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EXECUTIVE SUMMARY

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

The original MRA for the Charleston/Jacksonville (JAX/CHASN) OPAREA was published in August of
2002. This document provides an update detailing the marine resources within and adjacent to the
JAX/CHASN OPAREA adding recent data and relevant research information. An overview of the
JAX/CHASN OPAREA (Figure E-1) marine environment describes the important physical parameters that
likely influence the occurrence and distribution of protected and managed marine species and habitats.
Characteristics and life histories of protected species, such as marine mammals, sea turtles, and fish that
occur in the JAX/CHASN OPAREA are included. Seasonal occurrence patterns of marine mammals and
sea turtles are identified, mapped, and described along with likely associated factors (e.g., behavioral,
climatic, or oceanographic). Oceanic benthic communities including coral, live/hard bottom, and artificial
habitats are investigated and mapped. Overviews of the fish assemblages in the JAX/CHASN OPAREA
and information on the seasonal distribution of fishing activities, both commercial and recreational, have
been completed. Detailed summaries and the associated graphical depiction of essential fish habitat
(EFH) and habitat areas of particular concern (HAPC) for those fish and invertebrate species designated
in the JAX/CHASN OPAREA are provided, including status, distribution, and EFH/HAPC by lifestage.
Additional relevant information includes the locations of federal maritime boundaries, navigable waters,
marine managed areas, and recreational SCUBA dive sites relative to the JAX/CHASN OPAREA.
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Thorough literature and data searches were conducted to verify and expand upon information previously
related in the original JAX/CHASN MRA. Available sighting, stranding, incidental fisheries bycatch,
satellite-tracking, and nest data for marine mammals and sea turtles were compiled and analyzed to
assess occurrence patterns of these protected species in the JAX/CHASN OPAREA. Marine mammal
and sea turtle seasonal occurrence predictions are based on sightings-per-unit-effort calculations derived
from appropriate line-transect survey data.

Geographical representations of marine resource occurrences in the JAX/CHASN OPAREA are a major
feature of this MRA. A geographic information system (GIS) was used to enter, store, manipulate,
analyze, and visualize the spatial data and information accumulated for the original JAX/CHASN MRA
and data collected since. Over 160 GIS-generated map figures are included in this update. Data layers
associated with these maps consist of bathymetry, sea-surface temperature, protected and managed
species’ occurrences, fishing grounds, Navy OPAREAs, and EFH, as well as many others. Metadata, or
documentation of GIS data, were also prepared for each GIS figure.

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

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

» Chapter 2 Physical & Biological Environment—describes the JAX/CHASN OPAREA physical
environment, including climate, marine geology (physiography, bathymetry, and bottom substrate),
physical oceanography (circulation and currents), hydrography (water temperature and salinity), and
biological oceanography (productivity and plankton);

» Chapter 3 Protected Species—discusses the protected marine mammals, sea turtles, and fish
found in the JAX/ICHASN OPAREA, with detailed narratives of their morphology, status, habitat
associations, distribution, behavior, life history, acoustics (marine mammals and sea turtles only), and
hearing (marine mammals and sea turtles only);

» Chapter 4 Habitats of Concern—details the occurrence of Sargassum, corals, hard bottom
communities, and artificial habitats located in the JAX/CHASN OPAREA;

» Chapter 5 Fish and Fisheries—investigates fish assemblages, EFH, and fishing activities
(commercial and recreational) that occur within the JAX/CHASN OPAREA,;

» Chapter 6 Additional Considerations—provides information on maritime boundaries, navigable
waters, marine managed areas, recreational diving locations, and light tower and buoys;

» Chapter 7 Recommendations—suggests future research activities identified during this project that
would supply much needed biological or oceanographic data within the JAX/CHASN OPAREA, and
prioritizes research needs from a cost/benefit approach;

» Chapter 8 List of Preparers—lists all individuals who helped to prepare the JAX/CHASN MRA
Update;

» Chapter 9 Glossary—defines terms used in this MRA;

» Appendix A—provides supporting information for Chapter 1, such as data confidence levels and map
projection information, data sources of protected species research efforts, and maps of protected
species survey efforts;
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» Appendix B—provides marine mammal occurrence maps;
» Appendix C—describes sea turtle occurrence maps; and

» Appendix D—presents EFH maps.




FINAL REPORT OCTOBER 2008

1.0

2.0

3.0

TABLE OF CONTENTS

Page
INTRODUGCTION .....ettiie ittt ettt e e e e e ettt e e e et e e e e saaseeeestaeeaesasseeeesssaeaesssaeeeaasseeeesansseeesannreeas 1-1
1.1 PURPOSE AND NEED ......coiiiitiiieeiitiiteeitieeeesettteeessstaeeesssseeeesanseeeassnssseessssaeeeassseeesasseeeesanseeens 1-1
1.2 LOCATION OF OPAREA ...ttt bttt ra e st e et e s be e sareeenbeeea 1-1
1.3 APPLICABLE LEGISLATION. ...cciuutiiieiitiiteieiiieesstteeesatteeessnsteeessssaeaesanseeaeaansseeesannseeeeannseeesennses 1-3
1.3.1 Federal RESOUICE LAWS .........ccooeeeeeeeeeeeee e 1-3
1.3.2 EXECULVE OFQBIS.........eeeeeeee ettt e e e a e e 1-9
1.4 IMETHODOLOGY ...uettiiutteesitee sttt sett et ast ettt e et e e bt e e b e e ebe e e sa bt e e ab bt e st e e e be e e nar e e e nnneenaneas 1-10
1.4.1 Literature and Data S@ArCH..............cccueeieeceiieeeeeeeeee et 1-10
1.4.2 Spatial Data Representation—Geographic Information System ...................... 1-10
1.4.2.1 Maps of the Physical Environment—Oceanography...................... 1-12
1.4.2.2 Biological Resource Maps—Protected Species ..........cccccevceeernnes 1-15
1.4.2.3 Habitat Resource Maps—Habitats of Concern............c.cccooveees 1-23

1.4.2.4 Biological and Habitat Resource Maps—Fisheries and
Essential Fish Habitat ............cccooiii 1-23
1425 Maps of Additional Considerations ...............cccoooiiiiiiiiiiiieneeee 1-26
1.4.2.6 Metadata........c..eeeeeeee e 1-27
1.4.3 Marine Sighting Survey Data Bi@s .............cccccueieieiiisciiie e 1-27
1.4.4 Interpretation of Stranding Data.................ccccoeoiiiieiiiiiiieeeee e 1-28
1.5 REPORT ORGANIZATION ...ttt ittt e iette et ettt e sttt ettt e ase e st e e b st e e bt e sateeane e e sar e e e nnneenaneas 1-28
1.6 LITERATURE CITED ..eutttiitteiteteieteeaiee ettt e sttt set e es et e sttt e st sa e e s et e sane e s nn e e s e e e nnneenaneas 1-29
PHYSICAL & BIOLOGICAL ENVIRONMENT ....ooiiiiiiiiiiiiee ettt a e e e e e 2-1
2.1 INTRODUGCTION. . ..ttttttiutteeeestteeessteeeeesteeeeesseeeeeaastaeeeaassaeaeaassaeeesansaeeeeansaeaesanseeeessnssneesanssnaenans 2-1
22 L0 YN = RO 21
2.2.1 Tropical Storms and HUITICANES ................ooe oo 2-2
2.2.2 North Atlantic OSCHIAtION..................eeeeeeeeeeeeeeee e 2-3
2.2.3 El Nifio/Southern OSCIllation ..................c.ouceueieieiiieesiiee e 2-4
23 MARINE GEOLOGY ..tiiutteeiteeiutiteietee sttt e st e st e st e st ettt e s be e e sae e e s be e e ambe e sbe e e ebn e e sabe e e snreennneeeas 2-5
2.3.1 Physiography and Bathymetry ...........cooooo e 2-5
2.3.11 Continental Margins.........cooo i 2-5
2.31.2 Blake Plat@au........ccoviiiiiiiiiieee e 2-9
2313 Charleston BUMP .....cooiiiiiiiiii e 2-10
2.3.2 BOHOM SUBSIIALE ...ttt ea e e e e aenan 2-10
2.4 WATER MASSES, CURRENTS, AND CIRCULATION ....ciiutiieeeitieeeestreeeesteeeesssseeessnseeeessnsseeeennns 2-12
2.4.1 SUMACE CUITENES ...ttt e e e e e e e e e e s 2-12
2.4.2 Deepwater Currents and Water MasSes............cooooooioeoieeieee e 2-16
2.4.3 UPWEIIING...ccoeeeeeeeeeee et 2-17
2.5 HYDROGRAPHY ...ttt e sttt sttt e ettt e e s ettt e e e s st e e e s st e e e e ntae e e e nseeeeeenseeeeaasteeeeannteeeeenses 2-17
2.5.1 Sea Surface TeMPEratUre...................coceeeeueeeeeieeeeeeiiieeeeeeeeeeeeeiteeeaeeeeeeeasee 2-18
2.5.2 Bottom Water TeMPErature .............ooueeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeieeeeeeeveaesesasasssssanas 2-20
2.5.3 Y= /1 /R 2-20
2.6 BIOLOGICAL OCEANOGRAPHY .....ceiiiutiieeiitieeeeiteeeesstteeeseteeeessataeaessssseeessnsseeesansteeesansseeeennres 2-20
2.6.1 PUANKION ...ttt 2-21
2.6.1.1 Phytoplankton ... 2-21
2.6.1.2 4 oTo] o] =T o1 14 (o] o IS USSR 2-24
2.6.1.3 Meroplankton ... ..o 2-25
2.7 LITERATURE CITED .iiiiuttieieitteieesateeeeesssteeeesassseeesansseeasansseeaeansaeaeaansseeesansseeesansseeesannseeessnnses 2-25
PROTECTED SPECIES......coi ittt s e st e e e st e e e s stae e e s snste e e s ensteeesenbeeeeanreeaeennnes 3-1
3.1 IMARINE IMAMMALS ....itiiie ettt e e ettt e e ettt e e e ettt e e e eata e e e esataeeaesnsaeeaesnssseassnssaeassnsseeaesssseaesannreeas 3-3

vi



OCTOBER 2008

FINAL REPORT

3.2

TABLE OF CONTENTS (cont'd)

