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Introduction  
The Nature Conservancy’s South Atlantic Bight Marine Assessment assembled a 

comprehensive regional-scale database of information on ecosystems, habitats, and 

species of the South Atlantic Bight to inform coastal and marine conservation 

strategies for the region. The database was designed to help fill critical data gaps, 

inform planning, and guide decision-making in support of multiple objectives. In this 

chapter, we synthesize the information to identify important geographical areas to 

focus on for a suite of conservation targets: habitats and species selected to represent 

biodiversity and ecological functions within the planning region.  

 

The diverse marine ecosystems of the South Atlantic have supported coastal 

economies and sustained recreational and commercial fishing for centuries. Data 

indicate, however, that the productivity and diversity of these systems are in decline 

due to pollution, overfishing, and coastal development, and that these problems are 

further exacerbated by climate change and fractured governance. Still, goods and 

services provided by the oceans are growing rapidly to include many new or non-

traditional uses such as aquaculture, sand and gravel mining, and exploration and 

development of energy sources. As these changes increase the complexity of ocean 

management it is essential to develop multi-objective management approaches that 

integrate decision-making across sectors and utilize objective information on the 

abundance, distribution and vulnerability of marine resources.  

 

Marine assessments are designed to inform multi-objective ocean planning, and inform 

strategies for area-based management while sustaining biodiversity (Beck et al. 2009, 

Greene et al. 2010). Agencies and organizations around the world are now using this 

approach to address the expanding human activities in the marine environment, 
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activities that are increasingly in conflict with one another and affecting the health of 

the ocean and the ecosystem services upon which we depend. The methodology and 

priority areas described here can be used to help develop biodiversity conservation 

objectives in ocean planning, although we fully recognize that objectives for other 

management sectors are critical to taking a comprehensive approach in the South 

Atlantic Bight (e.g., renewable energy, fishing, recreation, transportation).  

 

This analysis begins with the premise that all areas in the ocean are not equivalent with 

respect to biodiversity or ecosystem service values. Thus, the objective identification 

of high priority conservation areas on which to focus management attention is critical 

for maintaining the region’s natural resources and related ecosystem services. This 

report highlights regionally significant areas for coastal and marine biodiversity with 

the intent of providing useful information to inform decisions regarding compatible 

human uses, and to stimulate and guide decisions on where to initiate or accelerate 

conservation efforts. We anticipate that spatial planning efforts will identify areas 

where human uses are ecologically compatible with priority conservation areas 

identified here. 

 

The Conservancy’s identification of high priority areas for marine conservation makes 

no presumption about the best strategies for conservation at individual sites. Before 

identifying conservation strategies, The Nature Conservancy will work with our 

partners to better understand the present and likely future threats to marine diversity, 

as well as the biological, socioeconomic, and political circumstances at each site. No 

single strategy works everywhere, and at any site multiple strategies will be needed. 

We recognize that conservation actions will always be influenced by factors 

complementary to objective ecological ranking, factors such as feasibility, opportunity, 

funding, and the values held by coastal community residents and other stakeholders. 

 

Identifying and protecting a selected portfolio of high priority places from incompatible 

human uses is necessary but not sufficient for achieving all goals for a healthy marine 

system. Sustaining coastal and marine ecosystems will require substantial new actions 

to abate land-based and atmospheric pollution threats, and marine resource 

management measures will continue to be needed (e.g., permit conditions for offshore 

energy operations or fish harvest rules such as catch and size limits). Consistent with 

current U.S. ocean policy emphasizing an ecosystem-based management approach, we 

anticipate contributing to future processes to identify societal goals for the condition of 

the South Atlantic Bight ecosystem and to help implement the comprehensive suite of 

land and sea based strategies that will be necessary to reach those goals. Efforts are 

continuing to bring ecosystem-based management concepts into ocean planning and 

decision making at the state and federal level.  
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Objectives 
The primary objective of this chapter is to identify a set of areas that merit the highest 

conservation and management attention to meet broad goals for conserving the 

coastal and offshore marine ecosystem from Cape Hatteras, North Carolina to the 

Florida Keys. The Conservancy refers to this set of areas as a “portfolio.”  

 

The priority conservation areas that comprise the portfolio were selected using 

objective and transparent criteria to explicitly define ecologically critical locations for 

our conservation targets, both within their sub-groups (such as baleen whales or hard-

shelled sea turtles) and combined across all groups. We believe this approach also 

implicitly defined areas that are critical for maintaining key ecological processes and 

representative biodiversity.  

 

The portfolio was selected based on ecological factors and without presumption of 

specific types of actions or levels of protection that may be needed to meet 

conservation goals. It should not be viewed as a marine protected area blueprint, nor 

should areas that are not selected be viewed as having no ecological value. The size of 

each area is large (approximately 100 sq. mi. minimum) and areas that emerge as 

important through this analysis will likely require finer-scale planning to develop 

effective conservation actions. The SABMA database is designed to facilitate further 

exploration within specifically-identified priority conservation areas. It gives users the 

flexibility to examine individual sites as well as the suite of sites across the region to 

inform ocean planning processes designed to meet multiple conservation and 

management objectives. The database is maintained by the Conservancy’s Eastern 

Conservation Science office and is available to the public. 

 

Priority-Setting Approaches 
In the sea as on land, The Nature Conservancy has over 15 years’ experience 

identifying important areas for the conservation of biodiversity through a participatory, 

data-driven ecoregional assessment process. While a systematic regional planning 

approach has consistently been used for all marine ecoregional assessments led by The 

Nature Conservancy (see Beck 2003), several different methods for identifying high 

priority marine conservation areas have been used.  

 

Nature Conservancy scientists on the West Coast have favored the use of site selection 

algorithms such as MARXAN (Possingham et al. 2000) or C-Plan (Pressey et al. 1994), 

which produce spatially optimized solutions that meet numerical goals for biodiversity 

representation. Examples of MARXAN-based portfolios include Beck and Odaya (2001), 

Floberg et al. (2004), DeBlieu et al. (2005), Ferdaña (2005), Vander Schaaf et Al. (2006), 

The Nature Conservancy of California (2006), and Tallis et al. (2008).  
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Another method is the optimized site selection approach, which focuses strongly on 

the representation of an “optimal” or “irreplaceable” set of features, incorporating 

established conservation planning principles including replication and redundancy, 

heterogeneity and co-occurrence, viability, suitability, and clustering (see Ward et al. 

1999, Leslie et al. 2003, Ball et al. 2009). Input parameters and weighting schemes 

reflecting these principles and representation goals for each target type are developed 

based on expert opinion. The software evaluates thousands of potential scenarios to 

identify spatially efficient solutions that are then subject to extensive peer and expert 

review. The results are expected to fully represent biodiversity within the planning area 

if all conservation goals are met. Many assessments also incorporate human uses and 

impacts in identifying the most efficient spatial footprint whereby human activities 

were avoided while conservation goals were met. 

 

More recently, on the East Coast, Nature Conservancy scientists have developed 

marine planning approaches that emphasize ecological coherence over optimized 

representation goals (Anderson et al. 2010, Greene et al. 2010). To create a portfolio 

with ecological coherence, planners map both the physical structure of the region and 

the variety of ways that individual species groups use the region. By relating patterns of 

species use to physical characteristics such as depth zones, topographic features, and 

substrate types, portfolios can be developed that link representative sites into a 

configuration that reinforces multi-scale processes. For example, biological diversity in 

the South Atlantic is strongly associated with patches of reef and hardbottom that 

create structure on the Continental Shelf, and with the shelf-slope break that separates 

cold, murky shelf water from warm, clear slope water. The locations of these influential 

features are relatively fixed, making them suitable for place-based conservation. The 

approach is designed to identify areas where structure and processes create and 

sustain marine diversity, and there may be tradeoffs between ecological coherence and 

the most efficient representation of conservation targets.  

 

The ecological coherence approach was developed in the Northwest Atlantic Marine 

Ecoregional Assessment (Greene et al 2010, Anderson et al. 2010), and we used it here 

to revise and expand on two previously completed optimization-based portfolios 

(DeBlieu et al. 2005, Geselbracht et al. 2009). We did not attempt to include human 

use or impact data while identifying priority conservation areas. In the case of NAMERA, 

a follow-up study identified patterns of human uses and compared them with the 

sensitivities, recovery time, and cumulative impacts of the marine habitats. The results 

confirmed the assumption that some places were irreplaceable and others were 

interchangeable. Irreplaceable areas contain key physical structures, perform essential 

functions, or have long recovery times after a disturbance. Interchangeable areas have 

ecologically equivalent examples of common environments or recover quickly from 

disturbance. This type of information provides planners with the tools and information 
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necessary for negotiating a balance between sustaining marine biodiversity and 

meeting human use demands.  

 

Priority Conservation Areas: Key Habitats, Species and Processes 
Conservation areas may be important for a variety of reasons: a species, a sensitive 

habitat, an ecological function, or an oceanographic process (Anderson et al. 2010). 

Following is an introduction to the process used in establishing criteria for the 

identification of conservation areas. This includes the four key ecological components 

discussed below. In later sections, we show how we applied these criteria flexibly to 

different targets and thematic groups (e.g., seafloor habitats, migratory species). In 

practice, the best available data were not always sufficient to directly map each 

attribute with confidence but we found that the analysis of spatially explicit 

geophysical and biodiversity data described below did, at the least, indirectly reveal 

important areas containing many of these attributes. 

 

Important areas for the conservation of target species. Target migratory and coastal 

species were identified with the intention of representing the breadth of life histories 

characteristic of the region. Specific geographic areas necessary for these species were 

identified using analysis of survey data spanning several decades. The co-occurrence 

of such areas for multiple target species may be used to indicate ecological or 

biodiversity “hot spots;” these may often coincide with the ecological and physical 

features described below. We hypothesize that persistent concentrations of target 

species indicate habitats with resources that support these processes, such as the 

shallow water calving areas for baleen whales or the squid-rich deep canyon region 

used by toothed whales.  

 

Examples: whale concentration areas, sea turtle nesting areas.  

 

Known locations of rare and/or particularly sensitive habitat types. These are 

structure-forming marine fauna (e.g., eelgrass beds, oyster reefs, and coral reefs) or 

structurally complex habitat types (hardbottom, boulder fields, submarine canyon 

heads). The types of habitats important to the region were identified using literature 

review and expert guidance, and their locations were determined using sample points 

from existing surveys.   

 

Examples: hardbottom habitat, cold-water corals, coral reefs and coral mounds, 

seagrass habitat.  

 

Representative biological habitats and ecological features with demonstrated 

significant function in supporting target species and biodiversity in general. The 

locations of these features were revealed, or suggested, through correlation of species-

level data with habitat conditions, such as the connection between specific estuaries 
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and the diversity of estuary-dependent fish. Specifically, measurable links between a 

group of organisms and a physical setting were sought to understand the variation 

within common environments and partition them into ecologically meaningful units.  

 

Examples: estuarine fish associated with saltmarsh and eelgrass habitats; demersal 

fish associated with hardbottom habitat; benthic communities associated with a 

certain sediment type, topographic form and depth zone combination.  

 

Oceanographic features and processes that influence the distribution, abundance and 

behavior of conservation target species. Ecologically important oceanographic features 

and processes include major currents that drive source-sink dynamics (larval release 

and settlement locations), vertical processes like upwelling, and ecotones at different 

scales (e.g., shorelines, the shelf-slope break, biogeographic boundaries) where 

pronounced shifts in natural communities occur. Some of these features and processes 

are relatively stable in their location while others are more dynamic. Some of these 

areas, such as the shelf-slope break, were indirectly identified through analysis of 

migratory species survey data, but we did not identify any priority conservation areas 

based solely on oceanographic data.  

 

Portfolio Data Themes 
Spatial data were compiled for each of three thematic areas – coastal habitats, seafloor 

habitats, and migratory species – and eight conservation target categories (Table 5.1). 

A portfolio of conservation areas was developed individually for each theme, and a 

combined portfolio was subsequently developed based on areas identified by one or 

more themes. The coastal, seafloor, and migratory portfolios may be used separately 

to inform decision-making processes that are geographically or thematically focused.  

 

The methods used to define the thematic and combined portfolios are described 

below. In each section, the criteria used to identify important places are described with 

respect to the conservation targets. The nature of the targets, ranging from deep-water 

corals to migrating whales, dictated that criteria be developed specifically for each 

target group. Moreover, criteria were designed to be appropriate to the ecology of the 

target and to the type of data available for the region. Our goal was to make each 

criterion straightforward, transparent, and justifiable. Interpretation, however, 

becomes complex as results accumulate across many targets. All data sources and 

processing steps are described in detail in the other chapters of this report.  

 

Sub-regions and the Stratification of data 
To guide the analysis and ensure full geographic representation of priority areas, the 

South Atlantic Bight’s three ecological sub-regions (Mid-Atlantic, Carolinian, and 

Floridian) were used in applying the selection criteria (Spalding et al. 2007). This 
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allowed us to locate, for example, the largest seagrass bed in each sub-region, or the 

highest concentration of hardbottom reefs in each sub-region. Additional discussion of 

the sub-regions is provided in the Introduction. 

 

Table 5.1. Thematic groups, target categories, and attributes 

Category  Attributes Coastal 

Portfolio 

Benthic 

Portfolio 

Migratory 

Portfolio 

Coastal      

Coastal habitats Ocean beach X   

Salt marsh  X   

Tidal freshwater marsh X   

Tidal forest  X   

Mangrove X   

Tidal flat X   

Seagrass X X  

Oyster reef X   

Coastal Species Diadromous fish  X   

Estuary-dependent fish X   

Sea Turtles (Loggerhead) X  X 

Manatees X   

Coastal Condition Land use and shoreline X   

Seafloor     

Hardbottom  

(rock substrate) 

Fish diversity  X  

Cold water corals  X  

Concentration areas  X  

Coral reef  Shallow reefs (patch, 

platform, pavement) 

 X  

Oculina Banks   X  

Softbottom  

(sand, mud)  

Seagrass  X X  

Fish diversity  X  

Migratory     

Cetaceans Baleen Whales   X 

 Toothed Whales   X 

 Dolphins   X 

 Sea Turtles Hard-shelled   X 

 Leatherback   X 

 

Analysis units 
Two types of analysis units were used for binning and summarizing data: coastal 

shoreline units for the coastal targets and ten-minute squares for the seafloor and 

migratory targets. As defined in greater detail in the Coastal chapter, coastal shoreline 

units (CSUs) represent coastal watersheds and associated estuarine waters. There 

were 39 CSUs within the project area which ranged in size from Albemarle Sound 

(1,059,988 ha) to Mosquito Lagoon (31,638 ha). Ten-minute squares (TMS) are a 

standard marine spatial analysis unit consisting of a square geographic space defined 
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by latitude and longitude and approximately 80-100 square nautical miles (129-161 

km) per side. The TMS divided the study region into 1,524 units.  

 

Coastal Portfolio 
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. The coasts and estuaries of the South Atlantic Bight 

have attracted and sustained humans for thousands of years. 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, 

these threats continue to increase as coastal populations and uses grow. This growth 

can not only impact natural resource health, but can also have significant social and 

financial impacts for coastal communities. 

