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The coastal marine environment is currently under threat from many anthropogenic pressures that were
identified by the MARES project. Indicators of ecosystem health are needed so that targets can be set to
guide protection and restoration efforts. Species of birds that are dependent on coastal habitats are ubig-
uitous along the coasts of southern Florida. Generally referred to as waterbirds, these species, although
not all taxonomically related, share a common dependency on the marine environment for food, nesting
habitat, or both. A suite of waterbirds was selected based on their perceived sensitivity to pressures in
multiple coastal habitat types. The list of species was refined on the basis of a review of life history for
characteristics that might make the species particularly vulnerable. Each selected species was then eval-
uated for sensitivity to the identified pressures using a hierarchical assessment that took into account
the sensitivity, severity, and the temporal and spatial scales of the indicator to the given pressures. The
selected suite of indicators was collectively sensitive to all the pressures except one.
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1. Introduction landscape, causing the loss of much of the habitat and living

resources that make this region a special and valued place. The

For centuries, humans have used the coastal marine ecosys-
tems of southern Florida for sustenance, recreation, and economic
gain. Like many coastal ecosystems around the world, however,
burgeoning human populations, overuse of natural resources, and
development have had significant impacts on the southern Florida
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National Oceanic and Atmospheric Administration has made a
concerted effort to restore and maintain these habitats for the
future. Part of that effort was to establish the MARES (MARine and
Estuarine goal Setting) project to facilitate ecosystem-based man-
agement of southern Florida’s coastal marine ecosystems (Fig. 1;
http://www.sofla-mares.org). The overall project goal was to reach
a scientifically based consensus on the defining characteristics
and fundamental regulating processes of southern Florida’s coastal
resources that are both sustainable and capable of providing
the diverse ecosystem services upon which our society depends.
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Fig. 1. The MARES domain includes three zones: the Southwest Florida Shelf, Florida Keys and Dry Tortugas, and Southeast Florida Coast.

MARES convened 124 relevant experts (both natural system and
human dimensions scientists), stakeholders, and agency repre-
sentatives in a series of workshops to reach consensus on our
understanding of the natural process that make the coastal envi-
ronments so valuable. The final step in the MARES process was
to identify indices of ecosystem health that document trajectories
toward (or away from) a sustainable and satisfactory condition.
One of the earliest products from MARES was the identifica-
tion of drivers and pressures that affect coastal marine habitats in
southern Florida (Tables 1 and 2). Drivers are human activities that
are the underlying cause of change in the coastal marine ecosystem
and reflect human needs. Drivers can be any combination of human
and institutional actions or processes. Pressures are the particular
manifestations of drivers within the ecosystem and are the physi-
cal, chemical, and biological mechanisms that directly cause change
in the ecosystem. There is an inherent hierarchical scale consisting
of drivers, which are the ultimate expression of human needs and
desires, and pressures, which are the proximate factors affecting
the ecosystem. For example, human population growth leads to

increased energy requirements that are met through the burning
of fossil fuels. Burning fossil fuels (Driver) leads to the emission of
carbon dioxide (CO,) into the atmosphere, which is transferred to
the ocean, producing ocean acidification that directly affects the
ecosystem (Pressure).

Birds have been frequent choices as biological indicators (Caro
and O’Doherty, 1999) because they are often high in trophic
webs, are important energetic components of ecosystems, show
remarkable movement abilities in response to both adversity and
opportunity, and are conspicuous and relatively easy to quantify
in space and time. However, early efforts to use birds as indicators
have met with varying success, and not a little criticism (e.g.,
Morrison, 1986; Temple and Wiens, 1989; Niemi et al., 1997).
While this is partly because of poor definition of terms and
goals, and insufficient data linking avian parameters to ecological
attributes of interest, there are always important pitfalls in collect-
ing and interpreting data about bird populations. First, it is crucial
to distinguish between monitoring birds to understand avian
populations, and using birds as indicators of some other attribute
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