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Concern (HAPCs), and analyze fishing and non-fishing impacts on
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Abstract: The National Marine Fisheries Service (NMFS) is amending the
Consolidated Atlantic Highly Migratory Species Fishery Management
Plan based on a review of Atlantic HMS EFH. The purpose of the
amendment is to examine alternatives for updating existing HMS EFH,
consider additional HAPCs, and analyze fishing impacts on EFH
consistent with the Magnuson-Stevens Fishery Conservation and
Management Act and other relevant Federal laws, including the
National Environmental Policy Act (NEPA). The Magnuson-Stevens
Act EFH regulations call for a comprehensive review of all EFH
information, and this amendment constitutes the comprehensive
review and proposed update of EFH for all HMS that began with the
Consolidated HMS FMP. In addition, new information has become
available, including information on the biology, distribution, habitat
requirements, life history characteristics, migratory patterns, spawning,
pupping, and nursery areas of Atlantic HMS that were taken into
consideration when updating EFH in this amendment.
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EXECUTIVE SUMMARY

In 1996, Congress reauthorized the Magnuson-Stevens Fishery Conservation and
Management Act (Magnuson-Stevens Act) which included a requirement to identify and
describe EFH for all Federally managed fisheries based on the guidelines established by the
Secretary of Commerce (Secretary) under section 305(b)(1)(A), to minimize, to the extent
practicable, adverse effects on such habitat caused by fishing, and to identify other actions to
encourage the conservation and enhancement of EFH. EFH was defined in the Magnuson-
Stevens Act as those habitats necessary for spawning, breeding, feeding, or growth to
maturity. The EFH guidance published on January 17, 2002 (67 FR 2343), stated that EFH
must be identified and described for each life stage of all species in the fishery management
unit (FMU) as well as the physical, biological, and chemical characteristics of EFH and if
known, how these characteristics influence the use of EFH by each species and life stage.
Fishery Management Plans (FMPs) and FMP amendments must provide written descriptions
of EFH and must also provide maps of the geographic locations of EFH or the geographic
boundaries within which EFH for each species and life stage is found (50 CFR
600.815(a)(1)(1)).

In 1999, EFH for Atlantic tunas, swordfish, and sharks was identified and described
in the FMP for Tunas, Swordfish and Shark, and EFH for billfish was described in the 1999
Amendment 1 to the Billfish FMP. The FMP and amendment included text descriptions,
tables, and maps for each species and life stage depicting the geographic locations of HMS
EFH. Habitat Areas of Particular Concern (HAPCs) were identified and described for
sandbar sharks off Chesapeake Bay, MD, Delaware Bay, DE, Great Bay, NJ, and the Outer
Banks off North Carolina.

In 2003, NMFS issued Amendment 1 to the FMP for Atlantic Tunas, Swordfish, and
Sharks, which, among other things, updated EFH for five shark species (blacktip, sandbar,
finetooth, dusky, and nurse sharks).

In 2004, NMFS began the comprehensive review of all HMS EFH in the
Consolidated HMS FMP, which was released on July 14, 2006 (71 FR 40096). In that
document, NMFS provided new information collected since the EFH boundaries were
established in 1999. NMFS did not modify or update any of the existing EFH identifications,
descriptions, or boundaries in the Consolidated HMS FMP or propose any new measures to
minimize impacts from fishing gear. Rather, NMFS presented new EFH information and
data collected since 1999, including an evaluation of fishing gear impacts. The purpose of
the EFH review was to gather any new information and determine whether modifications to
existing EFH descriptions and delineations were warranted.

On November 7, 2006 (71 FR 65088), NMFS published a Notice of Intent to prepare
an Environmental Impact Statement (EIS) to examine alternatives for updating existing HMS
EFH, consider additional HAPCs, analyze fishing impacts on EFH, and if necessary, identify
ways to avoid or minimize, to the extent practicable, adverse fishing impacts on EFH
consistent with the Magnuson-Stevens Act and other relevant Federal laws. At that time,
NMEFS requested new information not previously considered in the Consolidated HMS FMP,
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comments on potential HAPCs, and information regarding potential fishing and non-fishing
impacts that may adversely affect EFH.

In this document, NMFS is providing the culmination to date of the review that began
with the Consolidated HMS FMP. NMES is proposing to update and revise existing EFH for
Atlantic HMS, and to consider new HAPCs. Three alternatives, including a No Action
alternative, are fully analyzed for identifying EFH. Four alternatives, including a No Action
alternative, are fully analyzed to consider designation of HAPCs. As a component of the Draft
EIS, preferred alternatives for updating EFH and for designating new HAPCs are identifed, and
this document presents these proposed revisions to EFH and HAPCs and analyzes fishing
impacts on EFH.

In addition to fulfilling the EFH requirements of the Magnuson-Stevens Act, NMFS’
consideration of EFH designation must also be consistent with other applicable laws
including, but not limited to, the National Environmental Policy Act of 1969 (NEPA) (42
U.S.C Sections 4321 to 4370(f)) and the Council on Environmental Quality (CEQ) NEPA
implementing regulations (40 CFR Sections 1500 to 1508). This document is an integrated
document prepared in accordance with the Magnuson Stevens Act and NEPA. Chapters 2
and 4 present and analyze the range of alternatives considered to meet NMFS purpose and
need for action, and Chapter 3 describes the human environment affected by the proposed
action. Other considerations specifically required under NEPA also are considered in
Chapter 4. In accordance with MSA, Chapters 5 describes Atlantic HMS life history
accounts and EFH descriptions and maps. Note that these chapter present EFH and HAPC in
accordance with the DEIS preferred alternatives (EFH Alternative 3 and HAPC Alternative
2). An analysis of fishing and non-fishing impacts in Chapter 6 is provided as required under
MSA, and also presents a cumulative impact analysis for purposes of MSA and consideration
of potential cumulative impacts in accordance with NEPA. Chapter 7 presents research and
information needs for Atlantic HMS, and Chapter 8 identifies the preparers of this document
and other agencies consulted during preparation. NMFS conducted a thorough public
scoping process, including release of Pre-Draft of Amendment 1. The scoping process
resulted in input on the range of alternatives and analyses considered in this draft
Amendment 1 and Draft EIS, and Appendix 1 summarizes the scoping comments received
and how these comments were considered and addressed.
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1.0 INTRODUCTION

This document is the Draft Amendment 1 to the Consolidated Atlantic Highly
Migratory Species (HMS) Fishery Management Plan (FMP) for Essential Fish Habitat
(EFH). On November 7, 2006 (71 FR 65088), the National Marine Fisheries Service
(NMFS) published a Notice of Intent to prepare an Environmental Impact Statement
(EIS) to examine alternatives for updating existing HMS EFH, consider additional
Habitat Areas of Particular Concern (HAPCs), analyze fishing gear impacts, and if
necessary, identify ways to avoid or minimize, to the extent practicable, adverse fishing
impacts on EFH consistent with the Magnuson-Stevens Fishery Conservation and
Management Act (Magnuson-Stevens Act) and other relevant Federal laws. At that time,
NMEFS requested new information not previously considered in the Consolidated HMS
FMP, comments on potential HAPCs, and information regarding potential fishing and
non-fishing impacts that may adversely affect EFH.

In addition to the Magnuson-Stevens Act, the document must be consistent with
other applicable laws including, but not limited to the National Environmental Policy Act
(NEPA), the Endangered Species Act (ESA), and the Marine Mammal Protection Act
(MMPA). This document is an integrated document that includes both the Draft
Environmental Impact Statement and the Draft Fishery Management Plan Amendment.
Chapters 2 and 4 of this document provide a description of the alternatives considered
and the analyses of the potential impacts. Chapter 3 provides a description of the affected
environment, Chapter 5 describes the EFH life history accounts and provides EFH maps,
Chapter 6 analyzes fishing and non-fishing impacts as well as cumulative impacts,
Chapter 7 presents research and information needs for Atlantic HMS, and Chapter 8
identifies the preparers of this document and other agencies consulted during preparation.

On November 7, 2006, NMFS also made available a Pre-Draft of Amendment 1
that included a general description of the approaches being considered to update EFH, to
consider new HAPCs, and where applicable, to minimize fishing impacts. The Pre-Draft
also served to obtain additional information and input from the public and Atlantic HMS
Consulting Parties on potential options or alternatives to consider prior to development of
the formal Draft Environmental Impact Statement (DEIS) for Amendment 1 of the
Consolidated HMS FMP. Consulting Parties for Atlantic HMS fisheries are defined
under the Magnuson-Stevens Act as affected Regional Fishery Management Councils
(Councils), International Commission for the Conservation of Atlantic Tunas (ICCAT)
commissioners and advisory groups, and the HMS Advisory Panel (AP). The Magnuson-
Stevens Act requires NMFS to consult with Consulting Parties regarding amendments to
an FMP.

The Pre-Draft included a summary of the purpose and need, and a general
description of the ecological, social, and economic impacts of alternatives that NMFS
was considering at that time. The alternatives outlined in Chapter 2 are the result of
comments received and additional analyses that were done to include additional
alternatives or to update existing alternatives presented in the Pre-Draft. As such, new
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alternatives have been included in the DEIS that were not in the Pre-Draft. A summary
of the comments received during the scoping period and on the Pre-Draft are provided in
Appendix 1.

NMEFS specifically solicited comments and advice from Atlantic HMS Consulting
Parties on the range of alternatives and whether there were any additional alternatives
that should be considered. Additionally, NMFS solicited comments on the impacts
described for each of the alternatives. As described in Chapters 2 and 4, NMFS took into
account comments received from the HMS AP and the public on how best to proceed
with alternatives to update EFH. NMFS received a number of comments ranging from
data considerations, extent of EFH, impacts on EFH, to concerns about HAPCs. Specific
comments and responses are included in Appendix 1. In addition, on March 30, 2007,
NMEFS received a request from the Tag-A-Giant Foundation (TAG) and the National
Coalition for Marine Conservation (NCMC) to consider HAPCs for bluefin tuna
spawning areas in the Gulf of Mexico. The request was based in part on the importance
of the ecological function provided by the habitat and the extent to which the habitat may
be sensitive to human-induced environmental degradation.

Written comments on the DEIS should be submitted to Chris Rilling or Sari
Kiraly, HMS Management Division, F/SF1, Office of Sustainable Fisheries, 1315
East-West Highway, Silver Spring, MD 20910 or faxed to (301) 713-1917 within 60 days
of publication of the Notice of Availability of the Draft Environmental Impact Statement
(DEIS). For further information, contact Chris Rilling or Sari Kiraly at 301-713-2347.

1.1 Management History

In 1996, Congress reauthorized the Magnuson-Stevens Act which included a
requirement to identify and describe EFH for all Federally managed fisheries based on
the guidelines established by the Secretary of Commerce (Secretary) under section
305(b)(1)(A), to minimize, to the extent practicable, adverse effects on such habitat
caused by fishing, and to identify other actions to encourage the conservation and
enhancement of EFH. EFH was defined in the Magnuson-Stevens Act as those habitats
necessary for spawning, breeding, feeding, or growth to maturity. The EFH guidance
published on January 17, 2002 (67 FR 2343), stated that EFH must be identified and
described for each life stage of all species in the fishery management unit (FMU) as well
as the physical, biological, and chemical characteristics of EFH and if known, how these
characteristics influence the use of EFH by each species and life stage. Fishery
Management Plans (FMPs) and FMP amendments must provide written descriptions of
EFH and must also provide maps of the geographic locations of EFH or the geographic
boundaries within which EFH for each species and life stage is found (50 CFR
600.815(a)(1)(1)).

The EFH regulations state that NMFS should periodically review and revise or
amend the EFH provisions as warranted based on available information (50 CFR
600.815(a)(10)) and that NMFS should review all new EFH information at least once
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every five years. The Magnuson-Stevens Reauthorization Act of 2006, signed into law
and enacted on January 12, 2007, did not include any revisions to the EFH provisions.

The EFH regulations also provided procedures for the Secretary, other Federal
Agencies, and the Councils to coordinate, consult, or provide recommendations on
Federal and state actions that may adversely affect EFH. Section 305(b)(1)(D) of the
Magnuson-Stevens Act requires all Federal agencies to consult with the Secretary on all
actions or proposed actions authorized, funded, or undertaken by the agency that may
adversely affect EFH. Section 305(b)(3) and (4) direct the Secretary and the Councils to
provide comments and EFH conservation recommendations to Federal or state agencies
on actions that affect EFH. Such recommendations may include measures to avoid,
minimize, mitigate, or otherwise offset adverse effects on EFH resulting from actions or
proposed actions authorized, funded, or undertaken by the agency. Section 305(b)(4)(B)
requires Federal agencies to respond in writing to such comments.

Table 1.1 Management history for HMS EFH.

FMP or Amendment

Species for which EFH was identified

1999 FMP for Atlantic Tunas,
Swordfish, and Sharks

EFH first identified and described for Atlantic tunas, swordfish and
sharks

1999 Amendment 1 to the Billfish
FMP

EFH first identified and described for Atlantic billfish

2003 Amendment 1 to the FMP for
Atlantic Tunas, Swordfish and
Sharks

EFH updated for five shark species (blacktip, sandbar, finetooth,
dusky, and nurse sharks)

2006 Consolidated Atlantic HMS
FMP

Comprehensive review of EFH for all HMS. EFH for all Atlantic
HMS consolidated into one FMP No changes to EFH descriptions
or boundaries

2008 Amendment 1 to the
Consolidated Atlantic HMS FMP

EFH updated for all Atlantic HMS

1.1.1 1999 Fishery Management Plan for Atlantic Tunas, Swordfish, and
Sharks and Amendment 1 to the Billfish Fishery Management Plan

NMES issued two separate FMPs in April 1999 for the Atlantic HMS fisheries.
The 1999 FMP for Atlantic Tunas, Swordfish, and Sharks, combined, amended, and
replaced previous management plans for swordfish and sharks, and was the first FMP for
tunas. Amendment 1 to the Billfish FMP updated and amended the 1988 Billfish FMP.
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EFH for Atlantic tunas, swordfish, and sharks was identified and described in the
1999 FMP, and EFH for billfish was identified and described in the 1999 Amendment 1
to the Billfish FMP. The FMP and amendment included text descriptions, tables, and
maps for each species and life stage depicting the geographic locations of HMS EFH.
There were some species for which insufficient information prevented identification and
description of EFH, and in those cases, text descriptions and maps were not provided.
HAPCs were identified and described for sandbar sharks (Carcharhinus plumbeus) off
Chesapeake Bay, MD, Delaware Bay, DE, Great Bay, NJ, and the Outer Banks off North
Carolina.

1.1.2 Amendment 1 to the 1999 FMP for Tunas, Swordfish, and Sharks

In November 2003, NMFS issued Amendment 1 to the FMP for Atlantic Tunas,
Swordfish, and Sharks, which, among other things, updated EFH for five shark species.
NMES decided to update EFH for these five species based on either a change in
management status (e.g., from overfished to not overfished or vice versa) or based on
new information that had become available. Species for which management status had
changed at the time of drafting Amendment 1 to the 1999 FMP included the blacktip
shark (Carcharhinus limbatus) (had been determined to be no longer overfished), sandbar
shark (overfishing was occurring), and finetooth shark (C. isodon) (overfishing was
occurring). Species for which new information had become available included the dusky
shark (C. obscurus) and nurse shark (Ginglymostoma cirratum). As described below,
these updated descriptions and maps were also included in the Consolidated HMS FMP.

The focus of Amendment 1 to the 1999 FMP was a comprehensive review of
management measures for Atlantic sharks and did not consider any changes to the
management of tunas, swordfish, or billfish. No new HAPCs were proposed at that time,
and NMFS did not update EFH for any of the other species in the HMS management unit.

1.1.3 Consolidated HMS FMP

NMEFS began the comprehensive review of all HMS EFH in the Consolidated
HMS FMP, which was released on July 14, 2006 (71 FR 40096). In that document,
NMEFS provided new information collected since the EFH boundaries were established in
1999. NMFS did not modify or update any of the existing EFH identifications,
descriptions, or boundaries in the Consolidated HMS FMP or propose any new measures
to minimize impacts from fishing gear. Rather, NMFS presented new EFH information
and data collected since 1999, including an evaluation of fishing gear impacts, and
requested public comment on any additional data or information that needed to be
included in the review. The purpose of the EFH review was to gather any new
information and determine whether modifications to existing EFH descriptions and
delineations were warranted. While NMFS has presented new information relative to
HMS EFH in the annual Stock Assessment and Fishery Evaluation (SAFE) reports in
previous years, the Consolidated HMS FMP included the first comprehensive review of
all new information related to EFH that had been completed since 1999.
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As part of the comprehensive review, a search of all new literature and
information was undertaken to assess habitat use and ecological roles of HMS EFH.
Published and unpublished scientific reports, fishery dependent and independent datasets,
and expert and anecdotal information detailing the habitats used by the managed species
were evaluated and synthesized for inclusion in the review process in the Consolidated
HMS FMP. Ongoing research on the biology, ecology, and early life history of Atlantic
HMS and research and publications relating to HMS EFH are described in Chapter 10 of
the Consolidated HMS FMP.

Based on the data collected and presented in the Consolidated HMS FMP, NMFS
determined that modification to existing EFH for some species and/or life stages may be
warranted, but that any changes to EFH, including new HAPCs and potential measures to
minimize fishing impacts, should be considered in a separate amendment. NMFS also
conducted a comprehensive review of all Federal and non-Federally managed fishing
gears that will form the basis for further analysis on gear impacts in this amendment.

In order to consolidate all Atlantic HMS EFH into one document, all EFH text
descriptions and maps previously provided in separate documents were combined in the
Consolidated HMS FMP. Specifically, all the EFH descriptions and maps from the 1999
FMP for Tunas, Swordfish, and Sharks, Amendment 1 to the Billfish FMP (1999), and
Amendment 1 to the FMP for Tunas, Swordfish, and Sharks (2003) were provided in the
Consolidated HMS FMP. Maps in the Consolidated HMS FMP also depicted distribution
data acquired through the review process and provided an opportunity for public
comment on the need for any additional information to be considered. The original EFH
descriptions and boundaries from the 1999 FMP, as well as updates from the 2003 FMP
Amendment, may be found in Appendix B (Volume III) of the Consolidated HMS FMP.
In addition, as described in Chapter 2, an internet-based mapping program (HMS EFH
Evaluation Tool) is being used to make proposed changes to EFH boundaries available to
the public. Throughout the comment period and the DEIS phase, the site will also
provide all of the original 1999 EFH boundaries for comparative purposes.

1.2 Purpose and Need for Action

The purpose of this amendment is to update and revise existing HMS EFH as
necessary, consider any new HAPCs or modifications to existing HAPCs, analyze fishing
and non-fishing impacts on EFH, and consider measures to minimize fishing impacts, as
necessary, if any gears are determined to have a negative effect on EFH. The Magnuson-
Stevens Act regulations call for a comprehensive review of all EFH information at least
once every five years, and this amendment constitutes Phase 2 of the comprehensive
review and update of EFH for all HMS that began with the Consolidated HMS FMP. In
addition, new information has become available since 2006, including information on the
biology, distribution, habitat requirements, life history characteristics, migratory patterns,
spawning, pupping, and nursery areas of Atlantic HMS that were taken into consideration
when updating EFH in this amendment.
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2.0 SUMMARY OF ALTERNATIVES

This section considers alternatives to update EFH and designate new HAPCs. In
addition, NMFS considers fishing gear impacts on EFH and whether any measures to
minimize fishing impacts on EFH are necessary. The final action for purposes of NEPA
would consist of the selection in a Record of Decision of an alternative for EFH and an
alternative for designation of new HAPC:s.

2.1 [Essential Fish Habitat Identifications

As part of this amendment, NMFS is incorporating new information and data
available for HMS to update EFH identifications, descriptions, and resulting boundaries,
as appropriate. EFH for HMS was initially designated in the 1999 HMS FMP, and
updated in 2003 for five shark species in Amendment 1 to the 1999 HMS FMP. Part of
this process will include considering a range of alternatives to update EFH for Atlantic
HMS. NMEFS considered a number of different approaches for updating the EFH
boundaries described below and in Chapter 4.

Proposed Alternatives for Identifying Essential Fish Habitat

The following alternatives represent a range of potential methods that could be
used to identify EFH. Since the primary data type used to delineate EFH boundaries is
species-specific distribution data, NMFS has identified geographic areas, rather than
specific habitat types, that are considered EFH. Where possible, NMFS has included
specific habitat requirements for individual species in the text descriptions, however the
spatial boundaries described below will define the EFH boundaries. NMFS considered a
number of different analytical approaches to mapping and analyzing the data in an effort
to develop a methodology that would be reproducible, transparent, and would result in
specific areas that could be mapped and identified with spatial boundaries. Regardless of
the alternative considered, the resulting boundaries were compared to existing EFH
boundaries, verified and corroborated, to the extent possible, with NMFS scientists and
researchers familiar with the habitat requirements for particular species, and then
modified based on an analysis of the data. There are no direct environmental
consequences associated with identifying and describing EFH, however, the areas subject
to consultation would change if the areas are increased or decreased in size. The
approach used to determine EFH as described in the alternatives below would be applied
to all HMS species in the Fishery Management Unit (FMU). There were some species
for which there was insufficient information to identify EFH for each individual life stage
(adult, juvenile, and young-of-the-year/neonate). For those species, the data for all life
stages have been combined into one comprehensive data set to allow identification of
EFH for all life stages combined. There were other species (primarily sharks) for which
there was insufficient information to identify and describe EFH, either spatially or with
text descriptions.

Alternative 1 No Action - maintain current EFH boundaries.
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EFH was originally identified and described for Atlantic HMS in the 1999 FMP
and Billfish Amendment 1 and updated for five shark species in Amendment 1 to the
1999 FMP and changes may not be needed. As described above, there are no direct
ecological impacts associated with the identification and description of EFH. Any
positive ecological impacts would be the result of measures, if any, taken to minimize
fishing impacts. However, no measures are being proposed at this time.

Alternative 2 Establish new EFH boundaries based on the highest concentration of a
particular species by selecting high count cells.

This alternative would establish EFH boundaries based on high count cells which
are the cells that contain the highest number of observations for a given species. The
high count cells were created by superimposing individual data points onto a grid
covering waters in the Atlantic, Gulf of Mexico, and U.S. Caribbean EEZ. The grid was
constructed of 10 x 10 minute squares (or cells) where one minute equals one nautical
mile, resulting in squares that represent approximately 100 square nautical miles. The
grid and individual data points for individual species and life stages were spatially joined
and each cell was given a number representing the sum of all the points that fell within
the cell. The counts within the cells were symbolized using classes created with Jenks
natural breaks (ESRI, 2007). Jenks natural breaks are based on identifying break points
that best group similar values and maximize the differences between classes. The
features were divided into four classes whose boundaries were set where there are
relatively large jumps in the data values. NMFS then selected the three highest classes of
cells (high count cells) and drew boundaries around those cells to delineate EFH
boundaries. As a precautionary measure, and due to uncertainty about the exact location
of points within a cell, NMFS included a ten nautical mile buffer around high count cells.

There are several disadvantages to using this approach, including a lack of
consistency in the classes that are created for different species and life stages,
determining the appropriate threshold for high count cells to include in the new
boundaries, and greater variability in the boundaries which must be manually created.
An example of this type of approach is shown for blacktip sharks (Figure 2.1).

Alternative 3 Establish new EFH boundaries based on the 95 percent probability
boundary. (Preferred alternative).

This alternative would establish new EFH boundaries based on the 95 percent
probability boundary using ESRI ArcGIS and Hawth’s Analysis Tools
(www.spatialecology.com). The probability boundary was created by taking all of the
available distribution points for a particular species and life stage and creating a percent
volume contour (PVC or probability boundary). A detailed description of the tool and
the analytical approach used to create the boundary is provided in Chapter 4. For
comparative purposes, NMFS also generated the 70, 80, and 90 percent probability
boundaries for all species. The probability boundary takes into account the distance
between each point and the next nearest point, thereby excluding the least dense points
(outliers) where the species occurred in relatively low concentrations. Although the 70,
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80, and 90 percent probability boundaries are shown for comparative purposes, the 95
percent probability boundary is the preferred boundary because it represented the most
precautionary approach of the percent probability boundaries analyzed, and corresponded
most closely to the 1999 EFH boundaries. The 95 percent probability boundary would
include, on average, 95 percent of the points used to generate the probability boundary
for a specific species and life stage. Note that the specific EFH boundaries that are
proposed for the preferred alternative are the edited (e.g., clipped) 95 percent probability
boundaries.

As described in further detail in Chapter 4, this approach was selected as the
preferred alternative because it is based on the actual data points as opposed to points that
are merged with a grid as in alternative 2, provides a standardized and transparent method
for delineating EFH, and is reproducible. Disadvantages are that data poor species result
in smaller, discontinuous areas than data rich species. An example of this type of
approach is shown for blacktip sharks (Figure 2.2 and Figure 2.3). Figure 2.2 shows the
raw, unedited 95 percent probability boundary that results from running Hawth’s
Analysis tool, whereas Figure 2.3 shows the edited 95 percent probability boundary that
was clipped to the shoreline and the 90m contour line as well as filled in along the coast
of Louisiana and Texas based on comments from scientific reviewers.

For ease of interpretation and viewing, the hardcopy maps included in this
amendment only include the preferred 95 percent probability boundary. All of the
probability boundaries (70, 80, 90, and 95 percent and 95 percent preferred alternative)
are provided for each species and life stage in the electronic pdf version of the DEIS and
on the website:

http://sharpfin.nmfs.noaa.gov/website/EFH_Mapper/HMS/map.aspx
Username: EFH
Password: Reviewer!

The site is referred to hereafter as the HMS EFH Evaluation Tool site. The
internet and electronic versions show all of the probability boundaries because the viewer
has the flexibility to turn layers on and off, thus making them easier to view.

Alternative 4 Establish new EFH boundaries using all points or cells where species
are present.

This alternative would use all data points for a particular species to delineate new
EFH boundaries. This represents a more precautionary approach than alternatives 2 or 3
and would result in larger EFH areas due to the wide distribution of HMS. Analysis of
distribution data indicates that, under this alternative, very large areas could potentially
be identified as EFH. In some cases, this could result in EFH including nearly all Federal
waters within the EEZ, which may run counter to the intent of identifying areas that are
considered essential. Because of this, the alternative was considered but not further
analyzed.
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Alternative 5 Establish new EFH boundaries using the entire range of distribution
for each species and life stage.

This alternative would use the entire known range of distribution for a particular
species (rather than specific data points) to define EFH, and as such, would represent the
most precautionary approach of all the alternatives. Similar to concerns for alternative 4,
this alternative would result in very large areas being identified as EFH, and could
include the entire EEZ for some species. Because of this, the alternative was considered
but not further analyzed.

2.2 Designation of Habitat Areas of Particular Concern (HAPC)

To further the conservation and enhancement of EFH, the EFH guidelines
(§600.815(a)(8)) encourage FMPs to identify HAPCs. HAPCs are areas within EFH that
should be identified based on one or more of the following considerations:

1)  The importance of the ecological function provided by the habitat;

i)  The extent to which the habitat is sensitive to human-induced environmental
degradation;

iiil)  Whether, and to what extent, development activities are, or will be, stressing
the habitat type;

iv)  The rarity of the habitat type.

HAPCs can be used to focus conservation efforts on specific habitat types that are
especially important ecologically or particularly vulnerable to degradation. HAPCs are
not required to have any specific management measures and a HAPC designation does
not automatically result in closures or other fishing restrictions. Rather, these areas are
intended to focus conservation efforts and bring heightened awareness to the importance
of the habitat being considered as a HAPC. HAPCs are a management tool that could be
used to inform the public of areas where fishing and/or non-fishing actions could receive
increased scrutiny from NMFS regarding impacts to EFH. HAPCs can also be used to
target areas for research. Measures intended to reduce impacts on habitat would need to
be proposed and analyzed and could include gear restrictions, time/area closures, or other
measures to minimize impacts to the habitat at such time as the information indicates
such action is necessary to protect the habitat. NMFS is not proposing any new measures
to protect habitat in this amendment because the majority of HMS gears that are fished in
the water column do not have a direct impact on habitat. However, NMFS may consider
proposing such measures in future rulemaking.