Page
3.1.1 INEFOQUCTION ...ttt 3-3
3.1.1.1 Adaptations to the Marine Environment: Sound Production and
RECEPLION ... 3-3
3.1.1.2 Marine Mammal Distribution: Habitat and Environmental
ASSOCIALIONS ... 3-5
3.1.2 Marine Mammals of the JAX/CHASN OPAREA ......... e 3-7
3.1.21 Threatened and Endangered Marine Mammals of the
JAX/CHASN OPAREA. ...ttt 3-9
¢ North Atlantic Right Whale (Eubalaena glacialis)...................... 3-10
e Humpback Whale (Megaptera novaeangliae) .......................... 3-20
o Sei Whale (Balaenoptera borealis) ..............cccccooeeeiiaiinncccnnnnnn. 3-25
o Fin Whale (Balaenoptera physalus) ............ccccccoeciiiceiinncinnnn 3-26
o Blue Whale (Balaenoptera musculus) ..............cccccoovcueiennnnnnnn. 3-29
o Sperm Whale (Physeter macrocephalus)............cccccccooveenneee.. 3-31
o West Indian Manatee (Trichechus manatus)............c..cccccue.... 3-33
3.1.2.2 Non-Threatened and Non-Endangered Marine Mammal
Species of the JAX/CHASN OPAREA...........ccocooiiiiieeeee e 3-36
o Minke Whale (Balaenoptera acutorostrata)..............ccccccoccuue... 3-36
o Bryde’s Whale (Balaenoptera edeni/brydei) .............ccccccoauee... 3-39
e Pygmy and Dwarf Sperm Whales (Kogia breviceps and K.
SiMa, reSPECHVEIY).......uiiiiiiiii i 3-40
o Beaked Whales (Family Ziphiidae)...........ccccouvieiiiiiiiiininienn 3-42
¢ Rough-Toothed Dolphin (Steno bredanensis).......................... 3-46
o Bottlenose Dolphin (Tursiops truncatus) ..........ccccccoeeeeennnnenen. 3-48
e Pantropical Spotted Dolphin (Stenella attenuata) .................... 3-53
o Atlantic Spotted Dolphin (Stenella frontalis) .............c..ccccc.c.... 3-55
o Spinner Dolphin (Stenella IongiroStriS) ...........ccccceviceieiniinnen. 3-57
o Striped Dolphin (Stenella coeruleoalba) ..............c.ccccceevnnne... 3-59
e Clymene Dolphin (Stenella clymene) ...........cccooveveeeiecccrnnnnnn. 3-60
e Short-beaked Common Dolphin (Delphinus delphis) ............... 3-61
e Fraser’s Dolphin (Lagenodelphis hosei)..........ccccccccccovveuvnnnn... 3-63
e Risso’s Dolphin (Grampus griSEUS) .............cccccvueeereeeeesccirnnnnnn. 3-64
e Melon-Headed Whale (Peponocephala electra) ...................... 3-66
o Pygmy Killer Whale (Feresa attenuata)...........cc..cc...cceeeuvnnn... 3-67
o False Killer Whale (Pseudorca crassidens)............cccccccevueueen... 3-68
o Killer Whale (Orcinus Orca)..........ccocceeeeieeeeeiiiee e 3-69
e Short-Finned and Long-Finned Pilot Whales (Globicephala
macrorhynchus and G. melas, respectively)...........ccccccvvvneen... 3-71
e Harbor Porpoise (Phocoena phocoena) ...........cccccoecuevevanennnn. 3-75
e Harbor Seal (Phoca vituling).............ccccccoevieiniiiieiiiieeeeieennn 3-77
o Hooded Seal (Cystophora cristata) ..........ccccccoeeecveiicenenicnnnnnn 3-80
3.1.3 LitErature CItE.............eeeeeeeeee ettt et e e e e e 3-82
SEA TURTLES ...ttt ittt ettt st ettt ettt ettt ettt ettt e eb e e bt e eae e e st e e e aab e e e b e e e be e e s be e e sareenaneeens 3-129
3.2.1 INEFOAUCTION ..ot 3-129
3.2.11 Sea Turtle Life HIStOry ... 3-129
3.2.1.2 Sea Turtle Distribution and Behavior.............cccccoviiiiiiiiineene, 3-130
3.2.1.3 Sea Turtle Sensory Adaptations...........ccccceiiiiieinie e 3-131
3.22 Sea Turtles of JAX/CHASN OPAREA ... 3-132
o Leatherback Turtle (Dermochelys coriacea)........................... 3-135

vii



FINAL REPORT OCTOBER 2008

4.0

5.0

TABLE OF CONTENTS (cont’'d)

Page
o Loggerhead Turtle (Caretta caretta)..........ccccoveeeveeeeesccrnnnnnn. 3-140
o Green Turtle (Chelonia mydas) ........ccccceeeeveccieeeeeee e 3-148
e Hawksbill Turtle (Eretmochelys imbricata) .............cccccoeen.... 3-152
o Kemp’s Ridley (Lepidochelys Kempii).........ccccccocveeeiceneennnen. 3-155
¢ Olive Ridley Turtle (Lepidochelys olivacea)...............c........... 3-162
3.2.3 Literature CItEd.............eee oottt e 3-164
3.3 1T SO PSTRR 3-181
e Smalltooth Sawfish (Pristis pectinata) ............cccccceeeeceneennnen. 3-181
3.3.1 Literature Cited.............oee oottt 3-184
HABITATS OF CONCERN ...ttt ettt ettt e e s e e e et ae e e e et e e e s s ntb e e e s eabeeesenreeeeennnes 4-1
4.1 MACROALGAE SARGASSUM .....eeeeitiiieeitiieeesettteeessateeeessaseeeesanseeaasassseeasanssaeesassaeeesssaeessnnneeens 4-1
4.1.1 Status OFf S@IrGASSUMN..........cooiiiiiiiee e 4-1
4.2 DISTRIBUTION OF SARGASSUM ......uveiieitiieeeiaieeeeesetteeeesssteeeessnseeaessnsseeesanssaeassnsseeeeansseeeesnnseeens 4-3
4.3 BENTHIC COMMUNITIES ...citeiuttieeeiteeeeesteeeeesetteeeessateeeessnsaeeesanseeeaesnsseeassnssaeeeasseeeesssseeesanseeens 4-3
4.4 LIVE HARDBOTTOM COMMUNITIES ....cetiutttieeiteteeesiuteeeesaueeeeesanseeeesansseeesansseeesansseeesasseeessnnseeens 4-5
4.4.1 Corals (hard and soft) @and SPONGES............ccccueeeiciieeisiie e 4-5
4411 Deep Sea Coral and SPONGES.......cccuvviiiiieeeiieciieeee e 4-8
4.5 CHEMOSYNTHETIC COMMUNITIES ...uviieeiiitieeeecteeeeeciteeeeeeteeaesetaeaeessseeesasseeesasseeesasseeessnnees 4-10
4.6  ARTIFICIAL BENTHIC HABITATS ..ooiiiiiiiiee e it ettt e ettt e ettt e e et e e et e e e e eate e e e s sabaeaesansaeeaens 4-10
4.7 FISH AGGREGATING DEVICES .....ciuviiieiitiiee e ittt e ettt e e ettt e st e s e atae e e e bae e e s esae e e s ennteaeeenres 4-12
4.8  ARTIFICIAL REEFS ... .iiiiiiiiiiee ettt ettt e e ettt e e ettt e e e eate e e e e antaeeeeastaeeesantaeeessnsaeeessseeeanns 4-12
4.9 SHIPWRECKS ...eeeiiiutitee e ittt e e steeeessteeeesateeeessasteaesasteeesaasseeesaasteeeeaasseeaseasseeasaasteeesannsaeessnnses 4-14
410 MARINE MANAGED AREAS AND MARINE PROTECTED AREAS .......uvvieiiiiieeeiiieeeesiieeaesnneeeae e 4-14
4.10.1  Federally Designated Marine Protected Areas..............cccoecoeveveccenecsccenecene. 4-16
4.10.1.1  National Marine Sanctuaries..........cccccevvuviieiiiiiee e 4-16

4.10.1.2 National Park System: National Seashores and National
Parks/MONUMENES ........uuiiiiiiiiie e 4-16
4.10.1.3 Fisheries Management ZONES ...........ccccvvviiiieeeeeicciiieeee e 4-18
4.10.1.4 Fisheries Habitat Conservation Zones ...........ccccccviiveeeeeiieccnienennn. 4-19
4.10.1.5 National Wildlife Refuges..........ccooiiiiiiiiiiiie e 4-19
4.10.1.6  National Estuarine Research Reserves..........cccccceeveveeiiiicivinnnnn. 4-19
4.10.1. Ecological and Historic Preserve (Federal/State Partnership) ....... 4-20
4.10.1.8 Marine Mammal Protected Areas .........cccccccveeeiiiiiieieee e, 4-20
4.10.2  State Designated Marine Protected Areas ............ccoocvoeeieccieeeeiciee e 4-21
411 LITERATURE CITED ..uttiieiitiieeeitteeeeitteeeeatteeeesasaeeessasteeassassesassasseeaesanseseesansseaessnseseessnseseessns 4-26
FISH AND FISHERIES .....oooiiiitiiie ittt et e ettt e st e e e et e e e nste e e e e nnteeeeennteeeeenteeeeennes 5-1
5.1 FISH AND INVERTEBRATES ... .uuitiiittiieeitteeeeiitseeeesetseseesaaseseesassseeesassseeassssaeasssseeeesnsseeessnnseeens 5-1
5.2 FISHERIES RESOURCES.......c.utiiiiiiitieeeitteee e sttt e e s ettt e e s eate e e e s sataeeeesnsseeessnssaeasassaeeesasseeeesnnneeaas 5-2
5.2.1 CommeErcial FISNING ..........c..euueeeeeeeeeeeeee ettt ettt e aaaa s 5-2
5211 Atlantic Mackerel, Squid, and Butterfish Fishery.............................. 5-8
52.1.2 BlUefish FISREry .......cooiiiii e 5-8
5213 Summer Flounder, Scup, and Black Sea Bass Fishery ................. 5-10
5.2.1.4 Spiny Dogfish FiShery ... 5-14
5215 MONKFISH FISNEIY .....cciiiiiiieiee e 5-14
5.2.1.6 Atlantic Surfclam and Ocean Quahog Fishery ..........c.cccocoieennnen. 5-15
5.21.7 Calico Scallop FiShery ........c..uvviiiiieiiecceeeee e 5-15
5.2.1.8 Shrimp FIShery ... 5-16
5219 Snapper Grouper FiShery ... 5-17
5.2.1.10 Coastal Migratory Pelagic Fishery............ccccccoiiiiniiiiiniie, 5-20

viii



OCTOBER 2008 FINAL REPORT

5.3

TABLE OF CONTENTS (cont’'d)

