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A FRAMEWORK FOR AN ECOSYSTEM INTEGRITY
REPORT CARD

Examples from South Florida show how an ecosystem report card links societal values and
scientific information

Ecosystem management is astructured process for societyto define what ecological condition is
desired at each part of aregion and to develop and implement management policies designed to
achieve that mosaic of desired sustainable ecologica conditions (US MAB 1994, IEMTF 19953,
1995b, Christensen et al. 1996, Harwell et al. 1996, Harwell 1998). |dedlly, the establishment of
ecological goalsinvolves a close linkage between scientists and decision makers, in which science
informs decision makers and the public by characterizing the ecological conditions that are
achievable under particular management regimes, and decision makers make choices reflecting
societal values, including issues of economics, politics, and culture. Because ecosystem
management is adaptive--that is, management is adjusted if necessary to achieve goals--the
genera public, the scientific community, resource managers, and decision makers need to be
routinely apprised of progress toward achieving the desired ecological goals, that is, they need a
"report card" on ecosystem condition or integrity.

The concept of report cards or performance measurements to describe progress toward
environmental goals has evolved over the past few decades as environmental legislation and the
appropriation of public funds for environmental restoration, preservation, and management have
increased. Over this time, reports have expanded from measurement of the effects of single
initiatives (e.g., land acquisition goals for parks and protected areas) and progress toward
pollution reduction in single media (e.g., reduction of air or water emissions) to encompass the
broader and longer-term regional ecosystem management and restoration approaches that have
been developing in highly valued ecosystems throughout the country (e.g., the Greater Everglades,
San Francisco Bay, Chesapeake Bay, the Great Lakes, and the Pacific Northwest).
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These holistic, often multi-agency efforts to maintain accountability for regional ecosystem
integrity and the progress of restoration activities stem in part from the proactive desire of
resource managers to maintain public interest, support, and, consequently, funding for long-term
environmental restoration and management efforts. They also stem in part from specific
legidative or regulatory requirements to engage the public in the ecosystem management process
(e.g., EPA/EC 1995, 1996, Chesapeake Bay Program 1996, NSTC 1996a, 1996b) or from direct
requests from Congress, state legislatures, and governors to report the results of public investment
(e.g., Florida Executive Office of the Governor 1983-1996a, 1996b, US Congress 1993,
Tuchmann et al. 1996). For example, the ability to reduce phosphorous and nitrogen loads in
Chesapeake Bay depends, in large part, on the successful voluntary implementation of best
management practices on farms in the watershed (Chesapeake Bay Program 1996). Reports that
track the implementation and progress of these voluntary programs have motivated farmersto
participate in this long-term effort. In another example, the City of Jacksonville, Florida,
developed an index to report annually to citizens about the equitability and efficiency with which
tax-supported services, such as pollution control and environmental cleanup, are delivered to
residents (Jacksonville Community Council Inc. and the City of Jacksonville 1994, 1996).

The scope of many regional report cards is constrained by the specific regulatory authority of the
government agency or agencies conducting the assessment. For example, the US Department of
Agriculture Forest Service (USFS) and the US Department of Interior Bureau of Land
Management (BLM) produce separate reports on progress toward attaining the specific goals
required by the Northwest Forest Plan (BLM 1995, USFS 1995). The presentation formats and
level of detail among regional report cards also vary. Some regional report cards are available
over the Internet; these offer the advantage of a nested, hypertext approach that, as one moves
deeper through the hierarchy of Web pages, provides a summary report targeted to the general
public; charts, graphs, and narratives that support the summary; and quantitative data and
measurements that are used to compile the charts, graphs, and summary. For example, the State of
the Great Lakes report (EPA/EC 1995, 1996) assesses the overall condition of the Great L akes
ecosystem in six general categories: aguatic community health, human health, habitat,
contaminants, nutrients, and economy. The report focuses on a small number of indicators
intended to summarize the state of the ecosystem and to measure progress made in addressing the
many sources of stressors. The health conditions of the six general categories are rated by a panel
of technical experts who review indicator data and classify health into four categories: poor,
mixed/deteriorating, mixed/improving, and good/restored. The Chesapeake Bay Web siteis also
organized hierarchically and provides extensive hypertext links to related reports, Web sites, and
databases (Chesapeake Bay Program 1995; the latest report can be found at
www.chesapeakebay .net/bayprogram).

Another type of report card is exemplified by The State of Boston Harbor reports (MWRA 1990,
1992), which present an assessment of four primary concerns expressed by the public: safety of
fishing and swimming, safety of shellfish for consumption, protection of living resources from
pollution, and the aesthetic condition of the harbor. From a base of scientific information, factors
affecting the quality of these four areas are given letter grades that represent the condition
(excellent, good, satisfactory, or poor) and are compared with the previous year's grades. The
grades in each area are combined into areport card that aggregates the various findings to answer
asingle question, for example, "Isit safe to eat fish and shellfish from the Harbor?' In early
reports, the letter grades were based on expert judgment of staff, but a quantitative method has
been applied in recent annual reports. The State of Boston Harbor report card draws from alarge,
diverse base of scientific studies from government, academic, and environmental groups. In
addition, the grading system is adjusted annually to reflect input from the public.

These performance reports on regional ecosystem management and restoration initiatives have a
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number of characteristics: they are driven by goals for acertain level of environmental quality;
they draw on currently available scientific studies; they assess the status of ecological conditions
and how well society is doing in reducing stressors; they are often constructed hierarchically; and
they are usually produced to be accessible to a diverse audience, from the general public to
scientists and managers (Myers and Sharp 1997).

However, a systematic framework is lacking for an ecosystem integrity report card that is derived
from a sound conceptual understanding of ecological principles and ecological risk assessment;
that characterizes ecosystem integrity across spatial and temporal scales, organizational hierarchy,
and ecosystem types; and that is adaptable for any set of environmental goals. Moreover, no
generic report card framework has been created that can be used to develop specific performance
evaluation report cards for specific ecological systems, to identify ecosystem benchmarks or
restoration milestones, or to make explicit the relationships among societal goals, decision-
making endpoints, and environmental monitoring (Figure 1). Through its case study on ecosystem
management principles and their applicability to the environment of South Florida (Harwell et al.
1996, Harwell 1997, 1998), the US Man and the Biosphere Program's (US MAB) Human-
Dominated Systems Directorate (HDS) has developed a generalizable framework for such an
"ecosystem integrity report card.” In this article, we present this framework and show how it
addresses these needs and provides afoundation for the development and implementation of
report cards that characterize the integrity of actual ecologica systems and that may ultimately aid
in comparing integrity across regions. The framework we propose has the additional benefit that it
can be adapted to an abbreviated form that reports on the ecological condition of less
comprehensive environmental assessments, that is, following the same hierarchical structure but
with less detail at each level.
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Figure 1. Relationship between societal goals and scientific endpoints and measures in ecol ogical

assessments. Societal values have a dominant role in establishing goals, and scientific issues have

a dominant role in selecting measures. Ecosystem endpoints are formed at the juncture of societal
and scientific considerations.

Criteriafor an ecosystem integrity report card
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To structure aframework for an ecosystem integrity report card, it isimportant that it meet the
criteriafor a successful report card: * It should be understandable to multiple audiences. The
report card must be understandabl e to audiences ranging from the highly technical to the totally
nontechnical; it must also address scientists and environmental managers, the public policy
community, stakeholders, representatives of interest groups, and the general public. A report card
would be inadequate if it were to address only a single audience, were to fail to make explicit the
scientific bases for the ecosystem integrity assessment, or were to fail to trandate the scientific
information into policy- and goal-relevant terms that both decision makers and the public can
understand.