 

The goal of the coastal portfolio is to identify places of high biodiversity and ecological 

importance. To do this, we examined a suite of conservation attributes falling under 

three overarching coastal target categories: habitats, species, and condition. Thirteen 

target-based attributes were evaluated across all coastal shoreline units (CSUs), 

serving as the foundation for the portfolio analysis. In some instances, lack of 

comprehensive data across the full project area (e.g., coastal birds, eutrophication) 

prohibited us from effectively evaluating the attribute at the regional scale. These 

attributes (italicized below) are categorized as “rare and exemplary features,” helping 

to describe an individual CSU, but not included in the integrated portfolio calculations.  

 

Habitats 

Ocean beach – Total extent (ha) 

Salt marsh – Total extent (ha) 

Tidal freshwater marsh – Total extent (ha) 

Tidal forest – Total extent (ha) 

Mangrove forest – Total extent (ha) 

Tidal flat – Total extent (ha) 

Seagrass Beds – Total extent (ha) 

Oyster Reefs – Number of high density oyster reef areas 
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Species  

Diadromous Fish – Average number of species per stream/river kilometer 

Estuary-Dependent Fish – Predicted fish diversity 

Loggerhead Sea Turtles – High density nesting beaches 

Manatees – Average weighted persistence for wintering areas 

Coastal Birds – Western Hemisphere Shorebird Network sites 

 

Condition 

 Land use and shoreline – Watershed condition metric 

 Water Quality – Eutrophication score 

 Point Source Pollution – Number of sites 

 Sea Level Rise Vulnerability – Percentage of CSU under 0.5 m elevation 

  

Methods for the Coastal Portfolio 
The Coastal chapter details the data sources and processing steps used to map coastal 

habitats and species. Straightforward analytical methods were used to identify 

important areas or reveal spatial patterns relevant to conservation. For all analyses, the 

region was divided into thirty-nine CSUs which were classified based on estuary type 

and subregion. This classification enabled us to account for system-based 

characteristics and ensure full geographical representation. A description of estuary 

types can be found in the Coastal chapter. The ecosystem role, selected attribute and 

analytical methods are described below for each target. 

 

Coastal Habitats 

 

OCEAN BEACH (TOTAL EXTENT) 

Generally associated with barrier islands, ocean beaches are highly dynamic habitats 

which serve as important feeding and breeding grounds for a variety of species, 

including shore birds and sea turtles (Stedman and Dahl 2008; Harrington 1999). The 

total extent of ocean beach habitat associated with a given CSU was used as the target 

attribute.  

 

SALT MARSH (TOTAL EXTENT) 

Among the most biologically productive ecosystems on Earth, salt marshes are an 

important component of the estuarine food web, providing food and important nursery 

grounds for shellfish and finfish (Teal 1962; Odum 1970; Valiela et al. 1976; Nixon 

1980, Tiner 1984, Boesch and Turner 1984; Peterson et al. 2000; Stedman and Hanson 

2000). With significant tidal ranges and limited coastal development, the coastlines of 

South Carolina and Georgia include wide stretches of salt marsh. In identifying an 

attribute for salt marsh, consideration was given to extent of salt marsh relative to 

shoreline distance, and an analysis of patch size. However, neither provided clear 

ecological reason for selection while favoriting certain subregions and CSU types. The 
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decision was made to use total extent as the target attribute with the assumption that 

larger extents were generally correlated with a range of patch sizes representing a 

healthy marsh system.     

 

TIDAL FRESHWATER MARSH (TOTAL EXTENT) 

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. 

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 (Odum et al. 1984). Tidal freshwater marsh systems 

are dependent on a specific set of conditions and therefore are relatively limited in 

scope. Thus, total extent was selected as the target attribute.  

 

TIDAL FOREST (TOTAL EXTENT) 

For this analysis, we separated tidally influenced freshwater swamps from mangrove 

systems. Freshwater tidal swamps (tidal forest) are forested or shrub-dominated tidal 

wetlands that occur along freshwater tidal portions of large river systems (Mitsch et al. 

2009). Similar to tidal freshwater marsh, they require specific ecological conditions and 

are relatively limited in scope. Total extent was selected as the target attribute.  

 

MANGROVE FOREST (TOTAL EXTENT) 

 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). Found only in the southern portion of the 

South Atlantic Bight, mangroves are a fringing ecosystem with a limited range. The 

total extent within a CSU was selected as the target attribute.   

 

TIDAL FLAT (TOTAL EXTENT) 

We removed estuarine beaches from the analysis because of the limited coverage 

within the data set. Tidal flats are foraging grounds for marine organisms such as eels, 

crabs, fish, snails, and shrimp at high tide and terrestrial organisms, particularly 

shorebirds, at low tide (Harrington 1999). These non-vegetated, soft sediment 

habitats, can be ephemeral within the intertidal system and vary in location based on 

sediment dynamics (Dyer et al. 2000). To provide a general understanding of the 

presence of tidal flats within a CSU, total extent was selected as the target attribute. 

 

SEAGRASS BEDS (TOTAL EXTENT) 

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. The exception is the coastal waters of South Carolina and Georgia where high 

freshwater input, turbidity, and large tidal amplitude inhibit seagrass occurrence 
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(Street et al. 2005). The location and extent of seagrass beds within an estuary vary 

annually. Data necessary to evaluate these changes at the regional level is limited. 

Recognizing the importance of evaluating the core ecosystem values that seagrass 

beds provide at a regional scale, the total area (ha) of seagrass, regardless of density, 

was tabulated for CSUs in North Carolina and Florida. 

 

OYSTER REEFS (NUMBER OF HIGH DENSITY OYSTER REEF AREAS) 

Oysters form reefs in subtidal areas to depths of 10 m and in intertidal areas, tolerating 

a wide range of temperatures and salinity levels. We focused on intertidal oyster 

habitats which dominate oyster communities across the South Atlantic (except in the 

Albemarle and Pamlico Sounds) and are the most surveyed oyster populations. Data 

variation and limitation restricted our ability to evaluate attributes such as total extent 

of oyster beds at the regional scale. Specifically, the format of the regional oyster 

dataset posed three challenges: (1) states used different survey approaches, (2) not all 

coastal areas, especially in Georgia and Florida, were equally surveyed, and (3) we 

were restricted to working with the vector (polygon) format as converting the small 

oyster polygons to a raster grid resulted in a loss of critical information. To address 

these challenges, we developed the following approach (Figure 5.1) which enabled us 

to identify CSUs with many high-density intertidal oyster areas.   

 

After exploring a variety of grid cell sizes, we created a grid of 100-acre cells across the 

project area to identify locations with many intertidal oyster polygons clustered 

together. All 100-acre grid cells that intersected intertidal oyster polygons were 

selected and the percentage of each grid cell comprised of intertidal oyster habitat was 

calculated.  

 

To ensure equal comparisons, we transformed the values to z-scores, putting all the 

units on a relative scale where a score of “0” was equal to the mean score across all 

units and a score of “1” was equal to one standard deviation above the mean (see 

Appendix 5 for more details on z-scores). A Box-Cox transformation was used to 

transform the percent values to an approximate normal distribution and z-scores were 

calculated from the transformed values. Finally, for each state, the number of grid cells 

with an above average percent of oyster habitat (1 to 2 standard deviations above the 

mean) was tallied. This final step was done to account for significant differences in 

available data across states. The resulting attribute is a metric representing the 

number of high density areas per CSU (Figure 5.1).  
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Figure 5.1. Identifying CSUs with a large number of high-density oyster areas relative to 

other CSUs, taking into account differences in data collection by state 

 

Species 

 

DIADROMOUS FISH (AVERAGE NUMBER OF SPECIES PER STREAM/RIVER KILOMETER) 

Because of their migration patterns, diadromous fish provide unique connections 

among marine, estuarine, and riverine habitats. To assess the importance of CSU 

streams and rivers for diadromous fish, we used baseline data on the presence of six 

diadromous fish species: blueback herring, American shad, hickory shad, alewife, 

shortnose sturgeon, and Atlantic sturgeon. Using the Southeast Aquatic Connectivity 

Assessment Project (SEACAP) fish data (Martin et al. 2014), we calculated the average 

number of diadromous fish species per kilometer of streams and rivers in each CSU. For 

CSUs with the same average number of species, we used the CSU’s average length of 

connected stream networks (i.e., stream reaches that are not fragmented by a dam or 

other barriers) as a tie-breaker. This value reflects, on average, how accessible the 

streams and rivers are to a hypothetical fish moving within a CSU.  

 

ESTUARY-DEPENDENT FISH 

Many fish depend on estuaries for all or some part of their life cycle (Table 5.2). To 

understand the relative value of a particular CSU to estuary-dependent fish species, we 

associated nearshore fishery-independent trawl survey data with the nearest CSU and 

then evaluated the abundance and diversity of selected species related to habitat 

characteristics.  

 

  

Figure 1. Illustration of the approach used to identify CSU’s with a large number of high density oyster 

areas relative to other CSUs, taking into account differences in data collection by state.  

 

 

 
 

Species 

Step 1: Overlay a grid of 100-

acre square cells across the 

project area 

Step 2: Calculate the % of 

each grid cell comprised of 

intertidal oyster habitat  

Step 3: Tabulate the 

number of grid cells Above 

Average or Higher by state 
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Table 5.2. Fish species selected from the SEAMAP-SA independent survey dataset that 

depend on estuarine habitats for at least one life stage 

 

 

Twenty-three years (1989-2012) of independent trawl survey data from the Southeast 

Area Monitoring and Assessment Program-South Atlantic (SEAMAP-SA 2014) were 

used to estimate abundance and diversity of estuary-dependent fish on the inner 

Continental Shelf. The 6,481 samples, covering 220 species, were evaluated by season 

with spring defined as April through July and fall from September through November. 

The dataset covered the Carolinian and Mid-Atlantic subregions (Figure 5.2). To 

account for the data gap in the Floridian subregion, we considered using data from the 

Florida Fish and Wildlife Conservation Commission’s (FWC) Inshore Fisheries-

Independent Monitoring (FIM) Program (FWC, FWRI 2010; Figure 5.2). However, the 

FWC data used different sampling techniques that were not compatible with the 

analysis, and were therefore not incorporated. The impact and limitation of this data 

gap on the Floridian CSU analyses is noted below.  

 

Each trawl sample was assigned to the closest CSU using a proximity analysis with a 

maximum search distance of 25 km. This resulted in 25 of the 39 CSUs having 

information on at least one of the 21 possible estuary-dependent fish (Table 5.2). To 

evaluate the strength of each species-estuary association and correct for sampling 

effort, we ran an ordinary least squares regression with the number of times a species 

was detected in a CSU as the dependent variable and the number of times the CSU was 

sampled as the independent variable. This allowed us to determine if estuary-

dependent fish species were found more often than expected given the number of 

times sampled.  

 

In the spring season, 18 of the 21species had significant regression models while 17 

species had significant models in the fall (significance = p<0.05, Table 5.3). From these 

we extracted the standardized regression residuals as a measure of how much more, 

 Atlantic croaker  Northern pipefish  Spot 

 Atlantic menhaden  Northern sea robin  Spotted hake 

 Bay anchovy  Pinfish  Spotted seatrout 

 Blueback herring  Pink shrimp  Summer flounder 

 Butterfish  Silver perch  Weakfish 

 Clearnose skate  Southern flounder  White shrimp 

 Northern brown 

shrimp 

 Southern kingfish  Windowpane flounder 
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or less than expected the species was detected. For each CSU, we summed the number 

of species with a standardized residual greater than zero. This value indicates the 

number of species that were found more times than expected in each season 

(henceforth: the baseline score). 

 

 
   

  Figure 5.2. Spatial distribution of the SEAMAP-SA trawl data and Florida’s FWRI FIM 

  monitoring data. The SEAMAP-SA data occur within the Carolinian and Mid-Atlantic 

  subregions of the project area while the FIM data primarily occur within the Floridian 

  subregion.  
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Table 5.3. Regression results for the 21 selected estuarine fish species by season. Results 

show the strength of the relationship between detection and sampling effort in the 

SEAMAP-SA trawl data. 

  Spring Fall 

Species Adj. R2 p-value Adj. R2 p-value 

Atlantic croaker 0.723 0.000 0.873 0.000 

Atlantic menhaden 0.162 0.036 0.195 0.018 

Bay anchovy 0.629 0.000 0.592 0.000 

Blueback herring ---- NS ---- NS 

Butterfish 0.865 0.000 0.785 0.000 

Clearnose skate 0.455 0.000 0.644 0.000 

Northern brown shrimp 0.684 0.000 0.743 0.000 

Northern pipefish ---- NS ---- NS 

Northern searobin 0.819 0.000 0.555 0.000 

Pinfish 0.665 0.000 0.690 0.000 

Pink shrimp 0.520 0.000 0.507 0.000 

Silver perch 0.185 0.021 ---- NS 

Southern flounder 0.464 0.000 0.421 0.000 

Southern kingfish 0.896 0.000 0.913 0.000 

Spot 0.843 0.000 0.934 0.000 

Spotted hake 0.689 0.000 ---- NS 

Spotted seatrout ---- NS 0.475 0.016 

Summer flounder 0.692 0.000 0.652 0.000 

Weakfish 0.728 0.000 0.833 0.000 

White shrimp 0.425 0.000 0.758 0.000 

Windowpane 0.606 0.000 0.571 0.000 

 

In addition, we calculated a boosted score to indicate how many species were present 

far more than expected (i.e., had a standardized residual greater than 1), revealing the 

estuaries where these species are persistently found in high abundance (Figure 5.3 

provides an example for one species). We combined the two scores using a weighted 

sum giving the baseline score twice as much weight as the boosted score (baseline + 

(½ boosted)). This approach ensured that a CSU with only four species that were all 

detected far more than expected would not get a higher score than a CSU with six 

species that were all detected slightly more than expected. The weighted sum served 

as the final fish detection score and was joined to the 25 CSUs.  

 

Finally, we estimated scores for the unsampled estuaries by calculating 19 spatially-

explicit habitat and biophysical variables (Table 5.4) that were hypothesized to be 

important for estuarine fish and for which data were available. We then used a general 
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additive regression model (GAM) to assess the relationship between the confirmed 

estuarine fish detection scores and CSU habitat characteristics. For all regressions, we 

assigned each CSU the highest of its two scores from fall or spring to serve as the 

dependent variable while the metrics described in Table 5.4 served as the predictor 

variables.  

 

 
Figure 5.3. Weakfish in the SEAMAP-SA trawl dataset in the fall season. A) the relationship 

between the number of times CSUs were sampled and the number of times that weakfish 

was found, and B) the standardized residuals from the regression analysis of detection on 

number of times sampled. In B, all the points with a standardized residual greater than 0 

(points above the horizontal line) represent CSUs where weakfish was found more than 

expected given the number of times the CSU was sampled. The three points enclosed in a 

red box indicate CSUs where weakfish was found far more than expected given the number 

of sampling events. These three CSUs would receive a boosted score of 1 for weakfish. This 

type of analysis was conducted for each estuarine species.  