Several areas were identified in the 1999 FMP as HAPCs for sandbar sharks,
including waters off Chesapeake Bay, MD, Delaware Bay, DE, Great Bay, NJ, and the
Outer Banks off North Carolina (NMFS, 1999). Although no new HAPCs have been
identified since the 1999 FMP, NMFS is considering alternatives for new HAPCs that
meet one or more of the criteria, as articulated in the EFH guidelines, based upon
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information provided by scientific experts, or from other information gathered during
development of this amendment. For example, comments received during scoping
indicated that NMFS should consider areas in the Gulf of Mexico as HAPCs for bluefin
tuna. Recent research indicates the central and western Gulf of Mexico may be important
bluefin tuna spawning habitat. NMFS has considered the new information and proposes
additional alternatives for HAPCs as described below.

Alternative 1. No Action - maintain current HAPCs.

This alternative would maintain existing HAPCs, several of which have been
designated for sandbar sharks along the U.S. Atlantic coast. One of the areas off North
Carolina has also been designated as a seasonal time/area closure to protect sandbar and
dusky shark pupping and nursery areas. Current HAPCs provide positive ecological
benefits and no new HAPCs may be needed. However, existing HAPCs may not provide
the level of habitat protection necessary for certain species or stocks, particularly for
overfished stocks, where additional habitat protection may be warranted.

Alternative 2.  Designate a HAPC for spawning bluefin tuna in the Gulf of Mexico
while maintaining current HAPCs (Preferred Alternative).

This alternative would establish a new HAPC in the Gulf of Mexico for spawning
bluefin tuna (Figure 2.4) while maintaining the current HAPCs for sandbar sharks along
the Atlantic coast. Specific boundary coordinates are provided in. New information and
research in recent years indicates that certain areas in the Gulf of Mexico may be
important spawning habitat for bluefin tuna. NMFS received a request from the Tag-a-
Giant (TAG) Foundation and the National Coalition for Marine Conservation (NCMC) to
consider establishing a new HAPC for spawning bluefin tuna in the Gulf of Mexico that
coincides with the area proposed in a petition submitted to NMFS in June 2005. The area
also includes a majority of the locations where bluefin tuna larval collections have
occurred, overlaps with proposed and existing adult and larval bluefin tuna EFH, and
incorporates portions of an area identified as a primary spawning location by Teo et al.
(2007). The area meets at least one, and possibly more, of the requirements for HAPC
designation, including “the importance of the ecological function provided by the
habitat.” A HAPC designation would highlight the importance of the area for bluefin tuna
spawning and provide added conservation benefits if steps are taken to reduce impacts
from development activities.

Alternative 3.  Designate a HAPC for spawning bluefin tuna in the Gulf of Mexico
based on the 95 percent probability boundary from bluefin tuna larval
data collections.

This alternative would establish a new HAPC for spawning bluefin tuna based on the 95
percent probability boundary for bluefin tuna larvae in the Gulf of Mexico, identical to
the approach that was used to identify proposed EFH boundaries (Figure 2.5).
Ichthyoplankton collections have documented the presence of larval bluefin tuna
throughout the Gulf of Mexico with higher abundances in some areas. This alternative
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would be smaller than the area proposed in alternative 2 and may not encompass all areas
where bluefin tuna spawning may occur.

Alternative 4.  Designate a HAPC for spawning bluefin tuna based on the 95 percent
probability boundary for adult bluefin tuna in the Gulf of Mexico.

This alternative would establish a new HAPC for spawning bluefin tuna based on the 95
percent probability boundary for adult bluefin tuna in the Gulf of Mexico, identical to the
approach that was used to identify proposed EFH boundaries (Figure 2.6). This
alternative relies on data collections for adult bluefin tuna which show widespread
distribution throughout the Gulf, but with the highest concentrations in the northwestern
portions. This alternative would be smaller than the area proposed in alternative 2 and
would not encompass all areas where bluefin tuna spawning may occur.

23 Analysis of Fishing Impacts on EFH

The Magnuson-Stevens Act and the EFH regulations require NMFS to identify
fishing activities that may adversely affect EFH. If there are fishing activities that have
an adverse affect on EFH, then steps must be taken to minimize adverse effects on EFH
to the extent practicable. Adverse effects from fishing may include physical, chemical, or
biological alterations of the substrate, and loss of or injury to benthic organisms, prey
species and their habitat, and other components of the ecosystem. Based on an
assessment of the potential adverse effects of all fishing equipment types used within an
area identified as EFH, NMFS must propose measures to minimize fishing impacts if
there is evidence that a fishing practice is having more than a minimal and not temporary
adverse effect on EFH.

In deciding whether fishing gears are having a negative effect, and if
minimization of an adverse effect from fishing is practicable, NMFS must consider: (1)
whether, and to what extent, the fishing activity is adversely impacting EFH and the
fishery; (2) the nature and extent of the adverse effect on EFH; and, (3) whether the
management measures are practicable, taking into consideration the long and short-term
costs as well as the benefits to the fishery and its EFH, along with other appropriate
factors consistent with the National Standards of the Magnuson-Stevens Act. The best
scientific information available must be used as well as other appropriate information
sources, as available.

Since most HMS gears are fished in the water column, the impacts on EFH are
generally considered negligible. HMS gears do not normally affect the physical
characteristics that define HMS EFH such as salinity, temperature, dissolved oxygen, and
depth. Similarly, most HMS gears are not expected to impact other fisheries’ EFH, with
the possible exception of bottom longline (BLL) gear, depending on where it is fished.
Each HMS gear, along with all other state and Federally managed fishing gears, the
means by which they are fished, and their potential impacts on HMS and other species’
EFH were described in the Consolidated HMS FMP. A preliminary determination was
made that HMS gears, with the exception of BLL, were not having a negative impact on
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EFH. Similarly, other state and Federally managed gears do not appear to have an impact
on HMS EFH, with the possible exception of some bottom-tending gears in shark nursery
areas in coastal bays and estuaries. Thus, the impacts of shark BLL gear and other
bottom tending gears on shark nursery areas are analyzed in Chapter 4 of this
amendment. If the analysis determines that BLL gear, or any other gears, are having a
more than minimal and not temporary effect on EFH as described above, then NMFS will
propose alternatives to avoid or minimize those impacts in a subsequent rulemaking.
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Table 2.1 Latitude and Longitude coordinates of the HAPC for bluefin tuna spawning
areas in the Gulf of Mexico beginning with the northeast corner and
proceeding clockwise around the perimeter of the HAPC. Alternative 3 —

preferred.

Point | Latitude | Longitude
1 29 -86
2 28 -86
3 28 -86
4 27 -86
5 27 -86
6 26 -86
7 25.9942 -86.296
8 26.2219 -86.1742
9 264111 -86.2736

10 26.4845 -86.5534
11 26.5019 -86.61
12 26.3155 -86.8622
13 26.1817 -87.0741
14 26.0062 -87.4091
15 25.8731 -87.7317
16 25.7596 -88.0972
17 25.7029 -88.347
18 25.7146 -88.7848
19 25.7249 -89.0497
20 25.74 -89.4372
21 25.762 -90.0029
22 25.7761 -90.533
23 25.733 -90.8641
24 25.7038 -91.1681
25 25.7315 -91.4561
26 25.7855 -91.7725
27 25.8916 -92.1744
28 26.0139 -92.5138
29 26.1592 -92.8303
30 26.2615 -93.0169
31 26.125 -93.2217
32 25.9995 -93.4394
33 26 -94
34 26 -96
35 28 -96
36 28 -92
37 29 -92
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Figure 2.2
used to generate the 95 percent probability boundary (Alternative 3 - preferred).

Essential fish habitat for blacktip sharks based on probability boundaries. In this case, the individual datapoints were
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Figure 2.3  Essential fish habitat for adult blacktip shark. The figure shows the 95 percent probability boundary edited by clipping
to the shoreline and the 90 m isobath and including additional areas in the Gulf of Mexico (Alternative 3 - preferred).

AMENDMENT 1 TO THE CONSOLIDATED HMS FMP CHAPTER 2
SEPTEMBER 2008 16 ESSENTIAL FISH HABITAT



Figure 2.4  Proposed HAPC for Spawning Bluefin Tuna in the Gulf of Mexico (in blue). The figure shows existing EFH
boundaries for bluefin tuna spawning/larval EFH (hatched areas) and potential new HAPC boundaries based on
preferred alternative 2. The hatched area is continuous underneath the HAPC area.
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Figure 2.5  HAPC for Spawning Bluefin Tuna (shown in green) in the Gulf of Mexico based on the 95 probability boundary for
bluefin tuna larvae as described in alternative 3. Other boundaries are shown for reference.
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Figure 2.6 = HAPC for Spawning Bluefin Tuna (shown in light blue) in the Gulf of Mexico based on the 95 percent probability
boundary for adult bluefin tuna as described in alternative 4. Other boundaries are shown for reference.
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3.0 DESCRIPTION OF THE AFFECTED ENVIRONMENT

3.1 Introduction

Habitats for federally-managed HMS fish species are the primary components of the
affected environment. Chapter 5 provides a list of the Atlantic HMS species for which
habitat is described in the following section. Note that other living marine resources (e.g.,
marine mammals, non-HMS fish species, and invertebrates) are also components of the
environment in which EFH is considered. Since the designation of EFH principally affects
habitat and does not, in itself, directly affect other living marine resources, these resources
are not described in detail in this section.

HMS may be found in large expanses of the world’s oceans, straddling jurisdictional
boundaries. Although many of the species frequent other oceans of the world, the
Magnuson-Stevens Act only authorizes the description and identification of EFH in Federal,
state or territorial waters, including areas of the U.S. Caribbean, the Gulf of Mexico and the
Atlantic coast of the United States to the seaward limit of the U.S. EEZ. These areas are
connected by currents and water patterns that influence the occurrence of HMS at particular
times of the year. On the largest scale, the North and South Equatorial currents occur in the
U.S. Caribbean islands. The North Equatorial Current continues through the Caribbean
Basin to enter the Gulf of Mexico through the Yucatan Straits. The current continues
through the Florida Straits to join the other water masses (including the Antilles Current) to
form the Gulf Stream along the eastern coast of the United States. Variations in flow
capacities of the Florida Straits and the Yucatan Straits produce the Loop Current, the major
hydrographic feature of the Gulf of Mexico. These water movements in large part influence
the distributions of HMS pelagic life stages.

Tuna, swordfish, and billfish distributions are most frequently associated with
hydrographic features such as density fronts between different water masses. The scales of
these features may vary. For example, the river plume of the Mississippi River extends for
miles into the Gulf of Mexico and is a fairly predictable feature, depending on the season.
Fronts that set up over the DeSoto Canyon in the Gulf of Mexico, or over the Charleston
Bump or the Baltimore Canyon in the Mid-Atlantic, may be of a much smaller scale. The
locations of many fronts or frontal features are statistically consistent within broad
geographic boundaries. These locations are influenced by riverine inputs, movement of water
masses, and the presence of topographic structures underlying the water column, thereby
influencing HMS habitat. Those areas that are known spawning grounds, or areas of
aggregation for feeding or other reasons, are considered to be EFH for those species.

Sharks are found in a wide variety of coastal and ocean habitats including estuaries,
nearshore areas, the continental shelf, continental slope, and open ocean. Many species are
migratory and, like other marine species, are affected by the condition of the habitat.
Atlantic sharks are broadly distributed as adults but have been found to utilize specific
estuaries as pupping and nursery areas during pupping season and throughout their neonate
(newborn) and young-of-the-year life stages. Since coastal species frequently appear near
shore and have pupping and nursery areas near shore, much more is known about their
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habitat requirements, particularly for early life history stages. Much less is known about the
habitat requirements, pupping areas, and other details of pelagic and deep-dwelling species.

The following sections are intended to provide a general overview of the various
habitats with which HMS are most frequently associated. A more detailed description is
contained in the 1999 Tunas, Swordfish, and Shark FMP.

Atlantic Ocean

(Material in this section is largely a summary of information in MMS, 1992; 1996.
Original sources of information are referenced in those documents)

The region of the Atlantic Ocean within which EFH for Federally managed HMS is
identified spans the area between the Canadian border in the north to the Dry Tortugas in the
south. It includes a diverse spectrum of aquatic species of commercial, recreational, and
ecological importance. The distribution of marine species along the Atlantic seaboard is
strongly affected by the cold Labrador Current in the north, the warm Gulf Stream in the
middle and southern portions of the region, and generally by the combination of high
summer and low winter temperatures. For many species, Cape Hatteras forms a strong
zoogeographic boundary between the Mid- and South Atlantic areas, while the Cape
Cod/Nantucket Island area is a somewhat weaker zoogeographic boundary in the north.

Coastal and Estuarine Habitat

Coastal habitats that may be encountered by HMS are described in this section.
Those areas that are known nursery or spawning grounds, or areas of HMS aggregation for
feeding or other reasons, are considered to be EFH for those species. It should be noted that
characteristics of coastal and offshore habitats may be affected by activities and conditions
occurring outside of those areas (further up-current) due to water flow or current patterns that
may transport materials that could cause negative impacts.

Although HMS move primarily through open ocean waters, they do periodically
utilize coastal or inshore habitats. This is especially true for several species of sharks that
move inshore, often into shallow coastal waters and estuaries, to pup, or give birth; these
areas then become nursery areas as the young develop. Examples include Great Bay, New
Jersey, Chesapeake Bay, Maryland, and Delaware Bay, Delaware which provide important
nursery habitat for sandbar sharks, and Bull’s Bay, South Carolina, and Terrebone Bay,
Louisiana which are important blacktip shark nursery areas. Typically, the pups (neonates)
remain in these same areas throughout their early life stages, which may vary from a few to
many months. Recent tagging studies have shown that some sharks return to summer
nursery areas in subsequent years. Although billfish move primarily throughout open-ocean
waters, two species, the white marlin and the sailfish, may be found inshore. Sailfish are also
known to move inshore to spawn off the east coast of Florida and in the Florida Keys.

Along the Atlantic seaboard, coastal wetlands are located predominantly south of
New York because these coastal areas have not been glaciated. Nearly 75 percent of the
Atlantic coast salt marshes are found in the states of North Carolina, South Carolina, and
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Georgia. These three states contain approximately nine million acres of salt marsh. Wetland
vegetation plays an important role in nutrient cycling, and provides stability to coastal
habitats by preventing the erosion of sediments and by absorbing storm energy.

Estuaries are highly productive, yet fragile, environments that support a great
diversity of fish and wildlife species, including sharks. Many commercially valuable fish
and shellfish stocks are dependent on these areas during some stage of their development.
For example, in the vicinity of North Carolina, Virginia, and Maryland, approximately 90
percent of the commercially valuable fish species are dependent on estuaries for at least part
of their life cycle.

There are 13,900 square miles (sq mi) (36,000 square kilometers (sq km)) of estuarine
habitat along the Atlantic coast, of which approximately 68 percent (9,400 sq mi) occurs
north of the Virginia/ North Carolina border, with Chesapeake Bay contributing significantly
to the total. South of the Gulf of Maine, where there is a wider coastal plain and greater
agricultural activity, estuaries carry higher sediment and nutrient loads. The increased
fertility and generally higher water temperatures resulting from these nutrient loads allow
these estuaries to support greater numbers of fish and other aquatic organisms.

South of the Virginia/North Carolina border, there are approximately 4,500 sq mi
(11,655 sq km) of estuarine habitat. The Currituck, Albemarle, and Pamlico Sounds, which
together constitute the largest estuarine system along the entire Atlantic coast, make up a
large portion of these southern estuaries. A unique feature of these sounds is that they are
partially enclosed and protected by a chain of fringing islands, the Outer Banks, located 32 to
48 km (20 to 30 mi) from the mainland.

Because of their low tidal flushing rates, estuaries are generally more susceptible to
pollution than other coastal water bodies, yet the severity of the problem varies depending on
the extent of tidal flushing. In Maryland and Virginia, the primary problems reported are
excessive nutrients (nitrates and phosphates), particularly in the Chesapeake Bay and
adjoining estuarine areas. Other problems included elevated bacterial and suspended
sediment levels. Non-point sources of pollution are considered one of the main causes of
pollution. Elevated bacterial levels were also listed as a local coastal pollution problem in
Maryland.

In North Carolina, the primary problems occurring in estuarine areas are enrichment
in organics and nutrient enrichment, fecal coliform bacteria, and low dissolved oxygen.
Insufficient sewage treatment, wide-spread use of septic systems in coastal areas, and
agricultural runoff are considered to be major causes of these pollution problems. Oil spills
from vessel collisions and groundings, as well as illegal dumping of waste oil, are a common
cause of local, short-term water quality problems, especially in estuaries along the North and
Mid-Atlantic coasts. These sources of pollution and habitat degradation may have a negative
impact on coastal shark populations, particularly during vulnerable early life stages.

Many of the coastal bays and estuaries along the Atlantic East Coast and Gulf of
Mexico are described in greater detail in the 1999 Tunas, Swordfish, and Shark FMP,
including the distribution, size, depth, freshwater inflow, habitat types, tidal range, and
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salinity for each of the major estuaries and bays on the East coast and Gulf coast, and are not
repeated here.

Continental Shelf and Slope Areas

Moving seaward away from the coast, the next major geologic features encountered
are the continental shelf and slope areas. The continental shelf is characterized by depths
ranging from a few meters to approximately 60 m (198 ft), with a variety of bottom habitat
types. Far less research has been done in this area than on the coasts and estuaries, and
consequently much less is known about the specific habitat requirements of HMS within
these regions.

Along the northeast Atlantic shelf, the circulation patterns of the Gulf of Maine and
Georges Bank dominate the oceanographic regime. The Gulf of Maine is a deep indentation
in the continental shelf with irregular bottom topography. Its bottom consists of three major
basins and many smaller ones separated by numerous ridges and ledges. It is a semi-
enclosed sea, with Nova Scotia as its north and east boundary and the northeast U.S. coast as
its west boundary. Georges and Browns Banks significantly separate the Gulf of Maine from
the Atlantic Ocean.

Georges Bank is a large, relatively shallow topographic high that lies southeast of the
Gulf of Maine, its seaward edge comprising part of the shelf break in the north Atlantic.
Georges Bank is consistently one of the most productive habitats for plankton in the world.
The tidal and oceanographic current regimes in the area and Georges Bank’s proximity to
deep slope water allow upwelling events to occur that transport nutrient-rich deep water to
the shallow, euphotic areas of the bank. This provides increased primary productivity that
benefits higher trophic level fish and shellfish species. On the seaward side, Georges Bank is
incised by numerous submarine canyons.

From the Scotian Shelf in the north, past Georges Bank and through the Mid-Atlantic
Bight, a shelf-slope front exists. This hydrographic boundary separates the fresher, colder,
and more homogeneous waters of the shelf and the horizontally stratified, warmer, and more
saline waters of the continental slope. The shelf-slope front may act as a barrier to shelf-
slope transfer of water mass and momentum.

From Nova Scotia to Cape Hatteras, 26 large valleys which originate on the shelf cut
into the seafloor downward across the continental slope and rise. The current regimes in
these submarine canyons promote significant biological productivity and diversity. Peak
currents occur near the canyon heads and flow down the canyon, while currents at
intermediate depths flow up the canyon. These patterns suggest a circulation that may trap
sediments in the canyon heads and produce conditions conducive to front development.
HMS are known to aggregate in the areas where these fronts form, most likely as productive
feeding grounds.

The shelf area of the Mid-Atlantic Bight averages about 100 km (60 mi) in width,
reaching a maximum of 150 km (90 mi) near Georges Bank, off New England, and a
minimum of 50 km (30 mi) offshore Cape Hatteras, NC. Current speeds are strongest at the
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narrowest part of the shelf where wind-driven current variability is highest. The distribution
of marine species, including HMS, along the Atlantic seaboard may be strongly influenced
by currents, the warm Gulf Stream in the middle and south portions of the region, and
generally by the combination of high summer and low winter temperatures.

The Mid-Atlantic area from Cape Cod, MA to Cape Hatteras, NC represents a
transition zone between northern cold-temperate waters of the north and the warm-temperate
waters to the south. Water temperatures in the Mid-Atlantic vary greatly by season.
Consequently, many of the fish species of importance in the Mid-Atlantic area migrate
seasonally, whereas the major species in the other three areas are typically resident
throughout the year (MMS, 1992; 1996). The shelf-edge habitat may range in water depth
between 40 and 100 m (131 and 328 ft). The bottom topography varies from smooth sand to
mud to areas of high relief with associated corals and sponges.

The continental shelf in the South Atlantic Bight varies in width from 50 km (32 mi)
off Cape Canaveral, FL to a maximum of 120 km (75 mi) off Savannah, GA. The shelf is
divided into three cross-shelf zones. Waters on the inner shelf (0-20 m (0-66 ft)) interact
extensively with rivers, coastal sounds, and estuaries. This interaction tends to form a band
of low-salinity, stratified water near the coast that responds quickly to local wind-forcing and
seasonal atmospheric changes. Mid-shelf (20-40 m (66-132 ft)) current flow is strongly
influenced by local wind events with frequencies of two days to two weeks. In this region,
vertically well mixed conditions in fall and winter contrast with vertically stratified
conditions in the spring and summer. Gulf Stream frontal disturbances (e.g., meanders and
cyclonic cold core rings) that occur on time scales of two days to two weeks dominate
currents on the outer shelf (40-60 m (132-197 ft)).

A topographic irregularity southeast of Charleston, SC, known as the Charleston
Bump, is an area of productive sea floor, which rises abruptly from 700-300 m (2,300-980 ft)
within a distance of about 20 km (12 mi), and at an angle which is approximately transverse
to both the general isobath pattern and the Gulf Stream currents. The Charleston Gyre is a
persistent oceanographic feature that forms in the lee of the Charleston Bump. It is a location
in which larval swordfish have been commonly found and may serve as nursery habitat.

The continental slope generally has smooth mud bottoms in water depths of 100- 200
m (328-656 ft). Many of the species in this zone are representatives of cold-water northern
species exhibiting tropical submergence (i.e., being located in deeper, cooler water as latitude
decreases).

Pelagic Environment

Many HMS spend their entire lives in the pelagic, or open ocean environment. These
species are highly mobile and physiologically adapted to traveling great distances with
minimal effort. Much of what is known about the association between HMS and their
migrations across vast open ocean habitat comes from tagging studies.

While the open ocean may appear featureless, there are major oceanographic features
such as currents, temperature gradients, eddies, and fronts that occur on a large scale and may
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influence the distribution patterns of many oceanic species, including HMS. For instance,
the Gulf Stream produces meanders, filaments, and warm and cold core rings that
significantly affect the physical oceanography of the continental shelf and slope. These
features tend to aggregate both predators and prey, and are frequently targeted by commercial
fishing vessels. This western boundary current has its origins in the tropical Atlantic Ocean
(i.e., the Caribbean Sea). The Gulf Stream system is made up of the Yucatan Current that
enters the Gulf of Mexico through the Yucatan Straits; the Loop Current which is the
Yucatan Current after it separates from Campeche Bank and penetrates the Gulf of Mexico in
a clockwise flowing loop; the Florida Current as it travels through the Straits of Florida and
along the continental slope into the South Atlantic Bight; and the Antilles Current as it
follows the continental slope (Bahamian Bank) northeast to Cape Hatteras. From Cape
Hatteras it leaves the slope environment and flows into the deeper waters of the Atlantic
Ocean.

The flow of the Gulf Stream as it leaves the Straits of Florida reaches maximum
speeds of about 200 cm/s. During strong events, maximum current speeds greater than 250
cm/s have been recorded offshore of Cape Hatteras. The width of the Gulf Stream at the
ocean surface ranges from 80-100 km (50-63 mi) and extends to depths of between 800 and
1,200 m (2,624-3,937 ft).

As a meander passes, the Gulf Stream boundary oscillates sequentially onshore (crest)
and offshore (trough). A meander can cause the Gulf Stream to shift slightly shoreward or
well offshore into deeper waters. The Gulf Stream behaves in two distinct meander modes
(small and large), with the size of the meanders decreasing as they move northward along the
coast. During the large meander mode the Gulf Stream front is seaward of the shelf break,
with its meanders having large amplitudes. Additionally, frontal eddies and accompanying
warm-water filaments are larger and closer to shore. During the small meander mode the
Gulf Stream front is at the shelf break. Frontal eddies and warm-water filaments associated
with small amplitude meanders are smaller and farther from shore. Since HMS tend to
follow the edge of the Gulf Stream, their distance from shore can be greatly influenced by the
patterns of meanders and eddies.

Meanders have definite circulation patterns and conditions superimposed on the
statistical mean (average) condition. As a meander trough migrates in the direction of the
Gulf Stream’s flow, it upwells cool nutrient-rich water, which at times may move onto the
shelf and may evolve into an eddy. These boundary features move south-southwest. As
warm-water filaments, they transfer momentum, mass, heat, and nutrients to the waters of the
shelf break.

Gulf Stream filaments are mesoscale events, which occur regularly offshore the
southeast United States. The filament is a tongue of water extending from the Gulf Stream
pointing to the south. These form when meanders cause the extrusion of a warm surface
filament of Gulf Stream water onto the outer shelf. The cul-de-sac formed by this extrusion
contains a cold core that consists of a mix of outer-shelf water and nutrient-rich water. This
water mix is a result of upwelling as the filament/meander passes along the slope. The
period from genesis to decay typically is about two to three weeks.
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The Charleston Gyre is a permanent oceanographic feature of the South Atlantic
Bight, caused by the interaction of the Gulf Stream waters with the topographically irregular
Charleston Bump. The gyre produces an upwelling of nutrients, which contributes
significantly to primary and secondary productivity of the Bight. The degree of upwelling
varies with the seasonal position and velocity of the Gulf Stream currents.

In the warm waters between the western edge of the Florida Current/Gulf Stream and
20°N and 40°N, pelagic brown algae, Sargassum natans and S. fluitans, form a dynamic
structural habitat. The greatest concentrations are found within the North Atlantic Central
Gyre in the Sargasso Sea. Large quantities of Sargassum frequently occur on the continental
shelf off the southeastern United States. Depending on prevailing surface currents, this
material may remain on the shelf for extended periods, be entrained into the Gulf Stream, or
be cast ashore. During calm conditions Sargassum may form irregular mats or simply be
scattered in small clumps. Oceanographic features such as internal waves and convergence
zones along fronts aggregate the algae along with other flotsam into long linear or
meandering rows collectively termed “windrows.”

Pelagic Sargassum supports a diverse assemblage of marine organisms including
fungi, micro- and macro-epiphytes, sea turtles, numerous marine birds, at least 145 species of
invertebrates, and over 100 species of fishes. The fishes associated with pelagic Sargassum
include juveniles as well as adults, including large pelagic adult fishes. HMS such as
swordfish and billfish are among the fishes that can be found associated with Sargassum.

The Sargassum community, consisting of the floating Sargassum (associated with other
algae, sessile and free-moving invertebrates, and finfish) is important to some epipelagic
predators such as wahoo and dolphin. The Sargassum community provides food and shelter
from predation for juvenile and adult fish, including HMS, and may function as habitat for
fish eggs and larvae.

Offshore water quality in the Atlantic is controlled by oceanic circulation, which, in
the Mid-Atlantic is dominated by the Gulf Stream and by oceanic gyres. A shoreward, tidal
and wind-driven circulation dominates as the primary means of pollutant transport between
estuaries and nearshore waters. Water quality in nearshore water masses adjacent to
estuarine plumes and in water masses within estuaries is also influenced by density-driven
circulation. Suspended sediment concentration can also be used as an indication of water
quality. For the Atlantic coastal areas, suspended sediment concentration varies with respect
to depth and distance from shore, the variability being greatest in the Mid-Atlantic and South
Atlantic. Re-suspended bottom sediment is the principal source of suspended sediments in
offshore waters.

Gulf of Mexico

(Material in this section is largely a summary of information in MMS, 1996; Field et
al., 1991; and NOAA 1997. Original sources of information are referenced in those
documents.)

The Gulf of Mexico supports a great diversity of fish resources that are related to a
variety of ecological factors, such as salinity, primary productivity, and bottom type. These
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factors differ widely across the Gulf of Mexico and between inshore and offshore waters.
Characteristic fish resources are not randomly distributed; high densities of fish resources are
associated with particular habitat types (e.g., east Mississippi Delta area, Florida Big Bend
seagrass beds, Florida Middle Grounds, mid-outer shelf, and the DeSoto Canyon area). The
highest values of surface primary production are found in the upwelling area north of the
Yucatan Channel and in the DeSoto Canyon region. In terms of general biological
productivity, the western Gulf is considered to be more productive in the oceanic region
compared to the eastern Gulf. Productivity of areas where HMS are known to occur varies
between the eastern and western Gulf, depending on the influence of the Loop Current.

