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EXECUTIVE SUMMARY

The Department of the Navy is committed to demonstrating environmental stewardship while executing
its national defense mission. The Navy is responsible for compliance with a suite of federal environmental
and natural resources laws and regulations that apply to the marine environment, including the National
Environmental Policy Act (NEPA), the Marine Mammal Protection Act (MMPA), the Endangered Species
Act (ESA), and the Magnuson- -

Stevens Fishery Conservation and - 1{;
Management Act (MSFCMA) as |, /,J" “”“7"’ c
amended by the Sustainable
Fisheries Act (SFA). The Navy
Commander, U.S. Atlantic Fleet
(COMLANTFLT) implemented the
marine  resource  assessments
(MRAs) to develop a comprehensive
compilation of data and literature
concerning the protected and
managed marine resources found in
its  various operating areas
(OPAREAs) and adjacent regions.
The information in this MRA is vital Carina
for planning purposes and for
various types of environmental
documentation such as biological
assessments (e.g., essential fish
habitat) and environmental
assessments (e.g., environmental
impact statements) that must be =«
prepared in accordance with the
NEPA, MMPA, ESA, and SFA.
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This MRA documents and describes
the diversity of marine resources in
the Cherry Point and southern
Virginia Capes (VACAPES) inshore
and estuarine areas, especially

those that are protected or Hhpient 5 Isu::‘n::n
managed. Detailed information is A Warning Atea
included on the characteristics of :—‘."‘_:“ - £ St
protected species relevant to the o Courty

evaluation of potential impacts of
Navy operations. Protected species represent such taxonomic groups as plants, fishes, reptiles, birds,
and mammals. Seasonal variations in occurrence patterns have been identified, mapped, and described
along with the associated factors (behavioral, climatic, or oceanographic). The section on the physical
environment reflects the habitat complexity of the study area, with a discussion of several habitat types.
Human activities, including commercial and recreational fishing, commercial shipping, diving, and
recreational boating, are mapped (when appropriate) and discussed. One chapter is devoted to
information about marine protected areas.

Thorough and systematic literature and data searches were conducted, providing as much relevant
information as possible for this assessment. All available sighting, stranding, incidental fisheries bycatch,
satellite-tracking, and nesting data for marine mammals and sea turtles were compiled and interpreted to
predict the occurrence patterns (concentrated, expected, low/unknown, and not expected in the study
area) of these protected and managed species. Predictions of the seasonal occurrence patterns of
marine mammals and sea turtles are based on the interpretation of all available data as well as scientific
literature and expert opinion.
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The geographical representation of the marine resource occurrences in the study area and vicinity was a
major constituent of this MRA. A geographic information system (GIS) was used to enter, store,
manipulate, and visualize the spatial data and information accumulated for the study area. The GIS
contains over 150 layers of data and information, including bathymetry, sea surface temperature,
protected and managed species’ occurrences, fishing grounds, military facilities and ranges, and marine
protected areas. This summary of the marine resources occurring in the study area and vicinity is
provided in both paper and electronic form.

REPORT ORGANIZATION

This report consists of eight major chapters and associated appendices:

» Chapter 1 Introduction—provides background information on this project, an explanation of its
purpose and need, a review of relevant environmental legislation, and a description of the
methodology used in the assessment;

» Chapter 2 Habitat Types and the Physical Environment—describes the physical environment and
ecological considerations of the various habitats within the study area, including the geology
(physiography, bathymetry, and bottom sediments), physical oceanography (circulation and currents),
hydrography (temperature and salinity), biological oceanography (chlorophyll concentrations and
plankton), and associated species assemblages;

» Chapter 3 Biodiversity and Species of Concern—covers the federally protected species found in
the study area (plants, fishes, reptiles, birds, and marine mammals) with detailed narratives of their
morphology, status, habitat preferences, distribution, behavior, and life history;

» Chapter 4 Human Activities—discusses commercial and recreational fisheries, commercial
shipping, scuba diving, and recreational boating in the study area and vicinity;

» Chapter 5 Marine Protected Areas—describes regions of the marine environment that are federally
protected;

» Chapter 6 Recommendations—suggests future avenues of research that are necessary to fill the
data gaps identified in this project and prioritizes research needs from a cost/benefit approach;

» Chapter 7 List of Preparers—lists all individuals who prepared this MRA report;
» Chapter 8 Glossary—includes definitions of the terms used in the MRA report; and

» Appendices—provide supplemental and supportive information to the chapters.
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1.0 INTRODUCTION

This marine resource assessment (MRA) was contracted by the United States (U.S.) Navy’s (Navy)
Commander, U.S. Atlantic Fleet (COMLANTFLT) to initiate collection of data and information concerning
the protected and commercial marine resources found in the Cherry Point and southern Virginia Capes
(VACAPES) inshore and estuarine areas, which lay inshore of the Virginia Capes and Cherry Point U.S.
Atlantic Fleet (Fleet) Operating Areas (OPAREAS). For the purposes of this MRA, this region will be
considered as one unit and is hereinafter referred to as the “study area.”

1.1 PURPOSE AND NEED

The goal of this MRA is to describe and document the marine resources in the study area and vicinity,
including both protected and commercial marine species. This MRA report provides a compilation of the
most recent data and information on the occurrence of these resources in the study area. A synopsis of
environmental data for the study area and in-depth discussions of the species of concern and habitat
types found in the region are included. The locations of commercial and recreational fishing grounds, as
well as other areas of interest (such as marine protected areas, artificial habitats, and scuba diving sites),
are also addressed in this assessment.

The assembled information in this MRA will serve as a baseline from which the Navy may evaluate future
actions and consider adjustments to training exercises or operations in order to mitigate potential impacts
to protected and commercial marine resources. This assessment will contribute to the Fleet's Integrated
Long-Range Planning Process and represents an important component in the Fleet’'s ongoing compliance
with U.S. federal mandates that aim to protect and manage resources in the marine environment. All
species and habitats that are potentially affected by the Navy’s maritime exercises and are protected by
U.S. federal resource laws or executive orders are considered in this assessment.

A search and review of relevant literature and data were conducted to summarize the relevant features of
the marine and inshore environment, the occurrence patterns of protected species, and the distribution of
important habitats and human activities occurring in the study area. To describe the physical environment
of the study area, physiographic, bathymetric, geologic, hydrographic, and oceanographic data for the
study region are presented. All available sighting, stranding, incidental fisheries bycatch, tagging, satellite
tracking, and nesting data for marine mammals and sea turtles were compiled and interpreted to predict
the occurrence patterns of the protected species in the study area. Seasonal variations in occurrence
patterns have been identified, mapped, and described along with the likely causative factors (behavioral,
climatic, or oceanographic). Characteristics of these species, such as their behavior and life history,
relevant to the evaluation of potential impacts of Navy operations are included. Other protected species
(plants, fishes, and birds) are treated in a similar fashion. Also reviewed are fishing activities (commercial
and recreational), commercial shipping lanes, marine protected areas, and recreational diving sites.

1.2 LOCATION OF STUDY AREA

The study area is located within eastern North Carolina and southeastern Virginia and includes coastal
waters out to the 3 nautical mile (NM) state limit, intracoastal estuarine waters, and the barrier beaches
between them (Figure 1-1). Two OPAREASs are contiguous to the study area, the VACAPES OPAREA off
Virginia and North Carolina and the Cherry Point OPAREA off North Carolina. A third OPAREA, the
Jacksonville/Charleston (JAX/CHASN) OPAREA, borders the southernmost edge of the study area.
Marine resource assessments have been prepared for all three OPAREASs (DoN 2001, 2002a, 2002b).

The study area covers 10,885 square kilometers (km2) of coastal waters, barrier beaches, and
intracoastal estuarine waters. The eastern boundary of the study area is the 3 NM limit off the coast of
North Carolina and Virginia. The western boundary of the study area is the intracoastal shoreline of
eastern North Carolina and southeastern Virginia. The northernmost limit of the study area is the mid-
mouth of Chesapeake Bay (37.01°N) but only extending into the bay as far west as the mouth of
Lynnhaven Inlet (36.91°N, 76.09°W). The southernmost limit of the study area is New Topsail Inlet
(34.35°N, 77.66°W).
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Figure 1-1. The Cherry Point and southern VACAPES inshore and estuarine areas are located along the U.S.
Atlantic coast within the states of North Carolina and Virginia. Source data: USMC (2001a, 2001b, 2001c) and
NIMA (2002).
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1.3 APPLICABLE LEGISLATION
1.3.1 Federal Resource Laws

The National Environmental Policy Act (NEPA) of 1969 established national policies and goals for the
protection of the environment. The NEPA aims to encourage harmony between people and the
environment, to promote efforts to prevent or eliminate damage to the environment and the biosphere,
and to enrich the understanding of ecological systems and natural resources important to the country.
Thus, environmental factors must be given appropriate consideration in all decisions made by federal
agencies.

The NEPA is divided into two sections: Title | outlines a basic national charter for protection of the
environment, while Title Il establishes the Council on Environmental Quality (CEQ), which monitors the
progress made towards achieving the goals set forth in Section 101 of the NEPA. Other duties of the
CEQ include advising the President on environmental issues and providing guidance to other federal
agencies on compliance with the NEPA.

Section 102(2) of the NEPA contains "action-forcing" provisions that ensure that federal agencies act
according to the letter and the spirit of the law. These procedural requirements direct all federal agencies
to give appropriate consideration to the environmental effects of their decision-making and to prepare
detailed environmental statements on recommendations or reports on proposals for legislation and other
major federal actions significantly affecting the quality of the environment.

Future studies and/or actions requiring federal compliance which may utilize the data contained in this
MRA should be prepared in accordance with Section 102(2)(c) of the NEPA, the CEQ regulations on
implementing NEPA procedures (40 Code of Federal Regulations [CFR] 1500-1508), and the Department
of the Navy (DoN) regulations on implementing NEPA procedures (32 CFR 775).

The Marine Mammal Protection Act (MMPA) of 1972 established a moratorium on the “taking” of
marine mammals in waters or on lands under U.S. jurisdiction. The MMPA defines taking as “harassing,
hunting, capturing, killing, or attempting to harass, hunt, capture, or kill any marine mammal” (16 U.S.
Code [U.S.C.] 1312[13]). It also prohibits the importation into the U.S. of any marine mammal or parts or
products thereof, unless it is for the purpose of scientific research or public display, as permitted by the
Secretary of the Interior or the Secretary of Commerce. In the 1994 amendments to the MMPA, two levels
of “harassment” were defined. Harassment is defined as any act of pursuit, torment, or annoyance that
has the potential to injure a marine mammal or marine mammal stock in the wild (Level A), or any act that
has the potential to disturb a marine mammal or marine mammal stock in the wild by disrupting behavioral
patterns, including, but not limited to migration, breathing, nursing, breeding, feeding, or sheltering (Level
B).

Section 101(a)(5)(A) of the MMPA directs the Secretary of Commerce, upon request, to authorize the
unintentional taking of small numbers of marine mammals incidental to activities (other than commercial
fishing) when, after notice and opportunity for public comment, the Secretary: (1) determines that total
takes during a five-year (or less) period have a negligible impact on the affected species or stock, and (2)
prescribes necessary regulations that detail methods of taking and monitoring and requirements for
reporting. The MMPA provides that the moratorium on takes may be waived when the affected species or
population stock is at its optimum sustainable population and will not be disadvantaged by the authorized
takes (i.e., be reduced below its maximum net productivity level). Section 101(a)(5)(A) also specifies that
the Secretary has the right to deny permission to take marine mammails if, after notice and opportunity for
public comment, the Secretary finds: (1) that applicable regulations regarding taking, monitoring, and
reporting are not being followed, or (2) that takes are, or may be, having more than a negligible impact on
the affected species or stock.

The Marine Protection, Research, and Sanctuaries Act (MPRSA), often referred to as the “Ocean
Dumping Act,” was enacted in 1972, two days after passage of the MMPA. The MPRSA regulates the
dumping of toxic materials beyond U.S. territorial waters and provides guidelines for the designation and
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regulation of marine sanctuaries. MPRSA Titles | and Il prohibit persons or vessels subject to U.S.
jurisdiction from transporting any material out of the U.S. for the purpose of dumping it into ocean waters
without a permit. The term “dumping,” however, does not include the intentional placement of devices in
ocean waters or on the sea bottom when the placement occurs pursuant to an authorized federal or state
program.

The Coastal Zone Management Act (CZMA) of 1972 established a voluntary national program through
which states can develop and implement coastal zone management plans (USFWS 2000). The National
Oceanic and Atmospheric Administration (NOAA), under the Secretary of Commerce, administers this
act. States use coastal zone management plans “to manage and balance competing uses of and impacts
to any coastal use or resource” (NOAA 2000). A coastal zone management plan must be given federal
approval before the state can implement the plan (USFWS 2000). The plan must include, among other
things, defined boundaries of the coastal zone, identified uses of the area that the state will regulate, a list
of mechanisms that will be employed to control the regulated uses, and guidelines for prioritizing the
regulated uses. The CZMA also authorizes the implementation of a National Estuarine Research Reserve
(NERR) system.

In addition, the act provides federal agencies with restrictions concerning their behavior in relation to
managed zones. Federal agency actions that affect the zone must be “consistent to the maximum extent
practicable” with the applicable plan regulations (Coastal Zone Reauthorization Amendments of 1990).
Indirect federal actions, such as activities accomplished with a federal permit, must strictly comply with
the applicable plan regulations.

The Endangered Species Act (ESA) of 1973 established protection over and conservation of threatened
and endangered species and the ecosystems upon which they depend. An “endangered” species is a
species that is in danger of extinction throughout all or a significant portion of its range, while a
“threatened” species is one that is likely to become endangered within the foreseeable future throughout
all or in a significant portion of its range. All federal agencies are required to implement protection
programs for threatened and endangered species and to use their authority to further the purposes of the
ESA. The U.S. Fish and Wildlife Service (USFWS) and the National Marine Fisheries Service (NMFS)
jointly administer the ESA and are responsible for the listing (i.e., the labeling of a species as either
threatened or endangered) of all candidate species.

A species may be a candidate for listing as a threatened or endangered species due to any of the
following five factors: (1) current/imminent destruction, modification, or curtailment of its habitat or range;
(2) overuse of the species for commercial, recreational, scientific, or educational purposes; (3) high levels
of disease or predation; (4) inadequacy of existing regulatory mechanisms; or (5) other natural or human-
induced factors affecting its continued existence.

The major responsibilities of the USFWS and NMFS under the ESA include: (1) the identification of
threatened and endangered species; (2) the identification of critical habitats for these species; (3) the
implementation of research programs and recovery plans for these species; and (4) the consultation with
other federal agencies concerning measures to avoid, minimize, or mitigate the impacts of their activities
on these species (Section 7 of the ESA). Further duties of the USFWS and NMFS include regulating
“takes” of listed species on public or private land (Section 9) and granting incidental take permits to
agencies that may unintentionally “take” listed species during their activities (Section 10a).

Many species of plants, fishes, reptiles, birds, and marine mammals occur in the study area. Of these,
one plant, one fish, six reptiles (including five sea turtles), two birds, and three marine mammals are listed
as threatened or endangered (Table 1-1). Of the marine mammal species, the NMFS has jurisdiction over
the whales while the USFWS has jurisdiction over the manatee. The NMFS has jurisdiction over sea
turtles while they are in the water, and the USFWS has jurisdiction over sea turtles on land (including
eggs, hatchlings that are on the beach, and nesting females).
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Table 1-1. The threatened and endangered species found in the Cherry Point and southern
VACAPES inshore and estuarine areas. Marine mammal taxonomy follows Rice (1998) for the
West Indian manatee and the IWC (2001) for cetaceans except for the North Atlantic right whale,

which was revised by Rosenbaum et al. (2000). Sea turtle taxonomy follows Pritchard (1997).

Plants

Seabeach amaranth Amaranthus pumilus Threatened

Fishes

Shortnose sturgeon Acipenser brevirostrum Endangered
Reptiles

American alligator Alligator mississippiensis Threatened”
Green sea turtle Chelonia mydas Threatened

Hawksbill sea turtle Eretmochelys imbricata Endangered
Loggerhead sea turtle Caretta careftta Threatened

Kemp’s ridley sea turtle Lepidochelys kempii Endangered
Leatherback sea turtle Dermochelys coriacea Endangered
Birds

Piping plover Charadrius melodus Threatened?®
Roseate tern Sterna dougallii Endangered
Marine Mammals

North Atlantic right whale Eubalaena glacialis Endangered
Humpback whale Megaptera novaeangliae Endangered
West Indian manatee Trichechus manatus Endangered

The American alligator is listed as threatened throughout its range due to its similarity in appearance to the
American crocodile. Since the American crocodile is endangered, the government does not want hunters to
confuse the two different types of animals.

2 As a species, the green sea turtle is listed as threatened. However, the Florida and Mexican Pacific coast nesting
populations are listed as endangered. It should be noted that not all greens found in the study area come from the
Florida population.

3 Critical habitat in the study area.

The Fishery Conservation and Management Act of 1976, later renamed the Magnuson-Stevens Fishery
Conservation and Management Act (MSFCMA), established a 200 NM fishery conservation zone in
U.S. waters and a network of regional Fishery Management Councils (FMCs). The FMCs are comprised
of federal and state officials, including the USFWS, which oversee fishing activities within the fishery
management zone. The act also establishes national standards (e.g., optimum yield, scientific
information, allocations, efficiency, and costs/benefits) for fishery conservation and management. In 1977,
the multifaceted regional management system began allocating harvesting rights, with priority given to
domestic enterprises. Since a substantial portion of fishery resources in offshore waters was allocated for
foreign harvest, these foreign allocations were eventually reduced as domestic fish harvesting and
processing industries expanded under the domestic preference authorized by the MSFCMA. At that time,
exclusive federal management authority over U.S. domestic fisheries resources was vested in the NMFS.
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The authority to place observers on commercial fishing and processing vessels operating in specific
geographic areas is also provided by the MSFCMA. The data collected by the National Observer
Program, which is overseen by the NMFS, is often the best means to get current data on the status of
many fisheries. Without observers and observer programs, there would not be sufficient fisheries data for
effective management. Observer programs also satisfy requirements of the ESA and MMPA by
documenting incidental fisheries bycatch of federally protected species, such as marine mammals and
sea turtles.

In 1977, Congress addressed the heightened concern over water pollution by amending the Federal
Water Pollution Control Act (FWPCA) of 1948. The 1977 amendments, known as the Clean Water Act
(CWA), extensively amended the FWPCA. For a synopsis of FWPCA initiatives prior to 1977, consult
USFWS (2000), which documents the history of the FWPCA since its origin.

The CWA took the first step towards establishing a comprehensive solution to the country’s serious water
pollution problems (EPA 1997). Through standards, technical tools, and financial assistance, the CWA
works towards the accomplishment of two goals: (1) to make U.S. waters fishable and swimmable and (2)
to eliminate contaminant discharge into such waters. Under the authority of the Environmental Protection
Agency (EPA), the act sets water quality standards for all pollutants, requires a permit for the discharge of
pollutants from a point source, and funds sewage treatment plant construction (EPA 2002). Section 403
of the CWA sets out permit guidelines specific to the discharge of contaminants into the territorial sea, the
contiguous zone, and waters further offshore (USFWS 2000). The Chief of Engineers and the Secretary
of the Army must approve discharges of dredged or fill material into all waters of the United States,
including wetlands. In addition to regulating pollution in offshore waters, the CWA, under the amendment
known as the Water Quality Act of 1987, also requires state and federal agencies to devise programs
and management plans that aim to maintain the biological and chemical integrity of estuarine waters. In
estuaries of national significance, NOAA is permitted to conduct water quality research in order to
evaluate state and federal management efforts.

Another law regulating the discharge of contaminants into the ocean is the Marine Plastic Pollution
Research and Control Act (MPPRCA) of 1987. Under this federal statute, the discharge of any plastic
materials (including synthetic ropes, fishing nets, plastic bags, and biodegradable plastics) into the ocean
is prohibited. The discharge of other materials, such as floating dunnage, lining, food waste, paper, rags,
glass, metal, and crockery, is also regulated by this act. Ships are permitted to discharge these types of
refuse into the water. They may only do so, however, when they are beyond a distance from shore as
prescribed by the MPPRCA. An additional component of this act is the requirement that all manned,
ocean-going, U.S. flag vessels greater than 12.2 meters (m) in length, as well as all manned, fixed, or
floating platforms subject to U.S. jurisdiction, keep records of garbage discharges and disposals (NOAA
1998).

During the reauthorization of the MPRSA in 1992, Title Ill of the MPRSA was designated the National
Marine Sanctuaries Act. Title Il authorizes the Secretary of Commerce to designate and manage areas
of the marine environment with nationally significant aesthetic, ecological, historical, or recreational value
as national marine sanctuaries. The primary objective of this law is to protect marine resources, such as
coral reefs, sunken historical vessels, or unique habitats while facilitating all compatible public and private
uses of these resources. National marine sanctuaries, similar to underwater parks, are managed
according to management plans, prepared by the NOAA on a site-by-site basis. NOAA is the agency
responsible for administering the National Marine Sanctuary Program.

In 1996, the MSFCMA was reauthorized and amended by the Sustainable Fisheries Act (SFA). The
SFA provides a new habitat conservation tool in the form of the Essential Fish Habitat (EFH) mandate.
The EFH mandate requires that the regional FMCs, through federal Fishery Management Plans (FMPs),
describe and identify EFH for each federally managed species, minimize to the extent practicable adverse
effects on such habitat caused by fishing, and identify other actions to encourage the conservation and
enhancement of such habitats. Congress defines EFH as “those waters and substrate necessary to fish
for spawning, breeding, feeding, or growth to maturity” (16 U.S.C. 1802[10]). The term “fish” is defined in
the SFA as “finfish, mollusks, crustaceans, and all other forms of marine animals and plant life other than
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marine mammals and birds.” The regulations for implementing EFH clarify that “waters” include all aquatic
areas and their biological, chemical, and physical properties, and “substrate” includes the associated
biological communities that make these areas suitable fish habitats; the description and identification of
the EFH includes habitats used at any time during a species’ life in all its life history stages (NMFS 2002).

The Secretary of Commerce implements the SFA through the NMFS. The SFA requires that the EFH be
identified and described for each federally managed species. The identification must include descriptive
information on the geographic range of the EFH for all life stages, along with maps of the EFH for life
stages over appropriate time and space scales. Habitat requirements must also be identified, described,
and mapped for all life stages of each species. The NMFS and regional FMCs determine the species
distributions by life stage and characterize associated habitats, including habitat areas of particular
concern (HAPC). The SFA requires federal agencies to consult with the NMFS on activities that may
adversely affect EFH. For actions that affect a threatened or endangered species, its critical habitat, and
its EFH, federal agencies must initiate ESA and EFH consultations.

In 2002, the EFH Final Rule was authorized, simplifying EFH regulations (NMFS 2002). Significant
changes delineated in the EFH Final Rule are: (1) clearer standards for identifying and describing EFH,
including the inclusion of the geographic boundaries and a map of the EFH, as well as guidance for the
FMCs to distinguish EFH from other habitats; (2) more guidance for the FMCs on evaluating the impact of
fishing activities on EFH and clear standards for deciding when FMCs should act to minimize the adverse
impacts; and (3) clarification and reinforcement of the EFH consultation procedures (NMFS 2002). The
process by which federal agencies can integrate MSFCMA EFH consultations with ESA Section 7
consultations is described in NMFS (2002).

Passage of the Oil Pollution Act of 1990 increased the protection of our nation’s oceans. The act details
new policies’ relating to oil spill prevention and cleanup methods as well as amends the CWA. Any party
that is responsible for a vessel, offshore facility, or deepwater port that could potentially cause an oil spill
must maintain proof of financial responsibility for potential damage and removal costs. The act details
which parties are liable in a variety of oil spill circumstances and what damage and removal costs must be
paid. The President has the authority to use the Oil Spill Liability Trust Fund to cover these costs when
necessary. Any cost for which the fund is used must be in accordance with the National Contingency
Plan, which is an oil and hazardous substance pollution prevention plan established by the CWA
(USFWS 2000). Federal, state, Indian tribe, and foreign trustees must assess the natural resource
damages that occur from oil spills in their trusteeships and develop plans to restore the damaged natural
resources. The act also establishes the Interagency Coordinating Committee on Qil Pollution Research,
whose purpose is to research and develop plans for natural resource restoration and oil spill prevention.

The federal government furthered its estuary protection efforts by passing the Estuary Restoration Act
of 2000. This act establishes the Estuary Habitat Restoration Council, a federal interagency council that
must develop a national estuary habitat restoration strategy. Private entities propose projects to the
council that must meet certain criteria and fulfill the council’s strategy. The council chooses projects to
recommend to the U.S. Army Corps of Engineers (USACE). Projects recommended to the USACE are
selected for implementation based on another set of criteria. The federal government pays up to 65% of
the project costs, excluding operation and maintenance costs. The ultimate goal of the act is to restore
405,000 hectares (ha) of estuary habitat by 2010.

To protect undeveloped coastal barriers, Congress passed the Coastal Barrier Resources Act (CBRA)
in 1982. The statute created the John H. Chafee Coastal Barrier Resources System, which consists of
various undeveloped coastal barriers. Any development on these barriers cannot receive new federal
financial assistance unless it falls within one of the exceptions, such as fish and wildlife research and
military activities essential to national security. The Secretary of the Interior maintains the set of maps that
defines the system, which must be reevaluated at least every five years to determine if the coastal barrier
boundaries should be altered.

The most significant amendment to the CBRA was the Coastal Barrier Improvement Act of 1990. The
act adds additional undeveloped coastal barriers to the system, alters the definition of “coastal barrier” to
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include more areas, such as the Florida Keys, and provides additional exemptions from the funding
prohibitions (USFWS 2000). Local and state governments and nonprofit conservation organizations can
now voluntarily add lands in their possession to the system. The system now includes 515,000 ha of
coastal barriers that cover 1,940 kilometers (km) of shoreline (USFWS 2000).

In response to the growing harmful algal bloom and hypoxia problems, Congress passed the Harmful
Algal Bloom and Hypoxia Research and Control Act of 1998. This statute formed an Inter-Agency
Task Force on Harmful Algal Blooms and Hypoxia. The task force must compose a national assessment
on the ecological and economic impacts of harmful algal blooms, the same type of assessment for
hypoxia, and a separate assessment for hypoxia in the Gulf of Mexico. All three assessments must also
include plans on how to reverse these growing problems and detail the socioeconomic consequences of
such solutions. The act appropriates a certain amount of funds to the Secretary of Commerce to use for
the education, research, and monitoring needed to carry out the act’s directives. In 2000, the National
Science and Technology Council Committee on Environment and Natural Resources released its
National Assessment of Harmful Algal Blooms in U.S. Waters (CENR 2000).

Congress passed the Rivers and Harbors Appropriation Act of 1899 to restrict the building of
structures over or in U.S. navigable waterways. Under Section 9, no bridge, dam, dike, or causeway may
be constructed without Congress’ approval. Structures contained within a state that have been approved
by the state legislature may be built with the approval of the Secretary of Transportation or the Chief of
Engineers and the Secretary of the Army. Section 10 prohibits the building of wharfs, piers, and jetties
over or in navigable waterways without the approval of Congress. The Chief of Engineers and the
Secretary of the Army must approve both structures and excavation in navigable waters.

The Migratory Bird Treaty Act (MBTA) of 1918 prohibited the taking, transporting, and harming of
migratory birds and their parts, eggs, nests, and young unless permitted by federal regulations. This act
implemented provisions from the 1916 convention between the U.S. and Great Britain that addressed the
protection of migratory birds. Provisions from later conventions with Mexico, Japan, and the Soviet Union
were implemented as amendments to the MBTA. The Department of the Interior has the authority to
enforce the act’s provisions, which includes determining periodically when the taking of migratory birds
may occur. State governments may pass laws that increase migratory bird protection as long as open
seasons do not extend beyond those set at the national level.

Congress furthered the protection of migratory birds by passing the Neotropical Migratory Bird
Conservation Act in 2000. The act sets aside funds used to finance projects that assist in the
conservation of North American migratory birds in the U.S., Latin America, and the Caribbean. Project
proposals are submitted to the Secretary of the Interior, who uses a set of criteria to determine which
projects will receive federal funding. Not more than 25% of the project’s funds can come from the federal
government. At least 75% of the funds allocated for this act, which is $5 million a year until 2005, must be
used on projects outside the U.S.

1.3.2 Executive Orders

Executive Order 12962 on Recreational Fisheries was enacted in 1995 to ensure that federal agencies
strive to improve the “quantity, function, sustainable productivity, and distribution of U.S. aquatic
resources” so that recreational fishing opportunities nationwide can increase. The overarching goal of this
order is to promote the conservation, restoration, and enhancement of aquatic systems and fish
populations by increasing fishing access, education and outreach, and multi-agency partnerships. The
National Recreational Fisheries Coordination Council (NRFCC), co-chaired by the Secretaries of the
Interior and Commerce, is charged with overseeing federal actions and programs that are mandated by
this order. The specific duties of the NRFCC include: (1) ensuring that the social and economic values of
healthy aquatic systems, which support recreational fisheries, are fully considered by federal agencies;
(2) reducing duplicative and cost-inefficient efforts among federal agencies; and (3) disseminating the
latest information and technologies to assist in the conservation and management of recreational
fisheries. In June 1996, the NRFCC developed a comprehensive Recreational Fishery Resources
Conservation Plan (RFRCP) specifying what member agencies would do to achieve the order’s goals
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(NMFS 1999). In addition to defining federal agency actions, the plan also ensures agency accountability
and provides a comprehensive mechanism to evaluate achievements (Panek 1998). A major outcome of
the RFRCP has been the increased utilization of artificial reefs to better manage recreational fishing
stocks in U.S. waters.

Executive Order 13158, Marine Protected Areas, of 2000 is a furtherance of Executive Order 13089. It
created the framework for a national system of marine protected areas (MPAs). MPAs are defined in
Executive Order 13158 as “any area of the marine environment that has been reserved by federal, state,
territorial, tribal, or local laws or regulations to provide lasting protection for part or all of the natural and
cultural resources therein.” This executive order strengthens governmental interagency cooperation in
protecting the marine environment. It also calls for strengthening management of these existing areas,
creating new ones, and preventing harm to marine ecosystems by federally approved, conducted, or
funded activity (Agardy 2000).

Executive Order 13186 on the Responsibilities of Federal Agencies to Protect Migratory Birds was
enacted in 2001 to support the efforts of the MBTA and other acts. The order directs executive
departments and agencies that detrimentally affect migratory birds to increase their protection of these
birds. Each department or agency must develop and implement a Memorandum of Understanding (MOU)
through the USFWS. The MOU must incorporate a variety of efforts set out in the order that promote the
conservation of migratory bird populations. These efforts include restoring migratory bird habitats and
preventing pollution in environments that affect migratory birds. The departments and agencies have two
years to implement their MOUs, but the order encourages them to implement the order's policies
immediately. Such practices can be implemented through activities already established or incorporated
into new plans. The order also formed the interagency Council for the Conservation of Migratory Birds,
which administers the order.

1.4 METHODOLOGY
1.4.1 Literature and Data Search

A thorough and systematic search for relevant scientific literature and data was conducted. Once
identified, information vital to the production of the report was then obtained, reviewed, and catalogued.
Of the available scientific literature (both published and unpublished), the following types of documents
were utilized in this assessment: journals, periodicals, bulletins, monographs of scientific and professional
societies, theses, dissertations, project reports, endangered species recovery plans, stock assessment
reports, environmental impact statements (EISs), fishery management plans (FMPs), and other technical
reports published by government agencies, private businesses, or consulting firms. The scientific
literature was also consulted during the search for geographic location data (geographic coordinates) on
the occurrence of marine resources within the study area.

