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Introduction
At the edge of land and touching the sea is the coastal zone, a patchwork of habitats
critical to diverse assemblages of species, influential to the environment further
offshore, and valuable to humans. The coast along the South Atlantic Bight is
recognized for its productive estuaries, extensive wetlands, and long stretches of
barrier islands. These areas provide juvenile nursery and spawning grounds for fish and
shellfish, feeding areas for shorebirds, and nesting beaches for sea turtles. This chapter
discusses the status of coastal systems in the southeastern United States, with
particular emphasis on the contributions that coastal ecosystems make to marine
diversity.
The coastline is the ultimate ecotone, a critical ecological transition, as dramatic and
obvious a natural boundary as one can find on Earth. While well defined, coastline
ecosystems are very dynamic. Over geologic time, estuarine and ocean shorelines have
advanced and retreated thousands of kilometers inland and seaward. The coastal zone
is shaped by waves and tides and by the continuous flow of new sediments carried by
fresh water in coastal watersheds. The adjacent shallow and productive coastal waters
give rise to habitats like salt marshes, oyster reefs, and seagrass meadows. In turn,
these critical habitats directly and indirectly support a diversity of animals.
The coasts and estuaries of the South Atlantic Bight have attracted and sustained
humans for thousands of years. The oyster rings, mounds, and middens found along
the southeast coast illustrate the connection between Native Americans and the coast.
Beginning in the late 1500s, European settlers established colonies in cities such as St.
Augustine, FL and Charleston, SC. Today, coasts are where we live, recreate, work, and
gather. They help support the economy, providing opportunities for tourism, shipping
and transportation routes, and commercial fishing.
Coastal systems are also at risk from pollution, habitat destruction, harmful algal
blooms, fishery collapses, and increased coastal erosion. In the South Atlantic Bight,
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these threats continue to increase as population and uses grow. Between 1980 and
2006 the coastal counties along the Southeast Atlantic had the largest rate of
population increase (79%) of any coastal region in the conterminous United States
(Dahl 2011). This growth can not only impact natural resource health, but can also
have devastating social and financial impacts for coastal communities.
Additional uncertainty about the future of coastal ecosystems comes with climate
change. Sea level rise, intense storms, droughts and ocean acidification will impact
both human communities and coastal ecosystems. Flooding is already increasing in
coastal cities as sea levels rise. North Carolina’s bays, which lie at the intersection of
two ecoregions, are experiencing shifts in coastal plant and animal communities as
southern species extend further north with warming seas and temperatures.
Recognizing the heterogeneity and ever-changing nature of the coastline, this section
of the assessment provides an overview of coastal habitats such as salt marshes,
seagrass beds, and oyster reefs; discusses linkages between coastal and marine
systems by examining species that utilize both; discusses some of the threats to and
human interactions with these systems; and reviews strategies for conserving and
restoring coastal systems.
Box 2.1. Coastal Ecosystems Technical Team Members

The Coastal Ecosystem Technical Team provided feedback on conservation targets,
data resources, and analysis.
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Selection of Target Coastal Habitats and Species
Coastal ecosystems of the South Atlantic Bight include a matrix of habitats extending
from sandy beaches at the ocean’s edge to tidally influenced wetland communities that
can extend miles inland. Habitat targets were selected for inclusion in the assessment
based upon their unique communities and importance across the region as follows:










Salt Marsh - estuarine and brackish emergent wetland communities
Tidal Freshwater Marsh - oligohaline and palustrine emergent wetland
communities within the tidal zone
Tidal Forests - estuarine and palustrine scrub-shrub and forested wetland
communities within the tidal zone, including mangrove swamps, limestone
rocky barrens and cypress-tupelo swamps
Tidal Flats - unvegetated mud and sand wetlands located away from the
coastline
Estuarine Beaches - unvegetated wetlands along sheltered shorelines of bays
and estuaries
Ocean Beaches - unvegetated wetlands located directly next to the Atlantic
Ocean
Seagrass Beds - areas with submerged aquatic vegetation, including eelgrass,
shoal grass, turtle grass, and manatee grass
Shellfish Reefs - structural habitats formed by shellfish, with an emphasis on
oyster reefs

Appendix 1 describes the relationship between these selected coastal habitats and the
Coastal Marine Ecological Classification Standard (CMECS) types (FGDC 2012; Madden
et al. 2005). To further assess the role that these habitats play in the marine
environment, select species groups were incorporated into the analysis. Emphasis was
put on species that connect the marine and estuarine systems: diadromous fish,
coastal birds, and sea turtles. For each species group, the team identified a set of
individual species to evaluate. The selection process included consideration of
population status, emphasizing at-risk populations; relationship with target coastal
habitats; and importance of the South Atlantic Bight to the species’ global range. This
prioritization corresponds with the overall goal of the assessment: to highlight linkages
among the coastal, estuarine, and marine environments. Following are brief
descriptions of the species selected as targets:


Diadromous Fish – Six target species were selected for this assessment: alewife
(Alosa pseudoharengus), American shad (Alosa sapidissima), Atlantic sturgeon
(Acipencer oxyrhinchus), blueback herring (Alosa aestivalis), hickory shad (Alosa
mediocris), and shortnose sturgeon (Acipencer brevirostrum). American eel
(Anguilla rostrata) was also considered, but given this species’ broad range
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across the northern Atlantic Ocean and limited availability of population data, it
was not included in the assessment. The six species selected correspond with
work completed as part of the Southeast Aquatic Connectivity Assessment
Project (SEACAP, Martin et al. 2014), a Conservancy-led initiative designed to
identify opportunities to improve aquatic connectivity through dam removal or
bypass projects.


Coastal Birds – Four federally listed threatened bird species, piping plover
(Charadrius melodus), roseate tern (Sterna dougallii dougallii), rufa red knot
(Calidris canutus rufa) and wood stork (Mycteria americana), are present in the
assessment area. An additional twenty-four species of shorebirds and wading
birds are listed as rare, threated, or of special concern by individual states. To
refine the list of species considered as part of this assessment, the team
compared federal and state listed species with those prioritized in the North
American Waterbird Conservation Plan (Kushlan et al. 2002), United States
Shorebird Conservation Plan (Brown et al. 2001), and USFWS Birds of Concern
2008 (USFWS 2008). Shorebirds and wading birds considered at risk by at least
two agencies or organizations (Table 2.1) were identified as target species.



Sea Turtles – Five sea turtle species nest on ocean beaches within the within the
South Atlantic Bight. All species are listed federally as either threatened or
endangered, however, only the loggerhead has a nesting range that extends
from North Carolina through Florida. This distinction led to the selection of the
loggerhead sea turtle as a target species for the coastal analysis.
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Table 2.1. Prioritized coastal bird species listed status from the North American Waterbird
Conservation Plan (MWB) and the United States Shorebird Conservation Plan (USSCP),
United States Fish and Wildlife Service (USFWS), and Florida (FL), Georgia (GA), South
Carolina (SC) and North Carolina (NC) State Wildlife Action Plans. HI = Highly Imperiled, H =
High Concern, T = Threatened, BCC = Birds of Conservation Concern and X = State Rare,
Threatened, and Species of Concern

Species

MWB/
USSCP USFWS FL

American Bittern

BCC

American Oystercatcher

BCC

Black Rail

BCC

Black Skimmer

H

BCC

Brown Pelican

GA

X

X

Least Bittern
Least Tern

X
X

X

X

X

X
H

BCC

Limpkin (FL)

X

X

X

X

X

X

BCC

X

H

Marbled Godwit

H

BCC

Piping Plover

HI

T

Red Knot

HI

T

Roseate Spoonbill

X

BCC

Little Blue Heron

X
X

BCC
H

NC
X

Glossy Ibis
Gull-Billed Tern

SC

X

X

X

X

X

X

X
X

X

X

X

X

BCC

X

T (FL)

X

X

Roseate Tern

H

Snowy Egret

H

X

X

Tricolored Heron

H

X

X

Whimbrel

H

Wilson's Plover
Wood Stork

BCC
BCC

H

T

X

X

X

X

X

X

X

Population Status and the Importance of the South Atlantic Bight
Region
For centuries, coastal population density in North Carolina, South Carolina, and Georgia
has been low in comparison to other areas along the Atlantic coast (Dame et al. 2000).
This smaller human population corresponds with less development along the majority
of the southeast coast, though significant habitat and resource alterations have taken
place in the region through silviculture and agriculture practices. As a result, stretches
of the South Atlantic coastline retain extensive wetland communities, undeveloped
barrier islands, and healthy water quality. The 2012 National Coastal Condition Report
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27 | Page

South Atlantic Bight Marine Assessment
IV (EPA 2012) reflects this status. With an overall ranking of “fair,” the southeast
region is in the best overall condition compared to other regions in the continental
United States. Population growth, climate change, and increasing coastal and ocean
uses challenge the region’s ability to maintain these natural resources. This section
provides an overview of the status of targeted habitats and species in the South
Atlantic Bight project area and information on their importance to the broader Atlantic
coastal and marine ecosystems.
Coastal Wetlands
Those coastal wetlands that fall within a coastal watershed boundary are estimated to
represent 38 percent of all wetland acreage in the conterminous United States (Dahl
and Stedman 2013; Stedman and Dahl 2008). While coastal wetlands occur on shores
across the United States, the largest expanses are located on the southern Atlantic and
the Gulf of Mexico coasts. Coastal wetland density in all South Atlantic Bight coastal
watersheds was ranked high (17.1 – 32.5%) or very high (>32.6%) in the 2008 Status
and trends of wetlands in the coastal watersheds of the Eastern United States 1998 to
2004 report (Figure 2.1; Stedman and Dahl 2008).
For this assessment, emphasis was placed on
tidally-influenced coastal wetlands,
recognizing the connection they represent
between estuarine and marine environments.
This emphasis eliminates some freshwater
wetlands from the analysis. Wetland types
included in this classification include
mangrove forests, tidal fresh and saltwater
marshes, tidal forested and shrub wetlands,
coastal shoals, tidal mud flats, sand spits
(bars), beaches, and tidal pools that occur in
coastal wetlands.
The southeast has the largest extent of salt
marsh and tidal freshwater wetlands along
the Atlantic coast (Odum et al. 1984;
Wiegert and Freeman 1990). These
communities are particularly prevalent along the South Carolina and Georgia coasts
where larger tidal ranges, significant freshwater flow, and geology support salt marsh
directly along the coast as well as tidal freshwater marshes and forests inland and
upriver.
Figure 2.1. Wetland density in coastal
watersheds from Stedman and Dahl
(2008)

