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STATEMENT OF PURPOSE

The United States (U.S.) Navy’s (Navy) Commander, U.S. Fleet Forces Command (UFFC) implemented
the Marine Resources Assessment (MRA) Program to establish a comprehensive source for information
(which could include published information and consultations with regional and/or subject matter experts)
concerning the protected and managed resources found in its various marine operating areas
(OPAREAS). The information found within a MRA is vital for environmental planning and for use in
environmental compliance documentation, for example the description of the affected environment. A
MRA is not intended to be used in the place of a National Environmental Policy Act (NEPA) document.
MRAs are reviewed by subject matter experts familiar with the region.
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EXECUTIVE SUMMARY

The Department of the Navy (DoN) is committed to environmental stewardship in the execution of its
national defense mission. The Navy is responsible for compliance with a variety of complex federal,
environmental and natural resources laws and regulations that apply to the marine environment. These
include the National Environmental Policy Act (NEPA), the Marine Mammal Protection Act (MMPA), the
Endangered Species Act (ESA), the Magnuson-Stevens Fishery Conservation and Management
Act/Sustainable Fisheries Act (MSFCMAJ/SFA), and Executive Order (EO) 13089 on Coral Reef
Protection. The Commander, United States (U.S.) Fleet Forces Command (FFC) implemented the marine
resources assessment (MRA) program to develop a comprehensive data and literature compilation of
protected and managed marine resources within its various operating areas (OPAREAS). The information
that this MRA update provides is vital for planning purposes and for various types of environmental
documentation, such as biological and environmental assessments, that must be prepared in accordance
with the NEPA, MMPA, ESA, and MSFCMA/SFA.

The Chesapeake Bay MRA reports on the marine resources in the Chesapeake Bay (Figure ES-1) and
vicinity and incorporates recent data and relevant research information. An overview of the marine
environment describes the important physical parameters that likely influence the occurrence and
distribution of protected and managed marine species and habitats. Characteristics and life histories of
protected species, including marine mammals, sea turtles, and fishes are included. Seasonal occurrence
patterns of these protected species are identified, mapped, and described along with likely associated
factors (behavioral, climatic, or oceanographic). Marine communities including oyster beds, seagrasses,
and artificial habitats are investigated. An overview of the fish assemblages in the Chesapeake Bay and
information on the fishing activities, both commercial and recreational, has been provided. Detailed
summaries and the associated graphical depiction of essential fish habitat (EFH) for those fish and
invertebrate species for which it is designated in the Bay is provided, including status, distribution, and
EFH by lifestage. Additional relevant information includes locations of federal maritime boundaries,
navigable waters, marine managed areas, and recreational SCUBA (self-contained underwater breathing
apparatus) dive sites in the Chesapeake Bay.

Geographical representations of marine resource occurrences in the Chesapeake Bay are a major tool of
this MRA. A geographic information system (GIS) was used to enter, store, manipulate, analyze, and
visualize the spatial data and information accumulated for this update report. Data layers associated with
the maps generated consist of bathymetry, sea-surface temperature, protected and managed species’
sightings, military installations, habitats, as well as many others. Metadata, or documentation of GIS data,
were also prepared for each GIS figure.

REPORT ORGANIZATION
This MRA consists of nine major chapters and associated appendices:

» Chapter 1 Introduction—contains background information on the project, an explanation of its
purposes and need, a review of relevant environmental legislation, and a description of
methodologies in the preparation of the assessment;

» Chapter 2 Physical Environment—describes the physical environment of the Chesapeake Bay,
including climate, marine geology (physiography, bathymetry, and bottom substrate), physical
oceanography (circulation and currents), hydrography (temperature and salinity), and biological
oceanography (productivity and plankton);

» Chapter 3 Protected Species—discusses the protected marine mammals, sea turtles, seabirds, and
fish found in the Chesapeake Bay, with detailed narratives of their morphology, status, habitat
preferences, distribution, behavior, life history, acoustics, and hearing;

» Chapter 4 Habitats of Concern—describes seagrasses, oyster beds, and artificial habitats occurring
in the Chesapeake Bay;

ES-1
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» Chapter 5 Fish and Fisheries—investigates fish assemblages, EFH, and fishing activities
(commercial and recreational) that occur within the Chesapeake Bay;

» Chapter 6 Additional Considerations—provides information on U.S. maritime boundaries,
navigable waterways and commercial shipping lanes, MMAs, and SCUBA diving sites.

» Chapter 7 Recommendations—suggests future avenues of research that may fill the data gaps
identified in this project and prioritizes research needs from a cost-benefit approach;

» Chapter 8 List of Preparers—lists all individuals who prepared the report;
» Chapter 9 Glossary—defines terms used in this report;
» Appendix A—provides supporting information for Chapter 1, such as data confidence levels and map

projection information, data sources of protected species research efforts, and maps of protected
species survey efforts;
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Figure ES-1. Chesapeake Bay with nearby military installations.
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1.0 INTRODUCTION

This Marine Resources Assessment (MRA) was contracted by the United States (U.S.) Navy’s (Navy)
Commander, U.S. Fleet Forces Command (UFFC) to extend data and information collection concerning
the protected and commercial marine resources found in the Chesapeake Bay (Figure 1-1).

1.1 PURPOSE AND NEED

This assessment describes and documents the marine resources in the Chesapeake Bay and vicinity,
including both protected and commercially important marine species, and provides a compilation of recent
data and information on resource distribution and occurrence. A synopsis of environmental data for the
Chesapeake Bay and vicinity and in-depth discussions of the species and habitats of concern found in the
region are included. The locations of essential fish habitat (EFH) and fishing grounds (recreational and
commercial) as well as other areas of interest (such as marine managed areas and SCUBA [self-
contained underwater breathing apparatus] diving sites) are also addressed.

Information provided herein will serve as a baseline from which the Navy can plan future actions and
consider adjustments to training exercises or operations to mitigate potential impacts to commercial and
protected marine resources. This assessment will contribute to the Navy’s Integrated Long-Range
Planning Process and represents an important component in 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.

Extensive searches and reviews of relevant literature and data were conducted to summarize marine
features pertinent to the Chesapeake Bay and vicinity, protected species occurrence patterns, and
distributions of important marine habitats occurring in the region. To describe the physical environment of
the Chesapeake Bay, physiographic, bathymetric, geologic, hydrographic, and oceanographic data are
presented. Comprehensive sighting, stranding, incidental fisheries bycatch, tagging, satellite tracking, and
nest data for protected marine mammals and sea turtles were compiled, analyzed, and interpreted to
predict occurrence patterns. Seasonal variations in occurrence patterns are identified, mapped, and
described along with associated factors (behavioral, climatic, or oceanographic). Characteristics of
protected species, such as their behaviors and life histories, relevant to the evaluation of potential
impacts of Navy operations, are included. Locations of benthic communities (live/hard bottom
communities and corals), artificial habitats (artificial reefs and shipwrecks), and EFH are also addressed.
To supplement these key aspects, information and data regarding fishing activities (recreational and
commercial), U.S. maritime boundaries, navigable waters, marine managed areas, and SCUBA diving
sites in the Chesapeake Bay and vicinity are included.

1.2 LOCATION OF THE CHESAPEAKE BAY STUDY AREA

The Chesapeake Bay is located inshore of the Atlantic coastline and borders Maryland, Virginia, and the
District of Columbia (D.C.) and covers an area of approximately 11,500 square kilometers (km?). The
waters of the Chesapeake Bay fall entirely under the jurisdiction of either Maryland or Virginia. The mouth
of the Chesapeake Bay opens into the neighboring Virginia Capes (VACAPES) Operating Area
(OPAREA), which begins where state waters end at 3 nautical miles (NM) from shore. The region
surrounding the Chesapeake Bay is diverse and encompasses a wide variety of habitats from densely
populated urban areas to undeveloped, isolated wetlands (Figure 1-2). All of these habitats contribute to
the Chesapeake Bay environment and affect the physical, chemical, and biological makeup.

Data supporting this MRA were collected for the entire Chesapeake Bay, including relevant sections of
major tributaries (e.g., York River, James River, and Potomac River) and in some cases extend beyond
the mouth of the bay; however, the focus of this MRA is on the main body of the Chesapeake Bay and the
three major tributaries that have prominent Navy installations located along their shorelines, namely the
Potomac, York, and James rivers (Figure 1-1).
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Figure 1-1. The Chesapeake Bay Study Area and surrounding DoD installations.
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Figure 1-2. Composite image of the Chesapeake Bay and surrounding region compiled from data
acquired by the Landsat-7 satellite between 1999 and 2002. Source data: NASA (2008).
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1.3 APPLICABLE LEGISLATION

The primary environmental laws that govern Navy activities in the marine environment include the
National Environmental Policy Act (NEPA), the Marine Mammal Protection Act (MMPA), the Endangered
Species Act (ESA), and the Magnuson-Stevens Fishery Conservation and Management Act (MSFCMA).
In addition to these federal acts, there are several other federal mandates and executive orders (EOs)
that deal with resource conservation and management in ocean waters under U.S. jurisdiction and in
foreign waters (Table 1-1). Relevant environmental laws at the state level are also discussed since the
Chesapeake Bay Study Area encompasses coastal and estuarine areas across jurisdictions.

1.3.1 Federal Resource Laws
1.3.1.1 General

» The National Environmental Policy Act (NEPA) of 1969 (42 U.S. Code [U.S.C.] §§ 4321-4370[f])
establishes 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. To this end, the NEPA stipulates that environmental
factors must be given appropriate consideration in all decisions made by federal agencies. This
includes all major federal actions, including state or private actions which benefit from federal funding,
that occur within the U.S. (its lands, territories, and possessions out to 12 nautical miles [nm] from the
coastline).

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 by
evaluating the environmental impact, irreparable environmental effects, alternatives, and short-term
and long-term impacts of the proposed action. Where a determination of significant impact (or
potential significant impact) to the human environment is made, the NEPA requires federal agencies
take a hard look at the environmental consequences of the proposed action, usually through the
preparation of an environmental impact statement (EIS). Section 102(2) also requires the
development and evaluation of alternatives to the proposed action.

Future studies and/or actions requiring federal compliance which may use 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).

Congress passed the Rivers and Harbors Appropriation Act of 1899 (33 U.S.C. § 403) 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 the U.S. Army Corps of Engineers (USACE) 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 construction and excavation in navigable waters.
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Table 1-1. Timeline detailing the passage of federal resource laws and executive orders affecting
marine resources in the Chesapeake Bay Study Area and vicinity.

1899

1918
1953

1953

1960
1969

1972
1972

1972

1973

1976

1977

1977

1979

1984

1987

1990

1992

1995

1996

1996

1998

1998

1999

2000
2000
2000

2000
2001

Rivers and Harbors Appropriation Act restricts the building of structures over or in the navigable
waterways of the U.S.

Migratory Bird Treaty Act prohibits the taking, transporting, and harming of migratory birds

Submerged Lands Act grants to coastal states and territories jurisdiction over submerged offshore  lands
within 3 nm (9 nm for Texas, the gulf coast of Florida and the territory of Puerto Rico)

Outer Continental Shelf Lands Act (and its amendments of 1978) grants to the federal government
jurisdiction over the resources of submerged lands seaward of state waters

Sikes Act provides for the conservation of fish and wildlife resources on U.S. military lands

National Environmental Policy Act establishes national policies and goals for the protection of the
environment within U.S. jurisdiction

Marine Mammal Protection Act establishes protection for marine mammals under U.S. jurisdiction

Marine Protection, Research, and Sanctuaries Act establishes guidelines for the dumping of toxic
materials into the ocean and for the designation and regulation of marine sanctuaries

Coastal Zone Management Act establishes a voluntary national program through which U.S. states and
territories may develop and implement coastal zone management plans

Endangered Species Act establishes protection for threatened and endangered species and the
ecosystems upon which they depend, as well as guidelines for conservation and recovery of these species
Fishery Conservation and Management Act establishes management scheme for the sustainable use of
fishery resources

Executive Order 11990 on Protection of Wetlands issued to guide federal agencies on their use of
wetlands throughout the U.S.

Clean Water Act takes the first step toward establishing a comprehensive solution to the country’s serous
water pollution problems

Executive Order 12114 on Environmental Effects Abroad of Major Federal Actions extends the
principles of the NEPA to federal actions occurring outside U.S. territory

National Fishery Enhancement Act recognizes the social and economic value of artificial reefs in
enhancing fishery resources

Marine Plastic Pollution Research and Control Act prohibits the discharge of any plastic materials into
the ocean and regulates the discharge of other refuse

Oil Pollution Act details new policies for oil spill prevention and clean-up

National Marine Sanctuaries Act 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

Executive Order 12962 on Recreational Fisheries promotes the protection and enhancement of
recreational fisheries

Sustainable Fisheries Act amends the Fishery Conservation and Management Act, renaming it the
Magnuson-Stevens Fishery Conservation and Management Act, and mandates the identification of EFH
for each federally managed species

National Invasive Species Act addresses the movement of invasive species into the lands and waters of
the U.S. and outlines methods for mitigation, monitoring, and restoration of damaged ecosystems

Executive Order 13089 on Coral Reef Protection seeks to protect the biodiversity and health of coral reefs
as well as the social and economic value reefs possess

Harmful Algal Bloom and Hypoxia Research and Control Act is passed in response to growing harmful
algal bloom (HAB) and hypoxia problems, mandating national assessments on the effects of HABs and
hypoxia in U.S. waters

Executive Order 13112 on Invasive Species is issued to further recognize and address the economic,
ecologic, and human health problems of invasive species, both terrestrial and aquatic

Executive Order 13158 on Marine Protected Areas creates a framework for a national system of MPAs
Neotropical Migratory Bird Conservation Act increases the protection of migratory bird species

Estuary Restoration Act increases estuary protection and creates interagency council to develop national
strategy for wetland restoration

Coral Reef Conservation Act sets in motion the development of a national coral reef action strategy
Executive Order 13189 on the Responsibilities of Federal Agencies to Protect Migratory Birds directs
executive departments and agencies to increase protection of migratory birds
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» The Submerged Lands Act (SLA) of 1953 (43 U.S.C. §§ 1301-1315) grants to coastal states and
territories jurisdiction over the offshore lands within their historic boundaries. Texas, the gulf coast of
Florida, and the territory of Puerto Rico lay claim to the seabed underlying waters within 9 NM of
shore, while the rest of U.S. coastal states and territories hold 3-NM claims. It also grants the rights to
the natural resources on or in these lands. The federal government relinquishes its claims to the
lands and resources, but maintains the right to regulate offshore activities for national defense,
international affairs, navigation, and commerce.

Passed at the same time as the SLA was the Outer Continental Shelf Lands Act (OCSLA) of 1953
(43 U.S.C. §§ 1331-1356) which was substantially amended in 1978 as the OCSLA Amendments
(OCSLAA) (Public Law [P.L.] 95-372). The OCSLAA grants to the federal government jurisdiction
over submerged lands of the outer continental shelf from the seaward boundary of state/territorial
waters to the shelf break. The primary goal of the OCSLAA is to manage the oil and gas resources
found within the continental shelf underlying U.S. offshore waters, as well as to preserve and develop
these stores for use by the U.S. The act also directs the lead agency, the Minerals Management
Service (MMS), to preserve and develop offshore oil and gas in accordance with stewardship of
associated marine and coastal environments and to cancel leases if activity will result in
environmental damage. The MMS is to consult with relevant agencies when necessary as well as
undergo consistency review in accordance with the Coastal Zone Management Act (CZMA).

1.3.1.2 Protected Species

» The Marine Mammal Protection Act (MMPA) of 1972 (16 U.S.C. §§ 1361-1407) established a
moratorium on the taking of marine mammals in waters or on lands under U.S. jurisdiction. Marine
mammals as defined by the MMPA are cetaceans (whales, dolphins, and porpoises), pinnipeds
(walruses, seals, and sea lions), sirenians (manatees and dugongs), sea otters, and polar bears. The
National Marine Fisheries Service (NMFS) and U.S. Fish and Wildlife Service (USFWS) jointly
administer the MMPA, each with responsibility over certain of the marine mammals; NMFS is charged
with managing cetaceans and pinnipeds and USFWS manages manatees, sea otters, and polar
bears. The MMPA defines taking as “harassing, hunting, capturing, killing, or attempting to harass,
hunt, capture, or kill any marine mammal” (16 U.S.C. § 1362[3][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 (USFWS) or the
Secretary of Commerce (NMFS).

In the 1994 amendments to the MMPA, two levels of harassment were defined. Level A 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 B harassment is defined as 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.
The National Defense Authorization Act for Fiscal Year 2004 (P.L. 108-136) altered these
definitions of harassment in regards to military readiness and scientific research activities conducted
by or on behalf of the federal government. Under these changes, Level A harassment was redefined
as any act that injures or has the significant potential to injure a marine mammal or marine mammal
stock in the wild. Level B harassment was redefined as any act that disturbs or is likely to disturb a
marine mammal or marine mammal stock in the wild by causing disruption of natural behavioral
patterns, including, but not limited to, migration, surfacing, nursing, breeding, feeding, or sheltering, to
a point where such behavioral patterns are abandoned or significantly altered (16 U.S.C. §
1362[3][18][B]). The National Defense Authorization Act for Fiscal Year 2004 also allows for military
readiness exemptions from the MMPA. See Section 1.4.2.