To investigate the habitat types and physical environment of the study area and to determine the
occurrence of species of concern, recreational and commercial fishing grounds, and other areas of
interest, information was collected from the following sources:

» Academic and educational/research institutions (Coastal Carolina University, College of William and
Mary [WM], Cumberland Island Museum, Duke University [DU], Florida Marine Research Institute
[FMRI], North Carolina Maritime Museum, Old Dominion University [ODU], Smithsonian Institution,
Texas A&M University [TAMU], Texas A&M University at Galveston [TAMUG], University of North
Carolina at Wilmington [UNCW], University of Rhode Island [URI], University of Texas at Dallas
[UTD], and Virginia Institute of Marine Science [VIMS]) were contacted regarding data source
information and literature collection.

» On-line computer databases accessible through DU, ODU, TAMU, UTD, VIMS, and WM were used to
search the following databases: DIALOG (Oceanic Abstracts, Enviroline, Pollution Abstracts, Aquatic
Sciences and Fisheries Abstracts, Life Science Collection, Zoological Record Online, Water
Resources Abstracts, National Technical Information Service [NTIS], Federal Register, Dissertation
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Abstracts, and BIOSIS Previews) and First Search (e.g., BIODigest, BiolAgrindex, GenScilndex, and
the Government Printing Office).

» The World Wide Web was accessed to search various data- or literature-related databases and
related links such as: NOAA, NMFS, USFWS, International Council for the Exploration of the Seas,
Elsevier, Inter Research, Allen Press, Blackwell-Science, Natural Resources Defense Council, Food
and Agriculture Organization (FAO), Marine Turtle Newsletter, Proceedings of the Annual Sea Turtle
Symposium, University of Florida Sea Turtle Bibliography, U.S. Geological Survey (USGS)
Loggerhead Sea Turtle Bibliography, National Sea Grant Library (NSGL), Naval Oceanographic
Department (NAVO), National Atmospheric and Space Administration (NASA), Minerals Management
Service (MMS), and USACE Coastal Ecology Group Waterways Experiment Station.

» Marine resource experts/specialists, state agencies (North Carolina Department of Environment and
Natural Resources/Wildlife Resources Commission [NCDENR/WRC], North Carolina Natural Hertiage
Program [NCNHP], North Carolina Center for Graphical Analysis and Information [NCCGIA], North
Carolina Division of Marine Fisheries [NCDMF], South Carolina Department of Natural Resources
[SCDNR], Florida Fish and Wildlife Conservation Commission [FFWCC]), and federal agencies
(NOAA: NMFS [Beaufort Laboratory, Office of Protected Resources, Office of Habitat Protection,
Northeast Fisheries Science Center {NEFSC}, Southeast Fisheries Science Center {SEFSC}],
National Ocean Service [NOS]; National Estuarine Research Reserve {NERR}, Southeast Area
Monitoring and Assessment Program [SEAMAP]; NAVO; MMS; NASA; National Marine Mammal
Laboratory; Marine Mammal Commission [MMC]; South Atlantic Fishery Management Council
[SAFMC]; USFWS; USGS) were also contacted for information regarding species and habitats of
concern.

1.4.2 Spatial Data Representation—Geographic Information System

The geographical representation of marine resource occurrences in the study area and vicinity was a
major constituent of this MRA report. The marine resources data and information accumulated for this
project were accessed from a wide variety of sources, were in disparate formats, covered a broad range
of time periods, and represented differing levels of accuracy as well as quality assurance. The spatial or
geographical component that was common to all datasets allowed the widely dissimilar data to be
visualized in a meaningful manner. Without this common data characteristic, graphical display of such
disparate data would have been difficult, if not impossible, to achieve.

A geographic information system (GIS) was used to store, manipulate, analyze, and visualize the spatial
data and information accumulated for the study area. For this project, Environmental Systems Research
Institute, Inc.'s (ESRI) ArcView® version 3.2 GIS software was used to create the majority of map figures
and ArcView® version 8.2 was used to create the metadata. ArcView® was chosen for this project due to
its widespread use, its ease of operation, and its ability to create multiple views and layouts within the
same project file.

1.4.21 Geographic Data

Problems were encountered when datasets were combined during the development of the map figures.
Source data were not in a standard format, there was no standard naming convention for species names,
and some datasets included missing or unlabeled data fields. To mitigate these difficulties, many steps
were taken to standardize and ensure the quality of the numerical data, especially for the marine mammal
and sea turtle data. Therefore, prior to using the data, a master database was created where the data
format was standardized so that the data could be merged and later used in the GIS. To accomplish this,
data were manipulated to match dataset records with a set of standard field names. In some cases, the
latitude and longitude had to be converted to decimal degrees with accuracy to the fourth decimal place.
Species’ common names were added to the database to replace the multiple species codes that
accompanied the original data. The different types of codes used for species names in the original
datasets were not always consistent from one dataset to the next. Compiling a comprehensive list of
species names increased the chances of plotting all sightings for a given species on the map figures. To
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maintain integrity of the original data, all fields and records were kept without alteration. When necessary,
fields were created to store supplemental information or data that was altered from the original source. No
original data fields were deleted and all added fields are signified by the “GMI_" prefix. For example,
source fields were added to the main dataset to indicate the origin of the data and are shown in the field
as “GMI_source.”

The geographic locations of important marine resources in the study and vicinity were derived from four
types of sources (in order of reliability): source data, scanned source maps, source information, and
information adapted from published maps and literature. The “source data,” which include geographic
coordinates and GIS shapefiles, were first scrutinized for data quality. If the data were in coordinate form,
they were then converted to decimal degrees if necessary and text fields were renamed or added for
ease of manipulation. Once standardized, the source data were imported into the GIS software. Some of
the data were only available as graphical representations or “source maps.” These data were scanned,
imported into ArcView®, and geo-referenced using the Image Analysis extension, with significant
information being digitized into a shapefile format. Materials acquired as Adobe® Portable Document
Format (PDF) files were also treated as scanned source maps (i.e., they were geo-referenced and
pertinent information was digitized), since they were already in a digital form. A third type of source,
“source information,” encompasses information that was neither taken from a scanned map nor was
available in coordinate form. For example, maps displaying non-coordinate data, information given via
personal communication, or information extracted from a literature description are referenced as source
information. In certain cases, source maps and/or information had to be interpreted to be usable in the
GIS environment. Maps displaying geographic information that was interpreted or altered from the original
source map/information are noted in the figure caption as being “adapted from” that source. The source
type and associated reference citations for all marine resource data presented in the map figures are
listed in each figure’s caption. These four source types have differing levels of associated data reliability
or confidence. The level of data confidence is dependent upon three factors: precision, accuracy, and
currency. Each of these three factors are in turn affected by all the variables involved in obtaining data
and putting the data into a GIS in order to display the data on a map. Following is a brief description of
the three main factors and some of the subsequent variables that figure into overall level of confidence.

»  Precision—Refers to whether or not the description of the data is specific or non-specific. It is
possible to have data recorded very precisely but with very low accuracy. For example, we may
say that 2 + 2 = 5.12546732, where the sum is given very precisely but inaccurately. GPS
(global positioning systems) offers the highest level of precision for recording locations.

» Accuracy—Refers to how well the data reflect reality. There may be 10 sightings of harbor
porpoises in an area, but they may actually have been common dolphins. Even if the locations
were precisely recorded, the data are still not accurate. Some variables that affect accuracy are
who originally recorded the data (source reliability), how many people have processed/altered
the data since it originated (number of iterations), and the method used to record the data.

»  Currency—Refers to how recently the data were obtained. Because recent developments in
equipment and methods have improved precision and accuracy, confidence is higher for data
that have been recorded more recently.

1422 Geographic Data Representation

GIS data are displayed as layers or "themes" for which scale, extent, and display characteristics can be
specified. Multiple themes are represented on an individual map figure. Throughout the project, data
imported into ArcView® had to be maintained in the most universal, least transformed manner in order to
avoid conflict between theme coordinate systems and projections. Since understanding the role map
projections play in the creation of valid and usable maps is so critical, further explanation of this issue is
provided. A geographic reference system (such as latitude and longitude) is based on the angles
measured from the earth’s center. A planar coordinate system, on the other hand, is based on
measurements on the surface of the earth. To meaningfully transfer real world coordinates (in three
dimensions) to planar coordinate (two dimensions), a transformation process has to be applied. This
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transformation process is called a projection. Such a transformation involves the distortion of one or more
of the following elements: shape, area, distance, and/or direction. The user typically dictates the choice of
a projection type to ensure the least distortion to one or more of the four elements. Choice of a particular
projection is dictated by issues such as the location of the place on earth, purpose of the project, user

constraints, and others.

Species of Concern maps,
SAV, Salt Marshes, and
Tidal Flats

format with geographic
coordinates given. Identified as
“source data” in map captions.

Map Examples Description of Map Data CorIIfE;S:Ince
Phvsical Environment maos Data from original/reliable HIGH
y PS: | sources. Provided in a digital 33 maps

(69% of total
number of maps)

Recreational Fishing,
Artificial Reefs, and Coral
and Live/Hard Bottom

First- or second-hand data
sources. Locations obtained
through scanning geo-
referenced* maps. ldentified as
“source map(s) scanned’ in

MEDIUM
4 maps
(8% of total
number of maps)

map captions.
First- or second-hand data
sources. Locations obtained by
digitizing from written
descriptions with no coordinate
data or by altering and/or
interpreting raw data. ldentified
respectively as “source
information” or “map adapted
from” in map captions.
* Geo-referenced—Refers to data, maps, and images with points that can be matched to real
world coordinates so that the data can be accurately positioned in a GIS.

LOW
11 maps
(23% of total
number of maps)

Commercial Fisheries maps
and Sargassum

The geographic coordinate system measures the angles of longitude from the center of the earth and not
distance on the earth’s surface. One degree of longitude at the equator measures 111 km versus 0 km at
the poles. Using a map projection mitigates this difference or seeming distortion when using geographic
coordinates. However, when multiple data sources with multiple projection systems are used, the most
flexible spatial data format is the unprojected geographic coordinate system, which uses decimal-degree
latitude and longitude coordinates. The decimal-degree format is the only format that allows unlimited,
temporary, custom projection and re-projection in ArcView® and is therefore the least restrictive spatial
data format. Thus, the maps in this MRA are untransformed, meaning they are shown unprojected on the
map figures and their associated geographic data are delivered unprojected.

Since the measurement units for unprojected, geographic coordinates are not associated with a standard
length, they cannot be used as an accurate measure of distance. Since the maps in the assessment
report are in geographic coordinates, the map figures should not be used for measurement and the scale
information only provides approximate distances. The map scales and reference datum used on all maps
in this MRA are presented in statute miles, not nautical miles. It is not currently possible to use nautical
miles for the scale in ESRI’s ArcView® GIS software.

The majority of maps in this report are presented in two forms: a display that includes four seasonal maps
per page and a display that includes one full-page map. Maps of each display type are presented at the
same approximate scale; the full-page maps are at the approximate scale of 1:1,750,000 while each of
the seasonal maps (one of four per page) is shown at the approximate scale of 1:3,500,000. The maps in
this MRA report are presented in kilometers and statute miles.
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1.4.2.3 Physical Environment Maps

The bathymetry and sea surface temperature (SST) maps represent gridded raster data that were
converted to the raster ArcGrid™ format. Selected isobaths from the resulting two-dimensional contours
are shown on the bathymetry figures and on various maps throughout the MRA report.

The SST derived from the Advanced Very High-Resolution Radiometer (AVHRR) were downloaded from
NASA and processed by the NAVO’s Meteorology and Ocean Measurement Division. The resulting
gridded raster data were manipulated in the same manner as the bathymetric data, resulting in contour
lines of the respective data. The gridded SST satellite data were sampled at a 5-min resolution and
contoured at 1°C intervals.

1424 Habitat Type Maps

Multiple sources of data and information were used in the creation of maps of habitat types in the study
area and vicinity. Maps displaying live/hard bottom communities, as well as artificial reefs and shipwrecks,
were created using scanned images and geographic coordinate data available from published and
unpublished scientific literature. The map of live/hard bottom substrate was created not only from a
source map but also from source data in the form of GIS shapefiles.

Several of the map figures in the habitat types chapter are composites of multiple data and information
sources. The artificial reefs and shipwrecks map is another good example of a map created from multiple
sources, as it incorporates information from scanned maps as well as data available from both federal
and state government websites. Artificial reefs often consist of multiple types of material placed on the
seafloor. To accurately depict this on a map, artificial reefs that were located within 500 m of one another
were denoted as an artificial reef complex. Artificial reef complexes consist of at least two groups of
artificial reef material but may contain as many as four or five groups of reef substrate. Since geographic
locations for each artificial reef were available in coordinate form, ArcView® GIS was used to create a
buffer polygon (radius 500 m) around each individual reef. If the resulting buffer polygons overlapped, the
artificial reefs were then grouped together and reclassified as an artificial reef complex. Artificial reefs that
lie more than 500 m from any other reefs are labeled solely as artificial reefs.

Geographic data utilized for the creation of maps for submerged aquatic vegetation (SAV), salt marshes,
and tidal flats were obtained from the North Carolina Environmental Sensitivity Index report. Geographic
data provided in this report were compiled and/or created by the NOS. All data from this source were
provided in ArcView® GIS shapefile format and therefore represent a high level of data confidence.

1.4.2.5 Biological Resource Maps—Species of Concern

Marine mammal and sea turtle occurrence data were accumulated from every available source for the
study area. Available marine mammal and sea turtle data included in this MRA are listed in Appendix A.
Occurrence data from aerial and shipboard (sighting) surveys, stranding records, incidental fisheries
bycatch records, and radio- or satellite-tagging programs are included. Data incorporated into the marine
mammal and sea turtle maps were vital to the determination of seasonal occurrence patterns for
protected species known to inhabit the waters of the study area. Seasons throughout the report are
defined as winter (January through March), spring (April through June), summer (July through
September), and fall (October through December).

Sighting data from aerial and shipboard sighting surveys were obtained from the NMFS, the DoN, and
other sources. In addition to sea turtle and marine mammal data from agencies and institutions,
miscellaneous sighting data from the scientific literature were also used in this MRA.

Much of the marine mammal stranding data used in this report were acquired from the Smithsonian
Institution. The Smithsonian is the final repository for marine mammal stranding data. The Smithsonian
marine mammal stranding dataset includes historical records prior to the formal creation of the marine
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mammal stranding networks and is thus the most comprehensive stranding dataset available for the U.S.
Atlantic coast, especially for beaked whale species.

Incidental fisheries bycatch data for marine mammals and sea turtles were obtained from the NMFS, as
fisheries observer programs fall under its jurisdiction. The NMFS and SCDNR provided sea turtle tagging
data. Sea turtle sightings are categorized into two distinct groups, survey sightings and public sightings,
to help facilitate accurate interpretation of the data.

While working with the marine mammal and sea turtle data, several assumptions were made. First, it was
assumed that the species identifications given in the original datasets were correct. Since the reliability of
species identifications from one dataset to the next was not always known, it was necessary to work
under this assumption. A species reliability index was included in the dataset. For the sake of
consistency, reliability of species identification was not considered in the plotting of any marine mammal
or sea turtle data. The reliability of marine mammal and sea turtle species identification is of greater
importance when calculating densities or estimating a species’ abundance in a particular area.

Although it was assumed that the species identifications were correct, it could not always be assumed
that the geographic coordinates given in the dataset were correct. Problems were often encountered
when the original data coordinates were plotted and animals were shown to occur in unexpected
locations. This was especially true of the marine mammal stranding data. For example, the geographic
coordinates of several strandings often indicated that they occurred well out to sea or far inland. In such
cases, the stranding record was moved as close to the original geographic description as possible. If no
geographic description was available, the stranding was moved to the nearest shoreline at an accuracy
scale of 1:250,000. If the stranding record was too far offshore or inland to estimate an accurate shore
position, the record was deleted.

For the purposes of this project, most categories of unidentified species were merged into one category
called unidentified cetaceans. There were some exceptions to this process. Unidentified rorquals (the
family of baleen whales which includes the blue, fin, sei, minke, Bryde’s, and humpback whales) were left
as a separate group to conservatively determine endangered whale distribution for the study area.
Although the category of unidentified rorquals includes the non-endangered/non-threatened minke and
Bryde’s whales, it seemed appropriate to use the group of unidentified whales when determining the
distribution of endangered whales in the study area, since most rorquals are endangered species.

The data for individual and groups of species were used to develop polygons of seasonal occurrence for
marine mammal and sea turtle species. Four types of occurrence information may be displayed on each
turtle or mammal map: areas of expected occurrence (areas encompassing the expected distribution of
a species based on what is known of its habitat preferences, life history, and the available sighting,
stranding, incidental fisheries bycatch, and, when applicable, tagging data), areas of concentrated
occurrence (subareas of a species’ expected occurrence where there is the highest likelihood of
encountering that species; this designation is based primarily on areas of concentrated sightings and
preferred habitat), areas of low/unknown occurrence (areas where a species is believed to be rare or
the likelihood of encountering that species is not known), and areas labeled occurrence not expected
(areas within the study area where a species is not expected to be encountered). A high number of
sightings indicates nothing about the number of individuals associated with each sighting; a sighting for
some species, particularly some dolphin species, may involve a very large group with thousands of
individuals.

Geographic data utilized for the creation of maps for the shortnose sturgeon, sea beach amaranth, piping
plover, and roseate tern were obtained from the North Carolina Environmental Sensitivity Index report.
Geographic data provided in this report was compiled and/or created by the NOS. Some maps also
include data sets from the North Carolina Natural Heritage Program (see metadata for specific sources).
Data from both sources were provided in ArcView® GIS shapefile format and therefore represent a high
level of data confidence.
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1.4.2.6 Human Activity Maps

The maps of commercial fishing grounds are composites of multiple data sources and types. Commercial
fishing ground maps and descriptions available from the literature and government websites were
adapted so that fishing ground polygons could be drawn for relevant fishery types in the study area and
vicinity. Multiple sources were also used in the creation of the recreational fishing maps. Recreational
fishing sites include sites from artificial reefs and live/hard bottom communities. Fishing tournament
polygons were created using a 75 NM buffer from weigh-in locations for offshore tournaments and
literature descriptions for coverage of surf and inshore tournaments. Maps for dive sites, recreational
boating, and shipping lanes utilized data created from a combination of scanned maps and source data.

1.4.27 Marine Protected Areas

Information regarding the locations of MPAs was collected from available multiple data sources. Much of
the data utilized for the creation of the MPA map were obtained from the North Carolina Environmental
Sensitivity Index report. Geographic data provided in this report were compiled and/or created by the
NOS. Data from this source were provided in ArcView® GIS shapefile format and therefore represent a
high level of data confidence. Data for other protected areas were obtained from NOAA as both digital
data and map images.

1.4.3 Inherent Problems with Marine Survey Data

When attempting to use aerial and shipboard survey data as a major indicator of a species’ occurrence, it
is necessary to first recognize the inherent problems associated with each survey type. One of the main
drawbacks of surveys in the marine environment is that shipboard and aerial surveys count the number of
animals at the water’s surface, where species such as cetaceans and sea turtles spend relatively little
time. Since sea turtles spend over 90% of the time under water, it has been estimated that marine
surveys undersample (underestimate) the total number of sea turtles in a given area by as much as an
order of magnitude (Shoop and Kenney 1992; Renaud and Carpenter 1994). While scientists have
devised mathematical formulas to account for animals not seen at the surface, the diving behavior of one
individual may be different from that of other members of the same species. Even though marine
mammals and sea turtles are obligated to come to the surface to breathe, many individuals will not
surface within an observer’s field of view. This is of particular concern when attempting to sight species
that dive for extended periods of time, do not possess a dorsal fin, and are known to exhibit cryptic
behavior, such as beaked whales, Kogia spp., and sperm whales (Wirsig et al. 1998; Barlow 1999).
Beaked whales are often solitary individuals, which makes their sightability much different from a species
that regularly occurs in large groups, such as dolphins in the genus Stenella (Scott and Gilbert 1982).

Sighting conditions also affect the sightability of marine mammals and sea turtles. Sighting frequencies
vary due to the amount of sun glare on the water’s surface, the sea state, and the water clarity. Both sea
state and glare have statistically significant effects on sighting frequency (Scott and Gilbert 1982;
Thompson 1984). When water clarity is poor, animals are difficult to sight below the water’s surface, and
only those animals at the water’s surface that are extremely close to the observer are usually identifiable.

Problems also arise when attempting to select an optimal and efficient survey method for sampling
marine mammals and sea turtles. Since most surveys are multi-species surveys, the sampling design,
although likely cost- and labor-efficient, cannot be considered optimal for each species (Scott and Gilbert
1982). The altitude at which marine mammal aerial surveys are flown is much higher than is desirable to
sight sea turtles (which are typically much smaller than cetaceans). Shipboard surveys designed for
sighting marine mammals are adequate for detecting large sea turtles but usually not the smaller-sized
turtles. Their relatively small size, diving behavior, and startle responses to vessels and aircraft make
smaller sea turtles difficult to sight or visually observe from a ship. The youngest age-classes, which often
inhabit waters far from land, are extremely difficult to spot. There have been no shipboard surveys in the
Atlantic Ocean, Gulf of Mexico, or Caribbean Sea designed to specifically address information needs
relative to sea turtles. Other difficulties with marine surveys include weather, time, and logistical
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constraints. For example, the operating cost for a research vessel is approximately $10,000 per day
(Forney 2002).

In addition, marine surveys are unable to assist scientists in accurately describing the seasonal
occurrence of marine mammals and sea turtles in extremely large areas such as the Atlantic Ocean or in
spatially complex areas such as the study area. The occurrence of marine mammals and sea turtles in an
area often changes on a seasonal basis in response to changes in water temperature, the movement and
availability of prey, or an individual’s life history requirements, such as reproduction. Therefore, the
number of sightings on a specific date over a specific survey trackline may not be representative of the
number of individuals occurring in the entire area over the course of an entire season. As a result,
sighting frequency is often a direct result of the level of survey effort expended in a given area.

Data on incidental fisheries bycatch of marine mammals and sea turtles in fisheries were used as
supplemental information to determine occurrence patterns of these protected species in the study area.
Aerial and shipboard surveys are most successful in determining occurrence patterns of marine mammals
and sea turtles when the sighting conditions are optimal, which is usually during the summer. Fisheries,
however, operate year-round, even in inclement weather. Therefore, including bycatch records to
supplement the survey data for seasons in which sub-optimal sighting conditions persist (as in winter) is a
useful tool. The fisheries bycatch data also proved to be an adequate resource for determining the
locations of commercial fishing activity.

1.4.4 Inherent Problems with Stranding Data

How closely the distribution of marine mammal and sea turtle stranding records mirrors the actual
occurrence of a species in a given region is often not known. Sick animals may strand well beyond their
normal range and carcasses may travel long distances before being noticed by observers. Stranding
frequency in a given area is as much a function of nearshore and offshore current regimes and coastal
zone patrol efforts as it is a function of the stranded species’ actual pattern of occurrence. Since coastal
species will strand more frequently than oceanic species, due to their closer proximity to shore, stranding
frequencies should not be used when attempting to compare the occurrence of a coastal versus an
oceanic stock in a certain area. Comparisons cannot be made between species of differing sizes and
social structures, as strandings of large-bodied species and groups of individuals are much more likely to
be reported than strandings of small-bodied species or single individuals. An additional problem with the
use of stranding data involves the inability of reporters to identify carcasses as a certain species. For
example, only the most experienced marine mammal scientists are likely able to differentiate between the
several species of beaked whale in the genus Mesoplodon.

1.5 REPORT ORGANIZATION

This report consists of eight chapters and associated appendices. Chapter 1—Introduction provides
background information on this project, an explanation of its purpose and need, a review of relevant
environmental legislation, and a description of the methodology used in the assessment. Chapter
2—Habitat Types and the Physical Environment describes the physical environment and ecological
considerations of the various habitats within the study area, including the marine geology (physiography,
bathymetry, and bottom sediments), physical oceanography (circulation and currents), hydrography
(surface temperature and salinity), biological oceanography (chlorophyll concentrations and plankton),
and associated species assemblages. Chapter 3—Biodiversity and Species of Concern covers the
federally protected species found in the study area (plants, fishes, reptiles, birds, and marine mammals)
with detailed narratives of their morphology, status, habitat preferences, distribution, behavior, and life
history. Chapter 4—Human Activities discusses commercial and recreational fisheries, commercial
shipping, scuba diving, and recreational boating in the study area and vicinity. Chapter 5—Marine
Protected Areas describes regions of the marine environment that are federally protected. Chapter
6—Recommendations suggests future avenues of research that are necessary to fill the data gaps
identified in this project and prioritizes research needs from a cost/benefit approach. Chapter 7 is the List
of Preparers and Chapter 8 is the Glossary. The Appendices (A, B, C, and D) provide supplemental




JUNE 2003 FINAL REPORT

information of marine mammal and sea turtle data sources, species of fishes with essential fish habitat
designated, piping plover critical habitat units, and a mylar map of the Gulf stream, respectively.

This report follows a closely adapted Chicago Manual of Style format and reference style. Depending on
the chapter, cited literature appears at the end of the chapter, or at the end of each significant section
within a chapter.
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2.0 PHYSICAL ENVIRONMENT AND HABITAT TYPES

The Cherry Point and southern Virginia Capes (VACAPES) inshore and estuarine areas are
characterized by a wide diversity of habitat types and ecological complexity. The study area includes the
coastal zone, encompassing the state waters beginning at the shoreline seaward to the 3 NM limit. The
coastal zone is similar environmentally, ecologically, and biologically to the oceanic environment typical of
the Navy’s offshore operating areas. The coastal zone of the study area is separated from the
intracoastal, estuarine waters of eastern North Carolina and Virginia by a long chain of barrier islands.
Barrier islands, although technically terrestrial, are considered in this marine resource assessment
because of their definitive role in separating the wholly marine coastal waters from the protected
estuarine waters and in providing habitat for species of concern, such as the sea beach amaranth. The
study area’s extensive barrier island system ranges along the shore from southeastern Virginia to
southern North Carolina and is generally known as the Outer Banks. A network of rivers and sounds
comprises the study area inside the barrier island system. The Pamlico and Neuse Rivers flow into the
largest body of water, Pamlico Sound, where they discharge freshwater and sediments from interior North
Carolina. Pamlico Sound is connected to the study area’s second largest water body, Albemarle Sound,
via the small Croatan and Roanoke Sounds, which are located on either side of Roanoke Island. To the
south, Pamlico Sound is connected to the very narrow Core Sound. Bogue Sound, also a very narrow
body of water, lies furthest south and is connected to Core Sound. Currituck Sound crosses the North
Carolina-Virginia border and is oriented roughly parallel to the barrier island chain separating it from the
Atlantic Ocean.

21 CLIMATE/WEATHER

The climate of the study area is moderated by the Atlantic Ocean, resulting in a maritime climate that is
mild and moist. Rainfall averages from 119 to 130 centimeters per year (cm/yr) throughout the study area
but is highly variable both temporally and spatially (Copeland et al. 1983; Copeland and Riggs 1984).
Precipitation is fairly uniformly distributed throughout the year but is highest in summer, usually
associated with tropical storms or thunderstorms, and lowest in fall.

Air temperatures vary widely throughout the year, from 6° to 8°C in January to 28° to 32°C in August
(Copeland et al. 1983; Copeland and Riggs 1984). Winters are mild and summers hot and humid.
Prevailing winds are typically from the south-southwest and average 15 to 16 kilometers per hour (km/hr)
(Copeland et al. 1983; Copeland and Riggs 1984). Lowest wind velocities generally occur in summer
while cold fronts moving in from the north or northwest cause the highest velocity winds to occur in winter.

Exceptions occur from late spring through early fall (May through October) when tropical storms or
hurricanes develop in the equatorial Atlantic Ocean and, steered by the Gulf Stream, often travel north
along the southeastern coast of the U.S. Although hurricanes occur infrequently in the study area, they
cause not only high winds but higher than normal tides and storm surge bring a greater volume of
seawater into the coastal lagoons (sounds) shoreward of the barrier islands. More than nine hurricanes
affected the North Carolina coast in the 1950s and one major hurricane struck the Outer Banks in the
1960s (USFWS 1980). Six major hurricanes of magnitude 2 or greater struck the North Carolina coast
from 1996 through 1999 (Paerl et al. 2001). Another type of extreme weather event, extratropical storms
or “northeasters,” can also present a significant problem for parts of the study area in the winter, notably
the Outer Banks due to the extreme eastward projection of the barrier island chain at Cape Hatteras.
Northeasters develop as strong low-pressure (clockwise flowing) systems, moving slowly offshore into the
Atlantic Ocean. Winds from these storms can reach hurricane force and blow onshore from a northern or
eastern direction for sustained periods. Damage and floods from northeasters have equaled or exceeded
that caused by hurricanes in North Carolina (USFWS 1980).

2.2 GEOLOGICAL SETTING
The east coast of the U.S. is a passive continental margin and its geology and physiography typify that

setting. At a passive margin, the continent and adjacent ocean floor are on the same crustal plate.
Passive continental margins such as the east coast of the U.S. are characterized by subsidence, erosion,

21
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and thick sediment accumulations that have led to the development of the classic continental margin
sequence: continental shelf, slope, and rise (Kennett 1982).

The study area lies at the transition between continent and ocean. The portion of the study area inside
the barrier island system lies on the edge of an extensive, flat coastal plain called the Pamlico Terrace,
which transitions into the continental shelf that underlies the portion of the study area outside the barrier
islands. A relict shoreline, the Suffolk Scarp, separates the terrace in the west from the higher elevation
interior areas. Covered largely by sand and clay, the coastal plain of the study area is no higher than 1 m
elevation, except for sand ridges and hills that parallel the shoreline from Cape Henry, Virginia south to
Albemarle Sound.

The study area’s dominant physiographic feature is the long barrier island chain that separates the
coastal ocean waters from the estuarine waters of the coastal lagoons. Seaward of the barrier islands, the
continental shelf is the seaward extension of the continent, almost like a submarine platform. A gentle
incline or gradient (<1:1,000), low relief (< 20m), widths of about 100 km, and water depths of 130 m on
average worldwide distinguish the continental shelf (Kennett 1982; Eisma 1988). Along the eastern U.S.
coast, the continental shelf ranges in width from less than 5 km off southern Florida to nearly 400 km in
the Gulf of Maine. At Cape Hatteras, the continental shelf narrows to 45 km. Cape Hatteras is an area of
geologic transition between the carbonate province found to the south and the carbonate-depleted,
primarily terrigenous (from land) province to the north (Johnson 1989).

23 HABITAT TYPES

A variety of marine, coastal, and aquatic habitats occur within the study area. There are many ways of
classifying these habitats, from their ecological associations to their formation mechanisms. We have
chosen to take a holistic environmental approach in describing the habitat types found in the study area.
This approach begins with an explanation of how the habitats were formed, followed by a description of
the each habitat’'s environment and its ecological associations. This approach is key to understanding the
diverse habitats found in the study area. The habitat areas in the study area belong in two broad
categories: those that are part of the barrier island complex and those that are characteristic of the
nearshore, oceanic waters.