Coastal and Estuarine Habitats

There are 6.12 million hectares (ha) (13.88 million acres) of estuarine habitat among
the five states bordering the Gulf. This includes 3.2 million ha (8 million acres) of open
water, 2.43 million ha (6 million acres) of emergent tidal vegetation (including about 162,000
ha (400,318 acres) of mangroves), and 324,000 ha (800, 636 acres) of submerged vegetation.
Estuaries are found from east Texas through Louisiana, Mississippi, Alabama, and northwest
Florida and encompass more than 62,000 sq km (23,938 sq mi) of water surface area.
Estuaries of the Gulf of Mexico export considerable quantities of organic material, thereby
enriching the adjacent continental shelf areas. Many of these estuaries provide important
habitat as pupping and nursery grounds for juvenile stages of important invertebrate and fish
species including many species of Atlantic sharks.

Coastal wetland habitat types that occur along the Gulf Coast include mangroves,
non-forested wetlands (fresh, brackish, and saline marshes), and forested wetlands. Marshes
and mangroves form an interface between marine and terrestrial habitats, while forested
wetlands occur inland from marsh areas. Wetland habitats may occupy narrow bands or vast
expanses, and can consist of sharply delineated zones of different species, monospecific
stands of a single species, or mixed plant species communities.

Continental Shelf and Slope Areas

The Gulf of Mexico is a semi-enclosed, subtropical sea with a surface area of
approximately 1.6 million sq km (0.6 million sq mi). The main physiographic regions of the
Gulf basin are the continental shelf, continental slope and associated canyons, the Yucatan
and Florida Straits, and the abyssal plains. The U.S. continental shelf is narrowest, only 16
km (9.9 mi) wide, off the Mississippi River. The continental shelf width varies significantly
from about 350 km (217 mi) off western Florida, 156 km (97 mi) off Galveston, Texas, and
decreases to 88 km (55 mi) off Port Isabel near the Mexican border. The depth of the central
abyss ranges to 4,000 m (13,000 ft). The Gulf is unique because it has two entrances: the
Yucatan Strait and the Straits of Florida. The Loop Current dominates the Gulf’s general
circulation and its associated eddies. The Loop Current is caused by differences between the
sill depths of the two straits. Coastal and shelf circulation, on the other hand, is driven by
several forcing mechanisms: wind stress, freshwater input, buoyancy and mass fluxes, and
transfer of momentum and energy through the seaward boundary.
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In the Gulf, the continental shelf extends seaward from the shoreline to a depth of
approximately 200 m (660 ft), and is characterized by a gentle slope of less than one degree.
The continental slope extends from the shelf edge to the continental rise, usually at about the
2,000 m (6,500 ft) water depth. The topography of the slope in the Gulf is uneven and is
broken by canyons, troughs, and escarpments. The gradient on the slope is characteristically
one to six degrees, but may exceed 20 degrees in some places, particularly along
escarpments. The continental rise is the apron of sediment accumulated at the base of the
slope. The incline is gentle with slopes of less than one degree. The abyssal plain is the
basin floor at the base of the continental rise.

Physical Oceanography

The Gulf receives large amounts of freshwater runoff from the Mississippi River as
well as from a host of other drainage systems. In recent years, large amount of nutrient laden
runoff from the Mississippi River have resulted in large hypoxic or low oxygen areas in the
Gulf. This “dead zone” may affect up to 16,500 sq km (6,371 sq mi) during the summer,
resulting in unfavorable habitat conditions for a wide variety of species.

Sea-surface temperatures in the Gulf range from nearly constant throughout
(isothermal) (29° to 30°C (84° to 86°F)) in August to a sharp horizontal gradient in January,
25°C (77°F) in the Loop Current core to 14° to 15°C (57° to 59°F) along the northern shelf.
The vertical distribution of temperature reveals that in January, the thermocline depth is
about 30 to 61 m (98 to 200 ft) in the northeast Gulf and 91 to 107 m (298 to 350 ft) in the
northwest Gulf. In May, the thermocline depth is about 46 m (150 ft) throughout the entire
Gulf.

Sea surface salinities along the northern Gulf vary seasonally. During months of low
freshwater input, salinities near the coastline range between 29 to 32 parts per thousand (ppt).
High freshwater input conditions during the spring and summer months result in strong
horizontal gradients and inner shelf salinities less than 20 ppt. The mixed layer in the open
Gulf, from the surface to a depth of approximately 100 to 150 m (330 to 495 ft), is
characterized by salinities between 36.0 and 36.5 ppt.

Sharp discontinuities of temperature and/or salinity at the sea surface, such as the
Loop Current front or fronts associated with eddies or river plumes, are dynamic features that
may act to concentrate buoyant material such as detritus, plankton, or eggs and larvae. These
materials are transported, not by the front’s movements or motion across the front, but
mainly by lateral movement along the front. In addition to open ocean fronts, a coastal front,
which separates turbid, lower salinity water from the open-shelf regime, is probably a
permanent feature of the north Gulf shelf. This front lies about 30-50 km (19-31 mi)
offshore. In the Gulf, these fronts are the most commonly utilized habitat of the pelagic
HMS species.

The Loop Current is a highly variable current entering the Gulf through the Yucatan
Straits and exiting through the Straits of Florida (as a component of the Gulf Stream) after
tracing an arc that may intrude as far north as the Mississippi-Alabama shelf. This current
has been detected down to about 1,000 m (3,300 ft) below the surface. Below that level there
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is evidence of a countercurrent. When the Loop Current extends into or near shelf areas,
instabilities, such as eddies, may develop that can push warm water onto the shelf or entrain
cold water from the shelf. These eddies consist of warm water rotating in a clockwise
fashion. Major Loop Current eddies have diameters on the order of 300-400 km (186-249
miles), and may extend to a depth of about 1,000 m. Once these eddies are free from the
Loop Current, they travel into the western Gulf along various paths to a region between 25°
N to 28°N and 93° W to 96° W. As eddies travel westward a decrease in size occurs due to
mixing with resident waters and friction with the slope and shelf bottoms. The life of an
individual eddy is about one year, after which it is typically assimilated by regional
circulation in the western Gulf. Along the Louisiana/Texas slope, eddies are frequently
observed to affect local current patterns, hydrographic properties, and possibly the biota of
fixed oil and gas platforms or hard bottoms. Once an eddy is shed, the Loop Current
undergoes major dimensional adjustments and reorganization.

U.S. Caribbean

(Material in this section is largely a summary of information in Appeldoorn and
Meyers, 1993. Original sources of information are referenced in that document.)

The waters of the Caribbean region include the coastal waters surrounding the U.S.
Virgin Islands and Puerto Rico. All of these Caribbean islands, with the exception of St.
Croix, are part of a volcanic chain of islands formed by the subduction of one tectonic plate
beneath another. Tremendously diverse habitats (rocky shores, sandy beaches, mangroves,
seagrasses, algal plains, and coral reefs) and the consistent light and temperature regimes
characteristic of the tropics are conducive to high species diversity.

The waters of the Florida Keys and southeast Florida are intrinsically linked with the
waters of the Gulf of Mexico and the Caribbean to the west, south, and east, as well as the
waters of the South Atlantic Bight to the north. These waters represent a transition from
insular to continental regimes and from tropical to temperate regimes, respectively, resulting
in a zone which contains one of the richest floral and faunal complexes.

Coastal and Estuarine Habitats

Although the U.S. waters of the Caribbean are relatively nutrient poor, resulting in
low rates of primary and secondary productivity, they display some of the greatest diversity
within the South Atlantic region. High and diverse concentrations of biota are found where
habitat is abundant. Coral reefs, sea grass beds, and mangrove ecosystems are the most
productive of the habitat types found in the Caribbean, but other areas such as soft-bottom
lagoons, algal hard grounds, mud flats, salt ponds, sandy beaches, and rocky shores are also
important in overall productivity. These diverse habitats allow for a variety of floral and
faunal populations.

Offshore, between the seagrass beds and the coral reefs and in deeper waters, sandy
bottoms and algal plains dominate. These areas may be sparsely or densely vegetated with a
canopy of up to one meter of red and brown algae. Algal plains are not areas of active sand
transport. These are algae-dominated sandy bottoms, often covered with carbonate nodules.
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They occur primarily in deep water (> 15 m, or 50 ft), and account for roughly 70 percent of
the area of the insular shelf of the U.S. Virgin Islands. Algal plains support a variety of
organisms including algae, sponges, gorgonian corals, solitary corals, mollusks, fish, and
worms. These areas may also serve as critical juvenile habitat for commercially important
(and diminishing) species such as queen triggerfish and spiny lobsters.

Coral reefs and other coral communities are some of the most important ecological
(and economic) coastal resources in the Caribbean. They act as barriers to storm waves and
provide habitat for a wide variety of marine organisms, including most of the economically
important species of fish and shellfish. They are the primary source for carbonate sand, and
serve as the basis for much of the tourism. Coral communities are created by the build up of
calcium carbonate produced by living animals, coral polyps, in symbiosis with a
dinoflagellate, known as zooxanthellae. During summer and early fall, most of the coral
building organisms are at or near the upper temperature limit for survival and thus living
under natural conditions of stress. Further increase in local or global temperature could
prove devastating.

Seagrass beds are highly productive ecosystems that are quite extensive in the
Caribbean; some of the largest seagrass beds in the world lie beyond the shore on both sides
of the Keys. Seagrass beds often occur in close association with shallow-water coral reefs.
Seagrasses are flowering plants that spread through the growth of roots and rhizomes. These
act to trap and stabilize sediments, reduce shoreline erosion, and buffer coral reefs; they
provide food for fish, sea turtles (heavy grazers), conch, and urchins; they provide shelter and
habitat for many adult species and numerous juvenile species that rely on the seagrass beds
as nursery areas; and they provide attachment surfaces for calcareous algae.

Mangrove habitats are very productive coastal systems that support a wide variety of
organisms. The mangrove food web is based largely on the release of nutrients from the
decomposition of mangrove leaves, and in part on the trapping of terrestrial material. Red
mangroves (Rhizophora mangle), with their distinctive aerial prop roots; grow along the
shoreline, often in mono-specific stands. The roots of the red mangroves help to trap
sediments and pollutants associated with terrestrial runoff and help to buffer the shore from
storm waves. Red mangrove forests support a diverse community of sponges, tunicates,
algae, larvae, and corals, as well as juvenile and adult fish and shellfish. Black mangroves
(Aveicennia germinans) and white mangroves (Laguncularia racemosa) grow landward of
the red mangroves. They also act as important sediment traps. Exposed and sheltered
mangrove shorelines are common throughout the U.S. Caribbean.

Throughout the U.S. Caribbean, both rocky shores and sandy beaches are common.
While many of these beaches are high-energy and extremely dynamic, buffering by reefs and
seagrasses allows some salt-tolerant plants to colonize the beach periphery. Birds, sea
turtles, crabs, clams, worms, and urchins use the intertidal areas.

Salt ponds, common in the U.S. Virgin Islands, are formed when mangroves or
fringing coral reefs grow or storm debris is deposited, effectively isolating a portion of a bay.
The resulting “pond” undergoes significant fluctuations of salinity with changes in relative
evaporation and runoff. As a result, the biota associated with salt ponds are, therefore, very
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specialized, and usually somewhat limited. Salt ponds are extremely important in trapping
terrestrial sediments before they reach the coastal waters.

Insular Shelf and Slope Areas

Puerto Rico and the U.S. Virgin Islands contain a wide variety of coastal marine
habitats, including coral and rock reefs, sea grass beds, mangrove lagoons, sand and algal
plains, soft bottom areas, and sandy beaches. Often times, these habitats are very patchily
distributed. Nearshore waters range from zero to 20 m (66 ft) in depth, and outer shelf
waters range from 20 to 30 m (66 to 99 ft) in depth, the depth of the shelf break. Along the
north coast the insular shelf is very narrow (two to three km wide), seas are generally rough,
and few good harbors are present. The coast is a mixture of coral and rock reefs, and sandy
beaches. The east coast has an extensive shelf that extends to the British Virgin Islands with
depths ranging from 18 to 30 m (59 to 99 ft). Much of the bottom is sandy, commonly with
algal and sponge communities. The southeast coast has a narrow shelf (eight km wide).
About 25 km (15.5 mi) to the southeast is Grappler Bank, a small seamount with its summit
at a depth of 70 m (231 ft). The central south coast broadens slightly to 15 km (99 mi) and
an extensive seagrass bed extends nine km (5.5 mi) offshore to Caja de Muertos Island.
Further westward, the shelf narrows again to just two km (1.2 mi) before widening at the
southwest corner to over 10 km (6 mi). The entirety of the southern shelf is characterized by
hard or sand-algal bottoms with emergent coral reefs, grass beds, and shelf edge. Along the
southern portion of the west coast the expanse of shelf continues to widen, reaching 25 km
(15.5 mi) at its maximum. A broad expanse of the shelf is found between 14 and 27 m (46
and 99 ft), where habitats are similar to those of the south coast. Along the west coast and to
the north, the shelf rapidly narrows to two to three kilometers.

Physical Oceanography

U.S. Caribbean waters are primarily influenced by the westward flowing North
Equatorial Current, the predominant hydrological driving force in the Caribbean region. It
flows from east to west along the northern boundary of the Caribbean plateau and splits at the
Lesser Antilles, flowing westward along the northern coasts of the islands.

The north branch of the Caribbean Current flows west into the Caribbean Basin at
roughly 0.5 m (1.7 ft) per second. It is located about 100 km (62 mi) south of the islands, but
its position varies seasonally. During the winter it is found further to the south than in
summer. Flow along the south coast of Puerto Rico is generally westerly, but this is offset by
gyres formed between the Caribbean Current and the island. The Antilles Current flows to
the west along the northern edge of the Bahamas Bank and links the waters of the Caribbean
to those of southeast Florida.

Coastal surface water temperatures remain fairly constant throughout the year and
average between 26° and 30°C (79° and 86°F). Salinity of coastal waters is purely oceanic
and therefore is usually around 36 ppt. However, in the enclosed or semi-enclosed
embayments, salinity may vary widely depending on fluvial and evaporational influences.
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It is believed that no upwelling occurs in the waters of the U.S. Caribbean (except
perhaps during storm events) and, since the waters are relatively stratified, they are severely
nutrient-limited. Nitrogen is the principal limiting nutrient in tropical waters.
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4.0 ENVIRONMENTAL CONSEQUENCES OF ALTERNATIVES

4.1 Essential Fish Habitat
As described in Chapter 2, the alternatives considered for identifying and updating EFH are:

Alternative 1 No Action - maintain current EFH boundaries.

Alternative 2 Establish new EFH boundaries based on the highest concentration of a
particular species by selecting high count cells.

Alternative 3 Establish new EFH boundaries based on the 95 percent probability boundary.
(Preferred alternative).

Alternative 4 Establish new EFH boundaries using all points or cells where species are
present.

Alternative 5 Establish new EFH boundaries using the entire range of distribution for each
species and life stage.

As described in Chapter 2, Alternatives 4 and 5 are not further analyzed, as they
result in overly-broad designation of EFH that runs counter to the intent to identify habitats
that are “essential.” Although these alternatives do not meet the purpose of this action and
are not fully analyzed, they are briefly mentioned in this section for context in the
comparison of the fully-analyzed EFH alternatives (Alternative 1 through 3).

Ecological, Social, and Economic Impacts

The following section describes the environmental, social, and economic impacts of
the alternatives considered. While designation of EFH does not result in any environmental,
social, or economic impacts, it establishes a process whereby fishing impacts on EFH must
be carefully considered, analyzed, and if necessary, avoided or minimized to prevent
negative effects on EFH. This is accomplished through a formal process of consultation
between NMFS and other Federal agencies for all actions authorized, funded, or undertaken
by the agency that may adversely affect EFH. NMFS also conducts consultations on other
non-fishing federal actions that may adversely affect EFH. As a result, identifying
appropriate EFH areas is an important first step in ensuring that EFH is not degraded or
harmed.

Conservation measures to encourage the conservation and enhancement of EFH are
described in Chapter 6, and these measures may be among those provided to an agency
during an EFH consultation process. Since the measures are non-binding and are not specific
to a particular project at this time, the description of these measures does not have an
environmental consequence associated with their development as a part of this proposed
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FMP amendment. Therefore, the conservation measures are not analyzed in more detail in
this section.

4.1.1 Data Sources Used to Update HMS EFH

One of the overarching challenges of identifying EFH for HMS is that the available
data sets for HMS are largely based on presence/absence data. By nature, these species are
highly migratory and occupy a wide range of habitats, including estuarine, coastal, and
offshore pelagic environments. HMS are typically associated with fronts and current
boundaries or oceanographic conditions with specific temperatures, salinity, dissolved
oxygen, or other physical characteristics that may be seasonal or ephemeral and therefore
difficult to map. Furthermore, not all areas where water characteristics appear to be ideal
habitat for a particular species constitute EFH. Basing EFH exclusively on the presence of
specific environmental conditions may therefore not be the most appropriate means for
identifying true EFH. Stationary features such as shelf edges and sea mounts are more easily
identified and represent sites of higher abundance for some HMS on a seasonal basis. For
some species and life stages, particularly young-of-the-year sharks (less than age 1) and
juvenile sharks, specific benthic habitat associations (such as submerged aquatic vegetation
or sandy bottom) have been observed and documented in the scientific literature. Where
appropriate, these areas were included in the EFH descriptions. As in the past, geographic
features such as the shoreline or bathymetric features such as depth contours (isobaths) were
used to delineate the boundary, or a portion of an EFH boundary. In some cases, such as
pelagic species, the U.S. Exclusive Economic Zone (EEZ) boundary was used to delineate
the seaward extent of EFH because the EEZ is the limit of authority to identify and describe
EFH. EFH boundaries were determined based primarily on the data indicating the presence
of species in a specific area, and additional features described above may have been used to
further refine or create natural borders on the EFH boundaries. Due to the inherent
difficulties in identifying EFH, a precautionary approach of selecting larger areas may have
been used in the past. Where possible, NMFS tried to refine EFH using an analysis and
approach described below. In certain circumstances however, this approach may result in
larger areas being identified for some species or life stages.

Distribution data alone may not provide sufficient information on whether the habitat
should be considered essential even if correlations can be drawn between the presence of
HMS in a given area and a particular habitat. For many HMS, additional information from
the scientific literature, research publications, field surveys, or observations of feeding or
spawning (or pupping in the case of sharks) may be used to further confirm the importance of
a specific geographic area as EFH. Information about the life history of a particular species,
such as the timing of the reproductive cycle, may also be used to correlate the presence of
HMS and establish the importance of a particular area or habitat. NMFS relied on peer-
reviewed literature, unpublished scientific reports, fisheries observer data, research
information, and personal communication with the scientific community to assist in making
proposed changes to EFH boundaries.

EFH information for most of the data sets used in the analysis are based largely on
distribution information (level 1) derived from systematic presence/absence sampling and
fishery independent and dependent data. The NMFS guidelines (§600.815(a)(1)(iii)) indicate
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that level 1 information is appropriate for delineating EFH if it is the only information
available. Level 2, or density information (i.e., number of fish/m’), is generally not available
for HMS due to the way in which data is collected and the types of gear used to collect HMS.
For example, data from the McCandless ef al. (2007) synthesis document on shark nursery
areas in coastal waters were gathered using a wide variety of sampling techniques including
gillnet, longline, and trawl surveys. Of the 21 separate research studies conducted from
Massachusetts to Texas that contributed to the report, only one provided trawl data that might
have been used to generate habitat related densities. Additional equipment would have been
needed to collect information on water volume sampled in order to estimate densities. The
other sampling techniques (gillnet and longline) provided presence/absence or relative
abundance through catch per unit effort (CPUE) data (e.g., number of sharks/gillnet hour, or
number of sharks/100 hooks), but not density data. Additionally, due to the differences in
fishing effort, a cross comparison of CPUE among the different studies was not possible. The
wide variety of gears used to sample HMS (longline, rod and reel, handline, harpoon,
gillnet), causes difficulties in standardizing effort for nearly all HMS. However, the
information is nonetheless useful in providing an overview of the current and historical
distributions, habitat requirements, and nursery areas for a wide variety of species. Although
there are exceptions, such as the NMFS longline survey in the Gulf of Mexico that collected
CPUE data, the data were restricted to areas in which the surveys occurred and did not
encompass all areas that could potentially be considered EFH. Other data sets that include
CPUE data, such as the Pelagic Longline Logbook, could not be used because they did not
include fish length measurements that are necessary to delineate EFH by life stage. Level 3
information regarding growth, reproduction, or survival rates within habitats, and level 4
information regarding production rates by habitat type are generally not available for HMS.
Although there may be site-specific studies that include this type of information, they are not
necessarily applicable across the broad spectrum of habitat types that may be considered
EFH.

Despite the lack of density information, or level 3 and 4 data, other valuable
information may be derived from studies including data on growth rates from recaptured tags
and habitat utilization information through sampling, telemetry, and tagging efforts. By
determining the life stage of a species at capture through size measurements, additional
information may be derived about habitat utilization. Information on where and when HMS
are located in a given area, what life stage is found in the area, how long they may have been
in the area, when migrations occur, and whether they return to the same area in subsequent
years may be determined. In combination, all of these data help to determine the importance
of habitat types and provide a more complete overview of habitat utilization than simple
distribution data might suggest. As described in the Preface to McCandless et al. 2007:

Using presence absence data to identify potential shark nursery areas
is a good starting point, but it does not provide information on the importance
of the areas in supporting juvenile shark populations. A handful of neonates
caught in one area over a short period of time could easily have been born
from a single female out of its range. For this reason, it is necessary to
conduct long-term fishery independent surveys in putative shark nursery areas
to monitor the juvenile shark relative abundance over time. This information
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will help managers determine whether or not a putative shark nursery area
constitutes EFH for that species. By also incorporating conventional mark-
recapture and/or acoustic telemetry studies in areas that appear to support
relatively high numbers of juvenile sharks, one can develop a better picture of
how the nursery habitat is used.

To the extent possible, these and other types of information from studies of life
history dynamics of HMS, reports, and expert opinion were used to identify EFH. Above all,
the studies help confirm or refute the presence of EFH for particular species as determined
through mapping of presence/absence data. The sources that are used to identify EFH areas
are referenced in the text and on the maps. Environmental information was included in the
habitat requirements descriptions, when available. This information may include
temperature, salinity ranges, dissolved oxygen, depths, seasons, benthic habitat type (in the
case of shark pupping areas), and geographic locations. Maps were generated to provide the
specific geographic locations of HMS, in part because this is the information most frequently
sought by other agencies in their consultation process with NMFS. The maps are designed to
facilitate accurate identification of EFH boundaries and to provide better resolution on the
location of EFH in specific areas.

In addition to the alternatives below, NMFS considered additional factors such as stock
status, potential Endangered Species Act (ESA) concerns, and any bycatch concerns in
updating EFH. For example, if a stock is overfished, NMFS may consider a more
precautionary approach toward delineating EFH. Conversely for stocks that are not
overfished, NMFS may consider refining EFH, particularly if the original EFH boundaries
were broadly defined (§600.815(a)(1)(iv)(C)).

A number of fishery dependent and independent databases as well as data from
individual researchers were used to analyze and identify EFH. They include data from the
Pelagic Observer Program (POP), Cooperative Tagging Center (CTC), Shark Bottom
Longline Observer Program (SOP), Cooperative Shark Tagging Program (CSTP), Virginia
Institute of Marine Science Longline Survey, Mote Marine Laboratory Center for Shark
Research, South Carolina Department of Natural Resources Marine Game Fish Tagging
Program, American Littoral Society, The Billfish Foundation (TBF), and NMFS Northeast
and Southeast Longline Shark Surveys. Data from individual researchers contributing to the
NMES Cooperative Atlantic States Shark Pupping and Nursery Areas (COASTSPAN)
program and the synthesis document “Shark nursery grounds of the Gulf of Mexico and the
East Coast water of the United States: an overview” (McCandless et al., 2007) were also
included. At a minimum, these databases include latitude and longitude coordinates of the
location of tagging or capture, species name, length, date of capture, and identification of the
source or program responsible for collecting the data. Since NMFS is required to identify
and describe EFH for each species by life stage (adult, juvenile, young-of-the-year or
larvae/eggs/spawning areas), only data which included length measurements could be used.
If the data did not include length measurements and/or specific locations where the samples
were collected, then the data could not be included.

Several of the major sources of the data used to identify EFH came from voluntary
tagging programs. NMFS, Southeast Fisheries Science Center (SEFSC) Cooperative Tagging
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Center (CTC), and TBF collect data primarily on tunas and billfish, whereas the Northeast
Fisheries Science Center (NEFSC) Apex Predators Program which runs the CSTP primarily
collects data on sharks. The SEFSC formed the CTC in 1992 in response to the expansion of
tag release and recapture activities, data requests from other tagging agencies, and domestic
and international tagging research needs. The CTC also includes the Cooperative Tagging
System (CTS), as well as other research projects such as tag development and performance
research and cooperative work with endangered species. The CSTP has collected data on
sharks since the 1960s and represents the longest time series of any data set used to identify
HMS EFH. The CSTP was initiated in 1962 with an initial group of less than 100 volunteers.
The program has expanded in subsequent years and currently includes over 6,500 volunteers
distributed along the Atlantic and Gulf coast of North America and Europe. There are
inherent limitations in voluntary data collection programs that may include misidentification,
inaccurate or inconsistent size determination, in part due to the fish being kept in the water
while being measured, or incomplete data collection. NMFS removed any records that were
incomplete, did not include a size measurement, or that did not indicate the type of
measurement taken (e.g. fork length, total length).

Other factors that were taken into consideration include gear selectivity and the type
of fishing effort (fishery dependent vs. independent) being employed. For example, fishery
independent data collections of sharks tend to be weighted toward areas closer to shore. This
may be the result of a focus on nursery areas where young-of-the-year and juvenile sharks
are more abundant than adults. Commercial longline fishery data from the shark bottom
longline and pelagic observer programs tends to be collected further offshore and consists
predominantly of adult specimens. Geographic difference in data by gear type were also
evident for gillnet gear which is typically fished closer to shore than bottom longline gear.
Since NMFS sorted the species by size and life stage, the inherent gear biases in the data
collection were minimized.

NMEFS considered using catch rates as a means to identify EFH, but found that most
of the datasets did not include sufficient information to estimate fishing effort, or were
collected with gears such as rod and reel from which estimates of fishing effort could not be
derived. Although CPUE data may have been available for some species in certain areas, it
was not consistently collected across all areas that could be considered EFH. Thus, although
CPUE may have been available for some species, it was not available for all species and
would have required a separate approach for mapping EFH areas. As described above, one
of the objectives of updating EFH was to develop a consistent, reproducible approach for
delineating EFH. Although CPUE data may have helped to delineate areas of highest
concentration, there would have been insufficient data to delineate EFH for all species.

NMEFS opted instead to take all available data sources and use them to identify EFH using the
probability boundary approach described below. In most cases, it is likely that the
distribution data that were used to develop the probability boundaries included areas where
the highest CPUEs would have occurred.

New data collected since the 1999 FMP for Atlantic Tunas, Swordfish, and Sharks,
Amendment 1 to the Billfish FMP, and Amendment 1 to the 1999 FMP as well as previously
existing data used to identify the 1999 EFH boundaries, were analyzed using Geographic
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Information System (GIS) software (ESRI Arcview 9.2). The data from all the datasets were
combined into a single dataset for each species and life stage.

4.1.2 Analysis of EFH Alternatives - Approaches Used to Analyze and Map
Data

NMEFS considered a number of different approaches for mapping and identifying
EFH. The first approach was similar to the one used to update EFH for five shark species in
the 2003 Amendment 1 to the FMP for Atlantic Tunas, Swordfish, and Sharks. In that
Amendment, NMFS used the areas with the highest concentration of a particular species and
associated life stages (adult, juvenile, and young-of-the-year or larval/spawning areas) to
determine changes to EFH boundaries. Individual points were superimposed on a grid
covering coastal waters in the Atlantic, Gulf of Mexico, and Caribbean U.S. EEZ. The grid
was constructed of ten-minute squares (or cells) where one minute equals one nautical mile
(nm), resulting in squares that represent approximately 100 nm”. The grid and individual
data points were spatially joined and each cell was given a number representing the sum of
all the points that fell within it. The cells were color-coded depending upon the number of
observations per cell, and a scale was generated using Jenks natural breaks (ESRI, 2007) to
detect breaks in the data to reflect the number of points per cell. Natural breaks in the data
points were generated in Arcview using algorithms that group similar values and maximize
the differences between classes. The features are divided into classes whose boundaries are
set where there are relatively large jumps in the data values. Depending on the species, the
number of observations per cell ranged from zero to several thousand. Due to natural
variability in abundance and sampling for each of the species and life stages, which is
reflected by the variation in the number of observations per 100 nm?, scales were tailored to
each species.

