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Abstract—The National Park Service (NPS) initiated a new “Vital Signs” program in
1998 to develop comprehensive, long-term monitoring of ecological resources within
U.S. national parks. Vital signs (VS) are indicators, and are defined as key elements,
processes or features of the environment that can be measured or estimated and that
indicate the ecological integrity of an ecosystem. A core science team is working with the
11 parks of the Northeast Temperate Network (NETN) to identify appropriate regional
and park-specific indicators of ecological integrity, and to develop criteria for assessing
changes. The team identified VS representing the diversity of ecological systems and
anthropogenic stressors within NETN parks at a range of ecological scales. In Phase 1,
baseline inventories and analysis of threats provided information to build conceptual
ecological models for four ecosystem groups — terrestrial, wetland, aquatic, and intertidal
systems. In Phase 2, the core science team developed a list of more than 100 potential
VS. This preliminary list was peer-reviewed through workshops, from which a final list
of 22 high priority VS, with 104 associated potential measures, was developed. In Phase
3, protocols will be developed for each VS measure. Statistical power analysis and cost
assessment will be an integral part of Phase 3 in order that the final set of measured
VS produce reliable inference within cost constraints of NETN. Standard summaries
of statistical trends in VS measures will be compiled. Importantly, each measure will
also have a rating scheme to allow integration of VS into an overall ecological integrity
rank (A-D) for particular occurrences of an ecosystem. These ranks, currently used by
NatureServe and the Network of Natural Heritage Programs, provide an important
communication tool for managers. An example is presented for jack pine woodland in

Acadia National Park.

Introduction

Recognizing the need for comprehensive, long-term
monitoring of ecological resources within the U.S.
National Park System, the National Park Service (NPS)
undertook a major new initiative in 1998 to develop a
program for long-term monitoring of “Vital Signs,” or
indicators, of ecological integrity within the parks. Vital
signs (VS) are key elements, processes, or features of
the environment that can be measured or estimated and
that indicate the ecological integrity of an ecosystem.
This Inventory & Monitoring (I&M) program is being
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implemented within 270 parks, which have been grouped
into 32 park networks, using a consistent framework and
process (Fancy, this proceedings; Gross, this proceed-
ings). A core science team is working with the 11 parks
of the Northeast Temperate Network (NETN) to identify
appropriate regional and park-specific indicators and
measures of ecological integrity and to establish proto-
cols for their measurement (table 1). As with other NPS
Networks, the NETN team has focused on identifying
indicators representing the diversity of ecological sys-
tems and anthropogenic stressors within NETN parks at
a range of ecological scales. The challenge has been to
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Table 1. Parks included in the Northeast Temperate Network, showing park
name, state, and park size (in acres). NP = National Park, NST = National
Scenic Trail, NHP=National Historical Park, NHS=National Historic Site,
NPA = National Park Area. Only the northern section of the Appalachian
NST (from Maine to Pennsylvania) lies within the NETN. Other networks

assess the southern sections.

prioritize and select VS and develop specific
monitoring objectives for each park and the
network; and Phase 3) develop detailed plans
to implement monitoring, including the de-
velopment of sampling protocols, a statistical

Park Name State Size (acres) sampling design, a plan for data management
and analysis, and expectations for reports and
Acadia NP Maine 47,498 ; :
Appalachian NST Maine-Georgia 85036 other p'resentatlon of results. Herein we focus
Boston Harbor Islands NPA Massachusetts 1,465 primarily on the NETN Phase 2 process — the
Marsh-Billings-Rockefeller NHP Vermont 643 prioritization and selection of Vital Signs —but
Minute Man NHP Massachusetts 967 1 iefl ; ff in Ph
Morristown NHP New Jersey 1,707 we also briefly summarize our e pns in Phase
Roosevelt-Vanderbilt NHS New York 775 1 to develop conceptual ecological models,
Saint-Gaudens NHS New Hampshire 150 which provide a foundation and summary tool
Saratoga NHP New York 3,392 for indicator selection, and preview our next
Saugus Iron Works NHS Massachusetts 9 1 Ph 3 ’ p
Weir Farm NHS Connecticut 74 steps in Phase 5.

identify a coherent set of indicators that cover the range
of ecological resources and stressors found in the network
within the budgetary constraints of the program, and that
can be meaningfully compared to other NPS networks, as
well as indicator programs outside the NPS. NETN Vital
Signs must also provide information that allows park
managers to respond when changes to park ecological
integrity are detected.