2.3.1 Nearshore/Coastal Oceanic Waters

The habitat of the study area seaward of the barrier island chain (up to 3 NM from shore) is
homogeneous and differs little from the oceanic environment typical of waters overlying the continental
shelf of the mid-Atlantic U.S. coast. This area near shore is dominated by the southward moving
longshore current and subsequent sand transport dynamics as well as its proximity to the western
boundary of the Gulf Stream Current. A longshore current is a current that moves parallel to shore near
the surf zone and is caused when waves approach the beach or shore at an angle, resulting in
incomplete wave energy refraction (Figure 2-1). Longshore currents transport sediments, usually sand,
suspended in the water along the shore in a process called longshore transport or littoral drift. The
direction of net sediment transport is the same as the current movement. Sand or sediment flow along the
U.S. east coast is southward, as waves that drive the longshore current and transport approach shore
from the north, where they are usually generated by storms in the North Atlantic (Garrison 1995).

The nearshore waters are shallow, with depths only reaching 20 m east of Duck Island (Figure 2-2). The
average water depth is about 7 m. Typical of the east coast’s inner continental shelf, the sea floor of the
nearshore or coastal waters is covered primarily by sand, and some silt (Figure 2-3).

The salinity of the nearshore waters is 28 to 32 practical salinity units (psu) (Figure 2-4). These salinities
are lower than the average salinity for ocean water (~35 psu) as they are modified by mixing of lower
salinity water moving seaward through the inlets of the Outer Banks. The salinity of the water in the
vicinity of Cape Hatteras is higher due to the presence of deeper water very near shore in this area. A
salty wedge of water intrudes onto the shelf near Cape Hatteras during every season but is especially
apparent in the winter when the average salinity reaches 36 psu (Cook 1988). This high salinity intrusion

2-2



JUNE 2003 FINAL REPORT

Figure 2-1. Longshore currents are nearshore currents that move parallel to the shoreline and
transport sediments (sand) along the coast. These currents are one of the mechanisms that build
barrier islands along the coast.

on the inner shelf appears to be coincident with the average path of the Gulf Stream through the area,
although the higher salinities do occur farther north than the mean axis.

The nearshore, coastal waters exhibit more than a 20°C temperature flux throughout the year. During
most of the year, there is a clear north-south gradient of increasing sea surface temperatures, although
this trend is less apparent in summer when the surface temperatures are more homogeneous (Figure 2-
5). Minimum water temperatures occur in fall and winter with a marked thermal convergence at Cape
Hatteras (area just north of the cape [winter, Figure 2-5] where the isotherms lie very close together).

The warm year-round temperature of the nearshore waters provides a suitable environment for many
coastal species, allowing both temperate and tropical species to exist in this transition zone. Temperature
certainly affects the abundance of plankton, especially phytoplankton. Phytoplankton are single-celled
organisms that are similar to plants because they use sunlight and chlorophyll to photosynthesize. At the
base of the marine food chain, phytoplankton are essential to the overall productivity of any aquatic
environment. Their growth and distribution are influenced by several factors, the most important of which
are temperature (Eppley 1972), light (Yentsch and Lee 1966), and nutrient concentration (Goldman et al.
1979). Phytoplankton distribution is patchy, occurring in environments that have optimal light,
temperature, and nutrient conditions. In general, the abundance of phytoplankton in the ocean is higher in
nearshore waters due to the input of nutrients from land sources. The diversity of phytoplankton is also
highest in nearshore waters closest to the coast. The concentration of chlorophyll a, often used as a
proxy for primary productivity, varies little seasonally in the nearshore waters of the study area, indicating
that nutrient concentrations are probably plentiful year round and that water temperatures do not limit
phytoplankton growth. Phytoplankton populations in continental shelf waters consist primarily of diatoms
(Marshall 1971, 1991). While these diatom populations could extend deeper than the continental shelf,
they have not been observed past the western wall of the Gulf Stream (Marshall 1971).

Aggregations or mats of Sargassum natans and S. fluitans, planktonic brown algae, form an integral
habitat for a variety of marine flora and fauna (Settle 1993). Pelagic Sargassum is an important temporary
habitat for larval and juvenile fishes, many of which are commercially and recreationally fished (SAFMC
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Figure 2-2. Bathymetry of the Cherry Point and southern VACAPES inshore and estuarine areas. Isobaths
connect points of equal depth. Source data: NOAA (1999).
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1998). Sometimes sea turtles and marine birds utilize the drifting algal mats. Pelagic Sargassum has
been found to be an important early developmental habitat for sea turtle hatchlings during their “lost year,”
when they passively drift along with the floating algal mats. The largest known aggregation of loggerhead
hatchlings was found off North Carolina during a commercial Sargassum harvest (Schwartz 1988).
Sargassum is also a permanent habitat for other fish and invertebrate species. The distribution of pelagic
Sargassum is not well defined but it is frequently entrained in the Gulf Stream Current. Drifting
Sargassum can travel over the continental shelf for extended periods of time, remain in the Gulf Stream,
or wash ashore (SAFMC 1998). Thus, Sargassum can be found commonly in nearshore North Carolina
waters.

A wide variety of fish species occur in the nearshore waters of the study area. This diversity is the result
of the interaction of zoogeographic factors, environmental variables such as currents and temperature,
and habitat features such as artificial reefs. Many fish and invertebrate species move through the
nearshore waters and through the barrier island inlets to gain access to the protected estuarine waters of
the study area’s coastal lagoons. Many of the fish species found in the nearshore environment are
important to both commercial and recreational fisheries. The nearshore waters of North Carolina are the
predominant fishing grounds of the shrimp fishery.

The nearshore waters of the study area are also home to protected species such as sea turtles and
marine mammals. Bottlenose dolphins are observed frequently, often feeding, in nearshore waters. Sea
turtles, especially the loggerhead, have been observed in waters close to shore, either feeding or
traveling to their nesting beaches.

2.3.2 Barrier Island Complex

A barrier island complex consists of barrier islands as well as the coastal lagoons landward of the islands
(Figure 2-6). A barrier island includes the sandy beach, dunes, and salt marshes or tidal flat. Coastal
lagoons (called sounds in North Carolina and Virginia) are formed at the same time barrier islands are
formed. Barrier islands form parallel to the coast and are long, relatively straight sand ridges often
separated from one another by inlets, which allow ocean water to flow into the lagoons located landward
of the barrier islands. The formation of barrier islands or beaches typically occurs along low-lying coasts
such as the U.S. east coast.

Many hypotheses exist to explain how barrier islands were formed but the exact mechanism (s) is not yet
clearly understood, undoubtedly because barrier islands have formed in several different ways at different
geographic locations. It is likely, however, that the “multiple causality” theory, proposing a combination of
factors, is the most valid theory proposed thus far (USFWS 1980). Proposed mechanisms include the
longshore transport of sand, spit formation downstream of eroding headlands, buildup of submarine sand
bars, and submergence of coastal beach ridges (USFWS 1980; Kennett 1982). The barrier islands found
along the southeastern coast of the U.S. evolved about 4,000 to 6,000 years ago during a period of rising
sea level, when coastal processes began creating the extensive barrier island complexes that now typify
the coastline (Kennett 1982). As sea level began rising after the last glacial period, 15,000 years ago, the
sea increasingly flooded the coastal plain. The large volumes of sediments, available as the continental
glaciers melted, were transported along shore forming elevated ridges or beaches, which left shallow
lagoons isolated behind them. These elevated shoreline ridges or beaches migrated with the rising sea
level until sea level stabilized about 5,000 years ago. Regardless of the specific evolutionary mechanism,
the formation of barrier islands is closely associated with sediment (sand) supply, sea level, and
subsidence or uplift (Kennett 1982).

Barrier islands are dynamic or ever-changing shoreline features; they are not stable environments. The
beach and the dunes are composed of sand that is either being moved onto the beach (deposition) during
calm weather or removed from the beach by storms (erosion). This can happen any time of the year but
because more storms happen in the winter, most beach erosion occurs in that season. When sand is
deposited, the barrier beach grows in size and when sand is eroded from the beach, the beach gets
smaller. The barrier beach and dune system protect the continental mainland from storms and hurricanes
and are considered land's first and second lines of defense, respectively, against the sea.
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Figure 2-6. Cross-section of a barrier island complex, including the associated coastal lagoon. A
barrier island consists of a sand beach, dunes, salt marsh, and/or mud flat. On the barrier island,
vegetation grows from the foredune landward to the salt marsh or coastal lagoon edge.

When waves from a severe storm such as a hurricane hit a barrier beach, the wave energy is so strong
and the storm surge so high that waves breach or flow over the barrier island beach and dunes into the
lagoon. As these strong waves move over the beach and dunes, the water entrains sand in the water,
eroding the beach and dunes. If this erosion is severe enough, an inlet is cut through the barrier island,
allowing direct flow of seawater from the ocean into the lagoon. Inlets are not permanent features. Over
time, sand and sediments fill the inlets, so that the barrier island is once again intact. Humans often make
inlets permanent by dredging a channel and reinforcing the sides with concrete or boulders. Along the
Outer Banks, the largest permanent inlets between the barrier islands of the Outer Banks are Oregon,
Hatteras, Ocracoke, and Beaufort inlets.

Wind moves grains of sand from the beach to the dunes. Dunes are formed when the wind picks up and
entrains particles of sand from the barrier beach. A dune begins to form when an obstacle, such as a
stone or stick, lies in the wind's path. The obstacle causes the wind to decrease in velocity and the sand
particles fall out of suspension. As the number of sand particles increases, a dune or hill of sand is
formed, sometimes rising to 25 m in height. Usually a series of dunes, called a dune field, form. The first
dune closest to the beach, the primary dune, is always the largest. The windward side of the primary
dune is steep and is called the foredune. Secondary dunes are landward of the primary dunes. These
dunes are smaller in size and their sides are not as steep.

Sand beaches and dunes are harsh, arid environments, where survival demands specialized adaptations
to the widely ranging air temperatures, salt spray, shifting sands, periodic inundation of seawater, and
sustained winds. Plants, such as beach grass and sea oats, have extensive root systems that form a
network that anchors the sand, stabilizing the dune. An endangered plant species, the seabeach
amaranth, colonizes the lower foredune or upper beach of the barrier islands in the study area. Despite
the harsh conditions, the beach and dune environment also host numerous bird populations, including
colonial waterbirds and shorebirds. Two species of these bird groups, the piping plover and the roseate
tern, are endangered and may be found in the dunes or upper sandy beaches of the study area.
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2.3.3 Coastal Lagoons and Estuaries

Even though coastal lagoons are part of the barrier island complex, the lagoons are described separately
as they encompass such a diverse group of water bodies with distinctive characteristics and habitats. In
the study area, seven sounds form a network of coastal lagoons landward of the Outer Banks; from north
to south these include the Currituck, Albemarle, Croatan, Roanoke, Pamlico, Core, and Bogue sounds.
Additionally, two rivers, the Neuse and Pamlico, empty into Pamlico Sound (Figure 1-1). These rivers and
sounds are irregularly shaped, providing evidence of their origin as drowned river valleys. Since Croatan
and Roanoke sounds are such minor water bodies whose waters are virtually indistinguishable from those
of Pamlico Sound, they are included in the description of Pamlico Sound so that only Pamlico is
described in detail.

The protected waters of these rivers and sounds create a rich estuarine environment with high
productivity and rich species diversity. An estuary is defined as a semi-enclosed coastal body of water,
which has an open connection to the sea and within which freshwater mixes with salt water (Stickney
1984). By this definition, all seven sounds and the Neuse and Pamlico Rivers can be considered
estuaries. The open connection to the sea is via barrier island inlets. Freshwater sources include the
Neuse and Pamlico Rivers and all other tributaries and streams that discharge into the sounds.

Estuaries are a prized ecological resource, serving many functions: protected nursery area for larvae and
juveniles of many fish and invertebrate species; sediment, nutrient, and pollutant filters or sinks; shelter
and food source for migratory species; as well as recreation areas for boating and fishing.

The water in many of the estuarine sounds and rivers in the study area is brackish or has a very low
salinity. Water temperatures in the North Carolina estuaries are high during the summer, reaching nearly
30°C. Warm, brackish water with a high nutrient concentration in an estuary that is poorly flushed (water
remains in it for a long time) are the prime factors triggering outbreaks of harmful algal blooms, such as
the toxic blooms of the dinoflagellate, Pfiesteria, that occurred in North Carolina estuaries in the 1990s
(EPA 2002). In the presence of fish, Pfiesteria emits a toxin that ultimately kills the fish and is toxic to
humans as well.

2.3.31 Pamlico Sound

Pamlico Sound is the largest coastal lagoon estuary in the U.S.; it is 100 to 140 km long, 35 to 50 km
wide, with a surface area of 5,300 km® and volume of 26 billion square meters (m3) (Pietrafesa et al.
1986; Paerl et al. 2001). Pamlico Sound is a shallow estuary with a mean and maximum water depth of
4.5 and 6 to 7 m, respectively (Figure 2-2) (Paerl et al. 2001). The sound is bounded in the north by the
lesser Roanoke and Croatan sounds, by the Core Sound to the south, by the Neuse and Pamlico rivers to
the west, and by the Outer Banks to the east. The tidal range is low (1 m) near the inlets and is reduced
to approximately 10 cm in the sound (Eisma et al. 1997). Wind dominates the circulation and freshwater
input into the sound is low, resulting in long residence times for sound waters. Paerl et al. (2001)
estimated that the time to replace freshwater in Pamlico Sound is 11 months, far in excess of the
replacement time for most temperate estuaries. The realistic residence time is probably much longer due
to restricted flow in sheltered areas and the location of inlets relative to freshwater input (Paerl et al.
2001).

Fine sand and silt cover the bottom of Pamlico Sound while medium sands typify the bottom near the
inlets to the ocean (Figure 2-3; Wells 1989; Eisma et al. 1997). Salinities in Pamlico Sound range from 10
to 31 psu with highest salinities found closest to the inlets (Figures 2-4 and 2-7; Wells 1989). Salinities
are highly variable and fluctuate with seasons, with highest salinities found in the fall (15 to 31 psu) and
lowest salinities found in spring (10 to 19 psu) (Figure 2-7; Wells 1989; NOS 2001). Vertical stratification
is weak, with only 1 psu difference in the water column (Wells 1989). Salinity fluctuations are likely linked
to the timing of high freshwater input and precipitation. Surface water temperatures vary seasonally but
have a small range between highs and lows in each season. Lowest temperatures (15 to 17° C) are found
in winter (January through March) while the highest (26° to 27°C) occur in summer (Figure 2-5). The
temperature gradient is oriented in a generally northeast to southwest direction regardless of season.
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2.3.3.2 Albemarle Sound

Albemarle Sound, the drowned river valley of the Roanoke River, is oriented roughly east to west and is a
shallow, irregularly shaped body of water, with as many as seven small embayed, lateral estuaries
radiating outward from the central axis of the sound. The shape and lateral estuarine extensions result in
an estuarine shoreline exceeding 800 km (Copeland et al. 1983). The sound is 90 km long, varies in width
from 5 to 20 km, has a surface area of 1,240 km2, and a volume of 6.6 million m> (Copeland et al. 1983;
Wells 1989). Albemarle Sound opens into Roanoke, Croatan, and Currituck Sounds to the east. While the
average depth of Albemarle Sound is about 3.5 m, water depths gradually increase with distance from
shore to the flat central axis of the sound where the depth is 6 m (Figure 2-2; Copeland et al. 1983; Wells
1989). The tidal range in Albemarle Sound is negligible (~10 cm) and lunar tides are of little importance.
Wind is the dominating factor driving circulation and water levels in the sound and its embayed estuaries.
Due to the shallowness and long fetch of the sound, wind and wave action effectively eliminate vertical
stratification (Copeland et al. 1983).

Fine sediments such as clay, silt, and sand cover the flat bottom of Albemarle Sound and its lateral
extensions (Figure 2-3). Albemarle Sound is typically oligohaline (i.e., surface salinities ranging from 0.5
to 5 psu) with the average salinity never exceeding 5 psu (Figures 2-4 and 2-7; Copeland et al. 1983).
Salinities are most influenced by seasonal freshwater input from either the Roanoke or Chowan rivers.
Highest salinities occur in fall and lowest salinities are observed in spring (Figure 2-7; NOS 2001). The
surface water temperature varies throughout the year by as much as 16°C (Figure 2-5). In summer,
surface water temperatures are nearly homogeneous (25°C) throughout Albemarle Sound but in winter
the surface water temperature ranges from 9° to 10°C.

2.3.33 Currituck Sound

The very narrow (2.4 to 3 km wide), brackish water estuary of Currituck Sound is oriented north to south
and is roughly 64 km long with a surface area of 396 km? (USFWS 1980; Caldwell 2001). Currituck Sound
lies parallel to the barrier island shore and spans the North Carolina-Virginia border. The average depth
of the sound is 1.5 m or less (Figure 2-2; Caldwell 2001). Fine-grained sediments cover the bottom of the
sound and range from fine sand to silt (Figure 2-3). Currituck Sound flows into Albemarle Sound to the
south and is bordered on land on all remaining sides. The oligohaline (0 to 15 psu) waters of the sound
have freshwater input from Northwest and North Landing rivers (Figure 2-4; USFWS 1980). Only the
southernmost portion of the sound exhibits salinities higher than 5 psu; highest salinities (0.5 to 15 psu) in
the sound are found in the fall while the lowest (0 to 5 psu) are found in spring (Caldwell 2001; NOS
2001). Salinity in the sound is controlled by the amount of freshwater input, the amount of evaporation,
and the amount of seawater that washes over Currituck Banks into the sound. The tidal range is
negligible with wind influencing the circulation and water level in the sound. The waters of Currituck
Sound are turbid and contain large concentrations of nutrients and organic matter (USFWS 1980).

2.3.34 Core and Bogue Sounds

These extremely shallow, narrow lagoonal estuaries are located behind a band of very narrow, nearly
linear barrier islands of the lower Outer Banks. Core Sound is approximately 48 km long and 6 km wide
while Bogue Sound is 56 km long and 4 km wide. Core Sound flows into lower Pamlico Sound and is
connected to Bogue Sound to the southwest while Bogue Sound terminates at Bogue Inlet in the west.

Two inlets bisect the barrier island adjacent to Bogue Sound, allowing direct seawater flow into the sound.
Both bodies of water are extremely shallow with a maximum depth of 1 m (Figure 2-2). Fine sand covers
the bottom of both sounds (Figure 2-3). Freshwater discharge into both sounds is limited but is sufficient
to produce strong salinity gradients in the three rivers flowing into the sounds in the late winter and spring
(NOS 2001). The salinity structure of Core Sound is controlled primarily by precipitation and evaporation
while Bogue Sound is more influenced by the seawater input via the inlets in addition to precipitation and
evaporation. The water column is homogeneous with no stratification (NOS 2001). Salinities are usually
fairly high in both sounds (Figure 2-4) with the highest salinities (>25 psu) occurring in June through
August and the lowest (15 to 25 psu) occurring from January through March.
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2.3.35 Neuse River

One of the major contributors of freshwater and sediments to Pamlico Sound is the Neuse River. The
Neuse River drains a watershed of about 16,000 km? and receives substantial nutrient input from
agricultural, industrial, and wastewater sources upstream (Eby and Crowder 2002). The Neuse River is
an estuary that is 3.5 m deep on average with maximum depths reaching 6 m (Figure 2-2). Salinity is
highly variable and the estuary is often stratified (Paerl et al. 2002). Salinities typify a mixed estuary with
the range from 0.5 to 25 psu (Figure 2-4); high salinities (9 to 17 psu) are found in fall while salinities are
lowest (0.5 to 10 psu) in spring (Figure 2-7; NOS 2001). Temperature follows a seasonal cycle with a
mean water temperature of 20°C in May, the peak temperature of 28° to 30°C in July through August,
with decreasing temperatures to about 18° to 20°C by October (Paerl et al. 2002).

Ordinarily, phytoplankton, particularly in the upper part of the estuary, assimilates the nutrients carried
into the Neuse River from the uplands. During times of high river flow, however, phytoplankton can’t
utilize all the nutrients in the water. Freshwater with a high nutrient concentration enters the entire
estuarine system and phytoplankton blooms occur. This high flow typically occurs in January through
February, which understandably coincides with the time of year when lowest salinity values are found
(Paerl et al. 1990). High primary productivity often leads to eutrophication of bottom waters, characterized
by low oxygen concentrations. When the estuary becomes stratified and there is a high oxygen demand
in bottom waters (due to decomposition of phytoplankton), hypoxia (<2 milligrams oxygen per liter [mg
O, /l]) is the result. Hypoxia often forms in the deeper up-river portion of the estuary but sometimes
extends throughout the entire estuary and occurs intermittently from spring to fall (Paerl et al. 2002). Fish
avoid hypoxic areas, leading to a decrease in the amount of usable habitat. This loss of habitat and
alteration of habitat usage results in decreased growth and health of the fish community (Paerl et al.
2002).

2.3.36 Pamlico River

The Pamlico River is an important estuary in North Carolina and is one of the tributaries that empty into
Pamlico Sound. It is characterized by low to mid-salinity, high turbidity, and shallow water (Copeland and
Riggs 1984). The estuary is roughly 65 km long and ranges in width from 0.5 to 8 km for a volume of
2,000,000,000 m® (Copeland and Riggs 1984). This drowned river has the associated irregular shape that
usually defines this estuarine type. The Pamlico River drains about 14,000 km? of watershed and great
volumes of freshwater flow into it from the Tar River (Copeland and Riggs 1984). The Pamlico River
estuary is nearly dominated by freshwater flow and thus tides have little influence, with an average tidal
range of less than 15 cm (Copeland and Riggs 1984). Circulation is dominated by freshwater inflow and
wind. This shallow estuary has an average depth of 3.3 m but deepens to a maximum depth of nearly 6 m
in mid-river (Figure 2-2).

Fine sediments cover the bottom of the Pamlico River, mostly clayey mud in the central portions with fine
sands near the perimeter (Copeland and Riggs 1984). The deepest central portion of the river is
frequently hypoxic during the summer (Copeland and Riggs 1984). Salinities are variable, ranging from
<2 to 12 psu (Figure 2-4). Highest salinities (6 to 12 psu) are found during fall with lowest salinities (<2 to
8 psu) are found in spring (Figure 2-7; NOS 2001). Mean monthly water temperatures in the estuary
range from 5°C during January to about 27°C in July through August but temperatures are highly variable
and can range in extremes from 0° to 30°C (Copeland and Riggs 1984).

2.3.3.7 Estuarine Shoreline Environments

Although the coastal lagoons or estuaries found in the study area differ in size and in their physical
parameters, similar habitats are found in each estuary. The physical parameters and size may limit the
number of animals or plants and the species found in each estuary, but each estuary has the same
characteristic shoreline habitats. The important factor determining where these habitats are found along
the shore is the amount of time they are covered by water. Since tides, or in the case of some of North
Carolina’s estuaries, wind-tides, regulate the water height, the parts of the shore where each habitat type
is found is called a tidal zone (Figure 2-8). Salt marshes are found at the highest elevations on the
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Figure 2-8. Intertidal and subtidal shore/coastal habitat environments or zones found in the
estuarine areas of the study area.

shoreline and are only partially inundated by seawater each day. Likewise, mud or tidal flats are exposed
to the atmosphere only part of the day. Seagrass beds, however, are continuously submerged

> Salt Marshes

Salt marshes are a type of temperate coastal wetland that is inundated by seawater at high tide. They
are the most common type of coastal wetland throughout the southeastern U.S. (Tiner 1993). These
intertidal ecosystems represent a transition between the land and the sea; they are bordered by the
land on one side and by an estuary or sea on the other and thus contain elements of both terrestrial
and marine communities. Salt marshes form in protected, low energy environments, usually in a
coastal lagoon behind a barrier island or in an estuary, and are dominated by plant species.

Most salt marshes are dominated by a single species (Wiegert et al. 1981). Mid-Atlantic salt marshes
are characterized by the dominance of smooth cordgrass (Spartina alterniflora) (Schafale and
Weakley 1990). Three vegetation zones are commonly recognized: low marsh, high marsh, and the
upland border. The low marsh produces the foundation of the estuarine food web and is the most
productive, self-sustaining habitat (Ursin 1972; Patrick 1994; Coker et al. 2000). Unlike the high
marsh, the low marsh is flooded by seawater twice daily, resulting in different floral and faunal
inhabitants (Tiner 1993; Bertness 1999). Terrestrial grasses and plants such as shrubs characterize
the upland border. It is in the upland border where land mammals such as raccoons and foxes
venture into the marsh to feed.

Smooth cordgrass occurs in both the low and high marsh zones, but is densest in the low marsh.
Although smooth cordgrass dominates the lower zone, perennial glasswort and sea lavenders may
also be found (Tiner 1993). In the high zone, the second most common species is black needlerush.
Other dominant species expected in the high zone are salt meadow cordgrass, salt grass, coastal
dropseed, salt marsh bulrush, big cordgrass, and key grass (Schafale and Weakley 1990; Tiner 1993;
SAFMC 1998, Coker et al. 2000).

In the coastal marshes of the study area, sediment from continental erosion has accumulated for over
150 million years (Bertness 1999). Salt marshes are formed by fine silt and clay settling in slow-
moving waters (Bertness 1999; Coker et al. 2000). These particles accumulate and are stabilized by
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seagrasses, such as smooth cordgrass, making an extensive root network underground that hardens
the substrate (Bertness 1999). Each fall smooth cordgrass dies back and becomes a primary food
source for many animals (Coker et al. 2000).

The Albemarle-Pamlico estuarine system has the greatest extent of marsh habitat for an estuarine
drainage area in all the South Atlantic states (i.e., North Carolina, South Carolina, Georgia and
Florida) (SAFMC 1998). North Carolina alone has 86,100 hectares (ha) of salt marsh (SAFMC 1998).
The coastal lagoons in the study area are typically lined with salt marshes usually referred to as
fringing marshes (Figure 2-9). No salt marshes are found on the seaward side of the barrier islands
as the wave energy is too high. Salt marshes are found all along the west side of the barrier islands
and along the coast of the mainland but especially in the areas where the effect of lunar amplitude is
maximized (Schafale and Weakley 1990).

The greatest density of salt marshes occurs in Pamlico Sound at Long Bay and Swanquarter Wildlife
Refuge. Currituck Sound is lined by salt marshes on the east, west, and north sides. Albemarle
Sound, including Alligator River, lacks extensive salt marsh coverage except along the eastern side of
the North River. Pamlico Sound is lined by salt marshes along the coast of the mainland and the west
side of the barrier islands. The mouth of the Pamlico River is heavily lined with salt marshes on the
north (including Pungo River) and thinly lined on the south. At Pamlico Point, at the mouth of the river,
are drained salt marshes. The Neuse River is sparsely lined with salt marshes; however, at the mouth
of the Neuse at Long Bay salt marshes dominate the habitat. From Cape Lookout south to the
boundary of the study area almost the entire estuarine coastline is lined with salt marsh habitat.
Bogue Sound is sparsely lined with salt marshes as well as the New River.

Coastal wetland areas have been declining sharply over the last 80 years. Mitsch and Gosselink
(1993) reported the losses of 8,000 ha a year from 1920 to 1950, 19,000 hectares a year from 1950
to 1970, and 3,000 hectares a year from 1970 to 1990.

Marshes are known for their value as nursery grounds. Species with both commercial and ecological
value utilize this area as juveniles (Bertness 1999). Specifically, red drum and shrimp use this habitat
(SAFMC 1998; NCDMF 2001). Salt marshes are considered essential fish habitat (EFH) in North
Carolina (NCDMF 2001). Salt marshes are involved in the cycling of nitrogen and sulfur
(Mendelssohn 1979; Bertness 1999) and excess carbon from burning fossil fuels is collected in
marshes (Bertness 1999). Coastal marshes also assist in filtering terrestrial inputs by slowing the
movement of runoff and assisting in the removal of particulates, the effect of which is improved water
quality and natural waste treatment (Bertness 1999). Reductions in salt marshes could have serious
effects on nutrient cycling and the reproduction of its inhabitants (Schafale and Weakley 1990).

» Submerged Aquatic Vegetation

Submerged aquatic vegetation (SAV) refers to benthic macroalgae and seagrasses that grow in or
attach to soft sediments in coastal, estuarine, and freshwater habitats. Macroalgae (sometimes called
seaweed) are multicellular, eukaryotic algae held to the substrate by holdfasts (root-like structures).
Seagrasses are vascular, rooted flowering plants that are adapted to the saline environment and
grow fully submerged, i.e., subtidal (Dennison et al. 1993). Seagrasses are unique in the marine
environment as they are the only land plants to return to the sea and their entire life cycle occurs
completely in seawater. Both seagrasses and macroalgae grow in often dense aggregations called
beds. During the last 20 years, the importance of SAV to coastal and estuarine ecosystems has been
acknowledged; SAV beds are highly productive and rich in faunal diversity. Beds of SAV provide
food, protective habitat, nutrient sinks, substrate for epiphytes, and sediment/shoreline stabilization
(Thayer et al. 1978; CSC 2001). The roots and rhizomes of seagrasses hold sediments in place,
preventing erosion of nearshore habitats. The blades of seagrasses and macroalgae dissipate wave
energy, reducing the water velocity, further protecting from erosion. Detritus and sediments collect
around the base of seagrasses and macroalgae, providing the important function of ridding the water
column of excessive sediments at the same time enabling nutrients from detritral decomposition to be
recycled back into the water column (SAFMC 1998; CSC 2001).
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Figure 2-9. Distribution of salt marshes in the Cherry Point and southern VACAPES inshore and estuarine

areas. Source data: NCDCM (1999) and NOS (2001). Map adapted from: USFWS (1980).
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Like their land counterparts, SAV use sunlight for photosynthesis and release dissolved oxygen.
However, in this case the oxygen is released into the water column to be used by aquatic species for
respiration and decomposition (CSC 2001). Seagrasses also provide an important food source for
waterfowl, sea turtles, sea urchins, and fish. SAV beds also provide important shelter for juvenile and
larval stages of many invertebrates and fishes. Ecologically and commercially important species
utilize SAV beds at some point in their life cycle. Bay scallops, hard clams, blue crabs, pink and
brown shrimp, and lobster use seagrass beds for attachment and protection (SAFMC 1998). The
cownose ray forages in the seagrass beds in North Carolina’s sounds and in Chesapeake Bay
(Peterson and Peterson 1979), damaging beds while digging for shellfish. Animals such as gray trout,
red drum, spotted seatrout, mullet, pinfish, pigfish, gag grouper, silver perch, summer and southern
flounder, pink and brown shrimp, blue crabs, hard shell clams, and bay scallops use SAV for
nurseries (Murphey and Fonseca 1995; CSC 2001). Adults of many species utilize the area
(Ferguson and Woods 1994). Egrets, herons, sandpipers, terns, gulls, swans, geese, ducks, and
osprey are some avian species that feed in SAV beds (Ferguson and Woods 1994). Other species
feed directly on SAV (e.g., echinoderms, birds, fishes, turtles, and manatees) (SAFMC 1998).
Seasonal reproduction in several fish species has been linked to seasonal abundance in SAV
(SAFMC 1998).

These plants (and their associated epiphytes) depend on sunlight for growth, so their growth is limited
to clear water areas where sunlight can penetrate (photic zone). Disturbances in the substrate (e.g.,
results of storms or human activities) increase turbidity, reducing the plant and algae’s access to
sunlight. During summer, the Gulf Stream waters bring in water with greater clarity to this area of
North Carolina (Searles 1984). Water clarity in the sounds of North Carolina is typical of southeastern
U.S. coastal estuaries (i.e., the sounds are typically more turbid than freshwater or oceanic
environments). In the study area, turbidity limits growth of macroalgae to depths of 1 to 2 m and of
seagrasses to depths up to 2.4 m (Schneider 1976; Searles 1984; Ferguson and Wood 1994).