The resulting scales generated by the cells could be interpreted in a number of
different ways, and the resulting EFH boundary for each species and life stage may vary
depending upon which cells are used to delineate the boundary. For instance, in alternative
2, NMFS considered using a threshold approach similar to the one used in the 2003
Amendment 1 to the HMS FMP where EFH was described based on the areas of highest
number of data points for a particular species and life stage. In alternative 2, NMFS used
different thresholds depending on the status of a particular stock and selected the top three
highest count classes on a scale with six classes for blacktip sharks (which were not
overfished) to delineate EFH. Conversely, for an overfished stock such as dusky sharks,
NMES used fewer observations per cell to delineate the EFH boundary (NMFS 2003;
Chapter 10). The lower the number of data points or observations per cell that are used to
delineate EFH, the more liberal the approach employed and the broader the resulting area.
Once the threshold was established and the appropriate cells were identified, NMFS
manually drew boundaries around the cells to create the new EFH boundaries. NMFS opted
not to identify the 10 x 10 minute cells themselves as EFH because the blocks were
discontinuous, sometimes fragmented, and did not appear to accurately reflect the continuous
nature of HMS EFH. Although this approach may be appropriate for less mobile or sessile
benthic species, the approach required a certain amount of subjectivity in determining which
high count cells to include when manually drawing boundaries around cells. The process
relies on the judgment of the person drawing the boundaries to decide which cells to include
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vs. exclude, particularly when high count cells did not adjoin one another. In addition,
depending on the number of data points for the species, the resulting scales differed and
lacked a consistent approach.

In alternative 3, NMFS considered a different approach based on generating
boundaries around the distribution points themselves (without creating a grid and scale as
described above in alternative 2). NMFS used an Arcview extension called Hawth’s
Analysis Kernel Density Estimator (or Hawth’s analysis tool) to establish percent volume
contours (or probability boundaries) as the basis for establishing new EFH boundaries. The
area of probability is created using all data points for a particular species’ life stage and
taking into account the distance between points, thereby excluding the least dense points
(outliers) from the resulting probability boundary. Hawth’s analysis tool was used to create
the 70, 80, 90, and 95 percent probability boundaries for Atlantic HMS. The online
documentation (http://www.spatialecology.com/htools/bkde.php) explains the tool, which has
been used in terrestrial applications to delineate home ranges of animals. A percent volume
contour is not the same as a simple contour that is typically produced with tools like Spatial
Analyst. A percent volume contour represents the boundary of the area that contains a
certain percent of the volume of a probability density distribution. A simple contour (like the
ones that are produced in Spatial Analyst) represent only the boundary of a specific value of
the raster data, and does not in any way relate to the probability density distribution. For
applications like animal home range delineation, the percent volume contour reflects the
areas most frequently used by the species. The 95 percent volume contour would therefore,
on average, contain 95 percent of the points that were used to generate the 95 percent
probability boundary.

NMEFS considered a range of probability boundaries (70, 80, 90, and 95) for updating
EFH boundaries. All four of the probability boundaries are shown on maps in the electronic
pdf version of this document and in the online EFH Evaluation Tool site
(http://sharpfin.nmfs.noaa.gov/website/EFH_Mapper/HMS/map.aspx). Both the electronic
pdf version and the online mapping site have options that allow the viewer to turn layers on
and off, thereby providing the viewer with the ability to differentiate between the different
probability boundaries. All four of the probability boundaries were not included on the maps
in the hard copy version of the DEIS because it was difficult to see the preferred probability
boundary due to the four overlapping probability boundaries and other layers. Thus, for ease
of viewing, the hard copy maps only include the preferred 95 percent probability boundary.
The 70 percent probability boundary contains approximately 70 percent of all the points that
were used to generate the probability boundary, the 80 percent probability boundary includes
approximately 80 percent of the points, and so on. This pattern holds true for data rich
species with a large numbers of data points. For species with fewer data points (< 1,000), the
relative number of points included in each probability boundary is higher. For example, the
70 percent probability boundary for a data poor species such as basking sharks may include
80 percent of the total points. The result is a more precautionary approach for delineating
EFH for data poor species. The advantage of using probability boundaries is that they are
reproducible, have a predictable outcome, and more accurately reflect key areas of
distribution for species because the points are weighted proportionally to one another.
NMES selected the 95 percent probability boundary as the preferred boundary because it
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represented the most precautionary approach of the four probability boundaries, in many
cases (but not all) was most similar to the existing EFH boundaries established in 1999, and
tended to provide more continuous boundaries than some of the lower probability
boundaries, which were based on fewer data points.

Generating the probability boundaries was the first step in creating the proposed EFH
boundaries under Alternative 3. The resulting probability boundaries were then compared to
existing EFH boundaries, bathymetric features or other known areas of important habitat,
verified and corroborated to the extent possible with NMFS scientists and researchers
familiar with the habitat requirements for a particular species, and then, if necessary,
modified based on input from the scientists and analysis of the data. Where appropriate,
NMEFS used bathymetric features such as isobaths or the shoreline to delineate the edges of
the probability boundaries. Depending on the species and life stage, if the probability
boundary overlapped with the shoreline, NMFS clipped the resulting probability boundary
along the shoreline. For other species that infrequently occupy nearshore waters, the edge of
the probability boundary may have been clipped along a particular isobath. For example, if a
species is known to primarily occur seaward of the 100m isobath, then the boundary was
clipped along the 100m isobath, thus removing the probability boundary from areas
shallower than the 100m isobath. Similarly, if a nursery area for a given species has been
documented in a specific bay or estuary that may not have been included in the original 95
percent probability boundary, then that area was included. Conversely, if the 95 percent
probability boundary resulted in inclusion of a bay or estuary for which there was no
documented evidence of nursery or other essential habitat, then the area was excluded. Any
additional changes or edits made to the boundaries are described in the EFH sections.

Since NMFS used the 95 percent probability boundary as the preferred boundary,
only the 95 percent probability boundary was further edited to match the shoreline or other
bathymetric features (and not the 70, 80, and 90 percent probability boundaries). The final,
edited probability boundary is referred to as the 95 percent probability boundary ‘preferred
alternative.” For many of the species, NMFS produced both the 95 percent probability
boundary and the 95 percent probability boundary ‘preferred alternative.” The difference
between the two is that the 95 percent probability boundary is the raw, unedited probability
boundary that resulted from running Hawth’s analysis tool, which may then have been
further edited to match the EEZ, shoreline, or other bathymetric features, resulting in a 95
percent preferred alternative boundary. NMFS wanted reviewers to clearly see the difference
between the 95 percent probability boundary generated by the Hawth’s analysis tool and the
95 percent preferred boundary resulting from additional edits to the 95 percent probability
boundary. This was considered particularly important for some pelagic species such as
tunas, swordfish, billfish, and pelagic sharks whose range extends beyond the U.S. EEZ and
for which data points outside the EEZ may have resulted in probability boundaries being
generated inside and outside the EEZ. As described earlier, because the Magnuson-Stevens
Act limits U.S. jurisdiction to areas within the U.S. EEZ, NMFS does not have regulatory
jurisdiction to designate EFH beyond the U.S. EEZ, thus in cases where the probability
boundary extended beyond the EEZ, the EEZ was used to delineate the seaward boundary.
By including data points outside the EEZ in the analysis, NMFS took into account the
migratory nature of HMS, the importance of habitat beyond the EEZ, and the potential
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influence of habitat outside the EEZ on the utilization of habitat inside the EEZ without
actually identifying and describing areas beyond the EEZ as EFH.

The 95 percent probability boundary thus reflects all data points collected ocean-wide
and not just data points inside the EEZ. As a result, for species that included data points
outside the EEZ, NMFS generated all four probability boundaries based on all data points.
All of the boundaries are shown on the EFH Evaluation Tool site, and viewers will notice
that probability boundaries extend beyond the EEZ. These areas are not considered EFH, but
rather are shown for comparative purposes and to clearly indicate how the proposed EFH
boundary within the EEZ was created.

Layers that may have been used to delineate or modify probability boundaries include
the EEZ, shoreline, and various isobaths. Where possible, NMFS used these parameters to
delineate EFH boundaries, however, if none of the above parameters appeared to coincide
with the edge of a probability boundary, NMFS may have manually delineated straight lines
around the perimeter of the probability boundary. Any modifications made to the 95 percent
probability boundaries are described in text.

In some cases, usually for data poor species, the probability boundaries included
small(er) pockets of probability boundaries. In a few extreme cases, every known data point
for a data poor species may have resulted in a 95 percent preferred probability boundary.
Due to the highly mobile and migratory nature of the species, extremely small EFH areas
may not necessarily reflect the true extent of EFH, may be an artifact of data poor species,
and may need to be absorbed into larger areas, or conversely, excluded. In many cases, this
may be handled on a species by species basis depending upon expert knowledge of a given
species’ habitat requirements. Options being considered are to incorporate smaller pockets
into larger areas if they fall within a given distance of a larger probability boundary,
excluding them if they are smaller than a given size or beyond a given distance of a larger
probability boundary, leaving them as is, or manually creating new boundaries based on
expert knowledge.

In the past, EFH descriptions were provided in text with specific geographic
coordinates describing the boundaries. Because the probability boundaries do not have
straight lines, but rather follow contour lines, isobaths, or the data points themselves, and are
naturally smoothed and rounded, describing them in text would be difficult and
impracticable. With new mapping capabilities and the ability to provide spatial files to the
public via the internet, NMFS will no longer provide specific coordinates or detailed
descriptions of EFH locations. Instead, NMFS will direct users to electronic versions of the
maps or to the HMS EFH Evaluation Tool site, an internet-based mapping program to
provide the EFH boundaries, rather than describing them in text. With the new tool, NMFS
will have the capability to provide EFH spatial files to the public via the internet and will not
have to provide text descriptions of the actual boundaries. Instead, the EFH descriptions in
the DEIS will reference the spatial files and direct the public to the online tool to determine
where EFH boundaries are.

For alternative 4, NMFS considered using all data points for a species to update EFH
boundaries. Establishing EFH boundaries which encompass all available data points for a
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species could result in large EFH areas that do not necessarily reflect habitat which is
essential. This approach would have created continuous boundaries between all available
data points, potentially encompassing the entire EEZ for some species. NMFS did not
further analyze this approach due to the wide geographic extent of resulting boundaries.

Similarly, for alternative 5, NMFS considered establishing EFH boundaries based on
the entire known range of distribution for each species’ life stage, rather than data points. As
with alternative 4, this approach would have been very precautionary and would have
resulted in extremely large EFH areas. NMFS did not further analyze this approach due to
the wide geographic extent of resulting boundaries that did not necessarily reflect the most
essential habitat areas.

4.1.3 Comparison of EFH Alternatives

For each of the alternatives, there are no ecological, social, or economic impacts that
result from either changing or maintaining the existing EFH boundaries. In addition to the
status quo, the alternatives represent a range of options from smaller, more refined areas to
larger, more broadly delineated areas. The primary effect of changing EFH boundaries
would be a change in the areas that are subject to consultation with NMFS under the EFH
regulations. As such, if a proposed project is federally funded, authorized, or undertaken by
a Federal agency or proposed to be undertaken by a Federal agency, which may affect EFH,
then the agency is required to consult with NMFS. NMFS provides written
recommendations on measures that would minimize, mitigate, or otherwise reduce the
impacts of a proposed project on EFH. The action agency is then required to respond in
writing on what measures were taken to minimize impacts.

Similarly, the analysis of fishing impacts to EFH is specifically required as part of the
EFH designation process, and Chapter 6 of this document describes those fishing impacts.
At this time, since no fishing impacts are occurring that would adversely affect EFH, no new
measures currently are proposed to reduce fishing impacts (e.g., closures). As such, there are
no measures being considered in this proposed action of designating EFH and HAPC:s for
Atlantic HMS that would result in immediate ecological, social or economic impacts on
fishing. Should such required measures be identified in the future, NMFS would propose and
appropriately analyze those measures at that time.

For alternative 1, the no action alternative, EFH and the areas subject to consultation
would not change. For alternative 2, establishing new EFH boundaries based on the highest
concentration of a particular species by selecting high count cells, EFH would be reduced in
size for some species and potentially increased for others. Thus, the areas subject to
consultation would vary by species. For alternative 3, establishing EFH based on the 95
percent probability boundary preferred alternative would decrease EFH for some species but
potentially increase it for others. Thus, the areas subject to consultation would vary by
species and areas. NMFS prefers alternative 3 because it provides an objective approach to
identifying EFH, is transparent, and reproducible. Alternatives 4 and 5, establishing EFH
based on all points or cells where species are present (Alt 4) or the entire range of species
distribution (Alt 5) would result in very large areas identified as EFH, particularly if all the
points are connected through continuous boundaries. NMFS did not prefer either of the last
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two alternatives because they would potentially encompass all areas where the species are
present and not the areas that represent the most important habitat.

4.2 Habitat Areas of Particular Concern
As described in Chapter 2, the alternatives considered for identifying HAPCs are:
Alternative 1 No Action - maintain current HAPCs.

Alternative 2 Designate a HAPC for spawning bluefin tuna in the Gulf of Mexico west
of 85°W Longitude and south of 29°N Latitude while maintaining current
HAPCs (Preferred Alternative).

Alternative 3 Designate a HAPC for spawning bluefin tuna in the Gulf of Mexico based
on the 95 percent probability boundary from bluefin tuna larval data
collections.

Alternative 4 Designate a HAPC for spawning bluefin tuna based on the 95 percent
probability boundary for adult bluefin tuna in the Gulf of Mexico.

Ecological, Social, and Economic Impacts

Similar to the reasons described for EFH, HAPCs are not expected to have any
ecological, social, or economic impacts. A HAPC designation does not result in closures or
other management measures designed to reduce fishing effort. Rather, a HAPC designation
identifies an area as particularly important ecologically and may take into account the degree
to which the habitat is sensitive to human-induced environmental degradation. If NMFS
determines that human activities are having an effect on HAPCs, then NMFS could consider
proposing measures to minimize impacts if they are determined to result from fishing
activities, or develop conservation recommendations for non-fishing activities. NMFS has
developed such recommendations for non-fishing activities as described in Chapter 6. Since
HMS fishing gears are largely fished in the water column, they have little or no impact on
EFH. The exception may be BLL gear whose impacts are further analyzed in Section 6.1.

Alternative 1, the no action alternative, would maintain existing HAPCs but would
not designate any new HAPCs. Several HAPCs were identified for sandbar sharks in the
1999 HMS FMP for Atlantic Tunas, Swordfish, and Sharks, including off North Carolina,
Chesapeake Bay, MD, Delaware Bay, DE, and Great Bay, NJ. The area off North Carolina
was closed to shark BLL gear from January through July beginning in 2005 due to concerns
about bycatch of juvenile sandbar and dusky sharks. Although the HAPC designation in the
area was an important consideration, NMFS did not close the area solely due to habitat
concerns. The HAPC designation provided additional information about the importance of
the area as a shark nursery ground.

Alternative 2, the preferred alternative, would designate a HAPC for bluefin tuna in
the central Gulf of Mexico west of 85°W Longitude and south of 29° Latitude (Figure 4.1)

AMENDMENT 1 TO THE CONSOLIDATED HMS FMP CHAPTER 4
SEPTEMBER 2008 ESSENTIAL FISH HABITAT

44



while maintaining the current HAPCs for sandbar sharks along the Atlantic coast. The exact
coordinates of the proposed HAPC are provided in Table 2.1.

A number of data sources were used to identify the potential HAPCs for bluefin tuna
in the Gulf of Mexico, including NMFS SEFSC icthyoplankton surveys from 1992-2004,
University of Mississippi ichthyoplankton surveys from 2000-2004 (Franks ef al., pers.
comm.), POP, CTC, and TBF data (NMFS, SEFSC), as well as scientific literature from a
number of studies on bluefin tuna spawning locations in the Gulf of Mexico (Block et al.,
2005; Rooker et al., 2007; Teo et al., 2007). While it is difficult to pinpoint or predict the
exact location of bluefin tuna spawning from year to year, and the location of spawning
activity may vary depending on oceanographic conditions (Teo et al., 2007), the data indicate
widespread presence of both mature bluefin tuna >231 c¢cm (Diaz and Turner, 2006) and
bluefin tuna larvae throughout the proposed HAPC (Rooker et al., 2007; NMFS survey data).
Since changes in sea surface temperatures and other oceanographic conditions in the Gulf of
Mexico may change the timing and location of spawning, NMFS is proposing an area large
enough to encompass inter-annual variability in oceanographic conditions and resulting
spawning areas. The HAPC is designed to focus conservation efforts not only on adult
bluefin tuna spawning in the Gulf of Mexico, but also on early life history stages such as
eggs and larvae that may be particularly vulnerable to human induced environmental
degradation.

Ichthyoplankton collections indicate that bluefin tuna larvae are found throughout
large portions of the Gulf of Mexico, but that there is no single area that has substantially
higher numbers of larvae (Figure 4.1) (Rooker et al., 2007). Similarly, PSAT tagging data
from Block et al. (2005) indicated broad areas of the Gulf of Mexico that may be considered
bluefin tuna spawning habitat. Teo et al. (2007) provided additional information from PSAT
tags that appeared to refine the area where spawning most likely occurrs to the lower slopes
of the northern and western Gulf of Mexico both inside and outside the U.S. EEZ, with a key
spawning area located outside the EEZ (colored circles in Figure 4.1). Using a discrete
choice model to draw correlations between oceanographic conditions (including sea surface
temperature, current and wind speed, topography of the ocean floor, eddies, and surface
chlorophyll concentrations) and bluefin tuna spawning behavior, Teo et al. (2007) estimated
that optimal spawning conditions occur from April to June at temperatures ranging from 24°
to 29°C over continental slope areas with moderate bathymetric gradients, with sea surface
temperature being by far the most important oceanographic parameter that significantly
affected the probability of bluefin tuna using an area for breeding. The areas of
concentration indicate that bluefin tuna spawning grounds in the Gulf are located along the
northern slope waters in depths between 2800 m and 3400 m from 85°W and 95°W (Teo et
al., 2007) (Figure 4.1). The peak abundance of adult bluefin tuna (>231cm) appears to occur
in May of each year (Figure 4.2). A similar peak for bluefin tuna <231cm also occurs in May
of each year (Figure 4.3).

In the northern Gulf, larvae are often concentrated in frontal systems associated with
the Loop Current, and areas of concentration often differ among surveys (Figure 4.4).
Observed interannual variation in the catch is likely due to temporal variation in the spatial
extent and shape of the Loop Current and associated features (eddies). As a result, an
analysis of larval collections data tends to show high concentrations in a broad region of the
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northern Gulf, even though areas of concentration during annual surveys are often restricted
and patchy (Rooker et al., 2007).

Other correlations between bluefin tuna spawning and oceanographic parameters
included low surface chlorophyll concentrations (0.10-0.16 mg m™) and areas with moderate
eddy kinetic energy ranging from 251 to 355 cm” s (Teo et al., 2007). In the breeding
phase, the fish exhibit significantly shallower daily maximum depths, perform shallow
oscillatory dives, and have movement paths that are significantly more residential and
sinuous (Teo et al., 2007). The proportion of habitat usage in the Gulf was documented by
Teo et al. (2007) and has been reproduced in Figure 4.1 (high, medium, and low proportion
of habitat usage by breeding phase bluefin tuna) based on georeferencing the original figure
provided in Teo et al. (2007). The proposed HAPC boundary in alternative 2 would include
portions of the primary spawning habitat identified by Teo et al. (2007) that fall within the
U.S. EEZ.

Alternative 3 would establish a HAPC for spawning bluefin tuna based on the 95
percent probability boundary derived from available ichthyoplankton and larval samples
(Figure 4.4). NMFS used the same process to identify the probability boundary for bluefin
tuna larvae that was used to generate the probability boundaries for EFH. NMFS used the 95
percent probability boundary (as opposed to the 70, 80, or 90) because it represented the
most precautionary approach of the different probability analyses. NMFS also used the 95
percent probability boundary because there are fewer data points upon which to base the
probability boundary (total of 45 sampling locations with the number of larvae per tow
ranging from 0 to 135) and the 95 percent probability boundary provided the most continuous
and connected boundary. The larval samples were taken at specific sampling locations and
were not randomly distributed. As a result, the probability boundary appears rectangular in
shape in certain areas and may not necessarily include the highest concentrations of bluefin
tuna larvae that may occur in the Gulf. The data provide an overview of where larvae tend to
be most common and may help to delineate important spawning areas. Alternative 3
encompassed virtually every ichthyoplankton sampling location in the Gulf of Mexico, and
would largely fall within the HAPC proposed in Alternative 2.

Alternative 4 would establish a HAPC for spawning bluefin tuna based on the 95
percent probability boundary for adult bluefin tuna (Figure 4.5). NMFS used the 95 percent
probability boundary because it is the most precautionary boundary for adult bluefin tuna
(Section 4.1 Alternative 3) and because the HAPC should identify areas that are subsets of
existing EFH rather than areas that are broader than the EFH boundaries themselves. Of the
different probability boundaries that were considered, the 95 percent probability boundary
represents a focused point of adult bluefin tuna distribution in the Gulf of Mexico that
overlaps with portions of the larval distribution data, but would not necessarily include all
areas that might be important bluefin tuna spawning habitat.

While correlations with a number of environmental variables have been drawn, there
is currently no single indicator or environmental variable that will predict precisely when and
where bluefin tuna spawning will occur. As a result, any proposed HAPC needs to be large
enough to account for variability in spawning location. The HAPC in the current preferred
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alternative 2 is designed to encompass the areas of primary spawning which will vary from
year to year depending on oceanographic conditions.

Although there are no direct environmental effects of designating a HAPC for
spawning bluefin tuna in the Gulf of Mexico, it could help focus current and future
conservation efforts in the area. For example, given the increased attention on domestic oil
and gas production, many new leases are being issued in the Gulf of Mexico (see Non-
Fishing Impacts Section 6.2). The Department of Interior’s Minerals Management Service
(MMS) data show that there are approximately 4,000 existing oil and gas structures and
33,000 miles of pipelines in the Gulf of Mexico (Figure 4.6), with plans for development of
additional deep water oil production sites (Figure 6.15) and liquefied natural gas (LNG) sites
in the Gulf of Mexico (Figure 6.17), many of which overlap with bluefin tuna spawning areas
and the proposed HAPC designation. In addition there are plans for renewable energy
projects off the U.S. Atlantic coast including the Florida Straits (see Non-Fishing Impacts
Section 6.2). NMFS has provided conservation recommendations on a number of oil and gas
development projects in the Gulf of Mexico in the past and would continue to do so in the
future in order to mitigate potential adverse effects on EFH for a number of federally
managed species that occur in the Gulf, including bluefin tuna. Having a HAPC designation
for bluefin tuna would help identify and focus additional conservation efforts to minimize the
impacts of oil and gas development projects on bluefin tuna spawning habitat.

4.3 Preferred Alternatives

To meet the purpose and need to update and revise existing HMS EFH and consider
any new HAPCs or modifications to existing HAPCs, NMFS prefers EFH Alternative 3 and
HAPC Alternative 2, as desribed and analyzed earlier in this Chapter. Chapters 5 and 6
provide subsequent information on these preferred alternatives to fulfill the requirements of
the Magnuson-Stevens Act.

4.4 Other NEPA Considerations

The actions being considered in this amendment, to update EFH and designate a new
HAPC, would not result in any unavoidable adverse impacts on the human environment.
Since no management measures are being considered in this amendment that would alter the
current use of the environment, there would likely be no changes in the short term use of the
environment. Having EFH identified for HMS could potentially increase the long-term
productivity of the environment if conservation recommendations for projects that are likely
to affect EFH are implemented. There are no irreversible or irretrievable commitment of
resources associated with this action.
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Figure 4.1  HAPC for spawning bluefin tuna in the Gulf of Mexico. The figure shows existing EFH boundaries for bluefin tuna
spawning/larval EFH (hatched areas) and potential new HAPC boundaries (light blue area) based on alternative 2.
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Figure 4.2  Monthly distribution data for adult bluefin tuna (> 231 cm) showing the temporal and spatial overlap within the
proposed HAPC for alternative 2. Other boundaries are shown for reference.
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Figure 4.3  Monthly distribution data for bluefin tuna (< 231 cm) showing the temporal and spatial overlap within the proposed
HAPC for alternative 2. Other boundaries are shown for reference.
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Figure 4.4  HAPC for spawning bluefin tuna (show in green) in the Gulf of Mexico based on the 95 probability boundary for
bluefin tuna larvae as described in alternative 3. Other boundaries are shown for reference.
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Figure 4.5 HAPC for spawning bluefin tuna (shown in purple) in the Gulf of Mexico based on the 95 percent probability
boundary for adult bluefin tuna as described in alternative 4. Other boundaries are shown for reference.
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Figure 4.6  Oil and gas platforms in the Gulf of Mexico showing the overlap with proposed bluefin tuna HAPC. Source: MMS.
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5.0 ESSENTIAL FISH HABITAT

This section fulfills the requirements for EFH identification and designation in an FMP,
as described in 50 CFR 600.759. Since this document serves as an integrated document for
purposes of both the Magnuson-Stevens Act and the National Environmental Policy Act, it
should be noted that this chapter describes EFH in accordance with Alternative 3 of the DEIS,
which is identified as the agency’s preferred alternative.

5.1 Life History Accounts and Essential Fish Habitat Descriptions
5.1.1 Tuna
5.1.1.1 Atlantic Albacore Tuna

Atlantic Albacore Tuna (Thunnus alalunga) Albacore tuna is a circumglobal species.
Its life cycle is poorly known (Santiago and Arrizabalaga, 2005). In the west, Atlantic albacore
tuna range from 40° to 45°N, to 40°S. It is an epipelagic, oceanic species generally found in
surface waters with temperatures between 15.6° and 19.4°C, although larger individuals have a
wider depth and temperature range (13.5° to 25.2°C). Albacore may dive into cold water (9.5°C)
for short periods. However, they do not tolerate oxygen levels lower than two milliliter/liter
(ml/). Albacore tuna undergo extensive horizontal movements. Aggregations are composed of
similarly sized individuals with groups comprised of the largest individuals making the longest
journeys. Aggregations of albacore tuna may include other tuna species such as skipjack,
yellowfin and bluefin tuna. North Atlantic and South Atlantic stocks are considered separate,
with no evidence of mixing between the two (ICCAT, 1997; Collette and Nauen, 1983).

Predator-prey relationships: Albacore tuna forage from epipelagic to upper
mesopelagic waters, down to a depth of 500 m (Consoli et al., 2008). A wide variety of fishes
and invertebrates have been found in the few stomachs of albacore tuna that have been
examined. As with other tuna, albacore probably exhibit opportunistic feeding behavior, with
little reliance on specific prey items (Dragovich, 1969; Matthews et al., 1977). Consoli et al.
(2008) assessed feeding habits in Mediterranean albacore tunawhere the results showed that the
species is a top pelagic predator that consumes primarily medium sized fish and secondarily
cephalopods. The diet consisted of a limited number of taxa and a constant size prey that did not
vary over the course of the study, indicating a limited trophic niche width.

Life history: Albacore tuna spawn in the spring and summer in the western
tropical Atlantic (ICCAT, 1997). They are assumed to spawn in waters around the Sargasso Sea
and adjacent waters (Santiago and Arrizabalaga, 2005). Larvae have also been collected in the
Mediterranean Sea and historically in the Black Sea (Vodyanitsky and Kazanova, 1954). The
central Atlantic is the wintering area for albacore tuna, and the feeding migration of juveniles (up
to age 5) to the productive waters in the northeastern Atlantic occurs in the summer while adults
make the spawning migration. However, adults are also caught in feeding areas of the
northeastern Atlantic, especially in September and October, and some juveniles are also caught
in the western Atlantic (Santiago and Arrizabalaga, 2005).
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Fisheries: For assessment purposes, three stocks of albacoretunaare assumed:
North and South Atlantic stocks (separated at 5°N) and a Mediterranean stock (SCRS, 1997). In
the North Atlantic albacore are taken by surface and longline fisheries. Surface fisheries target
juveniles at 50 to 90 cm fork length (FL), and longlines catch sub-adult and adult fish at 60 to120
cm FL.

U.S. Fishery Status: North Atlantic albacore tuna is overfished with overfishing
occurring; South Atlantic albacore tuna is not overfished and overfishing is not occurring.