Studies of wetland coverage in the conterminous United States have documented
losses totaling about half of the wetland acreage that existed prior to European
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colonization (Dahl 1990; Kusler and Opheim 1996). Wetlands were diked, drained, and
filled for human uses, including development, industry, silviculture, agriculture, and
mosquito control. More specifically, as much as 20% of the original tidal freshwater
wetlands have been lost to development on the Atlantic coast (Mitsch and Gosselink
2000).
The impoundment of coastal marshes for rice cultivation in the 18th and early 19th
centuries had a unique role in shaping South Atlantic marshes through to the present
day. It is estimated that 14-16% of coastal marshes in South Carolina are functional
impoundments (Wenner, n.d.). Since the original diking of these systems for rice
culture, many have been maintained or built to attract water fowl. These
impoundments continue to provide some of the ecological functions of salt and
freshwater marshes, including nesting and foraging areas for waterbirds and nursery
habitat for estuarine fish. However, they can also restrict water exchange and species
movement within coastal wetlands (Tufford 2005).
Outright destruction of coastal wetlands has been greatly reduced by implementation
of federal and state laws such as the Clean Water Act and Coastal Zone Management
Act. Several reports document that salt marsh extent has remained relatively stable
since the 1970s (Hefner et al. 1994; Stedman and Dahl 2008). The 2013 USFWS Report,
Status and trends of wetlands in the coastal watersheds of the conterminous United States
2004 to 2009, documented a decline of less than 1% in Atlantic salt marsh acreage
between 1998 and 2008 (Dahl and Stedman 2013). Other coastal wetland types have
not fared as well. Ongoing threats to coastal wetlands include sea level rise and coastal
development.
Seagrass Beds
Seagrass beds are prominent features in the coastal estuaries of North Carolina and
Florida, but are extremely limited along the coasts of South Carolina and Georgia where
light penetration, turbidity, freshwater flow, and tidal regimes limit their growth (Street
et al. 2005). North Carolina represents the transition from northern eelgrass (Zostera
marina) beds to southern shoalgrass (Haloduli wrightii)-dominated systems; both are
found in the Albemarle-Pamlico Sound region (Street et al. 2005). Florida’s coastal
waters are dominated by subtropical species such as turtle grass (Thalassia
testudinum) and host a greater diversity of species than North Carolina. Eight seagrass
species are present in Florida’s estuarine and coastal ocean waters. The list of Florida
species includes the rare Johnson’s seagrass (Halophila johnsonii), endemic to Florida’s
Atlantic coast (Yarbro and Carlson 2013). Florida and North Carolina estuaries and
coastal ocean waters support the two largest seagrass populations along the Atlantic
coast.
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The physical and chemical conditions of the Albemarle-Pamlico estuarine system
provide the most suitable habitat for seagrass growth in North Carolina, though small
patches have been identified in other estuaries. SAV covers approximately 200,000
acres (80,937 hectares (ha)) or about 7% of the estuarine bottom in North Carolina
(Ferguson and Wood 1990; Ferguson and Wood 1994; Street et al. 2005; Deaton et al.
2010). Seagrass wasting disease devastated eelgrass populations in North Carolina and
throughout the North Atlantic between 1930 and 1933 (Steel 1991; Street et al. 2005).
Healthy eelgrass beds were generally re-established by the 1960s. High sediment
loads, turbidity, herbicides, and hurricanes have also resulted in seagrass loss in North
Carolina estuaries (Street et al. 2005). Seagrasses have shown signs of recovery from
many of these episodic events; however, limited consistent surveying makes it difficult
to quantify current trends.
Florida’s extensive estuarine and nearshore seagrass beds have developed as a result
of the unique and stable geological history, climate, and circulation patterns along the
Florida peninsula since the last ice age (Handley et al. 2007). The waters around the
Florida Keys and Florida Bay include the largest contiguous seagrass beds in the
continental United States (Carlson and Madley 2007), representing almost 60% of the
total seagrass acreage in the state. Seagrass beds in Florida’s other Atlantic coast
estuaries are less extensive, representing approximately 4% of the total extent.
Seagrass coverage in western Florida Bay suffered significant losses in the late 1980s
and early 1990s as the result of a massive, apparently natural die-off (Yarbro and
Carlson 2013). Based on 2004 surveys, populations appear to have recovered from this
event. In Lake Worth, episodic seagrass loss has been associated with freshwater
releases which impact water quality; however, recovery has occurred quickly. Overall,
seagrass extent within the South Atlantic Bight portion of Florida is stable (e.g., Florida
Bay, Biscayne Bay, and Florida Keys) or increasing (e.g., Indian River Lagoon) (Yarbro
and Carlson 2013).
Shellfish Reefs
The primary shellfish species found across the study area are Eastern oysters
(Crassostrea virginica) and hard clams (Merceneria merceneria). The historic role of
oysters in the southeast is evident from the oyster shell rings and middens located
along estuaries and tidal rivers. These shell piles are monuments to the persistence of
both abundant shellfish resources and their human harvesters for thousands of years
before European settlers stepped ashore.
It is estimated that 85% of oysters have been lost globally, with populations in some
individual bays classified as functionally extinct (Beck et al. 2011). The overall regional
population status in the South Atlantic has been described as poor, with 90-99% of
historic populations lost (Beck et al. 2011). However, the condition of populations in
individual estuaries varies, with rankings from good to functionally extinct (Table 2.2).
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Extensive harvest and the resulting loss of reef structure is the primary reason for the
decline in oyster populations. In turn, the reef loss exacerbates the impact of additional
stresses from anoxia, sedimentation, disease, and nonnative species (Lenihan and
Peterson 1998, 2004; Lenihan 1999). Efforts are underway in coastal systems across
the southeast to restore oyster populations through the installation of substrate
materials that enable oyster settlement.
Table 2.2. Shellfish Reefs at Risk Report (Beck et al. 2009) - Condition of oyster reefs in
ecoregions and their bays. Condition is based on the percent of current to historical
abundance of oyster reefs remaining, where: <50% lost (good), 50-89 % lost (fair), 90-99%
lost (poor), and >99% lost (functionally extinct)

Bay

Rated
Condition

Data Sources/
References

Pamlico Sound (NC)

Poor

Brickell (1737); Catesby (1996); l(1905);
Ingersoll (1881); Street et al. (2005); Kellog
(1910); Lawson (1712); Lenihan (1999);
Lenihan and Peterson (1998); NMFS (2002)

Wilmington (NC)

Fair

Street et al. (2005)

Georgetown County
(SC)

Poor

Charleston County
(SC)

Fair

Beaufort County (SC)

Good

Georgia Coast

Poor

Bahr and Lanier (1981); Burrell (1997);
Cowman (1981); Drake (1891); Harris
(1980)

Mosquito Lagoon
(FL)

Poor

Grizzle (1990); Grizzle et al. (2002)

South Indian River
(FL)

Poor

Sebastian River (FL)

Good

St. Lucie (FL)

Poor

Lake Worth (FL)

Fair

Loxahatchee River

Fair

Biscayne Bay (FL)

Functionally
Extinct

Battle (1890); Burrell (2003); SC DNR (2008)

Gambordella et al. (2007)

Diadromous Fish
A variety of organizations evaluate the population status of the six diadromous fish
species selected as targets for the assessment, including the International Union for
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the Conservation of Nature (IUCN), U.S. Fish and Wildlife Service (USFWS), Atlantic
States Marine Fisheries Commission (ASMFC), FishBase, and NatureServe. As such, the
conservation status of each species varies based on an organization’s criteria for
evaluation.
The two species of sturgeon have a NatureServe global rank of G3, considered “globally
rare.” Shortnose sturgeon is listed as threatened under the Endangered Species Act
(ESA). In 2012, the Carolina and South Atlantic populations of Atlantic sturgeon were
listed as endangered under the ESA.
The remaining species are all ranked G5, or “globally secure” by NatureServe, but
FishBase vulnerability rankings vary from moderate to very high. In addition, the
ASMFC assesses and manages those species stock which are considered depleted or
data-limited. Alewife and blueback herring are listed by NOAA as species of concern
and are considered depleted by the ASMFC (2012). The American shad stock
assessment found that stocks are currently at all-time lows and do not appear to be
recovering (ASMFC 2007). Limited data are available to classify the status of hickory
shad stocks.
Coastal Birds
The four federally listed coastal bird species associated with coastal systems in the
South Atlantic Bight are piping plover, rufa red knot, wood stork, and roseate tern.
These migratory species travel significant distances during their life histories. The role
of the South Atlantic Bight varies across species and is related to particular seasons,
life stages, or coastal habitats. Protection and conservation in this region is critical to
the long-term recovery of all four populations.
Piping plovers breed only in North America and are classified in three geographicallybased populations: Atlantic Coast (threatened), Great Lakes (endangered) and
Northern Great Plains (threatened). The South Atlantic Bight is an important wintering
area for the Atlantic Coast and Great Lakes populations, with seventy-five percent of
the Great Lakes population utilizing the Atlantic Coast from North Carolina to the
Florida Keys (USFWS 2009). To help conserve the population, critical wintering habitat
areas, including estuarine and ocean beaches, have been designated.
The rufa subspecies of red knot was listed as a federally threatened species under the
ESA in December 2014. Monitoring data from two locations, Tierra Del Fuego and
Delaware Bay, show population declines of 70 to 75 percent since about 2000 (USFWS
2014). Coastal habitats in the southeast U.S. provide critical stop over areas during
migration and can serve as a wintering areas for this highly migratory species.
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Wood storks are found in freshwater and estuarine wetlands, primarily nesting in
cypress and mangrove swamps. The cypress and wooded swamps along the
southeastern coasts are the lone remaining breeding grounds for wood storks in the
U.S., supporting over 8,000 nesting pairs (Brooks and Dean 2008; USFWS 2007). The
U.S. breeding population is currently listed as endangered though the USFWS proposed
a status upgrade to threatened in December 2012. The initial listing was due to a
significant decrease in population between the 1930s and 1970s related to a reduction
in food base associated with loss and alteration of wetland habitat.
In the U.S., the roseate tern (Caribbean population, threatened) breeds only on select
shoals and beaches in the Florida Keys, Dry Tortugas, and Florida Bay (USFWS 2010;
Kushlan et al. 2002). The breeding colonies face challenges of storm impacts on
habitats and coastal development and have shifted locations multiple times since the
1970s.
Sea Turtles
Loggerhead sea turtles (Caretta caretta), found in temperate and tropical waters across
the globe, are the most abundant sea turtle found in U.S. coastal waters. The
Northwest Atlantic population of loggerhead sea turtle is federally listed as threatened.
While juvenile and adult loggerheads can be found in the estuarine and nearshore
waters of the South Atlantic, use of sandy ocean beaches for nesting is a critical
connection to the coast for this migratory species. Beaches throughout the South
Atlantic Bight, from Virginia to Florida, support loggerhead nesting, including South
Florida which has one of two primary global loggerhead nesting aggregations with
greater than 10,000 nesting females per year (NMFS USFWS 2008). Nesting levels in
the southeast U.S. have shown periods of increase and decrease over the past four
decades with the total estimated nesting in the U.S. fluctuating between 47,000 and
90,000 nests per year (NMFS USFWS 2008). Additional information on all sea turtle
species, including in-water sightings, is available in the SABMA Marine Mammal and
Sea Turtle chapter.