North Carolina has an interesting mix of macroalgal species, with some temperate and some
subtropical to tropical (Humm 1969; Schneider 1976; Searles 1984). Temperature is considered the
limiting factor for macroalgae distribution (Schneider 1976). According to Ferguson and Wood (1994),
macroalgae beds are less abundant than seagrass beds in the Albemarle-Pamlico estuarine system.
The main macroalgae species found in the study area are red algae (e.g., Callithamion byssoides,
Champia parvula, Hypoglossum tenuifolium, and Rhodymenia pseudopalmata) and brown algae
(Giffordia intermedia) (Kapraun and Zechman 1982). Searles and Schneider (1980) found 289
species of macroalgae in North Carolina; 190 species of green, brown, and red algae were found in
the shallow water adjacent to the Outer Banks (Searles and Schneider 1980).

Growth of SAV, primarily seagrasses, is most prominent along the western side of the Outer Banks
barrier island chain, with the greatest density of seagrasses located north of Hatteras Inlet (Figure 2-
10). A recent look at macrofaunal distribution in Core and Back Sounds found higher densities on the
western sides of the Sounds than on the east side (Hovel et al. 2002). Ferguson and Wood (1994)
found that the distribution of seagrasses in Albemarle and Pamlico sounds to be similar to that found
within Chesapeake Bay, with growth restricted to shallow water usually less than 2 m. Besides water
clarity, salinity is a prime factor limiting the growth and distribution of seagrasses. Each species of
seagrass has a specific range of salinities that it can tolerate. Species such as eelgrass (Zostera
marina), widgeon grass (Ruppia maritima), and shoalgrass (Halodule wrightii) require higher salinity
(5 to 40 psu) water than other species and are found growing in the higher salinity areas of the study
area (Ferguson and Wood 1994; SAFMC 1998; Hovel et al. 2002). Eelgrass is considered the most
important of these seagrasses (Patrick 1994) and makes its greatest contribution to primary
production by carbon fixation and oxygenation (Patrick 1994). Widgeon grass can tolerate lower
salinities and dominates growth in lower salinity waters (Ferguson and Wood 1994). Low-salinity (<5
psu) species of seagrasses such as wild celery, Eurasian water milfoil, bushy pondweed, redhead
grass, sago pondweed, leafy pondweed, horned pondweed, alligatorweed, spatterdock, and
bladderwort grow within the study area (Ferguson and Wood 1994).
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Figure 2-10. Distribution of seagrass communities in the Cherry Point and southern VACAPES inshore and

estuarine areas. Source data: USFWS (1980) and NOS (2001).
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In 1972, a tropical storm in the Chesapeake Bay reduced the salinity for a month, drastically reducing
the SAV population (Orth and Moore 1983). Many areas were left completely unvegetated, even ten
years later (Orth and Moore 1983). Ferguson and Wood (1994) felt the loss of seagrass beds could
lead to a collapse in estuarine fisheries in North Carolina. Dense SAV in the study area is used as
primary habitat for red drum (NCDMF 2001). Decreases in SAV abundance have been linked to
decreases in populations for animal species feeding on seagrasses (Orth and Moore 1983; Thayer et
al. 1984). Eelgrass comprises 80% of the diet of the American brant (Branta bernicla). In the
Chesapeake Bay, when eelgrass was severely reduced, brant populations also declined (Cottam
1934). There were also long-term declines of widgeon, pintails, and redheads correlated with declines
in SAV (Orth and Moore 1983). Fortunately, there are some species that can alter their diets.
Canvasbacks shifted to a carnivorous diet and the whistling swan and Canada goose shifted their
diets to agricultural crops (Thayer et al. 1984). Damage to SAV is not always easy to estimate. The
results of damage to SAV beds may cascade through the food web when the habitat, food, and
shelter of lower trophic species are destroyed (CSC 2001).

> Tidal Flats

Tidal flats, also called intertidal soft-sediment habitats, lie between the low and high tide lines and are
unvegetated (no macroalgae or seagrasses) substrates, usually mud or fine sand. Tidal flats usually
border the lower edge of salt marshes, estuaries, and river mouths (Figure 2-11; Peterson and
Peterson 1979; Bertness 1999; Coker et al. 2000). Tidal flats depend upon the surrounding
seagrasses and salt marshes for primary production (Bertness 1999). The occurrence of tidal flats
can be due to several factors. Lunar tides are the most recognized influence. However, the tidal
range in the study area is small. Other factors such as water depth, prolonged wind direction, and
configuration of the water body can lead to the presence of tidal flats.

Tidal flats serve important functions as nurseries, feeding grounds, and refuge from predation and
adverse physical conditions (SAFMC 1998). Predators, such as shorebirds, visit the flats to forage at
low tide; at high tide fishes and crabs forage, often taking the same prey as shorebirds (Bertness
1999). The most characteristic predators of a tidal flat are flatfishes (e.g., flounder, sole, and
tonguefish), important in both commercial and recreational fisheries (Peterson and Peterson 1979).
Tidal flats are the areas where the primary production from salt marshes and seagrass beds is
consumed and turned into animal biomass (Peterson and Peterson 1979).

Tidal flats are utilized by a wide range of organisms including bacteria, fungi, microflora,
macrophytes, phytoplankton, burrowing worms, crabs, fishes, and wading birds (Bertness 1999).
Three categories of animals inhabit tidal flats: infauna, epifauna, and mobile epibenthos. Infauna are
invertebrate species, such as mollusks, gastrotriches, turbellarians (flat worms), and gnathostomulids
(jaw worms), amphipods, and copepods, which burrow in the substrate (Peterson and Peterson
1979). Epifauna, such as bivalves and cnidarians, are sessile animals that subsist on the surface of
the tidal flats. Mobile epibenthos, such as fiddler crabs, insect larvae, and nematodes, move on top of
the substrate (Peterson and Peterson 1979; Lippson and Lippson 1997).

Microalgae (e.g., benthic diatoms, benthic dinoflagellates, flamentous greens, and blue-green algae)
inhabit tidal flats (Peterson and Peterson 1979). Macrophytes that attach to hard substrates can also
be found in the intertidal flats. North Carolinian macrophytes include several species of filamentous
brown algae (e.g., Ectocarpus), filamentous green algae (e.g., Enferomorpha and Cladophora), leafy
green algae (e.g., Ulva), and other green filamentous green algae (Peterson and Peterson 1979).

Several protected and important species utilize tidal flats. Fishes that utilize the tidal flats for nursery
grounds happen to be among the most important to the commercial and sport fishery as well as
baitfish (Peterson and Peterson 1979). The red drum, for instance, uses tidal flats as nursery habitat
(NCDMF 2001). Brown shrimp, the most common shrimp in North Carolina, are considered to use
seagrasses as their primary feeding ground, but some will forage on the tidal flats at high tide
(Peterson and Peterson 1979). Birds utilizing the area can be broken down by their foraging strategy:
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Figure 2-11. Distribution of tidal flats in the Cherry Point and southern VACAPES inshore and estuarine areas.

Source data: USFWS (1980) and NOS (2001).
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wading birds, shallow- and deep-probing birds, aerial searching birds, floating or diving water birds,
and birds of prey (Peterson and Peterson 1979). Wading birds and shorebirds are totally dependent
on tidal flats as their main food source. Endangered bird species such as the piping plover and even
the bald eagle (though rarely) seasonally forage on tidal flats (Peterson and Peterson 1979). The
American oyster grows on tidal flats in North Carolina while blue crabs and whelks are common
foragers on the tidal flats in the study area (Peterson and Peterson 1979).

Areas of tidal flat concentration in the study area are the eastern side of Currituck Sound, both sides
of Roanoke Sound, Long Bay, Cape Lookout and Shackleford Banks, Bear to Brown'’s Inlet, and the
Neuse Inlet and River (Figure 2-11). The heaviest concentration of tidal flats is in the southern part of
the study area from Cape Lookout south. Between Oregon Inlet and Roanoke Island there are
several tidal flats not associated with a shoreline. Several more tidal flats not associated with
shorelines occur near other inlets (e.g., near Hatteras Inlet and Ocracoke Inlet). From Currituck
Sound to the Neuse River, tidal flats are mostly absent along the mainland.

2.3.4 Live/Hard Botfom Communities, Reef/Reef-Like Habitats, and Coral Patches

The Cherry Point and southern VACAPES inshore and estuarine area (i.e., study area) contains live/hard
bottom communities, reef/reef-like habitats, and coral patches; however, it does not contain true coral
reefs (Macintyre and Pilkey 1969; Macintyre 1970; McCloskey 1970; Huntsman and Macintyre 1971;
Steimle and Zetlin 2000).

Coral reefs refer to marine ecosystems in which “a prominent ecological functional role is played by
scleractinian corals” (McManus 2001). “Normal” coral reefs refer to biogenic “production-dominated reefs”
(Kleypas et al. 2001). Coral reef communities are tropical, mostly shallow water ecosystems, largely
restricted to the area between 30°N and 30°S. The Florida reef tract from Miami to the Dry Tortugas
represents the northernmost extent of true coral reefs along the eastern U.S. coast. Coral diversity and
abundance abruptly declines north of Miami, although live/hard bottom communities containing
hermatypic corals and gorgonians (represented as solitary corals or deepwater banks) can be found as
far north as Cape Lookout, NC (Jaap 1984; Jaap and Hallock 1991). Northward from Miami/Palm Beach,
FL tropical coral reef biota become increasingly less important in a south-to-north gradient and no true
coral reefs are found. The “patch” and “outer bank reef-building” coral reef habitats as defined by SAFMC
(1998) do not occur in the temperate region from southeast Florida to North Carolina. Because there are
no coral reefs within the study area, Executive Order 13089 (Coral Reef Protection) does not apply.
Nevertheless, corals of the study area remain sensitive to man-induced impacts including high nutrient
runoff, sedimentation, and physical impacts (e.g., Wilkinson 2000).

Live/hard bottom communities are small, isolated areas of low, rough, or broken relief consisting of
naturally occurring hard or rocky outcroppings (Figure 2-12). The geological and biological architecture of
these three-dimensional substrates provide shelter and substrate for live communities composed of
benthic and demersal organisms (Cahoon et al. 1990).

Reef/reef-like habitats in the study area include natural structures and man-made structures found in
estuarine and coastal environments (Steimle and Zetlin 2000; Figure 2-12). Natural reefs in the study
area include biogenic reefs (hard substrates formed by organisms) and nonbiogenic reefs (hard
substrates formed by rock or rocky reef areas). Natural reefs can be temporary as in the case of water-
logged tree trunks that sink to the bottom. Coral patches refer to rocky outcrops such as those occurring
on the inner continental shelf in Onslow Bay, NC that are colonized by sessile organisms including hard
corals, soft corals, hydroids, algae, and sponges (Macintyre and Pilkey 1969; Figure 2-12).

2.3.41 Live/Hard Bottom Communities

Live/hard bottom communities in general can sometimes contain rich sessile biological assemblages (sea
fans, sea whips, ascidians, bryozoans, hard/soft corals, hydroids, anemones, and sponges) and favor
relatively dense aggregations of turtles, commercial/recreational fishes, and other fauna (Thompson et al.
1999). It is important to note that not all hard bottom habitats support a live bottom community (Kirby-
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Figure 2-12. Locations of coral, live/hard bottom communities, and possible live/hard bottom communities in
the Cherry Point and southern VACAPES inshore and estuarine areas. Source data: Reed (1980) and SEAMAP

(2001). Source maps (scanned): McCloskey (1970), Huntsman and Macintyre (1971), BLM (1976), and Riggs
et al. (1986). Map adapted from: Amato (1994).
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Smith and Ustach 1986; SAFMC 1998). The seafloor substrate off the Carolinas varies from smooth mud
to outcrops encrusted with corals, sponges, and other predominantly tropical invertebrate fauna. These
constitute nearshore live/hard bottom communities (Figure 2-12). Some of these outcrops (such as those
found in Onslow Bay) are remnants of shallow reefs developed following the Wisconsin glaciation (10,000
years before present) (Kennett 1982; Veron 1995; SAFMC 1998). Known live/hard bottom communities of
this region, however, occur seaward and south of the study area, on the mid and outer continental shelf
(SAFMC 1998).

2.3.4.2 Reef/Reef-Like Habitats

Steimle and Zetlin (2000) present in great detail the reef/reef-like habitats and associated biological
communities of the study area. The following is an overview of Steimle and Zetlin’s (2000)
characterization of natural reefs in estuarine and coastal areas (less than 19.3 km from the coastline) that
are potentially found within the study area.

Natural reef habitats in the study area consist of submerged rocks, hard materials, and other solid
structures produced by living organisms (Figure 2-12; Steimle and Zetlin 2000). In estuarine
environments, natural reef habitats formed by organisms include beds of eastern oyster, blue mussel, the
cup coral Astrangia poculata, polychaete worms, and sponges. Other reef substrates in estuarine
environments include exposed clay, peat, and rock outcrops; waterlogged trees; fields of boulders or
cobbles; and former deltaic deposits of rocks, cobbles, and gravel (Steimle and Zetlin 2000).

In coastal environments in and adjacent to the study area, mussel and coral beds produce biogenic reefs
much like in the estuarine environment. In fact, blue mussel beds are more likely found in the cooler
coastal marine waters. These mussel beds change with time as a given bed may have a lifespan limited
to ten years and are continually exposed to predation and harvesting. Other natural reef habitats of the
coastal environment include rocky outcrops, accumulations of glacial erratic boulders or cobbles, relict
shell fields, and exposed stiff clay and peat deposits (Steimle and Zetlin 2000).

The presence of certain species found in reef habitats in the study area probably shifts as a function of
their life cycle and season. Some organisms associated with the reefs exist as larvae in the water column,
then on estuarine reefs as juveniles, and then in deeper and more marine habitats at the end of their first
season. High relief reefs are usually habitats for bluefish, mackerel, tuna, jack, and bottom-dwelling
species such as summer flounder. These reefs and their fishes are targeted more by recreational than
commercial fishermen simply because commercial trawl fishing gear cannot be towed through high relief
reefs without being seriously damaged (Steimle and Zetlin 2000). However, commercial handlining and
pot/trap fishing are common.

Reefs in estuaries of the study area support epibenthic and epibiotic organisms. Epibenthic organisms
are those that attach to rock, wood, metal, stiff clay, or peat. Oyster beds and blue mussel beds are
typically found on rock, wood, or metal. Epibiotic organisms attach themselves to other organisms that
have settled on abiotic substrates. Reefs made of oysters or blue mussels can support a multitude of
epibiotic organisms such as barnacles, ribbed mussels, blue mussels, algae, sponges, tubeworms,
anemones, hydroids, and bryozoans. Silt accumulations between the oyster shells can support benthic
invertebrates. Polychaetes and amphipods can also be found between mussel shells and within byssal
threads (Steimle and Zetlin 2000).

Hard surfaces in estuarine environments of the study area predictably support algae, barnacles, sponges,
tube worms, hydroids, anemones, encrusting bryozoans, oysters, blue mussels, jingle shells, the coral
Astrangia poculata, tunicates, and amphipods. Wooden structures (even after antiborer treatment) are
frequently bored by shipworms (Toredo) and gribbles (Limnoria). Softer surfaces such as semi-hard clay
and Spartina peat "reefs” can support burrowing mollusks and epibenthic algae (Steimle and Zetlin 2000).

The more-motile species of estuarine reef communities include both invertebrates and fishes, such as
American lobster, American eel, mud crabs, blue crabs, rock crabs, spider crabs, sea stars, gobies, spot,
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striped bass, black sea bass, white perch, toadfish, scup, drums, croaker, sheepshead, pinfish, tautog,
and northern puffer (Steimle and Zetlin 2000).

2343 Coral Patches

Hunstman and Macintyre (1971) documented 20 coral patches located 11 to 48 nautical miles (NM) from
the Onslow Bay coastline (Figure 2-12), well beyond the boundaries of the study area. These coral
patches contained scattered individual reef-building coral heads (e.g., lobe star coral and starlet coral),
non-reef building corals (e.g., ivory bush coral, cup coral, hidden cup coral, and porous cup coral), sea
fans, Spanish lobster, spiny lobster, mollusks (including calico scallops), algae, and sponges (Macintyre
and Pilkey 1969; Huntsman and Macintyre 1971). The largest coral patch found in Onslow Bay is about
6.4 km long and 2.4 km wide. The coral patches are located in 19 to 40 m of water. Other coral patches
may be present in shallower areas of Onslow Bay and possibly within the study area (Huntsman and
Macintyre 1971). However, higher turbidity and colder water temperatures shoreward of the 18 m isobath
probably limit the occurrence of coral assemblages in the study area (Macintyre 1970).

In the early 70s, primarily fishermen knew of the coral patches located in Onslow Bay as they supported
aggregations of tropical and subtropical fishes. Reef fishes popular with fishermen in Onslow Bay include
red snapper, groupers, and sea basses (Huntsman and Macintyre 1971). Two of the coral species
making up much of the coral patches are knobby star coral and massive starlet coral. Some of the
colonies of knobby star coral in Onslow Bay are comparable to the largest heads found in tropical waters
(e.g., Florida, Bahamas, and the Caribbean; Smith 1971). The largest knobby star coral specimen found
by Macintyre and Pilkey (1969) in Onslow Bay was 30 cm high and 30 cm wide. Massive starlet coral is
far less abundant in Onslow Bay than knobby star coral, and its colonies are only 10 cm in diameter. This
is in contrast with massive starlet coral colonies in the tropics that can be 2 m in diameter. Both knobby
star coral and massive starlet coral tolerate a water temperature range of 10.6 to 24.7°C, including
exposure for three months of the year to temperatures well below the accepted 16°C minimum tolerance
temperature. A low sedimentation rate and numerous rock outcroppings in Onslow Bay appear to provide
adequate conditions (despite seasonal low temperatures) for knobby star coral and massive starlet coral
to be present (Macintyre and Pilkey 1969).

McCloskey (1970) found patches of ivory bush coral (Oculina arbuscula), a branching nonreef-building
species, both in estuarine and coastal environments of the study area, including Shark Shoal Jetty in the
Beaufort estuary and beyond the surf zone on Cape Lookout Jetty (which extends 830 m into Onslow
Bay) (Figure 2-12). Ivory bush coral was also present seaward of the study area on a rock outcrop off
Lookout Shoals (40 km offshore) (Figure 2-12). Colonies of ivory bush coral were spherical, measured up
to 1 m in diameter, and grew in 3 to 25 m of water (McCloskey 1970).

Ivory bush coral sampled at Shark Shoal Jetty and Cape Lookout Jetty had live tissue only along the
periphery of the colonies (McCloskey 1970). The base and core of these coral samples were heavily
bored and dead, with the centers (between branches) filled with shell fragments, sediment, and various
animals (e.g., anemones, flat worms, ribbon worms, mollusks, polychaete worms, crustaceans,
echinoderms, tunicates, and fishes). The deeper sampling location in Onslow Bay yielded specimens of
ivory bush coral that were completely alive and had well-developed branches that were spaced apart.
Sedimentation is probably the main cause for the differences in growth forms and amount of living tissue
observed between the estuarine, nearshore, and offshore locations.

The existence of corals in Onslow Bay probably depends on continual supplies of propagules from
upstream reefs (including those in the Caribbean) transported by the Gulf Stream and coastal currents
(Macintyre and Pilkey 1969; Veron 1995; Powell et al. 2000). Physical-environmental parameters explain
the absence of true coral reefs within the study area (Veron 1995). Latitude-correlated physical-
environmental parameters include temperature, light, substrate, and currents. Light availability, not
temperature, is the most ecologically significant latitude-correlated physical-environmental parameter.
Lack of light will prevent the coral-zooxanthellae symbiosis that positively influences coral growth and reef
accretion. Low temperatures (<11°C) will generally kill zooxanthellae and high temperatures (30 to 34°C)
will cause coral bleaching (disruption of coral-zooxanthellae symbiosis due to expulsion of zooxanthellae).
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In the case of the temperate-tolerant ivory bush coral found in Onslow Bay, biotic factors (mainly
competition for space with algae) restrict its growth and abundance in shallow water, even though its
colonial growth is physiologically best suited to shallow water conditions, particularly summer conditions
(high light levels, temperatures, and chlorophyll a concentrations) (Miller 1995).

Non-latitude-correlated or regional physical-environmental factors that affect coral growth include surface
water circulation, substrate availability, sedimentary regimes, tidal regimes, and nutrients (Veron 1995).
The most limiting of all regional physical-environmental parameters to reef coral distribution is substrate
availability. Sedimentary regimes, associations of substrate type, sedimentation, turbidity, and light
availability also affect coral diversity and distribution at local, macroenvironmental (e.g., continental shelf),
and biogeographic (e.g., entire coral province) scales (Veron 1995).

2.35 Atrtificial Habitats

Artificial habitats (shipwrecks, artificial reefs, and other man-made structures) represent physical
alterations to the seafloor. Under the right conditions, these types of artificial habitats can benefit benthic
communities and onshore economies. When man-made objects with numerous and varied surfaces are
introduced to areas of the seafloor that are predominantly made up of soft sediments, these objects
provide the appropriate substrates necessary for the settlement and colonization of epibenthic organisms
such as algae, sponges, barnacles, soft corals, anemones, and hydroids, among others (Bohnsack et al.
1991). As more sessile organisms colonize a site, a complex biological community develops, ultimately
attracting large predatory game fishes. In turn, the establishment of the artificial reef will attract
recreational and commercial fishermen. The process of reef colonization and community building
ultimately extends the potential range of some commercially and recreationally important fishes and
invertebrates by providing more habitat area. The preservation of a successful reef habitat can have a
bearing on the biological productivity and economic value of offshore areas.

Although artificial in their origin and design, established shipwrecks and artificial reefs behave like natural
hard bottom communities (Bohnsack et al. 1991). Fishermen commonly target sharks, mackerels, jacks,
barracuda, cobia, and bluefish at productive artificial habitat sites (Myatt 1978). Other targeted fishes
such as black sea bass, scup, monkfish, and summer flounder seasonally seek out artificial reef habitats
for shelter and food. This is also generally true of members of the snapper and grouper families that
aggregate around man-made structures in the ocean (SCWMRD and GADNR 1981). Despite being
located in temperate latitudes, the shipwrecks and artificial reefs off the North Carolina coast also host
tropical and subtropical species. The Gulf Stream Current transports eggs and larvae of southern fishes
and invertebrates to the waters of the study area. This provides the numerous shipwrecks and artificial
reefs located in the clear waters off North Carolina with a tropical reef fish community (McGovern et al.
1998).

In addition to fishes and invertebrates, sea turtles are attracted to these artificial habitats for food and
shelter. Sea turtles forage around artificial reefs for organisms such as algae, anemones, sponges, and
crustaceans (Bjorndal 1997). Seasonally migrating loggerhead sea turtles often use artificial reefs along
the continental shelf edge on the western side of the Gulf Stream as foraging grounds (Musick and
Limpus 1997). Some top ocean predators (e.g., hammerhead, blue, and mako sharks) are also attracted
to shipwrecks, artificial reefs, and other man-made structures to feed on dense aggregations of prey
items (VMRC 2002).

Unlike artificial reefs and shipwrecks that rest on the seafloor, other man-made structures (e.g., fish
aggregating devices [FADs]) are deployed between the bottom and the surface. FADs consist of objects
suspended in the water column (usually anchored to the bottom) or floated at the surface to attract fishes
(Bohnsack et al. 1991). Although FADs have had varying levels of success in nearshore and offshore
applications, they are effective in attracting pelagic fish species like yellowfin tuna, blackfin tuna, skipjack
tuna, wahoo, mackerel, marlin, and dolphinfish in North Carolina and Virginia waters (Beets 1989).
Artificial habitats, including FADs, enhance fish aggregation and production (Seaman and Sprague 1991).
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A wide variety of man-made structures and materials have been constructed and/or deposited underwater
or nearshore in the study area. Structures include shoreline bulkheads, bridge abutments, piers, docks,
groins, lighthouses, pipelines (natural gas, storm water, sewage), communication cables, and shipwrecks.
Artificial reef materials vary dramatically in size and include beverage containers, ballast rocks, and old
vehicles. Materials used for nearshore and offshore reefs can sometimes be significantly larger (e.g.,
larger shipwrecks) than materials used for estuarine habitats. Artificial reefs, especially those that are
planned, can enhance shellfish and finfish fisheries. Colonization of reef materials by attached organisms
paves the way for subsequent communities of organisms (Steimle and Zetlin 2000; NOAA 2002).

2.3.5.1 Shipwrecks

The numerous shipwrecks in the study area and vicinity are the result of powerful currents (notably the
Labrador Current and Gulf Stream), winds (such as from cold fronts), rough seas (from storms, including
many hurricanes), coastal topography (e.g., Cape Hatteras, Cape Lookout, and Cape Fear), shallow
water and sandbars (Cape Lookout Shoal and Diamond Shoals), and wars (Revolutionary War, Civil War,
and World War 1) (Gentile n.d.; Newton et al. 1971). Approximately 158 shipwreck sites are located in the
study area, 13 in the estuarine system and 145 in coastal waters (Figure 2-13).

Many shipwrecks occur off the Virginia coast. For example, more than 1,100 shipwrecks have been
reported sunk off Virginia during the period from 1874 to 1915 (Outer Banks Posters 2002). Within the
Virginia portion of the study area, some of the well-known wrecks include the Chilore, William D. Sanner,
and Cape Henry Lightship at the mouth of Chesapeake Bay; the Kingston Ceylonite, Santore, and Tiger
sunk by German submarines in World War Il; and the Edward Luchenbach and Clythia along the
southern Virginia coast south of Virginia Beach (Gentile n.d.; The Associates of Underwater Explorers
2002).

Some of the shipwrecks along the North Carolina coast date to colonial times, including the first recorded
shipwreck, the Tyger at Ocracoke Inlet, in 1585. Over 1,000 ships have been lost along the North
Carolina coast in the past four centuries, earning those treacherous waters the nickname, “The
Graveyard of the Atlantic.” The highest concentrations of shipwrecks are in the vicinity of Cape Hatteras,
where the clash of cold northern currents and the northbound Gulf Stream forms the shallows of the
Diamond Shoals (Newton et al. 1971). Extending seaward over submerged, shallow shifting sandbars for
17 NM, the Diamond Shoals create hazardous sea conditions for mariners. The famous Civil War Union
battleship, the U.S.S. Monitor, sank in heavy seas near the Diamond Shoals while being towed. The
frequency of hurricanes and cold fronts in the area also accounts for a large number of the wrecks
northeast of Cape Hatteras (Hause 2002). Additionally, wars have claimed their share of ships along the
North Carolina coast. German submarines sank a number of Allied ships off the North Carolina coast
during World War 11, such as the SS Liberator, Australia, and Kassandra Louloudis near the Diamond
Shoals and the Ashkahabad and Caribsea near Cape Lookout. The U.S. Coast Guard and Navy sank
German submarines in turn, including the U-85 off Oregon Inlet and the U-352 off Cape Lookout Shoals
(BFDC 2000). This area is referred to as the infamous “Torpedo Junction” (Gentile 1992, 1993). The
North Carolina Artificial Reef Program has designated several of the shipwrecks as artificial reef sites
(NCDMF 2001).

2.3.5.2 Artificial Reefs

An artificial reef is defined as one or more submerged structures of natural or human origin deployed
purposefully onto the seabed to influence physical, biological, or socioeconomic processes related to
living marine resources (Baine 2001). Artificial reefs are defined physically by the design and
arrangement of materials used in construction and functionally according to their purpose (Seaman and
Jensen 2000). A large number of items can and have been used in the creation of artificial reefs.
Materials can include natural objects such as wood (e.g., weighted tree trunks), shells, and rock, and
man-made objects such as vehicles (e.g., automobile bodies, railroad cars, and Sherman tanks), aircraft,
boats (e.g., Liberty ships, landing craft, barges, and tugboats), home appliances, discarded construction
materials (e.g., concrete culverts), scrap vehicle tires, oil/gas platforms, ash byproducts (from solid
municipal incineration and coal/oil combustion), and prefabricated concrete structures (e.g., “reef balls”)
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Figure 2-13. Distribution of artificial reefs, artificial reef complexes, shipwrecks, and other man-made
structures in the Cherry Point and southern VACAPES inshore and estuarine areas. An artificial reef complex
consists of multiple artificial reefs that are located within 500 m of one another. Source data: NOAA (1998a,

2002), NCDMF (2001), SEAMAP (2001), and VMRC (2002). Source maps (scanned): BLM (1976), Freeman and
Walford (1976), and BFDC (2000).
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(Artificial Reef Subcommittee 1997). The purposes of deploying artificial reefs into the marine
environment are to enhance commercial fishery production/harvest, to enhance recreational activities
(e.g., fishing, scuba diving, and tourism), to restore/enhance water and habitat quality, to provide habitat
protection and aquaculture production sites, and to control fish mortality (Seaman and Jensen 2000).

McGurrin et al. (1989) provide an excellent summary of the history of artificial reef development in the
U.S. In 1984, the U.S. Congress, recognizing the social and economic value of artificial reefs, passed the
National Fishing Enhancement Act (NFEA) (Title Il of Public Law [PL] 98-623). One of the primary
directives of the NFEA was the preparation of a long-term National Artificial Reef Plan (NARP). Section
202 of the act recognizes the harmful effects of overfishing on fishery resources and proposes that
properly designed, constructed, and located artificial reefs could enhance the habitat and diversity of
fishery resources. The NARP, which is currently undergoing revision (NMFS 2002), was implemented in
November 1985 to provide guidance and/or criteria on various aspects of artificial reef use, including
types of construction materials and planning, siting, designing, permitting, installing, maintaining, and
managing artificial reefs (Gordon 1993).

One of the most significant recommendations in the NARP was the development of state-specific artificial
reef plans. The Atlantic and Gulf States Marine Fisheries Commissions (ASMFC and GSMFC,
respectively) began to coordinate state artificial reef program activities for states along the Atlantic
seaboard and the Gulf of Mexico coast. States bordering the Atlantic Ocean and the Gulf of Mexico have
taken the lead in developing and managing artificial reefs. Each state involved in the NARP has
developed state-specific plans that have established protocols for siting, deployment, and evaluation of
materials for artificial reefs (Joint Artificial Reef Technical Committee 1998).

Currently, most of the southern coastal states have developed their own non-profit artificial reef programs.
North Carolina has an active artificial reef program and a few states, such as Florida, encourage private
creation of artificial reefs and have designated zones to avoid conflicts with other maritime activities. In
1972, the Maritime Programs Appropriations/Authorization Act of 1972 (PL 98-402) provided for the
transfer of obsolete Liberty ships from the U.S. Maritime Administration (MARAD) to coastal states for use
as artificial reefs. This resulted in the passage of the Liberty Ship Act (PL 92-402) in 1974 (Gordon 1993).
The MARAD Artificial Fish Reef Program authorized the Secretary of Commerce to transfer scrap Liberty
ships to any state filing an application. Many of the southern U.S. coastal states have taken advantage of
this program. The majority of Liberty ships transferred under this act were sunk between 1974 and 1978.
Six vessels were sunk in offshore waters to form the popular Triangle Reef off Virginia Beach and the
Parramore Reef off Wachapreague (Virginia Marine Resources Commission 2002). Eight ships were
used as reef material off the coast of North Carolina (Artificial Reef Subcommittee 1997). Three of these
vessels were sunk on reef sites off the Oregon Inlet (2 ships: Dionysus and Zane Grey) and Beaufort Inlet
(Theodore Parker) (SAFMC 1998; BFDC 2000).