Page

5.2.1.11  Spiny Lobster FiShery ..........ccoo i 5-21
5.2.1.12  Dolphin Wahoo FiShery ........ccccoiiiiiiiiii e 5-22
52.1.13 Golden Crab FiShery.........cccciiiiiiiii e 5-22
5.2.1.14  Highly Migratory Species Fishery ........ccccooviiiiiiiiieee e, 5-23
5.2.1.15 Other species of importance...........ccccovvee i 5-25
o3 B LT o 4 - TSRS 5-27
5.2.2 Recreational FISNING .............cooiuiiiiiee ettt 5-27
5.2.21 Fishing Activity Statistics ..........cocviiiiiiei e 5-29
5.2.2.2 FiSh SPECIES .....uvveeiiiiii e 5-31
5.2.2.3 Recreational Fishing Hotspots...........ccoviiiiiiiiiiieeeee, 5-32
5224 TOUMMAMENES ...ttt 5-34
ESSENTIAL FISH HABITAT DISTRIBUTION AND SPECIES.....cceitieaitieeniieeateeesieeaeeeeseeeeseeeesneeas 5-34
5.3.1 Temperate Water SPECIES .........ccceeeeeeeeeeee et sessssaaaa s 5-42
o Bluefish (Pomatomus saltatrix).........ccccccceeeeeiecinveeiieeeieeeciieenn, 5-42

e Spiny Dodfish (Squalus acanthias).............ccccccovvveieeiieiccirnnnnnn. 5-44

e Summer Flounder (Paralichthys dentatus) .................ccccccuuu.... 5-45

o Tilefish (Lopholatilus chamaeleonticeps).............ccc..ccceveeuvvnnen.. 5-47

5.3.2 Subtropical-Tropical Water SPECIES.............ccueeeeeeeccieieeiaeeeeeseciieeiaa e 5-47
e Atlantic Calico Scallop (Argopecten gibbus)...............cccccuvuue.... 5-47

o Blackfin Snapper (Lutjanus buccanella) ....................cccccuvune... 5-47

o Blueline Tilefish (Caulolatilus microps)...........ccccccuevicerevicennnnn 5-48

e Brown Rock Shrimp (Sicyonia brevirostris) .........c.ccccccueveeuee... 5-49

e Brown Shrimp (Farfantepenaeus aztecus).............cccccceveueen... 5-50

e Caribbean Spiny Lobster (Panulirus argus)............cccccccoeeuvee... 5-51

e Cobia (Rachycentron canadum).............cccccceuiccereincuenanncnnnnns 5-52

e Corals (Stony Corals and Octocorals) ............cccccceveccenenncnnnnnn 5-53

o Dolphinfish (Coryphaena spp.) .....cccoeeeeeeeeieiiieeeee e 5-55

o Golden Deepsea Crab (Chaceon fenneri)...........ccccocceeevinnec.nn 5-56

o Goliath Grouper (Epinephelus itajara) ...........ccccccceeeeinncccnnnnen. 5-57

o Gray Snapper (Lutjianus griSEUS)............cccueieiieeieiiiieeeiiieeens 5-58

o Greater Amberjack (Seriola dumerili) ............cccocceeiiieiinninnn. 5-59

o King Mackerel (Scomberomorous cavalla)...............ccccccoeuue... 5-60

o Mutton Snapper (Lutjanus analis).............cccccuucocieiicneincnennn. 5-61

o Pink Shrimp (Farfantepenaeus duorarum) ..............ccccceuveueee.n. 5-62

o Red Drum (Sciaenops ocellatus).............cccccouioiiinininncnnnnn. 5-63

o Red Porgy (Pagrus Pagrus) .........cuceeeeiaueeeeiiieeesseeee s 5-64

o Red Snapper (Lutjanus campechanus) ............cccccouceeennnnee.nn 5-65

o Ridged Slipper Lobster (Scyllarides notifer) ...............ccccuuu..... 5-66

e Royal Red Shrimp (Pleoticus robustus)...........cccccccccceveeecvnnnnn. 5-67

o Scamp (Mycteroperca phenax) ..........ccccccceeeeeccvveeeeeeeeeeecieneenn 5-68

o Silk Snapper (Lutjanus vivanus) ............cccccceccccvveeeieeeeesccivvneenn 5-69

o Snowy Grouper (Epinephelus niveatus)..........cccccccccccovvecuvvnnnn.. 5-70

e Spanish Mackerel (Scomberomorous maculatus).................... 5-71

e Speckled Hind (Epinephelus drummondhayi) .................c...... 5-72

o Tilefish (Lopholatilus chamaeleonticeps)..........ccccccoecuevevecnennn. 5-73

e Vermilion Snapper (Rhomboplites aurorubens) ....................... 5-74

o Wahoo (Acanthocybium solandri)............ccccccoveevcviiicinenncnnnnnn 5-75

o Warsaw Grouper (Epinephelus nigritus)...........ccccccoccceveencueennn 5-76

o White Grunt (Haemulon plumieri) .............cccccouvoeiiiiiieiinninnnn 5-77




FINAL REPORT OCTOBER 2008

6.0

7.0

TABLE OF CONTENTS (cont’'d)

Page
o White Shrimp (Litopenaeus Setiferus) ...........cccoovveveevievccrnnnnn. 5-78
o Wreckfish (Polyprion americanus)............ccccccccvvueeeieeeeesecvvnnnnn. 5-79
¢ Yellowedge Grouper (Epinephelus flavolimbatus) ................... 5-80
5.3.3 Highly Migratory SPECIES ..........cc..ueue et 5-81
e Atlantic Sharpnose Shark (Rhizoprionodon terraenovae)........ 5-81
e Bignose Shark (Carcharhinus altimus) .............cccccoeevcvevncnnn.n. 5-82
e Blacknose Shark (Carcharhinus acronotus).............cccccccouue.... 5-83
e Blacktip Shark (Carchahinus limbatus).............ccccccoeeeevevncnnnn... 5-84
e Blue Marlin (Makaira nigricans) .............cccoceueueceresnccnenasnceenns 5-85
o Bluefin Tuna (Thunnus thynnus) ...........cccccceeviceeincenesiieenn 5-86
o Bonnethead Shark (Sphyrna tiburo) ............cccccoceiiiieiinninnn. 5-87
o Bull Shark (Carchahinus 1eucas) ............cccccouieiiiiieiiinieennn 5-88
o Dusky Shark (Carcharhinus obSCUIrUS)............ccccceeiieeeiiinnennenn 5-89
o Finetooth Shark (Carcharhinus isodon)............c.ccccucviennnenen. 5-90
o Great Hammerhead Shark (Sphyrna mokarran) ...................... 5-90
o Lemon Shark (Negaprion brevirostris)..............ccccceuueeeenncnenenn 5-91
o Longbill Spearfish (Tetrapturus pfluegeri) ...........ccccceeevnneenen. 5-92
o Longfin Mako Shark (Isurus paucus)...........ccccceceiiicenenncnnnen. 5-93
o Night Shark (Carchahinus Signatus) ............ccccccocceviieeinncnnnnn. 5-93
o Nurse Shark (Ginglymostoma cirratum) ...........ccccccoeeceennceen.n. 5-94
e Oceanic Whitetip Shark (Carcharhinus longimanus)................ 5-95
o Sailfish (Istiophorus platypterus) ..............ccccoccvvueeeieeeiiiccinnnnnnn. 5-96
e Sand Tiger Shark (Carcharias taurus)...........cccooccveveeeeeeccrnnnnn. 5-97
e Sandbar Shark (Carcharhinus plumbeus) ..................ccccccuvue... 5-98
e Scalloped Hammerhead Shark (Sphyrna lewini)...................... 5-99
o Silky Shark (Carcharhinus falciformis)................cc...ccccccevuuee... 5-100
e Spinner Shark (Carchahinus brevipinna)...........c....cccccveeuuu... 5-100
o Swordfish (Xiphias gladius) .............cccoeveieiiiveiiiiine e 5-101
o Tiger Shark (Galeocerdo CUVIr) .........ccccccvveeeiceneeeiiinaeeee 5-102
o White Marlin (Tetrapturus albidus) ............cccccocevveeeicineennnnn. 5-103
e White Shark (Carcharodon carcharias) ............ccccccecevveennnen. 5-104
e Yellowfin Tuna (Thunnus albacares).........ccccccceeeveeeiceneennnen. 5-105
5.4 LITERATURE CITED ...etiiutititite it eiteeeatteeateeesubeeaseeesteeesbeeesaseesabeeaaabeeabeeesneeesmbeeesaneesneeans 5-107
ADDITIONAL CONSIDERATIONS ....ooiiiiitieitit ettt sttt b et e e nne e 6-1
6.1 MARITIME BOUNDARIES: TERRITORIAL WATERS, CONTIGUOUS ZONE, AND EXCLUSIVE
ECONOMIC ZONE .....oiitiieiiee ettt ettt e ettt e et e e et e e es e e e aeeeeemeeeamteeeamteeaneeeanneesneeesneeeanneeans 6-1
6.1.1 Maritime Boundaries of the Commonwealth of The Bahamas ..............c............ 6-5
6.1.2 U.S. Maritime Boundary Effects on Federal Legislation and Executive
(@ g0 L= £ PPN 6-7
6.2  COMMERCIALLY NAVIGABLE WATERWAYS .....c.uttiiueiarieieiteeesuteeateeesseeesneeesaseesbeeesnsessnseeesnnens 6-7
6.3 SCUBADIVING SITES ...uutiiiiiieititeitieeeiee ettt ettt e bttt e et e st e e e abee e sabeeebe e e sabe e e anneesnneas 6-8
6.4  OCEANOGRAPHIC BUOYS, LIGHT TOWERS, AND NAVY TOWERS .......cccttireiiniieenreenreee e 6-11
6.5 LITERATURE CITED ..euttteitteittteiette ettt e sttt e sttt e st e ese e st e st st e e st e saneesbe e e sar e e e nnneenaneas 6-13
RECOMMENDATIONS . ... ettt ettt e et e e sae e e e te e e sseeesmteeeanteeeseeeaneeeeseeesnseeeneeeanes 7-1
7.1 MARINE RESOURCE ASSESSMENTS .....ciiiuiieiteeeaueeeaeeeaateeesateeaaueeeanseeaasseesaseeaaseeesseeeansessnseeans 7-1
7.2 ENVIRONMENTAL DOCUMENTATION ....uuttiiteteiuteeaueeesureesteeesaseeaseesssseessseeesaseesbeessmseessneeesnsens 7-2
7.3 LITERATURE CITED ...ttiititittteiteteitteeaiteeateeesbeeessseesateeaseeesabeeabeeesmbeeeaseeesabeeabeeesabeeeanneesnneas 7-6