  

Figure 3. For weakfish in the SEAMAP-SA trawl dataset in the fall season, A) the relationship between the number 

of times CSUs were sampled and the number of times that weakfish was found, and B) the standardized residuals 

from the regression analysis for weakfish (number of times weakfish detected ~ number of times CSU sampled). All 

the points with a standardized residual greater than 0 (points above the horizontal line) represent CSUs where 

weakfish was found more than expected given the number of times the CSU was sampled. The three points 

enclosed in a red box indicate CSUs where weakfish was found far more than expected given the number of 

sampling events. These three CSUs would receive a boosted score of 1 for weakfish. This type of analysis was 

conducted for each estuarine species.  

 

A B 
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Table 5.4. Habitat and variables calculated to characterize the Coastal Shoreline Units 

Variable Units Description Source 

seagrass area  m
2
 amount of seagrass Seagrass data compiled for the 

region by TNC  

seagrass percentage % percentage of CSU comprised of 

salt marsh 

Seagrass data compiled for the 

region by TNC 

salt marsh area m
2
 amount of salt marsh Tidal wetlands data compiled 

for the region by TNC 

salt marsh percentage % percentage of CSU comprised of 

seagrass 

Tidal wetlands data compiled 

for the region by TNC 

mangrove forest area m
2
 amount of mangrove forest Tidal wetlands data compiled 

for the region by TNC 

mangrove forest percentage % percentage of CSU comprised of 

mangrove forest 

Tidal wetlands data compiled 

for the region by TNC 

freshwater marsh area m
2
 amount of freshwater marsh Tidal wetlands data compiled 

for the region by TNC 

freshwater marsh percentage % percentage of CSU comprised of 

freshwater marsh 

Tidal wetlands data compiled 

for the region by TNC 

tidal flats area m
2
 amount of tidal flats Tidal wetlands data compiled 

for the region by TNC 

tidal flats percentage % percentage of CSU comprised of 

tidal flats 

Tidal wetlands data compiled 

for the region by TNC 

mean bathymetry M mean depth TNC 90-m bathymetry raster 

standard deviation of 

bathymetry 

M standard deviation of depth TNC 90-m bathymetry raster 

range of bathymetry M range of depth values TNC 90-m bathymetry raster 

mean height M mean height TNC 90-m height raster 

standard deviation of height M standard deviation of height values  TNC 90-m height raster 

Range of height M range of height values TNC 90-m height raster 

open water area m
2
 amount of open water TNC 90-m bathymetry raster 

open water percentage % percentage of CSU comprised of 

open water  

TNC 90-m bathymetry raster 

Shoreline complexity 

(sinuosity) 

Unit-

less 

lower values indicate greater 

complexity 

ESI medium resolution shoreline 

 

Stepwise regression, forward and backward, was used to identify the most important 

predictor variables for the analyses. The best performing GAM model was selected as 

the final model to represent the relationship between CSU habitat characteristics and 

the fish detection score. The model had an adjusted R2 of .822 and explained 93.1% of 

the variation in the fish detection scores. The most important variables in the model 

were percentage of salt marsh, percentage of tidal flats, and percentage of open water. 

Additional variables used in the model included sinuosity of the shoreline, mean height, 

range of height, and range of depth values.  
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We used the final model to predict fish detection scores for all 39 CSUs. The average 

fish detection score for the CSUs was 12 with a standard deviation of 6, and maximum 

and minimum scores of 29 and 0, respectively. The fish detection scores for all 39 CSUs 

were then converted to standardized normal scores (z-scores) for the entire project 

area (Figure 5.4). As we did not have fish survey data for the Floridian subregion, the 

results of the analysis using the SEAMAP-SA trawl data for this subregion should be 

interpreted with caution as there are ecological communities, such as mangrove 

forests, that are largely unique to the Floridian subregion and were not included in the 

habitat characterization model.  
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        Figure 5.4. Predicted estuarine fish detection scores for CSUs converted to standard 

        normal scores (z-scores) for the SABMA project area.  Note that in the Floridian 

        subregion all scores were estimated based on the northern data, and should be 

        interpreted with caution as they do not reflect the many fish species and habitats 

        unique to this region.   
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LOGGERHEAD SEA TURTLES (HIGH DENSITY NESTING BEACHES) 

As discussed in the Marine Mammal and Sea Turtle chapter (Geselbracht et al. 2015), 

loggerhead sea turtles nest on sandy beaches throughout the South Atlantic. Five 

subpopulations of loggerhead sea turtles have been identified in the region. To 

highlight the most critical beaches, surveyed shorelines ranked in the top 25% for 

loggerhead nesting density for each subpopulation were selected and associated with 

their respective CSU. For each CSU, total shoreline distance (km) of high density 

nesting beaches was calculated.  

 

MANATEES (AVERAGE WEIGHTED PERSISTENCE FOR WINTERING AREAS) 

The Marine Mammal and Sea Turtle chapter describes the important role of coastal 

springs and warm water areas in providing warm water refugia for Florida manatees 

during the winter months. We used data collected during winter aerial surveys of 

manatees from 1991-2011 by the Florida Fish and Wildlife Conservation Commission 

(FL FWCC). The Florida winter synoptic survey weighted persistence analysis, 

described in the Marine Mammal and Sea Turtle chapter, was used to assess the 

importance of CSUs for manatee wintering habitat. The average of the weighted 

persistence scores for all the one-minute squares within a CSU was calculated as the 

final metric of manatee wintering habitat importance.  

 

COASTAL CONDITION (LAND USE AND SHORELINE METRIC) 

Upland land use and shoreline structures can have a significant impact on the condition 

of estuarine systems, affecting nutrient loads, water quality, and the ability of 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). To make the 

connection between terrestrial and estuarine systems, we calculated a current 

condition metric to identify CSUs with intact and natural shorelines as well as those 

expected to have good estuarine water quality based on current land use.  

 

Current condition was calculated by tabulating the area of NLCD 2011 development 

and agriculture (Jin et al. 2013) as well as roads (US Census 2014) at three geographic 

scales: a 2-m vertical elevation zone along the shoreline, a 300m horizontal buffer zone 

along the shoreline, and the entire upstream watershed of each CSU. Because the 

summed scores were highly correlated across the three scales, a principal component 

analysis was used to reduce the correlated values to a single axis. This single axis score 

was normalized to a scale of 0-100, with 100 representing the least developed and 

therefore, presumably, the best water quality condition. The final condition score 

incorporated information on hardened shorelines through subtraction of the percent of 

manmade shoreline in the CSU from the normalized condition score. For example, 
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Pamlico Sound in North Carolina had a current condition score of 97 based on a 

normalized condition score of 100 and 3% hardened shoreline. 

 

Rare and Exemplary Features 

We also assessed the CSUs for outstanding features that we thought were important 

for marine biodiversity, but for which we did not have comprehensive data throughout 

the project area. These “rare and exemplary features” may indicate high priority 

biodiversity conservation opportunities and are provided as supplementary 

information to inform the characterization and assessment of sites for conservation or 

management actions. Examples of rare or outstanding features include CSUs with 

moderate-low eutrophication, low density of point source pollutant sites, 

internationally significant bird areas, and important small lagoonal systems in Florida. 

 

LOW EUTROPHICATION 

Eutrophication due to excess nutrients from anthropogenic activities is an increasing 

problem for estuaries as coastal populations continue to grow. In addition, the warmer 

water temperatures that are predicted to accompany climate change are expected to 

exacerbate eutrophication. Excess nutrients increase waterbody productivity resulting 

in increased concentrations of chlorophyll a, algal blooms, decreased levels of 

dissolved oxygen, and the loss of submerged aquatic vegetation and benthic species. 

These impacts degrade water quality, ecosystem services, and the overall health of 

estuaries.  

 

To identify CSUs with low eutrophication, we used the Overall Eutrophic Condition 

(OEC) index from the National Estuarine Eutrophication Assessment (NEEA; Bricker et 

al. 2007). The OEC overall rating is based on the assessment of quantitative and 

qualitative data for three categories: 1) influencing factors; 2) overall eutrophic 

condition; and 3) future outlook. Influencing factors include nitrogen loads and the 

ability of an estuary to respond to nitrogen (i.e., via dilution and flushing). Overall 

eutrophic condition incorporates the occurrence, spatial coverage and frequency of 

five symptoms: chlorophyll a, macroalgae, dissolved oxygen, nuisance/toxic blooms, 

and submerged aquatic vegetation (SAV) impacts. Future outlook is based on both the 

sensitivity of an estuarine system to nutrients and future nutrient load levels expected 

in 2020. Information from the above three categories was synthesized to arrive at an 

overall qualitative rating for estuaries. Refer to Bricker et al. (2007) for more 

information on the OEC index. The OEC rating was available and applicable for 18 of the 

39 CSUs. For the other 21 CSUs, an OEC rating was either unavailable due to lack of 

information or the spatial extent of the OEC estuaries and the CSUs did not align (e.g., 

an OEC rating was only available for the Ossabaw portion of the Ossabaw Wassaw 

Sounds CSU).   
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LOW POINT SOURCE POLLUTION 

 We used data developed for the National Fish Habitat Action Plan (NFHAP) 

Assessment of Stressors to Estuarine Fish Habitats (Greene et al. 2015) to characterize 

the impact of point source pollution on CSUs. Greene et al. (2015) compiled publicly-

available point source locations from the Toxic Release Inventory (TRI), National 

Pollution Discharge Elimination System (NPDES), Superfund, and mine sites. For each 

estuary, the total number of point source sites within 500 m of an estuary was 

tabulated and then normalized by total watershed area (km2). We used the NFHAP 

pollutant densities to calculate rank-based z-scores for each CSU type by subregion 

which led to the identification of CSUs with a low density of point source sites relative 

to other CSUs of the same type and within the same subregion.  

 

COASTAL AND MARINE BIRDS 

As described in the Coastal chapter, data sources that focused on population counts 

and could be evaluated at a regional level were not available for marine and coastal 

birds. This data challenge led us to focus on the Western Hemisphere Shorebird 

Reserve Network (WHSRN 2010). Two WHSRN sites are in the SABMA project area: 

Cape Romain National Wildlife Refuge and Altamaha River Delta. The three CSUs which 

overlap with the two WHSRN sites, Cape Romain, Altamaha River, and St. 

Catherines/Sapelo Sounds, are recognized for their unique bird status.  

 

Climate Change  

While there are numerous ways in which climate change is expected to impact coastal 

systems, one of the threats that could be more directly quantified at the CSU scale was 

sea level rise vulnerability. As with the rare and exemplary features described above, 

we do not consider relative vulnerability to sea level rise in the portfolio scoring 

process. Rather, we included this variable to remind or alert users to consider this 

threat as they are evaluating the other key characteristics of a CSU.  

 

SEA LEVEL RISE VULNERABILITY 

To provide a relative and coarse estimate of CSU vulnerability to sea level rise (SLR) by 

2100, we assessed the amount of land in each CSU with an elevation value less than 0.5 

m. The elevation threshold was based on a recent report by NOAA (Parris et al. 2012) 

that synthesizes the wide range of mean global SLR estimates in the scientific literature 

and provides four different SLR scenarios for coastal planning, policy, and management 

efforts (Table 5.5). We selected the conservative “intermediate-low scenario” which 

projects an increase in sea level of 0.5 m by 2100. We used a 30 m Digital Elevation 

Model (DEM) from the National Elevation Dataset (NED; Gesch et al. 2002, Gesch 

2007) to calculate the percentage of the CSU comprised of 30 m grid cells with an 

elevation value less than 0.5 m. This approach is simplistic and has several caveats that 

should be considered. First, much finer scale elevation data such as LiDAR is preferred 
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for SLR inundation analyses but was not readily available for the entire project area. In 

addition, this approach does not consider connectivity of the land areas, coastal 

flooding, tidal variability information, marsh migration, and erosion/deposition 

processes. Despite these limitations, the approach does provide a quick snapshot of 

the relative vulnerability of each CSU to SLR for consideration by end users of this 

coastal assessment.  

 

Table 5.5. Global sea level rise (SLR) scenarios from Parris et al. (2012)  

 

Scenario 

SLR  

by 2100 (m)* 

SLR by 2100 

(ft)* 

Highest 2.0 6.6 

Intermediate-High 1.2 3.9 

Intermediate-Low 0.5 1.6 

Lowest 0.2 0.7 

*Using mean sea level in 1992 as a starting point.  

 

Coastal Portfolio Scoring Process 
We determined the relative importance of individual CSUs for each of the thirteen 

attributes (e.g., habitats, species, and condition) described above. Most metrics were 

calculated for each of the 39 CSUs. In some cases (e.g., seagrass beds and manatees), 

the natural extent of the conservation target limited the association to CSUs where the 

resource is present. In addition, we calculated the cumulative value of attributes 

associated with each CSU. This provides users with a broad picture of the relative value 

of CSUs across the suite of habitat, species and condition attributes. However, it is not 

meant to be interpreted as a CSU prioritization. Depending on the management 

question or conservation goal, the CSU’s importance for a singular attribute may 

outweigh the cumulative total.    

 

We aimed to institute a transparent evaluation process that quantitatively accounted 

for each regionally-available attribute metric without establishing arbitrary numeric 

conservation target goals (i.e., conserve 10,000 acres of seagrass). Both subregion and 

estuarine type (i.e., lagoonal, riverine) were incorporated into the scoring system to 

ensure geographic representation. In addition, we accounted for CSUs that were 

regionally important regardless of type or location. For example, the greater freshwater 

flow and tidal extent of piedmont rivers in the Carolinian region support large areas of 

tidal freshwater wetlands which are important habitats for some fish species. In coastal 

riverine estuaries and lagoons, the extent of freshwater wetland habitats is smaller, but 

can still be geographically important. 
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These considerations resulted in the following scoring process which was applied to 

each of the regionally-available attribute metrics, resulting in individual attribute 

scores by CSU: 

  

• Top Ranked (3 points): The CSU with the highest value by subregion and type 

received a score of three, if it met an ‘average’ ranking requirement. 

• Regionally Important: CSUs that were not the top ranked were evaluated based 

on their ranked based z-score d as follows: 

 Above average regional rank-based z-score (2 points) 

 Slightly above average regional rank-based z-score (1 point) 

 

Small Florida Lagoonal Systems 

 The lagoonal CSUs in Florida are small relative to other lagoonal systems in the project 

area. We recognized that their smaller size limited classification as regionally 

important. To highlight those small systems that had relatively high attribute metric 

scores, we completed an additional ranking of the small lagoonal CSUs within the state 

of Florida based on their total portfolio score.   

 

Salt Marsh Example 

The following example uses the salt marsh attribute to describe the progression from 

an initial characterization of the coastal attributes described in the Coastal chapter to a 

quantitative assessment of each attribute for the portfolio.  

 

Step 1: The Coastal chapter showed the distribution of salt marsh area by CSUs, 

displayed as quintiles (i.e., Figure 5.5). Quintiles were used to illustrate patterns of salt 

marsh distribution across the project area and to facilitate visual comparison of salt 

marsh area among CSUs. In Figure 5.5, each class or quintile contains 20% of the CSUs 

with the top quintile containing the 20% of CSUs with the greatest total area of salt 

marsh habitat across the South Atlantic Bight.  

 

Step 2: The area of salt marsh habitat was ranked by CSU type and subregion. For 

example, among Coastal Plain Basin Riverine CSUs in the Carolinian subregion, the 

Satilla River had the greatest area of salt marsh with 41,192 ha followed by St. 

Catherine’s/Sapelo Sound (38,855 ha) and St. Helena Sound (38,363 ha) (Table 5.6). 