Ecosystem Interactions and Ecological Dependencies
Coastal Wetlands
Coastal wetlands are found at the interface of land and sea where they form linkages
between inland landscapes and the ocean. Vegetated tidal wetland systems found
along the South Atlantic include coastal salt marshes, freshwater marshes, forested
freshwater swamps, and mangrove swamps. Non-vegetated coastal wetland habitats
include tidal flats, shoals, sandbars, sandy beaches and small barrier islands (Dahl and
Stedman 2013). Each of these wetland communities is influenced by tidal regime,
hydrologic connection between the watershed and the ocean, and presence of
2 - Coastal Ecosystems
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vegetation. The specific type and extent of vegetated tidal wetlands varies within the
project area. For example, along the coasts of southern South Carolina and Georgia,
larger tidal ranges, flat geography, and significant freshwater inflow result in wide
stretches of salt marsh transitioning into tidally influenced freshwater marsh and
forests within coastal watersheds. Along the subtropical stretch of the coast in
southeast Florida, mangrove swamps become prominent.
Coastal wetlands serve a variety of ecological roles in southeast estuaries. Wildlife
such as finfish, shellfish, and birds use these habitats as spawning grounds, nurseries,
and feeding areas. More than half of the fish caught recreationally and commercially
depend on estuaries and associated coastal wetlands during some part of their life
cycles (Lellis-Dibble et al. 2008). Movement of fishes and other macrofauna between
coastal wetlands and the Continental Shelf facilitates the export of nutrients and
carbon from coastal to offshore food webs (Dahl and Stedman 2013). Vegetated
wetlands also have a role in improving water quality through the filtering and
detoxification of runoff from upland ecosystems. Finally, they help to stabilize
shorelines and buffer upland communities from storms and waves (Costanza et al.
2008).
Salt Marsh
Among the most biologically productive ecosystems on Earth (Teal 1962; Odum 1970;
Valiela et al. 1976; Nixon 1980, Tiner 1984), salt marshes perform many ecosystem
services that are highly valued by society. The lower salt marsh, which is covered daily
by the tide, is a monoculture, dominated by the tall form of smooth cordgrass (Spartina
alternaflora). Flooded at irregular intervals, the upper salt mash has great plant species
diversity, including short smooth cordgrass, salt grass (Distichlis spicata), black
needlerush (Juncus roemerianus), glasswort (Salicornia spp.) and sea lavender
(Limonium spp.) (Wiegert and Freeman 1990).
Salt marshes protect estuarine water quality by acting as a sink for land-derived
nutrients and contaminants (Valiela et al. 2004; Teal and Howes 2000). They are also
an important component of the estuarine food web: there is a strong positive
relationship between the productivity of salt marshes and the productivity of coastal
fisheries (Peterson et al. 2000; Stedman and Hanson 2000; Boesch and Turner 1984).
During high tide, salt marshes and the network of tidal creeks and pools within them
provide food and important nursery grounds for shellfish and finfish, including many
commercially harvested species (Teal 1962; Weisburg and Lotrich 1982; Dionne et al.
1999; Able et al. 2000; Cicchetti and Diaz 2000). During low tide, salt marshes provide
foraging opportunities for terrestrial species including songbirds and shorebirds
(Withers 2002). Salt marshes also provide valuable wildlife habitat and nesting areas
for osprey, sharp-tailed sparrow, and clapper rail.
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Freshwater Tidal Marsh
In regions where rivers deliver large quantities of fresh water to coastal habitats, salt
water tidal marshes may grade to brackish and even completely freshwater marshes.
Long bands of freshwater tidal marsh occur along the shores of the Savannah and
Altamaha River estuaries, for instance. Here, the graminoid (grass and grass-like)
species shift from cordgrass to cattails, rushes, wild rice, and numerous forbs, many of
which are restricted to this habitat and thus rare in the region (Odum et al. 1984).
Brackish and freshwater tidal marshes are important for migrating waterfowl and
anadromous fishes and, like salt marshes, contribute considerable carbon to the
estuaries of which they are part. In some parts of the region, these wetlands have been
heavily impacted by industrial development of major ports or by dams which have
shifted tidal flooding and salinity regimes. Rising sea level is a particularly important
factor in determining future trends in tidal marsh health and distribution.
Tidal Forests
Freshwater tidal swamps are forested or shrub-dominated tidal wetlands that occur
along freshwater tidal portions of large river systems characterized by gentle slope
gradients coupled with tidal influence over considerable distances. The swamp
substrate is always wet and is subject to semidiurnal flooding by fresh tidal water
(salinity less than 0.5 ppt). In the temperate portion of the South Atlantic Bight, the
characteristic trees are bald cypress (Taxodium distichum) and tupelo (Nyssa spp)
(Mitsch et al. 2009).
Along the subtropical coastline of southern Florida, intertidal areas are often
dominated by mangrove swamps. Three mangrove species are found in Florida: the red
mangrove (Rhizophora mangle), black mangrove, (Avicennia germinans), and white
mangrove (Laguncularia racemosa). Mangroves are primarily found in estuarine waters
where they serve as valuable nurseries for recreationally and commercially important
marine species (Dahl and Stedman 2013; National Park Service 2010). Human-induced
impacts to mangrove wetlands include proliferation of invasive species,
cutting/removal, and coastal development resulting in drainage, filling, or changes to
shoreline structure (Dahl and Stedman 2013).
Estuarine Beaches and Tidal Flats
Estuarine beaches and tidal flats have received less attention by resource managers
than vegetated tidal wetlands or ocean beaches. Sediment size, sediment chemistry,
inundation cycle, salinity, frequency of disturbance, and latitude are all determinants of
the biotic community within tidal flats (Peterson and Peterson 1979). Notably, these
areas often provide habitat for shellfish such as Eastern oyster (Crassostrea virginica)
and hard clam (Mercenaria mercenaria). In addition to the typical resident invertebrate
communities of annelids, crustaceans, and bivalves, tidal flats are foraging grounds for
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marine organisms such as eels, crabs, fish, snails, and shrimp at high tide and
terrestrial organisms, particularly shorebirds, at low tide (Harrington 1999).
Ocean Beaches
Sandy ocean beaches in the region are primarily associated with barrier island systems.
In their natural state, sand-derived barrier islands and barrier beaches attached to the
mainland are highly dynamic, constantly shaped and reshaped by winds, storms and
ocean currents (Stedman and Dahl 2008). Generally speaking, prevailing winds and
nearshore currents cause North Atlantic barrier islands to migrate slowly southward,
with sand lost from the north end often transported to build new beaches and dunes at
the south end. Hurricanes and nor’easters episodically move tremendous quantities of
sand both onshore and offshore as well as along the main axis of the islands. Barrier
beaches typically protect tidal lagoons, coastal salt ponds, or salt marshes behind
them.
Sandy beaches are breeding grounds for endangered and threatened species such as
the piping plover, least tern, and roseate tern as well as several species of sea turtles.
They also provide overwintering sites for migrant shorebirds (Harrington 1999). The
sand of an open beach may appear relatively devoid of marine life, but a variety of
species live in the sand as infauna, often serving as important food sources (Bertness
2006).
Seagrass Beds
Seagrasses are marine, subtidal, rooted vascular plants found on the bottom of
protected bays, lagoons, and other shallow coastal waters along most of the East Coast
of the United States. The exception is the coastal waters of South Carolina and Georgia
where high freshwater input, turbidity, and large tidal amplitude inhibit seagrass
occurrence (Street et al. 2005). Eight seagrass species occur in the South Atlantic
project area. Eelgrass (Zostera marina) and shoal grass (Halodule wrightii) are the
primary species found in North Carolina, while turtle grass (Thalassia testudinum) and
manatee grass (Syringodium filiforme) are the two subtropical species that dominate
southern Florida.
Highly productive seagrass beds provide food and critical spawning and refuge habitat
for fish and invertebrates (Wyda et al. 2002; Heck et al. 2003). The plants can
contribute significantly to the overall primary productivity of an estuary with energy
present in seagrass entering the estuarine food web as detritus. In addition, numerous
animals feed directly on seagrasses, including fishes, geese, swans, manatees, sea
turtles, and crabs. The South Atlantic Fisheries Management Council (SAFMC)
classifies submerged aquatic vegetation, including seagrasses, as Essential Fish Habitat
for peneaid shrimp, red drum, and snapper/grouper species. In addition, the complex
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networks of leaves, roots, and rhizomes serve to trap nutrients and sediments, protect
shorelines from erosion, and filter pollution (SAFMC 2009).
Shellfish Reefs
Prominence as a food source often overshadows the critical roles that shellfish play in
ecosystem function (Grabowski and Peterson 2007). A variety of bivalves occur in the
coastal waters of southeastern estuaries, including Eastern oysters (Crassostrea
virginica), hard clams (Mercenaria mercenaria), ribbed mussels (Geukensia demissa),
and bay scallops (Argopecten irradians). Bivalves are suspension feeders that, in
abundant colonies, have the capacity to filter volumes of water equivalent to entire
bays in a matter of days (Newell and Koch 2004). As the region’s most prevalent,
monitored, and commercially valuable shellfish species, the assessment focuses on the
Eastern oyster. Oysters form reefs in subtidal areas to depths of 10 m and in intertidal
areas, tolerating a wide range of temperatures and salinity levels. Outside of the
Albemarle and Pamlico Sounds, the majority of oysters in the South Atlantic are found
in the intertidal zone.
Oysters are widely recognized as “ecosystem engineers” that create essential fish
habitat, augment water quality, and provide services fundamental to the ecological
health of estuaries and nearshore areas. Reefs formed by oysters provide refuge and
structure for many marine plants, animals, and invertebrates (ASMFC 2007), including
economically valuable fish (Peterson et al. 2003; Coen et al. 2007). In intertidal areas,
shellfish beds trap sediments and stabilize shorelines against wave and storm erosion
(Piazza et al. 2005; Meyer et al. 1997). Larval forms of bivalves serve as prey for marine
invertebrates and fish. As juveniles and adults, bivalves are major forage for all forms
of fish, invertebrates (especially crabs, whelks, and starfish), shorebirds, seabirds, and
even mammals (Coen et al. 2007).
Diadromous Fish
Diadromous fish are those species that travel between freshwater and marine
environments to complete different stages of their life cycle. The target species in this
assessment are anadromous, migrating from salty ocean and estuarine waters
upstream to breed in freshwater rivers. Because of this migration pattern, diadromous
fish provide unique connections among marine, estuarine, and riverine habitats.
Healthy populations of diadromous fish are dependent on access to spawning areas
upstream, appropriate flow and temperature conditions, and viable estuarine and
nearshore marine nursery and feeding grounds (ASMFC 1999).
While serving as keystone species, diadromous fish themselves can influence systems
as migratory fauna by providing a significant source of energy input. Species like
alewife and American shad appear to play an important role in their freshwater
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spawning habitats, providing nutrients that assist microbes in the breakdown of leaf
litter and the resulting release of that stored energy to consumers (Durbin et al. 1979;
ASMFC 1999). Specific associations between diadromous fish and other species also
exist. For example, many freshwater mussels are dependent upon migratory fishes as
hosts for their parasitic larvae (Neves et al. 1997; Vaughn and Taylor 1999), such that
loss of upstream migratory fish habitat is a major cause of mussel population declines
(Williams et al. 1992; Watters 1996). These historically abundant species serve as prey
in rivers and estuaries for larger predatory fish such as bluefish and striped bass, gulls,
osprey, cormorants, river otter, and mink, and at sea for seals, sea birds, and a wide
range of piscivorous (fish-eating) marine fish.
Coastal Birds
A wide variety of birds utilize the coastal systems of the South Atlantic Bight for
breeding, overwintering, migration and foraging (Hunter et al. 2006). Many species of
seabirds, shorebirds, and wading birds found along the coast are highly migratory,
making use of South Atlantic coastal habitats for only a portion of their life cycle. Sandy
beaches, tidal flats and bays along the coast are particularly important habitats. For
example, salt marshes, coastal swamps, and sandy beaches within the South Atlantic
Bight serve as critical nesting habitat for migratory species such as wood storks and
American oystercatchers. The Florida Keys, Dry Tortugas and Florida Bay support the
only breeding colonies of bridled tern, great white heron, magnificent frigatebird,
masked booby, and roseate tern in the U.S. (Kushlan et al. 2002). While global
populations of these subtropical waterbirds may be stable, there is conservation
interest in ensuring that these Florida sites are maintained.
Many migratory species that breed in colder regions, including the Great Lakes and
Canada, overwinter in the warmer southeast United States. For example, the federally
threatened piping plover roosts on sandy beaches in close proximity to sand and
mudflats for foraging across the region (Elliot-Smith et al. 2009; USFWS 2009). Though
it does not breed in the southeast, the American bittern is fairly common during the
winter, with the Southeast U.S. supporting perhaps a third of all North American
breeding birds in the nonbreeding season (Watson and Malloy 2008).
Stopover sites are areas where migrating species stop to feed and refuel. Because
many seabirds and shorebirds breed in the far north and winter in the southern
hemisphere, productive stopover sites are important to maintaining the species.
Intertidal areas, mudflats, and sandy beaches are particularly important to many
shorebird species. Recently listed by USFWS as threatened, the rufa red knot is an
example of a long-range migrant that makes use of South Atlantic unvegetated wetland
areas as stopover sites (USFWS 2014).
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Sea Turtles
Loggerhead sea turtles utilize three ecosystems throughout their lifetime – beaches,
open water and nearshore coastal areas - generally preferring high energy, relatively
narrow, steeply sloped, coarse-grained beaches for nesting (NMFS USFWS 2008).
Ocean beaches are threatened by activities including coastal development, beach
renourishment and climate change. In July 2014, the USFWS designate 88 nesting
beaches located in the southeast U.S. and Gulf of Mexico as terrestrial critical
habitat areas, accounting for 48 percent of an estimated 2,464 km (1,531 miles) of
coastal beach shoreline and about 84 percent of the documented nesting within these
six states (79 CFR 39756).