Using Liberty ships as artificial reefs is somewhat prohibitive because it requires the applicants to provide
any funds necessary for the transport and preparation of the ships before sinking (Naval Vessel Register
2001). In 1984, the Liberty Ship Act was amended by PL 98-623 to include reserve ships other than
Liberty class ships for artificial reef construction. Most of the 650 World War ll-era merchant vessels still
available in the early 1970s were Victory class ships. However, relatively few Victory class merchant
vessels were ever secured for use as artificial reefs. No vessels were obtained under this law from 1979
through 1987, and only 15% of all Liberty ship vessels were deployed from 1988 through 1992 (Gregg
and Murphey 1994, Artificial Reef Subcommittee 1997). Construction of artificial reefs using other vessels
(mainly barges and landing craft) has occurred primarily off the Atlantic coast states and western Florida
(Gregg and Murphey 1994).

By mid-1979, 89 artificial reefs had been established along the south Atlantic coast from Oregon Inlet,
NC, to Key West, FL (Gusey 1981). Artificial reef development off the coasts of south Atlantic states (as
measured by the number of permitted construction sites) has increased nearly five-fold since 1980, with
approximately 250 sites now permitted in the coastal and offshore waters from North Carolina to Florida
(SAFMC 1998). Roughly half of these sites are in waters off the east coast of Florida (SAFMC 1998).
State marine resource management agencies of the Atlantic coast states are actively involved in various
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aspects of artificial reef site planning, development, and management, both in their own waters as well as
in contiguous federal waters. The Marine Resources Commission manages Virginia’s current Artificial
Reef Program. Most of Virginia’s artificial reefs are deployed in Chesapeake Bay or off the eastern shore
of Virginia (VMRC 2002). The North Carolina Department of Environmental and Natural Resources
(NCDENR), Division of Marine Resources, currently maintains numerous artificial reef sites. These sites
are located from 0.86 to 33 NM from shore and are strategically located near every maintained inlet along
the coast (SAFMC 1998).

Nine artificial reef complexes consisting of 48 artificial reefs have been established within the bounds of
the study area, primarily within the 3 NM coastal waters (Figure 2-13; NCDMF 2001). Reef complexes
can be composed of more than one type of reef material. A reef complex is an aggregation of artificial
reefs that are located within 500 m of one another. Most of the artificial reef complexes in the North
Carolina artificial reef system are numbered and marked on location with a permanent buoy (SAFMC
1998). In addition to artificial reef complexes, there are approximately 28 individual artificial reefs within
the study area: 19 in the estuarine system and 9 in the coastal waters (Figure 2-13; NCDMF 2001).

2.3.5.3 Fish Aggregating Devices

FADs consist of single or multiple floating structures (Seaman and Sprague 1991) that are connected to
the ocean floor by ballast or anchors. These devices are designed to provide surface area at a
designated height above the ocean’s floor or below the ocean’s surface (depending upon ocean depth at
the location where the FADs are deployed). Usually prefabricated, FADs are designed to attract pelagic
species (Klima and Wickham 1971). Deployment can be in pre-arranged alleys (rows) or in random
patterns (Beets 1989; Rountree 1989). Two fundamentally different oceanic and coastal FADs have been
established in the U.S. since the 1970s: large, floating FADs and small, mid-water FADs. Large, floating
FADs have been successfully deployed in water depths up to 1,829 m for ocean pelagic commercial and
recreational fisheries. Small, mid-water FADs have been used for coastal (5 km offshore) recreational
fisheries in waters ranging in depths from 14 to 30 m (Roundtree 1990). Incorporation of FADs in the
vicinity of artificial reefs and the attachment of FADs to artificial reefs have been reported to improve
catches of pelagic sportfishes (Stephan and Lindquist 1989) and demersal finfishes (Kellison and
Sedberry 1998). FADs have been placed in Onslow Bay, NC (Stephan and Lindquist 1989).
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3.0 BIODIVERSITY AND SPECIES OF CONCERN

This chapter provides information on the plant and animal species occurring in the Cherry Point and
southern VACAPES inshore and estuarine areas. In particular, detailed information is presented for
species of special interest to the Navy due to their protected status and the potential of Navy activities to
impact these animals. The five groups of organisms (plants, fishes, reptiles, birds, and marine mammals)
are arranged phylogenetically.

Ecologically, the study area represents two transition zones. First, the marine environment near Cape
Hatteras is a transition zone where temperate waters meet subtropical to tropical waters. The boundary
between these two regions is the northern wall of the Gulf Stream. Because the study area spans both
temperate and subtropical/tropical waters, both cold-water and warm-water marine species may be found
in the region. Second, the study area spans several habitat types (Chapter 2), from the low-salinity
westernmost estuarine waters, to the terrestrial barrier islands, to the coastal waters that are part of the
open ocean. Organisms tolerant of different salinity regimes can be found in various parts of the study
area.

Unlike the OPAREA MRAs, in which sea turtles and marine mammals are the only threatened or
endangered species, the habitat complexity of the study area results in additional taxa being included
among the species of concern. The inclusion of the barrier island habitat necessitates the discussion of
one plant species (seabeach amaranth) and two bird species (piping plover and roseate tern). The
inclusion of estuarine waters necessitates the discussion of a reptile other than a sea turtle (American
alligator) and an inshore fish (shortnose sturgeon). Nevertheless, sea turtles and marine mammals
comprise the bulk of the discussion of species of concern.

Each of the five taxon sections initially provides a general overview of the diversity of that taxon within the
study area, as well as some associated ecological and/or behavioral information. For example, the marine
mammal and sea turtle sections include a discussion of underwater bioacoustics and hearing, which is
useful in consideration of any potential anthropogenic impacts to these animals.

Following the overview of each group, those species that are protected by the MMPA and/or ESA are
singled out for further discussion. Each species has a detailed narrative, which provides a description of
the species and its status, habitat preferences, distribution (including a focus on the study area),
behavior, and life history, as well as an account of its vocalizations and hearing capabilities (when
appropriate). Maps depicting the distribution of each species in the study area and vicinity can be found
within each taxonomic section. In the case of sea turtles and marine mammals, distribution maps are
provided for each season. The maps are imbedded within the sections to facilitate easy cross-referencing
to the text.
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3.1 PLANTS
3.1.1 General Overview

The plant communities of the Cherry Point and southern VACAPES inshore and estuarine areas include
microscopic and macroscopic algae, submerged and emergent aquatic plants, and terrestrial vegetation.
Both coastal and estuarine plant resources may vary widely in species diversity and abundance (Milliman
and Wright 1987). Factors that affect diversity and abundance include salinity, turbidity, light penetration,
nutrient loading, mixing characteristics, and seasonal variations (Dame et al. 2000).

3.1.1.1 Microscopic Algae

Microscopic algae communities consisting of phytoplankton and benthic microalgal forms (periphyton and
edaphic algae) occur in the coastal and adjacent estuarine systems within the study area.

3.1.1.1.1 Coastal waters

Of the eight major types of marine phytoplankton, the most abundant are diatoms, dinoflagellates, and
coccolithophores (Garrison 1995). The remaining five types, silicoflagellates, cryptomonads,
chrysomonads, green algae, and cyanobacteria (blue-green algae), are present but less numerous
(Duxbury and Duxbury 1997). Over 900 species of phytoplankton have been identified along the U.S.
east coast, over half of which are diatoms and dinoflagellates (Milliman and Wright 1987). Minor taxa of
U.S. east coast phytoplankton include coccolithophores, silicoflagellates, cyanophyceans, green algae,
euglenoids, cryptomonads, and yellow-green algae (Milliman and Wright 1987).

Seasonal patterns of succession occur, with areas of high cell concentrations dominated by small-sized
centric diatoms (e.g., Skelefonema costatum, Leptocylindrus danicus, and Thalassionema nitzschiodies)
and several ultraplankton components (e.g., Synechococcus and Cryptomonas; Marshall and
Ranasinghe 1989). These temperate and boreal neritic species dominate in the cold months (winter and
early spring), eventually yielding in abundance to the summer warm-water dominants. Characteristic for
waters north of Cape Hatteras during the summer period are the aforementioned centric diatom species,
along with several species of Rhizosolenia and a variety of dinoflagellates (e.g., Ceratium; Marshall 1976,
1978). In coastal waters south of Cape Hatteras, the typical tropical-subtropical species are found and
consist of a rather diverse group of neritic and pelagic species (Marshall 1977). Displaying a larger
number of dominants and greater species diversity than the more-northern group, the phytoplankton
community south of Cape Hatteras includes centric diatoms such as Coscinodiscus, Hemiaulus, and
Rhizosolenia). Dominant ultraplanktonic organisms such as Ceratium, Exuviaella, Oxytoxum, and
Podolampas are common throughout the year, and coocolithophores have a greater diversity in these
warmer waters than further north. Common plankton representatives in the coastal areas adjacent to the
estuarine systems included the centric diatoms Melosira distans and M. islandica, along with several
other species commonly found in freshwater habitats. There appears to be a close relationship between
the appearance of these species north of Cape Hatteras, the meanderings of the Gulf Stream, and the
summer increase in water temperatures (Marshall 1971).

In terms of relative abundance, the concentration of diatoms, which dominate nutrient-rich shallower
coastal waters, decrease seaward, while coccolithophores increase significantly in nutrient-poor oceanic
waters offshore (Marshall 1976). Concentration levels of dinoflagellates are less than diatoms, although
isolated blooms of dinoflagellates (e.g., bloom of Gymnodium breve in North Carolina coastal waters in
1987-1988; Warlen et al. 1998) may occur depending upon nutrient levels, wind speed, water circulation,
and temperature (Garrison 1996). In general, the highest concentrations of phytoplankton occur in the
coastal areas adjacent to major estuarine systems at temperatures ranging between 11° and 23°C and
salinities between 29 and 33 psu (Marshall and Ranasinghe 1989).

Benthic microalgal forms (periphyton and edaphic algae) can be found growing on or anchored to sand
and mud bottoms in shallow coastal waters. Unicellular or filamentous green algae (e.g., Cladophora and
Ectocarpus) may be very abundant on the surface of sediments, on hard substrates such as rocks, and
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on fronds and leaves of macroalgae. Pennate diatoms (e.g., Navicula, Amphipleura, and Nitzchia) are
often dominant in algal mats found in shallow-water environments, occurring as single cells or in colonial
arrangements (Valiela 1995). Blue-green species (e.g., Lyngbya and Spirulina) occur as epiphytes on
various macroalgal species and invertebrates or on various abiotic substrates (e.g., stone jetties and
exposed peat deposits) (Halvorson and Dawson 1973).

3.1.1.1.2 Estuarine waters

The flora composition at the mouth of Chesapeake Bay is similar to the phytoplankton reported in the
neritic waters of the Mid-Atlantic Bight (Marshall and Cohn 1982). The phytoplankton community
experiences seasonal successional changes in composition and abundance, with a bimodal pattern of
population peaks occurring in spring and fall (Marshall 1988). Contributing to the species composition of
Chesapeake Bay are forms indigenous to the bay, as well as species transported by water masses
entering the bay from over the continental shelf or farther offshore (Marshall 1980).

Ubiquitous in this region are several species of diatoms which are responsible for the major periods of
spring and fall growth. Summer dominants included dinoflagellates, the chrysophyte Calycomonas ovalis,
and several Cryptomonas species (Marshall 1991). Many of these species are cold-water types preferring
the cooler temperatures associated with the local fall pulse and accompanying the spring bloom (Marshall
1980). Winter concentrations are low and characterized by centric and pennate diatoms (Marshall 1991).
A second assemblage of species, characterized by phytoflagellates and microflagellates, is more
common in estuaries and their tributaries (Marshall 1991). Harmful algal bloom (HAB) species (e.g.,
Pfiesteria piscicida, P. minimum, and Aureococcus anophagefferens) have been reported as occurring
during the summer in Chesapeake Bay and are affected by nutrient pulses (Gilbert et al. 2001).

In the coastal estuaries of North Carolina, the various sounds (e.g., Pamlico and Albemarle) are
dominated by diatoms, as are the most saline portions of riverine estuaries in spring and fall.
Cryptomonads are present during most of the year, while flagellates dominate under mesohaline
conditions. Cryptomonads can be very abundant, especially during periods of freshwater influence during
spring and fall (Mallin 1994). The most abundant dinoflagellates are the bloom-formers Heterocapsa
triquetra, P. minimum, Katodinium rotundatum, and Gymnodinium spp. These species form a distinct
winter-spring group encountered in several North Carolina estuaries (e.g., Pamlico, Neuse, and Newport
rivers, and Gales Creek), primarily in mesohaline areas (Mallin 1994; Litaker et al. 2002). The
chrysophyte C. ovalis formed summer and fall blooms in the Pamlico estuary and Gales Creek (Campbell
1973). Formation of summer cyanobacteria blooms in the lower reaches of the Chowan and Neuse rivers
was influenced by watershed rainfall levels and subsequent runoff. Green algae are encountered more
frequently upstream in the fresh-to-oligohaline areas (Mallin 1994).

Phytoplankton production and abundance typically exhibit peaks in the March-to-May and July-to-
September periods (Carpenter 1971; Thayer 1971; Mallin 1994). Periodic winter blooms of estuarine
dinoflagellates (e.qg., Pfiesteria spp.) and cryptomonads, linked to nitrate-loading pulses, occur in some
estuaries (e.g., Pamlico, Neuse, and New rivers) in North Carolina (Dame et al. 2000; Burkholder and
Glasgow 2001; Glasgow et al. 2001). Diatoms generally dominate the spring bloom phytoplankton
communities in North Carolina estuaries, but dinoflagellates and cryptomonads can also be prevalent
during all seasons and can dominate during the summer months along with cyanobacteria (Moore 1992;
Mallin 1994).

Benthic microalgal forms (periphyton and edaphic algae) are found on the surface of salt marshes,
subtidal areas, and tidal flats within the study area (Dame et al. 2000). Diatoms and cyanobacteria form a
nearly continuous cover on the surface, with lower salinity marshes having a greater diversity than higher
salinity marshes. Several hundred species of pennate diatoms have been identified in salt marshes,
forming a continuous benthic marsh cover in areas with and without a vascular plant canopy (Hustedt
1955; Sullivan 1977). This association apparently represents a single, basic edaphic community
indigenous to Atlantic and Gulf coast salt marshes. The most abundant taxa include Navicula, Nitzschia,
Cylindrotheca, and Gyrosigma. Many of these same taxa are also reported from open waters, suggesting
that suspension of periphytic and edaphic diatoms plays an important role in maintaining the planktonic
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diatom community structure (Dardeau et al. 1992). Ralph (1977) described a single nearly homogeneous
community of cyanobacteria throughout the Atlantic and Gulf of Mexico marsh zones. Dominant taxa
included Schizothrix arenaria, S. calcicola, Anacystis spp., A. oscillaroides, and Entophysalis conferta.
Otte and Bellis (1985) noted that the North Carolina edaphic diatom flora differed appreciably from those
of the mid-Atlantic and Gulf coasts, which were more similar in composition to each other. The plant
community associated with tidal flats consists of a benthic microalgae habitat formed by benthic diatoms,
predominantly Naviclua and Nitzschia, cyanobacteria (e.g., Lyngbya, Microcoleus, and Phormidium),
benthic dinoflagellates, and filamentous green algae (e.g., Rhizoclonium and Enteromorpha) (Peterson
and Peterson 1979; Patrick 1994).

311.2 Macroscopic Algae

Macroscopic algae communities consisting of benthic and planktonic seaweeds occur in the coastal and
adjacent estuarine systems within the study area.

3.1.1.2.1 Coastal waters

The benthic macroscopic algae (seaweeds) along the continental shelf of the eastern U.S. represent
elements of two floras and centers of distribution, a cold-water flora along the coasts of New England and
the Canadian maritime provinces, and a warm-water flora centered in the Caribbean Sea around the
islands of the West Indies and along the coast of northern South America (Humm 1977). Within the study
area, the distribution of benthic macroscopic algae in inshore waters is a response to the pattern of major
currents (Labrador Current and Gulf Stream) and their influence on water temperature. Cape Hatteras
(more specifically, Beaufort, NC) is a transitional zone in the north-south distribution of many species of
marine benthic macroalgae (Humm 1977). The species of marine benthic marcoscopic algae that occur in
the shallow coastal waters are the more eurythermal species of the two major floras; as such, there are
no truly endemic species in this area (Humm 1977). Approximately 150 seaweed species have been
reported between Long Island Sound, NY and Cape Hatteras, NC and 320 species between Cape
Hatteras and Cape Canaveral, FL (Searles 1984). Of the 320 species, 303 species are known from North
Carolina, where approximately two-thirds occur in shallow coastal habitats and are potential residents of
rubble structures (e.g., jetties, weir jetties, groins, breakwaters, seawalls, bulkheads, and revetments)
(Searles and Schneider 1980; Hay and Sutherland 1988). For shallow-water species, 21 species reach
their northern limit and 27 species reach their southern limit of distribution in North Carolina. The Cape
Lookout jetty appears to be the northernmost limit in the intertidal zone for tropical and subtropical
seaweeds (Schneider 1976). In the study area, Kapraun and Zechman (1982) noted that red algae
(eurythermal tropical element) were most diverse in summer, brown algae (eurythermal cool-temperate
element) were most diverse in winter, and green algae (warm-temperate element) were relatively
aseasonal. Schneider (1976) reported that the number of species and total biomass decreased in fall,
reached a yearly low in winter, and then increased spring through summer with a maximal development
occurring in mid-summer.

Most of the study area is an inhospitable habitat for seaweeds because of large expanses of
unconsolidated sands, silts, and muds to which most seaweeds cannot attach. Since natural hard
substrates (e.g., intertidal rocks) are rare in the study area, most seaweeds attach themselves to shell
fragments, to other macroalgae, or to introduced substrates such as rubble structure (e.g., jetties [Cape
Lookout, Beaufort Inlet], seawalls, and docks) (Hay and Sutherland 1998). Rubble structures present a
fairly clean intertidal rocky environment that would support a typical marine intertidal population.
Seaweeds growing in the higher intertidal zone of the rubble structures are usually cyanobacteria,
followed immediately below by green macroalgae (e.g., Ulva, Enteromorpha, and Cladophora) and, at
times, the red alga Porphyra. The lower intertidal zone of the rubble structures is usually occupied by a
mixed species group of red seaweeds (e.g., Polysiphonia, Herosiphonia, Audouinella, and Erythrotrichia)
and species of the green alga Codium (Halvorson and Dawson 1973; Hay and Sutherland 1988). Virtually
all of the above-mentioned genera also occur in the shallow subtidal zone during some times of the year
or in some locations. The most abundant subtidal seaweed along much of the coast is the brown benthic
alga Sargassum (Kapraun and Zechman 1982).
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Hard substrates (reef patches) that are available for attachment occur most abundantly off the North
Carolina coast (Onslow Beach). Offshore coastal submerged reef patches in 3.6 to 19.8 m of water would
be colonized by Pockockiella variegata, Spatoglossum schroederi, Sargassum filipendula, Dictyopteris
serrata, Cladophora pellucida, and Caulerpa prolifera. Buoys also provide a substrate for several genera
and species of macroalgal forms with tropical or subtropical affinities between New River and Cape
Lookout, NC (Halvorson and Dawson 1973).

In addition to the benthic macroscopic algae, one large, multicellular planktonic brown macroscopic alga,
Sargassum, forms a dynamic structural habitat within the warm waters of the western Atlantic. Consisting
of two species, Sargassum natans and S. fluitans, it circulates between 20°N and 40°N and between
30°W and the western edge of the Gulf Stream. The greatest concentrations of Sargassum are found
within the North Atlantic Central Gyre in the Sargasso Sea. Depending on prevailing surface currents, this
material may remain on the shelf for extended periods, be entrained into the Gulf Stream, or be cast
ashore. Large quantities of Sargassum frequently occur on the continental shelf off the southeastern U.S.
(SAFMC 1998). Halvorson and Dawson (1973) reported S. natans occurring as vegetative plants floating
or washed ashore above and below Cape Hatteras, NC. Both pelagic species of Sargassum have
essential fish habitat (EFH) designation. The EFH for pelagic Sargassum includes the areas overlying the
continental slope within the exclusive economic zone (EEZ) and state waters (3 NM from shore). EFH
habitat areas of particular concern (HAPC) for pelagic Sargassum in the study area includes the EEZ and
state waters adjacent to the North Carolina coast (SAFMC 1998).

3.1.1.2.2 Estuarine waters

In Chesapeake Bay and its estuaries, substrates for benthic macroscopic algae are limited to calcareous
matter (e.g., oyster reefs), artificial habitat (e.g., pilings, docks, bulkheads, cement blocks, and
shipwrecks), fleshy sessile organisms (e.g., sponges), aquatic angiosperms, and various salt marsh
plants (Wulff and Webb 1969). Twenty-nine species of benthic macroscopic algae have been reported
from the lower Chesapeake Bay consisting of 8 species of green algae, 3 species of brown algae, and 18
species of red algae (Zaneveld and Barnes 1965).

The low salinity and variable temperature combine to produce a reduced number of marine algal species
that inhabit Chesapeake Bay when compared with more northern and southern regions of the east coast
of North America (Wulff and Webb 1969). Zaneveld and Barnes (1965) reported that most of the coastline
of the mouth of Chesapeake Bay consists of sand beaches barren of benthic macroscopic algae. Moving
between the Virginia Capes (Cape Charles and Cape Henry) westward toward Hampton Roads and river
entrances, the beaches are replaced by mudflats, which are also unsuitable for the growth and
development of macroscopic algae. The occurrence of algae is seasonal, reaching maximum density in
the summer months of June, July, and August (Halvorson and Dawson 1973). The planktonic
macroscopic algae Sargassum natans has been reported as floating or washed ashore in Chesapeake
Bay and within the estuarine system of North Carolina in June, July, and November (Zaneveld 1962).

The estuarine systems along the southeastern Atlantic coast of the U.S. (e.g., the Albemarle-Pamlico
Estuarine System) have been characterized as inhospitable to macroscopic algae (benthic and
planktonic) (Humm 1969). This is due to the high turbidity (low light) accompanying rapid sedimentation,
and the desiccation and extreme temperatures (Dardeau et al. 1992). However, several species of
benthic macroscopic algae may become abundant within salt marsh tidal creeks, salt marshes, and tidal
mudflats (SAFMC 1998). Small macroscopic red algae (e.g., Caloglossa and Bostrychia) may be found
on standing dead cordgrass culms in summer months, while Ectocarpus confervoides may develop on
the stems of streamside cordgrass in the winter months. Benthic macroscopic algae are also, during
certain times of the year, very abundant in the extensive tidal mudflats. Enferomorpha and Cladophora
are abundant from February through June, Ecfocarpus from November through March, and Ulva in the
summer (April through July) (Peterson and Peterson 1979). In North Inlet, SC, the highest numbers of
macroalgal species were found in winter, with peak production occurring during the spring (Dame et al.
2000).
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3113 Submerged Aquatic Vegetation

Submerged aquatic vegetation (SAV), which includes both true seagrasses in saline regions and
freshwater angiosperms that have colonized lower salinity regions of estuaries, is found in the shallow
coastal areas of all Atlantic coastal states (NOAA 2001). Of the 13 seagrass species common in U.S.
waters, three species (eelgrass [Zostera marina], Cuban shoalgrass [Halodule wrightii], and widgeon
grass [Ruppia maritimal) are found within the study area. In addition, approximately 20 to 30 species of
freshwater macrophytes may be found in the tidal freshwater and low salinity areas of the estuaries of the
eastern U.S. The lower salinity communities can be quite diverse with as many as 10 species of
freshwater macrophytes co-occurring at a single location (SAFMC 1998).

Fourteen SAV species are commonly found in Chesapeake Bay and its tributaries. Eelgrass is dominant,
with widgeon grass as a minor component of the polyhaline SAV beds in the lower reaches of the bay,
except in the shallowest areas. Widgeon grass, which is tolerant of a wide range of salinities, has been
found throughout the mid-bay as well as in the Patuxent, Potomac, and Rappahannock rivers. Both
pondweed (Potamogeton) and freshwater-mixed communities dominate the middle and upper portions of
the bay (Moore et al. 2000). Of the 25,669 ha of SAV communities reported from Chesapeake Bay,
approximately 20,685 ha (80.6%) of the SAV habitat consists of eelgrass (13,385 ha) and widgeon grass
(7,300 ha) (Moore et al. 2000). Within the study area, eelgrass and widgeon grass have been found in
Broad Bay adjacent to Cape Henry (Orth et al. 1994).

The three seagrass species (eelgrass, Cuban shoalgrass, and widgeon grass) growing in North Carolina
are all found within coastal lagoons, protected inland waterways, and river mouths protected by barrier
islands. There are no known open-ocean seagrass meadows in North Carolina. Two of these species are
at their southern (eelgrass) and northern (Cuban shoalgrass) range limits, and when one species is
limited by seasonal thermal extremes, the other species may be abundant (SAFMC 1998). Thirteen SAV
species have been reported for the Albemarle-Pamlico Estuarine System; the remaining 10 species
consist of low salinity-tolerant freshwater macrophytes (Ferguson et al. 1989; Davis and Brinson 1990). In
the relatively clear high-salinity waters of the Core, Back, and Bogue sounds and the eastern periphery of
Pamlico Sound, the temperate eelgrass species, the tropical Cuban shoalgrass species, and the
panlatitudinal widgeon grass species are abundant and widespread. Aquatic beds of SAV are neither
diverse in species nor widespread in the predominantly mesohaline waters of the Neuse River estuary,
the Pamlico River estuary, western Pamlico Sound, and Roanoke/Croatan sounds. The shallow portions
of the Neuse and Pamlico rivers and the Roanoke/Croatan sounds are largely devoid of aquatic bed
habitat due to physiological stress from variable salinity, chronic turbidity, and darkly colored water from
coastal swamp drainage (SAFMC 1998). Within the oligohaline and freshwater portions of the Albemarle-
Pamlico Estuarine System, the euryhaline widgeon grass and low salinity-tolerant freshwater aquatic
plants occur in varying distributions (Ferguson and Wood 1994; SAFMC 1998). The total amount of SAV
habitat in the Albemarle-Pamlico Estuarine System is 47,716.1 ha: 36,423 ha in eastern Pamlico Sound,
8,068.9 ha in Core Sound, 2,448.4 ha in Currituck Sound, 1,796.5 ha in Albemarle Sound, 374.8 ha in
Croatan/Roanoke sounds, 36 ha in the Neuse River estuary, 152.9 ha in the Pamlico River estuary, and
33.6 ha in western Pamlico Sound (Ferguson and Wood 1994).

3114 Emergent Aquatic Vegetation

Emergent aquatic vegetation communities within the study area consist of tidal salt marshes. Salt
marshes occur along the U.S. Atlantic coast from New England south to northern Florida. The maijority of
salt marshes in the southeastern U.S. are lagoonal or deltaic types, i.e., they have formed in the shallow,
sedimentary area between a barrier island and the mainland, or in the protected delta areas of a large
river (Wiegert and Freeman 1990). North Carolina has two major types of salt marshes. Regularly flooded
marshes, like those in Georgia and South Carolina, occur along the southern coast up to Morehead City,
NC and near inlets along the outer banks. Irregularly flooded marshes (not flooded on every tide) are
most extensively developed along the Outer Banks from Beaufort to Currituck County, NC and on the
inner fringes of sounds. Flooding in these marshes is primarily due to the effects of wind and storms
(Dardeau et al. 1992). The dominant macrophyte in tidal marshes from northern Florida to Maine is
smooth cordgrass (Spartina alterniflora), but this species reaches its greatest development from North
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Carolina southward. Within the study area, the total area of salt marshes is 73,979.2 ha: 63,780.7 ha in
Albemarle and Pamlico sounds, 8,539.2 ha in Bogue Sound, and 1,659.3 ha along the New River
(SAFMC 1998).

The vegetative communities of salt marshes can be characterized into five or more less distinct
categories: (1) creek bank, which has very little vegetation and is muddy or sandy; (2) streamside marsh,
which is 1 to 3 m wide, dominated by smooth cordgrass, and is adjacent to the creek bank; (3) levee
marsh, in which smooth cordgrass is of intermediate height on the natural levees that border the creek;
(4) a wide, flat area behind the levee, which supports the short smooth cordgrass; (5) salt pan or barren
area, which is notable for high interstitial salinities and the absence of vascular plants and has thin films
of cyanobacteria; (6) salt flat marsh, which comprises sandy areas near the upland border where the
succulents (e.g., perennial glasswort, saltwort, sea oxeye, and salt grass) occur; and (7) higher
elevations, which include dense monospecific stands of black needlerush (Patrick 1994). In the more
brackish areas of the estuary, smooth cordgrass and black needlerush are replaced by big cordgrass
(Spartina cynosuroides) (Wiegert and Freeman 1990).

3.1.1.5 Terrestrial Vegetation

On sandy shorelines of the barrier islands from the North Carolina/Virginia border to just south of Cape
Lookout, NC, sand dune plant communities are characterized by terrestrial vascular plants in soft-
sediment habitats (Bertness 1999). In areas consisting of sandy beaches, with or without lagoons behind
them, the general community pattern is upper beach, dune grasses, dune grasses and shrubs (maritime
dry grassland), and maritime shrubs, which are then bounded by a lagoon with its associated tidal marsh
or by an upland forest. Some barrier islands exist in a natural state, while others have been modified
(sometimes through stabilization projects) by man. Natural barrier islands are characterized by having a
wide (100 to 200 m) beach on the ocean side, behind which is a zone of low irregular dunes. These
dunes are fragmented by overwash breaches (Halvorson and Dawson 1973). The upper beach
community lies above the mean high tide, but is inundated by high spring tides and storm tides.
Vegetation is sparse, characterized by a small number of species, many of them succulents. Annuals are
most prevalent, including sea rocket (a winter annual) and the threatened seabeach amaranth
(Amaranthus pumilus). If protected from disturbance, this community will quickly succeed to perennial-
dominated dune grass communities. At inlets on accreting ends of islands, upper beach may intergrade
with dune grass through a rather long transition zone of low, semi-stabilized zones (Schafale and
Weakley 1990; Weakley et al. 1998).

The dune grass community is exposed to nearly continuous salt spray, which, along with excessive
drainage and shifting sand, maintains this habitat dominated by perennial rather than annual plants. Sea
oats is dominant in most of North Carolina, with beach grass becoming the dominant grass in the
northern part of the state around Nags Head (Schafale and Weakley 1990). Rare plant species found in
this community include the threatened seabeach amaranth. Cover ranges from sparse on foredunes and
on actively moving sand to fairly dense on more stable dunes. Godfrey and Godfrey (1976) note that
dunes on islands perpendicular to prevailing winds tend to be larger and better developed than those on
islands parallel to the winds. The natural dune form on most islands is one of relatively low, discontinuous
dunes with overwash passes between them (Godfrey and Godfrey 1976). These dunes also control the
amount of overwash and salt spray on the rear parts of the barrier islands, which determines the location
of maritime dry grassland, maritime shrub, and maritime forest (Schafale and Weakley 1990).

The remaining vegetation communities comprising the unmodified dune areas include the maritime dry
grassland, maritime shrub, and maritime forest. Low stable dunes and overwash terraces behind or
between low dunes with occasional to frequent seawater overwash and sand burial form the maritime dry
grassland. This community is dominated by saltmeadow cordgrass (Spartina patens) with generally
moderate to dense herbaceous cover, except in recently overwashed areas (Weakley et al. 1998). Some
species more typical of the upper beach, such as beach grass and the threatened seabeach amaranth,
occur rarely in this community type when seed has been transported by overwash (Schafale and Weakley
1990). The maritime shrub community occurs on sand dunes, dune swales, and sand flats protected from
saltwater flooding and the most extreme salt spray. This vegetative habitat consists of dense shrubs,
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such as wax-myrtle, yaupon, mulletbush, Virginia red-cedar, and stunted live oak (Schafale and Weakley
1990). Occurring in the sheltered parts of the unmodified barrier islands is the maritime forest which has a
low to moderately high tree canopy, often stunted and pruned by salt spray into streamlined shapes. This
habitat is dominated by combinations of live oak, loblolly pine, and sand laura loak (Halvorson and
Dawson 1973; Schafale and Weakley 1990).