* |t should address differences in ecosystem responses acrosstime. That is, it should show how an
ecosystem is doing annually as well as on decadal or longer time scales. The ultimate goal of
ecosystem management is the sustainability of ecological systems, which inherently requires long-
term perspectives.

* It should show the status of the ecosystem. The report card should use selected "ecosystem
endpoints’ (i.e., ecosystem-specific attributes that describe the ecosystem at the level of detail
necessary to characterize ecosystem integrity) to show both the current and past status of the
ecosystem. It should aso show past and current trends in condition over time and, perhaps,
provide an indication of prospects for the future condition. Trends should be reported in the
context of natural variability, allowing scientists to determineif thereisarea signal of atrend or
just normal environmental noise. The report card should also provide aready indication of the
progress made toward each goal, including arelative measure of how much remains to be
achieved. Therefore, the report card needs to include various reference, benchmark, and desired
conditions so that the state of the ecosystem can be judged relative to the goals.

* |t should characterize the selected ecosystem endpoints. The ecosystem endpoints are established
through ecosystem management or restoration programs and are designed to identify those
changes in the ecosystem's condition that are significant, either ecologically or to society (Kelly
and Harwell 1990, Gentile and Harwell 1998). Consequently, every ecosystem endpoint that
reflects the integrity of the ecosystem must be incorporated in an explicit manner in the report
card framework. Moreover, from the large number of possible ecosystem endpoints a
parsimonious subset must be selected so that the report card is focused on those essential
characteristics of the ecosystem.

* [t should transparently provide the scientific basis for the assigned grades. The report card
should include the details of monitoring data, models, and experiments supporting the assessment
so that other people can reproduce the grade or assign their own grade based on alternative
criteria. An approach to accomplish this transparency is to couple the report card to ecosystem
conceptual models (Gentile et a. 1993) that describe causal relationships and linkages among
societal drivers (i.e., what humans do to affect the environment directly or inadvertently), stressors
(i.e., the physical, chemical, or biological changes to the system), and ecological effects (i.e., the
ecological changes caused by the stressors). Those relationships and linkages constitute the basis
on which the ecosystem functions and responds to stress, both natural and anthropogenic.
Transparency of the conceptual models and the relationships between data and grades will
enhance credibility, acceptance, and usefulness of the report card.

Proposed report card framework
Based on the US MAB project on ecosystem management (Harwell et al. 1996, Harwell 1997,

1998), we have developed a hierarchical structure for an ecosystem integrity report card (Figure 2)
that meets all of the above criteria and draws on the experiences of existing report cards. This
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framework is driven from the top down by the societal goals for ecosystem integrity and from the
bottom up by the detailed scientific measurements of ecosystem conditions.

The highest tier in the framework is the environmental "goals," that is, the broad articulation of
societal values and desired ecosystem conditions of each part of aregional environment. The
second tier, termed "objectives," disaggregates the goals into more specific items, but these items
are still characterized in layperson's terms. Goals and objectives must be decided on by society,
based on the best available science to identify what is feasible and consistent with the
characteristics of the ecological system itself. For any particular region, there might be a handful
of goals, each of which might have 5-10 associated objectives (each of which may be further
articulated as sets of sub-objectives).

The middletier in the proposed report card framework, the "essential ecosystem

characteristics' (EECs), provides the critical interface between the societally determined
ecosystem goals and objectives and the scientifically determined characteristics of the ecosystems
of concern. That is, each goal or objective must be translated into a specific ecological meaning.
For example, society might desire arestored and sustainable wetland system, but precisely what
that means in terms of wetland EECs must be stated explicitly.

The EECs and associated subcategoriesin turn are linked to the next lower tier in the proposed
framework, ecosystem endpoints. Ecosystem endpoints as defined in this report card framework
are the same as those of the ecological risk assessment framework (Kelly and Harwell 1990, EPA
1992, Harwell and Gentile 1992, Gentile et al. 1993).

Below the ecosystem endpointsis the lowest tier of the report card framework, the "ecosystem
measures." Thistier, which should be defined only by scientists, constitutes the specific
environmental attributes that need to be measured or monitored to indicate the status or trends of
the ecosystem endpoints and associated EECs. In essence, this tier defines the field measurements
that will provide the foundations for the entire report card. Each EEC must have a set of specific
ecosystem endpoints associated with it, and each ecosystem endpoint must have at least one, and
sometimes many, associated ecosystem measures.
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Figure 2. Proposed ecosystem integrity report card framework. The bars along the sides
represent the gradient of societal and scientific roles at various levels of the process. The arrows
from goals to objectives signify the goal s-driven process. The two-way arrows between the other

tiers signify the top-down processes of selecting the endpoints to represent the EECs and selecting
the measures needed to characterize the endpoints, and the bottom-up processes of aggregating
the information from the measures into a characterization of the endpoints and aggregating the
endpointsinto a characterization of the EECs.

Tiers 1 and 2--Goals and objectives (and sub-objectives). The goals and objectives (and sub-
objectives) serve to articulate a comprehensive vision of what society deems significant and
meaningful about the environment. This concept--that the report card is driven by societal goals
and objectives--follows directly from the principles of ecosystem management, in which decisions
are made by society about the desired sustainability condition of each part of the landscape. Those
decisions are both informed and constrained by science, but they are made by society through
various mechanismsto convert the societal preferences and values into explicit environmental
decisions (NRC 1996). Objectives combine societal values with scientific knowledge to provide
more specific guidance for resource management. The audience for the goals and objectivestiers
of the report card is primarily decision makers, stakeholders, and the public, that is, the same
group that establishes the goals and objectivesin thefirst place.

Some management and restoration programs begin with a process to develop goals and objectives
(e.g., the South Florida ecosystem restoration program, Harwell 1997; the San Francisco Bay
restoration program, CALFED 1998). In other cases, generation of areport card will require
engaging in a process to construct goals and objectives. This undertaking is not simple because
human perceptions and values about ecosystem integrity can vary widely.

One mechanism to understand individual values about the environment is traditional economics,
which assumes that values are held by individuals and that societal values are merely the
summation of individuals' values, expressed through economic decisions in the marketplace.
Thus, an extensive literature in economics defines individuas willingness to pay for
environmental amenities, including direct use (e.g., of fish, timber, and water), indirect use (e.g.,
hedonic costs of an aesthetic view from a piece of property), and existence values (e.g., the
knowledge that a healthy ecosystem exists, even if the individual never seesit). (See Freeman
[1993, 1997] and Goulder and Kennedy [1997] for overview of these methodol ogies and
associated assumptions.)

However, a growing literature focuses on the inadequacies of this perspective (cf., Costanza and
Folke 1997). For example, critics suggest that the assumption that individuals will make informed
decisions about complex ecological systemsisinvalid for most individuals; that the assumption
that certain resources can be substituted for one another, which is necessary to derive willingness-
to-pay estimates, isinvalid when applied to irreplaceable ecological resources; that willingness to
pay istied to the ability to pay, with costs that are exorbitant to one individual being trivial to
another; that issues of sustainability, inter-generational time horizons, and cumulative effects of
multiple stressors are not addressed adequately by individual-level decisions; that thereis no
neutral way to measure individual-level values; and that environmental decisions require long
time frames and major commitments of society, rather than individual choices made repeatedly.
The alternate perspective on environmental valuation therefore considers that higher-level values
emerge within the hierarchy of society, just as al complex systems are characterized by emergent
properties (von Bertalanffy 1968, O'Neill et a. 1986). Such emergent societal values exist because
decisions by society are more than just the sum of the parts of individual values.
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An example of how societal values can be used effectively in the establishment of goals and
objectivesis provided by the Florida Governor's Commission for a Sustainable South Florida,
which the late Governor Lawton Chiles established in 1994. This diverse institution contains 47
members selected to represent a balanced picture of society as awhole; it consists of
representatives from state, local, and tribal government; business groups; environmental groups;
and other stakeholders. The Governor's Commission has met frequently, deliberated extensively in
public meetings with considerable support and advice from the scientific community, and
constructed environmental and societal goals and objectives for South Florida.