The need to compile a coherent set of indicators and
measures that encompass essential aspects of ecosystem
structure and function and contribute to an adaptive
management program has led to increasing interest in
the development of measures or indices of ecological
integrity (Karr and Chu 1995; Harwell and others 1999;
Andreasen and others 2001, Young and Sanzone 2002;
Parrish and others 2003). At the outset, understanding
the dynamic nature of park ecosystems and the conse-
quences of human activities is essential for management
decision-making aimed to maintain, enhance, or restore
the ecological integrity of park ecosystems and to
avoid, minimize, or mitigate ecological threats to these
systems (Fancy, this proceeding). Although our current
understanding of these dynamics is far from complete,
indices of ecological integrity should allow managers to
discriminate between changes in indicators and measures
that fall within the bounds of normal system dynamics
from those that require a management response (Woodley
1993).

The overall process for developing the NPS VS
program has been described elsewhere in this proceed-
ing (Fancy, this proceedings, Gross, this proceedings).
Briefly, the 1&M Vital Signs Program incorporates a
three-phase approach: Phase 1) define goals and objec-
tives; begin the process of identifying, evaluating and
synthesizing existing data; develop draft conceptual
models; and complete other background work; Phase 2)
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Phase 1: Conceptual Modeling

During the initial phase of the VS program, baseline
data assessments are compiled, including results from
12 baseline inventories that the U.S. Geological Survey
(USGS) I&M Program provide for each park. These in-
clude species group inventories, such as mammals, birds,
herptiles, and exotic species, as well as comprehensive
park mapping of ecosystems and communities through
the USGS Vegetation Mapping Program (biology.usgs.
gov/npsveg/). These maps are based on the federal U.S.
National Vegetation Classification standards (FGDC
1997) and NatureServe Ecological System classification
(Comer and others 2003). When all 11 parks are com-
pleted, these maps will provide a consistent ecosystem
inventory across the Network. Park staff also completed
a threats assessment 2001 to 2003 to assist in prioritizing
VS. These inventory data provided the basic information
needed to develop conceptual models that could be used
to communicate the primary threats, stressors, natural
resource priorities, and ecological condition within
Network parks, and ultimately identify indicators of
ecological integrity.

Conceptual ecological models are useful tools for
summarizing and communicating ecological knowledge.
Our intent in building these models is to predict linkages
between ecological resources, key stressors, and ele-
ments of ecological integrity, and to use this information
to select appropriate Vital Signs. These models should
facilitate development of indicators that are a useful sub-
set of measurable ecosystem features or processes that
are particularly information-rich, in that their values are
indicative of the integrity of the larger ecological system
to which they belong (Parrish and others 2003).

Within NETN, we employed a conceptual model that
includes both stressor (threats) and ecological condition
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Figure 1. Example of a conceptual model for the wetlands
ecosystem group. The key shows the major categories
that organize the various vital signs. Similar models exist
for terrestrial, aquatic and intertidal, and for each park.
Stressors that are asterisked, and all vital signs inside the
circle, were selected as part of the final Vital Signs list (see
table 3).