OCTOBER 2008 FINAL REPORT

TABLE OF CONTENTS (cont’'d)

Page
8.0  LIST OF PREPARERS ...t e e et e e et e e e e e e e e eeeenaeaaaes 8-1
L €I O I 1 Y A = T 9-1

APPENDICES

APPENDIX A: INTRODUCGTION ...ttt A-1
APPENDIX B: MARINE MAMMALS ... oottt e e e e e ettt s e e e e e e e e et e e e e e eseesaaaeeeeeeeranes B-1
APPENDIX C: SEA TURTLES ...ttt e e e e e e e e e e e e e e e e eea e e esaaeeeraneeeeens C-1
APPENDIX D: ESSENTIAL FISH HA B T AT .ot e e e e e e e e e e e e e e eeaas D-1

xi



FINAL REPORT OCTOBER 2008

No.
Table 1-1.

Table 1-2.
Table 2-1.
Table 3-1.
Table 3-2.

Table 3-3.
Table 4-1.

Table 4-2.
Table 5-1.
Table 5-2.
Table 5-3.

Table 5-4.
Table 5-5.

Table 5-6.
Table 5-7.
Table 5-8.
Table 5-9.
Table 5-10.

Table 6-1.

Table 6-2.

Table 7-1.

LIST OF TABLES

Page
The Endangered Species Act (ESA) designated species with potential occurrence in
the Charleston and Jacksonville OPAREA ... e 1-6
Seasonal summaries of survey effort (km) used to calculate SPUE for the Southeast
OPAREAs (VACAPES, CHPT, and JAX/CHASN) per 10-minute grid cell. ........................ 1-18
Tropical storms and hurricanes traversing the Charleston/Jacksonville OPAREA in
2004 AN 2005 .....eeiieeiiiiee e e et e e e s bt e e e e e aabeeeeeanteeeeeanteeaeeanreeeens 2-3
Marine mammal species of the Charleston-Jacksonville Operating Area, their status
under the Endangered Species Act (ESA), and occurrence within the OPAREA ................ 3-8
Sea turtle species of the JAX/CHASN OPAREA and their status under the
Endangered Species ACt (ESA) ... 3-133
Protected fish species found in the Charleston/Jacksonville OPAREA..............cccuvveeee... 3-181
Summary of Federally Designated Marine Protected Areas in the Charleston/
Jacksonville OPAREA and VICINILY .........eeiiiiiiiieiiiiie et 4-18
Summary of State Designated Marine Protected Areas in the Charleston/Jacksonville
OPAREA @Nd VICINIY....cociiiiiiiiiiiiee ettt e e s e e e e eeeennneee s 4-22

Average annual commercial landings and ex-vessel value for fisheries in North
Carolina, South Carolina, Georgia, and Florida waters from 1996 to 2005 by

management unit (MU) and major species targeted in each fishery ...........cccccccoiiiinnnnnn. 5-4
Species managed by the SAFMC under the Snapper-Grouper MU ............ccooociieiiiiiininee 5-18
Retainable Shark SPECIES.........uiiii e 5-26
Overfished commercially harvested highly migratory species ..........cccccccveieveviciiieeicnnen.n. 5-26
Major commercial fishing ports in the Charleston/Jacksonville OPAREA and vicinity
for 2005, unless otherwise indicated..............cooeiiiiiiiiiiee e 5-27
Number of marine recreational fishing trips from North Carolina, South Carolina,
Georgia, and eastern Florida in 2004..............oooiiiiiiiiiiiee e 5-29
Average annual recreational landings (metric tons) of each major species group from
1996 through 2005 ... e e e st e e e e st ee e e e e nbee e e e e nee e e e enreeeeennees 5-32
Marine recreational fishing tournaments in the Charleston/Jacksonville OPAREA and
VICINIEY 1N 2005 ...t e e e e e 5-35
Fish and invertebrates for which EFH has been designated in the
Charleston/Jacksonville OPAREA .......oooo o e e e e e e e e e e 5-39
Management units (MU) and managed species with EFH designated within the
Charleston/Jacksonville OPAREA by management agency.........cccoecvveeeiiieeeeiieieeeseeeennn. 5-40

Timeline detailing the establishment of U.S. jurisdiction and maritime boundaries in or
in the vicinity of the Charleston/Jacksonville OPAREA as determined by treaty,

legislation, and presidential proclamation ... 6-2
Maritime  boundaries and jurisdictional extent associated with the

Charleston/Jacksonville OPAREA ... et e e 6-4
Suggested expert reviewers for the Charleston/Jacksonville OPAREA MRA. ..................... 7-2

Xii



OCTOBER 2008 FINAL REPORT

No.

Figure 1-1.

Figure 1-2.

Figure 1-3.

Figure 1-4.
Figure 1-5.
Figure 2-1.

Figure 2-2.
Figure 2-3.

Figure 2-4.

Figure 2-5.
Figure 2-6.
Figure 2-7.

Figure 2-8.

Figure 3-1.

Figure 3-2.
Figure 3-3.

Figure 3-4.
Figure 3-5.
Figure 3-6.
Figure 3-7.
Figure 3-8.

Figure 3-9.

LIST OF FIGURES

The Charleston/Jacksonville OPAREA is located along the U.S. Atlantic coast off the
states of North Carolina, South Carolina, Georgia, and Florida .............cccocoiiiiiieiiiiiienn. 1-2

Spatial coverage of bathymetric datasets used for the SE OPAREAs, the resolution of
each dataset, and a scale model example of spatial distribution of the data points

associated with each dataset. ..........c.oveiirii oo 1-13
Example of the grid in 10-minute cells used for survey effort and sightings per unit

effort (SPUE) CalCUIAtIONS ...t e e e e e e e e e e eennes 1-19
Example of the SPUE/KIIgING PrOCESS. ......ccoiiuiiiiiiiiiiee ittt 1-21
Example of sector search type on the detail of the model produced............ccccccovinnnnneeen. 1-22

Three-dimensional bathymetry and major physiographic features located along the
southeastern U.S. coast and in or in the vicinity of the Charleston/Jacksonville

OP AR E A .t e e h e e e e te e e e e ettt e e e ettt e e e e bteeeeaanteeeeeanreeeane 2-6
Bathymetry associated with the Charleston/Jacksonville OPAREA ..........cccccoiiiiiiiiiiiiiee. 2-7
Generic three-dimensional representation of the continental margin and the major

submarine zones referred to INthe MRA ... 2-8

Seafloor sediment types occurring in or in the vicinity of the Charleston/Jacksonville
OPAREA and (where available) the percentage of calcium carbonate (CaCO,)

contained iN SEAIMENTES ........eiiiiii e e s e e e enneeeas 2-11
Surface circulation in the Charleston/Jacksonville OPAREA and vicinity revealed by a
satellite image of sea surface temperature (SST) taken on 20 May 2006...............c.......... 2-13
Surface circulation in the Charleston/Jacksonville OPAREA and vicinity including the
Gulf Stream Current and generalized shelf circulation ... 2-14
Mean seasonal sea surface temperature (SST) found along the southeastern U.S.
coast and in the Charleston/Jacksonville OPAREA from 1985 through 2004 .................... 2-19

Mean seasonal surface chlorophyll a concentrations found along the southeastern
U.S. coast and in the Charleston/Jacksonville OPAREA from September 1997 through

(@ o100 01T b 001 F PSRRI 2-22
Designated critical habitats, conservation areas, and mandatory ship reporting zones
for North Atlantic right Whales ... 3-12
North Atlantic right whale migration patterns ..., 3-14
Movements of the satellite-tagged North Atlantic right whale “Metompkin” from
January 1996 through July 1996..........ooo e 3-17
Current knowledge of the migration pathways of humpback whales in the North
N 1= a1 o3 T =T o SO 3-22
Sea turtle strandings reported in North Carolina, South Carolina, Georgia, and Florida
by season between 2000 and 2005 ............oooiiieiiiiiiiieeee e 3-136
Seasonal movement patterns of adult loggerhead sea turtles in the Western Atlantic
L@ o= o SRS 3-143
Seasonal movement pattern of a juvenile loggerhead sea turtle in the Western Atlantic
L o Y- o SRR 3-144
Loggerhead sea turtle nesting locations in the vicinity of the JAX/CHASN OPAREA for
which nest density data are available ... 3-146
Satellite-tracked movements of a juvenile green turtle along Atlantic coast
developmental habitat..............oeiiiiiiiii 3-150

Xiii



FINAL REPORT OCTOBER 2008

No.
Figure 3-10.

Figure 3-11.
Figure 3-12.
Figure 3-13.
Figure 4-1.

Figure 4-2.
Figure 4-3.

Figure 4-4.

Figure 4-5.
Figure 4-6.
Figure 4-7.
Figure 5-1.
Figure 5-2.

Figure 5-3.

