under the National Ambient
Air Quality Standards (NAAQS) program of
85 parts per billion (ppb) over an 8-hour pe-
riod. Based on the 1995 to 1999 ozone values
contained in the Air Atlas, all MIDN parks
could be nonattainment for the 8-hour ozone
standard. These ozone injury risk assessments
indicate a moderate to high risk of ozone injury
for sensitive vegetation in all MIDN parks (Ko-
hut 2007).

2008

1.4.7.2 Water quality monitoring

Water chemistry and quantity have manage-
ment and policy significance because the Na-
tional Park Service is legally required to protect
pristine water quality and improve impaired
water quality (Rosenlieb and Long 2006).
Streams and rivers managed by the NPS must
meet state and federal water quality criteria as
defined by the Clean Water Act (CWA). In ad-
dition, the National Park Service is required by
the Government Performance and Reporting
Act (GPRA) to establish and evaluate attain-
ment of goals for meeting water quality criteria.
Water chemistry and other water quality data
for MIDN parks are notably limited. Develop-
ment of a water quality monitoring protocol for
MIDN parks is thus essential to provide basic
information on current and changing condi-
tions in aquatic and watershed ecosystems and

Table 1.6. Impaired waters of
the Mid-Atlantic Network.
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Table 1.7. Monitoring objectives of vital signs selected by the Mid-Atlantic Network.

Level 1 Level 2 MIDN Vital Sign Monitoring Objectives
Ozone Document annual status and trends in atmospheric ozone concentrations.
Wet and dry deposition Document annual status and trends in wet and dry deposition.
Air Quality
Air and Climate Visibility and particulate matter Report on annual status and trends in fine and coarse particulate matter

concentrations and composition.

Report on annual status and trends in mercury concentration and deposition

Air contaminants (mercury) in precipitation

Weather and . Document long-term trends in weather and climate through seasonal and
. Weather and climate .
Climate annual summaries of selected parameters, and document extremes.

Stream / river channel

Geomorphology Document changes in stream channel characteristics at sampling sites.

characteristics
Geology and Soils
Soil Quality Soil structure and composition Determine the status and trends in network soils.
Hydrology Stream and river water dynamics Document the status and long-term trends in water flow.

Document status and trends in water quality as influenced by point source
and non point source pollution (including atmospheric deposition).

Determine the natural range of variability in water chemistry (including

Water chemistry bacterial composition).

Water

Detect water quality measures that exceed threshold values and determine

Water Qualit : - - )
Quality their compliance with state and federal water quality standards.

Document the status and trends in the structure and composition of aquatic

quatic macroinvertebrates macroinvertebrates in relation to changes in water quality and quantity.

Invasive Species Invasive exotic plants

Detect and monitor the presence of invasive exotic plants, exotic plant

Native forest pests )
P diseases and pathogens, and forest pests.

Infestations and

BIEEES Exotic diseases / Pathogens

— plants
Biological Integrity

Determine the status and trends in forest structure, composition, and

. dynamics of canopy and understory woody species.
Forest plant communities . , :
Determine the status and trends in forest coarse woody debris and the

Focal Species or availability of snags.

Communities

Determine the status and trends in the density and composition of tree
White tailed deer (herbivory) seedlings and selected herbaceous species that are indicators of deer
browse.
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to support compliance with NPS management
and policy mandates.

The MIDN parks include a total of approxi-
mately 945 km (587 mi) of free-flowing streams
(Appendix F). About 119 km (74 mi) of MIDN
waters (13%) are Outstanding Natural Resource
Waters. Despite this, the Pennsylvania and Vir-
ginia 2006 305b/303d integrated reports to the
EPA indicated that none of these waters met
state designated water use quality criteria (EPA
Category 1). No MIDN waters were listed as
meeting all state and federal water quality crite-
ria. About 19% of MIDN waters were assessed
as failing to meet the criteria for at least one of
their designated uses, and close to 12% were
listed as being impaired (Table 1.6). Nearly 20%
of MIDN waters have not been assessed due to
a lack of acceptable data, and thus the propor-
tion of impaired waters will likely increase with
more complete study.