U.S. South Atlantic Distribution and Important Areas
Methods
Coastal Wetlands
The National Wetland Inventory (NWI) was used as the base regional dataset to map
intertidal wetland habitats, including 1) saltwater and brackish marsh, 2) tidal
freshwater marsh, 3) tidal forests, 4) tidal flats, 5) estuarine beaches, and 6) ocean
beaches. The NWI database provides a consistent categorization of wetland habitat
types throughout the project area and is the best source for incorporating tidal
influence across coastal habitat types. The USFWS provides access to the NWI
database online (http://www.fws.gov/wetlands/NWI/index.html); the data used in
the assessment were downloaded in August 2013.
The six wetland habitat types listed above were mapped by extracting polygons coded
as tidal from the NWI (USFWS 1990; Cowardian et al. 1979) and using the Sea Level
Affecting Marshes Model (SLAMM) classification system (Craft et al. 2009; Clough et
al. 2010) to categorize polygons into SABMA wetland habitat types (Table 2.3).
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Table 2.3. Classification of NWI codes into SABMA target categories using the SLAMM
classification

SLAMM Model Classification System
SABMA Habitat

National Wetland Inventory Codes

Salt Marsh

E2EM, selected portion E2US located in salt marsh
complexes (salt pans)

Freshwater Marsh

E2EM with oligohaline (6) modifier, PEM with tidal regime
modifier (R to V). Includes freshwater marsh
impoundments found in the tidal range (h)

Tidal Forests

E2SS or E2FO, excludes modifier 3 represents tropical areas
(Mangroves); E2SS or E2FO with oligohaline {6} modifier
and PSS or PFO with R to V tidal regime modifier

Oceanfront Beach

Marine Unconsolidated Substrate M2US

Estuarine Beach/Tidal
Flats

Estuarine and Freshwater unconsolidated shores (E2US &
E1US with modifiers P, N, and M), Estuarine aquatic bed
(E2AB).

The age of the NWI data varies significantly across the South Atlantic project area
(Figure 2.2). For example, updated wetland data have been processed using 2006
imagery for the entire coast of Georgia (Tiner 2011), while available NWI data for
portions of South Carolina and northeast Florida uses imagery dating from the 1980s
and 1990s. To evaluate the effect of data age on spatial representation of wetlands, the
NWI was compared to available national, regional and state data resources. Habitatspecific decisions were made on whether enhance or substitute for the base NWI
dataset. Final modifications are described below.
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Figure 2.2. Age of National Wetland Inventory (NWI) as of August 2013 when data was
downloaded for the Assessment

SALT MARSH AND TIDAL FRESHWATER MARSH
NWI data were visually compared to the U.S. Geological Survey (USGS) Gap Analysis
Program Land Cover (GAP) - Southeast dataset (USGS and NC State University 2010)
and National Oceanic and Atmospheric Administration’s (NOAA) Coastal Change
Analysis Program (C-CAP) Regional Land Cover (NOAA Coastal Services Center 2006).
Both are available for the entire project area and utilize more recent satellite imagery.
Where appropriate, the NWI data were augmented by “heads up” or hand digitizing
polygons based on the GAP and CCAP data. A total of 21,631 acres was added to the
salt marsh and tidal freshwater marsh datasets using this methodology. The ACE Basin
in southern South Carolina serves as an example (Figure 2.3).
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Figure 2.3. Visualization of the ACE Basin (SC) area depicting hand digitizing used to refine
the NWI: Purple = salt marsh, Yellow = uncharacterized in NWI, White Striped =
Impoundments

TIDAL FLATS AND BEACHES
The NWI unconsolidated sediment classes were separated into tidal flats, estuarine
beaches, and ocean beaches based on location using SLAMM guided methodology.
Review of the ocean beach classification revealed a significant gap using NWI along the
Atlantic coast of Florida. To overcome this gap, the decision was made to substitute
Florida Cooperative Land Cover (CLC, v2.3) data for NWI for the entire stretch of
Florida Atlantic coastline. The CLC uses the Florida Land Cover Classification System
(FLCS), a hierarchical classification system developed by the Florida Fish & Wildlife
Conservation Commission (FL FWC, Kawula 2009). Areas classified as “Sand Beach” in
the FLCS were incorporated into the SABMA ocean beach dataset.
MANGROVES
Mangrove ecosystems are identified within the NWI; however, discussion with Florida
state agency partners revealed that the mangrove dataset maintained by the FL FWC is
the preferred data source. The FL FWC data layer has increased accuracy and is
generally more up-to-date. Since mangroves are only found in Florida, the FL FWC
mangroves dataset was used as the primary dataset to classify mangrove habitats
within the SABMA analysis.
SEAGRASS BEDS
Limited seagrass habitat data are available through the NWI, given their submerged
nature. Therefore, seagrass coverage was determined by combining state and local
data sources from North Carolina and Florida. The North Carolina seagrass data,
extending from Back Bay, Virginia south through Bogue Sound, are based on aerial
imagery collected between 2003 and 2008. It is a compilation of several data sets from
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the Albemarle-Pamlico National Estuary Program, Elizabeth City State University and
NC Department of Environment and Natural Resources, Division of Water Quality. The
Florida seagrass dataset is a compilation of imagery and field measurements dating
between 1987 and 2010 (Yarbro and Carlson 2013). Seagrass is not present in South
Carolina and Georgia (Figures 2.4-2.7).
Seagrass patches are inherently dynamic with respect to interannual location and
density. North Carolina and Florida use different definitions to describe the condition of
and connectivity between seagrass beds within their individual datasets. This variation
limited the viability of regional evaluation that incorporates condition information. The
decision was made not to include details related to seagrass “patchiness” or density as
part of the SABMA analysis. The result is an accounting of total seagrass presence
within the project area which provides a more robust evaluation of habitat. When
available, the finer scale delineations of continuity/discontinuity are preserved in the
dataset.
Shellfish Reefs
Shellfish habitat is not categorized in the NWI, so alternative data sources were
evaluated. Reports of shellfish population distribution, abundance, and health status
are not available consistently for the region. Oyster information was the most readily
available, though the extent and condition of the data varied significantly from state to
state. The entire coastlines of North Carolina and South Carolina have been surveyed
while Georgia and Florida surveys are limited to certain waterbodies or managed areas.
To analyze oyster distribution, state-specific data (Table 2.4) were compiled to create
a regional oyster data set that spatially describes areas surveyed and associated
distribution of oyster reefs (Figures 2.8-2.11).
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Table 2.4. Description of state data sources used to map oyster populations

State Shellfish Habitat Data Sources
North
Carolina

Estuarine Benthic Habitat
Mapping Program (2011)

Based on high resolution imagery
of coastal shoreline areas from
1989 to 2011. Aerial extent
includes Roanoke Island
southward to NC/SC state line.

South
Carolina

Intertidal Oyster Reef Map (2010)

Based on high resolution imagery
from 2003 to 2008. Statewide.

Georgia

Shellfish Harvest Areas Mapping
(2013)

Based on high resolution imagery
from 2010. Limited to designated
shellfish harvest areas.

GA Coastal Georgia Shellfish
Inventory: Chatham County
(2007), McIntosh County (2011)

Based on field mapping using GPS
to identify live oyster reefs in
Chatham and McIntosh County
from 2007–2011.

FWC Oyster Data Layer (2011)

Based on high resolution imagery
from 2003 – 2009. Limited to select
study sites.

Florida

Diadromous Fish
As part of the Southeast Aquatic Connectivity Assessment Project (SEACAP), The
Nature Conservancy compiled available historic and current population information for
six diadromous fish species: blueback herring, American shad, hickory shad, alewife,
shortnose sturgeon, and Atlantic sturgeon using data collected by the Atlantic States
Marine Fisheries Commission as the primary data source (Greene et al. 2009). This
data set was updated with direct feedback from biologists serving on the SEACAP
working group (TNC, in progress; E. Martin, personal communication). The metric used
in this assessment was presence/absence of the six selected species in southeast river
stretches, primarily mainstem rivers, based on a combination of population monitoring
and availability of critical habitat (e.g., spawning, overwintering) (Figure 2.12).
Coastal Birds
In selecting data resources for the coastal bird analysis, the desire was to incorporate
population-based data that could augment the regional habitat maps being developed.
A variety of data sources were considered (see sidebar); however, difficulty in
comparing state data at a regional scale, use of habitat versus population to define
important areas, and time limitations led to a focus on the Western Hemisphere
Shorebird Reserve Network (WHSRN 2010). Sites are selected for inclusion in the
WHSRN based on the exceptional number of shorebirds that visit annually or the
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representative percent of a biogeographic population for a given species. The three
WHSRN site categories are:
-

Hemispheric Importance: at least 500,000 shorebirds annually, or at least 30%
of the biogeographic population for a species
International Importance: at least 100,000 shorebirds annually, or at least 10%
of the biogeographic population for a species
Regional Importance: at least 20,000 shorebirds annually, or at least 1% of the
biogeographic population for a species

Two WHSRN sites are located in the SABMA project area. Cape Romain National
Wildlife Refuge is listed as a Site of International Importance. The refuge supports over
10% of the wintering population of American oystercatchers along the Gulf and
Atlantic Coasts and peak counts during spring and/or fall equaled or exceeded 15% of
the eastern U.S. totals for eight species (American oystercatcher, short-billed
dowitcher, dunlin, willet, whimbrel, Wilson’s plover, and semipalmated plover). The
Altamaha River Delta is designated as a Site of Regional Importance with at least
20,000 shorebirds visiting annually. Polygons for both sites are included within the
assessment (Figure 2.13).
Loggerhead Sea Turtle Nesting
As described in the Marine Mammal and Sea Turtle chapter, five genetic
subpopulations of loggerhead sea turtles have been identified in the region (Shamblin
et al. 2011, 2012; FWC 2014). The goal for the coastal analysis was to identify the most
critical beaches for each subpopulation of loggerhead turtle. Surveyed shoreline that
was ranked in the top 25% for loggerhead nesting density for each subpopulation was
selected in order to quantify the shoreline distance (km) of high-density nesting
beaches.
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Figure 2.4. Map of seagrass habitat in southern Virginia and northern North
Carolina
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Figure 2.5. Map of seagrass habitat in Albemarle-Pamlico Sound
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Figure 2.6. Map of seagrass habitat in southern North Carolina
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Figure 2.7. Map of seagrass habitat in Florida
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Figure 2.8. Map of shell bottom (including oyster) locations and surveyed areas
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Figure 2.9. Map of oyster reef locations and surveyed areas in South Carolina
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Figure 2.10. Map of oyster reef locations and surveyed areas in Georgia
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Figure 2.11. Map of oyster reef locations and surveyed areas in Florida
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Figure 2.12. Map representing the number of prioritized diadromous fish species
present within given stream miles
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Figure 2.13. Map of Western Hemisphere Shorebird Reserve Network Sites in the
South Atlantic
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Box 2.2. Shorebird and Waterbird Resources in the South Atlantic