Section 101(a)(5)(A) of the MMPA directs the responsible Secretary, 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
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monitoring and requirements for reporting. The MMPA provides that the moratorium on takes may be
waived when the Secretary determines that the takes will have a negligible impact on the affected
species or population stock. Section 101(a)(5)(A) also specifies that the Secretary has the right to
deny permission to take marine mammals 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 Endangered Species Act (ESA) of 1973 (16 U.S.C. §§ 1531-1599) establishes 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. NMFS and USFWS 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 candidate species is one that is the subject of either a petition to list or status
review, and for which NMFS or USFWS has determined that listing may be or is warranted (NMFS
2004). NMFS is further charged with the listing of all species of concern that fall under its jurisdiction.
A species of concern is one about which NMFS has some concerns regarding status and threats, but
for which insufficient information is available to indicate a need to list the species under the ESA
(NMFS 2004). Neither listing as candidate nor informal status such as species of concern provides
protection under the ESA; such protection comes only from formal threatened or endangered status.

NMFS and USFWS may also propose distinct population segments (DPSs) for listing under the ESA.
A DPS is a subset of a given species that meets certain criteria and may be protected by the ESA
regardless of the status of the remainder of that particular species. In this case, the term “species” as
used in the ESA may refer to all individuals of a species or to a subset of individuals defined as a
DPS by federal rule. Listing as a DPS is the driver behind USFWS’ designation of the interior least
tern breeding population as endangered though other breeding populations remain unlisted.

A species may become 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 NMFS and USFWS 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 NMFS and USFWS 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).

Section 4 of the ESA provides for the designation of geographic areas as critical habitat for
threatened or endangered species. The physical and biological features essential to the conservation
of a threatened or endangered species (primary constituent elements [PCEs]) are included in the
habitat designation. Designation of critical habitat affects only federal agency actions and federally
funded or permitted activities. Certain military lands may be exempt from critical habitat designation
(see Section 1.4.2). It is also possible under Section 3(5)(A)(i) of the ESA for lands other than military
lands to be exempted on the basis of an already established management plan if the Secretary of the
Interior determines that the management plan benefits the species for which critical habitat
designation is sought (i.e., the area does not need “special management considerations or
protection”).
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There are four marine mammals, five sea turtles, three birds, and one fish in the Chesapeake Bay
and vicinity listed as threatened or endangered (Table 1-2). Of the marine mammals, NMFS has
jurisdiction over cetaceans and pinnipeds while USFWS has jurisdiction over the West Indian
manatee in U.S. territorial waters. NMFS has jurisdiction over sea turtles while they are in the water,
and USFWS has jurisdiction over nesting individuals. USFWS has sole jurisdiction over the birds and
the anadromous shortnose sturgeon.

Table 1-2. Endangered Species Act (ESA)-designated species with potential occurrence in the
Chesapeake Bay Study Area and vicinity.

Taxon Group Scientific Name ESA Status
Marine Mammals

North Atlantic right whale Eubalaena glacialis Endangered
Humpback whale Megaptera novaeangliae Endangered
Fin whale Balaenoptera physalus Endangered
West Indian manatee Trichechus manatus Endangered
Sea Turtles

Leatherback turtle Dermochelys coriacea Endangered
Loggerhead turtle Caretta caretta Threatened
Kemp’s ridley turtle Lepidochelys kempii Endangered
Green turtle Chelonia mydas Threatened'
Hawksbill turtle Eretmochelys imbricata Endangered
Birds

Piping Plover (shorebird) Charadrius melodus Threatened
Roseate Tern Sterna dougallii Endangered
Least Tern Sternula antillarum Endangered2
Fish

Shortnose sturgeon Acipenser brevirostrum Endangered

T Although this species as a whole is listed as threatened, the Florida and Mexican Pacific nesting stocks of green

turtles are listed as endangered.
2 Interior breeding population of the least tern is listed as endangered; other populations are not listed.

» The Migratory Bird Treaty Act (MBTA) of 1918 (16 U.S.C. §§ 703-712) prohibits the taking,
transporting, and harming of migratory birds and their parts, eggs, nests, and young unless permitted
by federal regulations. This act implements provisions from the 1916 convention between the U.S.
and Great Britain addressing the protection of migratory birds. Provisions from later conventions with
Mexico, Japan, and the former Soviet Union are also implemented as amendments to the MBTA.
USFWS has the authority to enforce the act’s provisions, which includes determining periodically
when the taking of migratory birds may occur. Federal agencies, including the military, must obtain
take permits if their actions have the potential to harm birds as defined in the MBTA. 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 (16 U.S.C. § 708).

In 2000, Congress furthered the protection of migratory birds by passing the Neotropical Migratory
Bird Conservation Act (NMBCA) (16 U.S.C. §§ 6101-6109). This 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
determines which projects will receive federal funding. Not more than 25 percent (%) of a project’s
funds can come from the federal government. At least 75% of the funds must be used on projects
outside the U.S. Congress may appropriate as much as $5 million each year for use in NMBCA
initiatives (16 U.S.C. § 6109).
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» Congress passed the Coral Reef Conservation Act (CRCA) of 2000 (16 U.S.C. §§ 6401-6409) in
recognition of the importance of coral species and in furtherance of EO 13089. The purpose of the
CRCA is to advance the conservation and restoration of coral reef ecosystems through the
application of sound science, sustainable use management, and support and financing to programs
and organizations in both the governmental and private sectors. Responsibility for the CRCA is
vested in the Administrator of the National Oceanic and Atmospheric Administration (NOAA), who
was ordered to produce a national coral reef action strategy in consultation with the Coral Reef Task
Force established per EO 13089 (NOAA 2005). The CRCA is currently in the process of
reauthorization.”

1.3.1.3 Fisheries

» The Fishery Conservation and Management Act (FCMA) of 1976 (16 U.S.C. §§ 1801-1882), 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 who 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. A substantial portion of fishery
resources in offshore waters had been allocated for foreign harvest, so these foreign allocations were
reduced as domestic fish harvesting and processing industries expanded under the domestic
preference authorized by the FCMA. Exclusive federal management authority over U.S. domestic
fisheries resources is vested in NMFS.

In 1996, the FCMA was reauthorized, renamed the MSFCMA, and amended by the Sustainable
Fisheries Act (SFA) (P.L. 104-297). Authority to implement the SFA is given to the Secretary of
Commerce through NMFS. The SFA provides a new habitat conservation tool in the form of the 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 marine mammals and birds.” The regulations for
implementing EFH define “waters” as aquatic areas and their biological, chemical, and physical
properties, while “substrate” refers to the associated biological communities that make these areas
suitable fish habitat (50 CFR § 600.10). Habitats used at any time during a species’ life cycle (i.e.,
during at least one of its life stages) must be accounted for when describing and identifying EFH
(NMFS 2002). 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 temporal and
spatial scales. Habitat requirements also must be identified, described, and mapped for all life stages
of each species. NMFS and regional FMCs determine the species distributions by life stage and
characterize associated habitats, including habitat areas of particular concern (HAPCs). The SFA
requires federal agencies to consult with 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, NMFS issued a final rule that simplified EFH regulations (NMFS 2002). Significant changes
delineated in this final rule are: (1) clearer standards for identifying and describing EFH, such as 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 clearer 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 also included in the final rule (NMFS 2002).
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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 (16 U.S.C. § 1881b[403]). The data collected by
the National Observer Program, which is overseen by 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 (16 U.S.C. § 1826[206][b][3]).

The MSFCMA was amended most recently in 2007; these amendments include measures to maintain
sustainable fish stocks and mitigate the effects of overfishing. The amendments mandate annual
catch limits by 2010 for stocks classified as “overfished” and by 2011 for all other stocks (16 U.S.C. §
1853[303 note][1][A-B]) as well as limited access programs to promote market-based management
throughout U.S. fisheries (16 U.S.C. § 1853a[303A]). In addition, the 2007 amendments will improve
enforcement of the MSFCMA to mitigate illegal, unreported and unregulated fishing practices (16
U.S.C. § 1826j[609]); NMFS is developing certification procedures to help prevent the import into the
U.S. of products from unsustainable or poorly managed international fisheries.

» In 1984, Congress passed the National Fishing Enhancement Act (NFEA) (33 U.S.C. §§ 2101-
2106) in recognition of the social and economic value of artificial reefs in enhancing fishery resources.
Under this act, the Secretary of Commerce and the USACE are responsible for encouraging and
regulating artificial reefs in the navigable waters of the U.S. (NOAA 2003). One of the primary
directives of the NFEA was the preparation of a long-term National Artificial Reef Plan (NARP) (33
U.S.C. § 2103). Section 202 of the act recognizes the harmful effects of overfishing on fishery
resources and proposes that properly designed, constructed, and located artificial reefs can enhance
the habitat and diversity of these fishery resources. The NARP, which underwent revision in 2007,
was implemented in November 1985 to provide guidance and criteria on various aspects of artificial
reef use, including types of construction materials and planning, siting, designing, permitting,
installing, maintaining, and managing artificial reefs (NOAA 2007). One of the most significant
recommendations in the NARP encourages the development of state-specific artificial reef plans
(Gordon 1993).

1.3.1.4  Management

» The Sikes Act of 1960 (16 U.S.C. § 670[a]-670[o]) directs the Secretary of Defense to carry out a
program for the cooperative development and implementation of Integrated Natural Resources
Management Plans (INRMPs) to provide for the conservation and rehabilitation of fish and wildlife
resources on U.S. military installations. The main purpose of an INRMP is to integrate conservation of
natural resources on military lands with military operations and to ensure consistency with both the
spirit and the letter of federal resource laws. As required by the Sikes Act Improvement Act of
1997, an INRMP must, to the extent appropriate and applicable, provide for: 1) fish and wildlife
management, land management, forest management, and fish- and wildlife-oriented recreation; 2)
fish and wildlife habitat enhancement or modification; 3) wetland protection, enhancement, and
restoration, where necessary for support of fish, wildlife, or plants; 4) integration of, and consistency
among, the various activities conducted under the plan; 5) establishment of specific natural resource
management goals and objectives and time frames for proposed actions; 6) sustainable public use of
natural resources to the extent that the use is not inconsistent with the needs of fish and wildlife
resources; 7) public access to the installation that is necessary or appropriate for the sustainable use
of natural resources, subject to requirements necessary to ensure safety and military security; 8)
enforcement of applicable natural resource laws; 9) no net loss in the capability of the installation’s
lands to support the military mission of the installation; and 10) such other activities as the military
has determined appropriate.

» The Coastal Zone Management Act (CZMA) of 1972 (16 U.S.C. §§ 1451-1466) establishes a
voluntary national program through which U.S. states and territories can develop and implement
coastal zone management plans. The NOAA, under the Secretary of Commerce, administers this act.
States and territories use coastal zone management plans “to manage and balance competing uses
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of and impacts to any coastal use or resource” (NOAA 2000). A coastal zone management plan must
be given federal approval before the state or territory can implement the plan. The plan must include
defined boundaries of the coastal zone, the uses of the area that the state or territory will regulate, a
list of mechanisms that will be employed to control the regulated uses, and guidelines for prioritizing
the regulated uses. Currently, there are 34 U.S. states and territories with federally approved coastal
zone management plans. These states and territories manage over 153,500 kilometers (km) (99.9%)
of U.S. shoreline along the Atlantic, Pacific, and Arctic Oceans as well as the Great Lakes.’

The CZMA also instituted a federal consistency requirement, which provides federal agencies with
restrictions concerning their behavior in relation to state and territory managed coastal zones. Federal
agency actions that affect any land or water use or natural resource of the coastal zone (e.g., military
operations, offshore oil and gas development, dredging projects, and developments on federal lands
or in protected areas) must be “consistent to the maximum extent practicable” with the enforceable
policies of a state or territory’s coastal management program. These effects may be direct or indirect,
adverse or not and must be evaluated for consistency regardless of whether they originate within
state waters. Consistency reviews may be integrated with NEPA procedures. The federal consistency
requirement was enacted as a mechanism to address coastal effects, to ensure adequate federal
consideration of state and territory coastal management programs, and to avoid conflicts between
states or territories and federal agencies by fostering early consultation and coordination (NOAA
2000). Within each state or territory’s coastal zone management plan is a list of the federal agency
activities for which consistency determinations must be prepared.

» The Marine Protection, Research, and Sanctuaries Act (MPRSA) (33 U.S.C. §§ 1401-1445), often
referred to as the “Ocean Dumping Act,” was enacted in 1972. The MPRSA regulates the dumping of
toxic materials beyond U.S. territorial waters and provides guidelines for the designation and
regulation of marine sanctuaries. 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 (33 U.S.C. 1402[f]).

During the reauthorization of the MPRSA in 1992, Title 11l of the MPRSA was designated the National
Marine Sanctuaries Act (NMSA) (16 U.S.C. §§ 1431-1445[c]). 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 (NMSs). 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.
NMSs are similar to underwater parks and are managed according to management plans prepared by
the NOAA on a site-by-site basis. The NOAA is the agency responsible for administering the National
Marine Sanctuary Program (NMSP).

» To protect undeveloped coastal barrier landforms, Congress passed the Coastal Barrier Resources
Act (CBRA) in 1982. This statute created the John H. Chafee Coastal Barrier Resources System,
which consists of various undeveloped coastal barriers, such as barrier islands, barrier spits, sea
islands, tombolos, bay barriers (baymouth bars), and fringing mangroves. Any development on these
coastal 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. This
act added additional undeveloped coastal barriers to the system, altered the definition of “coastal
barrier” to include more areas, such as the Florida Keys, and provided additional exemptions from the
funding prohibitions.4 Local and state governments and nonprofit conservation organizations can now
voluntarily add lands in their possession to the system. The system now includes 5,150 km? of coastal
barriers that cover 1,940 km of shoreline.*
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1.3.

The National Invasive Species Act of 1996 (16 U.S.C. §§ 4701-4751) was in large part a result of
concern over the spread of zebra mussels throughout the inland waters of the U.S., especially the
Great Lakes. This act outlines specific guidelines for identifying ways in which non-native species
enter the lands and waters of the U.S., as well as methods for mitigation, restoration, and monitoring
of invasive species and the degree to which they have or will spread. Sections 4711 et seq.
particularly addresses aquatic invasive species; Section 4713 mandates that the Department of
Defense (DoD), in cooperation with the International Maritime Organization (IMO), develop and
implement a ballast water management program for its seagoing vessels to minimize the potential for
introduction of non-native species via ballast water discharge and exchange.

The federal government increased estuary protection by passing the Estuary Restoration Act (ERA)
of 2000 (33 U.S.C. §§ 2901-2909). This act establishes the Estuary Habitat Restoration Council, a
federal interagency council that was ordered to develop a national estuary habitat restoration
strategy, published in 2002. Private entities propose projects to the council, which then makes
recommendations to the USACE; projects are selected for implementation based on specific criteria.
The federal government pays up to 65% of the project costs, excluding operation and maintenance
costs. These projects are tracked in an online database developed and maintained by the NOAA. The
ultimate goal of the act is to restore one million acres of estuary habitat by 2010.°

1.5 Pollution

In 1977, Congress addressed heightening concern over water pollution by amending the Federal
Water Pollution Control Act (FWPCA) of 1948 as the Clean Water Act (CWA) (33 U.S.C. §§ 1251-
1376). For a synopsis of initiatives prior to 1977, see the USFWS Digest of Federal Resource Laws
entry for the FWPCA.°

The CWA took the first step towards establishing a comprehensive solution to the country’s serious
water pollution problems.7 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 CWA 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.
Section 319 of the CWA describes the control of nonpoint source (NPS) pollution, assigning to states
the responsibility to implement best management practices for the control of NPS pollution. States
also are granted the authority to ensure that federal activities are consistent with state programs.
Section 401 of the CWA requires that all applicants for a federal permit or license for activities that
may result in a discharge to a water body obtain State Water Quality Certification. Section 403 sets
out permit guidelines specific to the discharge of contaminants into the territorial sea, the contiguous
zone, and waters further offshore, while Section 404 establishes permit guidelines for the discharge
of dredged or fill material into U.S. navigable waters at specified disposal sites. The USACE, through
issuance of CWA Section 401 and 404 permits, is the regulatory agency that approves all discharge
of dredge or fill material into U.S. waters, especially water bodies with high resource value such as
wetlands, riparian areas, and headwaters.

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, the NOAA is permitted to conduct water quality research in order to
evaluate state and federal management efforts. Sensitive estuarine habitats, such as seagrass beds
and wetlands, are protected from pollution under this act.

The Act to Prevent Pollution from Ships of 1980, as amended by the Marine Plastic Pollution
Research and Control Act of 1987 (MPPRCA), (33 U.S.C. §§ 1901-1915) implements the
provisions set forth in Annex V of the International Convention for the Prevention of Pollution from
Ships (MARPOL). Like the CWA, the MPPRCA regulates the discharge of contaminants into the
ocean. Under this federal statute, the discharge of any plastic materials (including synthetic ropes,
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fishing nets, plastic bags, and biodegradable plastics) into the ocean is prohibited. The discharge of
other materials, such as floating dunnage, 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, but they
may only do so when beyond a set distance from shore, as prescribed by the MPPRCA. An additional
component of this act requires that all 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.

» In 1980 Congress passed the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA), which was substantially amended in 1983 (42 U.S.C. §§ 9601-9675).
CERCLA establishes liability to the federal government for damage to natural resources under U.S.
jurisdiction, directs the federal government to provide officials to act as trustees for natural resources,
and provides funds for natural resources damage assessments. CERCLA deals specifically with
hazardous waste disposal and clean-up and provides a national contingency plan, in conjunction with
the CWA, for response to oil or hazardous waste spills.

» Passage of the Oil Pollution Act (OPA) of 1990 (33 U.S.C. §§ 2701-2761) further increased the
protection of our nation’s oceans. In addition to amending the CWA, this act details new policies
relating to oil spill prevention and cleanup methods. 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 (33
U.S.C. § 1321[d]). Federal, state, tribal, 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 established the Interagency Coordinating Committee on Qil Pollution
Research, whose purpose is to research and develop plans for natural resource restoration and oil
spill prevention.