1.5 Network Monitoring Objectives

Selection of vital signs for the MIDN was con-
ducted over a two-year period that included
extensive evaluation of existing information,
development of conceptual ecological models
(Chapter 2 and Appendix G), and consulta-
tion with park staff and scientists. A series of
workshops were conducted, yielding a list of
potential vital signs that were ranked via an
online survey (Chapter 3). The 15 high-priority
vital signs selected for monitoring are presented
in Table 1.7, organized into a hierarchical Eco-
logical Monitoring Framework that provides
a structured approach for reporting results.
General objectives of the MIDN monitoring
program are presented in Table 1.7, with more
objectives and monitoring methods outlined in
Chapter 5.

Chapter 1: Introduction and Background

1.6 Limitations of the Monitoring
Program

Managers and scientists need to acknowledge
limitations of the monitoring program that are a
result of the inherent complexity and variability
of park ecosystems, coupled with limited time,
funding, and staffing available for monitoring.
Ecosystems are loosely defined assemblages
that exhibit characteristic patterns at a range
of temporal, spatial, and organizational scales
(De Leo and Levin 1997). Natural systems as
well as human activities change over time, and
it is extremely challenging to separate natural
variability and desirable changes from undesir-
able anthropogenic sources of change to park
resources. The monitoring program simply
cannot address all resource management inter-
ests because of funding, staffing, and logistical
constraints. Rather, the intent of vital signs
monitoring is to monitor a select set of ecosys-
tem components and processes that reflect the
overall condition of the park ecosystem and
are relevant to important management issues.
Cause-and-effect relationships usually cannot
be demonstrated with monitoring data, but
monitoring data might suggest a cause-and-ef-
fect relationship that can then be investigated
with a research study. As monitoring proceeds,
as data are interpreted, as our understanding of
ecological processes is enhanced, and as trends
are detected, future issues will emerge (Roman
and Barrett 1999). This monitoring plan should
therefore be viewed as a working document,
subject to periodic review and adjustments
over time as our understanding improves and
new issues and technological advances arise.

2008
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Chapter 2: Conceptual Ecological Models

2.1 Introduction

Conceptual models are theoretical constructs
used to represent complex processes by show-
ing the relationships between a number of vari-
ables. Ecosystem structure and function involve
varied and complex relationships, and thus the
use of conceptual models can help enhance our
understanding of ecosystems (Heemskerk et al.
2003, Maddox et al. 1999). In addition, con-
ceptual models can improve communication
among scientists and managers, and between
managers and the public.

Conceptual models are essential to designing
credible and effective ecological monitoring
programs. Ecological systems are highly in-
tegrative and complex, and their response to
novel environmental or biotic conditions often
is poorly understood. The intent of conceptual
models for monitoring design is not to repre-
sent the full complexity of a system, but rather
to use current knowledge to identify a limited
set of elements that provide information on
multiple aspects of ecosystem condition (Noon
2003). Moreover, conceptual models can help
scientists generate hypotheses regarding con-
sequences of natural and anthropogenic pro-
cesses on system structure and function.

Several conceptual ecological models have been
an important part of the development of the
Mid-Atlantic Network’s vital signs monitoring
program. These models enable us to explore
the external processes that influ-

held in 2005. The goal was to 1) identify the
relationships between physical, chemical, and
biotic components of the park’s terrestrial and
aquatic ecosystems, 2) outline how the interac-
tion of landscape and climate affects ecological
processes in the park, 3) identify how anthro-
pogenic influences alter the natural processes
of the park, and 4) define how these ecological
relationships and external influences differ in
the small cultural parks that make up the rest
of the MIDN. The two-day meeting resulted
in a series of draft conceptual models that
were further refined in collaboration with the
network Science Advisory Committee. These
models formed the basis for selecting vital signs
for monitoring.

2.3 Natural Ecosystem Model

The MIDN started with a modified version
of the interactive control model developed by
Jenny (1941, 1980) and modified by Chapin et
al. (1997,1996) to help summarize general func-
tions and processes for terrestrial and aquatic
ecosystems (Figure 2.1). This model provides a
framework for the planning process and helps
identify vital signs that are most relevant to
the natural resource issues experienced in the
network. This holistic model identifies four
state factors and four interactive controls that
influence ecosystem processes under natural
conditions. The state factors are geology, to-
pography and elevation, climate, and latitude.

Cardinal flower (Lobelia
cardinalis)

Figure 2.1. Holistic natural
ecosystem model for the Mid-
Atlantic Network. Geophysical
gradients or state factors are
major drivers that influence
ecosystems. Interactive
controls determine ecosystem
compos