Figure 5-4.

Figure 5-5.

Figure 5-6.
Figure 5-7.
Figure 5-8.

Figure 5-9.
Figure 5-10.

Figure 5-11.
Figure 5-12.

Figure 6-1.

LIST OF FIGURES (cont'd)

Page
The habitat suitability index of waters in the JAX/CHASN OPAREA and vicinity for the
kemp's ridley sea turtle from January to April .........cooooiiiiiii 3-157
The habitat suitability index of waters in the JAXICHASN OPAREA and vicinity for the
kemp's ridley sea turtle from May t0 AUGQUSE ........ooooiiiiiiii e 3-158
The habitat suitability index of waters in the JAX/CHASN OPAREA and vicinity for the
kemp's ridley sea turtle from September to December. ............cccccoe i, 3-159
Recent encounters, from 1998 to April 2005, of smalltooth sawfish in the Charleston/
Jacksonville OPAREA and VICINItY ........ooiiiiiiiiiiiiee e 3-183
Historical Distribution of pelagic Sargassum and the major surface currents in the
Caribbean, Gulf of Mexico and North Atlantic Ocean ...........c.cocueeiiiiiiii e 4-2
Area allowed for harvest of Sargassum between November and June...............ccccceeeee. 4-4
Hardbottom, live hardbottom communities, and coral and sponge distributions for the
Charleston/Jacksonville OPAREA and VICINItY ..........c.coiiiiiiiiiiiiiee e 4-6
Gas hydrates and chemosynthetic communities in the Charleston/Jacksonville
OPAREA @Nd VICINITY ...eetieetiieiiii ettt e e eee e see e e smteeeseeesneeeenneeesnneeans 4-11

Artificial reefs and shipwrecks in the Charleston/Jacksonville OPAREA and vicinity ......... 4-13
Federal Marine Protected Areas in the Charleston/Jacksonville OPAREA and vicinity .....4-17
State Marine Protected Areas in the Charleston/Jacksonville OPAREA and vicinity ......... 4-25

Average landings (thousands of metric tons) and ex-vessel (price paid directly to
fisherman) value (millions of dollars) for commercial fisheries by eastern U.S. regions

frOmM 1996 0 2005 ....coiiiiiiiee it e e e e e et e e e e e e e e e e e e e e e e e e nareeeanneas 5-3
Average commercial fishing landings (millions of dollars) and mass (thousands of
metric tons) for each of southeast U.S. Atlantic state from 1996 to 2005...............cccceeene. 5-3
Distribution of fishing effort and closures relevant to the trawl gear commercial
fisheries in Charleston/Jacksonville OPAREA and Vicinity ........ccccccoooiiciiiiiiiee e, 5-9

Distribution of fishing effort and closures relevant to the line gear (e.g., handlines,
bottom longlines, pelagic longlines) commercial fisheries in Charleston/Jacksonville
L@ N == g o IV o7 o 1 SRR 5-11

Distribution of fishing effort and closures relevant to the other gear type (e.g., pots,
spearfishing, traps, cast nets; not trawls, lines, dredges, gillnets or seines) commercial

fisheries in Charleston/Jacksonville OPAREA and VIiCinity ..........ccccceeviiiieeinciee e 5-12
Distribution of fishing effort and closures relevant to the gillnet commercial fisheries in
Charleston/Jacksonville OPAREA and VICINItY .........cccoiiiiiiiiiiiiiiiieee e 5-13
Distribution of fishing effort and closures relevant to the drege gear commercial
fisheries in Charleston/Jacksonville OPAREA and ViCinity ..........ccocccciiieiieeeciicciiieeeeeeenn 5-24
Distribution of fishing effort and closures relevant to the seine gear commercial
fisheries in Charleston/Jacksonville OPAREA and VIiCinity ..........ccccceeviiiieeiniiee e 5-28

Major commercial fishing ports in the Charleston/Jacksonville OPAREA and vicinity. ...... 5-30
Recreational fishing trips in North Carolina, South Carolina, Georgia, and eastern

Florida by fishing mode from 1995-2004 (NMFS 2005Q)......ccccciuuiiiieeeiiiiiiieieee e 5-31
Recreational fishing hotspots in the Charleston/Jacksonville OPAREA and vicinity .......... 5-33
Potential area covered by recreational fishing tournaments in the

Charleston/Jacksonville OPAREA and vicinity by S€ason ...........ccccovveiieiiiieieiiicee e, 5-38

Generic three-dimensional representation of maritime boundaries with the baseline
defined as the mean low water/tide line along the coast or a straight line drawn across
coastal bays or Other inlets ............eoeiiiiiii i 6-2

Xiv



OCTOBER 2008 FINAL REPORT

LIST OF FIGURES (cont'd)

Figure 6-2. Proximity of Charleston/Jacksonville OPAREA to maritime boundaries of the U.S. and
The Bahamas .......ooooiii ettt ettt e e e e e e e e e e e e e e e e nenneeeaaaeeaannes 6-6
Figure 6-3. Commercially navigable waterways found in the Charleston/Jacksonville OPAREA
E= Lo IV o7 o1 PR 6-9
Figure 6-4. Popular recreational dive sites in the Charleston/Jacksonville OPAREA and vicinity ........ 6-10
Figure 6-5. Oceanographic Buoys, Light Towers, and Navy Towers in the Charleston/Jacksonville
OPAREA @NA VICINIY....eeiiitiiieiiiiiee et 6-12
Figure 7-1. Spatial coverage of shipboard and aerial survey effort for protected species in the
Charleston/Jacksonville OPAREA and VICINItY .........cc.cooiiiiiiiiiiiiie e 7-3

XV



FINAL REPORT

OCTOBER 2008

3D

°C

°F

pm

uPa

AA
AABW
ABR
ACCSP
ACCSTR
AGRRA
ALWTRP
AMNH
ARPA
ASMFC
AVHRR
BLM
BTS

C

CA
CaCOs;
CBRA
CCL
CEQ
CETAP
CFR
CHA
C-HAPC
CHPT
CITES

CIA

cm
COMLANTFLT
CORMP
CR

CSsC
CWA
CZCSs
CZMA
dB

dB re 1uPa-m
DCM
DSCS
DN

DNM
DNR
DOALOS
DoC

DoD

DoF

Dol

LIST OF ACRONYMS AND ABBREVIATIONS

Three-dimensional

Degrees Celsius

Degrees Fahrenheit

Micrometer(s)
Micropascal(s)
Aggregation Area

Antarctic Bottom Water

Auditory Brainstem Response

Atlantic Coastal Cooperative Statistics Program
Archie Carr Center for Sea Turtle Research
Atlantic and Gulf Rapid Reef Assessments
Atlantic Large Whale Take Reduction Plan
American Museum of Natural History
Advanced Projects Research Agency

Atlantic States Marine Fisheries Commission
Advanced Very High Resolution Radiometer

Bureau of Land Management

Bureau of Transportation Statistics

Carbon
Closed Area

Calcium Carbonate

Coastal Barrier Resources Act

Curved Carapace Length

Council on Environmental Quality
Cetacean and Turtle Assessment Program

Code of Federal Regulations

Critical Habitat

Coral Habitat Area of Particular Concern

Cherry Point

Convention on International Trade in Endangered Species of Wild Flora and

Fauna

Central Intelligence Agency

Centimeter(s)

Commander, U.S. Atlantic Fleet

Coastal Ocean Research and Monitoring Program
Critically Endangered

Coastal Services Center

Clean Water Act

Coastal Zone Color Scanner

Coastal Zone Management Act

Decibel

Decibels at the Reference Level of One Micropascal at One Meter Distance
Deep Chlorophyll Maximum

Deep-Sea Coral and Sponge
Pixel Value (Digital Number)

Deployed Noise and Measurement

Department of Natural Resources

Division for Ocean Affairs and the Law of the Sea
Department of Commerce

Department of Defense

Department of Fisheries

Department of Interior

XVi



OCTOBER 2008

FINAL REPORT

DoN
DoS
DoT
DPS
DSCS
DUML
DWBC
EA
EEZ
EFH
EFS
EIS
ENSO
EO
EORR
EPA
ESA
ESRI
EWS
FAD
FCMA
FDEP
FDT
FEIS
FFC
FFWCC
FHCZz
FKNMS
FL
FMNH
FMC
FMP
FMZ
FMRI

ft
FWPCA
g

GA
GDAIS
GEBCO-SCUFN

GIS
GMFMC
GMI
GSMFC
HAPC
HMS
HTML
Hz
ICAO
ICRAN
IDW
IMaRS
in

LIST OF ACRONYMS AND ABBREVIATIONS (cont'd)

Department of the Navy
Department of State

Department of Transportation
Distinct Population Segment
Deep-Sea Coral and Sponge

Duke University Marine Laboratory
Deep Western Boundary Current

Environmental Assessment

Exclusive Economic Zone
Essential Fish Habitat

East Florida Shelf

Environmental Impact Statement

El Nifio/Southern Oscillation

Executive Order

Experimental Oculina Research Reserve
Environmental Protection Agency

Endangered Species Act

Environmental Systems Research Institute, Inc.
Early Warning System

Fish Aggregating Device

Fishery Conservation and Management Act
Florida Department of Environmental Protection
Florida Department of Transportation

Final Environmental Impact Statement

Fleet Forces Command

Florida Fish and Wildlife Conservation Commission
Fisheries Habitat Conservation Zone

Florida Keys National Marine Sanctuary

Florida

Florida Museum of Natural History

Fishery Management Council

Fishery Management Plan

Fishery Management Zone

Florida Marine Research Institute

Feet

Federal Water Pollution Control Act

Gram(s)
Georgia

General Dynamics Advanced Information System

General Bathymetric Chart of the Oceans-Sub-Committee on Undersea Feature

Names

Geographic Information System
Gulf of Mexico Fishery Management Council

Geo-Marine, Inc.