» In response to growing harmful algal bloom (HAB) and hypoxia problems, Congress passed the
Harmful Algal Bloom and Hypoxia Research and Control Act (HABHRCA) of 1998 (P.L. 105-
383). This statute formed the Interagency Task Force on Harmful Algal Blooms and Hypoxia. The
task force was instructed to compose a national assessment on the ecological and economic impacts
of HABs, the same type of assessment for hypoxia, and a separate assessment for hypoxia in the
Gulf of Mexico. These assessments include recommendations for mitigation 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 (Luttenberg et al. 2000). The HABHRCA was reauthorized in 2004 with new mandates
for research and vertical integration of management efforts.®

1.3.2 Executive Orders

» EO 12114 on Environmental Effects Abroad of Major Federal Actions (44 Federal Register [FR]
1957) was issued in 1979 to further environmental objectives consistent with U.S. foreign and
national security policies by extending the principles of the NEPA to the international stage. Under EO
12114, federal agencies that engage in major actions with the potential to significantly affect the
environment outside of U.S. jurisdiction (i.e., not on or in U.S. territorial soil or waters) must prepare
or consult appropriate documents to determine the effect(s) such actions may have on the
environment. These documents may include an EIS, an overseas EIS, relevant bilateral or multilateral
environmental studies in which the U.S. is a participant, environmental assessments (EAs), summary
environmental analyses, or any other document relevant to the issue at hand. The type of document
that must be consulted or prepared is dependent upon where the major federal action is set to take
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place (i.e. on the global commons or within the boundaries of a foreign nation). Certain actions, such
as intelligence activities, disaster and emergency relief actions, and actions that occur in the course
of an armed conflict, are exempt from this order. Such exemptions do not apply to major federal
actions that significantly affect an environment that is not within any nation’s jurisdiction, unless
permitted by law. The purpose of the order is to force federal agencies to consider the effects their
actions have on international and foreign environments.

» [EO 11990 on Protection of Wetlands (42 FR 26961) was issued in 1977 in furtherance of NEPA.
The order aims to mitigate both short and long-term effects on wetlands resulting from destruction or
modification and to limit new construction in wetlands. Federal agencies are ordered to preserve
wetlands, take specific action to minimize impacts to them and to avoid new construction where there
is a practicable alternative. In taking action to minimize destruction and degradation of wetlands,
agencies are ordered to consider relevant socioeconomic and ecologic factors. Pursuant to this order,
the federal government implemented its policy of “no net loss” of wetlands.

» EO 12962 on Recreational Fisheries (60 FR 30769) was issued 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. In addition to defining federal agency actions, the plan also
ensures agency accountability and provides a comprehensive mechanism to evaluate achievements.
A major outcome of the RFRCP has been the increased utilization of artificial reefs to better manage
recreational fishing stocks in U.S. waters.’

» EO 13089 on Coral Reef Protection (63 FR 32701) was issued in 1998 “to preserve and protect the
biodiversity, health, heritage, and social and economic value of U.S. coral reef ecosystems and the
marine environment.” This EO directs all federal agencies to protect coral reef ecosystems to the
extent feasible and instructs particular agencies to develop coordinated science-based plans to
restore damaged reefs as well as mitigate current and future impacts on reefs, both in the U.S. and
around the globe (Agardy 2000). This order also establishes the interagency U.S. Coral Reef Task
Force, co-chaired by the Secretary of the Interior and the Secretary of Commerce through the
Administrator of the NOAA.

» EO 13158 on Marine Protected Areas (MPAs) (65 FR 34909) of 2000 is a furtherance of EO 13089.
It creates the framework for a national system of MPAs. MPAs are defined in EO 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 EO 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 activities (Agardy 2000).
Currently, the NOAA is redefining the criteria used to designate MPAs and has recently reclassified
all existing MPAs as “marine managed areas.” A timeline and in-depth discussion on the process of
redefining MPAs are included in Chapter 6.

» EO 13112 on Invasive Species (64 FR 6183) was issued in 1999 to help prevent the introduction of
invasive species, both terrestrial and aquatic, into the U.S. as well as to address the economic,
ecological, and human health problems posed by invasive species. EO 13112 builds upon the goals
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set forth in the National Invasive Species Act of 1996 but does not affect the obligation of the DoD to
manage its seagoing vessels as mandated in 16 U.S.C. § 4713. When practicable, federal agencies
are ordered to avoid actions which may introduce or spread invasive species, to mitigate the effects
of invasive species and to restore native species and habitats. In addition, this EO establishes a
National Invasive Species Council (NISC) that is directed to encourage planning and management, to
make recommendations, and to facilitate communication on the problem of invasive species. The
council was also ordered to produce a National Invasive Species Management Plan, the final draft of
which was issued in 2001 (NISC 2001).

» EO 13186 on the Responsibilities of Federal Agencies to Protect Migratory Birds (66 FR 3853)
was issued 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 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 important to 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.

1.3.3 State Legislation/Agreements

» The Chesapeake Bay Agreement—In the late 1970s and early 1980s, the U.S. Congress funded
research in the Chesapeake Bay designed to address toxic pollution, nutrient over-enrichment, and
decreasing abundance of seagrasses. In 1983, the governors of Maryland, Virginia and
Pennsylvania; the mayor of the District of Columbia; and the U.S. EPA signed The Chesapeake Bay
Agreement of 1983. In 1987, the agreement was extended with the efforts to reduce nitrogen and
phosphorus inputs to the Chesapeake Bay by 40% by the year 2000. In 1992, the signing partners
agreed to extend the 40% reduction goal beyond 2000 and to address upland nutrient sources in the
tributaries of the Chesapeake Bay. In June 2000, the “Chesapeake 2000” agreement was adopted.
This agreement was established to guide watershed restoration activities throughout the region
through the year 2010. In addition, the Chesapeake 2000 agreement provided additional
opportunities for Delaware, New York, and West Virginia to become more involved in the regional
partnership. These newly added states are working to decrease the input of nutrients and sediment to
the Chesapeake Bay.

1.4 DEPARTMENT OF DEFENSE ENVIRONMENTAL COMPLIANCE
141 At-Sea Compliance

Chapter 22—Environmental Compliance Afloat—of the U.S. Navy’s Environmental and Natural
Resources Program Manual (OPNAVINST 5090.1C) applies to U.S. Navy ships and floating drydocks
worldwide and, as appropriate, to the boats and other craft carried by these ships (DoN 2007). Chapter
22 lays out Navy policy for environmental stewardship and compliance for its vessels operating both
within U.S. waters and abroad. The discharge of waste, including blackwater, graywater, hazardous and
medical wastes, plastics and other trash, as well as procedures for oil spill response and ballast water
control are included in this chapter along with relevant regulatory drivers. The U.S. Navy is required to
comply with U.S. federal policy when operating within U.S. waters or on the high seas. This includes
abiding by relevant international agreements to which the U.S. is a signatory or conforming to
international agreements if it is the practice of the U.S regardless of whether the U.S. has officially ratified
the agreement. The Navy is required to assess the impacts of its actions both within U.S. waters and
abroad per the mandates of the NEPA and EO 12114. It is the policy of the Navy to provide for national
defense in a manner consistent with federal environmental policy and to utilize the systematic approach
of the NEPA as an effective decision-making tool. To this end, NEPA processes are integrated with U.S.
Navy and U.S. Marine Corps (USMC) actions as early as possible to protect, enhance, and restore
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environmental quality within a framework consistent with the mission of the Navy, stated national policy
and security requirements.

Due to the protection afforded marine mammals by the MMPA, Navy vessels are prohibited from
deliberately harassing a marine mammal. Per Navy policy, vessels must report all instances of shipstrikes
(i.e., the collision between a vessel and a marine mammal for any reason) to the Chief of Naval
Operations (CNO). Navy policy also mandates that those in authority plan and act to protect marine
mammals during operations (DoN 2007). The Navy employs monitoring and mitigation activities during its
operations to guard against adverse effects to marine mammals; these activities do not cease upon
invocation of a military readiness exemption.

1.4.2 Federal Agency Exemptions

Federal agencies are required to comply with environmental legislation; however, there are provisions
within several major federal resource laws for the exemption of certain DoD lands or activities if such
exemption is necessary for national security. These exemptions come either from wording in the original
legislation or from amendments and are related primarily to protected species laws. Military readiness
exemptions most relevant to the marine environment are authorized by the National Defense
Authorization Act for Fiscal Year 2004 (NDAA) (P.L. 108-136). The NDAA includes specific exemptions
from the MMPA and the ESA for DoD lands and activities.

The MMPA affords protection to all marine mammals as defined in 16 U.S.C. § 1372(6), prohibiting the
take of marine mammals by any person or vessel under U.S. jurisdiction. The MMPA allows for the
issuance of incidental take permits for both levels of harassment defined in Section 1372(6)(A-D). The
NDAA modified these definitions for actions involving military readiness. The NDAA also empowers the
Secretary of Defense (SECDEF) to exempt actions involving military readiness from compliance with the
MMPA when the SECDEF determines an exemption necessary for national security. The exemption can
apply to a single action or to a group of actions, and may be applied to the same action more than once.
The duration of a military readiness exemption from the MMPA is determined by the SECDEF, but cannot
be longer than two years. The SECDEF must submit the details of and reasons for the exemption to the
House and Senate Armed Services Committees within 30 days of the issuance of an exemption. The
NDAA also strikes certain language in the MMPA in relation to take authorizations for military readiness
activities such that there is no restriction on the geographic scope of the authorization. As of early 2008,
the military readiness exemption from the requirements of the MMPA has been invoked twice — once for a
period of 6 months and once for a period of two years.

Exemptions to the ESA for military activities exist in two forms. The first pertains to military lands and the
designation of critical habitat as mandated by Section 4(3) of the ESA. The Sikes Act of 1960 and the
Sikes Act Improvement Act of 1997 (see Section 1.3.1.4) mandate the development of INRMPs to
provide for the conservation and rehabilitation of fish and wildlife resources on U.S. military installations.
Section 318 of the NDAA allows an INRMP to substitute for critical habitat designation if that INRMP
provides a “benefit” to the species. This “benefit” must be determined in writing by the Secretary of the
Interior. Section 318 also orders the Secretary of the Interior to take into account the impacts on national
security before making a critical habitat determination. Critical habitat exemptions for DoD lands and
activities do not affect the obligation to comply with the NEPA or with interagency consultation required by
Section 7 of the ESA.

The second type of exemption from the requirements of the ESA applies to federal agency actions related
to national defense and is found in the language of the ESA. Section 7(j) of the ESA directs the
Endangered Species Committee to exempt federal agency actions from Section 7 consultation if the
SECDEF determines that an exemption is necessary for national security. Such an exemption, when
granted, will not trigger the NEPA process except in certain situations. This clause has never been
invoked.

Two other of the major pieces of environmental legislation that govern federal agency actions have an
escape clause. Under certain circumstances, the President is authorized to exempt specific activities from
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the federal consistency requirement of the CZMA if (s)he determines that the activities are in the
paramount interest of the U.S. (16 U.S.C. § 1456[a][1][B]). Under the CEQ’s implementing regulations for
the NEPA, federal agency actions with significant environmental impact and occurring under “emergency
circumstances” may proceed without NEPA review (40 C.F.R. § 1506.11).

1.5 METHODOLOGY
151 Literature and Data Search

Exhaustive and systematic searches for relevant scientific literature and data were conducted. All lines of
evidence available through published and unpublished sources were considered. Once information vital
to the production of this MRA report was identified, the information, data, or literature were obtained,
reviewed, and catalogued. Of the available scientific literature (both published and unpublished), the
following types of documents were utilized in the assessment: journals, books, periodicals, bulletins,
monographs of scientific and professional societies, theses, dissertations, project reports, endangered
species recovery plans, stock assessment reports (SARs), EISs, 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 Chesapeake Bay and vicinity. A large collection of research into the
biological, chemical, physical, and socioeconomic resources of the Chesapeake Bay had previously been
compiled. Some of this information had been previously collected for integration into previous Marine
Resources Assessment for the Virginia Capes Operating Areas (DoN 2008).

Electronic literature searches were conducted using the Library of Congress’ First Search and
Dissertation Abstracts databases, SCOPUS, Ingenta, Web of Science, Blackwell-Science, and
Cambridge Abstract’'s Aquatic Sciences and Fisheries Abstracts (ASFA) database services. In addition,
general internet searches were conducted through the Google web search engine to identify additional
reports not collected through the previous database searches. Prior experience has demonstrated that
electronic searches produce a low number of false positive (references produced by a search that are not
relevant) and false negative (references not produced by a search that are relevant) results when
combinations of search keywords are used. Keywords for this report typically combined a subject matter
(e.g., marine mammal, dolphin, whale, porpoise, sea turtle, fish, fishery, life history, dive sites, seagrass,
oyster bed, artificial reef, marsh, marine protected area, marine reserve, estuary, climate, precipitation,
sediment type, bottom substrate, circulation, phytoplankton, bloom, zooplankton, shipping lane, state
legislation) paired with a geographic descriptor (e.g., Chesapeake Bay, Mobjack Bay, York River, James
River, Elizabeth River, Virginia Beach). The results of these electronic searches were supplemented by
investigating and acquiring the references gathered that, based on a reading of their titles or abstracts,
appeared to provide relevant information for this narration. This process was continued until a majority of
the relevant references cited by the introduction, results, and discussion sections of the gathered
references had been obtained. Hand searches of published journals were not conducted.

Results of these searches were indexed using commercial bibliographic software for ease of recall for
inclusion in the document. From each document obtained, information relevant to the distribution and
abundance of marine resources for the lower expanses of the Chesapeake Bay were extracted and
integrated into the narrative of relevant sections.

Digital data sources were obtained by searching the digital databases available through Ocean
Biogeographic Information System (OBIS), U.S. Geological Survey (USGS), Mid-Atlantic Fishery
Management Council (MAFMC), NOAA-Coastal Services Center, South Atlantic Fishery Management
Council (SAFMC), New England Fishery Management Council (NEFMC), Atlantic States Marine Fisheries
Commission (ASMFC), Gulf of Mexico Fishery Management Council (GMFMC), WhaleNet, FishBase,
College of Wiliam and Mary (including the Virginia Institute of Marine Science [VIMS]), and the
Chesapeake Bay Program. When unavailable through the internet, individual scientists or organizations
were contacted to obtain electronic data sets for inclusion in the report (e.g., Virginia Aquarium and
Marine Science Center, the Virginia Marine Resource Commission, and the Nature Conservancy). For
this report, additional data points for the sightings of marine mammals and sea turtles were also entered
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into the database manually from published literature in which a species identification, date, latitude, and
longitude were provided.

15.2 Spatial Data Representation—Geographic Information System

The geographical representation of marine resource occurrences in the Chesapeake Bay and vicinity is a
major constituent of this MRA report. The marine resources data and information accumulated for this
project were obtained from a wide variety of sources, were in disparate formats, covered a broad range of
time periods, and represented differing levels of accuracy and reliability. The spatial or geographical
component that was common to all datasets allowed the widely dissimilar data to be synthesized and
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.

The ability to display and analyze multiple data themes or layers simultaneously is one of the advantages
to using a geographic information system (GIS) rather than other graphic software. A GIS software
system was used to store, manipulate, analyze, and display the spatial data and information accumulated
for the Chesapeake Bay. For this project, Environmental Systems Research Institute, Inc.'s (ESRI’s)
ArcView® (versions 9.1, 9.2, and 9.3) software was chosen due to its widespread use, ease of operation,
and sophisticated analytical tools. Customizations were made to the software in ESRI's ArcObjects™
proprietary language to automate the more repetitive map-making tasks and the processing and analysis
of large volumes of data.

The geographic locations of important marine resources in the Chesapeake Bay were derived from four
types of sources (in order of reliability): source data, scanned source maps, source information, and
information adapted from published maps. The “source data”, containing geographic coordinates or GIS
files (shapefiles) were scrutinized to ascertain their 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 georeferenced, after which significant information was 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 georeferenced 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” with a corresponding source name.

The source type and associated references for all marine resource data presented in the map figures are
listed in each figure’s caption (or in a table referenced in the map caption but located elsewhere in the
report). The full reference citations for map source data or information may be found in the Literature
Cited section of each MRA chapter or section. The two primary types of spatial information used in the
Chesapeake Bay MRA were coordinate data and scanned maps. These two source types are associated
with differing levels of data reliability or confidence (Appendix A-1). Numerical or authentic data are
associated with the highest level of reliability while data obtained by scanning source maps are less
reliable.

Often 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 in
Microsoft® Access 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 so that records were matched with a set of
standard field names. In some cases, the latitude and longitude had to be converted to decimal degrees
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with accuracy to the fourth decimal place. Species’ common names were added to the database to
replace the multiple species codes that often accompanied the original data. The codes or names used to
identify species 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 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 (GMI =
Geo-Marine, Inc.). For example, the field that was added to the main dataset to indicate the origin
(source) of the data is indicated by the field name “GMI_source.”

GIS data are displayed as layers 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. In the GIS, the most flexible spatial data format is
the unprojected geographic coordinate system, which uses decimal-degree latitude and longitude
coordinates (Appendix A-2). The decimal-degree format is the only coordinate system format that allows
unlimited, temporary, custom projection and re-projection in ArcView® and is therefore the least restrictive
spatial data format. The printed maps and electronic GIS map data for this MRA report are unprojected
and are therefore not as spatially precise (in terms of distance, area, and shape) as a projected map.
Consequently, the maps should not be used for measurement or analysis and an appropriate projection
should be selected when using the GIS data.

Once the marine resource data were imported and stored in the GIS, maps were created representing
multiple layers of either individual or combined data. The maps in this MRA report are presented in
kilometers and nautical miles.