This step ensured geographic representation and enabled us to highlight the different 

types of CSUs important for salt marsh at the subregional scale. For example, Cape 

Canaveral has an average area of salt marsh at the regional scale but is an important 

salt marsh location among lagoonal CSUs in the Floridian subregion.  

 

Step 3: Rank-based z-scores were calculated for the area of salt marsh habitat in each 

CSU across the full project area (Figure 5.6). While the quintile map and the rank-based 
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z-score map show similar patterns with CSUs in the top quintile falling into the Far 

Above Average and Above Average z-score categories, the z-score map expresses the 

area of salt marsh habitat in terms of the mean salt marsh habitat across all CSUs in 

the project area and highlights above average and below average CSUs. With 41,192 

hectares of salt marsh, the Satilla River CSU had an area of salt marsh that is Far Above 

Average (i.e., greater than two standard deviations above the mean) compared to all 

other CSUs across the project area.  

 

Table 5.6. Illustration of the portfolio scoring process for salt marsh habitat. Salt marsh is 

one of the thirteen attributes scored in the portfolio assessment. As highlighted by the red 

box, the Satilla River CSU received a score of 3 because it had the largest area of salt marsh 

for Coastal Plain Riverine CSUs in the Carolinian subregion. The four CSUs boxed in green 

received 2 points due to their regionally significant salt marsh amounts (i.e., regional z-

score = Above Average) while CSUs boxed in dark blue received 1 point for their Slightly 

Above Average salt marsh amounts.   

  
 

Step 4: In assigning portfolio scores, the Satilla River received a score of 3 because it 

had the largest area of salt marsh habitat among Coastal Plain Basin Riverine CSUs in 

the Carolinian subregion. Four CSUs received a score of 2 due to their regionally 

significant salt marsh area which was Above Average (Table 5.6). Three additional 

CSUs received a score of 1 with salt marsh area that was Slightly Above Average. 

Figure 5.7 shows the final salt marsh portfolio scores for CSUs.  
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     Figure 5.5. Coastal Shoreline Units ranked by salt marsh area, using quintiles 
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        Figure 5.6. Coastal Shoreline Units shown by rank-based z-score, highlighting CSUs with 

        regionally significant amounts of salt marsh habitat     
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        Figure 5.7. Portfolio score for salt marsh habitat assigned to Coastal Shoreline Units  
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Coastal Portfolio Results 
The results of the coastal portfolio analyses are briefly described below. We highlight 

results by individual attribute metrics (e.g., habitat, species, and condition). A brief 

overview of the CSUs that qualified as regionally important based on the scoring 

system is provided along with a list of the highest ranked CSU for each estuary type by 

subregion. Finally, we discuss the cumulative portfolio score results. Tables 

summarizing the results by CSU are included in Appendix 7. These tables provide 

information on how the CSU ranked for the individual attributes and the summed score 

looking across conservation metrics in an integrated coastal portfolio (Appendix 7).  

 

Salt Marsh (total extent) 

Fourteen CSUs were identified as most critical for salt marsh preservation (or as 

priority areas for conservation and management). Totaling CSUs of local (e.g., type and 

subregion) and regional importance, this represents 78% of the total salt marsh in the 

South Atlantic Bight. A majority of regionally important CSUs were found in the coastal 

riverine systems in the Carolinian subregion. Island archipelago CSUs in the Floridian 

subregion were not included because the total extent of salt marsh did not meet the 

average standard. The following CSUs were top-ranked for each type and subregion: 

 Mid-Atlantic Lagoonal: Pamlico Sound (36,536 ha) 

 Mid-Atlantic Piedmont Riverine: Tar River (7,478 ha) 

 Carolinian Lagoonal: Cape Romain (20,205 ha) 

 Carolinian Coastal Riverine: Satilla River (41,192 ha) 

 Carolinian Piedmont Riverine: Altamaha River (20,684 ha) 

 Floridian Lagoonal: Cape Canaveral (4,672 ha) 

 

Tidal Freshwater Marsh (total extent) 

Thirteen CSUs representing 92% of tidal freshwater marsh habitat were identified. 

Island archipelago CSUs in the Floridian subregion were not included because the total 

extent of tidal freshwater marsh did not meet the average standard. Carolinian CSUs 

classified as piedmont riverine supported the majority of the regionally important 

habitat beyond the top-ranked CSUs by type and subregion which were: 

 Mid-Atlantic Lagoonal: Currituck Sound (6904 ha) 

 Mid-Atlantic Piedmont Riverine: Tar River (936 ha) 

 Carolinian Lagoonal: Cape Romain (14,33 ha) 

 Carolinian Coastal Riverine: St. Helena Sound (10,194 ha) 

 Carolinian Piedmont Riverine: Winyah Bay (8,841 ha) 

 Floridian Lagoonal: Florida Bay (179 ha) 
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Tidal Forest (total extent) 

Ninety percent of the total tidal forest area was included within the 15 CSUs identified. 

Piedmont riverine CSUs (e.g., Altamaha River, Santee River) in the Carolinian subregion 

and lagoonal CSUs (e.g., Pamlico Sound) represented the majority of regionally 

important tidal marsh habitat beyond CSUs ranked highest by subregion and type: 

 Mid-Atlantic Lagoonal: Currituck Sound (10,821 ha) 

 Mid-Atlantic Piedmont Riverine: Tar River (4,215 ha) 

 Carolinian Lagoonal: Bogue Sound (1,618 ha) 

 Carolinian Coastal Riverine: Satilla River (7,140 ha) 

 Carolinian Piedmont Riverine: Winyah Bay (28,095 ha) 

 Floridian Lagoonal: St. Lucie River (535 ha) 

 Floridian Island Archipelago: Lower Keys (2,604 ha) 

 

Mangrove Forest (total extent) 

The natural extent of mangrove forests is limited to the southern portion of the 

Carolinian subregion and the Floridian subregion. Eleven CSUs were identified 

representing 98% of the total habitat. The top-ranked CSU by type and subregion were:  

 Carolinian Lagoonal: Mosquito Lagoon (2,040 ha) 

 Floridian Lagoonal: Florida Bay (37,504 ha) 

 Floridian Island Archipelago: Lower Keys (8,959 ha) 

 

Tidal Flat (total extent) 

Thirteen CSUs were identified based on their local and regional importance for tidal flat 

habitat. This represented 91% of the total habitat. Lagoonal CSUs in the Floridian 

subregion supported the majority of regionally important CSUs. Piedmont Riverine 

CSUs in the Mid-Atlantic subregion were not included because the total extent of tidal 

flat did not meet the average standard. Highest ranked CSUs were:  

 Mid-Atlantic Lagoonal: Pamlico Sound (9,828 ha) 

 Carolinian Lagoonal: Cape Romain (1,893 ha) 

 Carolinian Coastal Riverine: Stono and North Edisto Rivers (2,109 ha) 

 Carolinian Piedmont Riverine: Charleston Harbor (402 ha) 

 Floridian Lagoonal: Florida Bay (46,418 ha) 

 Floridian Island Archipelago: Lower Keys (20,635 ha) 
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Ocean Beach (total extent) 

Fifty-eight percent of the South Atlantic Bight’s ocean beach area was identified with 

the 12 priority CSUs. Neither the Floridian island archipelago nor the Mid-Atlantic 

piedmont riverine are represented because they did not meet the average criterion. 

Lagoonal CSUs across the South Atlantic represented the majority of the regionally 

important CSUs. The top-ranked CSUs by subregion and type were:  

 Mid-Atlantic Lagoonal: Pamlico Sound (1,513 ha) 

 Carolinian Lagoonal: Long Bay (694 ha) 

 Carolinian Coastal Riverine: Ossabaw and Wassaw Sounds (408 ha) 

 Carolinian Piedmont Riverine: Altamaha River (375 ha) 

 Floridian Lagoonal: Cape Canaveral (468 ha) 

 

Seagrass Beds (total extent) 

 In the South Atlantic Bight, natural conditions limit seagrass beds to the coasts of 

North Carolina and Florida. Fourteen CSUs were identified representing 89% of the total 

seagrass habitat area in the region. The following CSUs were the top-ranked by 

subregion and type: 

 Mid-Atlantic Lagoonal: Pamlico Sound (42,358 ha) 

 Mid-Atlantic Piedmont Riverine: Tar River (770 ha) 

 Carolinian Lagoonal: Mosquito Lagoon (6,686 ha) 

 Carolinian Coastal Riverine: New River (84 ha) 

 Carolinian Piedmont Riverine: Cape Fear (124 ha) 

 Floridian Lagoonal: Florida Bay (186,667 ha) 

 Floridian Island Archipelago: Lower Keys (14,4996 ha) 

 

Oyster Reefs (number of high density oyster reef areas) 

As discussed in the methods section, gaps in available oyster data and variation in 

monitoring methods across states required us to look beyond total extent of oyster 

habitat. An analysis of the number of high density intertidal oyster reef areas within 

CSUs enabled comparison across the region. CSUs in the Mid-Atlantic region (where 

subtidal reefs are more prominent) and Floridian island archipelago did not have high 

density areas and therefore are not included. Thirteen CSUs were identified and the 

highest ranked CSUs by subregion and type were: 

 Carolinian Lagoonal: Southeast North Carolina Estuaries (134 ha) 

 Carolinian Coastal Riverine: Port Royal Sound (168 ha) 

 Carolinian Piedmont Riverine: Savannah River (97 ha) 

 Floridian Lagoonal: St. Lucie River (16 ha) 
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Coastal Condition (metric of land use and shoreline) 

As described in the methods section, the coastal condition metric combines land use 

attributes (e.g., developed and agricultural lands) with hardened shorelines. Fourteen 

CSUs were ranked for this attribute. The highest ranked CSUs by subregion and type 

were:  

 Mid-Atlantic Lagoonal: Pamlico Sound 

 Mid-Atlantic Piedmont Riverine: Neuse River 

 Carolinian Lagoonal: Long Bay  

 Carolinian Coastal Riverine: St. Helena Sound 

 Carolinian Piedmont Riverine: Altamaha River 

 Floridian Lagoonal: Florida Bay 

 Floridian Island Archipelago: Lower Keys 

 

Diadromous Fish (Average number of species per stream/river kilometer) 

Sixteen CSUs were identified for their value to diadromous fish based on the number of 

targeted species present per stream or river kilometer. In cases where there were ties, 

we considered the connectivity of the stream kilometers. The Floridian subregion is at 

the southern extent of many of the targeted species’ natural range, and data limitations 

did not allow inclusion of some southern CSUs. The top-ranked CSUs by subregion and 

type were:  

 Mid-Atlantic Lagoonal: Albemarle Sound 

 Mid-Atlantic Piedmont Riverine: Neuse River 

 Carolinian Lagoonal: Bogue Sound 

 Carolinian Coastal Riverine: St. Mary’s River 

 Carolinian Piedmont Riverine: Santee River 

 Floridian Lagoonal: Biscayne Bay 

 

Estuary-Dependent Fish (predicted fish score) 

As described in the methods section, the estuary-dependent predicted fish score 

metric describes the relationship between fish species presence on the nearshore 

Continental Shelf and estuarine habitats (e.g., seagrass beds and salt marsh). Thirteen 

CSUs were identified as important at the local or regional level. The highest ranked 

CSUs by subregion and type were: 

 Mid-Atlantic Lagoonal: Pamlico Sound 

 Mid-Atlantic Piedmont Riverine: Neuse River 

 Carolinian Lagoonal: Bogue Sound 

 Carolinian Coastal Riverine: Stono and North Edisto Rivers 

 Carolinian Piedmont Riverine: Cape Fear River 

 Floridian Lagoonal: Biscayne Bay 

 Floridian Island Archipelago: Middle Keys 
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Loggerhead Sea Turtles (High density nesting beaches) 

Thirteen CSUs were identified for their importance for loggerhead sea turtle nesting 

based on the total beach distance within the CSU that scored in the top 25% for nest 

density for each subpopulation (see Marine Mammal and Sea Turtle chapter, 

Geselbracht et al. 2015). No Mid-Atlantic CSU had z-scores that rated above average. 

The top CSUs by subregion and type were:    

 Carolinian Lagoonal: Cape Romain (26.7 km) 

 Carolinian Coastal Riverine: St. Helena Sound (18.6 km) 

 Carolinian Piedmont Riverine: Winyah Bay (22.8 km)  

 Floridian Lagoonal: Sebastian Inlet (45.9 km) 

 Floridian Island Archipelago: Lower Keys (3.7 km) 

 

Manatees (Average weighted persistence for wintering areas) 

Manatee overwintering areas are only found in southern Georgia and Florida. CSUs 

were ranked based on average weighted persistence as described in the methods 

section. Thirteen CSUs had z-scores of slightly above average or higher. The top-

ranked CSUs by subregion and type were: 

 Carolinian Lagoonal: St. Augustine 

 Carolinian Coastal Riverine: St. Mary’s River 

 Floridian Lagoonal: Lake Worth Lagoon 

 Floridian Island Archipelago: Middle Keys 

 

Cumulative Coastal Portfolio  

While we recognize many users will prefer to look at individual attributes or to 

compare CSUs by type and/or subregion, we provide the cumulative results for those 

interested in the un-stratified distribution of scores across the entire project area. As 

noted in the methods section, the total portfolio score was calculated by summing 

scores for each individual metric by CSU (Table 5.7). To facilitate comparison across 

the project area, we translated the cumulative portfolio scores to rank-based z-scores.  
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Table 5.7. Cumulative Coastal Portfolio Scores. Overview of attribute scores for individual 

CSUs (Dark Green = 3; Green = 2; Light Green = 1)  

 
 

After standardizing the scores, 66% of CSUs fell within the middle categories of 

‘Slightly Above Average,’ ‘Average’ and ‘Slightly Below Average’ (Figure 5.8).  Sixteen 

percent of the CSUs ranked at least ‘Above Average.’ These seven CSUs represented all 

subregions: 

 Pamlico Sound, Mid-Atlantic, Lagoonal 

 Bogue Sound, Carolinian, Lagoonal 

 Cape Romain, Carolinian Lagoonal 

 St. Helena Sound, Carolinian, Riverine (Coastal Plain) 

 Biscayne Bay, Floridian, Lagoonal 

 Florida Bay, Floridian, Lagoonal 

 Lower Keys, Floridian, Island Archipelago 

 

When CSUs scoring ‘Slightly Above Average’ are added to these seven, each estuary 

type is also represented (Figure 5.9). Pamlico Sound in North Carolina received the 

highest cumulative score of 21 while Nassau River in Florida received the lowest score 

of 1.   