Gulf States Marine Fisheries Commission
Habitat Areas of Particular Concern
Highly Migratory Species

Hyper Text Markup Language

Hertz

International Civil Aviation Organization
International Coral Reef Action Network

Inverse Distance Weighted

Institute for Marine Remote Sensing

Inch

XVii



FINAL REPORT

I0C

ISOW

IUCN
IUCN-WCPA

e
JAX/CHASN

MAB
MAFMC
MARAD
MARMAP
MATS
MCALF
MCAS
MCB
MCOLF
MFCMA
m

i

min
mm
MMA
MMC
MML
MMPA
MMS
MNR
MPA
MPH
MPPRCA
MPRSA
MR
MRA
msec
MSFCMA
MSY
MU
NADW
NAO
NARP
NASA
NATO

LIST OF ACRONYMS AND ABBREVIATIONS (cont'd)

Intergovernmental Oceanographic Commission
Iceland-Scotland Overflow Water
International Union for Conservation of Nature

International Union for Conservation of Nature-World Commission on Protected

Areas

International Whaling Commission
Jacksonville/Charleston

Kilogram(s)

Kilohertz

Kilometer(s)

Square Kilometers

Liter(s)

Location Class

Latitude

Labrador Intermediate Water

Longitude

Meter(s)

Square meters

Cubic Meters

Mid-Atlantic Bight

Mid-Atlantic Fishery Management Council

U.S. Maritime Administration

Marine Resources Monitoring Assessment and Prediction
Mid-Atlantic Tursiops Surveys

Marine Corps Auxiliary Landing Field

Marine Corps Air Station

Marine Corps Base

Marine Corps Outlying Field

Magnuson Fishery Conservation Management Act
Milligram(s)

Square Mile(s)

Minute(s)

Millimeter(s)

Marine Managed Area

Marine Mammal Commission

Mote Marine Laboratory

Marine Mammal Protection Act

Minerals Management Service

Managed Nature Reserve

Marine Protected Area

Mile(s) per hour

Marine Plastic Pollution Research and Control Act
Marine Protection, Research, and Sanctuaries Act
Marine Reserve

Marine Resources Assessment

Millisecond(s)

Magnuson-Stevens Fishery Conservation and Management Act
Maximum Sustainable Yield

Management Unit

North Atlantic Deep Water

North Atlantic Oscillation

National Artificial Reef Plan

National Aeronautics and Space Administration
North Atlantic Treaty Organization

Xviii

OCTOBER 2008



OCTOBER 2008

FINAL REPORT

NAVO
NC
NEPA
NERR
NFEA
NGDC
NM
NMFS
NMML
NMPAC
NMS
NOAA
NOS
NP
NPMS
NPS
NRC
NRFCC
NS
NSIP
NURP
NWR
NWRA
OBIS
OCS
O-HAPC
ONR
OPAREA
OPIS
PBR
PDF
pH

PL
PODACC
POP
psu
PTT
RBF
RCMP
REEF
RFRCP
rms
SAB
SAFMC
SAIC
SAV
SC
SCDNR
SCUBA
SEADESC
SEAMAP
sec
SEFSC
SEL

LIST OF ACRONYMS AND ABBREVIATIONS (cont’d)

Naval Oceanographic Office

North Carolina

National Environmental Policy Act

National Estuarine Research Reserve

National Fishing Enhancement Act

National Geophysical Data Center

Nautical Mile(s)

National Marine Fisheries Service

National Marine Mammal Laboratory

National Marine Protected Area Center

National Marine Sanctuary

National Oceanic and Atmospheric Administration
National Ocean Service

National Park

National Pipeline Mapping System

National Park Service

National Research Council

National Recreational Fisheries Coordination Council
National Seashore

National Implementation Support Partnerships
NOAA'’s Undersea Research Program

National Wildlife Refuge

National Wildlife Refuge Association

Ocean Biogeographic Information System

Outer Continental Shelf

Oculina Habitat Area of Particular Concern

Office of Naval Research

Operating Area

Ocean Planning Information System

Potential Biological Removal

Portable Document Format

Power or Potential of Hydrogen

Public Law

Physical Oceanography Distributed Active Archive Center
Platforms of Opportunity

Practical Salinity Unit

Platform Transmitter Terminal

Reef Ball Foundation

Range Complex Management Plan

Reef Environmental Education Foundation
Recreational Fishery Resources Conservation Plan
Root Mean Squared

South Atlantic Bight

South Atlantic Fishery Management Council
Science Applications International Corporation
Submerged Aquatic Vegetation

South Carolina

South Carolina Department of Natural Resources
Self-contained Underwater Breathing Apparatus
Southeastern Deep Sea Coral

Southeast Area Monitoring and Assessment Program
Second(s)

Southeast Fisheries Science Center

Sound Exposure Level

XiX



FINAL REPORT

OCTOBER 2008

SETS
SFA

SL
SOSUS
sp.

spp.
SMZ
SST
STSSN
SUwW
SV
SWIMA
TAC
TEWG
TIN

TL

TNC
TTS
U.N.
UNCLOS
UNEP
UNEP-WCMC
uU.S.
USACE
U.S.C.
USCG
USF
USFWS
USGS
VA
VACAPES
VU
wWBUC
WCA
WCMC
WCTA
WMR
XBT
XML
YOY

LIST OF ACRONYMS AND ABBREVIATIONS (cont'd)

Southeast Turtle Surveys

Sustainable Fisheries Act

Standard Length

Sound Surveillance System

Species

Species (plural)

Special Management Zone

Sea Surface Temperature

Sea Turtle Stranding and Salvage Network
Subtropical Underwater

Sverdrup (1,000,000 m*/sec)

Surface Water Improvement Management Area
Total Allowable Catch

Turtle Expert Working Group

Triangular Irregular Network

Total Length

The Nature Conservancy

Temporary Threshold Shift

United Nations

United Nations Convention on the Law of the Sea
United Nations Environmental Progamme
United Nations Environment Programme-World Conservation Monitoring Centre
United States

United States Army Corps of Engineers
United States Code

United States Coast Guard

University of South Florida

United States Fish and Wildlife Service
United States Geological Survey

Virginia

Virginia Capes

Vulnerable

Western Boundary Under Current

Wildlife Conservation Act

World Conservation Monitoring Centre
Wildlife Conservation and Trade Act

Wild Marine Reserves

Expendable Bathythermograph

Extensible Markup Language
Young-of-the-year

XX



OCTOBER 2008 FINAL REPORT

1.0 INTRODUCTION

This Marine Resources Assessment (MRA) was contracted by the United States (U.S.) Navy’s (Navy)
U.S. Fleet Forces (USFF) to update data and information concerning the protected and commercial
marine resources found in the Charleston/Jacksonville Operating Area (JAX/CHASN OPAREA; Figure
1-1). This document serves as an update to the original MRA for the JAX/CHASN OPAREA published in
August of 2002.

1.1 PURPOSE AND NEED

This MRA updates information that describes and documents the marine resources in the JAX/CHASN
OPAREA and vicinity, including both protected and commercially important marine species, and provides
a compilation of the most recent data and information on resource distribution and occurrences. A
synopsis of environmental data for the JAX/CHASN OPAREA and vicinity and in-depth discussions of the
species and habitats of concern found in the region are included. The locations of essential fish habitat
(EFH), habitat areas of particular concern (HAPC), and fishing grounds (recreational and commercial) as
well as other areas of interest (such as marine managed areas and scuba diving sites), are also
addressed. Finally, important data gaps are identified and recommendations for future JAX/CHASN
OPAREA research are suggested.

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

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

1.2 LocATION oF OPAREA

The JAX/CHASN OPAREA is located in the South Aflantic Bight (SAB) (i.e., the waters of the
northwestern Atlantic Ocean off the coasts of southern North Carolina, South Carolina, Georgia, and
northeastern Florida) (Figure 1-1). The JAX/CHASN OPAREA consists of two separate OPAREAs:
Charleston in the north and Jacksonville to the south. The boundary that separates these OPAREAs from
one another is located between 31° and 32°N latitudes.

The JAX/CHASN OPAREA covers 172,249 square kilometers (km2) (or 66,505 square miles [mi2]) of
ocean area within the SAB. The majority of the western boundary of the JAX/CHASN OPAREA is located
approximately 3 nautical miles (NM) off the southeast U.S. coast, except for the area off southern
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Figure 1-1.  The Charleston/Jacksonville OPAREA is located along the U.S. Atlantic coast off the states of
North Carolina, South Carolina, Georgia, and Florida. Source data: GDT and ESRI (2002) and SRS
Technologies (2001).
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Georgia and northeastern Florida (surface grid block rows 20 through 25), where the boundary lies from 3
to 7 NM from shore. This shoreward boundary ranges from waters southwest of the New River, North
Carolina to waters just north of the Indian and Banana River Complex, Florida. The northernmost point of
the JAX/ICHASN OPAREA is located just north of Wilmington, North Carolina (34°37’ N) in waters less
than 20 meters (m) deep, while the furthest eastern boundary lies 281 NM from Jacksonville, Florida
(77°00° W) in waters with a bottom depth of nearly 2,000 m.

The federally designated North Atlantic right whale critical habitat, which encompasses this highly
endangered species’ calving grounds off southern Georgia and northeastern Florida, is located in the
southwestern region of the JAX/CHASN OPAREA. Adjacent to the JAX/CHASN OPAREA is a long chain
of small barrier islands and beaches, which represent some of the northernmost nesting habitats for sea
turtles in the U.S. (Hopkins-Murphy et al. 2001). These unconnected islands are separated from each
other by narrow tidal inlets and are separated from the mainland by shallow sounds and estuaries. The
southeast U.S. coast is also an important habitat for juvenile sea turtles, which use the shallow sounds
and estuaries of the SAB as developmental habitats. One dominant coastal feature, Cape Fear, is the
separation point between two major bays, Onslow and Long, which are found adjacent to the northern
part of the OPAREA.

1.3 APPLICABLE LEGISLATION

The primary environmental laws that govern Navy activities in the marine environment include the
National Environmental Policy Act, the Marine Mammal Protection Act, the Endangered Species Act, and
the Magnuson-Stevens Fishery Conservation and Management Act. The following sections are
chronological lists of the many laws and regulations that the Navy must consider when conducting
maritime operations in the JAX/CHASN OPAREA and vicinity.