1.5.2.1 Physical Environment Maps

Sea Surface Temperature (SST)—Maps of seasonal SST were created from data available through the
Physical Oceanography Distributed Active Archive Center (PODAAC) that is sponsored jointly by the
National Aeronautics and Space Administration (NASA) and the NOAA (PODAAC 2004). Seasons were
defined with the same monthly derivations used throughout the MRA report (winter: 22 December through
19 March, spring: 20 March through 19 June, summer: 20 June through 21 September, fall: 22
September through 21 December). SST data were compiled from weekly averaged Advanced Very High-
resolution Radiometer (AVHRR), version 5.0, satellite data, which contain multi-channel SST pixel data
(PODAAC 2004).

Data for the Chesapeake Bay Study Area and vicinity were collected from 1985 to 2004; these data were
extracted from the global dataset and the pixel values were converted to SST values using the following
function:

SST (°C) = (0.075 * DN) — 3.0

where DN is the pixel value. The analysis was performed using a custom application developed with the
MATLAB® software package.

Day and night SST values with a quality rating of 4 or greater were averaged (on a data quality scale of 1
to 7 where 1 is the most influenced by atmospheric conditions and 7 is the least).

Chlorophyll a (Chl a) Concentrations—Seasonal averages of chl a concentrations were compiled from
monthly averaged Sea-viewing Wide Field-of-view Sensor (SeaWiFS) project data to provide a proxy for
primary productivity in the Chesapeake Bay Study Area (NASA 2005a). Pixel data for the Study Area
from 1997 to 2005 were extracted and converted to chlorophyll a values using MATLAB® and the
following function:
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Chlorophyll a (mg/m?®) = 10 ®N*0.015)-20

where DN is the pixel value.

The chlorophyll data were parsed into seasons, converted to grid cell sizes of 9 x 9 km, and interpolated
down to 4 x 4 km grid cell sizes to produce a smoother image. The seasonal range of chlorophyll a
concentrations (in milligrams per cubic meter [mg/m3]) is visualized in the MRA map figures as a color
spectrum with chl a concentrations increasing from blue to red.

1.5.2.2  Biological Resource Maps—Species of Concern

Marine mammal and sea turtle occurrence data were accumulated from every available source; however,
it was impossible to obtain every data source in existence for the Chesapeake Bay Study Area. An
overview of known marine mammal and sea turtle data sources for the Chesapeake Bay is found in
Appendix A-3. Marine mammal and sea turtle data that were provided for use in this MRA are listed in
Table A-1 and are displayed in Figures 3-3, 3-5, 3-6, 3-7, 3-9, and 3-10 through 3-23. The data
described in Table A-1 include occurrence data from aerial and shipboard (sighting) surveys, stranding
records, incidental fisheries bycatch records, and other sources (e.g., opportunistic sighting programs and
species occurrence databases). Sighting, stranding, and bycatch records available from the scientific
literature or through personal communications with regional experts were also used in this MRA.

Several assumptions were made regarding the marine mammal and sea turtle data collected for this
MRA. First, it was assumed that the species identifications given in each dataset were correct. This
assumption was necessary since the reliability of species identifications from one dataset to the next was
not always known. Marine mammals and sea turtles are often difficult to distinguish to species when they
are young (i.e., small size classes), during poor sighting conditions, and when those who observe them
do not have a high level of identification experience. Correct species identification is highly dependent on
the skill level of the observer. Sighting data presented in this MRA range from those collected by
experienced professionals during dedicated surveys (e.g., NMFS surveys) to those collected
opportunistically and/or by less experienced observers. For the sake of consistency, reliability of species
identification was not considered in the plotting of any marine mammal or sea turtle records.

Although it was assumed that the species identifications provided in each dataset were correct, it could
not always be assumed that the locations of the occurrence records, when provided, were also correct.
Problems were often encountered when original geographic coordinates were plotted and animals were
shown to occur in unexpected locations or in areas far from the dedicated survey coverage. Occurrence
records that were obviously erroneous were omitted if they could not be corrected through consultation
with the data provider. It should be noted that some of the marine mammal and sea turtle datasets lacked
geographic coordinates entirely. As a result, determination of the locations of the records required
educated predictions based upon physical descriptions of the locales.

In conjunction with regional experts and hired subcontractors, sea turtle areas of occurrence were defined
and then drawn for each species known to occur in the Chesapeake Bay Study Area. The areas of
occurrence are based upon expert opinion (i.e., many years of survey experience in the area); known
habitat associations and distribution patterns of the animals; and the available sighting, stranding,
bycatch, and nesting data. The following occurrence information may be displayed on each sea turtle
species map: areas of primary occurrence (areas and habitats where a species is primarily found),
areas of secondary occurrence (areas and habitats where a species may be found, especially during
anomalous environmental conditions or seasonal migrations), and areas of rare occurrence (areas and
habitats where a species is not expected to be found with any regularity). An underlying premise used
during the map creation process was that a conservative approach to delineating the areas of occurrence
for sea turtles was necessary since all five sea turtle species are listed as either threatened or
endangered under the ESA. These maps are located in Section 3.2.

Areas of usage were designated for the bottlenose dolphin (Tursiops truncatus) which is considered the
most common marine mammal occurring in the Chesapeake Bay Study Area. The areas depicted are as
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follows: high area usage (includes important areas and habitats such as nursery areas), moderate area
usage (areas utilized by some bottlenose dolphins), and low area usage (areas utilized by fewer
bottlenose dolphins). These areas do not take into account any seasonality and area based on anecdotal
observations by regional experts and stranding response efforts but not directed research. These maps
are included in Section 3.1.

As a supplement to the above-mentioned maps, figures were also created to depict known movement
patterns, critical habitats, and conservation zones for certain marine mammals that occur within the
Chesapeake Bay Study Area. Section 3.1 of this MRA includes migration maps for the humpback and
North Atlantic right whales, which are summaries of the vast amount of data and information that have
been collected on long distance movement patterns of these whale species in the North Atlantic Ocean.

Section 3.4 includes a map of the capture sites of shortnose sturgeon during the Atlantic Sturgeon
Reward Program.

1.5.2.3 Habitats of Concern Maps

Multiple sources of data and information were used in the creation of maps for the estuarine and coastal
habitats located in the Chesapeake Bay Study Area and vicinity. The maps displaying wetlands and
marshes, tidal flats, submerged aquatic vegetation, and shipwrecks and artificial reefs (see Chapter 4.0)
are all examples of multiple data sources used in the creation of a single map. These maps were created
using scanned images, coordinate data, GIS shapefiles, and other information available in the scientific
literature and technical reports.

1.5.24 Biological Resource Maps—Essential Fish Habitat

Maps displaying the EFH for all lifestages of temperate, sub-tropical, and highly migratory species found
within the Chesapeake Bay Study Area were created from official FMP maps or habitat descriptions
produced by the NMFS and the regional FMCs (New England, Mid-Atlantic, or South Atlantic). The EFH
designations of estuaries and embayments were based on the NOAA Estuarine Living Marine Resources
(ELMR) program (Jury et al. 1994; Stone et al. 1994). Complete EFH/HAPC designation descriptions and
maps are provided along with the text in Chapter 5 — Fish and Fisheries.

All of the EFH data were not available in a usable electronic format. As a result, the locations of EFH
were determined by developing polygons based on jurisdictional limits or encompassing known
temperature/salinity ranges, physical habitats, or bathymetric ranges occupied by each species or
lifestage. Some of this data were only available as graphical representations or “source maps.” These
data were scanned, imported into ArcView, and geo-referenced after which significant information was
digitized into a shapefile format. Materials acquired as Adobe 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.

The source type and associated references for all EFH data presented in the map figures are listed in the
caption of each figure. The full reference citations for map source data or information may be found in the
Literature Cited section of Chapter 5. The primary type of spatial information used in preparing the EFH
figures were scanned maps which are less reliable than numerical or authentic data.

1.5.2.5  Additional Considerations Maps

Information regarding the locations of commercially navigable waterways/shipping lanes, SCUBA diving
sites, and research stations in the Chesapeake Bay Study Area was gathered from a wide array of
sources. The map displaying the major commercial shipping lanes in the Chesapeake Bay was created
from data available at U.S. government agency websites (Figure 6-1). Due to low visibility, the
Chesapeake Bay has a limited number of popular SCUBA diving sites. Therefore, these sites were not
depicted in Chapter 6. The geographical locations of major research stations and buoys in the
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Chesapeake Bay were acquired from Chesapeake Bay Observation System (CBOS) and NOAA (Figure
6-2).

1.5.2.6 Metadata

The creation of metadata (or information about the GIS data) documentation files was a large component
of the GIS work completed for this MRA. Every GIS file used in the creation of the map figures within this
MRA has a metadata file associated with it. When possible, metadata were obtained along with GIS data
used in this MRA; those data are included in the metadata documentation. Often documentation
information, especially on the accuracy or reliability of the associated data, was not available.

Metadata for geographical data should include the data source, creation date, format, projection, scale,
resolution, accuracy, and reliability with regard to some standard. Metadata also consists of properties
and process documentation. Properties are derived from the data source, while documentation is entered
manually. ESRI ArcCatalog® creates metadata in extensible markup language (XML) format, so the same
metadata can be viewed in many different ways using different styles. Metadata created to accompany
this MRA report are provided in both XML and hypertext markup language (HTML) formats, so that the
metadata can be viewed in many types of viewers and are accessible within the GIS environment by
other users.

1.5.3 Limitations of Marine Sighting Survey Data

Sighting data from shipboard or aerial platforms can provide a powerful indicator of species’ occurrence;
however, it is necessary to first recognize inherent biases associated with each survey type. A primary
drawback of marine surveys is that shipboard and aerial surveys count only the number of animals at or
near the water’'s surface; a region where marine mammals and sea turtles spend relatively little time. As
sea turtles spend over 90% of their time underwater, 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 observed at the surface, the diving behavior may vary
even within the same species. Even though marine mammals and sea turtles are obligated to breathe at
the surface, 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, or are known to exhibit cryptic behavior, such as beaked whales, Kogia species (spp.), and sperm
whales (Wursig et al. 1998; Barlow 1999). Beaked whales often occur singly, which makes their
sightability much lower than a species that regularly occurs in large groups, such as dolphins in the genus
Stenella (Scott and Gilbert 1982).

Environmental conditions also affect the sightability of marine mammals and sea turtles. Sighting
frequencies vary with sun glare from the water’s surface, sea state, weather, and water clarity. Both sea
state and glare have statistically significant effects on sighting frequency (Scott and Gilbert 1982;
Thompson 1984). When water clarity is low, animals are difficult to sight even close to the water's
surface, and only animals at the water’s surface that are extremely close to the observer are normally
identified.

Survey methods for marine mammals and sea turtles observation are problematic in being dissimilar in
sampling efficiency between these groups. Since most sighting surveys target multiple species, the
sampling designs, 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 larger sea turtle species but
usually not smaller sea turtles. Their relatively small size, diving behavior, and startle responses to
vessels and aircraft make smaller sea turtles difficult to observe from a ship. The youngest sea turtle age-
classes, which often inhabit waters far from land, are extremely difficult to spot. Other difficulties with
marine surveys include weather, time, and logistical constraints. For example, the operating cost for a
research vessel is approximately $10,000 per day (Forney 2002).
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In addition, marine survey data do not provide adequate information for scientists to accurately describe
the seasonal occurrence of marine mammals and sea turtles in expansive areas, such as the Atlantic
Ocean. Marine mammal and sea turtle occurrences in an area often change seasonally in response to
changes in water temperature, the movement and availability of prey, or in response to aspects of
individual life history (e.g., reproduction). Therefore, the number of sightings on a specific date over a
specific 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.

154 Limitations of Stranding Data

Marine mammal and sea turtle strandings are not generally considered accurate representations of
distribution. Sick animals may strand well beyond their normal range and carcasses may travel long
distances before being noticed by observers or coming ashore. Stranding frequency in a given area is as
dependent upon current regimes and shoreline monitoring efforts as it is a function of a stranded species’
actual pattern of occurrence in that area. Since coastal species generally strand more frequently than
oceanic species, due to their proximity to coastline, stranding frequencies should not be used when
attempting to compare the occurrence of a coastal versus an oceanic stock in a particular 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. Additionally, accurate stranding data depends upon the
reporter's competency to properly identify carcasses as a certain species, which can be difficult. 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. As a result of these issues and limitations,
care should be taken when interpreting the stranding record to support evaluation of distribution and
abundance.

1.6 REPORT ORGANIZATION
This report consists of seven major chapters and four 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—Physical Environment describes the physical environment of the Chesapeake Bay,
including climate, marine geology (physiography, bathymetry, and bottom sediments), physical
oceanography (circulation and currents), hydrography (surface temperature and salinity), and
biological oceanography (plankton and primary productivity).

» Chapter 3—Protected Species covers all protected species, including marine mammals, sea
turtles, and fish. For these species, detailed narratives of their morphology, status, habitat
preferences, distribution, behavior, life history, and acoustics and hearing (if known) have been
provided.

» Chapter 4—Habitats of Concern describes coastal wetlands, non-vegetated tidal flats,
submerged aquatic vegetation, oyster reefs, artificial habitats, and MPAs occurring in the
Chesapeake Bay.

» Chapter 5—Fishes and Fisheries investigates fishes, EFH, and fishing activities (commercial
and recreational) that occur within the Chesapeake Bay.

» Chapter 6—Additional Considerations navigable waterways and commercial shipping lanes,
SCUBA diving sites, and research institutions and organizations in the vicinity of the Chesapeake
Bay.
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» Chapter 7—Recommendations suggests future avenues of research that may fill the data gaps
identified in this project and prioritizes research needs from a cost-benefit approach.

» Chapter 8—List of Preparers
» Chapter 9—Glossary

» Appendix A—provides supporting information for Chapter 1, such as data confidence levels and
map projection information, data sources of protected species research efforts, and maps of
protected species survey efforts;

This report is written in a format and reference style that follows that found in The Chicago Manual of
Style, 14™ Edition. Cited literature appears at the end of each chapter except in Chapter 3, Protected
Species, where the cited literature appears at the end of each subsection.
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2.0 PHYSICAL ENVIRONMENT OF THE CHESAPEAKE BAY
2.1 INTRODUCTION

The Chesapeake Bay is a large, elongated estuary located along the mid-Atlantic coastal region of the
U.S., and is the largest estuarine system in the U.S. (Langland and Cronin 2003; Reshetiloff 2004; Kemp
et al. 2005). The Chesapeake Bay spans almost 300 km in length, with a relatively deep (20 to 30 m) and
narrow (1 km) channel down the axis (Figures 2-1 and 2-2) (Kemp et al. 2005). The width of the
Chesapeake Bay varies from 5.5 km near Aberdeen, Maryland, to 56.3 km at its widest point at the mouth
of the Potomac River. Including the broad shallow areas that flank each side of the long central channel,
the surface of the Chesapeake Bay covers over 11,500 km? (Kemp et al. 2005).

2.2 CLIMATE AND WEATHER

The climate in the Chesapeake Bay is influenced by several factors including prevailing winds, warm Gulf
Stream waters of the Atlantic coastline, and oscillating atmospheric pressure systems. Oceanographic
and atmospheric phenomena are interrelated and combine to create the long term climate and short term
weather patterns that characterize the Chesapeake Bay. When viewed over appropriate time scales, any
given atmospheric event is coupled in some way with a related oceanographic occurrence, and together
the two components combine to form the larger ocean-atmosphere system (Gill 1982).

Three atmospheric pressure systems govern the wind patterns and climate in this region: the Icelandic
Low, the Bermuda-Azores High, and the Ohio Valley High (Blanton et al. 1985). The Bermuda-Azores
High is a semi-permanent, high-pressure system centered over the island of Bermuda in summer and fall
and over the Azores in the eastern North Atlantic in winter and spring." The anticyclonic (clockwise)
circulation associated with the Bermuda-Azores High dominates the climate from approximately May
through August producing southeasterly winds (<6 meters/second [m/s]) and hot, humid weather over
much of the southeastern U.S. In winter (approximately November through March) the Icelandic Low and
weak Ohio Valley High combine to generate west-northwesterly winds (8 to 10 m/s) and drier weather
conditions in the region (Adams et al. 1993)".

Overall, the climate of the Chesapeake Bay region can be described as moderate. A long-term record of
atmospheric and oceanographic conditions at several sites within the region is available from
oceanographic buoys maintained by NOAA’s National Data Buoy Center (NDBC).” Average temperature
for the region is 14 degrees (°) Celsius (C), with wide variability along the north to south axis of the
Chesapeake Bay (Marshall et al. 2005). Air temperature measured in the northerly region of the
Chesapeake Bay averaged 24.0°C in August and 4.0°C in February over a eight-year period.> A buoy
located 278 km east of Cape Hatteras recorded mean monthly air temperatures of 26.1°C in August and
14.9°C in January over a concurrent 25-year period.* The large differences in average summertime and
wintertime temperatures for the southern and northern ends of the Chesapeake Bay is partially a result of
the warm Gulf Stream waters that flow off the coastline of North Carolina, influencing the climatic regime
of the lower part of the bay; the separation of the Gulf Stream from the coast does not allow these waters
to temper the climate in the more northern reaches of the Chesapeake Bay; however, most of the
difference is more than likely due to the cooler flow of freshwater coming into the northern half of the
Chesapeake Bay from the rivers.

Precipitation also varies significantly between the northern and southern halves of the Chesapeake Bay.
Total annual precipitation averaged 108 centimeters (cm) from 1948 through 2005 near the northern
boundary of the Chesapeake Bay (Aberdeen, Maryland) (Marshall et al. 2005)°. Near the mouth of the
Chesapeake Bay (Norfolk, Virginia), total precipitation averaged 115 cm during the same time period.®
Precipitation in the form of snow or freezing rain occurs more frequently in the north and can be attributed
in part to the warm, moist air transported by the Gulf Stream.