o

components, visually depicting how system components
interact. An accompanying narrative provides specific
details of our understanding of the systems. We chose a
hierarchical approach to model development, beginning
with a general model for each of four key NETN eco-
logical system groups --terrestrial, wetland, aquatic and
intertidal ecological systems (figure 1). These general
models identify key ecosystem drivers, stressors, eco-
logical processes, elements of ecosystem condition and
landscape context, and focal park resources within each
of these four major system groups. The categories for
our model include 1) Drivers, Stressors, and Landscape
Features, 2) Ecological Condition, and 3) Focal Park
Resources. Ecosystem drivers are major external forces
such as disturbance regimes, hydrology, geomorphology,
or climate that have large-scale influences on natural
systems. Stressors are natural or anthropogenic forces
of change acting upon ecosystems. Landscape features
include landscape context, which refers to features of the
surrounding environment that affect the ecosystem of
interest at the “landscape” scale. Ecological condition in
these models is comprised of elements biotic and abiotic
condition, usually at the “stand” scale, such as popula-
tion trend of selected species, or air quality. Ecological
processes such as nutrient cycling or phenology are also
considered as elements of ecological condition. Finally,
these models include focal park resources that, by virtue
of their special protection, public appeal, or other man-
agement significance, have paramount importance for
monitoring regardless of their relevance to ecosystem
integrity. These models and associated narrative are
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continually updated as new information about the sys-
tems becomes available.

Phase 2: Selection of Vital
Signs

We prioritized and selected potential Vital Signs using
a sequential peer review process. A core science team
of six staff (representing expertise in forest ecology and
vegetation science, aquatic ecology, wetland ecology,
amphibians, ornithology, biogeochemistry, conservation
biology, and ecological data management) first drafted a
list of over 100 potential VS representing the three major
categories identified in the conceptual models. This was
a comprehensive list -- targeted to ecological systems
present within NETN —that spanned spatial, temporal,
and biological scales of organization.

We reviewed and prioritized this list with a multi-stage
process, comprised of 1) initial review by the NETN core
science team, which initiated the list of VS and criteria
for selection (table 2); 2) external peer-review by a group
of more than 40 scientists and park managers; 3) review
by the NETN Technical Steering Committee, composed
of both external scientists and NPS staff., 4) additional
review by NETN core science team, and 5) National [&M
Program Review and Approval (in process).

This review process has, to date, generated a list of
22 VS (table 3). In the process of selecting the VS, we
also identified specific measures for quantifying each VS
(table 3). Ongoing review will ensure a coherent list of
VS that are responsive to park needs, fiscally reasonable,
and scientifically sound.

Phase 3: Protocols and
Ecological Integrity
Assessment

NETN will begin Phase 3 during fall 2004. The pri-
mary focus of Phase 3 is to develop specific measures
and protocols for each VS. We plan to emphasize four
features — 1) consider tiers of VS measures, 2) assess
how bundling and considerations of effect size on VS
measures affects costs, 3) development of standard
summaries of statistical trends in VS measures, and 4)
use of an ecological integrity scorecard. First, we will
consider a tiered approach to the measures and VS. Not
all VS are equally accessible and measurable. A first
tier of measures may rely on remote sensing imagery
and rapid ground assessments. A second tier may rely
on more detailed monitoring, perhaps requiring greater
temporal and spatial sampling.
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Table 2. Summary of 4 main criteria used to screen potential list of vital signs during the Phase 2 peer review process.

1. Management
Significance

& Utility 2. Ecological

3. Feasibility of

4. Response

Relevance Implementation Variability

Relevant to assessment
questions

Clear linkage to ecological
function or integrity or
specific resource

Sensitive to and/or
indicative of stress

Anticipatory

Indicative of status of other
resources

Not redundant unless
improves performance

Availability of standard,
well-documented methods

Lack of sampling impacts

Low or controllable measurement
error, high repeatability of
measurement, quantitative &
objective

Temporal variability (both within and

on indicator between seasons) predictable and/or
described

Rapid, cost-efficient and/or ~ Spatial variability understood or

can be bundled with other controllable

indicators for measurement

Relative to determining
quantitative thresholds
for condition

Linked to management
actions

Baseline data available

Sufficient discriminatory ability, both
along a long-term condition gradient
and in terms of statistical power