1.3.1 Federal Resource Laws

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

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

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

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

» The Marine Mammal Protection Act (MMPA) of 1972 established a moratorium on marine mammal
“takes” in waters or on lands under U.S. jurisdiction. The MMPA defines a “take” as “to harass, hunt,
capture, or kill, or attempt to harass, hunt, capture, or kill any marine mammal” (16 U.S. Code [U.S.C.]
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1362[13]). It also prohibits the importation into the U.S. of any marine mammal or parts or products
thereof, unless it is for the purpose of scientific research or public display, as permitted by the
Secretary of the Interior or the Secretary of Commerce. In the 1994 amendments to the MMPA, two
levels of “harassment” were defined. Harassment is defined as any act of pursuit, torment, or
annoyance that has the potential to injure a marine mammal or marine mammal stock in the wild
(Level A), or any act that has the potential to disturb a marine mammal or marine mammal stock in
the wild by disrupting behavioral patterns, including, but not limited to migration, breathing, nursing,
breeding, feeding, or sheltering (Level B). In 2003, the National Defense Authorization Act for fiscal
year 2004 altered the MMPA'’s definition of Levels A and B harassment in regards to military
readiness and scientific research activities conducted by or on behalf of the federal government.
Under these changes, Level A harassment was redefined as any act that injures or has the significant
potential to injure a marine mammal or marine mammal stock in the wild. Level B harassment was
redefined as any act that disturbs or is likely to disturb a marine mammal or marine mammal
stock in the wild by causing disruption of natural behavioral patterns, including, but not limited
to, migration, surfacing, nursing, breeding, feeding, or sheltering, to a point where such
behavioral patterns are abandoned or significantly altered.

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

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

» The Coastal Zone Management Act (CZMA) of 1972 established a voluntary national program
through which states can develop and implement coastal zone management plans (USFWS 2000a).
The National Oceanic and Atmospheric Administration (NOAA), under the Secretary of Commerce,
administers this act. States use coastal zone management plans “to manage and balance competing
uses of and impacts to any coastal use or resource” (NOAA 2000). A coastal zone management plan
must be given federal approval before the state can implement the plan (USFWS 2000a). The plan
must include, among other things, defined boundaries of the coastal zone, identified uses of the area
that the state will regulate, a list of mechanisms that will be employed to control the regulated uses,
and guidelines for prioritizing the regulated uses. Currently, there are 33 U.S. states and territories
with federally approved coastal zone management plans. These states and territories manage 82,880
NM (99.9%) of U.S. shoreline along the Atlantic, Pacific, and Arctic Oceans as well as the Great
Lakes (NOAA 2003).

The CZMA also instituted a Federal Consistency requirement, which provides federal agencies with
restrictions concerning their behavior in relation to state managed coastal zones. Federal agency
actions that affect any land or water use or natural resource of the coastal zone (e.g., military
operations, outer continental shelf lease sales, dredging projects) must be “consistent to the
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maximum extent practicable” with the enforceable policies of a state’s coastal management program
(Coastal Zone Act Reauthorization Amendments of 1990). The Federal Consistency requirement was
enacted as a mechanism to address coastal effects, to ensure adequate federal consideration of
state coastal management programs, and to avoid conflicts between states and federal agencies by
fostering early consultation and coordination (NOAA 2000). Within each state’s coastal management
plan is a list of the federal agency activities for which Consistency Determinations must be prepared.
Under certain circumstances, the President is authorized to exempt specific activities from the
Federal Consistency requirement if they determine that the activities are in the paramount interest of
the U.S.

» The Endangered Species Act (ESA) of 1973 established protection for and conservation of
threatened and endangered species and the ecosystems upon which they depend. An “endangered”
species is a species that is in danger of extinction throughout or within a significant portion of its
range, while a “threatened” species is one that is likely to become endangered within the foreseeable
future throughout or within a significant portion of its range. All federal agencies are required to
implement protection programs for threatened and endangered species and to use their authority to
further the purposes of the ESA. The U.S. Fish and Wildlife Service (USFWS) and the National Marine
Fisheries Service (NMFS) jointly administer the ESA and are also responsible for the listing (i.e., the
labeling of a species as either threatened or endangered) of all “candidate” species. A “candidate”
species is one that is the subject of either a petition to list or status review, and for which the NMFS or
USFWS has determined that listing may be or is warranted (NMFS 2004). The NMFS is further
charged with the listing of all “species of concern” that fall under its jurisdiction. A “species of concern”
is one about which the NMFS has concerns regarding status and threats but for which insufficient
information is available to indicate a need to list the species under the ESA (NMFS 2004).

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

The major responsibilities of the USFWS and the NMFS under the ESA include: (1) the identification
of threatened and endangered species; (2) the identification of critical habitats for these species; (3)
the implementation of research programs and recovery plans for these species; and (4) the
consultation with other federal agencies concerning measures to avoid, minimize, or mitigate the
impacts of their activities on these species (Section 7 of the ESA). Further duties of the USFWS and
the NMFS include regulating takes of listed species on public or private land (Section 9) and granting
incidental take permits to agencies that may unintentionally take listed species during their activities
(Section 10a). The ESA allows the designation of geographic areas as critical habitat for threatened
or endangered species. The physical and biological features essential to the conservation of a
threatened or endangered species are included in the habitat designation. Designation of critical
habitat affects only federal agency actions and federally funded or permitted activities.

There are seven marine mammals, five sea turtles, and one marine fish listed as threatened or
endangered with the potential to occurrence in the JAX/CHASN OPAREA and vicinity (Table 1-1). Of
the marine mammals, the NMFS has jurisdiction over cetaceans while the USFWS has jurisdiction
over the West Indian manatee in U.S. territorial waters. The NMFS has jurisdiction over sea turtles
while they are in the water, and the USFWS has jurisdiction over nesting individuals. The distinct
population segment (DPS) of smalltooth sawfish in U.S. waters was designated as endangered by the
NMFS and the USFWS.

The Fishery Conservation and Management Act of 1976, later renamed the Magnuson Fishery
Conservation and Management Act (MFCMA) in 1980, established a 200 NM fishery conservation
zone in U.S. waters and a regional network of Fishery Management Councils (FMCs). The FMCs are
comprised of federal and state officials, including the USFWS, which oversee fishing activities within

1-5



FINAL REPORT OCTOBER 2008

Table 1-1. The Endangered Species Act (ESA) designated species with potential occurrence in
the Charleston and Jacksonville OPAREA. Marine mammal taxonomy follows Rice
(1998) for the West Indian manatee and the IWC (2005) for cetaceans except for the
North Atlantic right whale, which was revised by Rosenbaum et al. (2000). Sea turtle

taxonomy follows Pritchard (1997). Fish taxonomy follows Nelson et al. (2004).

Taxon Group Scientific Name ESA Status
Marine Mammals

North Atlantic right whale Eubalaena glacialis Endangered
Humpback whale Megaptera novaeangliae Endangered
Sei whale Balaenoptera borealis Endangered
Fin whale Balaenoptera physalus Endangered
Blue whale Balaenoptera musculus Endangered
Sperm whale Physeter macrocephalus Endangered
West Indian manatee Trichechus manatus Endangered
Sea Turtles

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

Smalltooth sawfish Pristis pectinata Endangered

' Although these species as a whole is listed as threatened, the Florida and Mexican Pacific nesting stocks of green
turtles are listed as endangered.

the fishery management zone. The act and its later amendments through the 1980s established
national standards (e.g., scientific information, allocations, efficiency, and cost/benefit) for fishery
conservation and management. In 1977, the multifaceted regional management system began
allocating harvesting rights, with priority given to domestic enterprises. Since a substantial portion of
fishery resources in offshore waters was allocated for foreign harvest, these foreign allocations were
eventually reduced as domestic fish harvesting and processing industries expanded under the
domestic preference authorized by the MFCMA. At that time, exclusive federal management authority
over U.S. domestic fisheries resources was vested in the NMFS.

The authority to place observers on commercial fishing and processing vessels operating in specific
geographic areas is also provided by the MFCMA. The data collected by the National Observer
Program, which is overseen by the NMFS, is often the best means to obtain current data on the
status of many fisheries. Without observers and observer programs, sufficient fisheries data for
effective management would not exist. Observer programs also satisfy requirements of the ESA and
MMPA by documenting incidental fisheries bycatch of federally protected species, such as marine
mammals and sea turtles.

In 1977, Congress addressed heightened concern over water pollution by amending the Federal
Water Pollution Control Act (FWPCA) of 1948. The 1977 amendments, known as the Clean Water
Act (CWA), extensively altered the FWPCA. For a synopsis of FWPCA initiatives prior to 1977,
consult USFWS (2000b), which documents the history of the FWPCA since its origin.
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The CWA established the first step towards a comprehensive solution to the country’s serious water
pollution problems (EPA 2002). Through standards, technical tools, and financial assistance, the
CWA aims to accomplish two goals: (1) to make U.S. waters fishable and swimmable and (2) to
eliminate contaminant discharge into such waters. Under the authority of the Environmental
Protection Agency (EPA), the act sets water quality standards for all pollutants, requires a permit for
the discharge of pollutants from a point source, and funds sewage treatment plant construction (EPA
2002). Section 403 of the CWA establishes permit guidelines specific to the discharge of
contaminants into the territorial sea, the contiguous zone, and waters further offshore (USFWS
2000b). The Chief of Engineers and the Secretary of the Army must approve discharges of dredged
or fill material into all waters of the U.S., including wetlands. In addition to regulating pollution in
offshore waters, the CWA, under the amendment known as the Water Quality Act of 1987, also
requires state and federal agencies to devise programs and management plans that aim to maintain
the biological and chemical integrity of estuarine waters. In estuaries of national significance (i.e.,
those designated by the EPA’s National Estuary Program), the NOAA is permitted to conduct water
quality research in order to evaluate state and federal management efforts. Sensitive estuarine
habitats, such as seagrass beds and wetlands, are protected from pollution under this act.

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

The most significant amendment to the CBRA was the Coastal Barrier Improvement Act of 1990. This
act added additional undeveloped coastal barriers to the system, altered the definition of “coastal
barrier” to include more areas, such as the Florida Keys, and provided additional exemptions from the
funding prohibitions (USFWS 2000c). Local and state governments and nonprofit conservation
organizations can now voluntarily add lands in their possession to the system. The system now
includes 5,150 km? of coastal barriers that cover 1,940 km of shoreline (USFWS 2000c).

