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APPROACHES TO THE CONSERVATION OF COASTAL
WETLANDS IN THE WESTERN HEMISPHERE'
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ABSTRACT.—Coastal wetlands rank among the most productive and ecologically valuable
natural ecosystems on Earth. Unfortunately, they are also some of the most disturbed.
Because they are productive and can serve as transportation arteries, coastal wetlands have
long attracted human settlement. More than half of the U.S. population currently lives
within 80 km of its coasts, and one estimate places 70% of all humanity in the coastal zone.
Human impacts to coastal wetlands include physical alteration of hydrological processes;
the introduction of toxic materials, nutrients, heat, and exotic species; and the unsustainable
harvest of native species. Between 1950 and 1970, coastal wetland losses in the U.S. averaged
8100 ha/year. In Central and South America, development pressures along the coastal zone
rank among the most serious natural resource problems in the region.

Here, we (1) briefly describe coastal wetland avifauna, (2) discuss the threat of global
warming on coastal wetlands, (3) use several Western Hemisphere wetlands as site-specific
examples of development pressures facing these habitats, and (4) provide synopses of non-
governmental and governmental approaches to wetland conservation. Overall, we provide
a socio-economic context for conservation of coastal wetlands in the Western Hemisphere.
We suggest that efforts aimed at conserving sites of particular importance for their biological
diversity should be pursued within a framework of wise use that addresses the broader issues
of human population growth and economic development.

“Ere long marshes will be looked upon by mankind as gifts from heaven
to prolong the life and happiness of the greatest portion of the animal
kingdom’ (A. Seybert 1799).

Coastal wetlands include seasonal and relatively permanent coastal-
plain freshwater swamps and marshes, coastal beaches, rocky shorelines,
estuarine salt marshes, mangrove swamps, seagrass beds, mud flats, oyster
reefs, and sand bars (Figs. 1 and 2). Such habitats are usually characterized
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FiG. 1. Aerial view of a typical cordgrass (Spartina alterniflora) salt-marsh estuary (the
North Inlet Estuary) near Georgetown, South Carolina.

as low-lying lands in which the water table is at or near the surface on a
regular, albeit sometimes intermittent, basis. The Convention on “Wet-
lands of International Importance Especially as Waterfowl Habitat” —the
so-called “Rasmar Convention”’ —broadly defines coastal wetlands to in-
clude . . . areas of marine water the depth of which at low tide does not
exceed six metres,” (Ramsar, Article 2; Lyster 1985). Many authorities,
however, include permanently flooded areas in their definition of coastal
wetlands only when such sites contain emergent vegetation (Arthington
and Hegerl 1988). Despite considerable variation within and among sites
(Day et al. 1989), coastal wetlands, especially estuaries, rank among the
most productive and ecologically valuable natural habitats on Earth
(Whittaker and Likens 1971, Odum 1978).

Because of their primary and, especially, secondary productivity, as
well as their value as transportation arteries, coastal wetlands have been
attractive sites for human settlement for thousands of years. Many of the
prominent “cradles of civilization” developed in and, initially, thrived
around the coastal estuaries of the Middle East, India, and China. In
California, “‘maritime-dependent”” human settlements date from the sec-
ond millennium B. C. On the East Coast of North America, fish weirs
dating from 1700 B. C. have been excavated in what is now Boston,
Massachusetts (Siry 1984). In most instances, developing centers of hu-
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FiG. 2. The Caroni Swamp, Trinidad, West Indies. This 5600-ha mangrove swamp was
once the only breeding site of Scarlet Ibises (Eudocimus ruber) in Trinidad.

man population substantially modified their wetland habitats. Archaeo-
logical excavations in central Greece reveal that the draining of Lake
Copais dates from the 25th Century B. C. (Despite the later apocryphal
attempts of Hercules to reflood the area, this 20,000-ha lake site remains
completely drained [Heliotis 1988].) Similar anecdotes abound for the
more recently settled Western Hemisphere, where for example, 1n the late
18th Century, three of the founding fathers (G. Washington, T. Jefferson,
and P. Henry) of the then fledgling United States suggested draining the
Great Dismal Swamp in coastal Virginia (Hair 1988).