 

CSU NAME TYPE Beach Salt Marsh

Tidal Fresh 

Marsh Tidal Forest Mangrove Tidal Flat Seagrass

High Oyster 

Density 

Areas

High 

Density 

Nesting 

Beaches

Diadromous 

Fish

Manatee 

Persistence

Estuarine 

Fish Condition TOTAL

Curri tuck Sound Lagoonal 9

Albemarle Sound Lagoonal 7

Paml ico Sound Lagoonal 20

Tar River Riverine (Piedmont) 12

Neuse River Riverine (Piedmont) 6

Bogue Sound Lagoonal 15

New River Riverine (Coasta l  Pla in) 4

SE NC Estuaries Lagoonal 7

Cape Fear River Riverine (Piedmont) 8

Long Bay Lagoonal 7

Winyah Bay Riverine (Piedmont) 13

Santee Rivers Riverine (Piedmont) 9

Cape Romain Lagoonal 17

Charleston Harbor Riverine (Piedmont) 8

Stono North Edis to Rivers Riverine (Coasta l  Pla in) 12

St Helena Sound Riverine (Coasta l  Pla in) 15

Port Royal  Sound Riverine (Coasta l  Pla in) 6

Savannah River Riverine (Piedmont) 9

Ossabaw Wassaw Sounds Riverine (Coasta l  Pla in) 9

St Catherines  Sapelo Sounds Riverine (Coasta l  Pla in) 4

Altamaha River Riverine (Piedmont) 14

Sati l la  River Riverine (Coasta l  Pla in) 11

St Marys  River Riverine (Coasta l  Pla in) 9

Nassau River Riverine (Coasta l  Pla in) 1

St Johns  River Riverine (Coasta l  Pla in) 3

St Augustine Inlet Lagoonal 7

Mantanzas  Inlet Lagoonal 2

Ponce Inlet Lagoonal 3

Mosquito Lagoon Lagoonal 7

Cape Canavera l Lagoonal 13

Sebastian Inlet Lagoonal 8

St Lucie River Lagoonal 13

Loxahatchee River Lagoonal 5

Lake Worth Lagoon Lagoonal 6

Port Everglades Lagoonal 3

Biscayne Bay Lagoonal 15

Florida  Bay Lagoonal 17

Middle Keys Is land Archipelago 6

Lower Keys Is land Archipelago 18
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Figure 5.8. Distribution of the cumulative portfolio scores translated to rank-based z-scores 

for the entire project area 
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        Figure 5.9. Cumulative portfolio scores by CSU. Rank-based z-scores were used to  

        compare each CSU’s score to the average for all CSUs     
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Seafloor Portfolio 
The South Atlantic seafloor provides a range of habitats that support important 

fisheries and other biodiversity. The seafloor itself, consisting almost entirely of 

unconsolidated sand and mud, sustains important fishery species such as tilefish, 

flounder, scallops, and shrimp. However, biological diversity is concentrated at the 

rocky outcrops and coral reefs, which provide substrate for sponges, corals, and algae, 

particularly on the Continental Shelf. Colonized rocky reefs, or “live bottom,” attract a 

variety of mollusks and crustaceans, and sustain economically valuable fisheries of 

snapper, grouper, grunt, and porgy that shelter among the nooks and crannies. 

Seaward from the shelf break, the rock outcrops of the Blake Plateau are colonized by a 

wide variety of deep-sea sponges and corals, forming significant coral mound systems 

up to 150 m tall, which similarly support a diversity of invertebrates and fishes. 

Southward in the Floridian region, rocky reefs are replaced by shallow coral reefs that 

run parallel to the shoreline of Florida. The Florida reef tract encompasses over 6,000 

patch reefs, platform reefs, coral pavements, and a well-developed coral ridge 

formation. It is the only system of shallow reef-building corals in the continental U.S. 

Seagrass beds, found in unconsolidated bottom sediment areas, are an important 

benthic habitat, providing shelter and nursery habitat for many species. A single acre of 

seagrass can produce over 10 tons of leaves per year and may support as many as 

40,000 fish and 50 million small invertebrates (Miththapala 2008)  

 

This section identifies a portfolio of priority conservation areas for species and habitats 

associated with the seafloor of the South Atlantic Bight. The goal of this analysis was to 

identify places of high biodiversity or ecological importance that collectively represent 

the full range of seafloor habitats. Detailed information on seafloor features, data 

sources, and data processing steps used to map the features may be found in the 

associated Seafloor chapter.  

 

The importance of rock substrates and coral reefs to the diversity of the region 

compelled development of an accurate map showing the location of each individual 

reef and concentrations of rock substrates.  

 

The analysis characterized three target habitats: rock substrates, coral substrates, and 

unconsolidated substrates, using the attributes outlined below.   

      

Rock Substrates (reefs, outcrops, pavements) with  

o High fish diversity 

o Cold water corals 

o Deepwater coral mounds 

o Hardbottom concentrations 
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Coral Substrates (shallow and mid-depth reefs) with 

o Shallow reef concentrations (patch, platform, pavements) 

o Oculina banks   

Unconsolidated Substrates (mud, silt, sand, and gravel) with 

o High estuarine fish diversity 

o Seagrass habitat  

o Adjacency to hardbottom  

 

Methods for the Seafloor Portfolio 
For all analyses, the region was divided into a grid of ten-minute squares (TMS) 

overlaid on the seafloor datasets, and each TMS was characterized by the types and 

amounts of seafloor features it contained. The criteria used to identify ecologically 

important areas or reveal spatial patterns relevant to conservation are described below 

for each target.  

 

Rock Substrates (Rocky Reefs, Outcrops, Pavements)  

 

HARDBOTTOM WITH HIGH FISH DIVERSITY 

Bottom-dwelling (demersal) fish use the seafloor for resting, feeding, and spawning, 

and many depend on the structure and resources associated with hardbottom. 

Grouper, for example, shelter under big rocks or use structural features such as ledges, 

rocks, and coral reefs as habitat. To identify hardbottom areas with high fish diversity 

we compiled data from the Marine Resources Monitoring Assessment and Prediction 

program (MARMAP, Reichert 2009) that has been sampling fish diversity on 

hardbottom for 23 years. The sampling program covers the Continental Shelf from NC 

to GA and has taken 7,885 chevron trap samples from hardbottom areas 15 m to 100 m 

in depth. The samples concentrate on 24 species closely associated with hardbottom 

including various species of grouper, snapper, porgy, sea bass and morays.  

   

We calculated the number of fish species found in each MARMAP sample and the 

average fish diversity score across all sample locations adjusted for the effort 

expended. The results were grouped into seven standard deviation classes based on 

whether the fish diversity of the sample area was above or below the mean diversity. 

Because a single TMS might contain several sample areas, the score for the TMS was 

calculated as a weighted sum of the samples based on the area of each standard 

deviation class within the square. The formula gives more weight to the area of highest 

fish diversity:  

 

D = 1*area far below average + 2*area below average+3…etc.…7*area far above 

average.  
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We ranked all the TMS within each depth zone (inner shelf, mid shelf, outer shelf) 

based on their fish diversity scores, then selected the TMS where the scores were 

average or above (> -0.5) for each zone, ensuring capture of the full range of species 

associated with each depth zone.  

 

HARDBOTTOM WITH CONFIRMED COLD WATER CORALS 

Coldwater corals thrive in darker, deeper waters than their shallow water counterparts. 

Most are colonial stony corals whose hard exoskeletons aggregated over time to build 

calcium-based “mounds” on rock substrates (the deepwater counterpart of coral 

reefs), but some are solitary. The presence of cold water corals on rocky reefs is an 

indication that the substrate has been colonized and likely supports associated 

sponges, mollusks, crustaceans, and fish.   

 

To identify TMS with confirmed coldwater corals and hardbottom, we compiled 1,167 

confirmed coral points from seven recently-collected and spatially-explicit coral 

datasets (Fautin 2011, Freiwald et al. 2005, Partyka et al. 2007, Scanlon et al. 2010, 

Skidaway Institute of Oceanography 2004, Watling and Auster 2005, Woods Hole 

Laboratories - NOAA 2012; see Tables A2.2-A2.3 in Appendix 2 for specific details). 

We used only data points with precise locations overlapping a hardbottom feature and 

high confidence in coral identification. Next, we identified the TMS in each depth zone 

that contained both confirmed corals and above-average acreage of hardbottom (note 

that the majority of coldwater corals occur only in the deeper zones). TMS that met 

these criteria collectively contained 102 species, the five most common of which were: 

Lophelia pertusa (deepwater white coral), Balanophyllia floridana (porous cup coral), 

Polymyces fragilis (twelve-root cup coral), Astrangia poculata (Northern star coral) and 

Madrepora oculata (zigzag coral). 

 

CORAL MOUNDS 

Corals mounds are formed when favorable deep water conditions and rocky substrates 

allow cold water corals to form complex reef structures attracting organisms and 

sediment that accumulate around the framework. Mounds up to 150 m in height have 

been found in the Charleston Bump region and on the Blake Plateau.  

 

To identify TMS with confirmed coral mounds, we compiled 83 confirmed coral mound 

points from seven recently-collected and spatially-explicit coral datasets (Fautin 2011, 

Freiwald et al. 2005, Partyka et al. 2007, Scanlon et al. 2010, Skidaway Institute of 

Oceanography 2004, Watling and Auster 2005, Woods Hole Laboratories - NOAA 2012; 

see Tables A2.2-A2.3 in Appendix 2 for specific details). We used only data points with 

precise locations overlapping a hardbottom feature and high confidence in coral 

identification. Next, we identified the TMS that contained both above-average acreage 

of hardbottom and above-average densities of coral mounds (z >0). Coral mounds 

occur only in the deeper zones. 
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HARDBOTTOM CONCENTRATION AREAS 

Only a portion of the rocky substrates in the South Atlantic region have been sampled 

for fish diversity or coldwater corals, thus our final criterion was size of hardbottom 

concentration. For patchy hardbottom that occurred on flat topographic settings we 

calculated the average area across all TMS within each depth zone, and identified areas 

where the acreage was greater than one standard deviation above the mean (> 1 z). 

We repeated the process for hardbottom that occurred on topographic slopes or 

ledges. We merged the results to show the largest concentrations of hardbottom flats 

and slopes in each depth zone.  

 

Coral Reef   

Shallow water coral reefs exist only within the Floridian subregion where patch reefs, 

platform reefs, coral pavements, and a long coral ridge formation all harbor a relatively 

consistent assemblage of hard corals, soft corals, and sponges. These reefs tend to 

have clear ecological zonation consisting of an inner reef (4 to 8 m), a middle patch 

reef zone (9 to 15 m), and an outer reef (18 to 30 m, SAFMC 2009). The Oculina Bank 

region off the Central Florida coast is included in this group although it is arguably a 

deeper-water ecosystem. 

 

SHALLOW REEF CONCENTRATIONS 

 

Platform Reef Concentration: Platform reefs consist of hardened substrate of 

unspecified relief formed by the deposition of calcium carbonate by reef-

building corals. This group includes shallow water coral reef and colonized rock 

substrate, linear reef, reef terrace, spur and groove reef, nearshore reef, offshore 

reef, and associated remnants and reef rubble. To identify concentration areas, 

we calculated the average amount of platform reef in each TMS then selected 

areas with greater than the mean amount (>0 z).   

 

Patch Reef Concentration: Patch reefs are irregularly distributed clusters of 

corals and associated biota along the coast of the Florida Keys. This class 

includes aggregated patch reef, aggregate reef, and individual patch reef. To 

identify concentration areas, we calculated the average amount of patch reef in 

each TMS then selected areas with greater than the mean amount (>0 z).   

 

Pavement Reef Concentration: Pavements are low relief solid carbonate rock, 

frequently colonized by macroalgae, hard coral, gorgonians, and other sessile 

invertebrates, often dense enough to obscure the substrate. To identify areas of 

high concentration, we calculated the average amount of pavement reef in each 

TMS then selected areas with greater than the mean amount (>0 z).   
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OCULINA BANK CONCENTRATION 

Oculina Banks are a unique cool to cold-water coral reef system dominated by the ivory 

tree coral, Oculina varicosa. Found as deep as 100 m on the shelf edge, the corals form 

thickets of white branches that are home to hundreds of different kinds of 

invertebrates and provide essential habitat for many commercial fish species. Oculina 

occurs elsewhere in the region but not to the extent and abundance that it does in this 

unique area. To identify concentration areas, we calculated the average amount of 

Oculina bank in each TMS then selected areas with greater than the mean amount (>0 

z).   

 

Soft-bottom (Unconsolidated Sand, Mud and Gravel)  

 

SOFT-BOTTOM WITH HIGH NEARSHORE FISH DIVERSITY 

Shallow water nearshore areas provide a unique habitat for marine fish and shellfish 

because the wave-dominated sun-lit environment supports aquatic plants that provide 

food and shelter for many species. Many commercially valuable fish species depend on 

nearshore waters at some point during their development. Our depth analysis recorded 

215 fish species in the nearshore zone, with 99 being restricted to the zone. This 

number includes many soft-bottom species like Atlantic bumper, southern flounder, 

and blue crab. To identify areas of high fish diversity we used data from the Southeast 

Area Monitoring and Assessment Program (SEAMAP-SA) shallow water trawl sampling 

program. The surveys, initiated in 1986 to monitor the status and trends of coastal fish, 

invertebrates and sea turtles, sample shallow (49-98m; 15-30 ft) coastal waters from 

Cape Hatteras to Cape Canaveral. A total of 102 stations are sampled each season. We 

used the same methods described in the coastal section on estuary-dependent fish to 

evaluate species richness, but we calculated the statistics (mean, range, and variance) 

for each sampling station rather than each CSU. This approach allowed determination 

of which fish species were found in each sampling station more often than expected 

given the number of times the station was sampled. To correct for effort, we first 

determined whether there was a significant relationship between effort and detection 

for each species. For each species where this relationship was significant, we extracted 

the standardized residuals from the regression model as an estimate of how much the 

detection varied from the expected amount. We counted the number of species with 

positive values and identified stations where more species were detected than 

expected from the amount of sampling. Scores based on the total number of species 

with positive values were calculated for each station; these were normalized across 

stations to calculate z-scores, and grouped into standard deviation classes.  

 

Because each TMS could contain several sampling stations we calculated a weighted 

sum of the samples based on the area of each standard deviation class within the 

square. The formula gives more weight to the area of highest fish diversity:  
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D = 1*area far below average + 2*area below average+3…etc.…7*area far above 

average.  

 

We ranked all the TMS based on their nearshore fish diversity scores, then selected the 

TMS where the z-scores were > -0.5. (This threshold is slightly more generous than 

others in this section because it is applied to a weighted index).   

 

SOFT-BOTTOM WITH SEAGRASS CONCENTRATIONS 

We used the regional seagrass dataset described in the Coastal chapter to identify 

areas of abundant seagrass. We characterized each TMS by the total acres of seagrass 

habitat present, and calculated the mean abundance of seagrass in all TMS. TMS with 

seagrass abundance greater than the mean (>0 z) were selected to represent high 

seagrass concentrations. 

 

SOFT-BOTTOM ADJACENT TO HARDBOTTOM 

The coral reefs, rocky reefs, pavements, and outcrops discussed in the hard bottom 

section are typically embedded in a matrix of soft sediments which can be high in 

species diversity. Thus, we included the soft-bottom areas found within TMS selected 

for hard bottom as part of the soft-bottom portfolio, although we did not specifically 

select any areas for this attribute.  

 

Seafloor Portfolio Results  
This section describes the set of priority conservation areas identified for seafloor 

diversity using the criteria presented above.   

 

Rock Substrates 

 

HARDBOTTOM WITH HIGH FISH DIVERSITY 

The MARMAP program sampled 106 of the TMS defined in this analysis. Of these, 74 

squares had scores for hardbottom with high fish diversity that were average or better. 

These sites were all found on the Continental Shelf or shelf-slope break (Figure 5.10). 