Easily measured with little
equipment or specialized

knowledge, and large
sampling window

Widely applicable
(geographic, across
ecosystems, and for
multiple purposes)

Long-term data management
feasibility

Second, we will consider a bundled approach to pro-
tocol development. Rather than developing protocols and
estimating costs for each VS independently, we plan to
approach the problem conceptually as it will eventually
be tackled in the field, that is, by field crews measuring
multiple VS on co-located plots to the full extent pos-
sible. Thus we are proceeding into Phase II as follows:
(1) all VS will be represented by one or more measure,
(2) multiple measures at co-located sites will represent
“bundles” (which may cross multiple vital signs) that will
be recorded by field crews trained to measure the particu-
lar bundle of VS (for example, forest mensuration, soil
chemistry, amphibians, and invasive understory plants
could be the focus of the “forest health bundle,” (3) the
first measure selected for a given bundle includes all base
costs for travel to the plot; measures subsequently added
to a bundle assume only incremental cost associated with
adding them to bundle (in many cases no or little addi-
tional cost), (4) overall costs are calculated based on cost
of an individual measurement * number of measurements
needed to detect change (assuming statistical errors type
I =type I =0.10) * number of parks where measured X
number of ecosystems with each park for which infer-
ence is to be made, and (5) sampling designs represented
by repeat measurements of permanent plots. Some VS
measures will be essentially censuses (for example, land
cover change analysis) and thus will involve a single “up
front” cost. Significant decisions have yet to be made on
effect size sought for detection for each VS measure, as
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these dramatically affect sample size and hence overall
cost. By proceeding with an assessment of potential VS
measures in the manner described about we will track the
accrual of monitoring costs and terminate the VS measure
selection process once available financial resources for
conducting the monitoring are allocated.

Third, we will address how to perform standard
synthesis of VS trends. Because VS data will consist
of repeated measures of continuous metrics, we will
perform standard summaries of statistical trends in VS
measures. These will include aggregate trends among
related indicators and aggregate trends among indicators
within particular ecosystem types. Because many VS
will be measures at co-located sites, correlations among
them will also permit general inferences to be made about
potential causes of ongoing trends observed in the VS.

Fourth, we will develop the use of ecological integrity
ranks. These tools are needed to take a program from
collection of field data for indicators and measures to
interpretation of those values that allow managers to
determine whether or not ecological integrity is changing
in the parks. This interpretation does not supersede the
precise analysis of the field data themselves, but does
inform the intensity of their sampling and the response of
managers to changes in those data. In other words, a good
monitoring program needs to set objectives for measur-
ing indicators based on the best current understanding
of how ecological systems work, baselines that include
reference conditions from known high quality sites, and
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the historic range of variability expected or permissible
in the measures. Indeed, if restoration of sites in parks is
being considered, this kind of information is especially
critical. Information of this kind can lead to indicator
thresholds based on “normal’ or “natural” benchmarks
with clearly identified thresholds, along with developing
protocols for those measures to ensure consistent field
measurements and documentation. A subsequent step is
to then provide a scorecard matrix by which the measures
are rated and integrated into an overall assessment of the
ecological integrity of the system(s) in a park or across
the network.

In order to synthesize and summarize VS in a mean-
ingful fashion that can be communicated to a diverse
audience, VS and Measures will require ratings for
levels of overall ecological condition. These ratings can
be integrated into an overall ecological integrity rank,
similar to the “element occurrence ranking procedure”
developed by NatureServe and the Network of Natural
Heritage Programs (NatureServe 2002, Parrish and oth-
ers 2003). A series of steps to generate an Ecological
Integrity Rank will be taken, as shown in figure 2. After
the VS and measures are prioritized (fig. 2, steps 1 and
2) and a final list is generated (as in table 3), they can be
linked to specific ecosystem targets (fig. 2, step 3). In this
way, measures are tailored to the systems being assessed.
By compiling information from baseline studies in the
park, reference sites outside the park, and understanding
the historic range of variability of VS and measures for
each system, it may be possible to rate the field values that
are collected using these protocols during the monitoring
program (fig. 2, step 4). Ratings range from Very Good
to Poor, and are a judgment about the expected range of
values that define better or worse conditions of ecological
integrity. The intensity of sampling and expectation for
detecting trends may be derived from our understand-
ing of these sources (fig. 2, step 5). Note that for each
sample period, the field values are recorded and stored
independently of the ratings. The roll-up of these ratings
provides the basis for the overall Ecological Integrity
Rank (fig. 2, step 6) for specific occurrences (or sites)
and across the park or network.