Humanity continues to concentrate i1ts population centers in coastal
regions. In New York for example, where the statewide population av-
erages 351 people/mile?, density increases to more than 5000 people/
mile? in coastal counties (Simon 1978). Currently, 52% of the U.S. pop-
ulation lives within 80 km of the U.S. coast (Southworth 1989); world-
wide, many of our largest cities are in coastal areas (Day et al. 1989), and
some estimates place 70% of the world’s human population along sea
coasts (cf. Cherfas 1990). As humanity continues to grow and settle in
such sites, coastal wetlands face an increasingly perilous future. Humans
impact coastal wetlands directly through (1) physical alteration, (2) the
introduction of toxic materials, (3) enrichment with excessive levels of
naturally occurring materials (including nutrients) and heat, and (4) the
harvesting of native species and the introduction of exotic species (Day
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et al. 1989). Potential indirect, and certainly more difficult to document,
effects include saltwater intrusion and increased flooding as a result of
water-use systems, channelization, and global sealevel rise (Abrahamson
1989, Lester and Myers 1989).

As a result of human impacts, many coastal wetlands in the Western
Hemisphere have already been lost. Tiner (1984) suggests that only 46%
of the original wetland acreage in the U.S. remains. Although most U.S.
wetland losses have occurred in noncoastal sites, the loss of coastal wet-
lands between 1950 and 1970 is reported to have averaged 8100 ha/year
(Frayer et al. 1983). Other estimates (Gagliano et al. 1981, Hefner and
Brown 1985) suggest even greater declines, with the southeastern U.S.
losing 7% of its coastal wetlands—mainly salt marshes—over the same
two decades. Speth (1979) suggests that within the last 100 years, 70% of
California’s intertidal wetlands have been altered by humans.

In Latin America and in the Caribbean Basin, pressures along the coastal
zone currently are among the most serious problems facing natural re-
source management in the region. In the face of extraordinary external
debt, rising populations, and widespread poverty, governments are at-
tempting to expand agricultural and industrial production, while local
inhabitants are using resources even more intensively to meet daily needs.
A recent compilation of neotropical wetlands of international importance
within the context of the Ramsar Convention (Scott and Carbonell 1986)
reports that almost 20% of these wetlands are threatened with draining
for agricultural purposes (Maltby 1988). Unfortunately, only four of the
44 countries in the region, representing less than 20% of all neotropical
wetlands, are contracting parties of the Ramsar Convention (Smart 1989,
Schlatter 1989).

Recent international attempts to stem the tide of wetland loss are high-
lighted by (1) “The Convention on Wetlands of International Importance
Especially as Waterfowl Habitat,” which in 1971 became the first of four
recent international treaties that currently form the basis of international
wildlife law (cf. Lyster 1985); (2) the inauguration in 1985 by the Inter-
national Union for Conservation of Nature and Natural Resources of a
global campaign to preserve wetlands; (3) a United Nations declaration
making 1986 the International Year for Wetland Conservation; and (4)
the establishment of the North American Waterfowl Management Plan
and the Western Hemisphere Shorebird Reserve Network.

In this report, we do not attempt to provide a thorough overview of
the status and conservation of coastal wetlands in the Western Hemi-
sphere; we leave that to more lengthy and detailed treatments of the subject
(e.g., Alexander and Broutman 1986, Scott and Carbonell 1986, Feiera-
bend and Zelazny 1987, Zelazny and Feierabend 1988, Pannier and Dick-
inson 1989). Instead, we focus on several issues of concern with which
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we are familiar, especially as they affect the birds that inhabit these en-
vironments. Specifically, after briefly describing coastal wetland avifauna,
we (1) discuss the encroaching threat of global warming on coastal wet-
- lands and their avifauna, (2) use the Florida Everglades, the Arctic coastal
plain of Alaska, and coastal wetlands in Central and South America as
site-specific case studies to indicate the complexities, both biological and
sociological, that face wetland conservationists, and (3) provide synopses
of the Western Hemisphere Shorebird Reserve Network, the North Amer-
ican Waterfowl Management Plan, and government programs in the U.S.
as examples of private and Federal approaches to wetland conservation.