The commission's conceptual planisaspatially explicit representation of what ecological or
societal condition isdesired at each location on the regional landscape. Thus, the Governor's
Commission reports constitute general regional environmental goals (Governor's Commission
1995) that are further interpreted as site-specific ecological and societal goals and objectives
(Governor's Commission 1996). The commission developed three goals and 16 objectives (see
box page 548). Although these goals and objectives were designed specifically for the South
Floridaregional environment, they may be readily adapted to other regions.

Tier 3--EECs. The EECs constitute a description of the essential characteristics of an ecosystem.
EECs differentiate one type of ecologica system from another; for example, the EECs for
wetlands differ from the EECs for forests. But EECs can also distinguish the ecological integrity
of one wetland from another and one forest from another. Because the EEC tier is the critical
interface between science and society, its audience includes decision makers, stakeholders, and
the public, as well asthe scientists.

EECs capture relevant scientific information into alimited number of discrete, but not necessarily
independent, characteristics that describe the major ecological featuresin any type of ecosystem.
That is, EECs are a set of generic attributes that apply to al ecological systems (Table 1), thereby
providing a guide for selecting specific attributes for a particular ecosystem. EECs should be
considered as a set describing the integrity state (i.e., healthy versus non-healthy) of the system.
Each EEC has severa subcomponents (also generic but adaptable to specific ecosystems) that
describe the state of the ecosystem in more detail and with more specificity.

By trandating society's desired goals and objectives into the EECs, scientists provide clarity and
specificity to what society wants and, in the process, explain and educate nonscientists about what
the scientific characteristics for a given ecosystem mean. Associated with this processisa
determination of what constitutes "healthy," that is, deciding on the grade (or other target) to be
assigned to the ecosystem condition given the goal and objectives. A critical mechanism for this
process is the development of a conceptual model (John H. Gentile, Mark A. Harwell, Wendell P.
Cropper Jr., Diego Lirman, and Christine C. Harwell, unpublished manuscript) that graphically
illustrates the linkages between societal goals and EECs, that makes explicit the specific
ecological and stressor attributes to be assessed (i.e., ecosystem endpoints), and that shows
connectivities and feedbacks. Such a graphical illustration will help nonscientists to understand
the complexities and indirect pathways that are typical of ecological systems.

Seven generic EEC categories are sufficient to capture the range of ecosystem attributes that are
important. These categoriesinclude habitat quality, integrity of the biotic community, integrity of
ecological processes, water quality, hydrology, disturbance regime, and sediment-soil quality.
Each EEC in turn has subcategories (Table 1). Thelist of EEC subcategoriesis derived from
consideration of major ecological features of two ecosystem management case studies that are
actively underway: South Florida ecosystem restoration and San Francisco Bay regional
ecosystem management. Sets of EECs and ecosystem endpoints for each ecosystem type in South
Florida were developed at US MAB workshops (Harwell and Long 1995, Harwell et a. 1996).
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Similarly, a coalition of government and private groups has developed an initial set of EECs for
the ecosystem management of San Francisco Bay from which ecological endpoints will be
developed (Levy et a. 1996, Young et al. 1998). Although the EEC subcategoriesin Table 1
appear reasonably comprehensive and adaptable to any ecological system, additional EEC
subcategories may need to be added for different types of ecosystems.

Tiers 4 and 5--Ecosystem endpoints and measures. The concept of ecosystem endpoints was
developed to distinguish stressor-induced changes that are ecologically significant from those that
are not important (Harwell et al. 1990). The ideathat ecosystem endpoints constitute those
ecological attributes that are sufficiently important to humans to be used as decision-making
points was incorporated as a component of the ecological risk assessment framework (EPA 1992,
Gentile et al. 1993) and subsequently expanded on by Harwell et al. (1994) and Gentile and
Harwell (1998). Furthermore, because the ecosystem conceptual model construct (John H.
Gentile, Mark A. Harwell, Wendell P. Cropper Jr., Diego Lirman, and Christine C. Harwell,
unpublished manuscript) is derived from the ecological risk assessment framework, those
ecosystem endpoints that are at the lowest tier of an ecosystem conceptual model are precisely the
ecosystem endpoints to be incorporated into the report card. Because the ecosystem endpoints tier
allows for a scientific specification and refinement of the EECs, the audience for the ecosystem
endpointstier is primarily scientists and only secondarily decision makers and stakeholders.

Ecosystem endpoints can be selected by following a checklist of issuesto consider for each
specific ecosystem (see box this page). The selection process requires looking explicitly across the
organizational hierarchy (i.e., at the population, community, ecosystem, and landscape levels) to
identify those ecosystem-specific ecological attributes that, if changed, would alter the integrity of
the ecological system. Conversely, if there were a change in ecosystem integrity, it should be
manifested in changes in one or more ecosystem endpoints. An ecosystem endpoint's importance
may reflect its ecological role (e.g., ecological processes, keystone species, and trophic structure
integrity) or its value to society, whatever its ecological importance (e.g., endangered species are
important attributes because humans have particular concerns about them). Other societally
important ecosystem endpoints include the viability of economically important species (e.g.,
commercial or recreational fishes), aesthetic species (e.g., wading birds), and landscape-level
aesthetics (e.g., vistas of natural systems).

Consequently, selection of ecosystem endpoints is driven by both scientific issues and societal
values. Furthermore, ecosystem endpoints should relate directly back to one or more of the EECs.
For example, if the EEC isthe integrity of the biotic community, then the ecosystem endpoints
associated with that EEC would include community species diversity; the population condition
and dynamics of endangered, economic, or keystone species; the presence of exotic or noxious
species; and so on.

Ecosystem measures, the lowest tier of the report card framework, consist of those specific
attributes that need to be measured or monitored over time to characterize the state of ecosystem
endpoints. Each endpoint must have one or more measures, and a particular measure might reflect
on more than one ecosystem endpoint. For example, if the ecosystem endpoint is the integrity of a
particular economically important fish species, its ecosystem measures might be catch per unit
effort, age and size distribution of the population, rates and success of recruitment, or even
frequency of physical abnormalities or measures of body burdens of toxic chemicals. Because
ecosystem measures are those specific attributes to be monitored and are determined by scientists,
the audience for thistier is primarily scientists.

Harwell et al. (1990) provided criteriafor selecting ecosystem endpoints and associated measures
(also termed ecological indicators and measurement endpoints). Table 2 and the box on page 551
list these criteria. Asisthe case for the endpoints themselves, the criteriafor selecting measures
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are generic and should be adapted to each ecological system as a checklist of issues that need to be
considered. For example, aUS MAB workshop (Harwell and Long 1995) developed sets of
ecosystem endpoints and measures for all of the ecological system typesin South Florida
following the above considerations. Table 3 illustrates the selected ecosystem endpoints for
seagrass ecosystems of South Florida.