An illustration of this process is shown for the rare
Jack Pine Woodland type at Acadia NP. This community
is a rare NVC association found within the Laurentian-
Acadian Acidic Rock Outcrop system. An ecological
integrity rank is developed by first linking the VS and
measures from table 3 to this Ecosystem (table 4), as il-
lustrated in figure 2, step 3. Mapped occurrences of this
jack pine woodland association are visited, and measures
associated with all applicable vital signs will be collected.
Field values of each measure will be assigned a rating.
Ratings can then be “rolled-up” into an overall Ecological
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Figure 2. lllustration of ecological integrity rank methods based
on vital signs and measures. Steps 1 —2 show development
of vital signs and measures, step 3 links a subset of them to
specific ecosystem targets, step 4 develops rating for each
measure specific to the ecosystem, and step 5 shows how
field values for each measure are stored independent of
the rating for that measure. For example, VS 1 = Forest --
vegetation. Measure a = exotic species percent cover. Forest
Type 1 = Hemlock-Hardwood Forest. Ratings for measure a
=Very Good < 1 % cover exotic species; Good= 1-4 % cover;
Fair = 5-20%; Poor = >20%. Thus, a field value for a stand
of Hemlock-hardwoods forest with 3% exotic species cover
generates a rating of Good. In Step 6, combining all ratings
for measures of a system through a rule-based approach
generates the Ecological Integrity Rank for the occurrence
(A=Excellent, B=Good, C=Fair, D=Poor). Ranks across a
park can be averaged into an overall park rank, or displayed
as a histogram, with management thresholds established;
if individual stands fell below this threshold, management
action would be taken.
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Integrity Rank, using a Scorecard value (A-D), allowing
the rank to be displayed on the map (for roll-up methods
see NatureServe 2002). Only two sets of polygons have
been visited at this time to allow a rank to be assigned (fig.
3). Future fieldwork will focus on remaining occurrences,
once the protocols for the measures are in place.

Conclusions

Selection of Vital Signs by NETN during Phase 2 of
the NPS I&M program was dependant upon conceptual
ecological models developed during Phase 1 of this
program. These conceptual models help demonstrate
linkages among ecological resources, stressors, and
potential VS across the four major ecological system
groups (terrestrial, wetland, aquatic, intertidal).

NETN found the sequential peer-review process, from
core science team to external science partners and internal
technical committee review, to be useful in developing
a comprehensive set of VS. This process allowed us to
test our assumptions, and expand scientific and techni-
cal input. The end result is a robust list of VS. Park
participation in all stages ensured a good link between
VS selection and management goals.

Our next steps, in Phase 3, are to set objectives,
develop specific protocols based on bundling of VS mea-
sures and standard trend analysis, and develop ecological
integrity ranks. These steps will be challenging, requir-
ing careful attention to the role of baselines, reference
conditions, and historic range of variability for measures
of these dynamic sets of ecosystems. These VS need to
be integrated into a process of adaptive management,
whereby trends in VS can be communicated to manag-
ers, scientists, conservationists, policy-makers, and the
public. The development of ecological integrity ranks
to summarize VS trends should help provide the needed
link between monitoring and management decision-mak-
ing aimed at maintaining, enhancing, or restoring the
ecological integrity of park ecosystems.
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