Barrier islands that have been stabilized through human intervention have undergone changes resulting
in the reduction of the beach area to less than 50 m; in some areas the beach has all but disappeared.
Man-made dunes are often much higher in profile than dunes on unmodified barrier islands. This has led
to a loss of some upper beach species and a reduction in the amount of overwash to the backside of the
islands. The majority of these stabilized dunes are dominated by beach grass along with smaller
communities of sea oats. High-profile man-made dunes provide greater protection from oceanic storms
than natural dunes, but allow the shrub community to produce large, impenetrable thickets (Halvorson
and Dawson 1973).

3.1.2 Threatened and Endangered Species

+ Seabeach Amaranth (Amaranthus pumilus)

Description—The seabeach amaranth is a member of the family Amaranthaceae (amaranths) (Small
1933; Duncan and Duncan 1987). This annual herbaceous plant, upon germination, forms a small
unbranched sprig. The central sprig begins to branch profusely into a clump, often reaching a foot in
diameter and consisting of 5 to 20 branches. Occasionally a clump may get as large as a yard or
more across, with 100 or more branches. The stems are fleshy and pink-red or reddish, with small
ovate to ovate-spatulate thick leaves that are 1.3 to 2.5 cm in diameter. Clustered toward the tip of
the stem, the leaves are normally a spinach-green color and have a small notch at the rounded tip.
Flowers and fruits are relatively inconspicuous, borne in clusters along the stem (Radford et al. 1968;
Beacham 1994).

Status—On April 7, 1993, the seabeach amaranth was federally listed as threatened throughout its
entire current range (New York, New Jersey, Maryland, Virginia, North Carolina, and South Carolina)
(USFWS 1993). Seabeach amaranth has been eliminated from two-thirds of its historic range
(Massachusetts to South Carolina). The most serious threats to its continued existence are the
destruction or adverse alteration of its habitat. It is extremely vulnerable to habitat fragmentation and
associated consequences (e.g., isolation of small populations) (Pardue 2002). Construction of soft
beach stabilization structures (e.g., sand fencing and planting of beach grasses), beach erosion and
tidal inundation, beach grooming, fungi (e.g., white wit), herbivory by insects (e.g., webworms), feral
animals (e.g., horses), off-road vehicles, and storm-related erosion are the natural and man-induced
factors that currently threaten this species (USFWS 1992; Pardue 2002). Man-related activities far
inland can also impact this plant and its habitat. Damming of major rivers reduces the sediment load
that is carried to the coast. This sediment load helps to maintain barrier islands. Without the sediment
load, many barrier islands are eroding away along with the seabeach amaranth habitat (Beacham
1994). The seabeach amaranth is afforded legal protection in North Carolina by the General Statutes
of North Carolina, Sections 106-202.15 and 106-202.19 (North Carolina General Statutes Section 106
[Supplement 1991]), which provide for protection from intrastate trade (without a permit) and for
monitoring and management of state-listed species and which prohibit taking of plants without written
permission of landowners (USFWS 1993).

Habitat Preferences—Seabeach amaranth is an endemic species that is found only along the
Atlantic coastal plain where it inhabits barrier island beaches (Beacham 1994). Overwash flats at the
accreting ends of the islands, lower foredunes, and upper strands of noneroding beaches (at the
wrackline) are its primary habitat. Occasionally, this species establishes small temporary populations
in other habitats such as sound-side beaches, blowouts in foredunes, and sand/shell material placed
as beach replenishment or dredge spoil (USFWS 2002). Seabeach amaranth usually is found on a
nearly pure silica sand substrate that is sparsely vegetated with annual herbs (forbs) and, less
commonly, perennial herbs (mostly grasses) and scattered shrubs (Weakley et al. 1996). This natural
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community or vegetation type is classified by Schafale and Weakley (1990) as Upper Beach,
although seabeach amaranth can be found on sand spits 50 m or more from the base of the nearest
foredune (Weakley et al. 1996).

Preferring only disturbed or unvegetated sites, the seabeach amaranth is a pioneer species. It is
intolerant of competition. This plant’'s root system acts as an effective sand binder or stabilizer,
building dunes where it grows. A single large plant can create a dune up to 6 decimeters high that
contain 2 to 3 cubic meters of sand, although most are smaller (USFWS 1993). The species appears
to need extensive areas of barrier islands and inlets, functioning in a relatively natural and dynamic
manner. These characteristics allow it to move around the landscape as a fugitive species, occupying
suitable habitat as it becomes available (USFWS 1992).

Distribution—Historically, the range of the seabeach amaranth included 31 counties in nine states
from Nantucket, MA to Charleston, SC (USFWS 1992). Fifteen populations from six states
(Massachusetts, Rhode Island, New Jersey, Delaware, Maryland, and Virginia) are now extinct.
Currently, extant populations are known to occur in New York (13), North Carolina (34), and South
Carolina (8). Of the 55 populations remaining in these states, 50% are located on
federal/state/municipal lands and 50% on private lands (Beacham 1994). The only remaining large
populations of Amaranthus pumilus are in North Carolina, with populations distributed in Currituck (1),
Dare (3), Hyde (2), Carteret (10), Onslow (3), Pender (4), New Hanover (6), and Brunswick (11)
counties (USFWS 1992; Amoroso 2002; Pardue 2002). At least 68%, or 23 of the 34 populations,
potentially occur in the study area (Figure 3-1). Most of the largest remaining North Carolina
populations are located on publicly owned land, including Cape Hatteras and Cape Lookout National
Seashores and Pea Island National Wildlife Refuge (Weakley et al. 1996; Cape Lookout National
Seashore 2001). The continued presence of seabeach amaranth in North Carolina and in part of
South Carolina is due to the lack of seawalls. Widespread use of seawalls and hard stabilization
structures were apparently associated with the extirpation of this species in the other states (USFWS
1993).

Life History—Flowering of the seabeach amaranth begins as soon as the plants have reached
sufficient size, sometimes as early as June in North Carolina, but more typically commencing in July
and continuing until the death of the plant in late fall or early winter (Beacham 1994). Seed production
begins in July or August, reaching a peak in September during most years, but usually continues until
the plant dies (Weakley et al. 1996). Weather and other natural events, such as rainfall, hurricanes
(e.g., Hugo in 1989, Bertha/Fran in 1996, Bonnie in 1998, and Dennis/Floyd in 1999), temperature
extremes (e.g., severe northeasters in the winter of 1989-1990), and predation by webworms (e.g.,
moderate to severe in 1987 and 1988) had strong effects on the length of the seabeach amaranth’s
reproductive season (USFWS 1993). Due to Hurricane Hugo, a 74% reduction in amaranth numbers
occurred in North Carolina from 1988 to 1990 (41,851 plants to 10,898 plants, respectively; Pardue
2002). As a result of one or more of these influences, the flowering and fruiting period can be
terminated as early as June or July. Under favorable conditions, the reproductive season may extend
until January or sometimes later in the south (USFWS 2002). Based on the morphology of the flower
and inflorescence, seabeach amaranth is probably wind-pollinated (Weakley et al. 1996). Seeds may
survive many years buried in the sand, germinating only when brought near the surface by severe
storms and dispersed many miles by ocean currents. This may be the explanation for the
reappearance of this species in areas (e.g., tiny stands in Delaware and Maryland) where it was
seemingly absent in the recent past (NatureServe 2001).
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3.2 FISHES/INVERTEBRATES

Numerous fishes and invertebrates of ecological and economical value inhabit the Cherry Point and
southern VACAPES inshore and estuarine areas. The fishes include both pelagic and demersal species,
while the invertebrates are represented by crustaceans (e.g., shrimp) and mollusks (e.g., squids, clams,
oysters, mussels, and scallops). At some point in their development, these organisms utilize the various
habitats found within the study area for all or only one of their life history stages (e.g., egg, larvae,
juvenile, and/or adult). Most of the fish species migrate seasonally, with cold-temperate species present
in winter and warm-temperate/subtropical species present in summer (Musick et al. 1985).

3.2.1 General Overview

The fish fauna in the study area is diverse, with more than 685 fish species representing 149 families
(Schwartz 1989). In addition, there are at least 13 invertebrate species of commercial and/or recreational
importance found in the shallow coastal waters and adjoining estuarine systems (Nelson et al. 1991;
Stone et al. 1994). Of all the fishes and invertebrates in the study area, only one species, the shortnose
sturgeon (Acipenser brevirostrum), is listed as endangered under the Endangered Species Act (ESA),
while 74 fish and invertebrate species have essential fish habitat (EFH) designations under the
Sustainable Fisheries Act (SFA). These species are federally managed by the New England Fishery
Management Council/Mid-Atlantic Fishery Management Council (16 temperate water/northeast species),
South Atlantic Fishery Management Council (47 subtropical-tropical water/southeast species), and
National Marine Fisheries Service (NMFS) (11 highly migratory species: tunas, billfishes, and sharks).
Within the study area, EFH-habitat area of particular concern (HAPC) has been identified for more than
half (67%) of the EFH species/complexes, including the summer flounder, sandbar shark, red drum,
penaeid shrimp (3 species), coastal migratory pelagic complex (6 species), and snapper-grouper complex
(38 species) (Appendix B) (SAFMC 1998; NMFS 1999).

3.21.1 Ichthyofaunal Ecology

The study area is situated in an area that is composed of two distinct faunas, temperate (northern) and
subtropical/tropical (southern), with Cape Hatteras as the transition point. Distribution of the ichthyofaunal
community along the east coast of the U.S. is highly variable and dynamic due to seasonal/climatic
changes, varying life history strategies, hydrographic phenomena, fishing pressure, and natural cycles of
abundance (Briggs 1974). Although a species of fish may be representative of a particular faunal group
that is considered typical, individuals of that species may be found within another faunal group range as
well. As might be expected, most fish species in the study area are associated with the
subtropical/tropical (southern) fauna (attributable to the effects of the Gulf Stream), while fish species
associated with the temperate (northern) fauna make a lesser contribution (attributable to their southern
range limits) (Table 3-1; Vernberg and Vernberg 1970; Schwartz 1989). The high concentration of
migratory species (75%) in this area is due to the extensive migrations of both faunas as they follow
temperature gradients (Olney and Bilkovic 1998).

The dynamic interplay of cold currents from the north and the warm Gulf Stream current from the south
also has profound effects on the fish fauna of the study area. Population structure, local movements, and
regional migrations of many species are the result of seasonal variations in water temperature and
current patterns (Schwartz 1989). Fish species move in and out of the study area during the year based
on their thermal tolerances and other environmental variables.

Wind and buoyancy are the principle agents driving the transport of ichthyoplankton and invertebrates
utilizing the nearshore, mid-shelf, and Gulf Stream fronts on the continental shelf in the Middle Atlantic
and South Atlantic bights (Epifanio and Garvine 2001). Because many marine fish species spawn in the
coastal zone of the Chesapeake Bay region, year-class success often depends on critical wind direction
and the influence of an oceanic water mass (slope water) on the shelf edge adjacent to the bay which
transports larval invertebrates and fish into the bay (Murdy et al. 1997). In the vicinity of Cape Hatteras,
larval distributions are affected by interactions between the Gulf Stream and other shelf water masses
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Table 3-1. Groupings of fishes found in the Cherry Point and southern VACAPES inshore and
estuarine areas.

Number of Species Percentage
Faunal Component
Temperate (Northern) 127 18.5
Subtropical/Tropical (Southern) 559 81.5
Depth Distribution
Estuaries 44 6.4
Continental Shelf 518 75.5
Deep Ocean 124 18.1
Habitat Preference
Pelagic 173 25.2
Benthic 513 74.8
Mud 151 29.4
Sand 242 47.2
Reef 119 23.2
Sponge 1 0.2
Residency Type
Resident 100 14.6
Migrant 518 75.6
Unknown 67 9.8
Estuarine Dependent 216 NA
Migration Strategy
North / South 419 61.1
Onshore / Offshore 72 10.5
Vertical 14 2.0
Local Short Distance 45 6.6
Freshwater Intruder 38 5.5
Unknown 98 14.3

NA = Not Available
Source: adapted from Schwartz 1989

(Grothues et al. 2002). Lower recruitment of fish spawned in the southern Middle Atlantic Bight may
result from the loss of shelf water in the vicinity of Cape Hatteras (Hare et al. 2001). The intrusion of
larvae from the warm Gulf Stream onto the continental shelf is evident in various studies conducted in
Onslow Bay, where it was reported that coastal water stations had low ichthyoplankton densities/diversity
compared to the open shelf stations. The coastal water stations were dominated by estuarine-dependent
species (e.g., Atlantic menhaden and spot), while the open shelf stations were dominated by reef-
associated species (e.g., wrasses, gobies, grunts, triggerfish, and jacks) (Powell and Robbins 1994,
1998). It has also been reported that the effect of tides on the transport of larvae may be important in the
immediate vicinity of estuaries and inlets (Epifanio and Garvine 2001).

3.21.2 Biodiversity/Species Composition

Of the 149 fish families occurring in the study area, the ten most dominant are the sea basses
(Serranidae), jacks (Carangidae), gobies (Gobiidae), left-eyed flounders (Bothidae), drums and croakers
(Sciaenidae), sea robins (Triglidae), wrasses (Labridae), requiem sharks (Carcharhinidae), herrings
(Clupeidae), and snappers (Lutjanidae) (Schwartz 1989). These and the other families can be divided into
ecological groups using parameters such as depth distribution and habitat preference (Table 3-1).
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Both the demersal and pelagic fish communities have their highest diversity in September and lowest
diversity in late winter (February/March) (Colvocoresses and Musick 1984; Musick et al. 1985; Phoel
1985). The study area is an important foraging and spawning ground for a wide variety of fishes. In
winter, the fauna is dominated by boreal species (e.g, hakes, monkfish, and spiny dogfish) and in the
summer by warm temperate/sub-tropical species (e.g., summer flounder, croakers, drums, sea basses,
Atlantic menhaden, and large coastal sharks). In spring and fall, this area is an important migration
corridor for striped bass and bluefish (Musick 1998).

3.21.3 Habitats

Coastal areas provide various environments (e.g., surf zone, rubble structures, coral patches, live/hard
bottoms, shipwrecks, and artificial reefs) for a wide variety of demersal and pelagic fishes that occur
adjacent to the southern Virginia mainland beach from Cape Henry south to beyond the barrier islands
(Outer Banks) and along the entire length of the North Carolina coast (Newton et al. 1971; Steimle and
Zetlin 2000).

Shallow surf zone habitats, which are characterized by low species diversity, serve as nursery areas (or,
in certain cases, a year-round habitat) and are numerically dominated by a few species, either
planktivores (e.g., rough silversides and striped anchovy), benthic invertivores (e.g., Florida pompano and
gulf kingfish), or benthic omnivores/detritivores (e.g., white mullet) (Layman 2000; Ross and Lancaster
2002). The surf zone fish community above Cape Hatteras is strongly influenced by the proximity of
Chesapeake Bay, while below Cape Hatteras the community is influenced by the Gulf Stream (Monteiro-
Neto 1990).

The species composition of fishes found on shallow rubble structures is similar to the community
composition on natural (coral patches and live/hard bottoms) and artificial (shipwrecks and artificial reefs)
habitats that occur offshore and on inshore oyster beds (Lindquist at el. 1985). Inshore rubble structures
have lower species diversity and often harbor high densities of young fishes that typically live on offshore
reefs as adults (Hay and Sutherland 1988). Fishes colonizing these areas include year-round residents
(e.g., blennies and gobies), dominants (e.g., pinfish, spottail pinfish, black sea bass, and pigfish), large
predatory species (e.g., bluefish, Spanish mackerel, and smooth dogfish), and various tropical fishes
(e.g., butterflyfishes and surgeonfishes) (Hay and Sutherland 1988).

Although true coral reefs do not exist off North Carolina, fishes that are typically associated with coral
reefs (“reef fishes”) are well represented in the study area (Huntsman and Manooch 1978; Grimes et al.
1982; Chester et al. 1984; Huntsman and Willis 1989; Lindquist 1989). Most of the continental shelf off
North Carolina is relatively featureless (Newton et al. 1971), yet occasional patches of structural
complexity exist that attract reef fishes (Menzies et al. 1966; Parker and Ross 1986). Some of these
sections of habitat relief are natural, such as coral patches, rocks, or clusters of invertebrates. More
significantly, however, is the tremendous number of artificial habitats, most notably shipwrecks, on the
ocean floor off North Carolina (Steimle and Zetlin 2000). The combination of habitat complexity, warm
water from the Gulf Stream and pelagic larvae of coral-associated fishes (Leis 1991) results in significant
assemblages of reef fishes (e.g., gray triggerfish, black grouper, and amberjack) in the study area
(Struhsaker 1969; Miller and Richards 1980; Parker et al. 1983; Parker 1990; Parker and Mays 1998).
The reef fish fauna of the North Carolina shelf is becoming more tropical (Parker and Dixon 1998),
suggesting ecosystem changes may be more favorable to the dispersal of invasive species from more
tropical populations (e.g., Indo-Pacific lionfish; Whitfield et al. 2002).

Both the inshore waters of Chesapeake Bay and North Carolina shallow estuaries and sounds
(Albemarle, Currituck, Croatan, Pamlico, Core, Back, and Bogue) function as nursery areas, feeding
grounds, and havens from predation for many species of fishes (Schwartz 1989; Murdy et al. 1997).
Although most of Chesapeake Bay is not in the study area, it plays an important role in fish composition
and habitat utilization.

The fish fauna of Chesapeake Bay, consisting of freshwater, estuarine, marine, anadromous (e.g.,
clupeids and striped bass), and catadromous (e.g., American eel) species, is dynamic due to the extreme
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seasonal temperature changes and the diversity of habitats. Fish diversity reaches a maximum in late
summer and early autumn (August to September) with rare tropical species joining warm-temperate and
subtropical summer residents (Murdy et al. 1997). From late fall through winter, the fish community in the
lower bay undergoes a seasonal transformation, being replaced by boreal demersal (e.g., hakes) and
pelagic (e.g., Atlantic mackerel, Atlantic herring, and spiny dogfish) species. Anadromous species enter
the lower bay to begin their upstream spawning migrations from late winter to early spring (February
through March), with sciaenids and summer flounder following in late spring before the return of the
summer warm-temperate/subtropical species (Freeman and Walford 1974, 1976; Murdy et al. 1997).

The nekton of the North Carolina sounds and adjacent estuarine rivers includes anadromous,
catadromous, migratory, and indigenous species. Dominating the anadromous fish population are river
herrings (e.g., blueback herring and alewife in the Pamlico/Albemarle sounds and Neuse River) and
striped bass (in Albemarle Sound). Catadromous species are represented by the American eel in the
Pamlico/Albemarle sounds and Pamlico/Neuse rivers (Hester and Copeland 1975; Copeland et al. 1983,
1984; Nelson et al. 1991). Migratory species that occur in the inshore/offshore areas utilize these large
semi-enclosed estuarine systems during only a portion of their life cycle. After spawning, larvae of
migratory species enter the sounds through inlets in the barrier islands where they selectively occupy
shallow, productive nursery areas (tidal flats, salt marshes, oyster beds, and submerged aquatic
vegetation [SAV]). The young remain in the estuarine nursery zone through most of the summer before
they migrate in the fall to offshore areas to winter or spawn (Schwartz 1989). Dominant migratory species
found in the Albemarle/Pamlico/Bogue sounds and Pamlico/Neuse/New rivers include spot, Atlantic
croaker, Atlantic menhaden, southern flounder, brown shrimp (except in Albemarle Sound), and blue
crab. The most prominent indigenous species in all the above-listed sounds/rivers is the bay anchovy
(Anchoa mitchilli) along with the abundant grass shrimp (Palaemonetes pugio, except in the Albemarle
Sound) (Hester and Copeland 1975; Copeland et al. 1983, 1984; Nelson et al. 1991). Most of the
dominant migratory and indigenous species found in the Albemarle/Pamlico estuarine system have been
reported as occurring in the lagoonal areas behind the Virginia barrier islands north of the study area
(Richards and Castagna 1970; Norcross and Hata 1990).

Of the different nekton inhabiting these large, shallow, estuarine systems, migratory species are the most
numerous fish fauna occurring as young-of-the-year, reaching maximum abundance in spring through
early summer (April through June), in contrast to a secondary peak during the winter which is made up
primarily of freshwater and anadromous species (Ross and Epperly 1985). Both marine and freshwater
species are abundant in North Carolina estuaries, but their densities are low (Schwartz 1998). A total of
118 marine species within 45 families, mostly juveniles or adults, occurring within these estuaries is
carried upstream by late summer or fall marine intrusions (e.g., strong wind currents and tides). Similarly,
51 freshwater species within 14 families, many as larval or juvenile stages, are swept suddenly by
freshwater inflows into nursery or marine habitats of the Carolinas (Schwartz 1998).

Tidal flats, salt marshes, oyster beds, and SAV are critical primary and secondary nursery areas within
the large, shallow, estuarine systems of North Carolina for nekton species (SAFMC 1998). A total of
52,156.9 ha of coastal waters has been designated as either primary or secondary nursery areas. Within
the study area, approximately 25,369.8 ha fall into these categories (primary: 7,081.8 ha and secondary:
18,267.3 ha) (Noble and Monroe 1991). Different studies have clearly demonstrated that these habitats
serve as important nursery areas for larval/juvenile life stages of finfish, crustaceans, invertebrates of the
dominant/abundant nekton community (paralichthid flounders, drums and croakers, mullets, penaeid
shrimp, blue crab, bay scallops [SAV only], and gray snapper) associated with estuarine systems
(Peterson and Peterson 1979; Olney and Boehlert 1988; Wiegert and Freeman 1990; Noble and Monroe
1991; SAFMC 1998; Harding and Mann 2001).

3.22 Threatened and Endangered Species

+ Shortnose Sturgeon (Acipenser brevirostrum)

Description—The anadromous shortnose sturgeon, also known as the salmon sturgeon in the
Carolinas, is a member of the family Acipenseridae (sturgeons) (NMFS 1998). This species has a
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small eye, an inferior protrusible mouth preceded by four small barbels (less than one-half the width
of the mouth), a heterocercal tail with the upper lobe longer than the lower lobe, and a body covered
with five rows of large, bony plates (scutes) on the head, back, and sides (Gilbert 1989; NatureServe
2001). Coloration varies from yellowish pink to yellowish brown dorsally and creamy white ventrally
(Matthews 1991). In salt water, the upper parts are yellow brown with a green or purple cast and in
freshwater are very dark (Burkhead and Jenkins 1991). Adults range from 44 to 109 cm in length and
weigh 42 kg (Gilbert 1992; Rohde et al. 1994). The shortnose sturgeon is also easily confused with a
related species, the Atlantic sturgeon (Acipenser oxyrinchus), from which it differs by having a wider
mouth (mouth width > 62% interorbital width); shorter, round (blunt V-shaped) snout; and no row of
bony plates along the base of the anal fin (Ross et al. 1988; NMFS 1998).

Status—On March 11, 1967, the shortnose sturgeon was originally listed as an endangered species
throughout its range under the Endangered Species Preservation Act of 1966 (USFWS 1967). The
shortnose sturgeon remained on the endangered species list with the enactment of the ESA in 1973.
Under a 1974 government reorganization plan (38 Federal Register 41370), jurisdiction for the
shortnose sturgeon was assumed by the NMFS (NMFS 1998).

Although the original listing notice did not cite reasons for listing the species, a 1973 Resource
Publication (Appendix Il, issued by the U.S. Department of the Interior stated that shortnose
sturgeons were “in peril...gone in most of the rivers of its former range [but] probably not as yet
extinct” (NMFS 1998). Pollution, overharvesting in commercial fisheries (including bycatch in the shad
fishery), and its closely related appearance to the commercially valuable Atlantic sturgeon, were listed
as principal reasons for the species decline (NMFS 1998). Other risk factors include poaching
(northern rivers), accidental introduction of exotic species, very low productivity, freshwater spawning
and nursery areas destroyed or degraded due to human-caused dissolved oxygen reductions,
contaminants (e.g., heavy metals, pesticides, and organochlorine compounds), siltation from dredging
and bridge construction/demolition, and impingement on power plant cooling water intake screens,
impoundment operations, and hydraulic dredging machines (NMFS 1998; Collins et al. 2000; Musick
et al. 2000; NatureServe 2001).

Habitat Preferences—Shortnose sturgeons inhabit rivers and estuaries, occasionally moving short
distances to the mouths of estuaries and the nearby coastal waters, with populations confined mostly
to natal rivers and estuarine habitats. The species appears to be estuarine anadromous in the
southern part of its range, but in some northern rivers it is “freshwater amphidromous” (adults spawn
in freshwater but regularly enter saltwater habitats during their life) (NMFS 1998). In estuarine
systems, the shortnose sturgeon occurs in areas with little or no current over a bottom comprised
primarily of mud and sand. Sturgeons prefer freshwater swamps or areas with fast flows and gravel-
cobble bottoms in the riverine areas (Gilbert 1992). Adults are found in deep water (10 to 30 m) in
winter and in shallow water (2 to 10 m) in summer. Juveniles are nonmigratory, typically inhabiting
deep channels of swiftly flowing river above the salt wedge (Burkhead and Jenkins 1991).

Distribution—Historically, the range of the shortnose sturgeon extended along the Atlantic coast
from Saint John River, New Brunswick, Canada to Indian River, FL (Gruchy and Parker 1980).
Currently, the NMFS recognizes 19 distinct population segments (DPS) with one population occurring
in each of the following riverine/estuarine areas: Saint John River, New Brunswick, Canada;
Merrimack River, MA; Connecticut River, CT; Hudson River, NY; Delaware River, NY/DE;
Chesapeake Bay/Potomac River, MD/VA; and Cape Fear River, NC; two populations in both the
Penobscot River/Kennebec system, ME and the St. Marys/St. Johns rivers, FL; and four populations
each in the Winah Bay/Santee and Cooper rivers/Ashepoo, Combahee, and Edisto Basin, SC and the
Savannah/Ogeechee/Altamaha/Satilla rivers, GA (NMFS 1998; Musick et al. 2000). All populations
from the Chesapeake Bay north are considered “northeast” while those south of Chesapeake Bay are
considered “southeast” population segments (NMFS 1998).

> Information Specific to Cherry Point and Southern VACAPES Inshore and Estuarine Areas—
Within the study area, the first published account of the shortnose sturgeon in the Chesapeake
system was an 1876 record from the Potomac River. Based on its occurrence north and south of
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Chesapeake Bay, it was likely a resident of Chesapeake Bay and occupied all four major riverine
estuaries of Virginia (Burkhead and Jenkins 1991). Other historical records support this
observation by the reporting of this species in the upper Chesapeake Bay near the mouth of the
Susquehanna River in the early 1980s and in the lower Chesapeake Bay near the mouths of the
James and Rappahannock rivers in the late 1970s (NMFS 1998). Currently, the shortnose
sturgeon has been reported in the Maryland waters of upper Chesapeake Bay by commercial
fisherman between January 1996 and January 2000. It has been determined that this species
probably traverses the Chesapeake and Delaware Canal and may be a transient from the
Delaware River where a well-documented population currently exists (Murdy et al. 1997; Welsh et
al. 2002).

Besides the self-sustaining population in the Cape Fear River drainage, the status and
distribution of the shortnose sturgeon in North Carolina has never been well known, although
some populations have probably been recently extirpated (Collins et al. 2000). No data on
population dynamics currently exist for the Albemarle Sound/Roanoke and Chowan rivers and the
Pamlico Sound/Pamlico and Neuse rivers. Some of the historical information from the North,
New, Neuse, and lower Chowan rivers, Beaufort, and nearshore ocean (Oregon Inlet) cannot be
validated and may be misidentifications of Atlantic sturgeon (Ross et al. 1988; NMFS 1998).
Counties within the study area where the shortnose sturgeon has been reported within the past
23 years include Currituck, Camden, Pasquotank, Dare, Hyde, Pamlico, Carteret, and Onslow
counties (Figure 3-2) (LeGrand et al. 2001; NOS 2001; USFWS 2002).

Behavior and Life History—Migrational patterns of the shortnose sturgeon varies with fish size and
home river location. Pre-spawners generally move upstream to spawning grounds in spring and
summer and post-spawners move back downstream in fall and winter to wintering areas, with
movements usually restricted to the areas above the saltwater/freshwater interface. Adults exhibit
freshwater amphidromy in the northern part of their range but are generally estuarine anadromous in
their southern range. Shortnose sturgeons are not known to participate in coastal migrations (NMFS
1998). Spawning begins from late winter/early spring (southern rivers: January to March) to mid- to
late spring (northern rivers: April to May) when water temperatures increase to 8° to 9°C. Spawning
usually ceases when water temperatures reach 12° to 15°C (O’Herron et al. 1993; Kynard 1997).

Shortnose sturgeons can live 30 to 40 years with one female reported to have attained 67 years of
age (Murdy et al. 1997). The shortnose sturgeon exhibits sexual and latitudinal differences in age of
maturity and periodicity of spawning. Males reach maturity faster than females with individuals in
southern rivers (males: 2 to 5 years, females: 6 years) growing faster than those in northern rivers
(males: 10 to 11 years, females: 7 to 18 years) (Burkhead and Jenkins 1991). Channels with
moderate flow (0.8 m/sec) are important for spawning in many rivers. The preferred spawning
substrate mixture consists of gravel, rubble, and large boulders with little sand or silt (NMFS 1998).
Shortnose sturgeons are open substrate spawners exhibiting no parental care (Balon 1975). Eggs are
broadcast into the water and are demersal and adhesive, becoming attached to rocks, weeds, and
other submerged objects (Gilbert 1989, 1992). Fecundity ranges from about 10,000 to 16,000 eggs
per kg of body weight, or about 27,000 to 208,000 eggs per fish (Burkhead and Jenkins 1991). Males
spawn more frequently (2-year intervals) than females (3 to 5-year intervals), with the spawning
period lasting from a few days to several weeks (NMFS 1998).

The shortnose sturgeon is a benthic or plant-surface feeder with feeding varying according to the
species life stage. Juveniles feed mostly on small benthic crustaceans and insect larvae while
individuals of 20 to 30 cm fork length often feed exclusively on cladocerans. Adults in freshwater feed
mostly on crustaceans, insect larvae, and mollusks; in estuaries, adults mainly eat polychaetes,
crustaceans, mollusks, and small benthic fish (Burkhead and Jenkins 1991; Gilbert 1992). In addition,
they also ingest quantities of sediment, vegetation, and detritus (Ross et al. 1988). Shortnose
sturgeons apparently feed mostly at night or on windy days when turbidity is high (Gilbert 1989). It
has also been found that feeding activity of the shortnose sturgeon is greatly reduced with reduction
in water temperature (Gilbert 1992).
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Figure 3-2. Distribution of the shortnose sturgeon in the Cherry Point and southern VACAPES inshore and
estuarine areas. Source data: NOS (2001) and NCNHP (2002). Map adapted from: NMFS (1998).
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Feeding patterns of the shortnose sturgeon vary seasonally between northern and southern river
systems. Foraging occurs in northern rivers within highly vegetated, shallow freshwater regions
during the summer and over sand-mud bottoms in the lower estuary during fall, winter, and spring
(NMFS 1998). In contrast, probable foraging activity in southern rivers occurs at or just downstream
of the saltwater/freshwater interface. During the summer, the shortnose sturgeon in these southern
systems appears to reduce activity, fast, and lose weight (NMFS 1998). Most activity of larvae,
juveniles, and adults appears to occur at night (Richmond and Kynard 1995).
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3.3 REPTILES
3.3.1 Introduction

Reptiles are a highly diverse and abundant group of organisms, with over 8,000 extant species worldwide
(EMBL 2002). Included in this class of animals are turtles, lizards, snakes, alligators, crocodiles, and the
tuatara. Reptiles are ectothermic (cold-blooded) organisms, meaning that they regulate their body
temperature behaviorally by exchanging heat with their surroundings. Additional distinguishing
characteristics of these animals include external armoring (possession of horny epidermal scales or bony
dermal plates), powerful jaws, internal egg fertilization, land-based egg laying and incubation, and
respiration by lungs (Hickman and Roberts 1994). Several reptile species (including most turtles, some
lizards, and all alligators, crocodiles, and tuataras) undergo a phenomenon known as temperature-
dependent sex determination, where the animal’'s sex is determined thermally (i.e., by its incubation
temperature) rather than genetically (Mrosovsky 1988; Hickman and Roberts 1994; Girondot 2000).