Growth and mortality: The maximum size of albacore tuna has been reported at 127
cm FL (Collette and Nauen, 1983). For both sexes sexual maturity is reached at five years at 90
to 94 cm FL (Collette and Nauen, 1983; ICCAT, 1997). Mortality is higher for females (Collette
and Nauen, 1983).

Essential Fish Habitat for Albacore Tuna:

e  Spawning, eggs, and larvae: At this time, available information is insufficient for
the identification of EFH for this life stage within the U.S. EEZ

e  Juveniles (<90 cm FL): Offshore the U.S. east coast in the Mid-Atlantic Bight
from north of Cape Hatteras to Cape Cod. Mid-east coast of Florida. Please refer to
Figure 5.1 for detailed EFH map.

e  Adults (290 cm FL): Central Gulf of Mexico, mid-east coast of Florida, and Puerto
Rico. Atlantic east coast from North Carolina, south of Cape Hatteras to Cape Cod.
Please refer to Figure 5.2 for detailed EFH map.

5.1.1.2 Atlantic Bigeye Tuna

Atlantic Bigeye Tuna (Thunnus obesus) Scientific knowledge of Atlantic bigeye tuna
is limited. Its range is almost the entire Atlantic Ocean from 50°N to 45°S. It is rarely taken in
the Gulf of Mexico, and some of the points currently included in the EFH maps may require
further validation (J. Lamkin, pers. comm.). Although its distribution with depth in the water
column varies, it is regularly found in deeper waters than are other tuna, descending to 300 to
500 m and then returning regularly to the surface layer (Musyl et al., 2003). Bigeye tuna can
tolerate water with temperatures as low as 5°C and dissolved oxygen levels of less than 3.5 ml
O, I'" (Brill ez al., 2005). Smaller fish are probably restricted to the tropics, while larger
individuals migrate to temperate waters. There is probably one population in the Atlantic Ocean
(ICCAT, 1997). Young bigeye tuna form schools near the sea surface, mixing with other tuna
such as yellowfin and skipjack tuna (Collette and Nauen, 1983).

Predator-prey relationships: The diet of bigeye tuna includes fishes, cephalopods and
crustaceans (Dragovich, 1969; Matthews et al., 1977). Predators include large billfishes and
toothed whales (Collette and Nauen, 1983).

Life history: Bigeye tuna probably spawn between 15°N and 15°S. A nursery area is
known to exist in the Gulf of Guinea (Richards, 1969) off the coast of Africa where larvae have
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been collected below the 25°C isotherm (Richards and Simmons, 1971). Peak spawning here
occurs in January and February, whereas in the northwestern tropical Atlantic spawning occurs
in June and July (SCRS, 1978, 1979). The collection of larvae in U.S. waters has not been
confirmed.

Fisheries: The bigeye tuna stock has been exploited using three major gear types -
longline, baitboat, and purse seine - and by many countries throughout its range of distribution.
ICCAT currently recognizes one stock for management purposes, based on time/area distribution
of fish and movements of tagged fish. However, other possibilities such as distinct northern and
southern stocks should not be disregarded (SCRS, 1997).

U.S. Fishery Status: Overfished and overfishing is occurring.

Growth and mortality: Growth rate for bigeye tuna is believed to be rapid. Sexual
maturity is attained around three and a half years old, at approximately 115 cm FL (Fromentin
and Fonteneau, 2001).

Habitat associations: Juvenile bigeye tuna form schools near the surface, mostly mixed
with other tuna such as yellowfin and skipjack. These schools often associate with floating
objects, whale sharks and sea mounts. These associations weaken as bigeye tuna mature
(ICCAT, 2008a).

Essential Fish Habitat for Bigeye Tuna:

e  Spawning, eggs and larvae: Information is insufficient for the identification of
EFH for this life stage within the U.S. EEZ; although it cannot be identified as EFH
under the Magnuson-Stevens Act because it is located outside the U.S. EEZ, the
Gulf of Guinea, off the coast of Africa, is identified as important habitat for
spawning adults, eggs and larvae. Matsumoto and Miyabe (2001) identified
spawning sites offshore Dakar, Africa in the Atlantic Ocean just south of the Cape
Verde islands.

e Juveniles (<100 cm FL): In the Gulf of Mexico south of Louisania and
Mississippi, off the southern west coast of Florida, and south of the Florida Keys; as
well as in the Atlantic off the Florida east coast through South Carolina. Continuous
EFH areas from North Carolina, south of Cape Hatteras, to Cape Cod. Also off
Puerto Rico and the Virgin Islands. Please refer to Figure 5.3 for detailed EFH map.

e  Adults =100 cm FL): In the central Gulf of Mexcio and the mid-east coast of
Florida. Atlantic east coast from Cape Hatteras to Cape Cod. Please refer to Figure
5.4 for detailed EFH map.

5.1.1.3 Atlantic Bluefin Tuna

Atlantic Bluefin Tuna (Thunnus thynnus) Atlantic bluefin tuna are managed as distinct
western and eastern stocks separated by a management boundary at the 45°W meridian. In the
western North Atlantic, bluefin tuna range from 45°N to 0° (Collette and Nauen, 1983).
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However, they have recently been found up to 55°N in the western Atlantic (Vinnichenko,
1996). Bluefin tuna move seasonally from spring (April to June) spawning grounds in the Gulf
of Mexico through the Straits of Florida to feeding grounds off the northeast U.S. coast (Mather
et al., 1995; Block et al., 2005). It is believed that there is a single stock which ranges from
Labrador and Newfoundland south into the Gulf of Mexico and the Caribbean, and also off
Venezuela and Brazil. The Labrador Current may separate this western stock from that found in
the eastern Atlantic (Tiews, 1963; Mather ef al., 1995; ICCAT, 1997).

The prevailing assumption is that mature western bluefin tuna follow an annual cycle of
foraging in June through March off the eastern United States and Canadian coasts, followed by
migration to the Gulf of Mexico to spawn in April and May (Mather ef al., 1995; Block et al.,
2005). Recent electronic tagging has confirmed two populations of Atlantic bluefin tuna that
overlap on North Atlantic Ocean foraging grounds and sort to independent spawning areas
located primarily in the Gulf of Mexico and Mediterranean Sea (Block et al., 2005). After
leaving the western spawning areas, bluefin tuna move to waters overlying the North American
continental shelf, slope, and Gulf Stream waters, the South and mid-Atlantic Bight, the Gulf of
Maine, and the Nova Scotia Shelf (Block ef al., 2005). Bluefin tuna were also documented
moving to the central North Atlantic in the vicinity of 40°W, east of the Flemish Cap (Block et
al.,2005). Fish identified as western spawners can move to the eastern Atlantic and back,
crossing the 45°W meridian several times over the course of one or more years. The overlap
areas identified in the central and eastern Atlantic seem to be foraging areas for these western
spawners (Block et al., 2005). However, bluefin tuna smaller than 200 cm curved fork lrnght
(CFL) did not enter identified spawning areas, and most of these fish remained west of 45°W
throughout the year (Block et al., 2005).

Additionally, electronically tagged fish in the western Atlantic showed transatlantic
migrations to the Mediterranean Sea (Block et al., 2005). These fish resided in the western
Atlantic foraging grounds for 0.5 to 3 years before migrating to the Balearic Islands or the
Tyrrhenian and/or Ionian seas (Block et al., 2005). Western-tagged fish recaptured in the
Mediterranean Sea seem to be returning to natal spawning areas in the Mediterranean after
sharing feeding grounds in U.S. coastal waters (Rooker and Secor, 2004; Block ef al., 2005.).

Bluefin tuna distributions are probably constrained by the 12° C isotherm, although
individuals can dive to 6° to 8°C waters to feed (Tiews, 1963). Year-to-year variations in
movements have been noted (Mather et al., 1995). While bluefin tuna are epipelagic and usually
oceanic, they do come close to shore seasonally (Collette and Nauen, 1983). They often occur
over the continental shelf and in embayments, especially during the summer months when they
feed actively on herring, mackerel, and squids in the north Atlantic. Larger individuals move
into higher latitudes than do smaller fish. Bluefin tuna are often found in mixed schools with
skipjack tuna, these schools consisting of similarly sized individuals (Tiews, 1963).

Predator-prey relationships: Bluefin tuna larvae initially feed on zooplankton but
switch to a piscivorous diet at a relatively small size. Small bluefin tuna larvae prey on other
larval fishes and are subject to the same predators as these larvae, primarily larger fishes and
gelatinous zooplankton (McGowan and Richards, 1989). Adults are opportunistic feeders,
preying on a variety of schooling fish, cephalopods, and benthic invertebrates, including silver
hake, Atlantic mackerel, Atlantic herring, krill, sandlance, and squid (Dragovich, 1969, 1970a;

AMENDMENT 1 TO THE CONSOLIDATED HMS FMP 64 CHAPTER 5
SEPTEMBER 2008 ESSENTIAL FISH HABITAT



Mathews et al., 1977, Estrada et. al., 2005). Predators of adult bluefin tuna include toothed
whales, swordfish, sharks and other tuna (especially of smaller individuals) (Tiews, 1963; Chase,
2002).

Life history: Western North Atlantic bluefin tuna spawn from April to June in the Gulf
of Mexico, Bahamas, and in the Florida Straits (Baglin, 1982; Richards, 1976, 1990; McGowan
and Richards, 1989; Block et. al., 2005). Although individuals may spawn more than once a
year, it had been assumed that there is a single annual spawning period. However, recent tagging
data and the presence of small (<235 cm CFL) sexually mature females in the Gulf of Maine in
June and July suggests that either individual bluefin tuna do not spawn on an annual cycle
(Lutcavage et al., 1999; Block et al., 2005; Fromentin and Powers, 2005; Goldstein et al., 2007),
or a component of the western stock is spawning somewhere other than the Gulf of Mexico, e.g.
in the central North Atlantic or Gulf Stream edge (Mather et al., 1995; Lutcavage et al., 1999;
Goldstein ef al., 2007). Larvae have been confirmed from the Gulf of Mexico (Richards, 1991)
and have been found as far up as the Carolinas, although their presence was associated with
advection from the Florida Straits and not from offshore spawning (McGowan and Richards,
1989). Most of the larvae found were located around the 1,000 fathom curve in the northern
Gulf of Mexico, with some sporadic collections off Texas. In the Florida Straits they are
primarily collected along the western edge of the Florida Current, suggesting active transport
from the Gulf of Mexico. This would also explain their occasional collection off the southeast
United States.

Atlantic bluefin tuna have not been observed spawning (Richards, 1991); however recent
work has identified putative breeding behaviors by bluefin tuna while in the Gulf of Mexico (Teo
et al.,2007a; 2007b). Presumed Atlantic bluefin tuna breeding behaviors were associated with
bathymetry, sea surface temperature, eddy kinetic energy, surface chlorophyll, and surface wind
speed (Teo et al., 2007b). Presumed breeding bluefin tuna preferred continental slope waters
with moderate sea surface temperatures, moderate eddy kinetic energy, low surface chlorophyll
concentrations, and moderate wind speeds (Teo et al., 2007b).

It appears that larvae are generally retained in the Gulf until they grow into juveniles; in
June, young-of-the-year begin movements in schools to juvenile habitats (McGowan and
Richards, 1989) thought to be located over the continental shelf around 34°N and 41°W in the
summer and further offshore in the winter. Also, they have been identified from the Dry
Tortugas area in June and July (Richards, 1991; ICCAT, 1997). Juveniles migrate to nursery
areas located between Cape Hatteras, North Caroliona and Cape Cod, Massachusetts (Mather et
al., 1995).

Fisheries: Atlantic bluefin tuna are caught using a wide variety of gear types, including
longlines, purse seines, traps, and various handgears. ICCAT recognizes two management units
of Atlantic bluefin, one in the eastern and one in the western Atlantic; however, some mixing is
probably occurring, as fish tagged in one location have been retrieved in the other (Block et. al.,
2005). These management units are divided as follows: North of 10° N they are separated at
45°W; below the equator they are separated at 25° W, with an eastward shift between those
parallels (SCRS, 1997). The effects of reduced stock size on distribution and habitat use is
unknown at this time.
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U.S. Fishery Status: Overfished, and overfishing is occurring.

Growth and mortality: Bluefin tuna can grow to more than 650 kg in weight and 300
cm in length, with no apparent difference between the growth rates of males and females (Mather
et al., 1995); however recent work by Neilson and Campana (2007) suggest that the growth
curve most commonly used to assign ages for the western Atlantic stock may have shifted, which
could result in growth curves needing to be adjusted for this species (Restrepo et al., 2007).
Maximum age is estimated to be more than 20 years, with sexual maturity reached at
approximately 196 cm (77 inches) FL and a weight of approximately 145 kg (320 1b). However,
smaller mature females (185 cm CFL) have been observed in the Gulf of Maine in June and July
(Goldstein et al., 2007). The size of 196 cm is believed to be reached in the western Atlantic at
eight years, as opposed to five years in the easteern Atlantic. It is believed that the western
Atlantic stock matures at age 8 to10 (Turner et al., 1991). The mean age of electronically tagged
bluefin tuna in the spawning grounds of the Gulf of Mexico are ages 11 and above (> 241 cm
CFL) (Block et al. 2005). In addition, recent analyses on longline data in the Gulf of Mexico
estimate the age of 50 percent maturity to be 12 years (Diaz and Turner, 2007). However, the
sizes of fish in the Gulf of Mexico in April and May may not accurately represent the spawning
size range of the population as a whole (Goldstein et al., 2007). In addition, bluefin tuna in the
western Atlantic mature more slowly than those in the eastern Atlantic and are believed to grow
more slowly and reach a larger maximum size (SCRS, 1997). The rapid larval growth rate is
estimated as one mm/day up to 15 mm, the size at transformation (McGowan and Richards,
1989).

Habitat associations: It is believed that there are probably certain features of the bluefin
tuna larval habitat in the Gulf of Mexico which determine growth and survival rates, and that
these features show variability from year to year, perhaps accounting for a significant portion of
the fluctuation in yearly recruitment success (McGowan and Richards, 1989). The habitat
requirements for larval success are not known, but larvae are collected within narrow ranges of
temperature and salinity - approximately 26°C and 36 ppt. Along the coast of the southeastern
United States onshore meanders of the Gulf Stream can produce upwelling of nutrient rich water
along the shelf edge. In addition, compression of the isotherms on the edge of the Gulf Stream
can form a stable region which, together with upwelling nutrients, provides an area favorable to
maximum growth and retention of food for the larvae (McGowan and Richards, 1989). Size
classes used for habitat analysis for bluefin tuna are based on the sizes at which they shift from a
schooling behavior to a more solitary existence. Bluefin have traditionally been grouped by
small schooling, large schooling, and giant. Future analyses should more fully evaluate habitat
differences between the traditional size classes, if the data are available.

Essential Fish Habitat for Atlantic Bluefin Tuna:

e  Spawning, eggs, and larvae: In the Gulf of Mexico out to the EEZ and in the
Florida Straits north to waters off South Carolina as shown in Figure 5.5.

e  Juveniles (<145 cm TL): In waters off North Carolina, south of Cape Hatteras, to
Cape Cod. Please refer to Figure 5.6 for detailed EFH map.

AMENDMENT 1 TO THE CONSOLIDATED HMS FMP 66 CHAPTER 5
SEPTEMBER 2008 ESSENTIAL FISH HABITAT



e  Adults (=145 cm TL): In pelagic waters of the central Gulf of Mexcio and the mid-
east coast of Florida. North Carolina from Cape Lookout to Cape Hatteras, and New
England from Connecticut to the mid-coast of Maine. Please refer to Figure 5.7 for
detailed EFH map.

5.1.1.4 Atlantic Skipjack Tuna

Atlantic Skipjack Tuna (Katsuwonus pelamis) Skipjack tuna are circumglobal in
tropical and warm-temperate waters, generally limited by the 15°C isotherm. In the western
Atlantic skipjack range as far north as Newfoundland (Vinnichenko, 1996) and as far south as
Brazil (Collette and Nauen, 1983). Skipjack tuna are an epipelagic and oceanic species and may
dive to a depth of 260 m during the day. Skipjack tuna is also a schooling species, forming
aggregations associated with hydrographic fronts (Collette and Nauen, 1983). There has been no
trans-Atlantic recovery of tags; eastern and western stocks are considered separate (ICCAT,
1997).

Predator-prey relationships: Skipjack tuna is an opportunistic species which preys
upon fishes, cephalopods and crustaceans (Dragovich, 1969, 1970b; Dragovich and Potthoff,
1972; Collette and Nauen, 1983; ICCAT, 1997). Predators include other tuna and billfishes
(Collette and Nauen, 1983). Skipjack tuna are believed to feed in surface waters, however they
are caught as bycatch on longlines at greater depths. Stomach contents often include Sargassum
or Sargassum associated species (Morgan et al., 1985).

Life history: Skipjack tuna spawn opportunistically in equatorial waters throughout the
year and in subtropical waters from spring to early fall (Collette and Nauen, 1983). Larvae have
been collected off the east coast of Florida from October to December (Far Seas Fisheries
Research Lab, 1978) and in the Gulf of Mexico and Florida Straits from June to October.
However, most spawning takes place during summer months in the Caribbean, off Brazil (with
the peak in January through March), in the Gulf of Mexico (April to May), and in the Gulf of
Guinea (throughout the year) (Richards, 1969; SCRS, 1978/79).

Fisheries: This fishery is almost exclusively a surface gear fishery, although some
skipjack tuna are taken as longline bycatch. Most skipjack tuna are taken in the east Atlantic and
off the coast of Brazil, most recently with the use of floating objects to attract them. These
floating objects have been identified to possibly affect migration patters and cause poor growth
rates (ICCAT, 2008b). ICCAT assumes two management units for this species (eastern and
western) due to the development of fisheries on both sides of the Atlantic and to the lack of
transatlantic tag recoveries.

U.S. Fishery Status: Unknown.

Growth and mortality: Maximum size of the species is reported at 108 cm FL and a
weight of 34.5 kg. Size at sexual maturity is 45 cm (18 inches) for males and 42 cm for females.
This size is believed to correspond to about 1 to 1.5 years of age, although significant variability
in interannual growth rates makes size-to-age relationships difficult to estimate (Collette and
Nauen, 1983; ICCAT, 1997). Growth rate is variable and seasonal, with individuals from the

AMENDMENT 1 TO THE CONSOLIDATED HMS FMP 67 CHAPTER 5
SEPTEMBER 2008 ESSENTIAL FISH HABITAT



tropical zone having a higher growth rate than those from the equatorial zone (SCRS, 1997).
Life span is estimated to be eight to 12 years (Collette and Nauen, 1983).

Habitat associations: Aggregations of skipjack tuna are associated with convergences
and other hydrographic discontinuities. Also, skipjack tuna associate with birds, drifting objects,
whales, sharks and other tuna species (Colette and Nauen, 1983). The optimum temperature for
the species is 27°C, with a range from 20° to 31°C (ICCAT, 1995).

Essential Fish Habitat for Skipjack Tuna:

e  Spawning, eggs, and larvae: In offshore waters in the Gulf of Mexico to the EEZ
and portions of the Florida Straits as shown in Figure 5.8. No changes to the 1999
boundary are proposed.

e Juveniles/subadults (<45 cm FL): In the Gulf of Mexico, south of Louisiania
through the Florida Panhandle, and off Georgia and South Carolina. Continous EFH
from the southern east coast of Florida through the Florida Keys. Patches off
Georgia and South Carolina, Cape Hatteras to Maryland, and Delaware to Cape
Cod. Please refer to Figure 5.9 for detailed EFH map.

e  Adults (>45 cm FL): In the central Gulf of Mexico, southern east coast of Florida
through the Florida Keys, and Cape Hatteras to Cape Cod. EFH patches off South
Carolina and the northern east coast of Florida. Please refer to Figure 5.10 for
detailed EFH map.

5.1.1.5 Atlantic Yellowfin Tuna

Atlantic Yellowfin Tuna (Thunnus albacres) Atlantic yellowfin tuna are circumglobal
in tropical and temperate waters. In the West Atlantic they range from 45°N to 40°S. Yellowfin
tuna is an epipelagic, oceanic species, found in water temperatures between 18° and 31°C. Itis a
schooling species, with juveniles found in schools at the surface, mixing with skipjack and
bigeye tuna. Larger fish are found in deeper water and also extend their ranges into higher
latitudes. All individuals in the Atlantic probably comprise a single population, although
movement patterns are not well known (Collette and Nauen, 1983; SCRS, 1997). There are
possible movements of fish spawned in the Gulf of Guinea to more coastal waters off Africa,
followed by movements toward the U.S. coast, at which time they reach a length of 60 to 80 cm
(ICCAT, 1997). In the Gulf of Mexico yellowfin tuna occur beyond the 500-fathom isobath
(Idyll and de Sylva, 1963).

Predator-prey relationships: Atlantic yellowfin tuna are opportunistic feeders. Stomachs
have been found to contain a wide variety of fish and invertebrates (Dragovich, 1969, 1970b;
Dragovich and Potthoff, 1972; Matthews et al., 1977). Stomach contents of yellowfin from St.
Lucia and the Caribbean contained squid and the larvae of stomatopods, crabs and squirrelfish
(Idyll and de Sylva, 1963). Stomach contents often contain Sargassum or Sargassum associated
fauna. Yellowfin tuna are believed to feed primarily in surface waters down to a depth of 100 m
(Morgan et al., 1985).
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Life history: Spawning occurs throughout the year in the core areas of the species=
distribution - between 15°N and 15°S - and also in the Gulf of Mexico and the Caribbean,
occurring from May through November (ICCAT, 2008c). Spawning adults are typically
significantly larger in body size in the Caribbean compaired to the Gulf of Mexico (Arocha et al.,
2001). Yellowfin tuna are believed to be serial spawners, and larval distribution appears to be
limited to water temperatures above 24°C and salinity greater than 33 ppt (Richards and
Simmons, 1971). Larvae have been collected near the Yucatan peninsula and during September
in the northern Gulf of Mexico along the Mississippi Delta (ICCAT, 1994).

Fisheries: Yellowfin tuna are caught by surface gears (purse seine, baitboat, troll, and
handline) and with sub-surface gears (longline). A single stock is assumed for the Atlantic,
based on transatlantic tag recaptures, time/area size frequency distribution, etc. (SCRS, 1997).

U.S. Fishery Status: Approaching an overfished condition.

Growth and mortality: The maximum size of yellowfin tuna is over 200 cm FL
(Collette and Nauen, 1983). Sexual maturity is reached at about three years of age, at 110 cm
FL, and a weight of 25 kg. Although it is not known if there is a differential growth rate between
males and females (ICCAT, 1994), males are predominant in catches of larger sized fish (SCRS,
1997). Natural mortality is 0.8 for fish less than 65 cm in length, and 0.6 for fish greater than 65
cm. Mortality is higher for females of this size (ICCAT, 1994).

Habitat associations: Adult yellowfin tuna are confined to the upper 100 m of the water
column due to their intolerance of oxygen concentrations of less than 2 ml/l (Collette and Nauen,
1983). In northern latitudes yellowfin can be further restricted to the surface depending on
thermocline depth (Block et al., 1997). Association with floating objects has been observed, and
in the Pacific larger individuals often school with porpoises (Collette and Nauen, 1983).
Juveniles are found nearer to shore than are adults (SCRS, 1994). In the Gulf of Mexico adults
usually occur 75 km or more offshore, while in the Caribbean they are found closer to shore.
Although there appears to be a year-round population in the southern part of the Gulf of Mexico
(Idyll and de Sylva, 1963), in June there appears to be some movement from the southern to the
northern part of the Gulf of Mexico, resulting in greater catches in the northern part of the Gulf
of Mexico from July to December.

Essential Fish Habitat for Yellowfin Tuna:

e  Spawning, eggs, and larvae: In offshore waters in the Gulf of Mexico to the EEZ
and portions of the Florida Straits as shown in Figure 5.11. No changes to the 1999
boundary are proposed.

e  Juveniles/subadults (<110 cm FL): In the central Gulf of Mexico from Florida
Panhandle to southern Texas. Mid-east coast of Florida and Georgia to Cape Cod.
South of Puerto Rico. Please refer to Figure 5.12 for detailed EFH map.

e  Adults =110 cm FL): In the central Gulf of Mexico from the Florida Panhandle to
southern Texas. Mid-east coast of Florida and Georgia to Cape Cod. South of the
Virgin Islands. Please refer to Figure 5.13 for detailed EFH map.
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5.1.2 Swordfish

Swordfish (Xiphias gladius) Swordfish are circumglobal, ranging through tropical,
temperate and sometimes cold water regions. Their latitudinal range is from 50°N to 40°, to
45°S in the western Atlantic, and 60°N to 45°, to 50°S in the eastern Atlantic (Nakamura, 1985).
The swordfish population in the Atlantic is distinctly structured into North Atlantic and South
Atlantic components. An investigation by Chow et al. (2007) indicated that not only gene flow
but also individual migrations between the North and Mid-south Atlantic populations is
consistently restricted, and that the swordfish are much less migratory than previously believed.
ICCAT has managed the North and South Atlantic stocks on the basis of a separation at
5° N. However, Chow et al. (2007) also report that results of their genetic investigations suggest
that the boundary between the populations may be located in the range of 10° to 20°N. The
species moves from spawning grounds in warm waters to feeding grounds in colder waters. In
the western north Atlantic two movement patterns are apparent: some fish move northeastward
along the edge of the U.S. continental shelf in summer and return southwestward in autumn;
another group moves from deep water westward toward the continental shelf in summer and
back into deep water in autumn (Palko ef al., 1981). Swordfish are epipelagic to meso-pelagic,
and are usually found in waters warmer than 13°C. Their optimum temperature range is believed
to be 18° to 22°C but they will dive into 5° to10°C waters at depths of up to 650 m (Nakamura,
1985). Swordfish migrate diurnally, coming to the surface at night (Palko et al., 1981). The
species tolerates rapid temperature changes and dive into deep, cold waters, probably to search
for prey, due to a specialized heating system to warm the eyes and brain, suggesting that the
species is less likely to be restricted in its habitat by thermoclines (Chow ef al., 2007). Carey
(1990) observed different diel migrations in two groups of fish: swordfish in neritic (shallow,
near-coastal) waters of the northwest Atlantic were found in bottom waters during the day and
moved to offshore surface waters at night. Swordfish in oceanic waters migrated vertically from
a daytime depth of 500 m to 90 m at night.

Predator-prey relationships: Adult swordfish are opportunistic feeders, having no
specific prey requirements. They feed at the bottom as well as at the surface, in both shallow and
deep waters. In waters greater than 200 m deep they feed primarily on pelagic fishes including
small tunas, dolphinfishes, lancetfish (Alepisaurus), snake mackerel (Gempylus), flyingfishes,
barracudas and squids such as Ommastrephes, Loligo, and Illex. In shallow water they prey upon
neritic fishes, including mackerels, herrings, anchovies, sardines, sauries, and needlefishes. In
deep water, swordfish may also take demersal fishes such as hakes, pomfrets (Bromidae), snake
mackerels, cutlass fish (trichiurids), lightfishes (Gonostomatidae), hatchet fishes
(Sternoptychidae), redfish, lanternfishes, and cuttlefishes (Nakamura, 1985).

In the Gulf of Mexico swordfish were found to feed primarily on cephalopods - 90
percent of stomach contents consisted of 13 species of teuthoid squids, most of which were ///ex,
and two species of octopus (Toll and Hess, 1981). Stillwell and Kohler (1985) found that 80
percent of the stomach contents of swordfish taken off the northeast coast of the United States
consisted of cephalopods, of which short-finned squid ({llex illecebrosus) made up 26.4 percent.
Adult swordfish in neritic waters will feed inshore near the bottom during the daytime and head
seaward to feed on cephalopods at night. The movement of larger individuals into higher
latitudes in the summer and fall may be in part to allow those individuals access to high
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concentrations of //lex (Arocha, 1997). Predators of adult swordfish are probably restricted to
sperm whales (Physeter catodon), killer whales (Orcinus orca) and large sharks such as mako
(Isurus spp).

Typically, swordfish larvae less than 9.0 mm in length consume small zooplankton, those
9.0 to 14.0 mm feed on mysids, phyllopods and amphipods, and at sizes greater than 21 mm they
begin to feed on the larvae of other fishes. Govoni ef al. (2003) report that the diet of larval
swordfish is indicative of their vertical distribution in the water column: larvae <11 mm PSL eat
primarily near-surface copepods, while larvae >11 mm PSL eat exclusively neustonic fish larvae.
Juveniles feed on squids, fishes and some pelagic crustaceans (Palko et al., 1981). Larvae are
preyed upon by other fishes, and juveniles fall prey to predatory fishes, including sharks, tunas,
billfishes, and adult swordfish (Palko et al., 1981).