Many of these areas do not have names but they do include some well-known sites 

such as:  

 Cape Lookout shoals and the area just south 

 The area northeast of Frying Pan Shoals  

 Winyah Scarp and Georgetown Hole 

 Gray’s Reef and surrounding area  

 The sand ridges due east of Charleston Harbor 

 Several concentrations on the shelf-slope break  
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HARDBOTTOM WITH CONFIRMED COLD WATER CORALS 

Collectively 259 TMS contained cold water corals (176), coral mounds (53), or both 

(30). Of these, 102 had both greater than average amounts of rocky reef and confirmed 

coral points. The distribution of these areas was largely along the shelf-slope break or 

eastward into the Blake Plateau and the deep terraces of the Floridian region (Figure 

5.10). Many of these areas corresponded to well-known sites such as:  

 The Point 

 Fathom Ledge and Big Rock  

 Cape Lookout Lophelia Banks 

 Cape Fear Lophelia Banks 

 Stetson Reef 

 Miami Terrace 

 Portales Terrace 

 Marathon Hump  

 

CORAL MOUNDS 

Coral mounds occur in 83 TMS. Of these, 37 had greater than average densities of 

deepwater mounds; some of these are significant mound and ridge systems. The 

distribution of these areas was largely in the Charleston Bump region, corresponding to 

the Deepwater Coral HAPC (habitat area of particular concern). The sites include 

(Figure 5.10):  

 Stetson Reef 

 South Ledge – Jacksonville Slope  

 Miami Terrace 

 

HARDBOTTOM: LARGEST CONCENTRATIONS OF FLATS OR SLOPES 

This metric identifies the largest concentrations of hardbottom on the Continental 

Shelf (flats) and shelf slope break (slopes). Many of these areas have not been 

surveyed for fish or corals so the criterion is based solely on the concentration of 

hardbottom on flats and slopes. We identified TMS that contained amounts of 

hardbottom one standard deviation above the mean amount (>SD) for both patchy 

hardbottom on flats (27 TMS) and hardbottom slopes (69 TMS). The sites largely 

expand several sites already selected for other criteria (Figure 5.10) especially:  

 The area northeast of Frying Pan Shoals  

 Gray’s Reef and surrounding area  

 Shelf-slope break  
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Coral Reefs 

 

PLATFORM, PATCH, PAVEMENT AND OCULINA BANK 

This metric identifies the TMS with greater than average acreage of each type of coral 

reef. All of these features co-occur within the Floridian Ecoregion between the 

shoreline and the shelf-slope break. Collectively, the 58 TMS that contain these 

features cover the Oculina Bank HAPC, the Shallow Reef HAPC, and most of the Florida 

Keys National Marine Sanctuary (Figure 5.10). The list includes many notable areas:  

 Oculina Bank 

 Carysfort, The Elbow, Grecian Rocks, French Reef and Molasses Reef 

(Management area) 

 Conch Reef, Davis Reef, Hens and Chickens, Cheeca Rocks, Alligator Reef 

 Coffins Patch, Sombrero Reef 

 Looe Key, Eastern and Western Sambo  

 Eastern Dry Rocks, Rock Key, Sand Key 

 Great White Heron and Key West NWR 

 

Soft-bottom 

 

SEAGRASS 

Seagrass roots in soft sands and mud, and is only present in the northern and southern 

ends of the ecoregion. In all, 174 TMS contained seagrass beds ranging from 0.25 acres 

to 69,313 acres, with a mean of 8,067 acres (Figure 5.11). Abundance at 120 TMS was 

greater than the mean abundance (> 0 z). These areas included:  

 Albemarle-Pamlico Sound 

 Cape Canaveral to Loxahatchee River 

 Biscayne Bay to Lower Keys 

 

NEARSHORE AREAS OF HIGH FISH DIVERSITY 

Areas selected for their nearshore fish diversity included 41 TMS where the total 

number of species was higher than the mean of all the samples (Figure 5.11). These 

were all located near the coast in the Carolinian ecoregion, the sole location of the 

trawling survey used in the analysis. The sites were widespread along the coast 

including:  

 Nearshore region around southern Pamlico Sound and Bogue Sound 

 Nearshore region from Cape Fear River to Savannah River 

 Nearshore region near the Altamaha River 

 Nearshore region from St Johns River to Mananzas Inlet 
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       Figure 5.10. Hardbottom and reef portfolio. Ten minute squares containing hardbottom  

      concentrations on flats or slopes, hardbottom with high fish diversity, hardbottom with 

      coldwater corals or coral mounds, shallow water coral reefs, and Oculina banks.  
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        Figure 5.11. Nearshore soft-bottom portfolio. Ten minute squares containing  

        softbottom (sand, silt and mud) areas with seagrass or high fish diversity.  
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Final Seafloor Portfolio 

Based on the individual analyses presented above, we determined which TMS 

contained a high degree of overlapping targets and designated those TMS as a high 

priority for conservation. This integrated seafloor portfolio includes 381 TMS of which 

33% contain multiple targets. Coldwater coral had the highest degree of co-occurrence 

with other targets, being found with rocky reefs, coral mounds, hardbottom slope, 

seagrass, nearshore estuaries and coral reefs (Table 5.8; Figure 5.12).  

 

Table 5.8. Overlap among seafloor targets. The 381 TMS selected as priority areas for 

conservation usually contain more than one feature.  
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The final seafloor portfolio combines the information from all eight individual queries 

to identify the full array of exemplary areas that support the diversity of the region. It 

consists of 381 TMS across all three seafloor targets. Important areas include (Figures 

5.12-5.15): 

 

 The nearshore regions seaward from the major river mouths 

 The shelf-slope break 

 Hardbottom concentration associated with Platt Shoal, Cape Lookout Shoal, 

Cape Fear Shoal and the sand-ridge complexes of Charleston Harbor  

 Stetson Ledge and the coral mound region  

 The entire Florida shallow coral reef  

 

To understand and visualize the seabed forms, sediment types and depth zones 

captured by the seafloor portfolio we created a series of overlay maps where the 

selected TMS were made transparent to allow the underlying features to show through 

(Figures 5.13-5.15). Continuous maps of each feature can be found in the Seafloor 

chapter. 
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        Figure 5.12. Seafloor portfolio. TMS containing any type of seafloor target. 
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        Figure 5.13. Seabed forms “captured” by the selected TMS. Inset shows continuous 

        map.  
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        Figure 5.14. Substrate types “captured” by the selected TMS. Inset shows the 

        continuous maps of substrate types (see Seafloor chapter, Anderson et al. 2015).  

 



 

South Atlantic Bight Marine Assessment 

 

358 | Page 5 – Identifying Conservation Areas 

 

 

 
        Figure 5.15. Depth zones and seabed forms “captured” by the selected TMS 
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Migratory Species Portfolio 
Migratory species are those that travel seasonally for feeding or breeding; this project 

considered only marine mammals and sea turtles that migrate seasonally within the 

region. These species serve a number of important functions in the South Atlantic Bight 

ecosystem. They serve as vital components of marine food webs as predators, 

planktivores, or herbivores, and are important conduits for the movement of carbon 

and nutrients between coastal habitats and the open ocean. These “charismatic 

megafauna” draw public attention, helping to educate people about the importance of 

our oceans to life on earth. In many cases, the marine mammal and sea turtle species 

occurring in this region are endangered, threatened or vulnerable and require a 

concerted effort by humans to ensure their persistence into the future. A consequence 

of the large geographic ranges of many of these species is frequent opportunity to 

interact with humans. These interactions can include exposure to ship and boat traffic, 

fishing gear (active and derelict) and pollution (including marine debris), underwater 

noise, and the effects of climate change, all of which may pose serious threats to these 

sensitive populations. Sea turtles present a unique conservation challenge. While they 

have been the focus of a multitude of international treaties and conventions, national 

laws, and regulatory protection strategies, there is still a clear need for greater 

understanding of their temporal and spatial distribution and migratory patterns, degree 

and relevance of threat sources on all life stages, and population trend analyses via 

international monitoring and research efforts.  

 

This section describes the methods used to identify areas of importance to these 

species. Details on the choice of target species, summaries of their life histories, 

explanation of data sources, and information on the preparation of the various data 

sets are found in the Marine Mammal and Sea Turtle chapter of this report.  

 

The dataset used to identify important areas for migratory marine mammals and sea 

turtles consisted of 30 years of effort-corrected seasonal sightings data (1979-2003) 

provided by the United States Navy (Department of Navy 2008). The unit of 

observation was a ten-minute square (TMS) of ocean space. “Sightings” refer to clear 

observations of a species from a ship or plane, with enough clarity for species 

identification. Identification can be very difficult for some similar-looking species, so 

sightings of these species were combined into descriptive groups (e.g., hard-shelled 

turtles, beaked whales) for this analysis. Details of the analysis differ slightly by target 

group as discussed below. The results of this analysis include a score and rank for each 

TMS for each migratory species group and scores across all groups. The target species 

groups were: 

 Baleen whales (humpback, North Atlantic right, fin) 

 Toothed whales (sperm, pilot, Risso’s dolphin)  

 Dolphins (common, bottlenose, spotted [Stenella spp.])  

 Sea turtles (leatherback, hard-shelled [green, loggerhead, Kemp’s ridley])   
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Methods for the Migratory Portfolio 
Migratory species sighting data were only available for the Mid-Atlantic Bight and 

Carolinian region of the South Atlantic Bight. No data were available for the Floridian 

region, with the exception of breeding information on loggerhead sea turtles, noted 

below. Sightings data consisted of 1,050,725 observations during the period 1979-

2003. To accommodate for bias introduced by uneven survey coverage or “effort,” we 

used the number of sightings per unit effort (SPUE, an index of relative density) to 

allow for comparison of data spatially and temporally within the study area. The SPUE 

calculations were provided by the US Navy along with the sources of data for each 

species and season.  

 

To summarize the data, we calculated the mean abundance of each species within 

each TMS by season, and then assigned an overall score equal to the maximum value 

in any season. For example, if the average North Atlantic right whale sightings were 

highest in winter, the overall TMS score was based on the winter season. For each 

species, the set of maximum values was converted to rank-based z-scores using 

standard methods and including only TMS where the species had been sighted. This 

approach allowed us to combine the species sighting scores with equal weight within a 

TMS. For common species, we selected only the most outstanding concentration areas 

(>1 SD above the mean). For rare species we were less conservative, selecting all areas 

except those slightly below to far below the average (not < -0.05 SD). The criteria are 

described by species group below. 

  

Cetaceans (Whales and Dolphins) 

The cetaceans studied as part of this assessment use the region for feeding, breeding, 

calving, or as a migratory pathway. The 30 years of effort-corrected seasonal sightings 

data contained 987,602 cetacean sightings.  

 

BALEEN WHALES 

Three species of baleen whales winter on the Continental Shelf and bear their young in 

the relatively shallow warm water: humpback whale (129 sightings), North Atlantic 

right whale (528 sightings) and fin whale (443 sightings). A fourth species, minke 

whale (50 sightings), is occasionally seen in the region but was not included in the 

analysis because the sightings were judged to be too sporadic to be meaningful. For 

each TMS we first calculated individual rank based z-scores for each species as 

described above, then we counted the number of species that had z-scores greater 

than one half standard deviation below the mean (>-0.05). This provided an estimate 

of the number of species found in each TMS while excluding places with very few 

sightings.  
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TOOTHED WHALES 

Toothed whales are abundant in the region and include three species of squid-eating 

diving whales typical of the shelf-slope break and the deep canyon and coral mount 

areas: sperm whale (9,179 sightings), long-finned pilot whale (91,837 sightings), and 

Risso’s dolphin (46,635 sightings). Various species of beaked whales (2,216 sightings) 

and Kogia (1,323 sighting) have been seen in the deepwater region east of the shelf-

slope break but this area has been so little surveyed that we did not include them in the 

analysis. For each TMS we first calculated individual rank based z-scores for each 

species as described above and then we counted the number of species that had z-

scores greater than one half standard deviation below the mean (>-0.05). This 

provided an estimate of the number of species found in each TMS while excluding 

places with very few sightings.  

 

DOLPHINS 

Three species of fish-eating dolphins are very abundant on the Continental Shelf: 

common dolphin (120,731 sightings), bottlenose dolphin (303,094 sightings), and 

spotted dolphin (Stenella spp.; 411,436 sightings). To identify concentration areas for 

dolphins, which are two to three times more abundant and widespread than the 

previous groups, we first calculated individual rank based z-scores as described above 

and then selected TMS with sighting concentrations one standard deviation above the 

mean (>1SD). This focused the selection on the areas where sightings were 

consistently very abundant.   

 

Sea Turtles 

Sea turtles utilize oceanic waters of the Continental Shelf and nest on sandy beaches 

(nesting areas are discussed in the coastal section of this analysis). Sea turtle species 

are hard to distinguish by sightings, so this analysis grouped them into two categories 

for easy recognition: Leatherback sea turtle (3,036 sightings) and a hard-shelled sea 

turtle group that included loggerhead, green, and Kemp’s ridley (60,088 sightings) 

turtles. Areas with consistent sightings are presumably utilized for feeding or 

migration.  

 

To summarize the data, we calculated the mean effort-corrected abundance of each 

species within each TMS by season and then assigned an overall score equal to the 

maximum value in any season. To identify concentration areas, we selected TMS 

where the number of sightings was one standard deviation above the regional mean. 

Finally, the Floridian region is noted by NOAA as a Habitat Area of Particular Concern 

(HAPC) for loggerhead breeding. Because we had no sighting data for this region, we 

added TMS that overlapped with critical loggerhead breeding areas to the portfolio 

selection.     
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Integrated Migratory Portfolio 

For each migratory species group, the squares meeting the selection criteria were 

labeled with the target name and combined across all four groups: baleen whales, 

toothed whales, dolphins, and sea turtles. For example, a cell labeled “Baleen Whale, 

Dolphin” was selected for both the baleen whale portfolio and the dolphin portfolio.  

 

Migratory Portfolio Results 
 

Baleen Whales 

For this group, the 143 TMS that met the selection criteria were located primarily on 

the Continental Shelf in winter. The areas defined by the selected TMS captured the 

majority of sightings for humpback whale, fin whale, and North Atlantic right whale.  

Areas that were important for most of these species included (Figure 5.16): 

 The inner shelf southward from the Savannah River to the St Augustine Inlet 

then narrowly extending to Cape Canaveral. The shallow area under 30 m 

(infralittoral zone) is a winter calving ground for the Northern right whale and is 

also used in the winter by humpback and fin whales  

 The inner shelf near Pamlico/Albemarle Sound and Currituck Sound is used by 

humpback and fin whales  

 The shelf slope break in the Mid-Atlantic Cashes Ledge region is used by all 

three species.  

 

Toothed Whales 

Important areas for these species included 90 TMS along the shelf-slope break and in 

deeper waters where sightings of the deep diving toothed whales are concentrated in 

spring and summer (Figure 5.17). Important concentration areas include:  

 The deep canyon region in the Mid-Atlantic Bight.  

 The shelf-slope break and shallow mesobenthic zone (200-600 m deep) 

seaward from the break  

 The Blake Escarpment deep water areas.  