There are approximately 350 species of reptiles found in the terrestrial, freshwater, and marine
ecosystems of the Unites States (U.S.) and Canada (Uetz 2000). Of that, 37 are listed as either
threatened or endangered under the Endangered Species Act (ESA). There are six threatened and
endangered reptiles, five sea turtle species and one alligator species, with potential occurrence in the
Cherry Point and southern VACAPES inshore and estuarine areas (study area) (Table 3-2).

Table 3-2. Threatened and endangered reptiles found in the Cherry Point and southern VACAPES
inshore and estuarine areas. Sea turtle taxonomy follows Pritchard (1997).

Scientific Name Status
Class Reptilia (reptiles)
Order Testudines (turtles)
Suborder Cryptodira (hidden-necked turtles)
Family Dermochelyidae (leatherback turtles)
Leatherback turtle Dermochelys coriacea Endangered
Family Cheloniidae (hard-shelled sea turtles)
Loggerhead turtle Careftta carefta Threatened
Green turtle Chelonia mydas Threatened®
Kemp’s ridley turtle Lepidochelys kempii Endangered
Hawksbill turtle Eretmochelys imbricata Endangered
Order Crocodilia (alligators and crocodiles)
Family Alligatoridae
American alligator Alligator mississippiensis Threatened”

As a species, the green turtle is listed as threatened. However, the Florida and Mexican Pacific coast nesting
populations are listed as endangered. It should be noted that not all greens found in the study area come from the
Florida population.

The American alligator is listed as threatened throughout its range due to its similarity in appearance to the
American crocodile. Since the American crocodile is endangered, the government does not want hunters to
confuse the two different types of animals.

3.3.2 Sea Turtles

Sea turtles are long-lived, air-breathing reptiles found throughout the world’s tropical, subtropical, and
temperate seas (CCC 1996). There are seven living species of sea turtles from two distinct families, the
Cheloniidae (hard-shelled sea turtles) and the Dermochelyidae (leatherback sea turtle). Sea turtles in
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these families are distinguished from one another on the basis of their carapace (upper shell) structure.
An important marine resource, sea turtles are of nutritional, economic, and existence (non-use) value to
humans (Witherington and Frazer 2003). However, over the last few centuries, sea turtle populations
throughout the world have declined dramatically as a result of anthropogenic activities such as coastal
development, oil exploration, commercial fishing, marine-based recreation, pollution, and over-harvesting
(NRC 1990; Eckert 1995).

Sea turtles are highly adapted for life in the marine environment. They are unlike terrestrial and
freshwater turtles in that they possess powerful, modified forelimbs (flippers) that enable them to swim
continuously for extended periods of time (Wyneken 1997). Sea turtles have also developed a compact
and streamlined body plan that helps to reduce drag while underwater. Additionally, sea turtles have
evolved physiological traits and behavioral patterns that allow them to spend as little as 3% to 6% of their
time at the water’s surface, permitting highly efficient foraging and traveling (Lutcavage and Lutz 1997).
Sea turtles often travel thousands of miles between their nesting beaches, mating areas, nursery habitats,
developmental habitats, and adult feeding grounds, migratory activities which would not be possible
without the aforementioned suite of adaptations (Ernst et al. 1994; Meylan 1995). The traits and
behaviors of sea turtles also help to protect them from predation. Sea turtles armor themselves physically
by developing a tough outer shell and growing to a large size as adults (Ernst et al. 1994). Mature
leatherback turtles can weigh up to 450 kilograms (kg). Growing to a large size as adults is important
because sea turtles cannot withdraw their head or limbs into their shell. As young individuals (i.e., post-
hatchlings and juveniles), sea turtles will evade predation behaviorally by residing in habitats that are
either structurally complex or moderately shallow, where predators such as sharks, marine crocodiles,
and large fishes do not have easy access (Musick and Limpus 1997).

Although they are specialized for life at sea, sea turtles begin their lives on land. Aside from this brief
terrestrial period, which lasts approximately three months as an egg and an additional few minutes to a
few hours as a hatchling scrambling to the surf, sea turtles are rarely encountered out of the water. Sea
turtles return to land primarily to nest, although certain species in Hawaii return in order to bask while
others throughout the world return if injured (Spotila et al. 1997). These activities are infrequent yet often
vital to the continued existence of a sea turtle (Musick and Limpus 1997). Sea turtles observed on land
are most often females since males are not involved in the nesting process and likely gain fewer benefits
from basking on land than females (Spotila et al. 1997). Scientists have determined that females bask not
only to thermoregulate and elude predators, but also to avoid harmful mating encounters with male turtles
and possibly to accelerate the development of their eggs (Spotila et al. 1997).

Female sea turtles nest in tropical, subtropical, and warm-temperate latitudes, often in the same region
where they were born (Miller 1997). Upon selecting a suitable nesting beach, female sea turtles tend to
re-nest in relatively close proximity during subsequent nesting attempts. Some sea turtles, however, fail to
nest when emerging from the ocean. Non-nesting emergences, also known as false crawls, occur when
sea turtles are either obstructed from laying their eggs (by debris, rocks, or roots) or distracted by
conditions on the nesting beach (such as noise, lighting, or human presence). Female sea turtles that are
successful at nesting usually lay several clutches of eggs during a nesting season, with each clutch
containing between 50 and 200 eggs depending upon the species (Witzell 1983; Dodd 1988; Hirth 1997).
Most females, with the possible exception of Kemp’s ridleys, do not nest in consecutive years; instead
they will often skip two or three years before returning (Marquez-M. 1994; Ehrhart 1995). Nesting success
is vital to the long-term existence of sea turtles, as roughly only one in every 1,000 sea turtle hatchlings
survives long enough to reproduce (Frazer 1986).

During the nesting season, daytime temperatures on tropical, subtropical, and warm-temperate beaches
can be lethal. As a result, adult sea turtles often nest and hatchlings often emerge from their nest at night
(Miller 1997). After emerging from the nest, sea turtle hatchlings use visual cues (e.g., light intensity or
certain wavelengths of light) to orient themselves towards the sea (Lohmann et al. 1997). Hatchlings have
a strong tendency to crawl in the direction of the brightest light, which on most beaches is towards the
ocean/sky horizon (Ernst et al. 1994). Some hatchlings, however, never make it into the water. On the
beach, sea turtle hatchlings are easy prey for seabirds during the day, and scavenging crabs and
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mammals at night (Ehrhart 1995; Miller 1997). Hatchlings can also suffer the effects of disorientation if
artificial beachfront lighting appears brighter than the seaward horizon (Lutcavage et al. 1997).

Those hatchlings that do make it into the water will spend the first few years of their lives in oceanic
waters, drifting in convergence zones and Sargassum rafts where they find refuge and food (mostly
pelagic invertebrates) in items that accumulate in surface circulation features (Carr 1987). Originally
labeled the “lost year,” this stage in a sea turtle’s life history is now known to be much longer in duration,
possibly lasting 10 years or more (Chaloupka and Musick 1997; Bjorndal et al. 2000). Post-hatchling sea
turtles spend nearly a decade growing in the pelagic “early juvenile nursery habitat” before migrating to
distant feeding grounds, which are known as the “later juvenile developmental habitat” (Musick and
Limpus 1997; Eckert and Abreu-Grobois 2001). Shallow nearshore and inshore waters represent the later
juvenile developmental habitat most often utilized by hard-shelled sea turtles (Eckert and Abreu-Grobois
2001). For leatherback turtles, however, the later developmental habitat can be either a coastal feeding
area in temperate waters or an offshore feeding area in tropical waters depending upon the season
(Eckert and Abreu-Grobois 2001).

Once in the later juvenile developmental habitat, most sea turtles modify their foraging behavior from
surface to benthic feeding, and will begin to feed upon larger items such as crustaceans, mollusks,
sponges, coelenterates, fishes, and seagrasses (depending upon the species) (Bjorndal 1997). An
exception is the leatherback turtle, which will feed on pelagic soft-bodied invertebrates at both the surface
and at great depths (S. Eckert et al. 1989). Sea turtles do not have teeth, but their jaws have modified
“beaks” suited to their particular diet (Mortimer 1995). The diet exhibited by a sea turtle varies according
to the habitat in which it feeds and its preferred prey. Sea turtles undergo complex seasonal movements,
which are influenced by changes in ocean currents, turbidity, salinity, and food availability (Musick and
Limpus 1997). Sea turtles possess a specialized digestive system so that a diverse array of food items
can be consumed (Mortimer 1995).

In addition to the above factors, the distribution of many sea turtle species is dependent upon (and often
restricted by) water temperature (Lutcavage and Musick 1985; Epperly et al. 1995a; Coles and Musick
2000). Most sea turtles become lethargic at temperatures below 10°C and above 40°C (Spotila et al.
1997). Coles and Musick (2000) observed that the range of each species’ preferred water temperature
regulates sea turtle distribution. The normal range of sea surface temperatures (SST) that sea turtles
prefer is from 13.3° to 28°C (Coles and Musick 2000). Sea turtles’ preferred temperature ranges vary
across age classes and species as well as seasons. As a species, leatherback turtles have a much wider
range of preferred temperatures than other species because they can maintain warm body temperatures
in temperate waters and can avoid overheating in tropical waters (Spotila et al. 1997).

Although sea turtles are nearsighted out of water, their vision underwater is very good. Their sense of
smell is also very keen (Ernst et al. 1994); a sea turtle likely uses olfaction in conjunction with sight during
foraging. Sea turtle hearing sensitivity is not well studied. Reception of sound through bone conduction,
with the skull and shell acting as receiving structures, is hypothesized to occur in some sea turtle species
(Lenhardt et al. 1983). A few preliminary investigations using adult green, loggerhead, and Kemp’s ridley
turtles suggest that they are most sensitive to low-frequency sounds (Ridgway et al. 1969; Lenhardt et al.
1983; Bartol et al. 1999). An anecdotal observation of a leatherback’s response to the sound of a boat
motor suggests that leatherbacks may be sensitive to low-frequency sounds, but the response could have
been to mid- or high-frequency components of the sound (ARPA 1995).

The range of maximum sensitivity for sea turtles is 100 to 800 Hertz (Hz), with an upper limit of about
2,000 Hz (Lenhardt 1994). Hearing below 80 Hz is less sensitive but still potentially usable to the animal
(Lenhardt 1994). Green turtles are most sensitive to sounds between 200 and 700 Hz, with peak
sensitivity at 300 to 400 Hz. They possess an overall hearing range of approximately 100 to 1,000 Hz
(Ridgway et al. 1969). Bartol et al. (1999) reported that juvenile loggerhead turtles hear sounds between
250 and 1,000 Hz; however, O’Hara and Wilcox (1990) found that they would often avoid sources of low-
frequency sound. Finally, sensitivity even within the optimal hearing range is apparently low—threshold
detection levels in water are relatively high at 160 to 200 decibels with a reference pressure of one
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micropascal at one meter (dB re 1 pPa-m) (Lenhardt 1994). In terms of sound emission, nesting
leatherback turtles produce sounds in the 300 to 500 Hz range (Mrosovksy 1972).

For more information on the biology, life history, and conservation of sea turtles, the following
organizations’ websites are extremely useful: the Archie Carr Center for Sea Turtle Research
(http://accstr.ufl.edu/index.html), the Caribbean Conservation Corporation (http://www.cccturtle.org), and
seaturtle.org (http://www.seaturtle.org). Other important resources include Proceedings from the Annual
Symposium on Sea Turtle Biology and Conservation, Bjorndal (1995), Lutz and Musick (1997), and Lutz
et al. (2003).

3.3.2.1 Sea Turtles of the Cherry Point and Southern VACAPES Inshore and Estuarine Areas

Of the seven living species of sea turtle, five have been documented to occur in the study area. These
include the leatherback (Dermochelys coriacea), loggerhead (Caretta caretta), green (Chelonia mydas),
Kemp’s ridley (Lepidochelys kempii), and hawksbill (Eretmochelys imbricata) turtles (Table 3-2). All five
species are protected under the ESA. The Kemp’s ridley, hawksbill, and leatherback turtles are listed as
endangered, while the loggerhead turtle is listed as threatened. As a species, the green turtle is also
listed as threatened although specific nesting populations are currently listed as endangered. Green
turtles found along the east coast of the U.S. are likely a mix of offspring from both threatened and
endangered nesting populations in the western North Atlantic Ocean (Bass and Witzell 2000).

The temperate inshore and nearshore waters of North Carolina and southern Virginia host a large number
of sea turtles throughout much of the year, most of which are immature individuals (Lee and Palmer 1981;
Lutcavage and Musick 1985; Keinath et al. 1987, 1996; Byles 1988; Barnard et al. 1989; Schwartz 1989;
Epperly et al. 1995a, 1995b, 1995c). However, as a result of commercial harvesting, incidental fisheries
bycatch, and countless other factors, sea turtles inhabiting the waters of these two states are much less
abundant today than they were hundreds of years ago (Epperly et al. 1995b).

Due to the narrowness of North Carolina’s continental shelf near Cape Hatteras (and its close association
with the western wall of the Gulf Stream), sea turtles are often concentrated in the shallow, nearshore
waters of the study area (Epperly et al. 1995c; Keinath et al. 1996). The inshore and estuarine waters of
the study area are an extremely important developmental habitat for juvenile loggerhead, green, and
Kemp’s ridley turtles (Epperly et al. 1995a). Juveniles frequent the inshore and coastal waters of North
Carolina and southern Virginia throughout much of the year, as both states possess vast systems of
sounds, bays, and estuaries that boast extensive beds of submerged aquatic vegetation (SAV) and a rich
diversity of bottom-dwelling fauna (Keinath et al. 1996; Boettcher 1998). Habitats such as these provide
growing juveniles with sufficient cover and forage needed for survival. The waters of the study area are
also utilized on a seasonal basis (during spring and fall) by non-resident sea turtles that are in transit to
and from more northerly foraging habitats such as Long Island Sound and Cape Cod Bay (Keinath et al.
1996). In addition to serving as an important developmental and transitional habitat, the waters of the
study area also provide a suitable long-term habitat for adult sea turtles that take up residency during the
spring and summer months (Keinath et al. 1996). During these months, adults will gather en masse in the
nearshore waters off North Carolina and southern Virginia in order to breed and prepare to nest
(Schwartz 1989). After nesting on the study area’s ocean-facing beaches, adult females will often forage
in the region’s protected sounds and bays before either nesting again or returning to more tropical waters
(Mansfield 2000).

Along the U.S. Atlantic coast, nesting has been known to occur as early as February and as late as
October, although the official nesting season (the time of year when the vast majority of nesting activity
occurs) begins in May and ends in August (Meylan et al. 1995; Webster and Cook 2001). Adult sea turtles
(primarily loggerheads, as well as a few greens and infrequent leatherbacks) most often visit the study
area’s ocean-facing beaches to nest in June and July, although North Carolina and southern Virginia are
recognized as the northern limit of nesting activity for all three species (Schwartz 1989; Godfrey 2002).
Although nesting is known to occur along the entire North Carolina coast (Figure 3-3), the highest levels
of sea turtle nesting activity in the study area occur along Cape Lookout National Seashore and Onslow
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Beach (Hopkins and Richardson 1984; Schwartz 1989). In the late spring and summer of 2000, sea
turtles produced a total of 190 nests and 13,471 viable hatchlings along the 90-km stretch of beaches at
Cape Lookout National Seashore (NPS 2001). During that same year, an 11.3-km stretch of military-
controlled land at Onslow Beach was home to 45 nests, from which 2,050 viable hatchlings emerged
(USMC 2000). During the 2000 nesting season, most nesting events and false crawls on Onslow Beach
took place on the northeast end of the beach, in very close proximity to MCB Camp Lejeune’s N-1/BT-3
Impact Area (USMC 2000). As a result of the high level of nesting activity on Onslow Beach during the
spring and summer months, military personnel have implemented an intensive sea turtle monitoring, nest
relocation and protection program so that amphibious landings and other training activities can be
conducted without impacting protected species (USMC 2002). Just offshore of Onslow Beach, adult sea
turtles receive further protection as a result of the existence of a sea turtle sanctuary (Figure 3-4).
Running from New River Inlet to Bogue Inlet, this sanctuary was established by North Carolina Fishery
Laws in 1980 after researchers discovered that intense shrimp trawling coincided with high nesting
activity along Onslow and Hammocks Beaches (Schwartz 1989). Under this law, shrimp trawling within
the sanctuary was prohibited between June 1 and August 31 unless permitted by the North Carolina
Fisheries Director, who was given the right to modify the sanctuary within the described area and vary
implementation between specified dates depending upon the existing environmental conditions (Godfrey
2003). Benthic-feeding sea turtles are extremely susceptible to bycatch in bottom trawl fisheries, and as
such, the state government took steps to ensure that sea turtles inhabiting the waters of the sanctuary will
have an opportunity to forage, mate, and reproduce with little to no bottom trawl fishery interaction.

In North Carolina, sea turtles are found in inshore waters primarily from April through December, while in
Chesapeake Bay they most often occur between May and November (Epperly et al 1995b). As inshore
waters begin to cool in the fall, sea turtles will often move offshore towards the Gulf Stream or migrate to
waters south of Cape Hatteras, where water temperatures are much warmer (Schwartz 1989). Sea turtles
that fail to vacate temperate inshore waters become susceptible to cold stunning, a type of hypothermia
that occurs when water temperatures drop quickly (Spotila et al. 1997). Only when waters warm again in
the spring do sea turtles begin to migrate back north and inshore. Aerial surveys for sea turtles over Core
and Pamlico Sounds have indicated a pattern of spring immigration into the sounds of the study area, a
summertime dispersal throughout the sounds, and an emigration out of the sounds in the late fall and
early winter (Epperly et al. 1995a). The coastal area immediately adjacent to Cape Hatteras has long
been recognized as a migratory pathway for leatherbacks, loggerheads, and Kemp’s ridleys (Lee and
Palmer 1981; NRDC 2000). Spring and fall migration activities tend to increase North Carolina coastal
sea turtle abundance to levels that exceed summer “resident” populations (Keinath et al. 1996).

The distribution of available sea turtle occurrence records by season (winter=January through March;
spring=April through June; summer=July through September; fall=October through December) is
presented in Figure 3-3. Occurrence records include survey sightings, public sightings, strandings,
taggings, nesting attempts (including false crawls), and bycatch records within the study area and vicinity.
It should be noted that the number of sea turtle records in a given season or portion of the study area is
often as much a function of the source or type of data (bycatch data versus data collected by aerial or
shipboard surveys), level of effort, and sighting conditions (such as calm seas) as the actual abundance
of sea turtles at that time or in that area.

Unidentified sea turtles (individuals that could not be identified to species) account for a large number of
occurrence records, particularly sightings. The hard-shelled sea turtles (loggerhead, green, Kemp’s ridley,
and hawksbill) are often difficult to distinguish to species, particularly when they are young (i.e., small size
classes) and especially during aerial surveys. Sea turtles may respond to aircraft overflights and vessel
approaches by making a quick dive, even before being sighted by observers, which makes not only
sighting a sea turtle difficult but also confirming its identity to species (Kenney 2001). Of all sea turtle
sightings recorded during an aerial survey program over North Carolina waters between 1991 and 1992,
only identifications of leatherback turtles were assumed to be 100% reliable (McNeill 2002). Species
identification is less reliable when the general public sights sea turtles. The reliability of species
recognition may also be in question when sea turtles are recorded stranding or nesting, especially if
qualified individuals are not present to make an accurate identification (Lund 1985; Godfrey 2002).
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During winter, sea turtle occurrence is concentrated in nearshore waters of the study area as far north as
Oregon Inlet (Figure 3-3). Further north, ocean-side sightings, strandings, and bycatches become less
and less prevalent. Sea turtle occurrence is concentrated in these waters due to the existence of
favorable temperature and depth regimes along North Carolina’s narrow shelf in winter, as the presence
of the Gulf Stream helps to warm nearshore waters in the vicinity of Cape Hatteras (Epperly et al. 1995c).
The narrowness of the continental shelf near Cape Hatteras and the potential influence of the Gulf
Stream on these nearshore regions serve to concentrate sea turtles emigrating from the Mid-Atlantic
Bight (MAB) and Pamlico and Core Sounds (Epperly et al. 1995c). It follows that the nearshore waters of
Raleigh Bay, which are affected by the warm, fast-moving Gulf Stream more than any other waters in the
South Atlantic Bight (SAB), house the highest concentrations of sea turtles during winter (Epperly et al.
1995c¢). Aside from the nearshore clustering of sea turtle sightings between Capes Hatteras and Lookout,
sightings elsewhere on the continental shelf occurred much closer to the western edge of the Gulf Stream
than to the coast. Sea turtles are known to prefer offshore waters in winter, since inshore and nearshore
waters independent of the Gulf Stream can be cold enough to be lethal (Schwartz 1989; Epperly et al.
1995c¢). For this reason, sea turtle occurrence in inshore waters of the study area is only expected in
those waters nearest to the ocean and is low/unknown in estuarine waters that are a good distance away
from the Outer Banks. Winter occurrence is also low/unknown in all waters of Chesapeake Bay and in the
nearshore waters north of the bay’s eastern edge. It is hypothesized that sea turtles in nearshore and
inshore waters can bruminate (bury themselves in the sediment to avoid cold temperatures) throughout
the winter, although this phenomenon has only been seen in waters south of Cape Hatteras (Epperly et
al. 1995a). The overall pattern of winter occurrence in the study area demonstrates the emigration of sea
turtles from inshore waters between January and March, as water temperatures and prey availability are
at their lowest during those months of the year (Epperly et al. 1995a, 1995c).

During spring, sea turtles are expected to occur in all waters of the study area, as evidenced by several
strandings that occur as far inshore as the Neuse, Pamlico, Chowan, and James Rivers (Figure 3-3). The
area of concentrated occurrence for sea turtles extends further north and inshore in the spring,
encompassing all nearshore waters of the study area, North Carolina’s inshore waters that were labeled
as areas of expected occurrence in winter, and waters in the southern portion of Chesapeake Bay. It
should be noted that spring sightings, taggings, and bycatches along the U.S. Atlantic coast are highly
prevalent in continental shelf waters as far north as Delaware Bay (Kenney 2001). Sea turtles known to
inhabit the nearshore waters of the study area in spring are loggerheads, greens, Kemp’s ridleys, and
leatherbacks, since nearshore waters are known to be acceptable habitats for both juveniles and adults of
these species. As inshore and nearshore water temperatures increase from winter to spring, sea turtles
begin to repopulate North Carolina and southern Virginia’s shallow bays and estuaries from waters further
offshore, although in early spring, sea turtles north of Cape Hatteras will still likely inhabit waters closer to
the Gulf Stream, as water temperatures along the northern Outer Banks remain cool (Schwartz 1989). In
late spring, sea turtles that annually spend their summers in feeding habitats north of the study area will
begin to migrate along a 19-kilometer (km) wide corridor spanning the mid-Atlantic coast of the U.S. from
Cape Hatteras to Cape May (NRDC 2000). The observation that sea turtle occurrences are extremely
numerous in spring agrees with findings from past aerial survey and public sighting programs, in which a
seasonal peak in density and abundance for western Atlantic sea turtles occurred between May and June
(Epperly et al. 1995b; Keinath et al. 1996). The increase in sea turtle records during this season is a
reflection of surface water temperatures and migration activity around Cape Hatteras beginning to
increase (Keinath et al. 1996), but may also be due to survey and fishing effort beginning to increase due
to better weather and calmer seas. The overall pattern of spring occurrence in the study area reflects the
immigration of immature sea turtles into North Carolina and southern Virginia’'s sounds and bays and the
gathering of mature sea turtles in these states’ nearshore waters prior to and during the early part of the
nesting season, which begins on the first of May (Epperly et al. 1995a; Webster and Cook 2001).

In the summer, sea turtle occurrence is concentrated in all nearshore ocean waters of the MAB and SAB
(Kenney 2001), as water temperatures in these regions remain within the preferred range of sea turtles
throughout this season. In the inshore waters of the study area, sea turtles are concentrated as far west
as the areas where North Carolina and southern Virginia’s major rivers feed into Pamlico and Albemarle
Sounds and the Chesapeake Bay (Figure 3-3). The area of expected occurrence encompasses the
downstream portions of those rivers due to several strandings that occur in those locations. The high
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number of very nearshore records for summer when compared to the other seasons demonstrates that
most sea turtles prefer to inhabit feeding areas close to shore (such as Chesapeake Bay, Raleigh and
Onslow Bays, and Pamlico and Core Sounds) at this time of year (Epperly et al. 1995a, 1995b; Keinath et
al. 1996). The overall pattern of summer occurrence in the study area shows the dispersing of sea turtles
throughout North Carolina and southern Virginia’s warm inshore waters from July to September and the
concurrent peak in adult female nesting activity that occurs during those months (Epperly et al. 1995a).

In the fall, the area of concentrated occurrence contracts southward and moves back towards the ocean,
although it still encompasses all nearshore waters of the study area in addition to the same inshore
waters labeled as areas of concentrated occurrence in spring (Figure 3-3). This is due not only to the
numerous sightings that occur along the U.S. Atlantic coast as far north as Massachusetts, but also to the
knowledge that sea turtles are following migration routes south along the coast during this time of year
(Shoop and Kenney 1992; NRDC 2000). Keinath et al. (1996) note that loggerheads and Kemp’s ridleys
will often round Cape Hatteras on their way south in October and November. As in the early spring, late
fall aggregations of sea turtles north of Cape Hatteras are most often found in offshore waters, while
those south of Cape Hatteras are most often found in inshore and nearshore waters (again due to the
thermal preferences of sea turtles). As in the spring and summer, all waters in the study area are
designated as areas of expected occurrence. Although survey and fishing effort decreases from October
to December, North Carolina’s recreational fishermen have documented more sea turtle sightings in
nearshore waters in the fall than in any other season (Epperly et al. 1995b). The overall pattern of fall
occurrence in the study area indicates the onset of sea turtle emigration activity from North Carolina and
southern Virginia’s inshore waters as described in Epperly at al. (1995a) and Keinath et al. (1996).

A listing of data sources used to determine each species’ occurrence in the study area is found in
Appendix A, while the process used to create the map figures is described in Section 1.4.2.5. On the map
figures, various types of shading and terminology designate the occurrence of sea turtles in the Cherry
Point and southern VACAPES inshore and estuarine areas. “Expected occurrence” (area shaded in light
blue) is defined as the area encompassing the expected distribution of a species based on what is known
of its habitat preferences, life history, and the available sighting, stranding, incidental fisheries bycatch,
and tagging data. “Concentrated occurrence” (area shaded in dark blue) is the subarea of a species'
expected occurrence where there is the highest likelihood of encountering that species; the designation is
based primarily on areas of concentrated sightings and preferred habitat. “Low/unknown occurrence”
(pattern-filled area) is the area where the likelihood of encountering a species is rare or not known.
“Occurrence not expected in study area” (white, unmarked area) is the area where a species encounter is
not expected to occur.

Each sea turtle species is listed below with its description, status, habitat preferences, distribution
(including location and seasonal occurrence in the Cherry Point and southern VACAPES inshore and
estuarine areas), and behavior and life history. Species appearance within the text follows the taxonomic
order as presented in Table 3-2.

+ Leatherback Turtle (Dermochelys coriacea)

Description—The leatherback is the largest living sea turtle. These sea turtles are placed in the
family Dermochelyidae, a separate family from all other sea turtles, in part because of their unique
carapace structure. A leatherback turtle’s carapace lacks the outer layer of horny scutes possessed
by all other sea turtles; it is instead composed of a flexible layer of dermal bones underlying tough,
oily connective tissue and smooth skin. The body of a leatherback is barrel-shaped and tapered to the
rear, with seven longitudinal dorsal ridges, and is almost completely black with variable spotting. All
adults possess a unique spot on the dorsal surface of their head, a marking that can be used by
scientists to identify specific individuals (McDonald and Dutton 1996). Adult carapace lengths range
from 130 to 180 centimeters (cm) (NMFS and USFWS 1992), with a maximum of 256.5 cm (Ernst et
al. 1994). Adult leatherbacks weigh between 200 and 700 kg (NMFS and USFWS 1992).

Status—Leatherback turtles are classified as endangered under the ESA. There are an estimated
20,000 to 30,000 leatherbacks in the North Atlantic Ocean (Coren 2000). Nesting populations in
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southern Florida, Culebra, and the U.S. Virgin Islands are believed to be increasing due to
heightened protection and monitoring of the nesting habitat over the past twenty years (Hillis-Starr et
al. 1998; Fleming 2001; Thompson et al. 2001; FMRI 2002).

Habitat Preferences—There is limited information available regarding the habitats utilized by post-
hatchling and early juvenile leatherbacks, as these age classes are entirely oceanic (NMFS and
USFWS 1992). What is known is that these life stages are restricted to waters greater than 26°C and
that they likely do not involve an association with Sargassum, as is the case for the other four sea
turtle species found in continental U.S. waters (NMFS and USFWS 1992; Eckert 2002).

Late juvenile and adult leatherback turtles are known to range from mid-ocean to the continental shelf
and nearshore waters (Schroeder and Thompson 1987; Shoop and Kenney 1992; Grant and Ferrell
1993; Epperly et al. 1995a, 1995b). Juvenile and adult foraging habitats include both coastal feeding
areas in temperate waters and offshore feeding areas in tropical waters (Eckert and Abreu-Grobois
2001). The movements of adult leatherbacks appear to be linked to the seasonal availability of their
prey and the requirements of their reproductive cycle (Collard 1990a; Davenport and Balazs 1991).

Distribution—The leatherback turtle is distributed circumglobally in tropical and warm-temperate
waters throughout the year and into cooler temperate waters during warmer months (Ernst et al.
1994). Leatherbacks in the North Atlantic Ocean are broadly distributed from the Caribbean region to
as far north as Nova Scotia, Newfoundland, Labrador, Iceland, the British Isles, and Norway (Ernst et
al. 1994). This species migrates further and moves into cold waters more than any other sea turtle
species (Bleakney 1965; Lazell 1980; Shoop and Kenney 1992). This species is also the most
oceanic and most wide-ranging of sea turtles, undertaking extensive migrations following depth
contours for hundreds, even thousands, of kilometers (Morreale et al. 1996; Hughes et al. 1998).
Using satellite telemetry, it has been determined that migrating leatherback turtles often use similar,
and in some cases virtually identical, pathways or ocean corridors through which to travel (Morreale
et al. 1996).