Life history: First spawning for North Atlantic swordfish occurs at four to five years of
age (74 kg) in females. Fifty percent maturity in females is reached at 179 to 182 cm lower jaw
fork length (LJFL), and in males at 112 to 129 cm LJFL (21 kg) at approximately 1.4 years of age
(Arocha, 1997; Nakamura, 1985; Palko ef al., 1981). Most spawning takes place in waters with
surface temperatures above 20° to 22°C, between 15°N and 35°N (Arocha, 1997; Palko et al.,
1981). In the western North Atlantic spawning occurs in distinct locations at different times of
the year: south of the Sargasso Sea and in the upper Caribbean spawning occurs from December
to March, while off the southeast coast of the United States it occurs from April through August
(Arocha, 1997). Major spawning grounds are probably located in the Straits of Yucatan and the
Straits of Florida (Grall ef al., 1983; Govoni ef al., 2003). Larvae have been found in largest
abundance from the Straits of Florida to Cape Hatteras, North Carolina and around the Virgin
Islands. Larvae are associated with surface temperatures between 24° and 29°C. The Gulf of
Mexico is believed to serve as a nursery area (Palko et al., 1981). Govoni et al. (2003) report that
spawning in the Gulf of Mexico seems to be focused in the vicinity of the northernmost arc of the
Gulf Loop Current. Grall et al., (1983) found larvae ten mm and larger to be abundant in the
Caribbean, the Straits of Florida, and the Gulf Stream north of Florida from December to
February. In the areas off the southeastern coast of the United States spawning is focused in the
western Gulf Stream frontal zone (Govoni ef al., 2003). In the western Gulf of Mexico, large
larvae were found from March to May and from September to November; many larvae of all sizes
were collected in the Caribbean and were also present year-round in the eastern Gulf of Mexico,
the Straits of Florida and the Gulf Stream. Juvenile fish are frequently caught in the pelagic
longline fishery in the Gulf of Mexico, the Atlantic coast of Florida, and near the Charleston
Bump, regions that may serve as nurseries for North Atlantic swordfish (Cramer and Scott, 1998).

Fisheries: Swordfish in the Atlantic are taken by a directed longline fishery and as
bycatch of the tuna longline fishery. There are also seasonal harpooning and driftnetting efforts
off Nova Scotia (harpooning), off the northeast U.S. coast, and on the Grand Banks (driftnetting)
(Arocha, 1997). The effect of this reduction in stock size on habitat use and species distributions
is unknown. In January 1999, NMFS prohibited the use of driftnets for the swordfish fishery. In
March 1999, NMFS instituted a program requiring all swordfish imported into the United States
to have a certificate of eligibility specifying the origin of the fish. If the swordfish is from the
Atlantic it must meet the 33-1b dw minimum size requirement of ICCAT.
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U.S. Fishery Status: North Atlantic swordfish is not overfished, overfishing is not
occurring, and the stock is in recovery (B/Bmsy = 0.99). South Atlantic swordfish is fully fished,
overfishing may be occurring.

Growth and mortality: Swordfish reach a maximum length of 445 cm total length (TL)
and a maximum weight of 540 kg. Males and females have different growth rates, with females
longer and heavier at any given age (Nakamura, 1985). Natural mortality rate was estimated at
0.21 to 0.43 by Palko et al., (1981), but ICCAT presently uses an estimate of 0.2 (Arocha, 1997).
Berkeley and Houde (1981) found a higher growth rate for females than males over two years of
age, and also found males to have a higher mortality rate than females.

Habitat associations: In the winter in the North Atlantic, swordfish are restricted to the
warmer waters of the Gulf Stream, while in the summer their distribution covers a larger area.
Distribution is size and temperature related, with few fish under 90 kg found in waters with
temperatures less than 18°C. Larvae are restricted to a narrow surface temperature range, and
are distributed throughout the Gulf of Mexico, in areas of the Caribbean, and in the Gulf Stream
along the U.S. coast as far north as Cape Hatteras, North Carolina. Concentrations of adult
swordfish seem to occur at ocean fronts between water masses associated with boundary
currents, including the Gulf Stream and Loop Current of the Gulf of Mexico (Arocha, 1997;
Govoni et al., 2003).

Essential Fish Habitat for Atlantic Swordfish:

e  Spawning, eggs, and larvae: From off Cape Hatteras, North Carolina extending
south around peninsular Florida through the Gulf of Mexico to the U.S./Mexico
border from the 200 m isobath to the EEZ boundary; associated with the Loop
Current boundaries in the Gulf and the western edge of the Gulf Stream in the
Atlantic; also, all U.S. waters of the Caribbean from the 200 m isobath to the EEZ
boundary (Figure 5.14). No change to the 1999 boundary are proposed.

e  Juveniles/subadults (<180 cm LJFL): In the central Gulf of Mexico from
southern Texas through the Florida Keys and Atlantic east coast from south Florida
to Cape Cod. Puerto Rico and the Virgin Islands. Please refer to Figure 5.15 for
detailed EFH map.

e  Adults >180 cm LJFL): In the central Gulf of Mexico from southern Texas to the
Florida Panhandle and western Florida Keys. Atlantic east coast from southern
Florida to the mid-east coast of Florida, and Georgia to Cape Cod. Puerto Rico and
the Virgin Islands. Please refer to Figure 5.16 for detailed EFH map.

5.1.3 Billfish
5.1.3.2 Blue Marlin

Blue Marlin (Makaira nigricans) Blue marlin inhabit the tropical and subtropical
waters of the Atlantic, Pacific and Indian Oceans. Their geographic range is from 45°N to 35°S.
In the Atlantic two seasonal concentrations occur: January to April in the southwest Atlantic
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from 5° to 30°S, and from June to October in the northwest Atlantic between 10° and 35° N.
May, November and December are transitional months (Rivas, 1975). Blue marlin are generally
solitary and do not occur in schools or in coastal waters (Nakamura, 1985). Since 2000, the
ICCAT SCRS has considered a single, Atlantic-wide stock of blue marlin in stock assessments
which is consistent with recent genetic stock structure analysis (ICCAT, 2001; Graves and
McDowell, 2001; and Graves and McDowell 2003).

This species is epipelagic and oceanic, generally found in blue water with a temperature
range of 22° to 31°C. Goodyear (2003) found that spatio-temporal heterogeneity in pelagic
longline catch rates may be partly explained by seasonal changes in sea surface temperatures.
Prince and Goodyear (2006) reported evidence of habitat compression in areas where there is a
distinct band of cold, hypoxic water close to the surface in the eastern Atlantic and Pacific
Oceans. This phenomenon restricts the acceptable habitat of billfish to shallower water in these
areas, making them more vulnerable to surface gear, but also increases their access to prey items,
possibly increasing growth rates. Research presented by the SCRS (2006) described data from a
pop-up tagging study of eight blue marlin that were released in several locations in the tropical
Atlantic Ocean, from off Dakar (shallow mixed layer) to off Brazil (deep mixed layer), that
agreed with this hypothesis. They found that the diving depth was correlated with the depth of
mixed layer, so that as the depth of mixed layer increased, the maximum depth of the dives also
increased. The data indicated that blue marlin spent the majority of their time within the surface
mixed layer and occasionally make short term dives to 800 m (Orbesen, Pers. Comm.).

Most of the blue marlin tagging and recovery efforts have been restricted to the western
North Atlantic Ocean, with particularly intense activities off the U.S. Caribbean (including
Puerto Rico and U.S. Virgin Islands) and the north-eastern coast of South America near La
Guaira, Venezuela (Ortiz et al. 2003). Plots of minimum travel distance versus years-at large
revealed no clear patterns that might indicate site fidelity and/or cyclic annual movements.
Global plots of release-recovery vectors indicate that blue marlin are capable of trans-oceanic
and trans-equatorial movements in the Atlantic and Pacific Oceans, as well as inter-oceanic
movements (i.e., from the Atlantic to the Indian Ocean and from the Pacific to the Indian Ocean).
Strong seasonal movement patterns were evident in the Atlantic Ocean, from the U.S. Mid-
Atlantic coast and Mexican Caribbean to Venezuela.

Orbesen ef al. (in press) investigated blue marlin movements relative to the ICCAT
management areas, as well as U.S. domestic data collection areas within the western North
Atlantic basin, with mark-recapture data from 769 blue marlin. Linear displacement between
release and recapture locations ranged from zero to 15,744 km (mean 575, median 119, SE 44)
for blue marlin with the proportions of visits highest in the Caribbean area.

Predator-prey relationships: Blue marlin feed near the surface but also are known to
feed in deeper waters than the other istiophorids. They feed primarily on tuna-like fishes, squid,
and on a wide size range of other organisms, from 38 mm postlarval surgeonfish to 50 Ib. bigeye
tuna. Stomach contents have also included deep-sea fishes, such as chiasmodontids. Other
important prey species vary by location and include dolphinfishes, especially bullet tuna (4uxis
sp.) around the Bahamas, Puerto Rico, and Jamaica, and dolphinfishes and scombrids in the Gulf
of Mexico. Octopods are also prey items (Rivas, 1975; Davies and Bortone, 1976; Nakamura,
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1985). Predators of blue marlin are relatively unknown; although, evidence of shark predation
on white marlin has been described (Kerstetter e al., 2004).

Reproduction and Early Life History: Blue marlin are sexually mature by 2 to 4 years
of age (SCRS, 1997). Female blue marlin begin to mature at approximately 104 to 134 1b, while
males mature at smaller weights, generally from 77 to 97 1b. Analysis of egg (ova) diameter
frequency suggests that blue marlin, white marlin, and sailfish spawn more than once each
spawning season (de Sylva and Breder, 1997). During the spawning season blue marlin release
from one million to ten million small (1 to 2 mm), transparent pelagic planktonic eggs (Yeo,
1978). Martins et al. (2007) calculated batch fecundities for five mature females and found
values ranging from 3,600,960 to 6,769,060 oocytes for five mature females ranging in size from
277 to 290 cm LJFL. Ovaries from a 324 lb female blue marlin from the northwest Atlantic
were estimated to contain 10.9 million eggs, while ovaries of a 275 Ib female were estimated to
contain approximately 7 million eggs. Luckhurst e al. (2006) found that the largest female
specimen (over 1,000 Ibs) in their sample was in spawning condition, indicating that the largest
females are still capable of reproducing and may not have reached senescence as had been
proposed previously.

Although evidence indicates genetic mixing between the two geographic areas, de Sylva
and Breder (1997) hypothesized that there may be two separate blue marlin spawning seasons;
one in the North Atlantic with spawning from July to September (July to October according to de
Sylva and Breder, 1997; May to November, according to Prince et al., 1991) and one in the
South Atlantic from February to March. May and June are peak spawning months for fish off
Florida and the Bahamas, and there is a protracted spawning period off northwest Puerto Rico
from May to November. Females taken off Cape Hatteras, North Carolina in June were found to
have recently spawned (Rivas, 1975). Prince ef al. (2005) found evidence of spawning blue
marlin resulting from the presence of larvae off Punta Cana, Dominican Republic. One larval
blue marlin (5.2 mm SL) was collected in pelagic waters off Miami, FL (Serafy et al., 2006). As
reported by the SCRS (2006), Luckhurst ef al. (2006) described evidence of spawning in blue
marlin during July (from gonad index analyses and the ageing of a juvenile specimen) in the
waters of Bermuda. This represents a northern extension (32°N) of the known spawning area in
the northwest Atlantic for blue marlin. Preliminary information on blue marlin reproduction
from between 7°N and 20°S presented in Martins ef al. (2007) using gonad index showed higher
values during June and August which corresponded seasonally with Luckhurst et al. (2006)
above. Serafy ef al. (2003) showed evidence of blue marlin spawning near Exuma Sound,
Bahamas with highest larvae densities found especially where exchange with the Atlantic is
greatest. Given age estimates and assuming passive surface transport, the larvae were likely
spawned in waters that include Exuma Sound and may extend some 200 km southeast of its
mouth. Blue marlin larvae were found in pelagic waters across the northern Gulf of Mexico in
June and July of 2005 and 2006 (J. Rooker, Texas A&M University, Pers. Comm.). Blue marlin
larvae were found in the north-central Gulf of Mexico in 2005 and 2006 (N. Brown-Peterson,
University of Southern Mississippi, Pers. Comm.). A few larvae have been collected in the
western Atlantic off Georgia, off Cat Cay, Bahamas, and in the Mid to North Atlantic (Ueyanagi
et al., 1970; Nakamura, 1985).

Fisheries: Blue marlin are targeted as a recreational fishery in the United States and
Caribbean, and are also caught as bycatch of tropical tuna longline fisheries, which use shallow

AMENDMENT 1 TO THE CONSOLIDATED HMS FMP 74 CHAPTER 5
SEPTEMBER 2008 ESSENTIAL FISH HABITAT



gear deployment. They are also caught by offshore longline fisheries which target swordfish,
especially in the western Atlantic, as well as by directed artisanal fisheries in the Caribbean.

U.S. Fishery Status: Overfished, and overfishing is occurring.

Growth and mortality: Blue marlin are believed to be one of the fastest growing of all
teleosts in the early stages of development, and weigh between 66 and 99 1b by age 1 (SCRS,
1997). Based on analyses of daily otolith ring counts, they reach 24 cm LJFL in about 40 days,
and about 190 cm LJFL in 500 days, with a maximum growth rate of approximately 1.66 cm/day
occurring at 39 cm LJFL (Prince ef al., 1991). Fish larger than 190 cm LJFL tend to add weight
more than length, making the application of traditional growth curve models, in which length or
weight are predicted as a function of age, difficult for fish in these larger size categories.
Sponaugle et al. (2005) found differing early growth rates between locations after the first 5-6
days of life for fish from Exuma Sound, Bahamas and the Straits of Florida, which resulted in a
4-6 mm difference in standard length by day 15. The differences in growth appeared to be
unrelated to water temperature. Females grow faster and reach much larger maximum sizes than
males. Examination of sagitta (otolith) weight, body weight, and length/age characteristics
indicate that sex-related size differences are related to differential growth between the sexes and
not to differential mortality (Wilson et al., 1991). Sexually dimorphic growth variation (weight
only) in blue marlin appears to begin at 140 cm LJFL (Prince et al., 1991). Somatic growth of
male blue marlin slows significantly at about 220 Ib, while females continue substantial growth
throughout their lifetime (Wilson et al., 1991). Male blue marlin usually do not exceed 350 Ib,
while females can exceed 1,200 Ib.

Blue marlin are estimated to reach ages of at least 20 to 30 years, based on analysis of
dorsal spines (Hill ez al., 1990). Although spine ageing techniques for blue marlin have not been
validated and vascularization of the spine core causes problems with accurate ring counts (SCRS
2006), longevity estimates are supported by tagging data. The maximum time at liberty recorded
of a tagged individual was 4,591 days (12.6 years) for a blue marlin (Orbesen ef al, in press).
Sagitta otolith weight is suggested to be proportional to age, indicating that both sexes are
equally long-lived, based on the maximum otolith weight observed for each sex (Wilson et al.,
1991). Data about the age and growth of marlin are still lacking, hindering the ability to
incorporate age-structure based on observations into Atlantic marlin stock assessments (SCRS
2006).

Habitat associations: Adults are found primarily in the tropics within the 24EC
isotherm, and make seasonal movements related to changes in sea surface temperatures. In the
northern Gulf of Mexico they are associated with the Loop Current and are found in blue waters
of low productivity rather than in more productive green waters. Off Puerto Rico the largest
numbers of blue marlin are caught during August, September and October. Equal numbers of
both sexes occur off northwest Puerto Rico in July and August, with larger males found there in
May and smaller males in September (Rivas, 1975). Very large individuals, probably females,
are found off the southern coast of Jamaica in the summer and off the northern coast in winter,
where males are caught in December and January.

Essential Fish Habitat for Blue Marlin:
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e  Spawning, eggs, and larvae: Off Florida. Please refer to Figure 5.17 for detailed
EFH map. No changes to the 1999 boundary are proposed.

e Juveniles/Subadults (20-189 cm LJFL): In the central Gulf of Mexico from
southern Texas to the Florida Panhandle through the Florida Keys to southern Cape
Cod. Puerto Rico and the Virgin Islands. Please refer to Figure 5.18 for detailed
EFH map.

e  Adults 190 cm LJFL): In the central Gulf of Mexcio, from southern Texas to the
Florida Panhandle, through the Florida Keys to southern Cape Cod. Puerto Rico and
the Virgin Islands. Please refer to Figure 5.19 for detailed EFH map.

5.1.3.3 White Marlin

White Marlin (Tetrapturus albidus) White marlin is an oceanic, epipelagic species that
occurs in the Atlantic Ocean, Gulf of Mexico, and Caribbean waters. It inhabits almost the entire
Atlantic from 45°N to 45°S in the western Atlantic and 45EN to 35ES in the eastern Atlantic.
The geographical range for white marlin is restricted to the tropical and temperate waters of the
Atlantic Ocean and adjacent seas. This differs from the blue marlin (Makaira nigricans) and
sailfish (Istiophorus platypterus), that range throughout both the Atlantic and Indo-Pacific
regions. In higher latitudes, such as between New Jersey and Virginia, they are found commonly
in shallow coastal waters (de Sylva and Davis, 1963). White marlin are found at the higher
latitudes of their range only in the warmer months. Large post-spawning aggregations of white
marlin are reported off the Mid-Atlantic States during the summer period (Earle, 1940; deSylva
and Davis, 1963; Baglin, 1977). Although they are generally solitary, they sometimes are found
in small, usually same-age groups.

Taxonomic investigations have occurred recently for white marlin and its congeners.
Collette et al. (2006) presented genetic evidence to propose a taxonomic reclassification of white
marlin and Indo-Pacific striped marlin, Tetrapturus audux into a separate genus, Kajikia.
Validity of the roundscale spearfish (7. georgii) has recently been reported by Shivji et al. (2006)
using genetic and morphometric analyses. Roundscale spearfish are not hybrids, but rather a
clearly different genetic lineage to sympatric billfish species. To an untrained observer, the
roundscale spearfish and white marlin are morphologically similar. Characteristics that
differentiate the roundscale spearfish from the white marlin include: mid-lateral scales that are
rounded anteriorly; a greater distance between the anus and insertion of the first anal fin;
branchiostegal rays extending to posterior edge of the operculum; and, unique mitochondrial
ND4L-ND4 nucleotide sequences. It is likely that most roundscale spearfish captures have been
classified as white marlin. The proportion of roundscale spearfish in the white marlin population
is unknown. Further, it is unknown whether the proportion has changed over time. It took >100
years to observe sufficient specimens to clearly identify the species, so it is not likely to be
abundant. No information is available describing interspecific competition, and potential
geographic overlap, between the roundscale spearfish and white marlin; although, a genetic re-
analysis of specimens identified as “white marlin,” landed in New Jersey recreational fishing
tournaments over the last few years, confirmed 17.5 percent were actually roundscale spearfish
(J. Graves, VIMS, unpubl. data). This has raised the possibility that the abundance of white
marlin may be overestimated. The POP data suggests the roundscale spearfish is widely
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distributed in the western North Atlantic, and abundant in the Sargasso Sea area during the
winter period (Beerkircher ef al., in press). Further, POP observers have reported roundscale
spearfish in mid-July off the Grand Banks at 43°42'N, 47°37"W (L. Beerkircher, SEFSC, Pers.
Comm.).

The so-called “hatchet marlin” (Tetrapturus sp.), another putative congener, exhibits
truncated dorsal and anal fins. Genetic analysis reveals this condition can occur in both
roundscale spearfish and white marlin; thus, the shortened fins suggest a phenotype variable
only, not a separate species (J. Graves, VIMS, pers. com).

Conventional mark-recapture data collected by the Cooperative Tagging Center (CTC)
constituent-based tagging program (NOAA/NMFS/SEFSC) has revealed spatial and temporal
characteristics of white marlin movement (Ortiz et al., 2003). From 1954 through 2005, a total
of 47,662 white marlin were marked and released in the Atlantic basin, resulting in 961
recaptures (2.01 percent; Orbesen ef al., In Review]). The majority of releases took place in the
months of July through September, in the western North Atlantic off the eastern coast of the
United States; and, to a lesser extent, off Venezuela, the Gulf of Mexico, and the western central
Atlantic. The longest distance traveled was 6,523 km (4,053 miles), while the maximum number
of days at-liberty was 5,488 (15 yrs). Trans-Atlantic crossing have been recorded for several
individuals. However, only two reports of trans-equatorial crossings have been documented
(Orbesen et al., In Review]). Recaptures indicate a substantial number of individuals moving
between the Mid-Atlantic coast of the United States and the northeast coast of South America.

Horodysky et al. (2007) examined vertical movement and habitat use of 47 pop-up
satellite archival tags (PSAT) monitored white marlin released from recreational and commercial
vessels (Horodysky and Graves, 2005; Kerstetter and Graves, 2006). During periods at-liberty
ranging from five to seven days, these white marlin spent nearly half their time near the surface
(<10 m). All made frequent short duration dives to depths averaging 51 m, suggesting that a
great deal of foraging effort takes place well below the surface waters. Horodysky et al. (2007)
go on to suggest this behavior may explain the relatively high catch rates of white marlin on
some deep-set pelagic longline gears. In a study supporting this suggestion, Junior et al. (2004)
reported no obvious depth layer preference for white marlin captured with pelagic longline gear
off northeastern Brazil in depths ranging from 50 to 230 m (164-754 feet). An analysis of high
resolution (< 60 seconds) archival data from two white marlin PSATs showed time engaged in
vertical movement ranged from 29.4 percent to 54.4 percent, with most of this activity taking
place during daylight hours (Hoolihan ef al., unpubl. data). Maximum depths recorded for these
individuals were 188 m and 260 m. While dive events were frequent, the majority of time (55.9
and 86.1 perccent) was spent at depths less than 75 m. Prince and Goodyear (2006) used PSAT
data from sailfish and blue marlin to show how vertical movement could be restricted by a
hypoxic barrier formed during upwelling. One implication of this condition is that billfish
movements are constrained to near-surface depths where adequate levels of dissolved oxygen are
available. Another is that their susceptibility to capture by surface fishing gears would increase.
Given the same conditions, white marlin could be expected to behave similarly.

Predator—prey relationships: The most important prey items of adult white marlin, at
least in the Gulf of Mexico, are squid, dolphinfishes (Coryphaena) and hardtail jack (Caranx
crysos), followed by mackerels, flyingfishes, and bonitos. Other food items found inconsistently
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and to a lesser degree include cutlassfishes, puffers, herrings, barracudas, moonfishes,
triggerfishes, remoras, hammerhead sharks, and crabs. Along the central Atlantic coast food
items include round herring (Etrumerus teres) and squid (Loligo pealei). Carangids and other
fishes are consumed as well (Nakamura, 1985). Davies and Bortone (1976) found the most
frequent stomach contents in 53 specimens from the northeastern Gulf of Mexico, off Florida,
and off Mississippi to include little tunny (Euthynnus sp.), bullet tuna (Auxis sp.), squid, and
moonfish (Vomer setapinnis). They also found white marlin to feed on barracuda and puffer
fish. Atlantic pomfret (Brama brama) and squid (Ornithoteuthis antillarum) were the most
abundant food items sampled from stomachs of white marlin collected off the coast of Brazil in
the southwestern Atlantic Ocean (Junior et al., 2004). The only predators of adult white marlin
may be sharks and possibly killer whales (Mather et al., 1975).

Reproduction and Early Life History: Female white marlin are about 20 kg (44 Ib) in
mass and 130 cm (51.2 inches) in length at sexual maturity. Spawning activity occurs during the
spring (March through June) in northwestern Atlantic tropical and sub-tropical waters marked by
relatively high surface temperatures (20° to 29°C) and salinities (> 35 ppt). White marlin move
to higher latitudes during summer, when waters warm. White marlin sampled during the
summer at these higher latitudes (Mid-Atlantic States) were in a post-spawning state (deSylva
and Davis, 1963). Arocha et al. (2006) reported females exhibiting high gonad index values
(associated with mature gonads) present in the western North Atlantic from April to July
between 18°N and 22°N. Spawning seems to take place further offshore than sailfish, although
white marlin larvae are not found as far offshore as blue marlin. Females may spawn up to four
times per spawning season (deSylva and Breder, 1997). It is believed there are at least five
spawning areas in the western North Atlantic: northeast of Little Bahama Bank off the Abaco
Islands; northwest of Grand Bahama Island; southwest of Bermuda; the Mona Passage, east of
the Dominican Republic; and the Gulf of Mexico. Prince et al. (2005) collected eight white
marlin larvae in neuston tows in April/May off the coast of Punta Cana, Dominican Republic
indicating that there had been recent spawning activity in this general area. More recently, nine
white marlin larvae were collected during May-June near the Bahamas in the Florida Straits (D.
Richardson, RSMAS, unpubl. data). Lastly, white marlin larvae (n = 15) have been genetically
identified from the Gulf of Mexico, confirming spawning activity in that region (J. Rooker,
Texas A&M University, Unpubl. Data).

Fisheries: White marlin are targeted as a recreational fishery in the United States and
Caribbean, and are also caught as bycatch of tropical tuna longline fisheries which use shallow
gear deployment. They are also caught by offshore longline fisheries which target swordfish,
especially in the western Atlantic, as well as by directed artisanal fisheries in the Caribbean.

U.S. Fishery Status: Overfished, overfishing is occurring. White marlin underwent a
status review under the Endangered Species Act (ESA) in 2002 that found that listing the species
as threatened or endangered was “not warranted” (September 9, 2002; 67 FR 57204).
Subsequent to the 2002 finding, a settlement agreement was reached between NMFS, the Center
for Biological Diversity (CBD), and the Turtle Island Restoration Network (TIRN) wherein it
was agreed that NMFS would revisit the status of the white marlin following the 2006 stock
assessment by ICCAT. In December 2006, NMFS announced that a status review of the Atlantic
white marlin was initiated (December 21, 2006; 71 FR 76639). NMFS conducted a white marlin

AMENDMENT 1 TO THE CONSOLIDATED HMS FMP 7% CHAPTER 5
SEPTEMBER 2008 ESSENTIAL FISH HABITAT



status review in 2007 and found that listing the species as threatened or endangered was “not
warranted” (January 4, 2008; 73 FR 843).

Growth and mortality: Adult white marlin grow to over 280 cm TL and 82 kg (184
Ibs). Size at harvest generally ranges from 20 to 30 kg (44-66 1b). White marlin exhibit sexually
dimorphic growth patterns; females grow larger than males (Mather et al., 1975; Nakamura,
1985). They grow quickly and can reach an age of at least 18 years, based on tag recapture data
(SCRS, 2004).

Habitat associations: The world’s largest sport fishery for the species occurs in the
summer from Cape Hatteras, North Carolina to Cape Cod, Massachusetts especially between
Oregon Inlet, North C and Atlantic City, NJ. Successful fishing occurs up to 80 miles offshore at
submarine canyons, Carolina extending from Norfolk Canyon in the Mid-Atlantic to Block
Canyon off eastern Long Island (Mather, et al., 1975). Concentrations are associated with rip
currents and weed lines (fronts), and with bottom features such as steep dropoffs, submarine
canyons and shoals (Nakamura, 1985). The spring peak season for white marlin sport fishing
occurs in the Straits of Florida, southeast Florida, the Bahamas, and off the north coasts of Puerto
Rico and the Virgin Islands. In the Gulf of Mexico summer concentrations are found off the
Mississippi River Delta, at DeSoto Canyon, and at the edge of the continental shelf off Port
Aransas, Texas, with a peak off the Delta in July, and in the vicinity of DeSoto Canyon in
August. In the Gulf of Mexico adults appear to be associated with blue waters of low
productivity, being found with less frequency in more productive green waters. While this is
also true of the blue marlin, there appears to be a contrast in the factors controlling blue and
white marlin abundances, as higher numbers of blue marlin are caught when catches of white
marlin are low and vice versa (Rivas, 1975; Nakamura, 1985). It is believed that white marlin
prefer slightly cooler temperatures than blue marlin. Spawning occurs in early summer, in
subtropical, deep oceanic waters with high surface temperatures and salinities (20° to 29EC and
over 35 ppt). Spawning concentrations occur off the Bahamas, Cuba, and the Greater Antilles,
probably beyond the U.S. EEZ, although the locations are unconfirmed. Concentrations of white
marlin in the northern Gulf of Mexico and from Cape Hatteras to Cape Cod are probably related
to feeding rather than spawning (Mather et al., 1975).