 

Dolphins 

Dolphins are common, widespread, and found in the study area year-round. Above 

average sighting concentrations (> 1 SD) were observed at 156 TMS. Primary areas 

included (Figure 5.18):  

 The shelf-slope break and deep canyon region of the Mid-Atlantic especially in 

spring and summer 

 The shelf and shelf-slope break from Diamond Shoal to Cape Fear Shoal 

 The midshelf region across the entire Carolinian Continental Shelf.   
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Sea Turtles 

A total of 144 TMS were identified for concentrations of hard shelled and leatherback 

sea turtle sightings. We did not have data for the Floridian region so we used a 

previously-identified HAPC for loggerhead as a substitute for sightings data in this 

region. Primary areas included (Figure 5.19):  

 The entire Continental Shelf in the Mid-Atlantic including the narrowest point at 

Diamond Shoal. This area is concentrated and constricted migratory habitat in 

spring and fall 

 The mid-shelf circalittoral zone from Frying Pan Shoal to Diamond Shoal in 

winter 

 The infralittoral Continental Shelf especially from the Savanah River to Cape 

Canaveral in all seasons 

 The entire shelf from Cape Canaveral south to the Florida Keys is critical 

breeding habitat for loggerhead from spring to fall.  
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        Figure 5.16. Baleen whale concentration areas. Ten Minute Squares with 

        effort-corrected sighting numbers that were average or better (> -0.05 z score) 

        for humpback whale, North Atlantic right whale, and fin whale.  
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        Figure 5.17. Toothed whale concentration areas. Ten Minute Squares with 

        effort-corrected sighting numbers that were average or better (> -0.05 z score) 

        for sperm whale, pilot whale and Risso’s dolphin.  
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        Figure 5.18. Dolphin concentration areas. Ten Minute Squares with with effort-corrected 

        sighting numbers greater than one standard deviation above the mean (> 1 SD z score) 

        for common dolphin, bottlenose dolphin and spotted dolphins (Stenella sp.)   
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        Figure 5.19. Sea turtle concentration and loggerhead breeding areas. Ten  

        Minute Squares with effort-corrected sighting numbers greater than one  

        standard deviation above the mean (> 1 SD z score) for leatherback sea turtle  

        and hard-shelled sea turtles (green, loggerhead, Kemp’s ridley). The map also  

        shows critical loggerhead breeding area as mapped by NOAA.   
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Integrated Migratory Porfolio 

Results of the combined analysis across all target groups identified 401 TMS and 

suggest only modest overlap in important areas for migratory species. Percent overlap 

was highest for toothed whales (64%), baleen whales (53%), dolphins (43%), and sea 

turtles (28% excluding loggerhead breeding areas, Table 5.9). Use of the ecoregion 

also differed seasonally, with baleen whales occurring primarily in winter and toothed 

whales primarily in spring and summer (Figure 5.20). Areas of highest overlap were the 

shelf break and canyon region of the Mid-Atlantic Bight and the nearshore shelf region 

of the Carolinian (Figure 5.21). 

  

Table 5.9. Summary of target representation for the 401 TMS in the Migratory Portfolio.  

Numbers indicate the number of TMS identified as critical for the species. 
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Baleen Whale 13 

 
 

10 6 5 34 4 

Baleen Whale 

(calving) 

 

55 
 

15 35   105 3 

Toothed Whale 

  

53 31 

 

3 87 3 

Dolphin 

   

78 9   87 2 

Sea Turtles*  

    

85 3 88 2 

 Total 13 55 53 134 135 11 401   

  *Includes loggerhead breeding areas 
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 Figure 5.20. Comparison of seasonal use by the four target groups 
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        Figure 5.21. Migratory portfolio. Ten Minute Squares with with above-average  

        sighting numbers for baleen whales, toothed whales, dolphins and sea turtles  

        (corrected for effort). This map is a combination of Figures 5.16-5.19.  
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Integrated Offshore Portfolio 
 

Methods and Results  
The objective of this final analysis was to identify a portfolio of offshore areas 

representing the most important locations for both seafloor habitats and migratory 

species. In practice, this set of areas was defined as the combination of areas 

important to any migratory or seafloor targets as defined in the previous sections. The 

areas selected for each target group were summed across each TMS, as was the 

number of sub-targets within each group (for instance, hard bottom habitats and 

corals in the seafloor portfolio). Thus, the combined portfolio includes areas identified 

as important for one set of targets only, as well as those areas identified for both sets 

of targets. Coastal shoreline units did not overlap spatially with the offshore portfolio; 

however, the coastal and seafloor habitats are linked by areas of large seagrass 

abundance and high estuarine fish diversity.  

 

The analysis identified 643 TMS (42% of all TMS assessed) as important areas for the 

conservation of marine biodiversity (Figure 5.22). Of the TMS that met the selection 

criteria, 41% were for migratory species, 38% for seafloor, and 22% for both, 

reinforcing the idea that these two target groups are spatially distinct in the ecoregion 

(Table 5.10). The greatest overlap was between the hardbottom areas with high fish 

diversity and baleen whales and dolphins. Cold water corals and toothed whales also 

overlapped, as did coral reefs, coldwater corals, and loggerhead breeding areas.  
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Table 5.10. The number of ten minute squares (TMS) selected for each target group and 

combination of groups 
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Migratory    46 51 44 41 80 262 

Hardbottom Flat 4 

 

1 

  

0 5 

Hardbottom Slope 8 1 4 1 1 8 23 

Hardbottom Fish 

Diversity 35 1 9 4 

 

2 51 

Coral Mound 12 

   

1 0 13 

Cold Water Coral  39 

 

1 5 3 2 50 

Coral Reef 9 

  

3 

 

1 13 

Seagrass 53 

 

3 3 

 

10 69 

Estuary Fish Diversity 7 16 1 

  

7 31 

Multiple Seafloor 

Targets  75 4 8 25 7 7 126 

Total  242 68 78 85 53 117 643 

 

 

The places where the two overlap highlight a number of well-known areas that 

correspond with broad-scale physical features. These include (Figures 5.22-5.25):  

 The coral reef area of the Florida Keys 

 Nearshore shelf regions of the coasts of Georgia and South Carolina 

 Nearshore areas near Albemarle-Pamlico sound  

 The northern shelf-slope break off the coast of North Carolina.  

 

Additionally, three to six targets of any type co-occur in several places (Figure 5.24) 

 The central Florida Keys region 

 The nearshore region from Cape Canaveral north along the Georgia coast  

 South Ledge and the Charleston Bump 

 The pinch point and shelf break off of Diamond Shoals 

 The deepwater canyon region of the Mid-Atlantic.  

 

  



 South Atlantic Bight Marine Assessment 

 

5 – Identifying Conservation Areas 373 | Page 
 

 
        Figure 5.22. Combined portfolio of seafloor and migratory conservation targets. 

        TMS chosen specifically for a single or multiple targets.  
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       Figure 5.23. Number of target types within each TMS. Seafloor targets include  

       hardbottom concentrations on flats or slopes, hardbottom with high fish  

       diversity, hardbottom with coldwater corals or coral mounds, coral reefs,  

       softbottom with high fish diversity, and softbottom with seagrass. Migratory  

       targets include siting concentrations for baleen whales, toothed whales,  

       dolphins, sea turtles, and loggerhead breeding areas.  
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        Figure 5.24. Combined portfolio. This map displays the seabed forms that underlie the  

        seafloor portfolio overlaid with the light blue TMS that were selected for migratory  

        species, or seafloor and migratory species to highlight the places where they  

        correspond.     
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        Figure 5.25. Habitat Areas of Particular Concern (HAPCs) and the combined integrated  

        offshore portfolio. Four HAPCs are shown overlaid on the integrated offshore  

        portfolio (transparent) and seabed forms. In general, the portfolio sites chosen  

        for specific targets are finer scale than the HAPCs.  
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Discussion and Next Steps 
This analysis identified 33% (13/39) of the coastal shoreline units and 42% of the 

offshore region as having high importance to biological diversity (Figure 5.26). The co-

occurrence of individual biological signals reveals many ecologically important areas 

that are tightly linked to topographic features and to the geography of the region. For 

instance, priority areas for both seafloor and migratory conservation targets 

correspond to macro-scale features such as shallow coral reefs, submarine canyons, 

the shelf-slope break, several well-known shoals, and the narrow pinch point where 

sea turtle migrations concentrate. The calving region for right whales may be the wide 

shallow shelf and relatively warm water found off the coast of South Carolina and 

Georgia. Some areas, such as the hardbottom rock substrates, are connected to micro-

topography at a much finer scale. 

 

We sought to identify a portfolio of high-priority, high-biodiversity conservation areas 

based on the best available data and using selection criteria based almost entirely on 

the quantity and quality of diverse biological signals. This approach was only possible 

due to the relatively high quality and quantity of data generously made available to The 

Conservancy by many partners. Although a priori representation goals were 

deliberately not set, the methodology led to an apparently comprehensive portfolio, as 

measured by substantial representation of every conservation target, particularly the 

spatially extensive benthic habitats, in the ecoregional area. Many of our results verify 

or amplify the importance of areas already identified by NOAA as habitats of particular 

concern (Figure 5.25), or by other ocean users as coral hot spots or productive fishing 

holes. This correspondence reinforces our confidence in these areas as we made every 

effort to let the patterns in each dataset reveal themselves and to avoid any 

preconceived notion of important areas.  

 

We favored ecological coherence over efficiency in order to retain larger processes 

such as migratory pathways. For example, more geographic area is devoted to 

migratory species than to seafloor habitats because the space needs and conservation 

strategies for these targets fundamentally differ. Our assumption is that, if properly 

managed or protected, conservation of the combined portfolio will substantially 

protect the diversity of the system and provide the ecosystem services that are 

essential for marine life and people. 

 

In this integration of over 50 South Atlantic Bight datasets, we aimed to analyze data 

logically and to apply reasonable and defensible selection criteria; however, alternate 

or additional analyses are expected and welcome. We envision that Conservancy staff 

and others will find these conclusions useful to inform actions aimed at biodiversity 

conservation and restoration. We hope this report and spatial data may provide a 

fertile context for additional analysis to inform restoration and climate change 

adaptation priorities and strategies.  
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We emphasize that our analysis was conducted at a regional scale and therefore the 

results can best be used to set conservation priorities at that scale; additional finer 

scale data and analyses will be needed to support local or state-based marine spatial 

planning processes and permitting decisions. We also emphasize that individual local 

or state marine resource management plans will be most successful when developed 

using a shared regional-scale conservation context. With a regional, ecosystem-based 

conservation context for such plans, we are more likely to prioritize resource 

allocations intelligently.  

 

In the near future, we aspire to work with partners to help answer questions 

concerning the compatibility of each of these areas with specific marine resource uses 

and their sensitivity to various kinds of impacts. We expect that conservation of many 

of the identified areas will be or can be ecologically compatible with many consumptive 

and non-consumptive resource uses. We look forward to working with partners to 

evaluate the sensitivity of particular areas to specific and cumulative human uses in 

transparent multi-sector marine spatial planning contexts. The coastal and marine 

conservation portfolios presented in this report are offered to inform and support 

marine spatial planning processes that result in tangible actions that better align 

human uses with the natural resources in any given part of the ocean. We are confident 

that such efforts can substantially improve biodiversity conservation, increase 

ecosystem resilience, and help to ensure that the South Atlantic Bight’s coastal and 

marine ecosystems continue to provide the essential life-support services that people 

want and need.     
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        Figure 5.26. The coastal portfolio and integrated offshore portfolio. CSUs (n=13)  

        with a total portfolio score of “slightly above average” or greater are shown in  

        semi-transparent red shades and overlaid on the integrated offshore portfolio.   

  



 

South Atlantic Bight Marine Assessment 

 

380 | Page 5 – Identifying Conservation Areas 

 

Please cite as: 

Anderson, M.G., M.F. Conley, A. Barnett, L. Geselbracht, and K.J. Weaver. 2017. 

Identifying Conservation Areas in the South Atlantic Bight Marine Region in Conley, 

M.F., M.G. Anderson, N. Steinberg, and A. Barnett, eds. 2017. The South Atlantic Bight 

Marine Assessment: Species, Habitats and Ecosystems. The Nature Conservancy, 

Eastern Conservation Science. http://nature.ly/marineSAtlanticBightERA 

 

  

http://nature.ly/marineSAtlanticBightERA


 South Atlantic Bight Marine Assessment 

 

5 – Identifying Conservation Areas 381 | Page 
 

Literature Cited 
 

Anderson, M.G., J. Odell, M. Clark, Z. Ferdaña, and J.K. Greene. 2010. The Northwest 

Atlantic Marine Ecoregional Assessment: Identifying Conservation Areas in the 

Northwest Atlantic Marine Region. Phase Two. The Nature Conservancy, Eastern U.S. 

Division, Boston, MA. 

 

Ball, I.R., H.P. Possingham, and M. Watts. 2009. Marxan and relatives: Software for 

spatial conservation prioritization. Pages 185-195 In: A. Moilanen, K.A. Wilson, and 

H.P. Possingham. Spatial conservation prioritization: Quantitative methods and 

computational tools. Oxford University Press, Oxford, UK. 

 

Beck, M. W., and M. Odaya. 2001. Ecoregional planning in marine environments: 

identifying priority sites for conservation in the northern Gulf of Mexico. Aquatic 

Conservation: Marine and Freshwater Ecosystems 11:235–242. 

 

Beck, M. W. 2003. The Sea Around – Planning in Marine Regions. In Drafting a 

Conservation Blueprint C. Groves, ed. pp. 319-344. Washington, Covelo, London: Island 

Press. 

 

Beck, M.W., Z. Ferdaña, J. Kachmar, K. K.Morrison, P. Taylor and others. 2009. Best 

Practices for Marine Spatial Planning. The Nature Conservancy, Arlington, VA. 

 

Boesch, D.F. and R.E. Turner. 1984. Dependence of fishery species on salt marshes: the 

role of food and refuge. Estuaries 7: 460-468.  

 

Bricker, S.B. Longstaff, W. Dennison, A. Jones, K. Boicourt, C. Wicks, and J. Woerner. 

2007. Effects of nutrient enrichment in the nation’s estuaries: A decade of change. 

NOAA Coastal Ocean Program Decision Analysis Series No. 26. National Centers for 

Coastal Ocean Science, Silver Spring, MD. 328 pp. 

http://ccma.nos.noaa.gov/publications/eutroupdate/ 

 

Dahl T.E. and S.M. Stedman. 2013. Status and trends of wetlands in the coastal 

watersheds of the Conterminous United States 2004 to 2009. U.S. Department of the 

Interior, Fish and Wildlife Service and National Oceanic and Atmospheric 

Administration, National Marine Fisheries Service. (46 p.) 

 

DeBlieu, J., M. Beck, D. Dorfman, P. Ertel. 2005. Conservation in the Carolinian 

Ecoregion: An Ecoregional Assessment. The Nature Conservancy, Arlington, VA. 

 

 

http://ccma.nos.noaa.gov/publications/eutroupdate/


 

South Atlantic Bight Marine Assessment 

 

382 | Page 5 – Identifying Conservation Areas 

 

Department of Navy. 2008. Marine Resource Assessment Update for the 

Charleston/Jacksonville Operating Area. Naval Facilities Engineering Command, 

Atlantic; Norfolk, Virginia. Contract Number N62470-02-D-9997, Task Order 0056. 