A variety of regional and state data sources were reviewed for their potential to identify
and delineate high population areas for prioritizing shorebirds and waterbirds within
the project area. Time constraints, data gaps, spatial challenges, and inconsistency
across region level did not enable their incorporation in this iteration of the
assessment. However, with further investigation and analysis, the population-based
surveys could help improve our understanding of coastal bird habitats.
Wood Stork Aerial Survey: Aerial surveys have been used to census wood stork nesting
colonies beginning between 1957 and 1960. Brooks and Dean (2008) compiled and
summarized survey data from 1984 to 2006 to determine status of the species using
number of nesting pairs and regional productivity over time.
International Piping Plover Winter Census Survey (Elliot-Smith et al. 2009): The
International Piping Plover Winter Census Survey has been conducted by federal and
state agency partners every five years since 1991. All sites are surveyed between late
January and early February to capture wintering areas. Though this sampling window
may miss peak migration and wintering populations, the consistency of data collection
across the project area made the data set viable for the assessment with limited
changes.
American Oystercatcher Aerial Survey: During the 2002-2003 non-breeding season, the
Manomet Center for Conservation Sciences conducted an aerial survey in cooperation
with members of the American Oystercatcher Working Group. The survey of the
Atlantic and Gulf coasts encompassed the entire winter range of the eastern race of the
American oystercatcher in the United States. The survey resulted in a population
estimate of 10,971 ± 298 individuals, with 8,500 wintering on the Atlantic (Brown et al.
2005). The USFWS Oystercatcher Working group used this survey data in combination
with state-based surveys to identify a suite of important breeding and wintering sites,
each of which represents >1% of the biogeographical population.
eBird.org: Launched in 2002 by the Cornell Lab of Ornithology and National Audubon
Society, eBird enables participants to record bird sightings using an online checklist.
EBird can provide rich data sources for basic information on bird abundance and
distribution at a variety of spatial and temporal scales.
BirdLife International/NatureServe: BirdLife's Global Species Programme collates and
analyzes information on all the world’s birds in order to set priorities for action, through
species-specific initiatives, safeguarding of sites, campaigns, and policy interventions.
Audubon Important Birding Areas: Some bird data sets available at a national or regional
scale, such as Audubon’s Important Birding Areas (Audubon 2015), focus primarily on
habitat considerations. Wanting to avoid duplication of the habitat characterization
being completed in this assessment, most resources of this nature were not selected
for inclusion in the assessment.
State-based bird surveys: Each state in the region monitors colonial waterbirds and
56shorebirds.
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Coastal Condition
Upland land use can have a significant impact on the condition of estuarine systems.
Land use affects nutrient loads, water quality, and the ability for intertidal habitats to
migrate under pressure from sea level rise. Previous research suggests that watersheds
with relatively high percentages of urban and agricultural land are associated with
lower estuarine benthic indicators of condition and biodiversity (Hale et al. 2004) and
reduced submerged aquatic vegetation (Li et al. 2007). Freshwater aquatic systems
also become seriously impacted when impervious cover exceeds 10% (CWP 2003),
and reductions in certain taxa sensitive to urban contaminants and habitat disturbance
have been found where as little as 3% of the land cover of the watershed is urban
(Coles et al. 2004). Similar impacts have been recognized in estuarine systems, though
the relationship is more complex given the influence of tidal regimes and mixing with
ocean waters.
To help quantify the condition of coastal waters and habitats based on land cover, the
extent of secured, agricultural, and developed lands along with the distance of
hardened shoreline across the region was incorporated into the assessment.
SECURED LANDS
Secured lands are used to evaluate the level of land protection across the region. The
Conservancy’s secured lands database tracks properties that are under permanent
protection, including federal and state lands and private easements (Figure 2.14).
AGRICULTURAL LANDS
Agricultural lands can influence estuarine systems through increased runoff of
nutrients (e.g., nitrogen and phosphorus) from row crops and animal operations. The
extent of agricultural lands was evaluated using the 2011 National Land Cover
Database (NLCD, Jin et al. 2013). The NLCD row crops and pasture land categories
were combined to represent agricultural areas (Figure 2.14).
DEVELOPED LANDS
Development, including roads, industrial areas, large cities and less dense rural
communities, can impact estuarine systems. The area of developed lands was
calculated using the 2011 NLCD (Jin et al. 2013). The NLCD High, Medium, Low and
Open Space developed land categories were combined into a single developed land
data layer (Figure 2.14).
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IMPERVIOUS SURFACE
Another way to look at the level of development is by calculating the amount of
impervious surface. The 2011 NLCD includes a calculation of imperviousness. For the
assessment, these imperviousness values were assigned to a grid which enabled a
calculation of extent.
HARDENED SHORELINES
Evaluating the proportion shoreline that is hardened can provide information on both
the level of development and the potential for habitat migration. The length of manmade shoreline was derived from a combined dataset that included the Environmental
Sensitivity Index, City of Virginia Beach Shoreline Inventory, NC Estuarine Shoreline
Mapping Project and GA Armored Estuarine Shoreline data (Figures 2.15-2.18). The
age of the data sources and the classification system vary, limiting comparison at a
regional scale.
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Figure 2.14. Map of secured (green), agricultural (orange) and developed (red)
lands
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Figure 2.15. North Carolina hardened shoreline
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Figure 2.16. South Carolina hardened shoreline
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Figure 2.17. Georgia hardened shorelines
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Figure 2.18. Florida hardened shoreline
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Development of Coastal Shoreline Units and Watersheds
To facilitate characterization of the entire coastline, the South Atlantic Bight project
area was divided into 39 Coastal Shoreline Units (CSUs). Each CSU is associated with a
discrete stretch of shoreline, nearshore habitat, and coastal watershed. Four statebased project teams made CSU delineations based upon continuity of processes and
natural breaks. The sub-teams attempted to avoid crossing over watersheds and
consolidating areas with very different freshwater inputs. The United States Geologic
Survey (USGS) 10-digit Hydrologic Units (HUCs) were used as the base for CSU
delineation (Seabar et al. 1987). Directly along the coast, limited elevation change and
alteration of tidal flow patterns present some difficulty with HUC classification. NOAA
Coastal Assessment Framework – Estuarine and Coastal Drainage Area watersheds
(EDAs and CDAs), natural features, current patterns, and local knowledge were used to
further refine a continuous string of CSUs.
The SABMA subregion stratification (mid-Atlantic, Carolinian, and Floridian) was
applied to the CSUs in order to account for variation in climate, habitat types, and
species use within South Atlantic Bight estuaries. CSUs were then assigned an estuary
type based on the CMECS types. Building upon the Environmental Protection Agency’s
(EPA) Classification Framework for Coastal Systems (Burgess et al. 2004), three CMECS
estuary types are used in the assessment: 1) river dominated estuaries, 2) lagoonal
estuaries, and 3) island archipelagos. Given the limited variation in CMECS types found
in the region, the decision was made to further divide the river dominated estuary type
into coastal plain and Piedmont estuaries. This distinction, described by Dame et al.
(2000), is based on variation in freshwater flow, watershed drainage, and proportion of
wetlands. Further subdivision of the lagoonal estuaries was considered, however, the
inclusion of SABMA subregions as part the characterization accounts for the core
variation from north to south. In the end, the CSUs of the South Atlantic Bight were
sorted into the following types (Figures 2.19-2.24):





Lagoonal Estuaries (19 CSUs)
River-dominated Estuaries (18 CSUs)
o Coastal Plain Basins (9 CSUs)
o Piedmont Basins (9 CSUs)
Island Archipelagos (2 CSUs)
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Box 2.3. Definitions of Estuary Types

The CMECS classification focuses on the importance of estuary size, shape, and
flushing in dictating processes within an estuary and the adjacent coastal area. The
classification variables are considered to be “natural” characteristics of the estuary, in
both material and energetic terms, meaning those which influence estuarine
processing to varying degrees and are not generally controllable or influenced by either
stressor or response variables.
Coastal Lagoons: include lagoons, sloughs, barrier island estuaries, bar-built estuaries,
and tidal inlets.
- Tend to be shallow and highly enclosed, with reduced exchange with the ocean
- Often experience high evaporation, and are quiescent in terms of wind, current,
and wave energy
- Tend to have a very high surface to volume ratio, low to moderate watershed to
water area ratios, and can have a high wetland to water ratio
River Dominated Estuaries: include river channels, drowned river valleys, deltaic
estuaries, salt wedge estuaries, and tidal fresh marshes.
- Tend to be linear and seasonally turbid, especially in upper reaches, and can be
characterized by high current speeds
- Sedimentary and depositional, and can be associated with a delta, bar, or barrier
island and other depositional features
- Tend to be highly flushed, with a wide and variable salinity range, and seasonally
stratified
- Moderate surface to volume ratios, high watershed to water area ratios, and can
have very high wetland to water area ratios
- Often characterized by a V-shaped channel configuration and a salt wedge
Coastal Plain Basins have watersheds entirely contained within the coastal plain. These
systems have highly variable discharge rates and low loads of suspended sediments. A
larger proportion of the watershed is covered by wetlands, and they generally contain a
more extensive saline zone due to the lack of significant freshwater inflow (Dame et al.
2000).
Major River/Piedmont Basins receive significant inflows of freshwater as a result of an
extensive upstream watershed that frequently contributes a substantial load of
suspended sediments. Most often these systems have a relatively smaller proportion of
the watershed covered by wetlands (Dame et al. 2000)
Island Archipelago: a chain or cluster of islands
- The Florida Keys are a coral cay archipelago, a collection of tropical islands built
of organic material derived from the skeletons of corals and other reef
associates.
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Figure 2.19. Map of Coastal Shoreline Units (CSUs)
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Figure 2.20. Coastal Shoreline Units in the mid-Atlantic subregion
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Figure 2.21. Coastal Shoreline Units in the northern portion of the Carolinian
subregion
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Figure 2.22. Coastal Shoreline Units in the southern portion of the Carolinian
subregion
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Figure 2.23. Coastal Shoreline Units in the northern portion of the Floridian
subregion
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Figure 2.24. Coastal Shoreline Units in the southern portion of the Floridian
subregion

2 - Coastal Ecosystems

71 | Page

South Atlantic Bight Marine Assessment

Maps, Analysis, and Areas of Importance
Each Coastal Shoreline Unit (CSU) was characterized by summarizing a variety of
natural features with presumed relevance for supporting productivity and biodiversity
in order to identify patterns by subregion and by estuary type. Characterized attributes
included size, habitat diversity, select species populations, and watershed condition.
Size
Size is an important CSU parameter because many other variables are likely to
correlate with it. Size of each CSU was characterized by shoreline length, coastal
watershed land area, and open water area. When combined, the latter two represent
total CSU area. Table 2.5 provides an overview of these variables across the project
area, including the largest CSU, smallest CSU, average and total.
Shoreline: The total shoreline distance based on the Environmental Sensitivity Index
(ESI) is 45,992 km (28,578 mi), which includes estuarine and ocean shoreline. The
average shoreline length does not vary considerably when compared across CSU types.
Coastal riverine CSUs have the longest average shoreline (1,329 km) and Piedmont
riverine CSUs the smallest (1,031 km). However, there is significant variation within
some individual CSU types. In particular, the lagoonal type includes both the longest
(Florida Bay; 3,000 km), and shortest (Lake Worth Lagoon; 272 km) shorelines in the
project area. There is limited variation in average shoreline length between subregions.
The mid-Atlantic has the longest average shoreline (1,856 km), dominated by the
Pamlico Sound and Albemarle Sound with respective shorelines of 2,970 km and 2,377
km. The Carolinian and Floridian average 1,082 km and 1,075 km, respectively.
Terrestrial Land Area: The coastal watersheds associated with the CSUs equate to a
total land area of 8,190,076 hectares (31,622 mi2) with an average CSU watershed size
of 210,002 ha (811 mi2). There is variation in watershed size when comparing CSU
types. The Piedmont riverine CSUs average 407,074 ha, a result of the wider land area
that drains into these Piedmont river systems. On the other end of the spectrum, the
island archipelago CSUs average only 10,575 ha, dominated by the Florida Keys.
Coastal riverine and lagoonal CSU types were close to the project area average. The
subregion averages decreased from north to south: mid-Atlantic (409,323 ha),
Carolinian (221,675 ha) and Floridian (82,326 ha). The presence of the island
archipelago CSUs and the breakdown of the southern Florida lagoons into subunits
accounts for much of the difference.
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Open Water Area: Open waters include subtidal submerged lands, rivers, and
freshwater lakes within the CSU boundary. Total area of open water is 1,906,917 ha
(7,363 mi2) or approximately 20% of the total CSU area. The island archipelago
(115,220 ha)) and lagoon (66,489 ha)) CSU types have the greatest extent of
submerged lands and associated open water. Similarly, the mid-Atlantic (173,992 ha)
and Floridian (63,026 ha) subregions which have a higher percentage of these CSU
types have a much greater open water extent then the Carolinian (16,946 ha).
Total CSU Area: When the terrestrial and submerged lands are combined, the total
area encompassed within the SABMA CSUs is over 10 million hectares (38,610 mi2)
with an average of 258,897 hectares (1,000 mi2) per CSU. Piedmont riverine CSUs have
the largest average area at 431,221 ha, followed by coastal riverine (253,468 ha),
lagoonal (193,852 ha) and island archipelago (125,795 ha) (Figure 2.25).
Table 2.5. Overview of CSU size variables