Ecosystem endpoints and measures are also necessary to characterize the stressors on the
ecosystems (Figure 2). In fact, stressors can often be characterized more easily and rapidly than
their effects because there may be a significant time lag between the stressor and the effect (e.g.,
greenhouse gas increases and climate change; exposure of birdsto DDT and population effects
through eggshell thinning). In addition, tracking stressor characteristics may provide insights into
what management options might reduce the stressor and, eventually, achieve the ecological goal.
Asin the ecological risk assessment framework (Gentile et al. 1993), stressors and ecological
effects need to be monitored and evaluated in parallel to understand anthropogenic risks to the
environment; consequently, both stressor and effects endpoints and measures need to be
incorporated into the report card. Each stressor endpoint will have one or more stressor measures
to characterize stressor intensity, frequency, duration, and distribution.

By following this stress-effects duality at the endpoint and measures level, the report card
framework reflects the reality of routine monitoring and assessment that is a component of
environmental protection. The historical emphasis on regulation of end-of-pipe emissions
(stressors) as the principal means of environmental improvement continues, although thereis
clearly atrend toward more ecosystem effects-based management because it provides the next
best opportunity for environmental protection and sustainability (EPASAB 1998). However, even
if there were a complete focus on effects-based environmental management, what humans usually
can directly control are the stressors, not the responses of ecosystems; consequently, there would
still need to be specific endpoints for evaluating how well the stressors are being controlled to
achieve effects goals.

These considerations introduce a new component to the report card framework, namely, the ability
to set, monitor, evaluate, and modify management actions based on "performance criteria” That
is, through development and assessment of the ecosystem conceptual models, specific stressor
levels that relate to the specific ecosystem endpoints can be determined. Those stressor levels are
then trandlated into performance criteriafor developing and implementing the environmental
management system. The endpoints and measures define what ecological or stressor attributeis
being considered, whereas the performance criteriatell what specific number or level of the
endpoint or measure is desired. For example, if ahealthy Evergladesis desired, then scientific
analyses should determine what water management system would result in the hydrological
regime that would lead to a healthy Everglades, as characterized by the ecosystem endpoints.
Stressor endpoints (e.g., hydroperiod, water flow patterns, and water quality) that are predicted to
be commensurate with the specific ecosystem endpoints are then translated into the direct
performance criteriafor the restoration process (e.g., restoration of a particular wetland habitat
within the Everglades requires the performance criterion of a mean annua hydroperiod of 300
days of inundation, with interannual variability of approximately 30 days). And just asthe
ecological effects endpoints have associated ecological effects measures, the stressor endpoints
have associated stressor measures that are monitored to characterize the status and trends of the
stressor.

Finally, stressor endpoints and measures can be separated into two categories. process endpoints
and measures, and outcome endpoints and measures. Process endpoints relate to management
activities, and outcomes endpoints relate to the consequences of management with respect to
changing stressors or causing ecological effects. An example of the process stressor endpoint is
the effectiveness of regulations to reduce pollution, and an associated process stressor measure is
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the number of pollution citationsissued in an area over a certain period of time. An example of an
outcome stressor endpoint is the amount of exposure of an important species to a pollutant, and an
associated outcome stressor measure is tissue concentrations of mercury in edible fish.

Linkages of goals through measures--the example of South Florida. Some specific examples from
South Florida show how the tiers would be connected, although it isimportant to note that a
complete report card in accordance with the framework has not yet been developed. However,
enough of the elements of the various tiers have been developed for South Floridato be discussed
here for illustrative purposes.

For example, consider the first goal, to "restore the Everglades and associated ecosystems of
South Floridato provide adequate supplies of clean, safe water for the natural, human, and
economic systems” (see box page 548). This goal is obviously broad; therefore, it was subdivided
into seven objectives to delineate this goal according to terms developed by the deliberative
process of stakeholders and decision makers who sit on the Governor's Commission. Thus, these
goals and objectives were developed in accordance with the framework's concept of the upper two
tiers' reflecting societal values as appropriately informed by science.

One of the listed objectives for the first goal isto "provide the spatial extent of natural areas
required to support the mosaic habitat characteristic of the pre-drained Everglades ecosystem.”
The next step in the framework is to trandlate that objective into the EECs (Table 1) that relate to
it. This particular objective would relate directly to the EECs "Habitat Quality" and "Integrity of
the Biotic Community" and indirectly to other EECs. The habitat quality EEC hereislinked to
several EEC subcategories, including "landscape mosaic,” "spatial extent,” "landscape diversity,"”
and "landscape fragmentation.” The integrity of the biotic community EEC includes subcategories
of "biodiversity" and "community structure." (Other linkages may also apply indirectly, but for
this example we focus only on the direct ones.)

Each of these EEC subcategories is next linked to the specific ecosystem endpoints sel ected for
each ecosystem type. For example, for the seagrass ecological system (Table 3), the landscape
mosaic EEC is associated with the specific seagrass ecological endpoint of the spatial distribution
of seagrass communities across the landscape, as well as the stressor endpoints of storm frequency
and sea-level rise.

Next, each ecological and stressor endpoint is associated with specific measures. Some candidate
measures for the example of the landscape EEC for seagrass ecosystems would include the areal
extent of different seagrass communities (e.g., measured as the percentage cover of different
subclasses of seagrass systems), changes in the distribution patterns over time (e.g., measured as
the rates of change in their areal extents), amount of seagrass habitat destroyed by dredging or
atered salinity regimes (e.g., measured as hectares converted per year), and so on.

Finally, performance criteriawould be set for each endpoint and each measure. In this example,
the performance criteria might be a change of no more than 5% in the relative distributions of
seagrass communities per decade, or no more than 100 hectares converted per year. Other
examples of performance criteriainclude less than 10 ppb phosphorus released into surface
waters, or attaining a manatee population in South Florida of 1000 healthy individuals.

The number of specific measures can become quite large because each goal may have several
objectives and sub-objectives, each objective and sub-objective may relate to severa ecosystem
and stressor endpoints, and each endpoint may be related to several measures. The hierarchy of the
framework not only guides the selection of more and more specific elements as one goes down the
hierarchy but also focuses the aggregation process of going up the hierarchy so that there isamore
tractable number of decision-making points. This hierarchical structure alleviates a serious



Delivery Pagina 11 de 24

concern that scientists often express about decision making (see Gentile 1996), which is that
because decision makers need to make decisions and evaluate progress on alimited number of
considerations, they may ignore much of the important scientific information necessary to
characterize complex human-environment systems and, consequently, may not address the myriad
issues that scientists recognize are critical to understanding the larger picture of environmental
integrity and sustainability.

Developing areport card

A two-phase processis required to implement the proposed report card framework: The first
phase is atop-down process in which societal goals and objectives (and sub-objectives) are
established and the remaining tiers of the hierarchy are developed as derivatives from the top tiers.
The second phase is a bottom-up process in which, once the complete set of elements of the report
card is defined (i.e., the specific EECs, endpoints, and measures selected as discussed above), the
ecological measurements are made and analyzed, and grades are assigned at each of the remaining
tiers as an aggregation from those measures, as discussed below.

The top-down process. The development of the specific elements of the report card for a particular
ecosystem must be driven by the goals and objectives for the environment, that is, at the top tiers,
which are designed to reflect societal values. Thus, establishing goals and objectives requires a
complete, deliberative process. An in-depth discussion of the nature of such a deliberative process
has been provided by the National Research Council (1996), which called for arich dialogue
among stakeholders, decision makers, and scientists to address maor environmental and other
risk issues. Establishing ecosystem sustainability goals and objectives would seem to qualify as
just such major issues.