For additional information, or to offer suggestions on any of the topics
discussed herein, please contact the principal author(s) of each section:
Introduction and Coastal Wetland Avifauna (Bildstein), Global Warming
(Nol), Florida Everglades (Bancroft), Arctic Coastal Plain (Senner), Cen-
tral and South American Coastal Wetlands (Dugan and Bildstein), West-
ern Hemisphere Shorebird Reserve Network (Payne), North American
Waterfowl Management Plan (Gordon), and U.S. Government Programs
(Erwin).

COASTAL WETLAND AVIFAUNA

Less than 3% of the Western Hemisphere land surface consists of coastal
wetlands. Estuarine wetlands are even less common, comprising, for ex-
ample, only 0.3% of the land surface of the lower 48 states (Tiner 1984).
Even so, these habitats are characterized by both high densities of birds
and considerable species richness. Typically, coastal wetland avifauna is
dominated, at least numerically, by large numbers of Anseriforms (wa-
terfowl), Ciconiiforms (long-legged wading birds), and Charadriiforms
(shorebirds, gulls, and terns) (e.g., Bildstein et al. 1982, Hicklin 1987). At
many sites avian populations increase considerably, not only during mi-
gratory periods, when large numbers of waterfowl and shorebirds con-
gregate to feed and rest in such areas, but also during the breeding season,
when wading birds congregate at traditional coastal-colony nesting sites.
Consequently, many coastal wetlands in the Western Hemisphere an-
nually host significant (sensu the Ramsar Convention) portions of the
world populations of a number of species (Myers et al. 1987).

For example, more than half of the Mississippi Flyway population of
migratory waterfowl concentrates in wetlands along the U.S. portion of
the Gulf of Mexico each winter (Southworth 1989). Between 42 and 74%
of all Semipalmated Sandpipers (Calidris pusilla) stop to feed at a few
sites along the Bay of Fundy in maritime Canada each fall (Hicklin 1987),
and then move on to winter in coastal Suriname (Morrison and Myers
1987, Morrison and Ross 1989). Similarly, migrating and overwintering
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Western Sandpipers (C. mauri) and Dunlins (C. alpina) assemble at a
series of estuarine sites along the Pacific Coast each year (Morrison and
Myers 1987). Twenty-six species of colonial waterbirds numbering more
than 874,000 birds nest in coastal Louisiana, Alabama, and Mississippi
alone (Portnoy 1977). More than 290 colonies of wading birds, some in
excess of 40,000 birds each, occur along the east coast of the U.S. (Osborn
and Custer 1978). Similarly, enormous assemblages of wading birds and
shorebirds are reported for wetlands along the Atlantic coast of South
America (Spaans and de Jong 1982, Morrison and Ross 1989).

Coastal wetlands sites can also be rich in numbers of species. In North
America, for example, 25% of the 374 species of birds on the South
Carolina state list (Post and Gauthreaux 1989) are reported from a single
3000-ha salt-marsh in the state (Bildstein et al. 1982). And in Trinidad,
39% of the 400 species of birds reported for the 4828-km? island have

been sighted at a single 5600-ha coastal mangrove swamp (ffrench"1978,
1980).

THE POTENTIAL EFFECT OF SEA LEVEL RISE ON
NESTING COASTAL-WETLAND AVIFAUNA

Although meteorologists have been hesitant to ascribe causes to global
warming (Jones and Wigley 1990), a wide range of climate models have
established that global temperatures have been rising over the last 100
years (Kuo et al. 1990). As a consequence, sea levels may rise by as much
as 5 mm yr—! (or approximately 0.3 m by the year 2050), as opposed to
current increases of about 2 mm yr—! (Meier 1990, but see Titus [1988:
8] for more conservative estimates). Many coastal birds nest on the ground
or in floating wrack, where their nests, eggs, and nestlings are often flooded
(McNicholl 1985). Rising sea levels are likely to result in more frequent
flooding and possibly the complete loss of habitat for some of these birds.

Numerous factors determine the effect of high water levels on the re-
productive success of coastal birds. Some are extrinsic and depend on the
resiliency of the habitats to rising water levels; others are intrinsic and
depend on life history characteristics of the birds.