Weather systems pass rapidly through the southeastern U.S. approximately every two to five days
throughout the year, and their effects are superimposed on the seasonal cycling of the Bermuda Azores
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Figure 2-1. Three-dimensional depiction of the bathymetry in the vicinity of the Chesapeake Bay
Study Area. Source data: NASA (2005) and NOAA (2006).
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Figure 2-2. Two-dimensional depiction of the bathymetry in the vicinity of the Chesapeake Bay
Study Area. Source data: NASA (2005) and NOAA (2006).
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High (Joyce 1987). The proximity of the Gulf Stream to the southeast U.S. coast has a strong effect in the
generation of cyclonic, extra-tropical storms in winter as cold, dry continental air meets the warm, moist
air over Gulf Stream waters (Adams et al. 1993). Thunderstorms and major storm systems occur in the
region most often during summer and fall as hot, humid air masses collide with passing fronts (Joyce
1987).

221 Tropical Storms and Hurricanes

Most major storms, including hurricanes, occur during the North Atlantic hurricane season which occurs
annually from June through November. Tropical cyclones form in warm, equatorial waters of the North
Atlantic Ocean and Caribbean Sea and often move northward along the southeastern U.S. coast
following the path of the Gulf Stream (Adams et al. 1993). Since 1944, when reliable data on storm
systems were recorded, 655 named storms have occurred over the North Atlantic; 162 of these storms
were major hurricanes (i.e., Category 3, 4, or 5 on the Saffir/Simpson scale).” From 1950 through 2005,
27 hurricanes made first landfall between Cape Canaveral, Florida and Cape Hatters with just two
hurricanes, Carol (1954) and Emily (1993), striking the coast between Cape Hatteras and Long Island,
New York.? Hurricanes Carol and Emily made landfall in North Carolina just north of Cape Hatteras. Even
though the coastline adjacent to the Chesapeake Bay has experienced only two hurricane first landfalls
over the past 55 years, a number of powerful tropical storms and hurricanes have passed through the
region, including, most recently, hurricanes Isabel (2003), Alex (2004), and Ophelia (2005).° Furthermore,
the Atlantic hurricane seasons of 2004 and 2005 were particularly active. The 2005 season produced a
record number of named storms (28), a record number of hurricanes (15) including four category 5
hurricanes, and a record number (4) of major hurricanes impacting the U.S.*°

The strength and number of named storms (including hurricanes) developing in the North Atlantic and
potentially impacting coastal regions of the U.S. has remained above average since 1995, and this trend
is forecast to continue at least through the 2007 season, sustained by decadal-scale atmospheric
patterns."'*? Atmospheric and oceanic phenomena combine to create conditions favorable for the
formation of storm systems. A strong Bermuda-Azores High results in less cloud cover over “Hurricane
Alley,” the tropical region of the North Atlantic Ocean between the Antilles and Africa where hurricanes
typically develop. Reduced cloud cover over Hurricane Alley increases the exposure of ocean waters to
the warming rays of the sun; warmer waters fuel the formation of tropical storm systems, and an increase
in ocean surface temperatures can result in an increase in the number and intensity of tropical storms and
hurricanes (DeMaria and Kaplan 1994)."

2.3 MARINE GEOLOGY
2.3.1 Geologic Setting

Approximately one million years ago, the region that now encompasses the Chesapeake Bay was
alternatively submerged and exposed as glaciers advanced and retreated across the continent of North
America. Sea levels rose and fell as these massive glaciers melted and re-froze. The most recent retreat
occurred approximately 18,000 years ago, resulting in the formation of the current Chesapeake Bay.
Rising sea level from the melting glaciers reached the mouth of the Chesapeake Bay approximately
10,000 years ago. The Chesapeake Bay reached its current dimensions approximately 3,000 years ago
(Reshetiloff 2004).

2.3.2 Physiography and Bathymetry

The Chesapeake Bay occupies an area of approximately 11,500 km? (Figures 2-1 and 2-2). Despite its
size, the Chesapeake Bay is relatively shallow with an average depth of only 4.5 m; depths exceeding 10
m constitute only 24% of the entire surface area (Hagy et al. 2004; Reshetiloff 2004). Overall, the
Chesapeake Bay is shaped like a shallow tray with the exception of the large channel (believed to be
remnants of the ancient Susquehanna River) that runs the entire length of the Chesapeake Bay. As the
channel reaches the mouth of the Chesapeake Bay, it terminates into a shallow sill that can restrict
deeper water flow into and out of the bay (Reshetiloff 2004; Kemp et al. 2005).
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Fifty major tributaries empty into the Chesapeake Bay with 80 to 90% of the water draining from the
western shore. These rivers drain a watershed that encompasses New York, Pennsylvania, Maryland,
West Virginia, Virginia, Delaware, and the District of Columbia; in total the watershed covers an area of
approximately 164,200 km? (Figure 2-3) (Kemp et al. 2005).

2.3.3 Bottom Substrate

Since the formation of the Chesapeake Bay, the shoreline has undergone consistent modification by
coastal erosion, transport, and deposition of sediments. In this process, areas such as headlands and
peninsulas are eroded and smoothed and the eroded materials are deposited in other parts of the
Chesapeake Bay such as channels, along the margins, or carried up tributaries by the tides (Reshetiloff
2004).

A large proportion of the sediment entering the Chesapeake Bay is derived originally from erosion in the
watershed; the erosion from upland land surfaces and erosion of stream banks comprise the two most
important sources of sediment coming from the watershed (Langland and Cronin 2003). In addition, a
large proportion of sediment also enters the Chesapeake Bay from oceanic input at the mouth of the bay
and internal production of skeletal and organic material (Langland and Cronin 2003). Geographically, the
Susquehanna River is the dominant source of sediment influx to the northern bay. In the central bay, the
majority of sediment influx comes from shoreline erosion and biological processes. Influx from the ocean
along with shoreline erosion is the dominant sediment sources in the southern portion of the Chesapeake
Bay. This shift in sources results in a pattern of silty, more terrestrial and river derived sediments on the
seafloor of the northern and western regions of the Chesapeake Bay, while sandy coastal sediments
make up the 1rpajority of the sediments in the southern and eastern expanses (Langland and Cronin 2003)
(Figure 2-4).

2.4 HYDROGRAPHY

Hydrography is the scientific study of the measurement and description of oceanic physical features. The
following sections describe in detail the temperature of water at the sea surface, the extent of hypoxia on
the sea bottom, and the distribution of salinity, all within the Chesapeake Bay. The hydrography of the
Chesapeake Bay is one of the important features influencing the health of the ecosystem.

As an estuary, the Chesapeake Bay has an extremely narrow opening in comparison to its overall length.
This results in poor mixing due to limited tidal flow within the Chesapeake Bay, resulting in extreme
stratification of the water column, which in turn influences temperature, salinity, and hypoxia.

24.1 Water Quality

A region’'s water quality is often assessed to determine the chemical, physical, and biological
characteristics of water with respect to its suitability for a particular use. The water quality of the
Chesapeake Bay is a critical issue to maintaining the health and vitality of its living resources.

24.11 Pollution

In 2000, representatives from local states and the U.S. passed the Chesapeake 2000 agreement to
“ensure the public’s right to clean water and a healthy and productive resource” (CBP 2000). Water
guality was one of many issues addressed in the agreement. The states sought to, “Achieve and maintain
the water quality necessary to support the aquatic living resources of the Chesapeake Bay and its
tributaries and to protect human health” by reducing nutrient and sediment loading, reducing or
eliminating the input of chemical contaminants from all controllable sources, reducing the input of
pesticides to the bay, and reducing pollution (CBP 2000).

Each year the health of the Chesapeake Bay (its tributaries, habitats, and the living resources that occur
in the Chesapeake Bay), is given a score by the Chesapeake Bay Foundation. For 2007, water quality
received an overall score of ‘F’ (which equals ‘Failing’) with all parameters scored (including nutrient
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Figure 2-3. Watershed of the Chesapeake Bay and Land Cover Class for those regions. Source
data: NOAA (2007) and CBP (2008).
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loading, water clarity, toxins, and dissolved oxygen) receiving no change or decreased scores from 2006,
indicating that water quality remains a critical issue for the Chesapeake Bay. Also for 2007, a level of 21%
progress in meeting the Chesapeake 2000 agreement goals was reached, down from 23% progress in
2006 (CBF 2007).

24.1.2 Hypoxia

The depletion of dissolved oxygen (DO) from deep waters is a common feature in estuaries and other
coastal systems where seasonal or permanent stratification of the water column restricts aeration of
bottom waters by the atmosphere (e.g., Chesapeake Bay, (Officer et al. 1984) Black Sea,(Zaitsev 1992);
Baltic Sea, (de Jonge et al. 1994); Long Island Sound, (Welsh et al. 1994); Gulf of Mexico, (Rabalais et
al. 1991; Rabalais 2001; Rabalais et al. 2002). Hypoxia occurs when concentrations of DO become so
low that they begin to harm biota or adversely affect a region’s ecology (Hagy et al. 2004).

A continuous spectrum of effects has been observed as DO declines from just below saturation to anoxic
conditions (complete absence of DO). Behavioral and physiological responses can occur with moderate
depression of DO, resulting in detrimental effects on individuals and populations (Breitburg et al. 1997;
Breitburg 2002).

Annual extent of the hypoxia in the Chesapeake Bay is correlated to riverine input and nutrient loading
(Boicourt 1992; Hagy et al. 2004). The timing and spatial extent of hypoxia are relatively predictable in the
southern Chesapeake Bay (Kuo and Nielson 1987). Hypoxic conditions occur in the York River in the
summer months but tend to dissipate in the fall; hypoxic conditions rarely develop in the James River.
Moderate hypoxia (DO <2 milligrams per liter [mg/Ll) to anoxia presently affects much to all of the deeper
waters (encompassing 20.8 x 10*® cubic meters [m®]) in the central third of the Chesapeake Bay for most
or all of the summer (Figure 2-5) (Newcombe et al. 1939; Officer et al. 1984; Hagy et al. 2004); normal
conditions tend to return to this region in September or October when stratification begins to break down
and oxygen is reintroduced to these waters (Officer et al. 1984). Wind and tides in the Chesapeake Bay
can bring hypoxic waters into shallow areas or to the surface in the mesohaline part of the bay (Breitburg
1990) often resulting in fish kills (Breitburg 2002) and degraded benthic communities (Hagy et al. 2004).

242 Sea Surface Temperature

Due to its relatively shallow bathymetric profile, the Chesapeake Bay is much more sensitive to
temperature fluctuations than offshore regions (Reshetiloff 2004). As a result, the SST undergoes
dramatic fluctuations throughout the year (1.1 to 28.9°C) (Figure 2-6). Despite this wide range, changes
in SST are relatively predictable. During spring and summer, surface and shallow shoal waters warm,
creating a two-layer stratified system with colder waters lying closer to the bottom. Localized weather
events, strong winds, and cooling of the air during autumn and winter can help break down this
stratification (Reshetiloff 2004).

24.3 Salinity

Salinity is one of the primary factors influencing the physical make up of the Chesapeake Bay. Along its
north—south axis, salinity ranges between tidal freshwater inputs (salinity <0.5 practical salinity units [psu])
in the upstream regions of tributaries to polyhaline (salinity >18 psu) conditions near the mouth of the
Chesapeake Bay (Figure 2-7) (Marshall et al. 2005). In addition, as the majority of freshwater enters the
Chesapeake Bay from tributaries located on the western shores, isohalines (i.e., salinity contours) tend to
show a southwest to northeast tilt (Reshetiloff 2004). This gradient is strongest during the spring season
when input of fresh river water is at its maximum and decreases throughout the remainder of the year
when the inflow of saltwater from the Atlantic Ocean is predominant. In addition to inflow, the rotation of
the earth also helps to maintain the southwest to northeast salinity gradients; Coriolis Force deflects
incoming seawater to the eastern shores of the Chesapeake Bay while discharged river water is pushed
to the western shores (Figure 2-7) (Reshetiloff 2004).
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Figure 2-5. Sea bottom dissolved oxygen content in the Chesapeake Bay in 2007. Source data:
CBP (2007).
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Figure 2-6. Mean seasonal sea surface temperature (SST) occurring in the vicinity of the

Chesapeake Bay Study Area from 1985 through 2004. Source data: PODAAC (2004).
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Salinity also displays a vertical gradient in the Chesapeake Bay. The upper waters tend to be less saline
and are separated from saltier water at depth by a seasonally strong pycnocline. This is due to the net
seaward surface flow of riverine water out the Chesapeake Bay and a net bottom flow of higher salinity
ocean waters into it (Pritchard 1952).

2.5 PHYSICAL OCEANOGRAPHY
251 General Circulation

The Chesapeake Bay exhibits a classic estuarine circulation in which there occurs a net seaward motion
in a surface layer and net landward flow in a bottom layer (e.g., Goodrich and Blumberg 1991; Li et al.
2005) and is driven primarily by the movements of freshwater from the northern reaches of the bay and
the input of seawater from the Atlantic Ocean. An average of 2,300 cubic meters per second (m’/s) of
water flows into the Chesapeake Bay from the regional watershed; the Susquehanna River at the head of
the Chesapeake Bay provides more than half of this flow (Kemp et al. 2005). Freshwater input from the
rivers is less dense than the incoming seawater due to the lack of dissolved salts in the water. This
results in a more buoyant layer of freshwater sitting atop a denser layer of saltwater restricting the vertical
mixing of water masses in the Chesapeake Bay (Kemp et al. 2005). Vertical profiles of the water column
confirm this fact by the presence of a strong pycnocline (i.e., salinity gradient) located at a depth of 4 to 8
m below the surface (Reshetiloff 2004).

River flow drives the estuarine circulation of the Chesapeake Bay while seawater entering the bay from
the adjacent Atlantic Ocean at depth acts to retain particulate and dissolved materials within it. The two
layer circulation results in relatively long residence times for water in the Chesapeake Bay (90 to 180
days) for freshwater and nutrients which can result in enhanced levels of eutrophication (or excessive
nutrient concentration that can induce plant growth) (Kemp et al. 2005).

Weather can either remove or enhance the two-layer circulation occurring in the Chesapeake Bay. Strong
winds and storms can mix the surface layer and the bottom layers and if strong enough, the flow of
surface water can be reversed. These destratifications tend to be short-lived as a restratification of the
water column is rapidly reestablished. Rotation of the earth results in a generalized counterclockwise flow
of waters in the Chesapeake Bay. As seawater enters the Chesapeake Bay, the Coriolis Force pushes
the incoming waters to the east while river waters flowing south are pushed to the west. A three-
dimensional (3-D) model of fluid flow in the Chesapeake Bay has been developed and is being widely
used to predict physical and biological occurrences there (Zhong and Li 2006).

25.2 Thermocline

The thermocline is located between the surface and deepwater circulation zones; it is a transition region
where water temperatures change rapidly from warmer surface waters to colder deep waters. During
warmer months the Chesapeake Bay is strongly stratified with a well developed thermocline. This
thermocline is typically located in the Chesapeake Bay and its tributaries at a depth of 5 to 10 m (Ducklow
1982; Reshetiloff 2004). Cooling of surface waters as well as wind turbulence and storms can aid in the
erosion of the thermocline, allowing nutrients from deeper waters to be mixed into the surface waters
(Goodrich et al. 1987; Blumberg and Goodrich 1990; Reshetiloff 2004; Kemp et al. 2005; Li et al. 2006).

253 Tides

Tides are the most predictable oceanic motions; the gravitational pull of the moon (and to a lesser extent
of the sun) creates "bulges" of water on opposite sides of the earth (Thurman 1997). Each region of the
earth passes through these bulges twice a day, resulting in semi-diurnal (half daily) components to the
tidal cycle. Furthermore, the moon and the sun do not generally lie over the equator; this displacement
creates one tidal bulge larger than the other, thus leading to a diurnal (daily) component to the tides. The
mean tidal range of the Chesapeake Bay ranges from 0.9 m at the bay’s entrance to 0.3 m at Annapolis,
Maryland; the range then increases again to 0.7 m at the head of the Chesapeake Bay (Thurman 1997;
Whitford 1999; Zhong and Li 2006) with a larger tidal amplitude on the eastern shore (e.g., Hicks 1964).
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Additionally, the geomorphology of coastlines and bays affects the timing and range of tides in any given
area. There is also a great deal of dissipation of tidal energy that mostly occurs in the Chesapeake Bay in
four different areas; the Chesapeake Bay mouth region, the area close to the Rappahannock sill, the area
near the Chesapeake Bay Bridge where constriction occurs, and the area north of Baltimore where
constriction occurs (Zhong and Li 2006).

2.6 BioLOGICAL OCEANOGRAPHY

Detailed descriptions of macrofauna found in the Study Area, such as marine mammals, sea turtles, fish
species, and invertebrates, may be found in later chapters of this MRA (i.e., Chapters 3, 4, and 5). This
section describes the plankton, which are particularly influenced by the physical environment and
constitute a vital link in the global food web. Particular reference is given here to the physical mechanisms
that affect the occurrence of plankton.

Plankton are organisms that float or drift and cannot maintain their direction against the movement of
currents (Mann and Lazier 1991). Plankton include phytoplankton (plant-like organisms), zooplankton
(animals), and bacterioplankton (bacteria). In general, planktonic organisms are very small or
microscopic, although there are exceptions. Jellyfish and pelagic Sargassum, for example, are unable to
move against the surrounding currents and therefore are considered plankton despite the fact that these
organisms are macroscopic with some jellyfish reaching 3 m in diameter. Many zooplankton migrate
hundreds of m in the water column on a daily basis, which can place them under the influence of different
currents than occur at the surface, allowing them to indirectly control their lateral movement; however, like
all plankton, they cannot migrate against the prevailing current (Lalli and Parsons 2000).