Prepared by Geo-Marine, Inc., Hampton, Virginia. 

 

Dyer, K .R., M.C. Christe and E. W. Wright. 2000. The classification of mudflats. Cont. 

Shelf Res. 20: 1061-1078. 

 

Fautin, D. G. 2011. Hexacorallians of the World. 

http://geoportal.kgs.ku.edu/hexacoral/anemone2/index.cfm 

 

Ferdaña, Z. 2005. Nearshore marine conservation planning in the Pacific Northwest: 

Exploring the use of a siting algorithm for representing marine biodiversity, in Wright, 

D.J. and Scholz, A.J. (eds.), "Place Matters: Geospatial Tools, for Marine Science, 

Conservation, and Management in the Pacific Northwest," Corvallis, OR: OSU Press. 

 

Floberg, J., M. Goering, G. Wilhere, C. MacDonald, C. Chappell, C. Rumsey, Z. Ferdana, 

A. Holt, P. Skidmore, T. Horsman, E. Alverson, C. Tanner, M. Bryer, P. Iachetti, A. 

Harcombe, B. McDonald, T. Cook, M. Summers, D. Rolph. 2004. Willamette Valley-

Puget Trough-Georgia Basin Ecoregional Assessment, Volume One: Report. Prepared by 

The Nature Conservancy with support from the Nature Conservancy of Canada, 

Washington Department of Fish and Wildlife, Washington Department of Natural 

Resources (Natural Heritage and Nearshore Habitat programs), Oregon State Natural 

Heritage Information Center and the British Columbia Conservation Data Centre. 

 

FWC, FWRI (Florida Fish and Wildlife Conservation Commission, Fish and Wildlife 

Research Institute). 2010. Fisheries-Independent Monitoring Program 2009 Annual 

Data Summary Report.  FWRI INHOUSE REPORT IHR 2010-001. 

 

Freiwald. A., A. Rogers, and J. Hall-Spencer. 2005. Global distribution of cold-water 

corals (version 2). Update of the dataset used in Freiwald et al. (2004). Cambridge 

(UK): UNEP World Conservation Monitoring Centre. URL: data.unep-

wcmc.org/datasets/1 

 

Geselbracht, L., R. Torres, G.S. Cumming, D. Dorfman, M.W. Beck, D. Shaw. 2009. 

Identification of a spatially efficient portfolio of priority conservation sites in marine 

and estuarine areas of Florida. Aquatic Conservation 19:408-420. 

 

Geselbracht, L. Newton, R., Greene, J. 2015. Migratory Species of the South Atlantic 

Bight Marine Region in Conley, M, M.G. Anderson, L. Geselbracht, eds. The South 

Atlantic Bight Marine Ecoregional Assessment. The Nature Conservancy, Eastern U.S. 

Division, Boston, MA. 

http://geoportal.kgs.ku.edu/hexacoral/anemone2/index.cfm


 South Atlantic Bight Marine Assessment 

 

5 – Identifying Conservation Areas 383 | Page 
 

Greene, C.M., Blackhart, K., Nohner, J., Candelmo, A., and Nelson, D.M.  A National 

Assessment of Stressors to Estuarine Fish Habitats in the Contiguous USA. 2015. 

Estuaries and Coasts 38 (3): 782-799. 

 

Greene, J.K., M.G. Anderson, J. Odell, and N. Steinberg, eds. 2010. The Northwest 

Atlantic Marine Ecoregional Assessment: Species, Habitats and Ecosystems. Phase 

One. The Nature Conservancy, Eastern U.S. Division, Boston, MA. 

 

Gesch, D.B. 2007. Chapter 4 – The national elevation dataset, in Maune, D., ed., Digital 

elevation model technologies and applications: The DEM Users Manual, (2nd ed.): 

Bethesda, Maryland, American Society for Photogrammetry and Remote Sensing, p. 

99–118.  

 

Gesch, D., Oimoen, M., Greenlee, S., Nelson, C., Steuck, M., and Tyler, D. 2002. The 

national elevation dataset: Photogrammetric Engineering and Remote Sensing, v. 68, 

no. 1, p. 5–11. 

 

Hale, S.S., J.F. Paul, and J.F. Heltshe. 2004. Watershed landscape indicators of estuarine 

benthic condition. Estuaries 27, 283–295. 

 

Harrington, B.R. 1999. Shorebird migration: fundamentals for land managers in the 

United States. DU # Q0433, Ducks Unlimited, Inc. Memphis, TN. 44 p. 

 

Leslie, H., R. Ruckelshaus, I.R. Ball, S. Andelman and H.P. Possingham. 2003. Using 

siting algorithms in the design of marine reserve networks. Ecological Applications. 13: 

S185-S198. 

 

Li, X., D. E. Weller, C. L. Gallegos, T. E. Jordan, and H. Kim. 2007. Effects of watershed 

and estuarine characteristics on the abundance of submerged aquatic vegetation in 

Chesapeake Bay subestuaries. Estuaries and Coasts. 30(5): 840-854. 

 

Martin, E. H., Hoenke, K., Granstaff, E., Barnett, A., Kauffman, J., Robinson, S. and Apse, 

C.D. 2014. SEACAP: Southeast Aquatic Connectivity Assessment Project: Assessing the 

ecological impact of dams on Southeastern rivers. The Nature Conservancy, Eastern 

Division Conservation Science, Southeast Aquatic Resources Partnership. 

http://www.maps.tnc.org/seacap 

 

Mitsch, W.J., J.G. Gosselink, C.J. Anderson, and L. Zhang. 2009. Wetland Ecosystems, 

4th edition. John Wiley & Sons, Inc., New York, 295 pp 

 

Miththapala, S. 2008. Seagrasses and Sand Dunes. Coastal Ecosystems Series(Vol 3) pp 

1-36 + iii. Colombo, Sri Lanka: Ecosystems and Livelihoods Group Asia, IUCN 



 

South Atlantic Bight Marine Assessment 

 

384 | Page 5 – Identifying Conservation Areas 

 

National Park Service (NPS). 2010. Ecosystems: Mangrove. On-line resource: 

http://www.nps.gov/ ever/naturescience/mangroves. htm. 

 

Nixon, S.W. 1980. Between coastal marshes and coastal waters: a review of twenty 

years of speculation and research on the role of salt marshes in estuarine productivity 

and water chemistry in Hamilton, P. and K.B. MacDonald (eds.) Estuarine and Wetland 

Processes. NY: Plenum Press. p. 437-525. 

 

NLCD 2011; Jin, S., Yang, L., Danielson, P., Homer, C., Fry, J., & Xian, G. 2013. A 

comprehensive change detection method for updating the National Land Cover 

Database to circa 2011. Remote Sensing of Environment, 132, 159-175. 

 

Odum, E.P. 1970. Fundamentals of Ecology. Saunders, Philadelphia, PA. 546. 

 

Odum, W.E., T.J. Smith III, J.K. Hoover, and C.C. McIvor. 1984. The ecology of tidal 

freshwater marshes of the United States east coast: a community profile. U.S. Fish 

Wildl. Serv. WS/OBS-83/27. 177 pp. 

 

Parris, A., P. Bromirski, V. Burkett, D. Cayan, M. Culver, J. Hall, R. Horton, K. Knuuti, 

R. Moss, J. Obeysekera, A. Sallenger, and J. Weiss. 2012. Global Sea Level Rise 

Scenarios for the US National Climate Assessment. NOAA Tech Memo OAR CPO-1. 37 

pp. 

 

Partyka, M.L., S.W. Ross, A.M. Quattrini, G.R. Sedberry, T.W. Birdsong, J. Potter, S. 

Gottfried. 2007. Southeastern United States Deep-Sea Corals (SEADESC) Initiative: A 

Collaborative Effort to Characterize Areas of Habitat-Forming Deep-Sea Corals. NOAA 

Technical Memorandum OAR OER 1. Silver Spring, MD. 176 pp. 

http://ocean.floridamarine.org/efh_coral/metadata/seadesc%20dive%20locations.ht

m 

 

Peterson, M.S., B.H. Comyns, J.R. Hendon, P.J. Bond, and G.A. Duff. 2000. Habitat use 

by early life-history stages of fishes and crustaceans along a changing estuarine 

landscape: Differences between natural and altered shoreline sites. Wetlands Ecology 

and Management. 8(2-3): 209-219. 

 

Possingham, H.P., I.R. Ball, and S. Andelman, 2000. Mathematical Methods for 

Identifying Representative Reserve Networks. In Ferson, S., and Burgman, M. (eds). 

Quantitative Methods for Conservation Biology. Springer‐Verlag, New York, 291‐305. 

 

Pressey R.L., I.R. Johnson, and P.D. Wilson. 1994. Shades of irreplaceability: towards a 

measure of the contribution of sites to a reservation goal. Biodiversity and 

Conservation, 3, 242‐262. 

http://www.nps.gov/%20ever/naturescience/mangroves.%20htm
http://ocean.floridamarine.org/efh_coral/metadata/seadesc%20dive%20locations.htm
http://ocean.floridamarine.org/efh_coral/metadata/seadesc%20dive%20locations.htm


 South Atlantic Bight Marine Assessment 

 

5 – Identifying Conservation Areas 385 | Page 
 

Reichert, M. 2009. MARMAP Chevron Trap Survey 1990-2012, SCDNR/NOAA MARMAP 

Program, SCDNR MARMAP Aggregate Data Surveys, The Marine Resources Monitoring, 

Assessment, and Prediction (MARMAP) Program, Marine Resources Research Institute, 

South Carolina Department of Natural Resources, P. O. Box 12559, Charleston SC 

29422-2559, U.S.A. 

 

SAFMC. 2009. Fishery Ecosystem Plan of the South Atlantic Region, Volume II: South 

Atlantic Habitats and Species. South Atlantic Fisheries Management Council, 

Charleston, SC.  

 

Scanlon, K.M., R.G. Waller, A.R. Sirotek, J.M. Knisel, J.J.  O’Malley, and S. Alesandrini. 

2010. USGS cold-water coral geographic database—Gulf of Mexico and western North 

Atlantic Ocean, version 1.0: U.S. Geological Survey Open-File Report 2008–1351, CD-

ROM. (Also available at http://pubs.usgs.gov/of/2008/1351/). 

 

SC Department of Natural Resources (DNR). 2014. Marine - Live Bottom, 

http://www.dnr.sc.gov/marine/habitat/livebottom.html, accessed November 2014.    

 

SEAMAP-SA Data Management Work Group. 2014, April, 15. SEAMAP-SA online 

database. Retrieved from: http://www.dnr.sc.gov/SEAMAP/data.html by Analie 

Barnett. 

 

Skidaway Institute of Oceanography. 2004. Deepwater Coral Mounds of the Blake 

Plateau. Information taken directly from USGS. 1994. Bottom Character Map of the 

Northern Blake Plateau (OFR-93-724). http://pubs.usgs.gov/of/1993/0724/report.pdf 

 

Spalding M., H. Fox, N. Davidson, Z. Ferdana, M. Finlayson, B. Halpern, M. Jorge, A. 

Lombana, S. Lourie, K.Martin, E. McManus, J. Molnar, K. Newman, C. Recchia, and J. 

Robertson. 2007. Marine Ecoregions of the World: A Bioregionalization of Coastal and 

Shelf Areas. Bioscience. 57 (7):573-583. 

 

Stedman, S.M. and J. Hanson. 2000. Habitat Connections: Wetlands, fisheries and 

economics in the South Atlantic Coastal States. National Oceanic and Atmospheric 

Administration, National Marine Fisheries Service. 

http://www.nmfs.noaa.gov/habitat/habitatconservation/publications/habitatconecti

ons/num2.htm. 

 

  

http://pubs.usgs.gov/of/2008/1351/
http://www.dnr.sc.gov/marine/habitat/livebottom.html
http://pubs.usgs.gov/of/1993/0724/report.pdf
http://www.nmfs.noaa.gov/habitat/habitatconservation/publications/habitatconections/num2.htm
http://www.nmfs.noaa.gov/habitat/habitatconservation/publications/habitatconections/num2.htm


 

South Atlantic Bight Marine Assessment 

 

386 | Page 5 – Identifying Conservation Areas 

 

Stedman, S. and T.E. Dahl. 2008. Status and trends of wetlands in the coastal 

watersheds of the Eastern United States 1998 to 2004. National Oceanic and 

Atmospheric Administration, National Marine Fisheries Service and U.S. Department of 

the Interior, Fish and Wildlife Service. (32 pages) 

 

Street, M.W., A.S. Deaton, W.S. Chappell, and P.D. Mooreside. 2005. North Carolina 

Coastal Habitat Protection Plan. North Carolina Department of Environment and 

Natural Resources, Division of Marine Fisheries, Morehead City, NC. 656 pp.  

 

Tallis H., Z. Ferdana, and E. Gray. 2008. Linking Terrestrial and Marine Conservation 

Planning and Threats Analysis. Conservation Biology, 22, 120-130. 

 

Teal, J. 1962. Energy flow in salt marsh macrophyte production: a review. Ecology 43: 

614-624. 

 

Tiner, R.W. Jr. 1984. Wetlands of the United States: current status and recent trends. 

U.S. Fish Wildl. Serv. , Washington, D.C. 59 pp. 

 

The Nature Conservancy of California.2006. Northern California Marine Ecoregional 

Assessment.Version 1.1, Feb. 27, 2006. 

 

US Census Bureau (2014). 2014 TIGER/Line Shapefiles (machine-readable data files). 

http://www.census.gov/geo/maps-data/data/tiger.html 

 

Valiela, I., J.M. Teal, and N.Y. Persson. 1976. Production and dynamics of 

experimentally enriched salt marsh vegetation: belowground biomass. Limnology and 

Oceanography. 21(2): 245-252. 

 

Vander Schaaf, D., G. Wilhere, Z. Ferdaña, K. Popper, M. Schindel, P. Skidmore, D. 

Rolph, P. Iachetti, G. Kittel, R. Crawford, D. Pickering, and J. Christy. 2006. Pacific 

Northwest Coast Ecoregion Assessment. Prepared by The Nature Conservancy, the 

Nature Conservancy of Canada, and the Washington Department of Fish and Wildlife. 

The Nature Conservancy, Portland, Oregon. 

 

WHSRN (Western Hemisphere Shorebird Reserve Network). 2010. Important Shorebird 

Reserve Sites. http://www.whsrn.org/. Accessed March 1, 2010. 

 

Ward, T. J., M.A. Vanderklift, A.O. Nicholls, and R.A. Kenchington. 1999. Selecting 

Marine Reserves Using Habitats and Species Assemblages as Surrogates for Biological 

Diversity. Ecological Applications 9:691-698. 

 

http://www.census.gov/geo/maps-data/data/tiger.html
http://www.whsrn.org/


 South Atlantic Bight Marine Assessment 

 

5 – Identifying Conservation Areas 387 | Page 
 

Watling, L. & P.J. Auster. 2005. Distribution of deep-water Alcyonacea off the 

Northeast coast of the United States . Pp. 279-296. 

 

Woods Hole Laboratories, NOAA. 2012. NOAA NMFS Northeast Fisheries Science 

Center [NEFSC] Benthic Database. http://www.usgs.gov/obis-usa/ 

http://www.usgs.gov/obis-usa/