Extensive societal participation is essential if the environmental goals are to be accepted as
representing the fundamental values of society. Therefore, when developing goals and objectives,
consideration must be given to such issues as existence values, intergenerational equity,
distributional equity, aesthetics and quality of life, economic relationships, and diverse cultural
and political perspectives. Ecosystem and societal sustainability goals require considering the
need for along time horizon; tradeoffs with other societal goals; historical perspectives, such as
recognition of the mistakes of the past; and appropriate input of scientific knowledge as acritical
component of informed societal decisions.

There are no simple or well-established mechanismsto identify and reach consensus on
environmental goals and objectives. However, the Florida Governor's Commission for a
Sustainable South Florida (Governor's Commission 1995, 1996, 1998) provides an example of an
effective ingtitutional mechanism that was devel oped specifically to represent the values and
perspectives of adiversity of stakeholdersin the process of defining regional and subregiona
goalsfor the environment. Another example of establishing goals at the national level isthe EPA
Environmental Goals Project (EPA 1996), which specified draft goals for the nation's
environment and specific milestones for achievement by 2005.

Once the goals and objectives are established, the selection of the particular elements of the report
card at the EEC, endpoint, and measures tiersis done primarily by scientists and environmental
managers, with decreasing participation by stakeholders and the public at lower levels of the
hierarchy (Figure 2). We have described the EECs as the scientific translation of the goals and
objectives into specific characteristics of the ecological systems that can be related to the desired
conditions. Because thistier is the key interface between science and society, the descriptions of
the EECs must be understandable to an informed set of decision makers and stakeholders, and it is
the responsibility of scientists to ensure this understandability. At the ecosystem endpointstier,
stakeholders and the public need to be questioned about environmental preferences to identify
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those ecosystem endpoints that are of most societal relevance. However, other ecosystem
endpoints, stressor endpoints, and all ecological and stressor measures should be determined only
by scientists using the criteria for endpoint and measure selection discussed above.

Establishing grading scales. At the goals and objectives levels, progress may be reported by a
genera narrative that articul ates success (or lack of success) in achieving the goal. This narrative
may be qualitative and should not necessarily try to apply a quantitative score to the goal or
objective. The purpose of such a genera description isto inform elected officials, decision
makers, and the general public, in the broadest terms, of progress toward achieving the goals and
objectives.

The narrative is used to describe general trends in the cumulative efforts to reach each goal. For
example, if severa key projectsto acquire sensitive lands in an effort to restore and protect habitat
have been initiated or completed, and if actions to address water-quality issues have been
implemented in critical portions of the ecosystem, a general narrative would describe these
actions. The description would be used to help target audiences gauge the level of progress made
toward achieving the overall goal. Thisinformation would be useful in gaining public support for
ecosystem restoration and sustaining the financial resources needed for long-term ecosystem
management.

The description at the two highest tiersis substantiated by the more quantifiable grades given for
the EECs, endpoints, and measures. At the EEC level, the types of grades that could be assigned
are qualitative or perhaps quantitative representations of how the EEC relatesto its reference
conditions. The grades are intended to be relative indicators of the status or trends of thetier;
consequently, a set of particular conditions needs to be developed that provides the basis for a
relative scale or grading scheme.

The grading scheme also needs to include severa types of conditions (Figure 3): reference
conditions, desired conditions, and benchmark conditions. Reference conditions are the bounding
conditions for the EECs, that is, some descriptor of the EECs at each end of the spectrum from
high degree of disturbance to high degree of pristine ecological condition. Desired conditions are
descriptions of the EECs should the desired goal ultimately be achieved, that is, the target system.
In many cases, however, the extant ecological condition isfar removed from the desired
condition, and progress toward restoration would be indicated more clearly by establishing
benchmark conditions--a set of intermediate conditions along the way to the complete restoration
goals. It isimportant to note that nothing in this framework is meant to signify static conditions;
rather, each benchmark or reference condition and the characterization of the actual ecosystem
explicitly incorporates natural variability aswell as processes such as succession or other
directional changes over time and space.

Once the desired ecological conditions are established, scientists should develop performance
criteriafor the stressor endpoints; these criteriawill define what stressor levels are commensurate
with the ecological outcome. In many cases, as with water-quality parameters such as salinity, the
range of established values appropriate for the integrity of a specific habitat is known. For other
parameters, baseline datawill need to be generated or evaluated to establish these performance
criteria. Once set, the performance criteria should not change significantly with time.

The bottom-up process. Once the complete set of elements of the report card for a particular
ecosystem is established and delineated, then the data at the level of the measures should be
collected. These datawill periodically be "aggregated” into each successive tier of the report card
to derive grades on performance. For example, the condition of a particular ecosystem endpoint at
some point in time would be derived through combining and analyzing data collected at the
measures level. Thus, unlike the establishment of the report card elements, which isasocietally
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driven, top-down process, the actual assignment and interpretation of gradesis a scientifically
driven bottom-up process.

The report card framework is based on a hierarchy in which alarge number of measurement
values generated in the lower levels are then condensed into a progressively smaller number of
parameters during the transition to higher levels. Vaues at each tier could be aggregated using
algorithms that weight afactor'srelative value in a given habitat. Alternatively, established
eguations could be used for trandating measurements into an endpoint value. Performance criteria
consisting of a quantitative, scientifically determined, ecologically relevant, habitat-specific range
of target values should be developed for each measure, endpoint, and EEC, as discussed above.

The particular nature and form of the aggregating algorithms require research and devel opment,
but in general the aggregation algorithms should be designed to translate the measurements into
attributes that can be compared against the performance criteria so that grades can be assigned.
For example, to evaluate the status of a crocodile population (the ecosystem endpoint), alarge
number of measurements related to nest density, hatch success, male-to-female ratio of offspring,
and total population number could be translated into a single value that describes this endpoint.
Similarly, to calculate an EEC an algorithm must be developed to translate and aggregate the
associated endpoints. Each endpoint value is normalized to a performance criterion, and these
normalized values are weighed according to current scientific thought on each endpoint's relative
contribution to and influence on the integrity of agiven habitat. All possible ecosystem endpoints
relevant to a given EEC should be included in the equation.

Thus, the aggregation of measures to endpoints and the aggregation of endpointsto EECs are
based on expert scientific judgment in the development of appropriate performance criteriaand
trandating algorithms. Once established, these equations remain the same, providing the
guantitative basis for assigning grades. The aggregated endpoints and EECs are compared to the
established benchmarks or desired conditions to determine a grade. The grade may be presented in
avariety of formats depending in part on the audience, including letter grade (e.g., the familiar A
through F scale), the use of multiple icons graphically illustrating the position of each EEC aong
the continuum, or more simplified graphics such as happy faces or success meters (see Table 4).
However it is presented, the grade representation of the EEC portion of the report should include a
graphic that shows current conditions, normal variability, recent trends, reference conditions,
various benchmark conditions, and ultimate desired condition.
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Figure 3. The relationship among the benchmark, reference, and desired conditions. The upper
and lower bounds of condition for an ecological system are indicated. Bars show benchmark
conditions along the continuum between the bounds. The various conditions are not static but

represent the normal variability and ecological changes that occur.

Conclusions

Ecosystem managers and decision makers continually confront the question of how to determine
the effectiveness of management decisions. This problem is exacerbated by the diversity of
audiences for thisinformation, each of which has a stake in the outcome but different perspectives
on what isimportant. For example, the public and political leaders are interested in achieving
broad goals relative to valued resources (e.g., endangered species, recreational fisheries), whereas
resources managers must monitor the ecological characteristics of aregion. Scientists and
regulators seek to understand the causal links among sources, stressors, and ecosystem effects so
that they will be able to recommend effective source control policies that will lead to ecosystem
recovery and sustainability. What is needed is a mechanism to report on the magnitude and quality
of change in ecosystems in response to management decisions and policies that is relevant to each
of these audiences.