26.1 Primary Production

Primary production refers to the amount of inorganic material (e.g., nitrate and phosphate) that is
converted into organic compounds (e.g., proteins and lipids) primarily through the process of
photosynthesis (Lalli and Parsons 2000). Phytoplankton are often referred to as primary producers,
because, like terrestrial plants, they are able to use solar radiation and the pigment chlorophyll (mainly chl
a) to fix carbon and create their own energy. In addition, phytoplankton form the base of the marine food
chain making them essential to the overall productivity of the ocean.

Chlorophyll a is the principal pigment that enables phytoplankton to photosynthesize. (Mann and Lazier
1991; Lalli and Parsons 2000; Schalles 2006). Measuring chl a concentrations over large spatial scales is
often accomplished using satellite-based detectors of ocean color. Translating the measurements of
ocean color into estimates of primary production is a complex process involving multiple steps, each of
which can contribute to error in the estimate. Sophisticated algorithms are developed to address these
complexities, which include: uncertainty in the contribution of other pigmented compounds to the
measured chl a reflectance, particularly in turbid coastal regions; filtering atmospheric scatter from the
water column response; and applying a single algorithm that must account for chl a concentrations
ranging over five orders of magnitude from low levels in the world’s open oceans to much higher levels in
coastal waters and estuaries (Figure 2-8) (Mann and Lazier 1991; Schalles 2006). Nevertheless,
satellite-based measurements of ocean color provide an excellent, global-scale assessment of primary
production in the world’s oceans (Schalles 2006).

The Chesapeake Bay is one of the most productive estuarine systems in the U.S. (Weiss et al. 1997;
Langland and Cronin 2003); however, during the 400 years since European settlement in the region, the
watershed, and in turn discharge into the bay, have undergone significant changes. The number of
people in the watershed has grown exponentially and the watershed currently contains approximately 16
million people (Smith et al. 2003; Kemp et al. 2005). Due to an increase in the use of commercial
fertilizers in the Chesapeake Bay watershed, as well as a general increase in human activity in and
around the bay, nutrient loading has increased, which in turn has resulted in an increase in primary
production (Kemp et al. 2005). While increased primary productivity initially provides more resources, in
the form of food, to other organisms, over-production can have negative impacts on the health of the
ecosystem.
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2.6.1.1  Phytoplankton

Phytoplankton are single-celled organisms that are similar to plants because they photosynthesize using
sunlight and chlorophyll to generate energy. Phytoplankton growth and distribution throughout the marine
environment is 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). To a lesser degree, other
factors such as pH, salinity, and iron (Fe) concentration have also been observed to affect the growth of
phytoplankton (Parsons et al. 1984; Moore et al. 2006). When one of these essential factors is in short
supply, growth is said to be limited by that factor. In general, the concentration of phytoplankton will be
higher in nearshore areas where nutrients are discharged from land sources, such as rivers and areas of
urban runoff. The principal nutrients phytoplankton use for growth and photosynthetic processes are
dissolved nitrogen (nitrate/nitrite/ammonia), phosphorous (phosphate), and silica (silicate). Phosphorous
limitation is more typical of freshwater systems, whereas marine systems are more likely to be nitrogen
limited (Mann and Lazier 1991, Lalli and Parsons 2000).

Localized tidal action, major storm events, and other conditions influence flow within the Chesapeake Bay
and can influence daily and seasonal changes in the vertical stratification as well as the homogeneity of
the water column. The large variability within the Chesapeake Bay results in a phytoplankton assemblage
composed of freshwater, estuarine, and nearshore taxa (Marshall 1980, 1994; Marshall and Burchardt
1998, 2004). Sampling of the Chesapeake Bay, local estuaries, and tributaries have identified over 1,450
different taxa local to the region (Marshall et al. 2005).

Freshwater flow into the Chesapeake Bay is maximal in winter—spring; dominated by the freshet of the
Susquehanna River; this flow largely determines gradients of light and nutrients along the north—south
axis of the bay (Figure 2-8) (Glibert et al. 1995). The timing, position, magnitude, and extent of a large
winter—spring diatom bloom located in the Chesapeake Bay are determined in large part by this
concentrated flow of freshwater into the bay (Harding 1994; Miller and Harding 2007). In addition,
regionalized variability of phytoplankton in the Chesapeake Bay is primarily observed between frontal
regions, in cross-bay (lateral) gradients (Malone et al. 1986), and in patchy, short-lived dinoflagellate
blooms (Tyler and Seliger 1978). In the productive mid-bay, cross-bay gradients in chlorophyll, nutrients,
and hydrographic properties are often resulting in higher levels of phytoplankton biomass and productivity
along the western shoal regions, where the bathymetry and local circulation patterns provide an area of
retention for the accumulation of phytoplankton (Malone et al. 1986; Weiss et al. 1997).

Phytoplankton have been used as an indicator of the Chesapeake Bay’s water quality (Magnien et al.
1995). Due to increased levels of eutrophication in the Chesapeake Bay, there has been an increased
abundance of phytoplankton in the bay (Harding and Perry 1997; Kemp et al. 2005). Microscope analyses
of the Chesapeake Bay waters (especially coastal environments) have demonstrated a general shift in
phytoplankton community dominance from larger to smaller cells (e.g., Marshall 1980). Few historical
direct observations are available to examine possible shifts in phytoplankton community structure;
however, there appear to be shifts in diatom communities (Cooper and Brush 1991, 1993), and increases
in the relative abundances of dinoflagellates, cyanobacteria, and small flagellates (Zimmerman and
Canuel 2002).

Increased eutrophication in the Chesapeake Bay has also been related to the enhanced growth of
harmful algal species; these species can cause direct harmful effects to local communities through the
production of toxins, noxious discoloration of waters, and the production of floating mucilage (e.g., Paerl
1988; Anderson et al. 2002). As many as 34 harmful or toxin-producing species have been identified in
the Chesapeake Bay (Cronberg et al. 2003; Fryxell and Hasle 2003; Marshall et al. 2005). When these
blooms dominate the water, a red or mahogany tide may be produced that can last for several months
(Reshetiloff 2004). Factors that create these HABs are complex; however, many have been associated
with nutrient enrichment (e.g., Smayda 1997). Numerous HABs have been reported in the Chesapeake
Bay and its tributaries; several appear to be related directly to nutrient inputs (Glibert et al. 2001; Heil
2005; Kemp et al. 2005).
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2.6.2 Secondary Production

Secondary production refers to the increase in biomass of heterotrophic organisms through the
consumption of primary producers. Zooplankton and bacteria within the water column feed on
phytoplankton (as well as each other) and comprise the second link in the marine food web.

2.6.2.1  Zooplankton

Zooplankton are aquatic animals that, like all plankton, are unable to migrate against the prevailing
current and whose distribution is therefore essentially determined by their physical environment (Mann
and Lazier 1991; Lalli and Parsons 2000). Cued by changes in ambient light, many zooplankton perform
diel vertical migrations of hundreds of meters to feed and avoid predators. Despite demonstrating an
ability to swim great distances through the water column on a daily basis, the large-scale horizontal
distribution of zooplankton is primarily determined by both surface and deepwater currents (Wiebe et al.
1987; Mann and Lazier 1991). Seasonal changes in patterns of vertical migration are also a characteristic
of many zooplankton species. Changes are likely associated with bloom cycles of phytoplankton prey,
zooplankton breeding cycles, and varying depth preferences of the individual life stages of zooplankton
species (Lalli and Parsons 2000).

Zooplankton can be further subdivided into two categories: holoplankton, which remain as part of the
plankton for their entire life cycle, and meroplankton. Meroplankton are described as those zooplankton
species that spend only a portion of their life history as plankton. Certain lifestages of bivalves, fish, and
arthropods are spent as plankton; however, in each of these cases the adult lifestage is not (Lalli and
Parsons 2000). Ichthyoplankton (a subset of the meroplankton) consist of the larvae and eggs of fish
species.

The size of zooplankton found in the worlds oceans ranges widely from microscopic protozoans (<200
microns [um]) to the largest jellyfish (~3 m in diameter) (Lalli and Parsons 2000). Size also determines to
some extent what different types of zooplankton consume. All zooplankton are heterotrophic, meaning
that they must consume organic material in order to produce energy; however, some zooplankton
exclusively consume plants (herbivores), others eat only other animals (carnivores), and a third group
consumes primarily detritus (detritivores). Many zooplankton, however, are omnivorous and are capable
of feeding on the most available food source (Lalli and Parsons 2000).

The Chesapeake Bay undergoes large seasonal changes in temperature, salinity, nutrient input, DO,
primary production, and the abundance of predators. As a result, local zooplankton populations change
throughout the year with different species becoming dominant during the differing seasons. Throughout
the year, copepods tend to dominate the local zooplankton community (Heinle 1966; White and Roman
1992) with polychaete, barnacle, and bivalve larvae dominating the community for short periods. Smaller
microzooplankton (20 to 200 um in size) are generally dominated by protozoa and rotifers; however,
copepod nauplii can be the most abundant members during spring and summer months.
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3.0 SPECIES OF CONCERN

This chapter provides detailed information on protected marine mammals as well as sea turtles, birds,
and fish that are federally-listed as endangered, threatened, or as species of concern. These species are
of particular interest to the Navy due to their protected status and potential to be impacted by Navy
activities.

Marine mammals, which include cetaceans (whales, dolphins, and porpoises); pinnipeds (seals, fur seals,
sea lions, and walruses); and sirenians (manatees and dugongs), are the taxon group with the largest
number of federally-protected species in the Chesapeake Bay Study Area. Section 3.1 of this chapter
provides information on the 10 marine mammal species with regular or rare occurrence in the
Chesapeake Bay Study Area and vicinity. Extralimital species are noted in Table 3-1; available records of
these species in the Chesapeake Bay are listed at the end of this section. All marine mammals are
protected by the MMPA; three cetacean and one manatee species are also listed as endangered under
the ESA. An overview of marine mammals, as well as a brief introduction to acoustics and hearing, is
included. A detailed narrative has been prepared for each marine mammal species (excluding extralimital
species), consisting of a species’ description, status, habitat associations, distribution (including a focus
on the Chesapeake Bay Study Area), behavior and life history, and vocalizations and hearing capabilities
when available. Migration and critical habitat maps are embedded within this section (Figures 3-1, 3-2,
and 3-4). Maps depicting the seasonal occurrence records for all regular/rare marine mammal species
and extralimital species in the Study Area are found embedded in the section (Figures 3-3 and 3-5
through 3-7). A map displaying the areas of usage of bottlenose dolphins (Tursiops truncatus) in the
Study Area is also included in this section (Figure 3-6).

Five sea turtle species are known or have the potential to occur in the Chesapeake Bay Study Area, and
all are listed as threatened or endangered under the ESA. Section 3.2 of this chapter consists of an
overview of sea turtle biology and life history and provides basic information on the hearing capabilities of
these animals. Each of the sea turtle species is described in detail by its physical description, status,
habitat associations, distribution (including a focus on the Chesapeake Bay Study Area), and behavior
and life history characteristics. Maps depicting the seasonal occurrence records and predicted areas of
occurrence for sea turtle species in the Study Area are embedded in this section (Figures 3-9 through 3-
23).

Three bird species that may occur in the Chesapeake Bay Study Area and vicinity are discussed in this
Section 3.3. Two species, the Roseate Tern (Sterna dougallii) and Least Tern (Sternula antillarum), are
listed as endangered while the Piping Plover (Charadrius melodus) is listed as threatened under the ESA.
Section 3.3 provides information about the physical description, status, habitat associations, distribution
(including a focus on the Chesapeake Bay Study Area), and behavior and life history characteristics of
these species.

The shortnose sturgeon (Acipenser brevirostrum) is the only ESA threatened or endangered fish species
occurring in the Chesapeake Bay Study Area. Section 3.4 of this chapter includes a discussion of the
physical description, status, habitat associations, distribution (including a focus on the Chesapeake Bay
Study Area), and behavior and life history characteristics of this species. A map depicting the locations of
shortnose sturgeon captures in the Study Area and vicinity is included in this section (Figure 3-24).

Marine species of particular interest to Navy operations that are listed as endangered or threatened at the
state level are provided in a table in Section 3.5. Detailed information on these species’ life histories is
not given for species that are not federally-protected.

The locations of literature citations in Chapter 3 differ from other MRA chapters. Literature cited in the
marine mammal section is found at the end of Section 3.1, literature cited in the sea turtle section is
found at the end of Section 3.2, and so forth.
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3.1 MARINE MAMMALS
3.1.1 Introduction

More than 120 species of marine mammals occur worldwide (Rice 1998). The term “marine mammal” is
purely descriptive and refers to mammals that carry out all or a substantial part of their foraging in marine
or, in some cases, freshwater environments. Marine mammals as a group are comprised of various
species from three orders (Cetacea, Carnivora, and Sirenia).

Cetaceans (whales, dolphins, and porpoises) are divided into two major suborders: Mysticeti (baleen
whales) and Odontoceti (toothed whales). Toothed whales are generally smaller and have teeth that are
used to capture prey. Baleen whales use baleen to filter their prey from the water. In addition to contrasts
in feeding methods, there are life history and social organization differences (see Tyack 1986).

Pinnipeds are divided into three families: Phocidae (the “true” or earless seals); Otariidae (sea lions and
fur seals); and Odobenidae (walruses). Of the pinnipeds, only phocids are expected to occur in the
Chesapeake Bay. Some of the more obvious phocid attributes are a lack of external ears, inability to
rotate the pelvic flippers under the body (leading to a “galumphing” motion on land), use of pelvic flippers
for underwater propulsion, and small pectoral appendages for underwater steering (Riedman 1990).

Four living sirenian species are classified into two families: Trichechidae, with three species of manatees,
and Dugongidae, the dugong. Sirenians are the only completely herbivorous marine mammals. Of the
sirenians, only the West Indian manatee (Trichechus manatus) occurs along the U.S. Atlantic coast.

3.1.1.1 Adaptations to the Marine Environment: Sound Production and Reception

Marine mammals display numerous anatomical and physiological adaptations for survival in an aquatic
environment that are discussed in detail by Pabst et al. (1999). Sensory changes from the basic
mammalian scheme have also occurred in response to the unique and varied challenges imposed by an
aquatic environment. Sound travels faster and farther in water than in air making the ability to detect
sound paramount in the underwater environment (Wartzok and Ketten 1999). Touch and sight are also
well developed in whales and dolphins (Wartzok and Ketten 1999). Pinnipeds are faced with two different
environments (terrestrial and aquatic). As a result, they have compromised between full underwater and
full terrestrial adaptations to allow for functional hearing in both media (Wartzok and Ketten 1999). The
vibrissae (whiskers) of pinnipeds are extensively developed and provide the animal with information about
contour and texture (Wartzok and Ketten 1999). A recent study has demonstrated that the whiskers of
harbor seals are highly sensitive to water movements and may be an important mechanism for seals
hunting in the dark (or in murky waters) to detect water movements generated by fish (Dehnhardt et al.
2001; Vester et al. 2001).

Marine mammal vocalizations often extend both above and below the range of human hearing;
vocalizations with frequencies lower than 18 hertz (Hz) are labeled as infrasonic (Leventhall 2007) and
those higher than 20 kilohertz (kHz) as ultrasonic (Leighton 2007). Baleen whales primarily use the lower
frequencies, producing both amplitude-modulated (AM) and tonal (frequency-modulated [FM]) sounds in
the range of 14 to 3,000 Hz depending on the species. Most mysticete sounds can be characterized as
moans, simple (pulsed) or complex calls, and songs (Wartzok and Ketten 1999). Clark and Ellison (2004)
suggested that baleen whales use low frequency sounds not only for long-range communication but also
as a simple form of echo ranging, passively listening to received echoes to navigate and orient relative to
physical features of the ocean. The toothed whales produce a wide variety of sounds that are commonly
grouped into three general categories: these sounds include species-specific, AM broadband “clicks” with
peak energy between 10 and 200 kHz; individually variable “burst pulse” click trains; and constant
frequency or FM whistles ranging from 1 to 20 kHz (Wartzok and Ketten 1999). The general consensus is
that the tonal vocalizations (whistles) produced by toothed whales play an important role in social activity
(e.g., communication, maintenance of contact between dispersed individuals, etc.) while broadband clicks
are used during echolocation (Wartzok and Ketten 1999; Tyack 2000; Tyack and Miller 2002); however,
several species of toothed whale [e.g., sperm whales (Whitehead 2003), Commerson’s dolphins (Dawson
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1991), and dusky dolphins (Yin et al. 2001)] produce only click sounds which are used for both
communication and echolocation. Burst pulses, trains with repetition rates ranging from 100’s to 1000’s of
clicks per second, are used to share information between individuals by species that whistle and those
that do not. Burst pulses have been documented during playful interactions (e.g., Herzing 1996;
Blomgqyvist et al. 2005), agonistic encounters (McCowan and Reiss 1995), and other socializing behaviors.
These sounds have been suggested to represent “emotive” signals in a broader sense, possibly
representing graded communication signals (Herzing 1996). Echolocation, or sonar, is produced by all
toothed whales studied to-date and is used during foraging (e.g., Janik 2000), short-range navigation (Au
1993), and communication (Reynolds Ill and Rommel 1999; Perrin et al. 2002). Recent evidence has
been shown that dolphins are capable of echoic eavesdropping (e.g., Xitco Jr. and Roitblat 1996; Xitco Jr.
et al. 2004; G6tz et al. 2005; Gregg et al. 2008), which could represent another avenue for these animals
to share information.