Essential Fish Habitat for White Marlin:

e Spawning, eggs, and larvae: At this time the available information is insufficient
to identify EFH for this life stage.

e Juvenile (20-158 cm LJFL): In the central Gulf of Mexico from southern Texas to
the Florida Panhandle. Florida Keys to mid-east coast of Florida, and Georgia to
Cape Cod. Please refer to Figure 5.20 for detailed EFH map.

e  Adults 2159 cm LJFL): In the central Gulf of Mexico from southern Texas to the
Florida Panhandle. Florida Keys to the mid-east coast of Florida, and South
Carolina to Cape Cod. Puerto Rico and the Virgin Islands. Please refer to Figure
5.21 for detailed EFH map.
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5.1.3.4 Sailfish

Sailfish (Istiophorus platypterus) Sailfish have a circumtropical distribution (Post,
1998). They range from 40EN to 40ES in the western Atlantic and SOEN to 32ES in the eastern
Atlantic. Sailfish are epipelagic and coastal to oceanic, and are usually found above the
thermocline at a temperature range of 21° to 28EC, but may dive into deeper, colder water.
Taxonomic investigations have occurred recently for sailfish and its congeners. Collette et al.
(2006) presented genetic evidence to propose a taxonomic reclassification of some genera and
recommended continued placement of sailfish in its own genus, Istiophorus.

During the winter sailfish are restricted to the warmer parts of their range and move
farther from the tropics during the summer (Beardsley et al., 1975; Nakamura, 1985). The
summer distribution of sailfish does not extend as far north as for marlins. Tag-and-recapture
efforts have recovered specimens only as far north as Cape Hatteras, NC, but there have been
reported interactions further north than Cape Hattaras. No transatlantic or transequatorial
movements have been documented using tag-recapture methods (Bayley and Prince, 1993).

Predator-prey relationships: Early larvae feed on copepods, but shift to eating fish
when they reach 6.0 mm in size. The diet of adult sailfish caught around Florida consists mainly
of pelagic fishes such as little thunny (Euthynnus alletteratus), haltbeaks (Hemiramphus spp.),
cutlassfish (Trichiurus lepturus), rudderfish (Strongylura notatus), jacks (Caranx ruber), pinfish
(Lagodon rhomboides), and squids, including Argonauta argo and Ommastrephes bartrami
(Nakamura, 1985). Sailfish are opportunistic feeders, and there is unexpected evidence that they
may feed on demersal species such as sea robin (Triglidae), cephalopods, and gastropods found
in deep water. Sailfish in the western Gulf of Mexico have been found to contain a large
proportion of shrimp in their stomachs (Beardsley et al., 1975; Nakamura, 1985). Davies and
Bortone (1976) report that the stomach contents of 11 sailfish from the Gulf of Mexico most
frequently contained little thunny, bullet tuna (4uxis sp.), squid, and Atlantic moonfish (Vomer
setapinnis). Adult sailfish are probably not preyed upon often, but predators include killer
whales (Orcinus orca), bottlenose dolphin (Tursiops turncatus), and sharks (Beardsley et al.,
1975).

Reproduction and Early Life History: Spawning has been reported to occur in shallow
waters (30 to 40 ft) around Florida, from the Keys to the region off Palm Beach on the east coast.
Spawning also occurs in the Gulf of Mexico as shown by the presence of hydrated eggs in
ovaries of fish collected off Texas (Bumguardner et al., 2007). Additionally, spawning is
assumed to occur, based on the presence of larvae, in the northern Gulf of Mexico from May to
September (Jay Rooker, Texas A&M University at Galveston, Pers. Comm.). Spawning is also
assumed to occur, based on presence of larvae, offshore beyond the 100 m isobath from Cuba to
the Carolinas, from April to September. Sailfish larvae have been found in Exuma Sound in the
Bahamas during summer months suggesting that spawning may occur in the Sound and/or up to
200 km southeast of the mouth of the Sound (Serafy et al., 2003). Sailfish larvae (3.5 to12mm
SL) have been found in pelagic waters off Miami, FL in August (Serafy ef al., 2006). Sexual
maturity occurs in the third year, with females at a weight of 13 to18 kg and males at 10 kg (de
Sylva and Breder, 1997). Sailfish are multiple spawners, with spawning activity moving
northward in the western Atlantic as the summer progresses. Larvae are found in Gulf Stream
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waters in the western Atlantic, and in offshore waters throughout the Gulf of Mexico from March
to October (Beardsley et al., 1975; Nakamura, 1985; de Sylva and Breder, 1997).

Fisheries: Sailfish are primarily caught in directed sport fisheries and as bycatch of the
commercial longline fisheries for tunas and swordfish. Historically, nearly all sailfish and
longbill spearfish from commercial catches have been reported as Atlantic sailfish; however,
nearly all of these represent longbill spearfish (and perhaps other spearfish), and it is probable
that very few sailfish are taken commercially in offshore waters of the Atlantic. Thus, it is
impossible to determine historical trends in sailfish catches since at least two species have been
combined.

U.S. Fishery Status: Unknown.

Growth and mortality: Analysis of daily growth rings in Atlantic sailfish sagittae
otoliths estimated ages at 3 to18 days for fish that were 2.8 to15.2 mm SL (Luthy ef al., 2005).
Most sailfish examined that have been caught off Florida are under three years of age. Mortality
is estimated to be high in this area, as most of the population consists of only two year classes
(Beardsley et al., 1975). Sailfish are probably the slowest growing of the Atlantic istiophorids.
Sexual dimorphic growth is found in sailfish, but it is not as extreme as with blue marlin (SCRS,
1997). An individual sailfish was recaptured after 6,568 days (17.9 years) at liberty. The
maximum age can be 13 tol5 or more years. Growth rate in older individuals is very slow - 0.59
kg/yr (Prince et al., 1986).

Habitat associations: In the winte,r sailfish can be found in small schools around the
Florida Keys and off eastern Florida, in the Caribbean, and in offshore waters throughout the
Gulf of Mexico. In the summer they appear to diffuse along the U.S. coast as far north as the
coast of Maine, although there is a population off the east coast of Florida all year long. During
the summer some of these fish move north along the inside edge of the Gulf Stream. After the
arrival of northerlies in the winter they regroup off the east coast of Florida. Sailfish appear to
spend most of their time above the thermocline, which occurs at depths of 10 to 20 m to 200 to
250 m, depending on location. The 28EC isotherm appears to be the optimal temperature for this
species. Sailfish are mainly oceanic but migrate into shallow coastal waters. Larvae are
associated with the warm waters of the Gulf Stream (Beardsley et al., 1975; Nakamura, 1985;
Post, 1998).

Essential Fish Habitat for Sailfish:

e Spawning, eggs, and larvae: Off the southwest coast of Florida to Key West, FL,
associated with waters of the Gulf Stream and Florida Straits from 5 mi offshore out
to the EEZ boundary (Figure 5.22). No changes to the 1999 boundary are proposed.

e  Juveniles/Subadults (20-142 cm LJFL): In the central Gulf of Mexico, and off
southern Texas and the Florida Panhandle. Atlantic east coast from the Florida Keys
to mid-coast of South Carolina, the Outer Banks of North Carolina and Maryland.
Eastern Puerto Rico and Virgin Islands. Please refer to Figure 5.23 for detailed EFH
map.
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e  Adults (>143 cm LJFL): In the central Gulf of Mexico, and off southern Texas and
the Florida Panhandle. Atlantic east coast from the Florida Keys to northern
Florida, off of Georgia, and Cape Hatteras. Also around the Virgin Islands. Please
refer to Figure 5.24 for detailed EFH map.

5.1.3.5 Longbill Spearfish

Longbill Spearfish (Tetrapturus pfluegeri) Only relatively recently (1963) has the
longbill spearfish been reported as a new (distinct) species. It is known, but rare, from off the
east coast of Florida, the Bahamas and the Gulf of Mexico, and from Georges Bank to Puerto
Rico. More recently it has been observed to be more widely distributed, mostly in the western
Atlantic. The range for this species is from 40EN to 35ES. It is an epipelagic, oceanic species,
usually inhabiting waters above the thermocline (Robins, 1975; Nakamura, 1985). The species is
generally found in offshore waters.

Taxonomic investigations have occurred recently for billfishes. Collette et al. (2006)
presented genetic evidence to propose a taxonomic reclassification of some billfishes; however,
in their suggestions, longbill spearfish remain in the genus Tetrapturus.

Validity of the roundscale spearfish (Tetrapturus georgii) has recently been reported by
Shivji et al. (2006) using genetic and morphometric analyses. Roundscale spearfish are not
hybrids, but rather a clearly different genetic lineage to sympatric billfish species. Due to its
similar morphometric characteristics, it is likely that most roundscale spearfish captures have
been classified as white marlin and more information on roundscale spearfish may be found in
the white marlin discussion elsewhere in this section.

Predator-prey relationships: The diet of the longbill spearfish consists of pelagic fishes
and squids. However, little data for diet specific to fish in the north Atlantic is available.

Life history: Spawning is thought to occur in widespread areas in the tropical and
subtropical Atlantic (Nakamura, 1985) in the winter from November to May (de Sylva and
Breder, 1997). There are a few records of larvae caught near the Mid-Atlantic Ridge from
December to February, and in the Caribbean (Ueyanagi et al., 1970; de Sylva and Breder, 1997)

Fisheries: Longbill spearfish is not a target species, and retention is prohibited in the
U.S. EEZ. 1Itis taken as bycatch of the tuna and swordfish longline fisheries; however, retention
is prohibited.

U.S. Fishery Status: Unknown.

Growth and mortality: The maximum weight of females at first maturity is
approximately 45 kg (de Sylva and Breder, 1997).

Habitat associations: The species ranges farther offshore than sailfish. Nothing is
known about its habitat associations.

Essential Fish Habitat for Longbill Spearfish:
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e Spawning, eggs, and larvae: At this time available information is insufficient to
describe and identify EFH for this life stage.

e Juvenile/Subadult (20-182 cm LJFL): In the central Gulf of Mexico through
eastern Louisiana to the Florida Panhandle. Flordia Keys to the mid-east coast of
Florida. EFH patches scattered from northern Florida to Cape Cod, with
concentrations from North Carolina to Delaware, and Pureto Rico and the Virgin
Islands. Please refer to Figure 5.25 for detailed EFH map.

e Adults (=183 cm LJFL): In the central Gulf of Mexico, and in the Atlantic off
North Carolina and Delaware. Please refer to Figure 5.26 for detailed EFH map.

5.1.4 Large Coastal Sharks
5.1.4.2 Basking Sharks

Basking shark (Cetorhinus maximus) The basking shark is the second largest fish in
the world, its size exceeded only by the whale shark. Like the whale shark, it is a filter-feeding
plankton eater. Basking sharks feed by forward swimming with a widely opened mouth to filter
particulate prey from the water column. As water passes across the gills, it is filtered by long
bristle-like rakers on the gill arches, a strategy known as ram filter-feeding. Cetorhinus maximus
is considered to be the only shark species that is an obligate ram filter-feeder (Diamond, 1985).
It is a migratory species of the subpolar and cold temperate seas throughout the world, spending
the summer in high latitudes and moving into warmer water in winter (Castro, 1983). In spite of
its size and local abundance in summer, its habits are very poorly known. Basking sharks are
thought to actively select areas along thermal fronts containing high densities of zooplankton,
mainly large calanoid copepods. It is believed that they track seasonal zooplankton aggregations
closely (Sims and Quayle, 1998; Sims, 1999; Sims et al., 2003) and follow annual changes in
zooplankton distribution (Sims and Reid, 2002). These shifts may explain the disappearance of
basking sharks from areas where they were formerly abundant; alternatively, local basking shark
declines have been thought to be due to excessive fishing pressure (Southall ez al., 2005).

In the northwest and east Atlantic basking sharks occur in coastal regions from April to
October, usually with a peak in sightings from May until August (Kenney ef al., 1985; Southall
et al., 2005). The temporal and spatial distribution of basking sharks in both the northwest and
east Atlantic are thought to be influenced by seasonal water stratifications, temperature, and prey
abundance (Owen, 1984, Sims and Merrett, 1997; Sims and Quayle, 1998; Sims, 1999; Sims et
al., 2003; Skomal et al., 2004; Cotton et al., 2005). Few winter observations and the discovery
of several sharks lacking gillrakers lead Parker and Boeseman (1954) to propose that during
winter months basking sharks move offshore into deepwater, become inactive, and remain
resting on the bottom in a hibernative state. However, recent tagging and metabolic studies have
shown that basking sharks did not hibernate during the winter; rather they make extensive
migrations, often to deeper waters, utilizing productive continental-shelf and shelf-edge habitats.
In addition, animals did not exhibit long migrations into open-ocean regions away from waters
(Sims, 1999; Sims et al., 2003; Skomal et al., 2004).
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Distribution data for the basking shark is incomplete largely because the species is not
commonly taken by fisheries. In addition, to date, a stock assessment has not been conducted on
basking sharks; however, tagging data suggest separate eastern and western stocks (Kohler ef al.,
1998). Aerial surveys of the U.S. continental shelf waters off New England in the northwest
Atlantic (Hudson Canyon to the Gulf of Maine) estimated the abundance of basking sharks to be
between 6,671 to 14,295 individuals in these waters (Owen, 1984; Kenney et al., 1985). Recent
genetic work suggests comparatively low genetic diversity and no significant differentiation
among ocean basins with a low effective population size (N,) for a globally distributed species
(Hoelzel et al., 2006).

While feeding, individual basking sharks are usually observed at the surface from spring
to autumn, although some individuals form loose aggregations as they feed in the same discrete
patch of zooplankton (Sims et al., 2000). In the northwest Atlantic, aggregations of basking
sharks were observed from the south and southeast of Long Island, east of Cape Cod, and along
the coast of Maine (Kenney ef al., 1985). In particular, large aggregations were observed
approximately 75 km south of Martha’s Vineyard and 90 km south of Moriche’s Inlet, Long
Island (Kenney et al., 1985).

Reproductive potential: Little is known about basking shark reproductive processes.
Males are believed to reach maturity between 460 and 610 cm (Bigelow and Schroeder, 1948), at
an estimated age of four to five years (Parker and Stott, 1965). However, these age estimates
have not been validated. Female length at maturity has been suggested as 700 cm by Matthews
(1950) and Parker and Scott (1965), and 810-980 cm by Compagno (1984). Aggregations of
basking sharks thought to exhibit group courtship behaviors have been observed. These
aggregations tend to be associated with persistent thermal fronts within areas of high prey
density, which have been hypothesized to be important areas for courtship and breeding of
basking sharks (Sims et al., 2000). Wilson (2004) noted courtship behaviors in aggregations of
basking sharks in the southern Gulf of Maine and near the Great South Channel, approximately
95 km southeast of Cape Cod, Massachusetts. Harvey-Clark ef al. (1999) found aggregations
exhibiting similar behaviors off the coast of Nova Scotia, Canada. Similarly, Sims et al. (2000)
observed putative annual courtship behaviors from 1996-1999 off southwest England. However,
no mating has been observed and is presumed to occur at depth (Sims et al., 2000; Wilson,
2004). It is believed that female basking sharks give birth to young measuring about 180 cm
total length (TL), probably in high latitudes. There are no modern reports on the size of litters or
data on reproductive cycles, however, Matthews (1950) observed basking sharks in breeding
condition in late spring and early summer off the west coast of Scotland. Sampling was not
conducted later in the summer to verify the extent of the breeding season.

Impact of fisheries: Fishing for the basking shark is prohibited in U.S. waters, although
basking sharks are common off the east coast in winter. The basking shark is listed as
‘“Vulnerable’ in the International Union for the Conservation of Nature Red List of Threatened
Species (IUCN, 2002) and in Appendix II of CITES (UNEP-WCMC, 2003).

Essential Fish Habitat for Basking Shark:

Note: At this time, insufficient data is available to differentiate EFH between the
juvenile and adult size classes, therefore, EFH is the same for those life stages.

AMENDMENT 1 TO THE CONSOLIDATED HMS FMP ’4 CHAPTER 5
SEPTEMBER 2008 ESSENTIAL FISH HABITAT



e Neonate/YOY (<182 cm TL): At this time, available information is insufficient for
the identification of EFH for this life stage.

e Juveniles (183 to 809 cm TL): Atlantic east coast from the northern Outer Banks
of North Carolina to the Gulf of Maine. Please refer to Figure 5.27 for detailed EFH
map.

e  Adults (810 cm TL): EFH designation for adults and juveniles have been
combined and are the same. Please refer to Figure 5.27 for detailed EFH map.

5.1.4.3 Hammerhead Sharks
5.1.4.3.1 Great Hammerhead Shark

Great hammerhead (Sphyrna mokarran) This shark is found both in open oceans and
shallow coastal waters. One of the largest sharks, the great hammerhead is circumtropical in
warm waters (Castro, 1983). It is usually a solitary fish, unlike the more common scalloped
hammerhead which often forms very large schools. Great hammerhead sharks have been
observed using their laterally expanded head in prey-handling (Strong ef al., 1990; Chapman and
Gruber, 2002). Hammerheads are known for their unique head morphology. This morphology is
thought to aid in a greater lateral search area, which may increase the probability of prey
encounter, and enhanced maneuverability, which may aid in prey capture (Kajiura and Holland,
2002).

Reproductive potential: In Australian waters males mature at about 210 to 258 cm TL
and females mature usually at 210 to 220 cm TL (Stevens and Lyle, 1989). Pups measure about
67 cm TL at birth (Stevens and Lyle, 1989) and litters consist of 20 to 40 pups (Castro, 1983).
The gestation period lasts about 11 months (Stevens and Lyle, 1989). The reproductive cycle is
biennial (Stevens and Lyle, 1989). In U.S. waters, the great hammerhead utilizes shallow
inshore waters along Florida’s Gulf coast as nursery areas throughout the warm months (Hueter
and Tyminski, 2007). The location of their pupping grounds in this area is uncertain, as no
neonates have been documented by the Mote Center for Shark Research (Hueter and Tyminski,
2007). The presence of young-of-the-year great hammerheads (N =25, TL = 64-89 cm) in June
and July indicates that pupping occurs in late spring and early summer, perhaps off the beaches
in areas not sampled by the Mote CSR or farther offshore along Florida’s Gulf coast (Hueter and
Tyminski, 2007). Young-of-the-year great hammerheads can been found in the Yankeetown,
Tampa Bay, and Charlotte Harbor areas throughout the summer at temperatures of 23.9 to
31.5°C, salinities of 20.8 to 34.2 ppt, dissolved oxygen of 5.3 to 7.6 mg/l, and depths of 1.8 to
5.5 m, but are seldom seen after October (Hueter and Tyminski, 2007). The first-year animals
return to the nursery grounds the following March and April (Hueter and Tyminski, 2007).
Older juvenile great hammerheads (TL = 92-279 cm) often are found close to shore along
Florida’s Gulf coast in the Florida Keys and the bays and estuaries of the Yankeetown, Tampa
Bay, Charlotte Harbor, and Ten Thousand Islands areas (Hueter and Tyminski, 2007). Longline
surveys of Texas coastal waters also have revealed offshore secondary nurseries for this species
(Hueter and Tyminski, 2007).
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Impact of fisheries: Great hammerheads are caught in coastal longline shark fisheries as
well as in pelagic tuna and swordfish longline fisheries. Its fins bring the highest prices in the
shark fin market. The great hammerhead is vulnerable to overfishing because of its biennial
reproductive cycle and because it is caught both in directed fisheries and as bycatch in tuna and
swordfish fisheries.

Essential Fish Habitat for Great Hammerhead:

Note: At this time, insufficient data is available to differentiate EFH by size classes,
therefore, EFH is the same for all life stages.

e Neonate/YOY (<74 cm TL): Coastal areas throughout the west coast of Florida
and scattered in the Gulf of Mexico from Alabama to Texas. Atlantic east coast

from the Florida Keys to New Jersey. Eastern Puerto Rico. Please refer to Figure
5.28 for detailed EFH map.

e Juveniles (71 to 209 cm TL): EFH for all life stages have been combined and are
considered the same. Please refer to Figure 5.28 for detailed EFH map.

e  Adults (>210 cm TL): EFH for all life stages have been combined and are
considered the same. Please refer to Figure 5.28 for detailed EFH map.

5.1.4.3.2 Scalloped Hammerhead Shark

Scalloped hammerhead (Sphyrna lewini) This is a very common, large, schooling
hammerhead of warm waters. It is the most common hammerhead in the tropics and is readily
available in abundance to inshore artisanal and small commercial fisheries as well as offshore
operations (Compagno, 1984). It migrates seasonally north-south along the eastern United
States. Scalloped hammerhead sharks are widely distributed, but they are also dependent on
discrete coastal nursery areas (Duncan et al., 2006). Tagging data indicate that scalloped
hammerhead sharks use offshore oceanic habitat, but do not regularly roam across large
distances (Kohler and Turner, 2001). Rather, individuals appear to disperse readily across
continuous habitat (continental shelves) (Duncan et al., 2006). Hammerheads are known for
their unique head morphology. This morphology is thought to aid in a greater lateral search area,
which may increase the probability of prey encounter, and enhanced maneuverability, which may
aid in prey capture (Kajiura and Holland, 2002). In addition, recent morphological and genetic
research suggests a cryptic species of scalloped hammerhead shark found in the north-west
Atlantic from coastal North Carolina to Florida (Abercrombie et al., 2005; Quattro et al., 2006);
a recent phylogeny for hammerhead sharks was done by Cavalcanti (2007).

Reproductive potential: There is sexual segregation of males and females with females
found more often in deeper water and a tendency to move into offshore waters at a smaller size
than males (Klimley 1987; Branstetter, 1987b; Stevens and Lyle, 1989). Males in the Atlantic
and Gulf of Mexico mature at about 180 to 234 cm FL or 9 to10 years of age (Branstetter, 1987b;
Hazin et al., 2001; Piercy et al., 2007), while those in the Indian Ocean mature at 140 to 165 cm
TL (Bass et al., 1973). Branstetter (1987b) found that males grow to a maximum size of 272 to
300 cm, corresponding to 22 to 30 years of age. Females mature around 241 cm FL or 15 years
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of age (Branstetter, 1987b; Hazin et al., 2001; Piercy et al., 2007), with a maximum size of 305
to 310 cm, corresponding to 35 yrs of age (Branstetter, 1987b). Peircy et al. (2007) found that
the northwest Atlantic Ocean and Gulf of Mexico populations grow more slowly and have
smaller asymptotic sizes than previously reported studies for this species in the Pacific Ocean.
Branstetter (1987b) reported growth through the first winter around 15 ¢cm, and an annual growth
rate of 10 tol5cm for the next few years for scalloped hammerhead in the Gulf of Mexico;
however, Piercy et al. (2007) found faster growth for this species in the Gulf of Mexico.
Scalloped hammerheads can have large litters (>30 pups) with pups ranging in size from 38 and
56.2 cm TL (Clarke 1971; Compagno 1984; Branstetter, 1987b; Chen ef al., 1988; Castro, 1983).
However, there is variation in liter size based on geographic region (Lessa et al, 1998). In the
northwestern Gulf of Mexico, back-calculated size at parturition for this species ranged from 45
to 60 cm TL with a mean of 50.3 cm TL (Branstetter, 1987b). Clarke (1971) reported a 39.5 cm
TL scalloped hammerhead from Hawaiian waters. Castro (1993b) recorded a 34.7 cm TL
neonate from Bulls Bay, South Carolina. During this study, three free swimming individuals
were collected measuring less than 40 cm TL, with the smallest measuring 38.5 cm TL.

The reproductive cycle is annual (Castro, 1993b), and the gestation period is nine to ten
months (Stevens and Lyle, 1989) but may be as long as 12 months (Branstetter, 1987b). Castro
(1993b) found nurseries in the shallow coastal waters of South Carolina. Subsequent studies
have identified the importance of coastal South Carolina waters as primary and secondary
nursery areas for scalloped hammerheads (Abel et al., 2007; Ulrich et al., 2007). Abel et al.
(2007) collected juvenile scalloped hammerhead sharks (47 to 58 cm TL) in Winyah Bay, South
Carolina, and suggested that this area may be an important secondary nursery area for this
species. Ulrich ef al. (2007) collected neonate and juvenile scalloped hammerhead sharks in
both estuarine and nearshore waters off South Carolina. Sizes ranged from 27.4 to 101.4 cm FL,
and scalloped hammerheads occurred over a temperature range of 18 to 31°C and a salinity range
of 20 to37 ppt (Ulrich et al., 2007). Scalloped hammerheads were present in South Carolina
coastal waters from mid-April, when water temperatures had increased to approximately 18°C,
through mid-November, when water temperatures decreased to 18°C (Ulrich et al., 2007). They
were observed in estuarine waters from mid-May through early September in a narrow
temperature range from 25° to 26°C (Ulrich et al., 2007). Scalloped hammerheads were
collected in nearshore waters in November as they were presumably migrating out of South
Carolina waters (Ulrich et al., 2007). Neonates dominated the catch (67.31 percent), with the
majority occurring from mid-May through the beginning of November (Ulrich et al., 2007). Of
the 173 neonates caught only three were captured in nearshore waters, two of these being in
October and November when these sharks were likely migrating out of South Carolina waters
(Ulrich et al., 2007). The mean size of neonates with an open or partially healed umbilicus was
33.1 cm FL, which is in agreement with Castro’s (1993b) estimates of size at parturition. The
ratio of male to female neonate scalloped hammerheads was not different than 1:1 (Ulrich et al.,
2007).

Adams and Paperno (2007) also collected neonates from late May to early June in an area
identified as nursery habitat in waters adjacent to Cape Canaveral and directly southwest of
Canaveral Bight off the east coast of Florida. Water temperatures ranged from 26.1° to 28.8°C
and water depths ranged from 3.8 to 9.7 m during the sampling period. The stomach contents of
neonates examined in this area included fresh, partially digested, and well-digested small fishes
(e.g., menhaden Brevoortia spp.) and shrimp (Adams and Paperno, 2007). The presence of fresh
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and partially digested prey items in stomachs of scalloped hammerheads examined during this
study indicated that individuals from this population were actively feeding in nearshore Cape
Canaveral waters (Adams and Paperno, 2007). The extensive sand-shell plain of Southeast
Shoal, the deeper waters of Canaveral Bight, and the shelf transition zone directly south of
Canaveral Bight may provide important feeding areas for this species (Adams and Paperno,
2007). The shallow waters and unique habitat of Southeast Shoal also may afford neonates an
increased level of protection from large predators compared to adjacent deepwater habitats
(Adams and Paperno, 2007).

Young scalloped hammerheads are relatively uncommon in Gulf nearshore waters of
peninsular Florida. Neonates of this species (TL =46 to 53 cm) are observed along the beaches
of the lower Texas coast in late spring and early summer and also are occasionally seen in the
Yankeetown, Tampa Bay, and Charlotte Harbor areas at that time in temperatures of 23.2° to
30.2°C, salinities of 27.6 to 36.3 ppt, and DO of 5.1 to 5.5 ml/l (Hueter and Tyminski, 2007).
Young-of-the-year scalloped hammerheads are present in bays and nearshore nurseries during
the summer months in the Florida areas of Yankeetown, Tampa Bay, and Charlotte Harbor as
well as along the beaches of the lower Texas coast (Hueter and Tyminski, 2007). These first-
year sharks typically move out of these areas by late October (Hueter and Tyminski, 2007).
Older juvenile scalloped hammerheads (TL = 102—120 cm) occasionally are seen in the Tampa
Bay area (Hueter and Tyminski, 2007). Nursery habitat for scalloped hammerhead sharks has
also been identified in Mississippi Sound and Mobile Bay off the coasts of Mississippi and
Alabama (Parsons and Hoffmayer, 2007). Secondary nurseries for this species extend into
deeper coastal waters particularly off Texas, where they have been captured during longline
surveys and on rod-and-reel around offshore oil rigs at depths of at least 53 m (Hueter and
Tyminski, 2007).

Juvenile scalloped hammerhead sharks reside within nursery habitats for extended
periods of time (at least on year post parturition) (Duncan and Holland, 2006). In addition,
juveniles of the cryptic species of scalloped hammerheads were found in relative high abundance
in South Carolina estuaries, and its rarity in other areas (i.e., Gulf of Mexico) suggests that South
Carolina bays are among the more important nursery grounds for the cryptic species (Quattro et
al., 2006).