This need defines the primary challenge of an ecosystem integrity report card--how to accurately
capture a scientific picture of the integrity of the ecosystem that illustrates a credible and
transparent progression from quantitative scientific measurements to qualitative evaluations of
success or failure in achieving societal goals for the environment. Under the auspices of the US
MAB HDS, with support from the US Army Corps of Engineers and the National Oceanic and
Atmospheric Administration Coastal Ocean Program Office, a generalizable framework for an
ecosystem integrity report card has been developed, with examples from ecosystem management
of the South Florida regional ecosystem.

The timeliness, relevance, and importance of areport card framework are articulated in the
Federal Government Performance Results Act of 1993 (US Congress 1993). The Results Act
explicitly calsfor performance measures and a report card system to characterize the efficacy of
decision making, including decisions about ecological health, evaluated in the context of goals,
objectives, and sub-objectives. However, many decision makers, including a recent EPA
administrator as well as resource managers for South Florida, have expressed their inability to
understand and defend the efficacy of environmental decisions, to make the case that investments
in the environment have paid off, and to allocate resources in a manner that results in the greatest
improvement in environmental quality. The EPA Science Advisory Board has argued (EPASAB
19903, 1990b, 1999) that the time has come to make the transition to an ecological effects-based
management system, but such a management approach fundamentally requires an appropriate
process for evaluating performance. We believe that the ecosystem integrity report card
framework described here provides just such a method for evaluating the efficacy of management
decisions. The next step is to exercise this framework in a case study setting, such as the South
Florida restoration process, as it unfolds over the next few decades.
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Table 1. Generic essential ecosystem characteristics (EECs) and associated subcategories.(a)

Legend

A - Essential ecosystem characteristic
B - Associ ated subcat egori es

A

Habi tat quality

Integrity of the biotic
comunity

Ecol ogi cal processes

Water quality

Hydr ol ogi cal system

Di sturbance regi me (changes

from frequency and
natural variability)

B

Landscape npbsaic; spatia
extent; |andscape and
comunity diversity;

| andscape connectivity and
fragnentati on; habitat
structural diversity

Bi odi versity; comunity
composition; trophic
structure; economically or
aest hetically inportant
speci es; exotic, invasive,
or noxi ous speci es;

t hreat ened or endangered
speci es

Pri mary and secondary
productivity;

bi ogeocheni cal cycli ng;
deconposi tion; energy

fl ow, succession; spatia
dynam cs (di spersal

m gration)

Bi ol ogi ca
characteristics; physical
characteristics; chem ca
characteristics

Hydr operi od; surface and
groundwat er flow, water
storage; water supply;
channel conplexity and
ot her structura
characteristics;

sedi nent -material s
transport

Fire frequency and

i ntensity drought
frequency and intensity;
storm frequency and
intensity; event frequency
and intensity; disease

or pest outbreaks;

ant hr opogeni c
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di st urbances; ot her
outside factors (e.qg.
sea-level rise, climte
change, loss of mgratory
speci es' habitat)

Sedi nent/soil quality Bi ol ogi ca
characteristics; physical
characteristics; chem ca
characteristics;
sedi nent ati on, soi
er osi on, and accunul ati on
of soil and sedi nent

(a) Derived by the US MAB based in part on previous lists of ecosystem endpoints and EECs
(Harwell et al. 1996; Levy et a. 1996; Y oung et al. 1998; John C. Ogden, South Florida Water
Management District, Joan Browder, National Oceanic and Atmospheric Administration, and
John H. Gentile, unpublished manuscript; Joan Browder and John C. Ogden, unpublished
manuscript). These EECs and EEC subcategories are designed to be generic and may be applied to
any ecological system.

Table 2. Generic considerations for selecting ecosystem measur es based on their purposes.

(@
Legend
A - Purposes for ecosystem neasures
B - Key characteristic
C - Wen to use
A B
C
Intrinsic inportance Measure is the endpoint itself
Popul ation | evel s of
economni c speci es
Early warni ng indi cator Rapid identification of

potential effects

Use when endpoint is slow

to respond or has del ayed effect;
mnimal tine lag in response to
stressor, rapid response rate; |ow
signal -to-noise ratio of the measure,
| ow di scrimnation; screening tool
fal se positives acceptable

Sensi tive indicator Reliability in predicting

Use when endpoint is response relatively
i nsensitive; high stressor specificity;
hi gh signal -to-noise; minimnmze fal se
positives

Process or functional Endpoint is a process
Moni tori ng cheni cal or indicator

physi cal processes; conpl ements
structural neasures
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Table 3. Example ecosystem endpointsfor seagrass ecosystems.(a)

Endpoi nt type

Speci es-1 evel endpoints

Comuni ty/ ecosystem | eve
endpoi nt s

Landscape-| evel endpoints

Exampl e

Thal assi a and Hal i dul e
productivity; epiphyte
productivity; status of
endanger ed, threatened, or
econom ¢ species (e.qg.
turtles, snail kite,

pi nkshri nmp, manatees);
redfish; diving birds;
wadi ngbi rds; raptors;
spiny | obsters; dol phins

Salinity; seagrass die-off;
wat er quality; water input
(variability for quantity,
timng, and frequency);
carbonat e dynam cs;

hydr odynani cs and

circul ation dynam cs;
nutrient and particle
flux; fish productivity
and diversity;

i nvertebrate productivity
and diversity; detrita
dynam cs; pl ankton bl oons

Spatial nosaic (physica
di stribution across
| andscape); storm

frequency; sea level rise

() Modified from Harwell and Long (1995). Specific ecosystem endpoints are listed for the
seagrass ecosystem, derived from the generic lists of the boxes on pages 549 and 551 and Table 2.

Table 4. Audiences and pur pose of each tier of the ecosystem integrity report card

framework.
Legend
A - Tier
B - Audience
C - Use
A B C
Coal s El ected officials; Support; funding;

deci si on makers;
general public

El ected officials;
deci si on makers;
general public

oj ectives

soci al ; econom ¢

Support; funding;
soci al ; econom ¢
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Essenti al Managers; deci sion Appl i ed nanagenent ;
ecosystem makers educati on and
characteristics research

Ecosyst em Managers; scientists Research

endpoi nts

Measur es Scientists Hypot hesi s testing
Referencescited

[CALFED] CALFED Bay-Delta Program. 1998. CALFED Phase Il Interim Report. Sacramento
(CA): CALFED Bay-Delta Program.

Chesapeake Bay Program. 1995. The 1995 State of the Bay Report. Annapolis (MD): Chesapeake
Bay Program Office. <www. chesapeakebay.net/pubs/stated5/state. htm> (May 1999).

----. 1996. Environmental Indicators: Measuring Our Progress. Annapolis (MD): Chesapeake Bay
Program Office.

Christensen NL, et al. 1996. The report of the Ecological Society of America committee on the
scientific basis for ecosystem management. Ecologica Applications 6: 775-747.

Costanza R, Folke C. 1997. Valuing ecosystem services with efficiency, fairness, and
sustainability as goals. Pages 49-70 in Daily GC, ed. Nature's Services. Societal Dependence on
Natural Ecosystems. Washington (DC): Island Press.

[EPA] Environmenta Protection Agency. 1992. Framework for Ecologica Risk Assessment.
Washington (DC): Environmental Protection Agency. Report no. EPA/630/R-92/001.