Shoreline (km)

Total CSU Area (ha)

Terrestrial Area (ha)

Largest

3000 (Florida Bay)

1,059,988 (Albemarle
Sound)

842,761 (Albemarle
Sound)

Smallest

272 (Lake Worth
Lagoon)

31,638 (Mosquito
Lagoon)

3,052 (Middle Keys)

Average

1179

258,897

210,002

45,992

10,096,993

8,190,076

Total

2 - Coastal Ecosystems

73 | Page

South Atlantic Bight Marine Assessment

Figure 2.25. Coastal Shoreline Units ranked by total size

74 | Page

2 - Coastal Ecosystems

South Atlantic Bight Marine Assessment
HABITAT DIVERSITY
The extent of targeted SABMA coastal habitats was summarized for each CSU by
associating the individual habitat data with the “nearest” coastal shoreline. There are
overarching habitat characteristics associated with each CSU type. Figures 2.26-2.30
provide examples of this variation, showing selected CSUs for each estuary type with
associated intertidal habitat:
Pamlico Sound (Figure 2.26): A representative lagoon estuary in the mid-Atlantic
subregion, Pamlico Sound is dominated by open water. Fringing salt and tidal
freshwater marsh habitats are located primarily on the mainland shore. Ocean beach
habitat spans the barrier islands.
Florida Bay (Figure 2.27): The largest lagoon estuary in the Floridian subregion, Florida
Bay also is dominated by open water. NWI-classified limestone flats are scattered
throughout the bay. Mangrove forests dominate the intertidal habitat versus the marsh
systems located in the more temperate mid-Atlantic and Carolinian subregions.
Altamaha River (Figure 2.28): A representative Piedmont riverine estuary, the
Altamaha River CSU extends further inland than those associated with lagoonal and
coastal riverine CSUs. Significant salt marsh systems transition into tidal freshwater
marsh and tidal forest moving up river.
St. Helena Sound (Figure 2.29): A representative coastal riverine system, St. Helena
Sound has a complex tidal creek system that supports a large complex of salt marsh.
This transitions into tidal freshwater marsh and forest habitats, though not to the same
extent found in Piedmont riverine CSUs.
Lower Keys (Figure 2.30): One of two island archipelago CSUs, the Lower Keys is
surrounded by open water areas with primarily limestone-based tidal flats. Mangrove
swamps and rocky barren scrub-shrub habitats on limestone dominate the vegetated
intertidal habitats.
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Figure 2.26. Pamlico Sound (NC) example of coastal habitats in a lagoonal
estuary
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Figure 2.27. Florida Bay (FL) example of coastal habitats in a lagoonal estuary
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Figure 2.28. Altamaha River (GA) example of coastal habitats in a Piedmont riverine
estuary
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Figure 2.29. St. Helena Sound (SC) example of coastal habitats in a coastal riverine
estuary
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Figure 2.30. Lower Keys (FL) example of coastal habitats in an island archipelago
system
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Targeted Habitats and Species Groups
The following sections describe how targeted habitats and species are associated
within CSUs. Associated maps represent the relative extent of habitats and species,
values are distributed into five quintile groups each containing an equal number of
CSUs:
SALT MARSH
(Figure 2.31) The total salt marsh extent in the South Atlantic Bight is 425,490 ha. The
Carolinian subregion has the highest average salt marsh area per CSU at 14,696 ha.
Nine of the top ten CSUs ranked according to hectares of salt marsh per mile of
shoreline are located between Cape Romain (SC) and St. Mary’s River (GA). This
portion of the South Atlantic shoreline has a greater mean tidal range, between 1.5 and
2.1 m (5 and 7 feet), and relatively low coastal development which can support
extensive salt marsh habitat. The Satilla River had both the highest total area (41,192
ha) and density (2,677 ha/km of shoreline) of salt marsh. Fifty percent of the top ten
were coastal riverine CSUs; consequently, coastal riverine CSU types had the highest
average extent (22,500 ha), almost double Piedmont riverine CSUs (12,438 ha) which
are ranked. Pamlico Sound was an exception with 36,536 ha; however, the sound’s
extensive shoreline resulted in a significantly lower density value (1,230 ha/km). The
total area of salt marsh was markedly smaller in the Floridian subregion with an
average of 1,319 ha. This small acreage most likely corresponds with the presence of
mangroves as the primary intertidal habitat in the subtropical Floridian subregion.
TIDAL FRESHWATER MARSH
(Figure 2.32) The total tidal freshwater marsh extent in the South Atlantic Bight is
63,796 ha (246 mi2). With an average acreage of 4,044 ha (15.6 mi2), Piedmont river
CSUs dominated the total acreage of tidal freshwater marsh. Six of the ten highest
ranked CSUs are classified as Piedmont river systems, including Winyah Bay, Santee
Rivers, Savannah River, Altamaha River, Cape Fear River and Charleston Harbor.
However, the greatest total area of tidal freshwater marsh is found in St. Helena Sound
(10,194 ha), a coastal riverine CSU. While average acreage did not vary much between
the mid-Atlantic (2,125 ha) and Carolinian (2,143 ha) subregions, there was a
significant drop in the Floridian where the average is 24 ha per CSU. Similar to salt
marsh habitat, this difference is linked to the prevalence of mangroves in subtropical
areas.
TIDAL FOREST
(Figure 2.33) In general, the categorization of estuarine and tidally influenced
freshwater forest was less consistent in NWI data across the project area. Extent
numbers are most likely conservative with a total extent of 184,461 ha (712.2 mi2).
Tidal forests fall into two primary groups: cypress-tupelo swamps in the mid-Atlantic
2 - Coastal Ecosystems
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and Carolinian and mangrove swamps in the Floridian. The variation is linked to overall
climate and a movement from temperate to subtropical communities.
In the Carolinian and mid-Atlantic, tidal forests are generally larger in Piedmont
riverine systems (7,241 ha). Winyah Bay had the greatest total area (28,095 ha), more
than double the second ranked Currituck Sound (10,821 ha). In the Floridian, where
mangrove communities dominate the intertidal area, Florida Bay had four times the
total coverage of tidal forests (37,735 ha) relative to the second ranked CSU, Lower
Keys (11,563 ha). Though Florida Bay is one of the largest CSUs in the Floridian
subregion, this does not completely explain the difference.
TIDAL FLAT
(Figure 2.34) The total extent of tidal flats in the South Atlantic Bight is 106,534 ha (411
mi2). Over 60% of the total tidal flat area is associated with two CSUs, Florida Bay
(46,418 ha) and Lower Keys (20,635 ha). A common characteristic of CSUs ranked high
for tidal flat habitat is a significant acreage of shallow open water area which increases
potential for tidal flat habitat. This is confirmed by the total submerged land area for
the top four ranked CSUs for tidal flats: Florida Bay (201,479 ha), Lower Keys (172,950
ha), Pamlico Sound (490,898 ha) and Biscayne Bay (81,405 ha).
ESTUARINE BEACH
(Figure 2.35) Estuarine beaches are the most limited intertidal habitat evaluated, with a
total area of 2,997 ha (11.6 mi2). Lagoonal systems averaged the largest extent of
estuarine beach at 204 ha/CSU. Three of the top five ranked CSUs across the project
area were lagoons in the mid-Atlantic and Floridian subregions: Pamlico Sound (576
ha), Bogue Sound (253 ha), and Florida Bay (145 ha).
OCEAN BEACH
(Figure 2.36) Throughout much of the South Atlantic project area, ocean beaches are
associated with barrier islands. Pamlico Sound, which includes Cape Hatteras, has
more than double the ocean beach area than any other CSU (1513 ha. Three other
CSUs with significant ocean beach associated with barrier islands are Cape Romain
(640 ha), Bogue Sound (636 ha), and St. Augustine Inlet (628 ha). In the case of Long
Bay (694 ha) the barrier island has welded with the mainland.
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SEAGRASS BEDS
(Figure 2.37) The total seagrass extent in the South Atlantic Bight is approximately
560,000 hectares (2,162 mi2). Twenty-two of the 39 CSUs have seagrass. Those
without include the coasts of South Carolina, Georgia, and northeast Florida (e.g.,
Nassau River, St. Johns River, St. Augustine Inlet, and Mantanzas Inlet) where
conditions do not permit seagrass growth and therefore no monitoring is conducted.
For all CSUs with seagrass, the average extent was 25,819 hectares (99.7 mi2).
Seagrass bed coverage differed by shoreline type: island archipelago (205,998 ha),
lagoons (360,793 ha), Piedmont rivers (1,147 ha), and coastal riverine (84 ha). Over
80% of the total seagrass acreage in the South Atlantic is associated with the four CSUs
located at the southern tip of Florida: Florida Bay (186,667 ha), Lower Keys (144,996
ha), Biscayne Bay (83,279 ha), and Middle Keys (61,002 ha). In this section of the
coast, seagrasses are not confined to estuaries, but extend onto the shallow
Continental Shelf. Pamlico Sound contains the largest seagrass coverage north of the
Floridian subregion with an extent of 42,358 ha.
SHELLFISH REEFS
(Figure 2.38) Oyster habitat has been mapped, at least partially, in 28 of the 39 CSUs
that comprise the South Atlantic Bight. The most significant gaps fall in Georgia and
Florida where habitat mapping has been limited to select areas. The total area of oyster
reefs within the surveyed areas (Figures 2.7-2.10) is 12,811 ha (49.4 mi2) with an
average of 458 ha (1.8 mi2) per surveyed CSU. Because the total area surveyed for
oysters varies across different states and within individual CSUs, oyster reefs are
described as the percentage of area surveyed that contained oysters. Across the
project area 1.7% of the area surveyed was classified as oyster reef (SC, GA, FL) or
shell habitat (NC).
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Figure 2.31. Coastal Shoreline Units ranked by salt marsh extent
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Figure 2.32. Coastal Shoreline Units ranked by tidal freshwater marsh extent
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Figure 2.33. Coastal Shoreline Units ranked by tidal forest extent
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Figure 2.34. Coastal Shoreline Units ranked by tidal flat extent
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Figure 2.35. Coastal Shoreline Units ranked by estuarine beach extent
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Figure 2.36. Coastal Shoreline Units ranked by ocean beach extent
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Figure 2.37. Coastal Shoreline Units ranked by seagrass extent
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Figure 2.38. Coastal Shoreline Units ranked by density of oyster reefs within surveyed
areas
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Diadromous Fish
(Figure 2.39) Each river stretch was assigned to a CSU which was then quantified based
on highest number of species present for any river stretch within the CSU. Significant
variation among states in the size of water body that monitored for diadromous fish
made specific calculations, such as average number of species per CSU river mile,
inconsistent at a regional scale.
Piedmont riverine estuaries in the mid-Atlantic and Carolinian subregions dominate the
list of 16 CSUs with either five or six priority species present. The Santee River system
was the only CSU outside of North Carolina where all six species were present. The
high concentration of CSUs with all six species present in the northern half of the
assessment is related to the fact that one of the selected species (alewife) has a
southern spawning boundary near the Albemarle and Pamlico Sounds – presence in
CSUs further south would therefore be rare. Piedmont riverine systems have the
highest numbers of species overall, while the lagoonal systems have the fewest,
corresponding to the presence of spawning areas upstream in freshwater. Lagoonal
systems south of the St John’s River were almost completely devoid of diadromous
fish.
Coastal Birds
(Figure 2.40) The two Western Hemisphere Shorebird Reserve Network sites located
within the SAB are associated with three CSUs: Cape Romain, Altamaha River, and St
Catherines/Sapelo Sounds.
Loggerhead Sea Turtle Nesting
(Figure 2.41) Of the 39 CSUs located in the South Atlantic Bight, 18 were identified as
including loggerhead nesting beaches that fell within the top 25% by density of nests
per km of beach within each genetic subpopulation area. The greatest total distance of
high density nesting shoreline was in Sebastian Inlet (FL) with 45.9 km. Five CSUs had a
minimum of 20 km of high density nesting shoreline: Loxahatchee River (31 km), Cape
Romain (26.7 km), St. Lucie River (24.8 km), Winyah Bay (22.8 km) and St. Augustine
Inlet (21.7 km). These highest-ranked CSUs contain nesting sites for the entire suite of
loggerhead sub-populations.
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Figure 2.39. Coastal shoreline units ranked by number of priority diadromous fish species
found within primary river systems
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Figure 2.40. Coastal shoreline units coded with presence of Western Hemisphere
Shorebird Network sites
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Figure 2.41. Coastal Shoreline Units ranked by kilometers of high density loggerhead
turtle nesting beach
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Coastal Condition
Land use and conservation level varies greatly across Coastal Shoreline Units in the
South Atlantic. This variation is often more closely linked with historical use and
distance from population centers than the hydrographic and ecological characteristics
that define CSU types. Land cover (Figure 2.37) and shoreline attributes were
associated with CSU watersheds to better understand estuarine condition. For land
cover characteristics, both the total area and percent land coverage were calculated for
each CSU.
SECURED LANDS
(Figure 2.42) There are a total of 1,452,365 ha (5,608 mi2) of secured lands within the
project area, averaging 37,240 ha (143.8 mi2) per CSU. The CSUs associated with
higher protected land percentages often include significant state and federal protected
lands, for example, Florida Bay (91.4%; 97,710 ha) and Everglades National Park or
Cape Romain (55.9%; 26,799 ha) and the Francis Marion National Forest. Lower
percentages of protected land are located near larger urban population centers and
ports.
Table 2.6. Coastal Shoreline Units with the highest and lowest percentage of secured lands