Pinnipeds are amphibious; they produce both airborne and underwater sounds primarily in the sonic
range (i.e., roughly between 20 Hz and 20 kHz) (Thomson and Richardson 1995). Their vocalizations
primarily include grunts, barks, rasps, and growls in addition to the moans, whistles, and possibly pulsed
calls. In general, phocids are far more vocal underwater than otariids. Phocid calls commonly range
between 100 Hz and 15 kHz, with peak energy less than 5 kHz but can range as high as 40 kHz (Ketten
1998b; Wartzok and Ketten 1999). Otariid calls are somewhat variable with most having a more narrow
frequency range (~1 to 4 kHz) than the phocids (Wartzok and Ketten 1999; Frankel 2002). Otariid calls
include barks, groans, and grunts although their vocalizations are assumed less socially complex than
those of phocids, which might be related to the differences in their mating strategies. Phocids mate
underwater while otariids mate on land and are relatively quiet at sea (Frankel 2002). There is no
evidence that pinnipeds echolocate (Schusterman et al. 2000).

Empirical data on the hearing abilities of cetaceans are sparse, particularly for the larger cetaceans such
as the baleen whales. The auditory thresholds of some of the smaller odontocetes have been determined
in captivity (see Thewissen (2002) for an overview on hearing in marine mammals), and more recently
from some free-ranging species (e.g., Nachtigall et al. 2008). It is generally believed that cetaceans
should at least be sensitive to the frequencies of their own vocalizations and the new data are confirming
this assumption in the species studied. Comparisons of the anatomy of cetacean inner ears and models
of the structural properties and the response to vibrations of the ear's components in different species
provide an indication of likely sensitivity to various sound frequencies. The ears of small toothed whales
are optimized for receiving high-frequency sound, while baleen whale inner ears are best in low to
infrasonic frequencies (Ketten 1992, 1997).

In comparison with toothed whales, pinnipeds tend to have lower best frequencies, lower high-frequency
cutoffs, and poorer sensitivity at the best frequency (Richardson et al. 1995); however, some pinnipeds
(especially phocids) may have better sensitivity at low frequencies (<1 kHz) than do toothed whales
(Richardson et al. 1995). The pinniped ear appears to have been constrained during its evolution by the
necessity of functioning in two acoustically dissimilar media (air and water). The patterns of in-air and in-
water hearing sensitivity appear to correspond to the amphibious patterns of life history of many of the
pinniped species (Kastak and Schusterman 1998). Comparisons of the hearing characteristics of otariids
and phocids suggest two types of pinniped ears, with phocids better adapted for underwater hearing
(Richardson et al. 1995; Kastak and Schusterman 1998; Ketten 1998b; Wartzok and Ketten 1999). In
phocids tested, peak sensitivities ranged between 10 and 30 kHz, with a functional high frequency limit of
about 60 kHz (Richardson et al. 1995; Ketten 1998b; Wartzok and Ketten 1999).

General reviews of cetacean and pinniped sound production and hearing may be found in Richardson et
al. (1995), Edds-Walton (1997), Wartzok and Ketten (1999), Au et al. (2000), Thewissen (2002),
Hildebrand (2005), and Southall et al. (2007). For a discussion of acoustic concepts, terminology, and
measurement procedures, as well as underwater sound propagation, Urick (1983) and Richardson et al.
(1995) are recommended.
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3.1.1.2 Marine Mammal Distribution—Habitat and Environmental Associations

Marine mammals inhabit most marine environments from deep ocean canyons to shallow estuarine
waters. They are not randomly distributed. Marine mammal distribution is affected by demographic,
evolutionary, ecological, habitat-related, and anthropogenic factors (Bjgrge 2002; Bowen et al. 2002;
Forcada 2002; Stevick et al. 2002). Most information on marine mammal distribution has been obtained
from shipboard and aerial observations, which provide a very limited perspective on their life at or near
the surface and little insight into their behavior under the water where some species, particularly
cetaceans, spend up to 90% of their time (e.g., Costa 1993).

Our knowledge of marine mammal habitats is often quite limited. Poor definition of spatiotemporal scales
is the primary cause for confusion and disagreement among studies about factors that associate with
marine mammal (in particular, cetacean) distribution (e.g., Jaquet 1996; Jaquet et al. 1996; Gregr and
Trites 2001; Hamazaki 2002; Ferguson 2005). Marine mammals may not instantaneously respond to
changes in ocean conditions. Instead, there is likely a time lag between the change of oceanographic
conditions and top-level predator responses. As noted by Ferguson (2005), time lags are particularly
important when proxies such as chlorophyll data are used to indicate habitat. It is not the primary
producers themselves that the whales eat but the squid and mesopelagic fishes several trophic levels
higher up. Time lapses before energy and nutrients from the primary producers climb the food chain up to
cetacean prey species. For baleen whales feeding on zooplankton, which are trophically close to primary
production, this lag may be on the order of days to weeks, whereas the lag might be considerably greater
for sperm whales where the primary prey (cephalopods) are removed from primary production by
approximately four months (Gregr and Trites 2001). Integrated approaches are underway in some areas
to examine the temporal and spatial relationship of marine mammals to the structure and variability of
their habitat (e.g., Croll et al. 1998). Efforts are also underway in habitat modeling, which predicts
potential habitat in unsurveyed areas based on the relationships between species’ presence and the
environmental parameters observed in surveyed areas (e.g., Gregr and Trites 2001; Hamazaki 2002;
Ferguson 2005; Hastie et al. 2005; Kaschner et al. 2006; Redfern et al. 2006; Becker 2007).

Movement of individuals is generally associated with feeding or breeding activity, and in the case of
pinnipeds, molting (Stevick et al. 2002). A migration is the periodic movement of all or significant
components of an animal population from one habitat to one or more other habitats and back again.
Migration is an adaptation that allows an animal to monopolize areas where favorable environmental
conditions exist for feeding, breeding, and/or other phases of the animal’s life history. Some baleen whale
species, such as humpback whales, make extensive annual migrations to low-latitude mating and calving
grounds in the winter and to high-latitude feeding grounds in the summer (Corkeron and Connor 1999).
Migrations undoubtedly occur during these seasons due to the presence of highly productive waters and
associated cetacean prey species at high latitudes and of warm water temperatures at low latitudes
(Corkeron and Connor 1999; Stern 2002). The timing of migration is often a function of age, sex, and
reproductive class. Females tend to migrate earlier than males and adults earlier than immature animals
(Stevick et al. 2002; Craig et al. 2003). Pregnant females are believed to lead the migration to and from
northern feeding grounds; however, not all baleen whales migrate. For instance, some individual fin
whales may stay in a specific area year-round (Notarbartolo-di-Sciara et al. 2003).

Cetacean movements can also reflect the distribution and abundance of prey (Gaskin 1982; Payne et al.
1986; Kenney et al. 1996; Stevick et al. 2008). Cetacean movements have been linked to indirect
indicators of prey, such as temperature variations, sea-surface chl a concentrations, and features such as
bottom depth (Fiedler 2002). Oceanographic conditions such as upwelling zones, eddies, and turbulent
mixing can create regionalized zones of enhanced productivity that are translated into increased
zooplankton concentrations and/or entrain prey as density differences between two different water
masses aggregate phytoplankton and zooplankton (Etnoyer et al. 2004). High concentrations of fish and
invertebrate larvae along with high rates of primary productivity are associated with shelf break and
pelagic frontal features (Roughgarden et al. 1988; Munk et al. 1995). Oceanographic frontal features tend
to be ephemeral in space and time, shifting geographically by 10 to 1,000 km depending on the season,
the year, and climate events (Thurman 1997). Physical oceanographic features such as banks have also
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been associated with concentrations of prey species, including euphasiids and herring, resulting in higher
cetacean associations with these features (Stevick et al. 2008)

Since most toothed whales do not have the fasting capability of baleen whales, toothed whales are
thought to follow seasonal shifts in preferred prey or feed opportunistically on whatever prey are available
locally. The nearshore bottlenose dolphin stock off the mid-Atlantic U.S. coast shows a temperature-
limited distribution (Kenney 1990; Barco et al. 1999), with many individuals moving in response to
changes in water temperatures. These thermal shifts may cause migration directly by acting as a barrier
to dolphin movement or indirectly by affecting prey movements (Barco et al. 1999). Bottlenose dolphin
distributions may also be influenced by small-scale hydrographic fronts that act as convergence zones. A
spatial association has been demonstrated between bottlenose dolphins and surface features of tidal
intrusion fronts. This may result in an accumulation of prey in the frontal region leading to increased
dolphin foraging efficiency (Mendes et al. 2002). Such a front exists near Cape Henry, Virginia, because
of outflow from the Chesapeake Bay (Marmorino et al. 2000). Cetacean movements have also been
associated with indirect indicators of prey movements, such as SST variations, sea-surface chl a
concentrations, and bathymetry (Fiedler 2002). In addition, diet similarity between two or more predators
in the same habitat will affect the level of competition between these predators for limited prey resources.
This can result in the competitive exclusion of one or more predator species from a specific habitat.
Competitive exclusion may lead to niche segregation. MacLeod et al. (2003) and MacLeod and Zuur
(2005) suggest that this sort of niche partitioning occurs among Mesoplodon spp. beaked whales,
northern bottlenose whales (Hyperoodon), and Cuvier's beaked whales (Ziphius cavirostris). Hyperoodon
and Ziphius appear to have similar diets but are geographically segregated, with Hyperoodon occurring in
polar to cold-temperate waters and Ziphius in warm-temperate to tropical waters.

Fluctuations in food availability may also influence the occurrence of extralimital observations of
cetaceans or shift the habitats in which they normally occur. Several studies have correlated changes in
the distribution of some baleen and toothed whale populations in the Gulf of Maine with ecological shifts
in prey patterns after intense commercial fishing (Payne et al. 1986; Payne et al. 1990a; 1990b; Kenney
et al. 1996). A similar shift in humpback whale distribution from offshore Grand Banks feeding areas to
nearshore Newfoundland waters was attributed to the collapse of offshore capelin stocks due to
overfishing (Whitehead and Carscadden 1985). Kenney (2001) discussed anomalous shifts in North
Atlantic right whale (Eubalaena glacialis) distribution, where whales were absent from an expected area
of occurrence in the Great South Channel. He attributed this to an unusually large influx of colder and
fresher Scotian Shelf water that shifted zooplankton biomass.

Long-ranging movements are quite common in pinnipeds; hooded seals (Cystophora cristata) and
northern elephant seals (Mirounga angustirostris) are both good examples since they make extensive
movements (Stewart and Huber 1993; Kovacs 2002). The abundance and quality of prey, as well as its’
seasonal distribution, are important to long-range pinniped movements (Forcada 2002). Phocids appear
to migrate more than otariids as a result of a more variable environment (i.e., ice cover) in their higher-
latitude distributions (Bowen and Siniff 1999). As with cetacean migrations, variations in timing exist and
may be influenced by age classes (Forcada 2002). Pinniped movements are also associated with
transient (thermal discontinuities) or non-transient physical features that concentrate prey (Field et al.
2001). McConnell and Fedak (1996) hypothesized that seals in open oceans follow mesoscale frontal
systems that locally enhance prey abundance. Thompson et al. (1991) observed that spatial and temporal
occurrences of feeding harbor seals were in response to fish distributions. These same fish distributions
also shifted spatially and temporally, with concentrations over trenches and holes more than 10 m deep
during daylight hours.

All pinnipeds periodically leave the water to haul out (come ashore) on land or ice to molt, rest, mate,
warm themselves, or avoid marine predators (Riedman 1990). Additionally, pinniped reproductive biology
requires individuals to return to land or ice to pup (give birth), nurse, and rear their offspring; however,
seasonal changes in oceanographic and ice cover conditions affect pinniped distribution on the pack ice
(Forcada 2002). Hauling out by pagophylic pinnipeds seems to be influenced by both weather and time of
day during breeding and molting periods (Moulton et al. 2000). For harbor seals, tidal stage also has a
significant effect on haulout behavior (Schneider and Payne 1983). The incidence, significance, and
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controlling factors of hauling out during other times, when temperatures are coldest, are essentially
unknown (Moulton et al. 2000).

Knowledge of seal composition and distribution in the northeastern U.S. has become increasingly
complex. A significant increase in stranded ice seals has occurred in the northeastern U.S. since the late
1980s (Kraus and Early 1995; McAlpine and Walker 1999; Sadove et al. 1999; Slocum et al. 1999;
Slocum et al. 2003). In recent winters, hooded seals have occurred in the Gulf of Maine in larger numbers
than previously documented. McAlpine and Walker (1999) speculated that this increase may be due to
overexploited fish stocks that can no longer support the current large seal populations, forcing seals to
occupy less-preferable feeding grounds to the south. Alteration in the extent and productivity of ice edge
systems may affect the density of important pinniped prey, such as Arctic cod (Tynan and DeMaster
1997).

Climatic fluctuations have produced a growing concern about the effects of climate change on marine
mammal populations (MacGarvin and Simmonds 1996; Le Boeuf and Crocker 2005; Learmonth et al.
2006). Large-scale climatic events may affect the distribution and abundance of marine mammal species,
either directly or indirectly, through alterations of habitat characteristics and distribution (Harwood 2001;
Forcada et al. 2005; Keiper et al. 2005; MacLeod et al. 2005; Shelden et al. 2005; Simmonds and Isaac
2007) or prey availability (MacLeod et al. 2007). In the North Atlantic, climate variability has been directly
linked to the North Atlantic Oscillation (NAO), which influences the abundance of marine mammal prey
such as zooplankton and fish. In years when the NAO Index was positive, the average sea surface
temperature increased, followed by copepod (Calanus finmarchicus) abundance which is the principal
prey of North Atlantic right whales (Conversi et al. 2001). In the 1970s and 1980s, the NAO conditions
were generally positive; they were favorable to Calanus abundance and, in principal, to North Atlantic
right whale calving rates; however, this cannot be verified because the North Atlantic right whale data
series does not begin until 1982 (Greene et al. 2003). In the late 1980s and 1990s, the NAO Index was
mainly positive but exhibited two substantial, multi-year reversals to negative values. This was followed by
two major, multi-year declines in copepod prey abundance (Pershing et al. 2001; Drinkwater et al. 2003).
Subsequently, the North Atlantic right whale calving rate declined for two periods, mirroring the copepod
trend with a time lag (Greene et al. 2003). Although the NAO Index has been essentially positive for the
past 25 years, models indicate that global warming and the subsequent rise in ocean temperature may
lead to increased climatic variability and more severe fluctuations in the NAO Index. Such fluctuations
would be expected to cause dramatic shifts in the reproductive rate of critically endangered North Atlantic
right whales (Drinkwater et al. 2003; Greene et al. 2003) and possibly a northward shift in the location of
North Atlantic right whale calving grounds (Kenney 2007b).

3.1.2 Marine Mammals of the Chesapeake Bay

Forty marine mammal species have confirmed or potential occurrence in the nearby VACAPES OPAREA
(DoN 2008). These include 35 cetacean, four pinniped, and one sirenian species. Only 10 of those
species (six cetacean, three pinniped, and one sirenian species) have regular or rare occurrences in the
Chesapeake Bay (Table 3-1). Any occurrences of other species would be considered extralimital (Table
3-1; Barco, S., Virginia Aquarium and Marine Science Center, pers. comm., 3 August 2007).

The bottlenose dolphin and harbor porpoise (Phocoena phocoena) are expected to be the most common
species in the Chesapeake Bay (Barco, S., Virginia Aquarium and Marine Science Center, pers. comm., 3
August 2007). The maijority of large whale (North Atlantic right, fin, and humpback) sightings near the
mouth of the Chesapeake Bay occur between January and March (Cornejo et al. 2000; Knowlton et al.
2002). Historically, some small-scale whaling occurred within the Chesapeake Bay but was not
considered to be organized shore whaling and was largely abandoned by the 1850s with little information
available on the actual species taken (Reeves and Mitchell 1988). For example, on 11 August 1858, a
19.5 m whale was captured and killed at Mobjack Bay. As noted by Reeves and Mitchell (1988), there
was some confusion about the species identification (various reports suggested that it was a North
Atlantic right, humpback, or even a blue whale). This record was finally corrected to be either a fin or sei
whale. The authors noted that a few more individuals were taken during whaling operations, but not
enough information was available to identify the species.
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Table 3-1. Marine mammal species of the Chesapeake Bay and nearby ocean waters and their
status under the Endangered Species Act (ESA). Naming convention matches that used in the
NOAA stock assessment report (SAR) (Waring et al. 2009).