----. 1996. Environmental Goals for Americawith Milestones for 2005: A Proposal from the
United States Environmental Protection Agency: Draft for full Government Review. December
1996. Washington (DC): Environmental Protection Agency Office of Policy, Planning and
Evaluation (2162).

[EPA/EC] Environmental Protection Agency and Environment Canada. 1995. State of the Great
Lakes 1995. Washington (DC): Environmental Protection Agency. <www.
cciw.ca/glimr/metadata/sol ec/final.html> (May 1999).

----. 1996. State of the Great Lakes 1996. Washington (DC): Environmental Protection Agency.

[EPASAB] Environmental Protection Agency Science Advisory Board. 1990a. Reducing Risk:
Setting Priorities and Strategies for Environmental Protection. Washington (DC): Environmental
Protection Agency Science Advisory Board. Report no. SAB-EC-90-021.

----. 1990b. The Report of the Ecology and Welfare Subcommittee, Relative Risk Reduction
Project: Reducing Risk. Appendix A. Washington (DC): Environmental Protection Agency
Science Advisory Board. Report no. SAB-EC-90-021A.



Delivery Pagina 19 de 24

----. 1999. Integrated Environmental Decision-Making for the 21st Century. Washington (DC):
Environmental Protection Agency Science Advisory Board.

Florida Executive Office of the Governor. 1983-1996a. Save Our Everglades (annual status
reports). Tallahassee (FL): Executive Office of the Governor.

----. 1996b. The Florida Benchmarks Report. The Florida Commission on Government
Accountability to the People (GAP). Talahassee (FL): Executive Office of the Governor.

Freeman AM. 1993. The Measurement of Environmental and Resource Values: Theory and
Methods. Washington (DC): Resources for the Future.

----. 1997. On valuing the services and functions of ecosystems. Pages 241-254 in Simpson RD,
Christensen NL, eds. Ecosystem Function and Human Activities. Reconciling Economics and
Ecology. New Y ork: Chapman & Hall.

Gentile JH, ed. 1996. Workshop on South Florida Ecological Sustainability Criteria: Final Report.
Miami (FL): Center for Marine and Environmental Analyses, Rosenstiel School of Marine and
Environmental Analyses, University of Miami.

Gentile JH, Harwell MA. 1998. The issue of significance in ecological risk assessments. Human
and Ecological Risk Assessment 4. 815-828.

Gentile JH, Harwell MA, van der Schalie W, Norton S, Rodier D. 1993. Ecological risk
assessment: A scientific perspective. Journal of Hazardous Materials 35: 241-253.

Goulder LH, Kennedy D. 1997. Valuing ecosystem services. Philosophical bases and empirical
methods. Pages 23-49 in Daily GC, ed. Nature's Services. Social Dependence on Natural
Ecosystems. Washington (DC): Island Press.

[Governor's Commission] Governor's Commssion for a Sustainable South Florida. 1995. Final
Report to Florida Governor Lawton Chiles, October 1995. Coral Gables (FL): Florida Governor's
Commission for a Sustainable South Florida.

----. 1996. A Conceptual Plan for the C& SF Restudy. Report submitted to Governor Lawton
Chiles. Coral Gables (FL): Florida Governor's Commission for a Sustainable South Florida.

----. 1998. An Interim Report on the C& SF Restudy. Report submitted to Governor Lawton
Chiles. Coral Gables (FL): Florida Governor's Commission for a Sustainable South Florida.

Harwell MA. 1997. Ecosystem management of South Florida. BioScience 47: 499-512.

----. 1998. Science and environmental decision making in South Florida. Ecological Applications
8: 580-590.

Harwell MA, Gentile JH. 1992. Report of the EPA Ecological Risk Assessment Guidelines
Strategic Planning Workshop, Miami, FL, May 1991. Washington (DC): Environmental
Protection Agency Risk Assessment Forum.

Harwell MA, Long JF. 1995. US Man and the Biosphere Human-Dominated Systems Directorate
Workshop on Ecosystem Endpoints and Sustainability Goals. Washington (DC): US Department



Delivery Pagina 20 de 24

of State, US Man and the Biosphere Program. Report no. HDS 001.

Harwell MA, Harwell CC, Weinstein DA, Kelly JR. 1990. Characterizing ecosystem responses to
stress. Pages 91-115 in Grodzinski W, Cowling EB, Breymeyer Al, Phillips AS, Auerbach S,
Bartuska AM, Harwell MA, eds. 1990. Ecological Risks: Perspectives from Poland and the
United States. Washington (DC): National Academy of Sciences Press.

Harwell MA, Gentile JH, Norton B, Cooper W. 1994. Ecological significance. Pages 2-2-2-49 in
Ecological Risk Assessment Issue Papers. Washington (DC): Environmental Protection Agency.
Report no. EPA/630/R-94/009.

Harwell MA, Long JF, Bartuska AM, Gentile JH, Harwell CC, MyersV, Ogden JC. 1996.
Ecosystem management to achieve ecological sustainability: The case of South Florida
Environmental Management 20: 497-521.

[IEMTF] Interagency Ecosystem Management Task Force. 1995a. The Ecosystem Approach:
Healthy Ecosystems and Sustainable Economies. Vol. |: Overview. Washington (DC): Report of
the Interagency Ecosystem Management Task Force. Available from: National Technical
Information Service, Springfield, VA.

----. 1995h. The Ecosystem Approach: Healthy Ecosystems and Sustainable Economies. VVol. II:
Implementation Issues. Washington (DC): Report of the Interagency Ecosystem Management
Task Force. Available from: National Technical Information Service, Springfield, VA.

Jacksonville Community Council Inc., City of Jacksonville. 1994. City of Jacksonville Equity
Index and Life in Jacksonville: Quality Indicators for Progress. Jacksonville (FL): Jacksonville
Community Council and City of Jacksonville.

----. 1996. City of Jacksonville Equity Index and Life in Jacksonville: Quality Indicators for
Progress. Jacksonville (FL): Jacksonville Community Council and City of Jacksonville.

Kelly JR, Harwell MA. 1990. Indicators of ecosystem recovery. Environmental Management 15:
527-545.

Levy K, Young TF, FujitaRM, Alevizon W. 1996. Restoration of the San Francisco Bay-Delta-
River system: Choosing Indicators of Ecological Integrity. Berkeley (CA): University of
California.

[MWRA] Massachusetts Water Resources Authority. 1990. The State of Boston Harbor: 1990.
Boston: Environmental Quality Department, Massachusetts Water Resources Authority.

----. 1992. The State of Boston Harbor: 1992. Boston: Environmental Quality Department,
Massachusetts Water Resources Authority.

MyersV, Sharp C. 1997. Inventory of Government Literature on Report Cards. Miami (FL):
Center for Marine and Environmental Analyses, Rosenstiel School of Marine and Environmental
Science, University of Miami.

[NRC] National Research Council. 1996. Understanding Risk: Informing Decisionsin a
Democratic Society. Washington (DC): National Academy of Sciences Press.

[NSTC] National Science and Technology Council. 1996a. Integrating Environmental Monitoring
and Research in the Mid-Atlantic Region. College Park (MD): Committee on Environment and



Delivery Pagina 21 de 24

Natural Resources.

----. 1996b. Integrating the Nation's Environmental Monitoring and Research Networks and
Programs: A Proposed Framework. College Park (MD): Committee on Environment and Natural
Resources.

O'Neill RV, DeAngelis DL, Waide JB, Allen TFH. 1986. A Hierarchical Concept of Ecosystems.
Monographs in Population Biology 22. Princeton (NJ): Princeton University Press.