Most Protected Lands (>30%)
CSU Name

%

Least Protected Lands (<10%)

Area (ha)

CSU Name

%

Area (ha)

Florida Bay

91.4%

97,710 Lake Worth
Lagoon

2.2%

1,411

Lower Keys

62.2%

11,254 Port Royal Sound

4.3%

8,710

Cape Romain

55.9%

26,799 Satilla River

4.9%

16,929

Pamlico Sound

39.2%

70,315 Winyah Bay

5.0%

41,334

Mosquito Lagoon

50.6%

8,083 Port Everglades

5.4%

5,579

Cape Canaveral

49.1%

34,190 Stono/N Edisto
Rivers

5.5%

6,017

Loxahatchee River

47.1%

34,788 Savannah River

7.1%

25,989

Bogue Sound

35.6%

52,664 Tar River

7.4%

35,658

Ossabaw
Wassaw Sounds

34.7%

7.7%

2,834

Santee Rivers

33.8%

8.5%

7,875

9.9%

42,293

121,596 SE NC Estuaries
59,872 Long Bay
Neuse River
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AGRICULTURAL LANDS
(Figure 2.43) There are a total of 1,066,955 ha (4120 mi2) of agricultural lands within
the project area, averaging 27,358 ha (105.6 mi2) per CSU. Five of the eight CSUs with
agricultural land percentages over 15% are found in the Mid-Atlantic Region – Tar River
(33.4%), Currituck Sound (30.4%), Albemarle Sound (29.2%), Neuse River (24.4%) and
Pamlico Sound (20.0%).
Table 2.7. Coastal Shoreline Units with the highest and lowest percentage of agricultural
lands

Most Agricultural Lands CSU
Watersheds (>15%)
CSU Name

%

Area (ha)

Least Agricultural Lands CSU
Watersheds (<2%)
CSU Name

%

Area (ha)

Tar River

33.4%

161,356 Middle Keys

0%

0

Currituck Sound

30.4%

34,507 Lower Keys

0%

7

Albemarle Sound

29.2%

246,083 Mantanzas Inlet

0.4%

124

St. Lucie River

25.3%

29,927 St. Catherines/
Sapelo Sounds

0.5%

895

Neuse River

24.4%

0.6%

292

Pamlico Sound

20.0%

35,838 Florida Bay

0.9%

910

Sebastian Inlet

18.8%

14,373 Mosquito Lagoon

1.2%

193

Winyah Bay

17.6%

144,574 Ponce Inlet

1.7%

1,050

Satilla River

1.9%

6,475

104,410 St. Augustine Inlet

DEVELOPED LANDS
(Figure 2.44) Percent of developed lands varies widely within individual CSU
watersheds, ranging from 2.1 to 90.6%. There is a total of 1,121,797 ha (4,331 mi2) of
developed lands within the project area, averaging 28,764 ha (111 mi2) per CSU. The
Floridian subregion contains the highest developed lands percentages in the South
Atlantic project area.
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Table 2.8. Coastal Shoreline Units with the highest and lowest percentage of developed
lands

Most Developed CSU Watersheds
(>30%)

Least Developed CSU Watersheds
(<5%)

CSU Name

CSU Name

%

Area (ha)

%

Area (ha)

Port Everglades

90.6%

94,448 Santee Rivers

2.1%

3,793

Lake Worth
Lagoon

89.4%

58,003 Florida Bay

3.0%

3,155

Biscayne Bay

60.3%

113,281 St. Helena Sound

3.7%

9,646

Middle Keys

59.0%

1,800 Pamlico Sound

4.2%

7,549

St. Lucie River

46.8%

55,453

Ponce Inlet

45.0%

27,934

Sebastian Inlet

40.6%

31,017

SE NC Estuaries

32.7%

12,130

Cape Canaveral

31.1%

21,649

Mantanzas Inlet

30.5%

9,784

IMPERVIOUS SURFACE AREA
(Figure 2.45) There are a total of 316,916 ha (1,224 mi2) of impervious area, averaging
8,126 ha (31.4 mi2) per CSU. For the most part, CSUs with the highest density of
impervious surface corresponded closely with developed lands. In fact, nine of the ten
CSUs with the highest percentage of developed land and imperviousness were the
same. The exception was Mantanzas Inlet, which ranked tenth for developed lands
(30.5%) but was replaced by the Lower Keys when evaluating imperviousness (11.1%).
Thirty of the 39 CSUs in the SAB had impervious values under 10% of the total
watershed. Areas with low impervious surface percentages were located along the
South Carolina and Georgia coastlines, between Winyah Bay and St. Simons, and
around the Albemarle-Pamlico Sound in North Carolina.
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Table 2.9. Coastal Shoreline Units with the highest and lowest percentage of impervious
cover

Most “Impervious” CSU Watersheds
(>8%)
CSU Name
%
Area (ha)
Port Everglades
35.4
36,852
Lake Worth
34.2
22,224
Lagoon
Biscayne Bay
25.6
48,033
Middle Keys
24.2
739
Ponce Inlet
13.5
8,403
St Lucie River
Sebastian Inlet
Lower Keys

12.2
11.6
11.1

14,484
8,867
2,017

Cape Canaveral
SE NC Estuaries
Loxahatchee River

10.4
8.8
8.0

7,211
3,260
5,934

Least “Impervious” CSU Watersheds
(<1.5%)
CSU Name
%
Area (ha)
Santee Rivers
0.3
497
St Helena Sound
0.4
1,153
Albemarle Sound
Pamlico Sound
St Catherines/
Sapelo Sounds
Altamaha River
Florida Bay
Stono North Edisto
Rivers
Tar River
Satilla River
Winyah Bay

0.8
0.9
0.9

6,634
1,553
1,602

1.0
1.0
1.2

3,052
1,075
1,293

1.2
1.3
1.3

5,960
4,604
11,042

HARDENED SHORELINE
(Figure 2.46) A significant proportion of the shoreline of the South Atlantic Bight region
is man-made or altered by human structures of various kinds. The average proportion
of man-made shoreline per CSU across the region is 13%, representing over 5,000 total
shoreline kilometers (3,107 mi). There are marked differences in the proportion of
man-made shoreline across CSUs, ranging from a high of 75% in Port Everglades to a
low of 0% for the Santee Rivers. Not surprisingly, the more industrialized and
populated Floridian subregion has the highest average percentage of hardened
shoreline at 34%.
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Table 2.10. Coastal Shoreline Units with the highest and lowest percentage of hardened
shoreline

Most Hardened Shoreline (>25%)
CSU Name

%

Least Hardened Shoreline (<2%)

Distance
(km)

CSU Name

%

Distance
(km)

Port Everglades

75.7%

704 Santee Rivers

0.0%

0

Lake Worth
Lagoon

70.2%

191 Nassau River

0.8%

7

Middle Keys

38.9%

142 Cape Romain

0.9%

11

Mantanzas Inlet

33.2%

78 St
Catherines/Sapelo
Sounds

1.3%

23

Loxahatchee River

31.1%

86 Altamaha River

1.5%

14

St. Lucie River

29.8%

212 St Helena Sound
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Figure 2.42. Coastal Shoreline Units ranked by the presented of secured (protected) lands
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Figure 2.43. Coastal Shoreline Units ranked by percent of agricultural lands
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Figure 2.44. Coastal Shoreline Units ranked by percentage of developed lands
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Figure 2.45. Coastal Shoreline Units ranked by percent impervious surface
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Figure 2.46. Coastal Shoreline Units ranked by percent hardened shoreline
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Human Interactions and Other Threats
The coast is a dynamic place – daily tides, seasonal storms, and long term climate
variation all interact to form a constantly changing landscape. What is now the
Continental Shelf edge was once the shoreline. The productivity and diversity of the
South Atlantic’s coastal systems in the face of these long- and short-term changes
speaks to the adaptability and resilience of many of the plants and animals now using
these habitats. Today, however, these systems are facing pressure from a variety of
sources, both from land and in the water. This section provides an overview of many of
the human impacts, threats and risks to targeted coastal habitats and species in the
SAB.

Coastal Development and Shoreline Stabilization
Between 1980 and 2006, the coastal counties of the Southeast coast region showed the
largest rate of population increase (79%) of any coastal region in the conterminous
United States: an increase in population density from 186 to 332 persons/square mile
(Kildow et al. 2009; EPA 2012). Development can lead to direct destruction of coastal
habitats, and it can also bring increased inputs of nutrients and toxins, alterations of
tidal flow, and overland freshwater input, all of which can impact estuarine and
nearshore systems.
Shoreline stabilization is one way that development can impact coastal systems.
Shoreline armoring of all types (e.g., groins, bulkheading, rip rap) can cause direct loss
of habitat, most often impacting adjacent properties (Nordstrom et al. 2003). An
associated impact is the inability of wetlands to migrate with changes in ocean
processes and sea level rise. It is estimated that 30% of the shoreline in the Nuese River
Estuary (NC) has been stabilized with hardened structure (Corbett et al. 2008).

Pollution and Eutrophication
Estuaries normally receive nutrients from natural sources in their watersheds (e.g.,
wetlands) and from the ocean. However, population growth and related activities have
increased nutrient inputs above natural levels (CENR 2003), which often results in an
increase in the rate of supply of organic matter in an ecosystem, known as
eutrophication (Nixon 1995). An over-supply of organic matter can produce
undesirable effects, including elevated levels of chlorophyll a, low dissolved oxygen,
extensive macroalgae, loss of seagrass, and harmful algal blooms (Bricker et al. 1999;
CENR 2003). Nitrogen is the most common driver of estuarine eutrophication, coming
from a variety of point (e.g., treatment plants, industrial sources) and non-point
sources (e.g., septic systems, agricultural runoff, combined sewage overflows) (CENR
2003).
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The South Atlantic region has relatively few highly eutrophic estuaries; the exceptions
are Pamlico/Pungo Rivers, Neuse River, New River and St. John’s River (Bricker et al.
1999). This status corresponds with the results from the National Coastal Condition
Report IV (EPA 2012) which rated the overall coastal condition for the coastal waters of
the Southeast region as fair based on indicators such as chlorophyll a, nitrogen and
dissolved oxygen. While overall indicators show limited signs of eutrophication, Bricker
et al. (1999) did note that the Southeast is facing increasing impacts from harmful algal
blooms. Continued population growth in the region has the potential to further impact
coastal systems and should be monitored.