Extrinsic Factors

Beaches and dunes. —Beaches and dunes differ in their resiliencies to
rising water levels. Beaches are formed by the accumulation of sands from
wave action (Smith 1990). Higher water levels will cut away beaches,
leaving only high-dune vegetation. High waves, which are predicted to
accompany global warming, will flatten dunes and result in fewer beaches.
Most likely, new beaches will form in developed areas, where attempts
will be made to restrain waves with breakwaters and other means. Hence,
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the amount of beach habitat will almost certainly decline. As artificial
barriers are notoriously ineffective, human development will eventually
be forced inland, and eventually, beach areas should return through nat-
ural processes. Whether birds will colonize those areas will depend on
the sustained availability of source populations.

Some barrier islands may migrate landward as sea levels rise. However,
others will probably break up and disintegrate (cf. Titus 1988). Beach
nesters using such sites (e.g., Royal Terns [Sterna maximal, Black Skim-
mers [Rynchops niger], Piping Plovers [Charadrius melodus], and Wil-
son’s Plovers [C. wilsonia]) may decrease in numbers.

Salt marshes. —Salt marshes are complex ecosystems that depend on
the accumulation of organic matter and mineral deposits for their for-
mation (Smith 1990). Low-marsh vegetation, such as salt-marsh cordgrass
(Spartina alterniflora), is well adapted to living in inundated areas, and
the range of this habitat type may extend gradually inland, but only 1if
acceleration in sea level rise is slight. Should the rate of sea level rise exceed
that at which cordgrass marshes can accrete sediment and grow upward
(1.e., approximately 4—-6 mm/yr), substantial losses of this habitat type
will occur (Titus 1988). High-marsh vegetation such as salt-marsh hay
(Spartina patens), spikegrass (Distichlis spicata), and salt-marsh shrubs
(e.g., Iva frutescens and Baccharis halimifolia), which is less tolerant of
saltwater intrusion, i1s even more likely to decline. Thus, while populations
of birds nesting on cordgrass or detrital wrack (e.g., Clapper Rails [Rallus
longirostris], Laughing Gulls [Larus atricilla]l, Common Terns [Sterna
hirundo], Forster’s Terns [S. forsteri], Black Skimmers, Willets [Catop-
trophorus semipalmatus]), may remain stable, or decrease only slightly;
those of many wading birds nesting in high-marsh vegetation (e.g., some,
but not all populations of herons, egrets, and ibises), are more likely to
be reduced.

Weather. —Several models suggest more extreme weather patterns, in-
cluding an increase in the number and severity of coastal storms, ty-
phoons, and hurricanes (Emanuel 1987, Overpeck et al. 1990). Along the
east coast of North America, the impact of high spring tides (those most
frequently inundating nest sites) 1s greatly dampened by strong westerly
winds that blow water from nest areas, and is intensified by strong easterly
winds that blow water toward and over nesting areas. If land temperatures
continue to rise, coastal areas can expect stronger onshore winds, which
will exacerbate flooding problems for species nesting in either salt marshes
or near the high-tide line on beaches (Meier 1990).

Intrinsic Factors

Site-fidelity patterns. — At least some coastal nesters are extremely site
tenacious (e.g., Clapper Rail, Meanley 1985; Wilson’s Plover, Bergstrom
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1988; American Oystercatcher [Haematopus palliatus], Nol 1985; Willet,
Howe 1982; and; possibly, Royal Tern), while others are not (e.g., Forster’s
and Common terns, Erwin et al. 1981; Black Skimmer, Erwin et al. 1981,
Burger, 1982). Some species are facultative (c.g., Piping Plover, Haig and
Oring 1988; Least Tern, Burger 1984, Kotliar and Burger 1986, Atwood
and Massey 1988; White Ibis, Frederick 1987). Site fidelity should be
inversely related to variance in reproductive success, which 1s probably
related to habitat stability (McNicholl 1975). If site fidelity is genetically
inflexible, then any change in habitat will spell disaster for a species. Thus,
species already living in unstable habitats are likely to cope best with sea-
level increases.