In the western North Atlantic, leatherbacks show strong seasonal distribution patterns and extensive
migrations. Tag returns from individuals tagged at tropical nesting beaches have documented some
of the longest migrations of any reptile (Meylan 1995). Female leatherbacks tagged in the U.S. Virgin
Islands, Colombia, French Guiana, and Costa Rica have been found stranded along the Atlantic and
Gulf coasts of the U.S. (Thompson et al. 2001). One leatherback caught in the Chesapeake Bay was
tagged, released, and then caught again over a year later off southern Cuba, a minimum distance of
2,168 km (Keinath and Musick 1990). Tagging studies also indicate many variations in overwintering
and onshore-offshore occurrence patterns (Lee and Palmer 1981). For example, a leatherback
satellite-tagged on a Florida nesting beach traveled directly to the coast of Virginia after her last nest
of the season; while there, she remained within 100 km of shore during her entire four-month stay
(CCC 2002).

The seasonal occurrence of large subadult and adult leatherbacks off the east coasts of the U.S. and
Canada appears to vary with latitude. Aerial surveys along the Atlantic coast of North America have
allowed scientists to document the seasonal movements of these age classes. The survey data
indicate that leatherback migration starts with the northward movement of individuals along the
southeast coast of the U.S. in the late winter/early spring. In February and March, most leatherbacks
along the U.S. Atlantic coast are found in the waters off northeast Florida. However, by April and May
leatherbacks begin to occur in large numbers off the coasts of Georgia and the Carolinas (NMFS
1995, 2000; Murphy 2002). In late spring/early summer, leatherbacks begin to appear off the mid-
Atlantic and New England coasts, while by late summer/early fall, many will have traveled as far north
as the waters off eastern Canada (CETAP 1982; Shoop and Kenney 1992; Thompson et al. 2001).
Throughout the year, leatherbacks are the most abundant sea turtle species in western Atlantic
waters north of Cape Cod (Shoop and Kenney 1992). The distribution and frequency of leatherback
strandings along the U.S. Atlantic coast are highly correlated with the seasonal occurrence patterns
of this species (Thompson et al. 2001; Wyneken and Epperly 2001). In North Carolina and southern
Virginia, the leatherback turtle is abundant from mid-April through mid-October in relatively shallow
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waters (Lee and Palmer 1981; Keinath et al. 1996). The coastal area immediately adjacent to Cape
Hatteras has long been recognized as a migratory pathway for leatherbacks (Lee and Palmer 1981).

As a result of the leatherback’s wide-ranging occurrence in waters off the southeast U.S. coast during
winter and spring, and the fact that this species is often incidentally captured by shallow- and
deepwater commercial trawl fisheries, all inshore and offshore waters adjacent to the U.S. Atlantic
coast between Cape Canaveral, FL and the North Carolina/Virginia border (within the U.S. EEZ) are
designated as a Leatherback Conservation Zone (NMFS 1995). When leatherback sightings during
aerial surveys exceed 10 individuals per 50 NM, as they often do between January and June,
nearshore regions of the Leatherback Conservation Zone are closed to fishing activities (most notably
shrimp trawling) for extended periods of time.

Leatherback nesting in the western North Atlantic is restricted to coarse-grained beaches in
subtropical and tropical latitudes (NMFS and USFWS 1992). Nesting occurs along the coasts of
South, Central, and North America from Brazil to Mexico and throughout the West Indies, with
significant populations in French Guiana, Suriname, and Costa Rica (Ernst et al. 1994). Along the
Atlantic coast of the U.S., leatherback turtles nest annually on beaches from southern Florida to
Georgia (Ernst et al. 1994), with occasional records from the Carolinas (Murphy 2002). Once the
nesting season is over, leatherbacks leave the waters adjacent to their nesting grounds for feeding
grounds further north.

> Information Specific to Cherry Point and Southern VACAPES Inshore and Estuarine Areas—
Although the leatherback is the most oceanic sea turtle occurring in the study area, the
occurrence data show that this species is often found in close proximity to the North Carolina and
Virginia shores during spring and summer (Figure 3-5). However, throughout the year
leatherbacks are rarely encountered in the inshore waters of the study area. Although the
available sighting, stranding, bycatch, tagging, and nesting data demonstrate the pattern of north-
to-south nearshore migration from winter to summer, they don'’t at all depict the pattern of east-to-
west (offshore-to-inshore) migration which is typical of loggerhead, green, and Kemp’s ridley
turtles in this region. The highly variable occurrence patterns of leatherbacks from season to
season distinguish them from the four other species with potential occurrence in the study area.

During the winter, leatherback turtles are expected to occur in nearshore waters of the study area
only as far north as the Gulf Stream boundary off the Outer Banks (Figure 3-5). North of this
boundary is the area of low/unknown occurrence, where water temperatures are much cooler and
prey availability is much less. Although the leatherback is physiologically capable of occurring in
colder ocean waters north of Cape Hatteras, the majority of winter occurrences take place off the
coast of Florida (Musick and Limpus 1997). The few sightings in winter compared to other
seasons may also reflect survey conditions that are not favorable for sighting sea turtles. Since
Chesapeake Bay and the Albemarle-Pamlico Estuarine Complex are very cold during winter
(mean SST <17°C), and likely house very few jellyfish at that time, leatherbacks are not at
expected to occur in the inshore waters of the study area from January to March.

In the spring, leatherbacks expand their range north and begin to concentrate in nearshore
waters along the entire southeast coast of the U.S. (Figure 3-5). The leatherback becomes
abundant in waters off North Carolina beginning in April (Lee and Palmer 1981). Between April
and June, a limited amount of nesting activity may occur on the beaches of Cape Hatteras and
Cape Lookout National Seashores. Non-nesting leatherback turtles also remain in close proximity
to North Carolina’s shore during their spring migration (Lee and Palmer 1981), which is likely the
reason for the numerous public sightings within Raleigh and Onslow Bays. Recreational and
commercial fishermen have observed large numbers of leatherbacks moving northward along the
barrier islands enclosing Core and Pamlico Sounds in early May (Epperly et al. 1995b). The area
of concentrated occurrence extends into slope waters in the vicinity of Cape Hatteras during the
spring because aggregations of sightings also occurred in association with the Gulf Stream. The
area of concentrated occurrence does not continue up the continental shelf above Cape Hatteras
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Figure 3-5. Occurrence of the leatherback turtle in the Cherry Point and southern VACAPES inshore and

estuarine areas. Available sighting, stranding, incidental fisheries bycatch, tagging, and nesting records are
represented by season. Source data: refer to Appendix A.
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because to the north nearshore waters are still relatively cool and nesting activity has not been
documented there. In addition, the cannonball jellyfish (Stomolophus meleagris), a major
nearshore prey item of the leatherback during May and June, only occurs south of Cape Hatteras
(Grant and Ferrell 1993). Therefore, these nearshore waters are only labeled as areas of
expected occurrence. Since leatherbacks infrequently enter inshore waters, their occurrence is
low/unknown in Virginia’s Chesapeake and Back Bays and in North Carolina’s Currituck, Pamlico,
Core, Back, Bogue, and Topsail Sounds (Figure 3-5). Leatherback occurrence is not expected in
much of Albemarle Sound (as access to this sound from offshore waters is extremely restricted),
nor is it expected in the downstream portions and mouths of the major rivers of the study area
(Epperly et al. 1995b).

In the summer, leatherback turtles are known to make extensive northward excursions, as
indicated by the area of concentrated occurrence, which encompasses only the northern
nearshore waters of the study area (Figure 3-5). At this time of the year, leatherbacks aggregate
in both nearshore and offshore waters north of Cape Hatteras, taking advantage of food
resources located in the vicinity of the coastline and along the deep canyons of the MAB (Shoop
and Kenney 1992). During summer, leatherback turtles are very abundant off the coasts of the
mid-Atlantic states and New England, most notably around the mouth of the Chesapeake Bay,
where they often feed on dense aggregations of jellyfish that breed in the bay (CETAP 1982;
Barnard et al. 1989). Leatherbacks not found feeding in or migrating through the shallow waters
off the mid-Atlantic states are most likely to be found traversing the steep topography of the
continental slope, where they are either summer residents of those waters or long-distance
migrants on their way to subpolar foraging grounds off eastern Canada (Lee and Palmer 1981).
To the south of Cape Hatteras, nearshore leatherback abundance is not as great and nesting
activity on North Carolina’s southern beaches is virtually zero during the summer months. As it is
in spring, summer occurrence of leatherback turtles is low/unknown in most of North Carolina and
southern Virginia’s major sounds and is not expected in much of Albemarle Sound and in the
vicinity of the states’ major rivers (Figure 3-5). Summer occurrence is also low/unknown
throughout the lower Chesapeake Bay since leatherbacks moving north along the Atlantic coast
likely only enter these waters by chance and do not remain there for extended periods of time
(Hardy 1969).

During fall, leatherback turtle occurrence is not concentrated anywhere in the study area.
However, occurrence is concentrated in a zone further offshore, between the 200 and 2,000 m
isobaths north of Cape Hatteras (DoN 2002). As water temperatures drop in the fall, leatherbacks
begin to follow migration routes south, and may prefer to avoid cooler nearshore waters along the
way. As their prey moves along offshore thermal fronts during cooler months, so will these turtles
(Thompson 1984). Only leatherbacks spending their summers in habitats south of Cape May will
likely use the nearshore migratory corridor described by NRDC (2000). As a result of these
individuals, all nearshore waters along the North Carolina and southern Virginia coasts are
labeled as areas of expected occurrence (Figure 3-5). For inshore waters, the pattern of fall
occurrence mimics that of spring and summer due to the rarity of leatherbacks in these waters.

Behavior and Life History—The wider range of leatherbacks when compared to other sea turtles is
likely due to their highly evolved thermoregulatory capabilities. Leatherbacks can maintain body core
temperatures well above the ambient water temperature. For example, a leatherback caught off Nova
Scotia had a body temperature of 25.5°C in water that was 7.5°C (Frair et al. 1972). A variety of
studies have shown that leatherbacks have a range of anatomical and physiological adaptations that
enable them to regulate internal body temperatures (Mrosovsky and Pritchard 1971; Greer et al.
1973; Neill and Stevens 1974; Paladino et al. 1990).

Leatherback turtles predominantly feed upon gelatinous zooplankton such as jellyfish and salps
(Bjorndal 1997); however, a wide variety of other prey items are known (NMFS and USFWS 1992). In
the North Atlantic Ocean, the primary prey appears to be the lion’s-mane or arctic jellyfish (Lazell
1980). Leatherbacks feed throughout the water column from the surface to depths as far as 1,200 m
(Eisenberg and Frazier 1983; Davenport 1988). Studies of leatherback turtle diving patterns off St.
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Croix suggested that nocturnal foraging on the deep-scattering layer was taking place (S. Eckert et al.
1989).

Mating is thought to occur prior to or during the migration from temperate to tropical waters (Eckert
and Eckert 1988). Typical clutches range in size from 50 to over 150 eggs, with the incubation period
lasting around 65 days. Females lay an average of five to seven clutches in a single season (with a
maximum of 11) at 8- to 10-day intervals or longer (NMFS and USFWS 1992). Females remain in the
general vicinity of the nesting habitat during inter-nesting intervals, with total residence in the
nesting/inter-nesting habitats lasting up to four months (K. Eckert et al. 1989; Keinath and Musick
1993). Most adult females return to nest on their natal beach every two years; however, remigration
intervals (the number of years between successive nesting seasons) between one and five years
have been recorded (Boulon et al. 1996). The nesting season of the western North Atlantic
leatherback stock is mainly from March to July (NMFS and USFWS 1992).

The leatherback is the deepest diving sea turtle. Dive depth likely depends on the reason for the dive
and the proximity to shore; leatherbacks closer to shore probably make shallower dives than those in
the open ocean (Ernst et al. 1994). Average dive depths from tagging studies off the continental shelf
of St. Croix are 35 to 122 m, with estimated maximum depths of over 1,000 m (S. Eckert et al. 1989).
Typical dive durations average 6.9 to 14.5 min per dive, with a maximum of 42 min (Eckert et al.
1986; S. Eckert et al. 1989). Routine dive lengths for leatherbacks around St. Croix can range from 4
to 14.5 min. Day dives around St. Croix were deeper and longer than those at night. Eckert et al.
(1996) described leatherback turtle diving off Malaysia, where the bottom depth barely reaches 60 m.
Bottom times were greater than 3 min in 47% of all dives in this shallow water habitat. Standora et al.
(1984) measured a maximum dive length of 7.7 min for a subadult leatherback.

+ Loggerhead Turtle (Caretta caretta)

Description—Loggerheads are large, hard-shelled sea turtles. The mean straight carapace length of
adult loggerheads in southeast U.S. waters is approximately 92 cm and the average weight is 113 kg
(NMFS and USFWS 1991a). The size of a loggerhead turtle’s head compared to the rest of its body is
substantially larger than that of other sea turtles. Adults are mainly reddish-brown in color on top and
yellowish underneath.

Status—Loggerhead turtles are classified as threatened under the ESA. There is no estimate of the
size of the loggerhead population in the western North Atlantic Ocean (Frazer 1998). The South
Florida nesting subpopulation is the largest loggerhead rookery in the Atlantic Ocean (approximately
83,400 nests in 1998) and is the second largest in the world (TEWG 2000). Nesting trends indicate
that the number of nesting females associated with the South Florida subpopulation is increasing
(Epperly et al. 2001). However, environmental groups have recently petitioned that both the Northern
(North Carolina to northeast Florida) and Florida Panhandle nesting subpopulations be uplisted to
endangered due to continually decreasing numbers of nesting females over the past several decades
(NMFS 2002). Their petition states that both subpopulations are in imminent danger of extirpation due
to threats such as commercial fishing, coastal development, and pollution and that if either
subpopulation is extirpated, re-establishment is unlikely and the loss of genetic contribution to the
species would be permanent (NMFS 2002).

Habitat Preferences—The loggerhead turtle occurs worldwide in habitats ranging from coastal
estuaries to waters far beyond the continental shelf (Dodd 1988). Loggerheads are primarily oceanic
as post-hatchlings and early juveniles, often occurring in Sargassum drift lines where they are
transported throughout the ocean by dominant currents (Carr 1987; Witherington 1994a; Bolten and
Balazs 1995). In the North Atlantic Ocean, it is hypothesized that during the “lost year,” early juvenile
loggerheads inhabit the pelagic zone of the North Atlantic Gyre system (Carr 1987). As pelagic
immatures, loggerheads apparently then shift to a different mid-water feeding habitat; in the eastern
North Atlantic Ocean it is believed to be the waters surrounding the Azores and Madeira (Brongersma
1972; Bolten et al. 1994, 1998). Genetic evidence has shown that pelagic-feeding loggerheads found
off the Azores are often derived from the southeast U.S. nesting population (Bolten et al. 1994, 1998).
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After reaching a certain size, early juvenile loggerheads will then make a trans-oceanic crossing back
towards the western Atlantic Ocean (Musick and Limpus 1997). As adults and later juveniles,
loggerheads most often occur on the continental shelf and shelf-edge of the U.S. Atlantic and Gulf
coasts; they are also known to inhabit coastal estuaries and bays along both coasts (CETAP 1982,
Shoop and Kenney 1992).

Immature benthic-feeding loggerheads are the predominant age class found along the Atlantic and
Gulf coasts of the U.S. (TEWG 1998). Based on the sighting records, the entire continental shelf
south of southern New England should be considered as loggerhead turtle feeding habitat. Later
developmental habitat for loggerheads includes lagoons, estuaries, bays, river mouths, and coastal
waters typically less than 100 m deep (TEWG 1998). The shallow bays, sounds, and coastal waters
of the northeast U.S. (e.g., Cape Cod Bay, Long Island Sound, Chesapeake Bay, Pamlico and Core
Sounds) serve as important summer developmental habitats for late juvenile loggerheads (Lutcavage
and Musick 1985; Byles 1988; Burke et al. 1992; Epperly et al. 1995a, 1995b; Keinath et al. 1996).
Based on growth models, immature loggerheads may occupy coastal feeding grounds for 20 years
before their first reproductive migration (Bjorndal et al. 2001). Juvenile loggerheads are also known to
inhabit offshore waters in the North Atlantic Ocean where they are often associated with natural
and/or artificial reefs (Fritts et al. 1983a). These offshore habitats provide juveniles with an
abundance of prey as well as sheltered locations where they can rest (Rosman et al. 1987). Adult
loggerhead turtles reside in similar habitats, although their feeding behavior is more benthic-oriented,;
thus, they are more likely to be found in nearshore rather than offshore waters.

Distribution—Loggerhead turtles are found in subtropical and temperate waters throughout the world
(NMFS and USFWS 1991a). The loggerhead is the most abundant sea turtle occurring in U.S.
waters, numbering in the thousands throughout inner continental shelf waters of the Atlantic coast
from Cape Cod, Massachusetts (MA), to southern Florida and the Gulf coast from southern Florida to
southern Texas. Loggerheads are outnumbered by other species in only a few distinct areas of the
western North Atlantic Ocean under U.S. jurisdiction: they are outnumbered by leatherbacks north of
Cape Cod (Shoop and Kenney 1992) and by greens and hawksbills around Puerto Rico and the U.S.
Virgin Islands (Hillis-Starr et al. 1998). Based on aerial survey results, it is estimated that 73% of all
western North Atlantic loggerheads reside along the U.S. Atlantic coast (TEWG 1998).

Off the northeast U.S., loggerheads are commonly sighted from the shore to the shelf break as far
north as Long Island Sound, although further north and east sightings are sparse (CETAP 1982;
Shoop and Kenney 1992). Loggerheads seem generally restricted to waters of the North Atlantic
Ocean south of 38°N, with mean surface temperatures around 22.2°C (Shoop and Kenney 1992).
North of Cape Hatteras, loggerhead sea turtle occurrence is highly seasonal, primarily from May to
October with a peak in June, though sightings have occurred in all months of the year (CETAP 1982;
Lutcavage and Musick 1985; Shoop and Kenney 1992). Lutcavage and Musick (1985) determined
that loggerheads enter Chesapeake Bay in late May or early June when water temperatures rise to
16° to 18°C and depart between late September and early November. In the fall, when water
temperatures drop, loggerheads leave inshore waters north of Cape Hatteras (Epperly et al. 1995a,
1995b, 1995c). Once south of Cape Hatteras, Keinath et al. (1996) found that tagged loggerheads
released off North Carolina either moved offshore to deeper waters, traveled nearshore to Florida, or
overwintered off North Carolina on the west side of the Gulf Stream. These findings are supported by
aerial surveys as well (Epperly et al. 1995a; Keinath et al. 1996). Aerial surveys over North Carolina’s
Core and Pamlico Sounds demonstrate that loggerheads move into these waters in the spring,
disperse throughout the sounds in the summer, and vacate inshore waters in the late fall and early
winter (Epperly et al. 1995a, 1995b).

South of Cape Hatteras, loggerhead sea turtles are year-round residents. In warmer months (April
through October), loggerheads tend to reside in coastal nearshore and inshore waters, within a mile
or two of the shore (Lee and Palmer 1981); only on rare occasions are individuals other than
hatchlings found far offshore, such as in the Gulf Stream. However, Keinath et al. (1996) have
documented the movements of two satellite-tagged loggerheads within the Gulf Stream off North
Carolina. The Gulf Stream has considerable influence on the distribution of certain loggerhead life
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stages (Hoffman and Fritts 1982; Thompson 1984; Chester et al. 1994; Epperly et al. 1995c). Late
juveniles of this species appear to actively avoid the Gulf Stream in fall to prevent being transported
northward, but do seek areas to the west where warm waters are associated with the Gulf Stream
boundary (Hoffman and Fritts 1982; Thompson 1984; Chester et al. 1994; Epperly et al. 1995c).

Low water temperatures affect loggerhead turtle activity. Cold-stunned loggerheads have been found
in various locales, including Long Island Sound, NY; Indian River Lagoon, FL; and at sites in Texas
(Burke et al. 1991; Morreale et al. 1992; Ernst et al. 1994). Loggerheads become lethargic at about
13° to 15°C and adopt a stunned floating posture in water around 10°C (Mrosovsky 1980). Some
loggerheads are believed to escape cold conditions by burying themselves in the bottom sediment;
the reason for this is unknown. This behavior appears to only occur south of North Carolina (Epperly
et al. 1995a), although it has only been documented in Florida’s Cape Canaveral Ship Channel (Carr
et al. 1980). An age difference exists in the loggerhead’s cold tolerance, with younger turtles more
resistant (Schwartz 1978). Coles and Musick (2000) identified an upper and lower thermal limit (28°C
and 13.3°C, respectively) as preferred sea surface water temperatures for loggerhead turtles off
North Carolina.

Loggerhead turtles nest almost exclusively in warm-temperate regions. Throughout the world nesting
on warm temperate beaches is much more common than nesting in the tropics (TEWG 2000).
Females typically nest on continental coastlines adjacent to warm-temperate currents (Dodd 1988). In
the western North Atlantic Ocean there are at least five demographically independent loggerhead
nesting groups or subpopulations: (1) Northern: North Carolina, South Carolina, Georgia, and
northeast Florida (approximately 7,500 nests in 1998); (2) South Florida: occurring from 29°N on the
east coast to Sarasota on the west coast (approximately 83,400 nests in 1998); (3) Florida
Panhandle: Eglin Air Force Base and the beaches near Panama City, FL (approximately 1,200 nests
in 1998); (4) Yucatan: the eastern shore of the Yucatan Peninsula, Mexico (approximately 1,000
nests in 1998); and (5) Dry Tortugas: near Key West, FL (approximately 200 nests per year)
(Encalada et al. 1998; TEWG 2000; Epperly et al. 2001). Small but significant nesting aggregations
are also known from the Bahamas and Cuba (Dodd 1988; Eckert et al. 1992).

Genetic evidence has shown that assemblages of benthic-feeding immature loggerheads on foraging
grounds comprise a mix of subpopulations (Sears et al. 1995; TEWG 1998; Epperly et al. 2001). At
least two of the subpopulations intermingle on the foraging grounds of the U.S. Atlantic coast.
Norrgard (1995) found that loggerheads hatched from the Northern subpopulation rookeries
selectively use more northerly developmental habitats (such as Chesapeake Bay) than loggerheads
from the South Florida rookery. Epperly et al. (2001) reported that the Northern subpopulation
accounts for 46% of the loggerheads in Virginia and 25% to 28% of the loggerheads off the Carolinas
(Epperly et al. 2001). Genetic data collected from loggerheads in North Carolina’s Albemarle-Pamlico
Estuarine Complex revealed that the South Florida subpopulation dominates there (Epperly et al.
2001).

> Information Specific to Cherry Point and Southern VACAPES Inshore and Estuarine Areas—The
loggerhead turtle is by far the most abundant sea turtle occurring in the study area, as evidenced
by the large number of sighting, stranding, bycatch, tagging, and nest/false crawl records for the
waters and beaches of North Carolina and southern Virginia (Figure 3-6). No matter what time of
year it is, no matter if it’s in inshore or nearshore waters, loggerheads will outnumber all other
species of sea turtle found in the study area. In Pamlico and Core Sounds loggerheads
accounted for 80% of all sea turtles incidentally captured by commercial fisherman between 1988
and 1992 (Epperly et al. 1995b), while in Chesapeake Bay 84% of all sea turtles encountered
from 1979 to 1981 were loggerheads (Lutcavage and Musick 1985).

In the winter, loggerhead turtles are concentrated in nearshore waters of the study area as far
north as Oregon Inlet (Epperly et al. 1995c; Figure 3-6). This occurrence pattern is supported due
to a particularly concentrated area of winter sightings, strandings, and bycatches near Cape
Hatteras at the point where the Gulf Stream deflects from the shore seaward. Epperly et al.
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Figure 3-6. Occurrence of the loggerhead turtle in the Cherry Point and southern VACAPES inshore and
estuarine areas. Available sighting, stranding, incidental fisheries bycatch, tagging, and nesting records are
represented by season. Source data: refer to Appendix A.

3-41



JUNE 2003 FINAL REPORT

(1995c¢) noted that during winter favorable temperature and depth regimes for loggerheads occur
along the western edge of the Gulf Stream from the vicinity of Cape Hatteras southward. North of
the Gulf Stream'’s influence winter water temperatures are somewhat cooler (often <10°C). Since
low water temperatures often cause cold stunning (Schwartz 1978; Coles and Musick 2000),
fewer individuals are expected to occur in waters along the Northern Outer Banks from January to
March. Instead, most loggerheads leave the nearshore waters off the mid-Atlantic coast to
overwinter in waters that are further south or near the Gulf Stream (Epperly et al. 1995c).
However, since loggerheads are one of the more cold-tolerant sea turtle species (Ernst et al.
1994), they can be expected to occur in waters at least as far north as the mouth of the
Chesapeake Bay and as far inshore as the waters immediately behind North Carolina and
southern Virginia’s barrier islands (where late emigrants and early immigrants are likely to be
found). Winter occurrence is low/unknown in the rest of North Carolina’s inshore waters as well
as in all parts of Chesapeake Bay and in ocean waters to the bay’s north, as overwintering in
those areas is unlikely (Lutcavage and Musick 1985; Figure 3-6).

With spring comes an expansion of the areas of concentrated and expected occurrence to the
north and west as thousands of immature loggerheads begin migrating toward and into
developmental habitats along the mid-Atlantic and New England coasts (Keinath et al. 1996).
Nesting activity along the entire North Carolina coast also commences in the spring, peaking in
the month of June (Godfrey 2002; Figure 3-6). The high number of nearshore records for spring is
most likely due to a combination of warm water temperatures, the onset of juvenile migration
activity around Cape Hatteras, and the use of North Carolina’s coastal waters as a transitional
habitat by breeding adults. Since average sea surface temperatures throughout the MAB fall
within the species’ preferred range during the spring (refer to Figure 2-4), loggerheads will likely
concentrate in all ocean waters adjacent to the study area out to 200 m in depth. Loggerhead
sightings during spring have been recorded throughout the offshore area of concentrated
occurrence, probably as a result of the high suitability of habitat along the entire continental shelf
and the variability in migration timing exhibited by different individuals during these months.
Loggerheads immigrate into North Carolina’s sounds and Virginia’s Chesapeake Bay beginning in
April and May respectively, as exemplified by the inshore area of concentrated occurrence. This
area includes the waters immediately behind North Carolina’s barrier islands and those in
southern portion of Chesapeake Bay, where the majority of loggerheads in inshore waters will
likely be found during the spring months (Lutcavage and Musick 1985; Epperly et al. 1995a,
1995b). Loggerhead occurrence is expected (although not concentrated) in the remaining waters
of the study area since the channels, river mouths, and estuaries of the mid- and south Atlantic
coasts are also acceptable habitats for this species (Figure 3-6). However, in the spring most
loggerheads will not have migrated that far inshore.

In the summer, large aggregations of loggerheads occur along the entire mid-Atlantic coast north
of Cape Hatteras and in the vicinity of Cape Lookout (Figure 3-6). At this time of year juvenile
loggerheads also disperse throughout much of Pamlico Sound and up into the mouth of the
James River (Lutcavage and Musick 1985; Epperly et al. 1995a, 1995b). Loggerhead nesting on
North Carolina and southern Virginia beaches continues throughout the summer, remaining at its
peak in July and concluding in September (Godfrey 2002). Schwartz (1989) noted that between
200 and 500 loggerhead nests are laid on North Carolina beaches each year. Adult and juvenile
loggerhead turtles often coexist in the inshore waters of the study area during the summer, as
adult females are also known to utilize North Carolina and Virginia’s shallow sounds and bays for
foraging and protection during their inter-nesting and post-nesting periods (Mansfield 2000).

As summer turns to fall loggerhead nesting along the U.S. Atlantic coast comes to an end.
Nevertheless, this species is still likely to be encountered on the beaches of the study area up
until late October/early November, as hatchling loggerheads do not emerge until roughly two
months after a nest is laid. Both hatchling and juvenile loggerheads begin to move east at this
time of year; hatchlings on their way to offshore habitats associated with the Gulf Stream and
juveniles on their way out of inshore waters of the mid-Atlantic. The fall areas of expected and
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concentrated occurrence revert to their spring forms because of this emigration activity from the
inshore waters of the study area (Figure 3-6).

Behavior and Life History—The diet of a loggerhead turtle changes with age and size of the turtle.
The gut contents of post-hatchlings found in masses of Sargassum contained parts of Sargassum,
zooplankton, jellyfish, larval shrimp and crabs, and gastropods (Carr and Meylan 1980; Richardson
and McGillivary 1991; Witherington 1994b). Juvenile and subadult loggerhead turtles are omnivorous,
foraging on pelagic crabs, mollusks, jellyfish, and vegetation captured at or near the surface (Dodd
1988). Adult loggerheads are generalized carnivores that forage on nearshore benthic invertebrates
(Dodd 1988).

Estimates of the age at sexual maturity for western Atlantic loggerheads range from 12 to 30 years
(Zug et al. 1986; Klinger and Musick 1992). Females typically nest three to five times per season, at
about two-week intervals (Dodd 1988; Frazer 1998). Loggerhead clutches contain between 95 and
150 eggs and often take 60 days to incubate. The most common inter-nesting interval is two years
(Dodd 1988; Frazer 1998). Most nesting in the U.S. occurs between April and September (NMFS and
USFWS 1991a).

On average, loggerhead turtles spend over 90% of their time underwater (Byles 1988; Renaud and
Carpenter 1994). Routine dive depths of 9 to 22 m have been recorded (e.g., Byles 1988; Sakamoto
et al. 1990). Dives of up to 233 m were recorded for a post-nesting female loggerhead (Sakamoto et
al. 1990). Routine dives typically can last from 4 to 172 min (Byles 1988; Sakamoto et al. 1990;
Renaud and Carpenter 1994).

¢+ Green Turtle (Chelonia mydas)

Description—The green turtle is the largest hard-shelled sea turtle; adults commonly reach 100 cm
in carapace length and 150 kg in weight (NMFS and USFWS 1991b). As hatchlings, however, green
turtles are only about 50 millimeters (mm) long and weigh approximately 25 grams (g) at birth. Adult
carapaces range in color from solid black to gray, yellow, green, and brown in muted to conspicuous
patterns; the plastron is a much lighter yellow to white. Hatchlings are distinctively black on the dorsal
surface and white on the ventral.

Status—Green turtles worldwide are classified as threatened, with the Florida and Mexican Pacific
coast nesting populations listed as endangered under the ESA (NMFS and USFWS 1991b). There is
no estimate of the total number of green turtles in the North Atlantic Ocean.

Habitat Preferences—“Lost year” green turtles are believed to reside in oceanic waters for a period
of three to seven years (Balazs 1999). Once they reach a carapace length of 20 to 25 cm, greens
then migrate to shallow nearshore areas where they spend the majority of their lives as late juveniles
and adults (NMFS and USFWS 1991b; Ernst et al. 1994; Bjorndal and Bolten 1998). In laboratory
experiments, Mellgren et al. (1994) found that hatchling green turtles did not orient to or congregate in
artificial weed beds or in real seaweeds. They concluded that the “lost year” habitat of the green turtle
has yet to be determined, although Carr and Meylan (1980) present direct evidence of hatchlings
taking refuge in and around Sargassum rafts.

The optimal habitats for benthic-stage juveniles and adults are warm waters that (1) are quiet and
shallow (3 to 5 m), (2) possess an abundance of SAV (seagrasses and/or algae), and (3) are located
in close proximity to nearshore reefs or rocky areas that are used for resting (Ernst et al. 1994).
Green turtles will feed as deep as their primary food source will grow (Bjorndal 2002). In Hawaii,
green turtles have been found foraging in waters as deep as 20 to 50 m (Brill et al. 1995).

Important feeding areas for green turtles in the continental U.S. include waters in Florida and
southern Texas such as the Indian River Lagoon, Florida Keys, Florida Bay, Homosassa Springs,
Crystal River, Cedar Keys, and Laguna Madre Complex (NMFS and USFWS 1991b; Landry and
Costa 1999). Further north, the inshore waters of North Carolina are an important 