Altered Sediment Regimes
Barrier islands, sand shoals, and riverine deltas are geologically unstable and therefore
likely to be impacted directly and indirectly by engineering that alters natural sediment
supplies. Human activities can diminish sand sources. For example, channel dredging
can impact shorelines as sediments accumulate in the deeper channels rather than
near the adjacent shores. Similarly, nearshore sand mining can starve beaches of their
natural sand supply in an attempt to nourish other beaches. The result can be the total
loss of some beaches, or some beaches may become more transitory as they erode at
increased rates (Riggs and Ames 2003).
Within estuaries, alteration of sediment dynamics by creating and maintaining inlets
can impact tidal amplitude, residence time, temperature, and salinity. Sediment
pollution is also a direct threat to shellfish populations as resuspended sediments and
siltation events can harm shellfish gills, interrupt feeding, and decrease recruitment
success (Kennedy et al. 1996).

Altered Freshwater Regime
Human activities have altered the freshwater inflow to most estuaries in the
continental U.S. (Dynesius and Nilsson 1994). These activities include dams,
impoundments, ground and surface water withdrawals, and channelization. The
southeast region has some highly-altered systems, such as the Savannah and Santee
with five dams each (Dynesius and Nilsson 1994). It also has some of the few
remaining unimpounded coastal plain rivers, including the Waccamaw, Edisto,
Ogeechee, and Satilla (Dame et al. 2000).
Altered freshwater regimes affect the timing, quantity and rate that freshwater enters
estuarine systems which can directly influence salinity and circulation patterns. These
changes can lead to shifts in wetland communities, in particular limiting the habitats
available for tidal freshwater communities. Increased salinity can stress shellfish
communities, leading to higher direct mortality or increases in susceptibility to disease
and predators (Kennedy et al. 1996). In addition, impoundments and dams can limit
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movement of species, including diadromous fish, between spawning, nursery, and
adult habitats.

Physical Destruction and Overharvest
A variety of activities beyond coastal development can lead to the direct destruction of
coastal habitats. Prop scarring from boats can impact seagrass beds, particularly in
Florida Bay and around the Florida Keys (SFNRC 2008). Small and large scale dredging
projects can directly destroy seagrass beds and bottom communities. Restrictions on
timing of dredging are in place in many locations to limit impacts on sea turtles which
can get caught in dredge machines.
Another direct impact to coastal resources is overharvest and associated fishing
activities, including dragging, dredging, and boat wakes. In the case of oyster reefs,
overharvest can both deplete populations and reduce the ecosystem services (e.g.,
water quality, shoreline protection, fish refugia) provided by these complex structural
habitats. Recent data show oyster landings on the U.S. East Coast at a mere 2% of
historic highs (Eastern Oyster Biological Review Team 2007).

Invasive Species and Disease
New exotic marine species can have major impacts on marine and coastal systems
through competition with native species, predation (e.g., green crabs on clams), or
actual habitat impacts. By the time they are detected, marine invasive species are
virtually impossible to eradicate. The ecological consequences of recent marine
invasions in this region are uncertain. Global shipping and aquaculture are the main
vectors for introduction of exotic marine species and marine disease invasions.
Within coastal wetlands systems, a variety of invasive exotic species are also having an
impact in the South Atlantic region. In salt marshes, the European genotype of common
reed (Phragmites australis) is an aggressive competitor capable of forming dense
monocultures that crowd out native salt-tolerant plant communities (Whetstone 2009;
Meyerson et al. 2008). While in mangrove swamps, invasion by exotic species such as
Brazilian pepper-tree (Schinus terebinthifolius) is replacing the native species and
altering ecosystem services (Gioeli and Langeland 2009).
Seagrass “wasting disease” decimated many eelgrass beds in the last century.
Parasites, diseases, and harmful invasive parasites are prevalent in filter-feeding
bivalves, especially oysters and hard clams. Though less prevalent in the warmer water
intertidal oyster reefs common in the Southeast, the protozoans Dermo (Perkinsus
marinus) and MSX (Haplosporidium nelsoni) are prevalent in the Northeast and midAtlantic (Kennedy et al. 1996).
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Climate Change and Sea Level Rise
Extreme precipitation events, warming sea surface temperatures, and accelerated sea
level rise due to global climate change are likely to disrupt a variety of coastal habitats
and species. An estimated 99% of the losses of estuarine emergent wetlands (primarily
in the Gulf of Mexico) between 2004 and 2009 were attributed to effects from coastal
storms, land subsidence, sea level rise, or other ocean processes (Dahl and Stedman
2013). Coastal habitats will likely be increasingly stressed by climate change impacts
that have resulted from sea level rise and coastal storms of increasing frequency and
intensity (Field et al. 2007; Riggs and Ames 2003).
Though sea level rise and storm frequency are generally the primary climate change
impacts associated with coastal systems, changes in water temperatures and pH
should also be considered. As nearshore waters warm with climate change,
communities and populations may shift; this is particularly true at the ecoregion
transition zones around Cape Hatteras and Cape Canaveral. In addition, lower ocean
pH due to elevated global CO2 concentrations (ocean acidification) may inhibit
biochemical processes that bivalves rely on for shell development (Beesley et al. 2008).

Management and Conservation
Regulatory Authorities
Management of coastal systems and species involves a myriad of state and federal
agencies whose jurisdictions and authorities overlap in complex ways. Most states
have further delegated authority for certain management activities, such as zoning and
permitting of development, to individual coastal communities. Many of the core federal
and state regulatory authorities are described below; however, this is not a
comprehensive list. Focus was placed on broader authorities that impact coastal
systems and habitats rather than more species-focused regulations.
One unifying federal program is the Coastal Zone Management Act of 1972 (CZMA)
which provides federal funding to each state to carry out research and outreach that
may facilitate or enhance regulation but is not directly regulatory itself. Regulatory
authority for specific activities within the coastal zone is still most often administered
separately by different municipal, state, and federal agencies. The overall program
objectives of the CZMA are to “preserve, protect, develop, and where possible, to
restore or enhance the resources of the nation’s coastal zone.” All the states in this
region participate in the voluntary Coastal Zone Management Program, and have
federally-approved management plans including regulatory authorities to protect and
conserve coastal resources. Depending on the state, regulatory controls are exercised
by a single state coastal agency or by a network of environmental, wildlife, and
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conservation agencies.
Marine and estuarine vegetated wetlands (e.g., tidal salt marsh, tidal freshwater marsh
and tidal forest) have been afforded protection by various state and federal coastal
regulatory measures including federal protection under Section 404 of the Clean Water
Act (Dahl 2000). The U.S. Army Corps of Engineers and the Environmental Protection
Agency jointly administer Section 404, a program to regulate the discharge of dredged
or fill material into waters of the United States. Waters of the United States are defined
to include navigable waters and their tributaries and associated wetlands. Section 404
permits are reviewed and issued based on the premise that no discharge of dredged or
fill material should be permitted if there is a practicable alternative that would be less
damaging to aquatic resources or if significant degradation would occur to the nation’s
waters.
In addition to federal regulations, all of the South Atlantic states have laws and
regulations in place concerning dredge and fill material and placement. Any kind of
dredge or filling activity without an appropriate permit can face steep fines, and
depending on the extent of the activity, possible criminal charges. General regulations
also exist in all four states’ coastal programs for any kind of construction of
infrastructure in wetlands, including piers, docks, bulkheads, and riprap revetments.
These regulations are in place to prevent degradation of critical coastal habitats. For
example, in South Carolina, a private dock cannot be built in saltwater tidelands if the
property does not have at least 75 ft. of marsh front. This regulation is to protect salt
marsh from becoming fragmented.
The extent and type of home rule authority granted to local governments varies
considerably from state to state; in most states land use controls including zoning and
land development permitting are exercised by local and/or county governments. Some
states have delegated additional authorities to municipalities and other units of
government for other management activities that concern coastal resources, such as
shellfish management, harbor management, and wetland management.
Both the CWA and CZMA include sections focused on non-point source pollution. The
CWA Section 319 Nonpoint Source Management Program, established in 1987,
provides states grant money to support implementation of approved state nonpoint
source management programs. Grant funded activities can include technical
assistance, education, training, technology transfer, demonstration projects and
monitoring to assess the success of specific nonpoint source implementation projects.
In 1990, the Coastal Zone Act Reauthorization Amendments (CZARA) included
creation of the Coastal Nonpoint Pollution Control Program (Section 6217) to address
nonpoint pollution problems in coastal waters. Section 6217 requires states with
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approved CZM programs to develop Coastal Nonpoint Pollution Control Programs
describing how they will implement nonpoint source pollution controls. The program is
administered jointly by NOAA and the EPA and has been challenged by limited funding.
As of 2008, 34 states and territories participate in this program.
The Harmful Algal Bloom and Hypoxia Research and Control Act of 1998 (HABHRCA;
P.L. 105-383) recognized that human activities contribute to the impairments caused
by harmful algal blooms (HABs) and hypoxia within the watersheds of our nation’s
estuarine and coastal waters. To facilitate an enhanced national effort to address these
problems, the statute called for national assessments of the causes and consequences
of HABs and coastal hypoxia, in addition to a region-specific assessment of the causes
and consequences of hypoxia in the northern Gulf of Mexico and an action plan to
address those Gulf-specific problems (CENR 2003).
Current Conservation Efforts
Conservation efforts for coastal zone ecosystems, habitats, and species are as many
and varied as the regulatory jurisdictions that govern them and are too numerous to
summarize here. Most have a specific geographic focus, and aim to link land-based
activities with the health of the coast and the values of the human communities that
border them.
A notable feature of coastal zone conservation is the frequent reliance on publicprivate partnerships and programs such as the National Estuary Program (EPA) and the
National Estuarine Research Reserve Program (NOAA) which are designed to engage
stakeholders and foster broad partnerships and are often paralleled by complementary
private organizations. The National Estuary Program (NEP) was created under the
Clean Water Act and administered by the U.S. Environmental Protection Agency (EPA)
to “protect and restore the water quality and ecological integrity of estuaries of
national significance.” Albemarle-Pamlico Sounds (NC) and Indian River Lagoon (FL)
are the two designated NEP sites in the South Atlantic region. Each NEP is required to
create and execute a Comprehensive Conservation and Management Plan (CCMP), a
long-term plan that contains detailed activities intended to address water quality,
habitat, and living resources problems in its estuarine watershed.
The National Estuarine Research Reserves System (NERRS), which falls under the
jurisdiction of the CZMA, was created to “conduct long-term research, environmental
monitoring, and education and stewardship” in select estuarine systems. The reserve
system is a partnership program between NOAA and coastal states. Each reserve is
overseen by a lead state agency or university, with involvement from local partners.
There are five NERRS sites in the South Atlantic: North Carolina (comprised of Currituck
Banks, Rachel Carson, Masonboro Island and Zeke’s Island), North Inlet (SC), ACE Basin
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(SC), Sapelo Island (GA), and Guana Tolomato Matanzas (FL).
Another focus of conservation efforts in coastal systems is on the restoration of critical
habitats, including wetlands, shellfish and seagrass. Shellfish restoration activities
provide one example of how a variety of regulatory entities in coastal programs
interact. The NOAA Restoration Center is a primary provider of funding for shellfish
restoration projects and activities, especially for oysters and hard clams. These
programs are augmented by state programs for certain conservation activities, such as
shell management for restoration in the Carolinas, and private non-profit efforts.
Shellfish restoration funding often requires protection from harvesting, which is most
often accomplished by siting projects in areas closed due to poor water quality. A
combined focus on restoration and conservation has led to the concept of protected
spawning sanctuaries in some areas. The U.S. Department of Agriculture Natural
Resources Conservation Service is one funder for oyster restoration, especially in the
context of expanded aquaculture operations that provide restoration benefits.
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