Tuchmann E, Connaughton KP, Freedman LE, Moriwaki CB. 1996. The Northwest Forest Plan:
A Report to the President and Congress. Portland (OR): US Department of Agriculture Office of
Forestry and Economic Assistance.

US Congress. 1993. Government Performance Results Act of 1993. Washington (DC): US
Congress.

[USFS] US Department of Agriculture Forest Service. 1995. The Northwest Forest Plan 1996
Accomplishment Report. Portland (OR): US Department of Agriculture Forest Service Pacific
Northwest Region.

[BLM] US Department of the Interior Bureau of Land Management. 1995. Fiscal Year 1995
Accomplishments Report: Bureau of Land Management Western Oregon. Portland (OR): US
Bureau of Land Management Oregon State Office.

[USMAB] US Man and the Biosphere Program. 1994. |sle au Haut Principles. Ecosystem
Management and the Case of South Florida Washington (DC): US Department of State, US Man
and the Biosphere Program. Report no. HDS 002.

von Bertalanffy L. 1968. General System Theory. Foundations, Development, Applications. New
Y ork: George Braziller.

Young TF, FujitaRM, Birk S, Morrison D, Pawley A, Rhodes P. 1998. Conceptual framework for
indicator development: Development of key ecological attributes for the San Francisco Bay-Delta
watershed. Interagency Ecological Program Newsdletter 11: 6-10.

By Mark A. Harwell, VictoriaMyers, Terry Y oung, Ann Bartuska, Nancy Gassman, John H.
Gentile, Christine C. Harwell, Stuart Appelbaum, John Barko, Billy Causey, Christine Johnson,
Agnes McLean, Ron Smola, Paul Templet, and Stephen Tosini

Mark A. Harwell (e-mail: mharwell @rsmas.miami.edu) is director, Victoria Myers was executive
director, John H. Gentile is a senior scientist, and Stephen Tosini is GIS manager at the Center for
Marine and Environmental Analyses, University of Miami, Miami, FL 33149-1098. Myersis
presently vice president for development at World Wildlife Fund, Washington, DC 20037. Terry
Y oung isasenior consulting scientist at the Environmental Defense Fund, Oakland, CA 94618.
Ann Bartuskais director of Forest Health Protection, US Department of Agriculture Forest
Service, Washington, DC 20250. Nancy Gassman is water resources manager for the Broward
County Department of Natural Resources, Ft. Lauderdale, FL 33301. Christine C. Harwell isa
partner in Harwell Gentile & Associates, L.C., Coconut Grove, FL 33133. Stuart Appelbaum is
chief of the Ecosystem Restoration Section for the US Army Corps of Engineers, Jacksonville, FL
32232. John Barko is aresearch ecologist with the US Army Corps of Engineers, Waterways
Experiment Station, Vicksburg, MS 39180. Billy Causey is superintendent of the Florida Keys



Delivery Pagina 22 de 24

National Marine Sanctuary, Marathon, FL 33050. Christine Johnson is a consultant at Florida
State University, Tallahassee, FL 32306. Agnes McLean isa senior planner for the South Florida
Water Management District, West Palm Beach, FL 33416. Ron Smolais intergovernmental
liaison at the US Department of Agriculture, Natural Resources Conservation Service, West Palm
Beach, FL 33416. Paul Templet is aprofessor in the Institute for Environmental Studies,
Louisiana State University, Baton Rouge, LA 70803. (c) 1999 American Institute of Biological
Sciences.

Inset Article

EXAMPLE GOALSAND OBJECTIVESFOR AN
ECOSYSTEM INTEGRITY REPORT CARD

These goals and objectives were developed by the Governor's Commission for a Sustainable
South Florida.(a)

Goal |: Restore key ecosystems--that is, restore the Everglades and associated ecosystems of
South Floridato provide adequate supplies of clean, safe water for the natural, human, and
economic systems:

* Objective 1. Restore more natural hydropatterns, including associated sheetflow.

* Objective 2: Provide more natural quality and quantity, timing, and distribution of
freshwater flow.

* Objective 3: Provide the spatial extent of natural areas required to support the mosaic
habitat characteristicof the pre-drained Everglades ecosystem.

* Objective 4. Regain lost water storage capacity.
* Objective 5: Restore and enhance regional groundwater storage.

* Objective 6. Restore and, where appropriate, improve functional quality of natural systems
(including bothwetlands and uplands).

* Objective 7: Restore more natural organic and marl soil formation processes and arrest
soil subsidence.

Goal I1: Protect wildlife and natural areas--that is, provide sufficient open space to protect
wildlife and provide natural and recreational areas for public use:

* Objective 1. Reduce the spatial extent of invasive non-native species enough that they do
not affect thenatural system.

* Objective 2: Halt or reverse conditions causing the spread of native speciesthat are
threatening (andperhaps dominating) areas as aresult of nutrient enrichment or other
disturbances.

* Objective 3: Provide for sustainable populations of native plant and animal species, with
special attentionto species that are threatened, endangered, or otherwise of special concern.
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* Objective 4: Improve and protect habitat quality, heterogeneity, and biodiversity.
* Objective 5: Improve connectivity and reduce fragmentation of habitats.

Goal I11: Achieve a clean, healthy environment and prevent and reverse pollution in South
Florida's air, land, and water:

* Objective 1. Improve water quality, including reduction of toxins, and ensure appropriate
water qualityconsistent with designated uses, including restoration and protection of the
natural systems.

* Objective 2: Control saltwater intrusion into freshwater aquifers.

* Objective 3: Increase the use and effectiveness of pollution prevention measures.

* Objective 4. Improve regional air and water quality for wildlife, humans, and the
surrounding environment.

(a) The goals are derived from the preface of Governor's Commission (1995). The
objectives are derived from Governor's Commission (1995, 1996), modified slightly from
the original text to provide a more concise representation here.

Inset Article

GENERIC CONSIDERATIONSFOR SELECTING
ECOSYSTEM ENDPOINTS

Species-level endpoints

» Societal importance (economic, aesthetic, recreational, nuisance, endangered species)
» Ecological importance (interactions between species [e.g., predation, competition, or
parasitism]; trophicrelationships; habitat role [e.g., physically dominant species such as
mangrove tree species|; functionalrelationships; critical species[e.g., keystone species that
affect overall trophic structure or controlimportant ecological processes))
Community-level endpoints

* Trophic structure

* Species diversity of communities

* Biotic diversity of communities

Ecosystem-level endpoints

* Ecologically important processes (e.g., decomposition, primary productivity)

» Economically important processes (e.g., air purification)
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» Water quality

* Habitat quality

L andscape-level endpoints

» Mosaic of ecosystem types (e.g., relative coverage of plant communities)
* Corridors for migration (e.g., habitat for endangered species)

* Spatial and temporal patterns of habitat (e.g., timing and location of wetlands for bird
nesting)

* Feedbacks to regional - and global-scale physical systems (e.g., abedo, evapotranspiration,
sources of biogenic gases)

Human health concerns

* Vectors for human exposure to diseases or toxins (e.g., distribution of disease-bearing
insects, drinkingwater quality)

* Species for deriving medicinal chemicals

Modified from Harwell et al. (1990). These considerations are designed to be generic and
may therefore be used to select endpointsin any ecological system.

General factorsto consider in selecting measures
* Signal-to-noise ratio (sengitivity to stressor versus natural variability)

* Rapid response (early exposure [e.g., low trophic level]; rapid dynamicge.g., short life
span])

* Reliability and specificity of response to stressor
» Ease and economy of monitoring

* Historical database availability

* Relevance to endpoint

Modified from Harwell et al. (1990).
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