Classification Scientific Name ESA Status Occurrence”
Order Cetacea
Suborder Mysticeti (baleen whales)
Family Balaenidae
North Atlantic right whale Eubalaena glacialis Endangered Regular
Family Balaenopteridae (rorquals)
Humpback whale Megaptera novaeangliae Endangered Reqular
Minke whale Balaenoptera acutorostrata Extralimital
Bryde’s whale Balaenoptera edeni/brydei* Extralimital
Sei whale Balaenoptera borealis Endangered Extralimital
Fin whale Balaenoptera physalus Endangered Regqular
Blue whale Balaenoptera musculus Endangered Extralimital
Suborder Odontoceti (toothed whales)
Family Physeteridae
Sperm whale Physeter macrocephalus Endangered Extralimital
Family Kogiidae
Pyamy sperm whale Kogia breviceps Extralimital
Dwarf sperm whale Kogia sima Extralimital
Family Ziphiidae (beaked whales)
Cuvier's beaked whale Ziphius cavirostris Extralimital
True's beaked whale Mesoplodon mirus Extralimital
Gervais' beaked whale Mesoplodon europaeus Extralimital
Blainville's beaked whale Mesoplodon densirostris Extralimital
Sowerby’s beaked whale Mesoplodon bidens Extralimital
Northern bottlenose whale Hyperoodon ampullatus Extralimital
Family Delphinidae (dolphins)
Rough-toothed dolphin Steno bredanensis Extralimital
Bottlenose dolphin Tursiops truncatus Regular
Pantropical spotted dolphin Stenella attenuata Extralimital
Atlantic spotted dolphin Stenella frontalis Extralimital
Spinner dolphin Stenella longirostris Extralimital
Striped dolphin Stenella coeruleoalba Extralimital
Clymene dolphin Stenella clymene Extralimital
Short-beaked common dolphin Delphinus delphis Rare
Fraser's dolphin Laaenodelphis hosei Extralimital
White-beaked dolphin Lagenorhynchus albirostris Extralimital
Atlantic white-sided dolphin Lagenorhynchus acutus Extralimital
Risso's dolphin Grampus griseus Extralimital
Melon-headed whale Peponocephala electra Extralimital
Pyamy killer whale Feresa attenuata Extralimital
False killer whale Pseudorca crassidens Extralimital
Killer whale Orcinus orca Extralimital
Long-finned pilot whale Globicephala melas Extralimital
Short-finned pilot whale Globicephala macrorhynchus Extralimital
Family Phocoenidae (porpoises)
Harbor porpoise Phocoena phocoena Regular
Order Carnivora
Suborder Pinnipedia (seals, sea lions, walruses)
Family Phocidae (true seals)
Harbor seal Phoca vitulina Regular
Gray seal Halichoerus grypus Rare
Harp seal Pagophilus groenlandicus Rare
Hooded seal Cystophora cristata Extralimital
Order Sirenia
Family Trichechidae
West Indian manatee Trichechus manatus Endangered Regular

1

Rare = A species that only occurs in the area sporadically
Extralimital = A species that does not normally occur in the area
* Includes more than one species, but nomenclature is still unsettled

Regular = A species that occurs as a regular or normal part of the fauna of the area, regardless of how abundant or common it is
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Chesapeake Bay experiences extreme seasonal temperature changes in contrast to offshore regions
(Reshetiloff 2004). As a result, the SST undergoes dramatic fluctuations throughout the year (1.1° to
28.9°C). Marine mammal movements in and out of the Chesapeake Bay may be affected by these
temperatures directly or indirectly if these fluctuations affect the movement of prey. Bottlenose dolphin
migrations out of the Chesapeake Bay waters in the fall are typically triggered when surface temperatures
drop. Most bottlenose dolphin sightings in the Chesapeake Bay occur in waters with SST above 16°C
(Barco et al. 1999; Hayden 2007). In contrast, the harbor porpoise, which favors cool-temperate waters, is
found in the Chesapeake Bay when water temperatures are cooler (late winter to early spring) (Blaylock
1985; Morgan et al. 2002).

A significant increase in stranded ice seals has occurred since the late 1980s in the northeastern and
mid-Atlantic U.S. (McAlpine et al. 1999a; Slocum et al. 2003; Harry et al. 2005). The harbor seal and gray
seal were once considered very uncommon in Virginia (Potter 1991) but now occur regularly in the
Chesapeake Bay (Barco, S., Virginia Aquarium and Marine Science Center, pers. comm., 3 August
2007). Sporadic occurrences of the harp seal have also been recorded in the Chesapeake Bay (Barco,
S., Virginia Aquarium and Marine Science Center, pers. comm., 3 August 2007).

The 10 species that have a regular or rare occurrence are discussed below with description, status,
habitat association, distribution (including location and seasonal occurrence in the Chesapeake Bay), and
basic behavior and life history information. Information on the acoustic and hearing abilities of these
species is also included. Threatened and endangered marine mammals with a regular or rare occurrence
are discussed in Section 3.1.2.1 while non-threatened and non-endangered regular/rare marine
mammals are found in Section 3.1.2.2. Marine mammal species that occur farther offshore or farther
north or south of these waters along the Atlantic coast are considered extralimital based on known habitat
associations and are briefly discussed in Section 3.1.2.3. For a complete description of these extralimital
species, please refer to the VACAPES MRA (DoN 2008). The listing of species in each section follows
the taxonomic order presented in Table 3-1.

Records for all species considered regular or rare, other than the bottlenose dolphin and West Indian
manatee, are displayed in Figure 3-3. In addition to North Atlantic right whale, humpback whale, fin
whale, short-beaked common dolphin, harbor porpoise, harbor seal, gray seal, and harp seal, Figure 3-3
also has records for unidentified cetaceans, unidentified dolphins, and unidentified pinnipeds. West Indian
manatee sighting and stranding records are displayed in Figure 3-5. Bottlenose dolphin sighting,
stranding, and bycatch records are displayed in Figure 3-6 along with estimated areas of usage. Sighting,
stranding, and bycatch records for extralimital species in Chesapeake Bay are depicted in Figure 3-7. All
marine mammal data are presented by season (winter=January through March; spring=April through
June; summer=July through September; fall=October through December).

3.1.21 Threatened and Endangered Marine Mammals of the Chesapeake Bay Study Area

Four marine mammal species with regular or rare occurrence in the Chesapeake Bay are listed as
endangered under the ESA. These include three baleen whale species (North Atlantic right, humpback,
and fin whale) and one sirenian species (West Indian manatee).

¢ North Atlantic Right Whale (Eubalaena glacialis)

Description—Until recently, right whales in the North Atlantic and North Pacific were classified
together as a single species, referred to as the “northern right whale.” Genetic data indicate that these
two populations represent separate species: the North Atlantic right whale and the North Pacific right
whale (Eubalaena japonica) (Rosenbaum et al. 2000; NMFS 2008a).

Adults are robust and may reach 18 m in length (Jefferson et al. 2008). There is no dorsal fin on the
broad back. The head may reach one-fourth to one-third of total body length and is covered in whitish
areas of roughened skin called ‘callosities’ which have whale lice attached (Jefferson et al. 2008).
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Status—The North Atlantic right whale is one of the world’s most endangered large whale species
(Clapham et al. 1999; Perry et al. 1999; IWC 2001a). North Atlantic right whales are classified as
endangered under the ESA (NMFS 2008a) and, therefore, considered a strategic stock (Waring et al.
2009). According to the North Atlantic right whale report card released annually by the North Atlantic
Right Whale Consortium, 393 individuals are thought to occur in the western North Atlantic (NARWC
2007). The final 2008 NOAA SAR states that, from a review of the photo-id recapture database for
May 2007, 325 individually recognized whales were known to be alive during 2003 (Waring et al.
2009). This is considered the minimum population size. No best population estimate is available for
this stock.

This species showed a decline in survival during the 1990’s (Best et al. 2001). In recent years, there
has been an increase in the number of catalogued individuals (Waring et al. 2009); however, Kraus et
al. (2005) noted that the recent increases in birth rate were insufficient to counter the observed spike
in human-caused mortality that has recently occurred.

One calving area (off Georgia and northern Florida) and two feeding areas (Cape Cod Bay and Great
South Channel, Massachusetts) in U.S. waters are designated as critical habitat for North Atlantic
right whales (NMFS 1994; NMFS 2005; Figure 3-1).

In an effort to reduce ship collisions with critically endangered North Atlantic right whales, the Early
Warning System (EWS) was started in 1994 for the calving region along the southeastern U.S. coast.
This system, known as the Northeast U.S. Right Whale Si%hting Advisory System in the northeast,
was extended in 1996 to the feeding areas off New England.”.

In 1999, the U.S. Coast Guard implemented a Mandatory Ship Reporting System (USCG 1999;
USCG 2001). This reporting system requires specified vessels (Navy ships are exempt) to report their
location while in the calving and feeding areas of the North Atlantic right whale (Ward-Geiger et al.
2005). At the same time, ships receive information on locations of North Atlantic right whale sightings
in order to avoid whale collisions. Although exempt from ship reporting, the Navy makes a large
investment to maintain the operation of this system. Geographical boundaries of the area in the
southeastern U.S. include coastal waters within roughly 46 km of shore along a 167-km stretch of the
Atlantic coast in Florida and Georgia (Figure 3-1); however, based upon recent modeling of North
Atlantic right whale distribution and influence of water temperature, high whale densities have been
shown to extend farther north than the current boundary of the calving critical habitat (Garrison et al.
2005). Additional routing measures are also being studied to further reduce ship strikes (USCG
2005). Therefore, it is likely that the defined boundaries may soon shift to reflect this distribution. In
November 2006, NOAA established new recommended routes for vessels leaving the ports of
Jacksonville and Fernandina, Florida; Brunswick, Georgia; and Cape Cod Bay, Massachusetts
(NOAA 2006). These routes are voluntary at this time and are included on the updated NOAA
nautical charts (http://www.noaa.gov/charts.html) (NOAA 2006).

Reporting only takes place in the southeastern U.S. from 15 November through 15 April. In the
northeastern U.S., the reporting system is year-round and the geographical boundaries include the
waters of Cape Cod Bay, Massachusetts Bay, and the Great South Channel east and southeast of
Massachusetts. On July 1, 2007, the USCG and NOAA modified key shipping routes into Boston in
an effort to significantly reduce the risk of ship collisions with right whales (NOAA and USCG 2007).
These shipping lanes were moved northeast slightly and narrowed to avoid areas that may support
high densities of right whales (NOAA and USCG 2007). A speed restriction of 10 knots (kt) or less
applies during certain times of the year in specified locations along the U.S. east coast; these
restrictions only apply to vessels greater than 19.8 m in length (NMFS 2008b; NMFS 2008c).

In 1993, the Canadian government designated two North Atlantic right whale conservation zones in
Canada: Grand Manan Basin in the lower Bay of Fundy and Roseway Basin between Browns and
Baccaro banks (Figure 3-1). There are no regulations associated with these conservation zones
although mariners are requested to be aware of North Atlantic right whale occurrences in the area.
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Figure 3-1. Designated critical habitat, conservation areas, and mandatory ship reporting zones
for the North Atlantic right whale in the vicinity of the Chesapeake Bay Study Area. Source

information: NMFS (1994), USCG (1999), and DFO (2003b).
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In July 2003, shipping lanes between New Brunswick and Nova Scotia in the Bay of Fundy were
shifted 7.4 km to the east, away from North Atlantic right whale feeding areas (Anonymous 2003).
The new lanes help to protect North Atlantic right whales by organizing ship traffic flow in and around
an area where North Atlantic right whale densities are the greatest. Recent studies of North Atlantic
right whales show that animals do not respond to ship noise but react strongly to alert signals
produced by vessels (Nowacek et al. 2004); however, the typical reaction is a rapid surfacing
behavior, which may make them more vulnerable to ship strike.

The Atlantic Large Whale Take Reduction Plan (ALWTRP) was developed to reduce the incidental
mortality and serious injury of four species of whales (North Atlantic right, fin, humpback, and minke
whales) due to incidental interaction with commercial fishing activities (NMFS 1999). The ALWTRP
relies on a combination of fishing gear modifications and time/area closures to reduce the risk of
whales becoming entangled in commercial fishing gear and potentially suffering serious injury or
mortality as a result. Current regulations can be viewed at http://www.nero.noaa.gov/whaletrp/.

Habitat Associations—North Atlantic right whales on the winter calving grounds are most often
found in very shallow nearshore waters in cooler SST inshore of a mid-shelf front (Kraus et al. 1993;
Ward 1999). High whale densities can extend farther north than the current defined boundary of the
calving critical habitat in response to interannual variability in regional SST distribution (e.g., Garrison
et al. 2005; Glass et al. 2005). During January and February, there is a possible southward shift in
whale distribution toward warmer SSTs in the region monitored by the EWS; however, in the relatively
warmer and southernmost survey zone (nearshore waters of Florida), North Atlantic right whales
concentrate in the northern, cooler portion (Keller et al. 2006). Warm Gulf Stream waters appear to
represent a thermal limit (both southward and eastward) for right whales (Keller et al. 2006).

The feeding areas are characterized by bottom topography, water column structure, currents, and
tides that combine to physically concentrate zooplankton into extremely dense patches (Wishner et
al. 1988; Murison and Gaskin 1989; Macaulay et al. 1995; Beardsley et al. 1996; Baumgartner et al.
2003a). North Atlantic right whales in feeding areas tend to occur consistently in specific locations,
often areas of low bathymetric relief near higher relief edges with distinct frontal zones. Shallow
waters over the continental shelf are preferred for feeding; 75% of sightings are less than 30 km from
land (including islands) (e.g., Mate and Baumgartner 2001). Locations of preferred habitat may
change based on the temporal and spatial formations of zooplankton concentrations responding to
annual fluctuations in oceanic conditions (Kenney 2001, 2007b). For example, the near absence of
North Atlantic right whales on their spring and early summer feeding ground in the Great South
Channel in 1992 was attributed to a lack of sufficiently dense patches of the copepod, Calanus
finmarchicus. This prey depletion was probably caused by an anomalous influx of cold Scotian Shelf
water, which began in the late winter and resulted in below-average temperatures over much of
Georges Bank through the spring (Kenney 2001, 2007b). Some preliminary research has attempted
to use remotely-sensed oceanographic data to predict North Atlantic right whale occurrence but is still
under development (Brown and Winn 1989; Ward 1999). Satellite-tagged right whales in the Bay of
Fundy have been found to move offshore, spending time at the edge of a warm-core ring and
lingering in areas where upwelling occurs (Mate et al. 1997). Baumgartner et al. (2003a) found that
annual increases in North Atlantic right whale occurrence appeared to be associated with decreases
in SST, but they noted that the observation merits caution in light of the short (three-year) duration of
the study. Somewhat surprisingly, recent studies found that North Atlantic right whales did not show
associations with oceanic fronts or regions with high phytoplankton densities (Baumgartner and Mate
2005).

Distribution—Right whales occur in sub-polar to temperate waters. The North Atlantic right whale
was historically widely distributed, ranging from latitudes of 60°N to 20°N, prior to serious declines in
abundance due to intensive whaling (e.g., NMFS 2006b; Reeves et al. 2007). North Atlantic right
whales are found primarily in continental shelf waters between Florida and Nova Scotia (Winn et al.
1986). Most sightings are concentrated within five high-use areas: coastal waters of the southeastern
U.S. (Georgia and Florida), Cape Cod and Massachusetts bays, the Great South Channel, the Bay of
Fundy, and the Nova Scotian Shelf (Winn et al. 1986; Silber and Clapham 2001). There are also
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records of this species in the Gulf of Mexico; cow-calf pairs have been sighted as far west as Texas
(Zoodsma, B. National Marine Fisheries Service, Southeast Regional Office, pers. comm., 28
February 2006).

Most North Atlantic right whale sightings generally follow a well-defined seasonal migratory pattern
through several consistently utilized habitats (Winn et al. 1986; Figure 3-2). It should be noted,
however, that some individuals may be sighted in these habitats outside the typical time of year and
that migration routes are poorly known (Winn et al. 1986). Right whales typically migrate within 65 km
of shore, but individuals have been observed farther offshore (Knowlton 1997). In fact, trans-Atlantic
migrations of North Atlantic right whales between the eastern U.S. coast and Norway (Jacobsen et al.
2004) and the Azores (Steiner, L., Whale Watch Azores, pers comm., 7 January 2009) have been
documented which suggests a possible offshore migration path.

The population migrates as two separate components although some individuals may remain on the
feeding grounds throughout the winter (Winn et al. 1986; Kenney et al. 2001). Pregnant females and
some juveniles migrate from the feeding grounds to the calving grounds off the southeastern U.S. in
late fall to winter. The cow-calf pairs return northward in late winter to early spring. The majority of the
right whale population leave the feeding grounds for unknown habitats in the winter but return to the
feeding grounds coinciding with the return of the cow-calf pairs. Some individuals as well as cow-calf
pairs can be seen through the fall and winter on the feeding grounds with feeding observed (e.g.,
Sardi et al. 2005).

During the spring through early summer, North Atlantic right whales are found on feeding grounds off
the northeastern U.S. and Canada. Individuals may generally be found in Cape Cod Bay December
through May, with peak occurrence in February through April (Winn et al. 1986; Hamilton and Mayo
1990; Nichols et al. 2008). In the Great South Channel east of Cape Cod right whales occur April
through June (Winn et al. 1986; Kenney et al. 1995). Right whales are found throughout the
remainder of summer and into fall (June through November) on two feeding grounds in Canadian
waters (Gaskin 1987, 1991). The peak abundance is in August, September, and early October. The
majority of summer/fall sightings of cow-calf pairs occur east of Grand Manan Island (Bay of Fundy),
although some pairs might move to other unknown locations (Schaeff et al. 1993). Jeffreys Ledge
appears to be important habitat for North Atlantic right whales, with extended whale residences;
Weinrich et al. (2000) suggested that this area may be an important feeding area during the fall and
nursery area during summer. The second feeding area is off the southern tip of Nova Scotia in the
Roseway Basin between Browns, Baccaro, and Roseway banks (Mitchell et al. 1986; Gaskin 1987;
Stone et al. 1988; Gaskin 1991). The Cape Cod Bay and Great South Channel feeding grounds are
formally designated as critical habitats under the ESA (Silber and Clapham 2001; Figure 3-1).

During the winter (as early as November and through March), North Atlantic right whales may be
found in coastal waters off North Carolina, Georgia, and northern Florida (Winn et al. 1986). The
waters off Georgia and northern Florida are the only known calving ground for western North Atlantic
right whales; it is formally designated as a critical habitat under the ESA (Figure 3-1). Calving occurs
from December through March (Silber and Clapham 2001). On 1 January 2005, the first observed
birth on the calving grounds was reported (Zani et al. 2005). A majority of the population, however, is
not accounted for on the calving grounds, and not all reproductively-active females return to this area
each year (Kraus et al. 1986).

The coastal waters of the Carolinas are suggested to be a migratory corridor for the North Atlantic
right whale (Winn et al. 1986). The Southeast U.S. Coast Ground, consisting of coastal waters
between North Carolina and northern Florida, was mainly a winter and early spring (January-March)
right whaling ground during the late 1800s (Reeves and Mitchell 1986). The whaling ground was
centered along the coasts of South Carolina and Georgia (Reeves and Mitchell 198