Impact of fisheries: Because the scalloped hammerhead forms very large schools in
coastal areas, it is targeted by many fisheries for its high priced fins. Scalloped hammerhead and
silky sharks make up >80 percent of the shark bycatch in the winter swordfish/tuna longline
fishery of the northwestern Gulf of Mexico. Neonate scalloped hammerheads are also taken in
shrimp trawls in coastal waters of the Gulf of Mexico (Branstetter, 1987b). The scalloped
hammerhead is considered vulnerable to overfishing because its schooling habit makes it
extremely vulnerable to gillnet fisheries and because scalloped hammerheads are actively
pursued in many fisheries throughout the world. Fishery-dependent data from 1986 to 2000
from the U.S. pelagic longline fleet shows a decreasing trend in the abundance of hammerhead
sharks, most of which are comprised of scalloped hammerhead sharks (Baum et al., 2003);
however, critical evaluation of these results indicate that this estimate may be exaggerated based
on incomplete analyses and dataset limitations (Burgess et al., 2005). Due to limited dispersal
by this species, it is suggested that depleted populations will not recover quickly through
immigration; rather, recovery would be slow through reproduction (Duncan et al., 2006).
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Essential Fish Habitat for Scalloped Hammerhead:

e Neonate/YOY (<60 cm TL): Coastal areas in the Gulf of Mexico from Texas to
the southern west coast of Florida. Atlantic east coast from the mid-east coast of

Florida to the mid South Carolina Coast, and southern North Carolina. Please refer
to Figure 5.29 for detailed EFH map.

e  Juveniles (61 to 179 cm TL): Coastal areas in the Gulf of Mexico from the
southern to mid-coast of Texas, eastern Lousainia to the southern west coast of
Florida, and the Florida Keys. Atlantic east coast of Florida through New Jersey.
Please refer to Figure 5.30 for detailed EFH map.

e  Adults 3180 cm TL): Coastal areas in the Gulf of Mexico along the southern
Texas coast, and eastern Lousainia through the Florida Keys. Atlantic east coast of
Florida to Long Island, NY. Please refer to Figure 5.31 for detailed EFH map.

5.1.4.3.3 Smooth Hammerhead Shark

Smooth hammerhead (Sphyrna zygaena) This is an uncommon hammerhead of
temperate waters. Fisheries data for hammerheads includes this species and the scalloped and
great hammerheads; however, there is little data specific to the species.

Essential Fish Habitat for Smooth Hammerhead:

e Neonate/YOY (<72 cm TL): Atlantic east coast in and around Delaware Bay.
Please refer to Figure 5.32 for detailed EFH map.

e Juveniles (73 to 219 cm TL): Atlantic east coast from Florida through South
Carolina, Cape Hatteras to southern Cape Cod. Please refer to Figure 5.33 for
detailed EFH map.

e  Adults (284 cm TL): At this time, available information is insufficient for the
identification of EFH for this life stage.

5.1.4.4 Mackerel Sharks
5.1.4.4.1 White Shark

White shark (Carcharodon carcharias) The white shark is the largest of the lamnid, or
mackerel, sharks. It is a poorly known apex predator that occurs in coastal and offshore waters
and is most common in cold and warm temperate seas (Compagno, 1984). Its presence is usually
sporadic throughout its range, although there are a few localities (e.g., off California, Australia,
South Africa, and New England) where it is seasonally common. In the western North Atlantic,
it is found from Newfoundland to the Gulf of Mexico (Casey and Pratt, 1985). The number of
white sharks reported along the east coast of the United States was lowest in the most northern
and southern parts of the range, i.e., the Gulf of St. Lawrence region and the Gulf of Mexico-
southeast U.S. regions, respectively. The highest number of occurrences was recorded from the
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Mid-Atlantic Bight (Casey and Pratt, 1985). Seasonally, white sharks were reported from
January through September in the Gulf of Mexico; in every month but August off the
southeastern United States; from April through December in the Mid-Atlantic Bight; from June
through November in the Gulf of Maine; and during July and August in the Gulf of St.
Lawrence-Newfoundland region (Casey and Pratt, 1985). White shark sightings are common off
New England during the summer (Casey and Pratt, 1985). The seasonal occurrence of the white
shark is at least partly influenced by surface temperature. Miles (1971) suggests that the world
distribution of white sharks is restricted to water temperatures between 12° and 25°C. Squire
(1967) reported white sharks during all months of the year in Monterey Bay, where mean
monthly temperatures ranged from 10.2° to 14.4°C. Most of the available evidence indicates that
the white shark is a temperate species despite the apparent tolerance by the adults to a wide range
of temperatures (Casey and Pratt, 1985). Water temperatures reported in 73 cases of white shark
occurrence in Casey and Pratt’s study, ranged from 11° to 24°C with 75 percent of the
occurrences where surface temperatures were between 15°C and 22°C (Casey and Pratt, 1985).
They suggest that the 15°C isotherm is a rough indication of the seasonal white shark distribution
in the northern latitudes (Casey and Pratt, 1985).

If temperature is a major factor influencing the distribution of the white shark, it appears
that larger individuals tolerate a wider range of temperatures and occupy a broader geographical
range (Casey and Pratt, 1985). Although white sharks over 300 cm TL have been reported in
every region, individuals less than 200 cm TL are common only in the Mid-Atlantic Bight
(Casey and Pratt, 1985). From all available evidence, the white shark is more abundant on the
continental shelf between Cape Hatteras and Cape Cod (35°00°N, 43°00°N) than in any other
region in the western North Atlantic (Casey and Pratt, 1985). More young white sharks have
been caught there than in any area of comparable size in the world (Casey and Pratt, 1985), with
the smallest specimen measuring 109 cm fork length caught in Vineyard Sound off
Massachusetts (Skomal, 2007). The occurrence of small and intermediate size white sharks in
continental shelf waters of the Mid-Atlantic Bight up through coastal waters of Massachusetts
suggests this area serves as a nursery area for juveniles (Casey and Pratt, 1985; Skomal, 2007).
In addition, on eight occasions pairs of large white sharks have been observed swimming close
together (Casey and Pratt, 1985). Although adult white sharks of both sexes occur in the Mid-
Atlantic Bight, sexes of these pairs were not determined (Casey and Pratt, 1985). The
occurrence of adults of both sexes in the same region and the presence of large individuals
swimming together may be evidence of mating activity in the Mid-Atlantic Bight (Casey and
Pratt, 1985).

White sharks are born between 108 and 136 cm FL (120-150 cm TL; Francis 1996) and
are known to reach 599 cm FL (640 cm TL; Castro 1983, Compagno 1984). Bigelow and
Schroeder (1958) estimated the size at maturity to be about 396 to 426 cm, which may be a
conservative estimate (Casey and Pratt, 1985). Casey and Pratt (1985) provided a length-weight
curve indicating the white shark is very robust, with its weight increasing an average of 456 kg
(207 Ib) for every 30 cm (1 ft) of length between 415-549 cm (15 and 18 ft).

Off the California coast, large adults prey on seals and sea lions and are sometimes found
around their rookeries. The white shark is also a scavenger of large dead whales. Recent
isotopic analysis showed an isotopic signature based on diet that changed with increasing size,
indicating a change in diet over time; one shift was from yolk to fish after white sharks were
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born and another switch occurred at a total length of 341 cm, representing a known diet shift
from fish to marine mammals (Estrada ef al., 2006). This is consistent with other work that has
shown that after birth, juvenile white sharks are known to be piscivorous, and white sharks > 300
cm long shift from a diet principally of fish to marine mammals (Klimley 1985, McCosker
1985). Morphological work on white sharks has shown special adaptations in their caudal fins
and liver size that allow small individuals to effectively hunt fast-swimming fish, whereas larger
white sharks have increased buoyancy to patrol wide-ranging areas while minimizing energy
costs in search of preferred large mammalian prey (Lingham-Soliar, 2005b). White sharks also
have a highly stiffened dorsal fin and a highly modified caudal peduncle and caudal fin that
allows for fast swimming (Lingham-Soliar, 2005a; 2005c).

Recent PSAT tagging of white sharks off of South Africa have shown that both male and
female white sharks make coastal migrations as well as transoceanic return migrations. Based on
this tagging data and genetic data, it is believed that while female white sharks may exhibit natal
homing behavior, they also can make long, transoceanic migrations (Bonfil et al., 2005).
However, previous genetic work by Pardini ez al., 2001 suggested that male sharks show
transoceanic dispersal, while females exhibit more non-roving behaviors. Tagging work by
Boustany ef al. (2002) also indicate that adult white sharks’ ranges are more pelagic than was
previously thought, comprising of an inshore continental-shelf phase as well as extensive oceanic
travel that includes extensive dives. Juvenile white sharks use the entire water column when the
animal is over the continental shelf (Dewar et al., 2004). In addition, foraging juveniles may
occur in the mixed layer and near the surface at night, however, daytime dive patterns suggest
that diurnal feeding occurs at or near the bottom (Dewar et al., 2004). These tagging data have
also indicated that juvenile white sharks may be able to tolerate colder waters than previously
thought; however, vertical movement patterns may indicate some thermal constraints on the
behavior of juveniles (Dewar et al., 2004). Adult white sharks, however, do not seem to be
constrained to the mixed layer and spend large portions of time below the thermocline when
offshore (Boustany et al., 2002).

Reproductive potential: Very little is known of its reproductive processes because few
gravid females have been examined by biologists in modern times. Two specimens contained
seven embryos. Recent observations show that white sharks carry seven to ten embryos that are
born at 120 to 150 cm TL (Francis, 1996; Uchida ef al., 1996). Another pregnant female white
shark was captured by a tunny boat in the Gulf of Gabes (southern Tunisia, central
Mediterranean), on February 26, 2004 (Saidi ef al., 2005). She had four developing embryos,
three females and one male, ranging in size between 132 and 135 cm total length and weighed
between 27.65 and 31.50 kg (Saidi et al., 2005). The embryos exhibited a distended abdomen
due to yolk accumulation (Saidi ef al., 2005). This confirms that the species is oophagous (Saidi
et al., 2005). The types of habitats and locations of nursery areas are unknown. It is likely that
the nurseries will be found in the warmer parts of the range in deep water.

The lengths of the reproductive and gestation cycles are unknown. White sharks are
believed to mature between 370 and 430 cm at an estimated age of nine to ten years (Cailliet et
al., 1985). Cailliet ef al., (1985) estimated growth rates of 25.0 to 30.0 cm/year for juveniles and
21.8 cm/year for older specimens, and gave the following von Bertalanffy parameters: n = 21, L4
=763.7 cm, K=0.058, to =-3.53. They estimated that a 610 cm TL specimen would be 13 to
14 years old. Mollet and Cailliet (2002) used a life history table model and the Leslie-matrix
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demographic model to predict annual population growth of white sharks. With population
parameter estimates as defined in their paper, they estimated the potential annual population
growth as 8.2 percent, with a fishing mortality of 0.0787 year ' across all age classes producing a
stationary population (A = 1.0). Population growth was most affected by juvenile survival and
adult survival (Mollet and Cailliet, 2002), and mean generation time was estimated to be 23.1
years.

Impact of fisheries: The white shark is a prized game fish because of its size. It is
occasionally caught in commercial longlines or in near-shore drift gillnets, but it must be
released in a manner which maximizes its survival. Its jaws and teeth are often seen in
specialized markets where they bring high prices. Preliminary observations (Strong et al., 1992)
show that populations may be small, highly localized, and very vulnerable to overexploitation.
The white shark has been adopted as a symbol of a threatened species by some conservation
organizations, and has received protected status in South Africa, Australia, and the State of
California. In 1997, the Unites States implemented a catch-and-release only recreational fishery
for the white shark, while prohibiting possession of the species. There are no published
population assessments, or even anecdotal reports, indicating any population decreases of the
white shark. Nevertheless, it is a scarce apex predator and a long-lived species of a limited
reproductive potential that is vulnerable to longlines.

Essential Fish Habitat for White Shark:

e Neonate/YOY (<166 cm TL): Along the mid- and southern west coast of Florida
in the Gulf of Mexico, and along the mid- and northern east coast of Florida, South
Carolina, and North Carolina in the Atlantic. Maryland to Cape Cod. Please refer to
Figure 5.34 for detailed EFH map.

e Juveniles (167 to 479 cm TL): EFH for all life stages have been combined and are
considered the same. Please refer to Figure 5.34 for detailed EFH map.

e  Adults (>480 cm TL): EFH for all life stages have been combined and are
considered the same. Please refer to Figure 5.34 for detailed EFH map.

5.1.4.5 Nurse Sharks

Nurse shark (Ginglymostoma cirratum) The nurse shark inhabits littoral waters in both
sides of the tropical and subtropical Atlantic, ranging from tropical West Africa and the Cape
Verde Islands in the east, and from Cape Hatteras, North Carolina to Brazil in the west. It is also
found in the east Pacific, ranging from the Gulf of California to Panama and Ecuador (Bigelow
and Schroeder, 1948). It is a shallow water species, often found lying motionless on the bottom
under coral reefs or rocks. It often congregates in large numbers in shallow water (Castro, 1983;
Pratt and Carrier, 2001). Generally, nurse sharks are not usually far ranging in their movements
and most individuals spend their entire life cycle within a few hundred square kilometers (Carrier
and Luer, 1990; Kohler et al., 1998).

Reproductive potential: Males reach maturity at about 150 to 170 cm TL (Pikitch et al.,
2005). Litters consist of 20 to 30 pups, the young measuring about 30 cm total length at birth.
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The gestation period is about five to six months and reproduction is biennial (Castro, 2000). The
age at maturity is unknown, but the nurse shark is a long-lived species. Clark (1963) reported an
aquarium specimen living up to 24 years in captivity.

Its nurseries are in shallow turtle grass (Thalassia) beds and shallow coral reefs (Castro,
2000; Pratt and Carrier 2001). Juveniles are also found around mangrove islands in south
Florida. Primary nurseries for the nurse shark on the west coast of Florida have not been well
documented, perhaps due in part to this species’ small size at birth and ability to avoid
entanglement in collection gear (Hueter and Tyminski, 2007). No neonates or young of the year
have been captured in any Mote CSR-directed field collections (Hueter and Tyminski, 2007).
Older juveniles (N =314, TL = 49-212 cm), which have been caught on Mote CSR longline and
drumline gear, are commonly observed from April to November in the areas of Tampa Bay,
Charlotte Harbor, Ten Thousand Islands, and the Florida Keys in temperatures of 17.5° to
32.9°C, salinities of 21.8 to 38.9 ppt, DO of 1.7 to 11.5 mg/l, and depths of 0.3 to 12.2 m (Hueter
and Tyminski, 2007). In addition, juvenile nurse sharks (62.0-121.9 cm TL) were collected in
northern Cape Canaveral (latitude 28°40°N) to south of the Jupiter Island area (latitude 27°04°N)
in water depths of 3 to 11 m (Adams and Paperno, 2007) and in Winyah Bay, South Carolina
(Abel et al., 2007). Large numbers of nurse sharks often congregate in shallow waters off the
Florida Keys and the Bahamas at mating time in June and July (Fowler, 1906; Gudger, 1912;
Pratt and Carrier, 2001). A small area has been set up for protection of mating sharks at Fort
Jefferson in the Dry Tortugas as nurse shark mating has been observed in this area (Pratt and
Carrrier, 2001). Pikitch et al. (2005) documented juvenile, neonate, and pregnant female nurse
sharks in Glovers Reef off Belize, indicating this is an important nursery area for these sharks.

Work by Wiley and Simpendorfer (2007) caught juvenile and adult nurse sharks (10 to
215 cm) in the marine areas of the Everglades National Park. Here, nurse sharks seem to avoid
salinities < 30 ppt and were found in salinities > 30 ppt. Most nurse sharks were caught in
waters between 25° to 29°C and in depths greater than 2.25 m (Wiley and Simpendorfer, 2007).

Impact of fisheries: In North America and the Caribbean the nurse shark has often been
pursued for its hide, which is said to be more valuable than that of any other shark (Springer,
1950a). The fins have no value, and the meat is of questionable value (Springer, 1979). The
U.S. commercial bottom longline fleet catches few nurse sharks. Based on acoustic tagging of
nurse sharks, Chapman et al. (2005) determined that effective no-take marine reserves need to be
large (boundaries of at least tens of kilometers) and need to encompass not only diverse habitats
(ocean reefs, seagrass flats, lagoons) but also the areas that connect them (i.e., major channels).

Essential Fish Habitat for Nurse Shark:
e Neonate/YOY (<36 cm TL): Insufficient data to determine EFH for this lifestage.
e Juvenile (52 to 230 cm TL): Coastal areas in the Gulf of Mexico from the Florida

Panhandle to the Florida Keys. Atlantic east coast of Florida to southern Georgia.
Southeast coast of Puerto Rico. Please refer to Figure 5.35 for detailed EFH map.
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e  Adults (>231 ecm TL): Coastal areas in the Gulf of Mexico from the Florida
Panhandle to the Florida Keys. Atlantic east coast of Florida. Southeast coast of
Peurto Rico. Please refer to Figure 5.36 for detailed EFH map.

5.1.4.6 Requiem Sharks
5.1.4.6.1 Bignose Shark

Bignose shark (Carcharhinus altimus) The bignose shark is a poorly known, bottom
dwelling shark of the deeper waters of the continental shelves. It is found in tropical and
subtropical waters throughout the world (Castro, 1983). There is evidence that bignose sharks
undergo diurnal vertical migration. Bignose sharks have been documented near the bottom in
90-500 m by day. At night, at least some individuals move into shallower water or up into the
pelagic zone (Anderson and Stevens, 1996).

Reproductive potential: The smallest mature specimens recorded by Springer (1960)
were a 213 cm TL male and a 221 cm TL female. Springer (1950c) reported litters of seven to
eight pups, while Stevens and McLoughlin (1991) noted from three to 15 pups. Birth size is
probably around 70 cm TL based on the largest embryos (65 to 70 cm TL) reported by
Fourmanoir (1961) and free swimming specimens with fresh umbilical scars seen by Bass et al.,
(1973). Based on 29 individuals (3 mature, 2 almost mature), 50 percent maturity for females is
192.5 cm FL (L. Natanson, NEFSC, unpubl. data). Based on 12 individuals (2 mature) 50
percent maturity for males is 179 cm FL (Natanson, unpubl. data). The lengths of the gestation
period and of the breeding cycle have not been reported. The location of the nurseries is
unknown.

Impact of fisheries: Springer (1950c) stated that the bignose shark appeared to be the
most common large shark of the edges of the continental shelves in the West Indian region, and
that the species made up a substantial portion of the catch in the Florida shark fishery of
the1940s. In some areas bignose sharks are mistaken for sandbar sharks.

Essential Fish Habitat for Bignose Shark:

Note: At this time, insufficient data is available to differentiate EFH between the
juvenile and adult size classes; therefore, EFH is the same for those life stages.

e Neonate/YOY (<84 cm TL): Insufficient data to determine EFH for this lifestage.

e  Juveniles (85 to 225 cm TL): From Louisiana through the west coast Florida to the
Florida Keys in the Gulf of Mexico, and the east coast of Florida and South Carolina
in the Atlantic. Continuous EFH from North Carolina to New Jersey. Please refer
to Figure 5.37 for detailed EFH map.

e  Adults (>226 cm TL): EFH for juvenile and adult life stages have been combined
and are considered the same. Please see Figure 5.37 for detailed EFH map.

5.1.4.6.2 Blacktip Shark
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Blacktip shark (Carcharhinus limbatus) The blacktip shark is circumtropical in
shallow coastal waters and offshore surface waters of the continental shelves. In the
southeastern United States it ranges from Virginia to Florida and the Gulf of Mexico. Upon
examining a large number of museum specimens, Garrick (1982) believed it to be a single
worldwide species. However, Dudley and Cliff (1993), working off South Africa, and Castro
(1996), working on blacktip sharks off the southeastern United States, showed that there were
significant differences among the various populations. For example, the median size for blacktip
sharks in the Atlantic is 126.6 cm fork length, whereas the median size in the Gulf region is
117.3 cm fork length. In addition, researchers investigated the genetic population structure of
blacktip sharks in the Atlantic and Gulf of Mexico and found genetic differences between
Atlantic and Gulf of Mexico populations (Keeney et al., 2003; Keeney et al., 2005). Considering
the documented long-distance movements of blacktip sharks (Kohler et al., 1998), the magnitude
and geographical scale of genetic differentiation indicates a strong tendency for female blacktip
sharks to exhibit a high degree of site-fidelity (philopatry) for Gulf or Atlantic natal nurseries
(Keeney et al., 2003; Keeney ef al., 2005).

The blacktip shark is a fast moving shark that is often seen at the surface, frequently
leaping and spinning out of the water. It often forms large schools that migrate seasonally north-
south along the coast and exhibit a strong diel pattern in their aggregations thought to be related
to predator avoidance or improved feeding efficiency (Heupel and Simpendorfer, 2005a). This
species is much sought after in the eastern United States because of the quality of its flesh. The
blacktip and the sandbar shark are the two primary species in the U.S. commercial fisheries. In
the markets of the United States “blacktip” has become synonymous with good quality shark;
therefore, many other species are also sold under that name.

Reproductive potential: Off the southeastern United States males mature at between
142 and 145 cm total length and females at about 156 cm TL (Castro, 1996). According to
Branstetter and McEachran (1986), in the western North Atlantic males mature at 139 to 145 cm
total length at four to five years and females at 153 cm total length at six to seven years. A
similar pattern is evident in the Atlantic and Gulf of Mexico, with larger size at maturity in the
Atlantic than in the Gulf region. However, these ages are unvalidated and based on a small
sample. Branstetter and McEachran (1986) estimated the maximum age at ten years, and gave
the von Bertalanffy parameters for combined sexes as: Ly = 171, K= 0.284, t,=-1.5.

The young are born at 55 to 60 cm total length in late May and early June in shallow
coastal nurseries from Georgia to the Carolinas (Castro, 1996), and in bay systems in the Gulf of
Mexico (Carlson, 2002; Parsons, 2002), and the Texas coast (Jones and Grace, 2002). Litters
range from one to eight pups (Bigelow and Schroeder, 1948) with a mean of four. The gestation
cycle lasts about a year; the reproductive cycle is biennial (Castro, 1996).

In general, nursery areas are thought to be used for two main reasons: predator avoidance
and food abundance (Branstetter 1990; Castro 1993b; Simpfendorfer and Milward 1993).
However, work by Heupel and Hueter (2002) found that prey abundance is not the main factor
directing the movement patterns and habitat choice of juvenile blacktip sharks within one
nursery area on the west coast of Florida. Rather, predator avoidance may be more important in
the use of the nursery grounds by these young animals than prey abundance (Heupel and Hueter
2002). Mortality in this nursery was shown to be the highest for neonates within the first 15
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weeks of life; Heupel and Simpendorfer (2002) showed that 61 and 91 perecnt of neonates died
within in this time period due to natural and fishing mortality. In addition, examination of home
range size within nursery areas showed a population-wide increase in home range size over time
(Heupel et al., 2004). Therefore, Heupel and Simpendorfer (2005b) argued that larger reserve
areas would be needed to protect nursery grounds and provide better protection for young sharks
when they were most vulnerable within the nursery area.

According to Castro (1993b), the nurseries are on the seaward side of coastal islands of
the Carolinas, at depths of two to four meters. Carlson (2002) found neonates in depths of 2.1 to
6.0 m under a variety of habitat conditions. Castro (1993b) found neonates over muddy bottoms
off Georgia and the Carolinas, while Hueter found them over seagrass beds off west Florida
(Mote Laboratory CSR, unpubl. data). Gurshin (2007) found the summer population of blacktip
sharks around the Sapelo Island National Estuarine Research Reserve appeared to consist
primarily of young-of-the-year and small juveniles, suggesting that the estuary system of Sapelo
Island, Georgia served as primary and secondary nursery habitats.

Juvenile blackip sharks have also been found in Winyah Bay and North Inlet, South
Carolina, and this area has been suggested as a secondary nursery habitat for this species (Abel et
al., 2007). Blacktip sharks were captured in South Carolina waters from May until early
November and ranged in size from 44.7 to approximately 185.0 cm FL (Abel et al., 2007).
Blacktip sharks occurred at temperatures between 19°C and 31°C and over a salinity range of 13
to37 ppt, although 98 percent were captured at salinities between 25 and 37 ppt (Abel et al.,
2007). Both adult female and male blacktip sharks were observed between June and November
in nearshore waters and from May to early October in estuarine waters (Abel et al., 2007). A
total of 190 neonate and young-of-the-year blacktip sharks were collected during the study (Abel
et al., 2007). With the exception of one individual, neonates and young of the year were
captured exclusively in estuarine waters between May and early September, indicating the
importance of the estuaries as primary nurseries for this species (Abel ef al., 2007). Neonate
blacktip sharks with umbilical remains ranged in size from 44.7 to 59.3 cm FL (mean = 51.2 cm
FL), which was slightly larger than the size range at parturition reported by Castro (1996) (Abel
et al.,2007). Parturition occurred over an approximately 1-month period during May and June
(Abel et al., 2007). By mid-September young-of-the-year had migrated into nearshore waters
(Abel et al., 2007). Juvenile blacktip sharks, ranging in size from 72.5 to 111.3 cm FL, were
caught in both estuarine and nearshore waters, indicating that this species utilizes both of these
areas as secondary nurseries (Abel et al., 2007). Juveniles were first seen in nearshore waters in
mid-May (Abel et al., 2007). By the end of May juveniles were collected in both nearshore and
estuarine waters (Abel et al., 2007). Juvenile blacktip sharks were not captured in estuaries after
the beginning of September and presumably migrated out of South Carolina nearshore waters by
the beginning of October (Abel et al., 2007). Juvenile blacktip sharks (63 to88.5 cm TL) were
also collected along the eastern seaboard from northern Cape Canaveral (latitude 28°40°N) south
to the Jupiter Island area (latitude 27°04°N) in water depths of 3 to 11 m (Adams and Paperno,
2007).

On the west coast of Florida, Yankeetown has proven to be the most productive blacktip
shark primary nursery followed by Charlotte Harbor, Tampa Bay, Ten Thousand Islands, and the
Florida Keys (Hueter and Tyminski, 2007). Neonate blacktip sharks (N = 1,933, TL = 42-74
cm) have been documented in all five of these Florida areas, and significant pupping takes place
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along the Texas coast as well (Hueter and Tyminski, 2007). Blacktip shark pupping begins as
early as mid-April and can continue until as late as the first week of September, with the peak
occurring in June (Hueter and Tyminski, 2007). Steiner et al. (2007) found blacktip sharks were
most abundant in the Ten Thousand Islands area between May and August, with clear peaks in
June and July. Specimens still showing an umbilical scar in the Ten Thousand Islands area were
reported from the beginning of May through the beginning of August (Steiner et al., 2007).
Immature blacktip sharks were occasionally caught in the estuary, but they usually stayed around
the Gulf front islands. Overall, blacktip sharks caught in the Ten Thousand Islands were
estimated to be a couple of days old (umbilical scar still open) to 5+ years (Steiner et al, 2007).

Y oung-of-the-year blacktip sharks remain in the nurseries throughout the warm months
and begin their fall migration in October and November when water temperatures drop to around
20°C. Heupel (2007) concluded that temperature drops were the primary cue that juvenile
blacktip sharks used to time their emigration from nursery areas. However, young-of-the-year
and juvenile blacktip sharks have been found in the warm water effluents of Tampa Bay and
Yankeetown power plants during the winter months (Hueter and Tyminski, 2007). Tag/recapture
data suggest that first-year blacktip sharks leaving the north-central Florida nurseries
(Yankeetown area) in the fall migrate south as far as the Marquesas Islands west of the Florida
Keys (a minimum distance of 519 km; Hueter ef al. 2005) (Hueter and Tyminski, 2007). In
preparation for winter, adult blacktip sharks of Florida migrate to wintering grounds off southern
Florida and the Keys (Steiner et al., 2007). Young-of-the-year blacktip sharks begin their
northward spring migration back to the primary nursery areas as early as late February but more
typically in March and April, and thus these areas function additionally as secondary nurseries
for one-year-old as well as older juvenile blacktip sharks (Hueter and Tyminski, 2007). Older
juvenile year-classes return to these nursery areas beginning in March and remain there
throughout the summer before undergoing their fall migration in October and November (Hueter
and Tyminski, 2007). These juveniles often move well into the estuaries and are found in
salinities as low as 17 ppt (Hueter and Tyminski, 2007).

Mote CSR collaborative studies indicate that immature blacktip sharks also are
commonly found associated with nearshore oil rigs during the warm months along the upper
Texas coast as well as coastal areas of Mississippi and Louisian