Habitat use. — Habitat selection and site tenacity are often closely linked.
Even so, some species are extremely habitat specific but not site-tenacious
(e.g., Piping Plovers, Haig and Oring 1988). For some birds, flexibility in
the choice of nesting habitats could be the key to surviving incteased
water levels. Consider, for example Piping Plover and Killdeer (C. vocifer-
us): the former is relatively inflexible in its choice of habitats, nesting
nearly always on pebbled beaches on the ocean or large lakes. The beach
must be clear of visual obstructions and the nests are often quite close to
the high tide mark (Burger 1987). The endangered status of this species
(Sidle 1985) is due, at least in part, to this inflexibility. By contrast,
Killdeers nest in many human-altered habitats, sometimes at considerable
distances from water, have a broad geographic range, and are expanding
into northern Canada (Nol and Lambert 1984, E. Nol pers. obs.). Simi-
larly, American Oystercatchers, Common Terns, and Laughing Gulls nest-
ing in coastal New York and New Jersey, are flexible in nest-site selection,
having moved onto wrack and dredge-spoil islands (Montevecchi 1978,
Burger and Shisler 1980, Burger 1985, Lauro and Burger 1989), presum-
ably in response to increasing human use of traditional nesting areas.
Black Skimmers appear to show geographic variation in habitat selection
(Gochfeld 1978; Burger 1982, 1985); some populations of Least Terns
nest on roof-tops (Massey 1974), an advantageous habitat in a period of
higher sea levels.

Longevity. —Most of the species considered here have high rates of adult
survival (Hickey 1952). Some, such as the American Oystercatcher, are
able to maintain stable, or even increasing populations, despite poor
reproductive success, for up to four years (Nol 1989). Population models
suggest that this is true only if annual survivorship is greater than 80%.
Repeated annual losses due to high tides will be of greater consequence
to species with lower rates of annual survival.

Timing of nesting. —Species with combined laying and incubation pe-
riods of less than 28 days (the time between successive spring-tide sets)
can increase their reproductive success, but only if nests are initiated
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immediately after a spring tide set. For example, American Oystercatchers
lose most of their nests to high spring tides when peak laying is delayed
until during or after the low neap tides that follow high spring tides by
- about one week. In species such as Clapper Rails, Piping Plovers, Wilson’s
Plovers, and Royal Terns, which have relatively long laying and incu-
bation periods (all >30 d) (Meanley 1985, Wilcox 1959, Bergstrom 1988,
Erwin et al. 1981, respectively), nests are exposed to two high spring tides,
and reproductive success depends heavily on extrinsic factors such as
weather. Increases in the severity and frequency of storms will narrow
the window of safe nesting for these species. Indeed, the most serious
impact of global warming on coastal-nesting birds will probably come
from significant increases in onshore winds and storms.

Population projections. — Assuming that the projected rates of sea-level
rise indicated above are correct, one tentative population model (E. Nol,
unpubl. ms) predicts that numbers of American Oystercatchers, Piping
Plovers, Wilson’s Plovers, Least Terns, and Black Skimmers will decrease,
while Clapper Rail, Laughing Gulls, and Common and Forster’s terns,
will remain stable or increase.

CASE STUDIES
The Florida Everglades and Associated Estuaries

Although no single case study could possibly be considered typical or
representative of all of the issues involved in wetland conservation, the
story of the Florida Everglades and associated estuaries illustrates the
magnitude of some of the problems facing wetland habitat conservation
efforts, especially in the developed Neotropics.

The Everglades is the largest wetland system in south Florida. Histor-
ically, the Everglades was a vast seasonally flooded wetland that extended
from Lake Okeechobee south to the Gulf of Mexico (Fig. 3). This wetland
system, which originally covered 9900 km?, was made up of a mosaic of
sawgrass (Cladium jamaicense) marshes, spike rush (Eleocharis celulosa)
sloughs, and tree islands (Parker 1974). The Everglades was bordered on
the east and west by the Coastal Ridge and Big Cypress swamp, respec-
tively. Along the southern and southwestern border, the freshwater Ev-
erglades joined with a brackish mangrove-estuarine belt along the coast.

Seasonal rainfall is the dominant environmental variable driving wet-
land ecology in South Florida (Bancroft 1989). More than 80% of the
annual rainfall (X = 1357 * 259 [SD] mm, N = 25 years) occurs in a six-
month period from mid-May through mid-November. Water levels rise
in freshwater marshes during the rainy season and recede during the dry
season, influencing the volume of water that flows into the estuaries.























































