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

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

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

» In 1996, the MFCMA was reauthorized and amended as the Magnuson-Stevens Fishery
Conservation and Management Act (MSFCMA), known more popularly as the Sustainable
Fisheries Act (SFA). The MSFCMA mandated numerous changes to the existing legislation designed
to prevent overfishing, rebuild depleted fish stocks, minimize bycatch, enhance research, improve
monitoring, and protect fish habitat. One of the most significant mandates in the MSFCMA is the EFH
provision, which provides the means by which to conserve fish habitat. The EFH mandate requires
that the regional FMCs, through federal Fishery Management Plans (FMPs), describe and identify
EFH for each federally managed species, minimize to the extent practicable adverse effects on such
habitat caused by fishing, and identify other actions to encourage the conservation and enhancement
of such habitats. Congress defines EFH as “those waters and substrate necessary to fish for
spawning, breeding, feeding, or growth to maturity” (16 U.S.C. 1802[10]). The term “fish” is defined in
the MSFCMA as “finfish, mollusks, crustaceans, and all other forms of marine animals and plant life
other than marine mammals and birds.” The regulations for implementing EFH clarify that “waters”
include all aquatic areas and their biological, chemical, and physical properties, while “substrate”
includes the associated biological communities that make these areas suitable fish habitats (CFR
50:600.10). Habitats used at any time during a species’ life cycle (i.e., during at least one of its
lifestages) must be accounted for when describing and identifying EFH (NMFS 2002a).

Authority to implement the MSFCMA is given to the Secretary of Commerce through the NMFS. The
MSFCMA requires that the EFH be identified and described for each federally managed species. The
identification must include descriptive information on the geographic range of the EFH for all
lifestages, along with maps of the EFH for lifestages over appropriate time and space scales. Habitat
requirements must also be identified, described, and mapped for all lifestages of each species. The
NMFS and regional FMCs determine the species distributions by lifestage and characterize
associated habitats, including habitat areas of particular concern (HAPC). The MSFCMA requires
federal agencies to consult with the NMFS on activities that may adversely affect EFH or when the
NMFS independently learns of a federal activity that may adversely affect EFH. The MSFCMA
defines an adverse effect as “any impact which reduces quality and/or quantity of EFH [and] may
include direct (e.g., contamination or physical disruption), indirect (e.g., loss of prey, reduction in
species’ fecundity), site-specific or habitat wide impacts, including individual, cumulative, or
synergistic consequences of actions” (50 CFR 600.810). For actions that affect a threatened or
endangered species, its critical habitat, or its EFH, federal agencies must initiate ESA and EFH
consultations.

Effective January 20, 2002, the EFH Final Rule was authorized, simplifying EFH regulations (NMFS
2002a). Significant changes delineated in the EFH Final Rule included: (1) clearer standards for
identifying and describing EFH, including the geographic boundaries and a map of the EFH; (2)
guidance for the FMCs regarding distinguishing EFH from other habitats; (3) further guidance for the
FMCs on evaluating the impact of fishing activities on EFH; (4) clearer standards for deciding when
FMCs should act to minimize adverse impacts on EFH; and (5) clarification and reinforcement of the
EFH consultation procedures (NMFS 2002a). NMFS (2002a) describes the process by which federal
agencies can integrate MSFCMA EFH consultations with ESA Section 7 consultations.

1-8
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1.3.2 Executive Orders

» Executive Order 12114 on Environmental Effects Abroad of Major Federal Actions was passed
in 1979 to further environmental objectives consistent with U.S. foreign and national security policies
by extending the principles of the NEPA to the international stage. Under Executive Order 12114,
federal agencies that engage in major actions that significantly affect a non-U.S. environment must
prepare an environmental assessment of the action’s effects on that environment. This is similar to an
environmental impact statement (EIS) or environmental assessment (EA) developed under the NEPA
for environments in the U.S. Certain actions, such as intelligence activities, disaster and emergency
relief actions, and actions that occur in the course of an armed conflict are exempt from this order.
Such exemptions do not apply to major federal actions that significantly affect an environment that is
not within any nation’s jurisdiction, unless permitted by law. The purpose of the order is to force
federal agencies to consider the effects their actions have on international environments.

> Executive Order 12962 on Recreational Fisheries was enacted in 1995 to ensure that federal
agencies strive to improve the “quantity, function, sustainable productivity, and distribution of U.S.
aquatic resources” so that recreational fishing opportunities nationwide can increase. The overarching
goal of this order is to promote the conservation, restoration, and enhancement of aquatic systems
and fish populations by increasing fishing access, education and outreach, and multi-agency
partnerships. The National Recreational Fisheries Coordination Council (NRFCC), co-chaired by the
Secretaries of the Interior and Commerce, is charged with overseeing federal actions and programs
that are mandated by this order. The specific duties of the NRFCC include: (1) ensuring that the
social and economic values of healthy aquatic systems, which support recreational fisheries, are fully
considered by federal agencies; (2) reducing duplicative and cost-inefficient efforts among federal
agencies; and (3) disseminating the latest information and technologies to assist in the conservation
and management of recreational fisheries.

In June 1996, the NRFCC developed a comprehensive Recreational Fishery Resources Conservation
Plan (RFRCP) specifying what member agencies would do to achieve the order’s goals. In addition to
defining federal agency actions, the plan also ensures agency accountability and provides a
comprehensive mechanism to evaluate achievements. A major outcome of the RFRCP has been the
increased utilization of artificial reefs to better manage recreational fishing stocks in U.S. waters
(NMFS 1999a).

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

> Executive Order 13158, Marine Protected Areas, of 2000 is a furtherance of Executive Order
13089. It created the framework for a national system of marine protected areas (MPAs). MPAs are
defined in Executive Order 13158 as “any area of the marine environment that has been reserved by
federal, state, territorial, tribal, or local laws or regulations to provide lasting protection for part or all of
the natural and cultural resources therein.” This executive order strengthened governmental
interagency cooperation in protecting the marine environment. It also calls for strengthening
management of these existing areas, creating new ones, and preventing harm to marine ecosystems
by federally approved, conducted, or funded activities (Agardy 2000). Currently, the NOAA is
redefining the criteria used to designate MPAs and has recently reclassified all existing MPAs as
“‘marine managed areas.” A more in-depth discussion on the NOAA'’s process of redefining MPAs is
included in Chapter 6.

1-9
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1.4 METHODOLOGY
1.4.1 Literature and Data Search

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

To investigate the physical environment of the JAX/CHASN OPAREA and vicinity; to summarize the
occurrence patterns of marine mammals and sea turtles; to determine the locations of benthic
communities, artificial habitats, and EFH/HAPC, as well as recreational and commercial fishing grounds;
and to ascertain the distribution of maritime boundaries, shipping routes, marine managed areas, and
diving sites, information was collected from the following sources:

» Academic and educational/research institutions: Duke University, Los Angeles County Museum, New
England Aquarium, Texas A&M University [TAMU], and Virginia Institute of Marine Science [VIMS];

» University on-line databases: Ingenta;

» Online resources, including various databases and related websites: National Oceanic and
Atmospheric Administration (NOAA)-Coastal Services Center, Ocean Biogeographic Information
System (OBIS), U.S. Geological Survey (USGS), Mid-Atlantic Fishery Management Council
(MAFMC), South Atlantic Fishery Management Council (SAFMC), Atlantic States Marine Fisheries
Commission (ASMFC), Gulf of Mexico Fishery Management Council (GMFMC), WhaleNet, Blackwell-
Science, FishBase, Florida Fish and Wildlife Conservation Commission-Fish and Wildlife Research
Institute, Food and Agriculture Organization, Federal Register, Marine Turtle Newsletter, Proceedings
of the Annual Sea Turtle Symposium, Marine Turtle Research Group, Caretta Research Project.
Caribbean Conservation Corporation, and Seaturtle.org;

» Federal agencies: DON, SAFMC, GMFMC, ASMFC, MAFMC, NMFS Highly Migratory Species
(HMS) Division, NMFS Southeast Fisheries Science Center (NMFS-SEFSC), NMFS Southwest
Fisheries Science Center (NMFS-SWFSC), NMFS Southeast Regional Office, NMFS Northeast
Fisheries Science Center (NMFS-NEFSC), NMFS Northeast Regional Office, NMFS Office of Habitat
Protection, Office of Protected Resources, NOAA Marine Managed Areas Inventory, USFWS
Ecological Services Field Offices, Bureau of Land Management (BLM), and other state/regional
agencies (Florida Fish and Wildlife Conservation Commission [FFWCC]-Fish and Wildlife Research
Institute [FWRI; formerly Florida Marine Research Institute], South Carolina Department of Natural
Resources);

» Marine resource specialists and subject matter experts.
14.2 Spatial Data Representation—Geographic Information System

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

The ability to display and analyze multiple data themes or layers simultaneously is one of the advantages
to using a geographic information system (GIS) rather than other graphic software. A GIS software
system was used to store, manipulate, analyze, and display the spatial data and information accumulated
for the JAX/CHASN OPAREA and vicinity. For this project, Environmental Systems Research Institute,
Inc.'s (ESRI) ArcView® (versions 8.3 and 9.1) software was chosen due to its widespread use, ease of
operation, and sophisticated analytical tools. Customizations were made to the software in ESRI's
ArcObjects™ proprietary language to automate the more repetitive map-making tasks and the processing
and analysis of large volumes of data.

The geographic locations of important marine resources in the JAX/CHASN OPAREA and vicinity were
derived from four types of sources (in order of reliability): source data, scanned source maps, source
information, and information adapted from published maps. The “source data”, containing geographic
coordinates or GIS files (shapefiles) were scrutinized to ascertain their data quality. If the data were in
coordinate form, they were then converted to decimal degrees, if necessary, and text fields were renamed
or added for ease of manipulation. Once standardized, the source data were imported into the GIS
software. Some of the data were only available as graphical representations or “source maps.” These
data were scanned, imported into ArcView®, and georeferenced, after which significant information was
digitized into a shapefile format. Materials acquired as Adobe® portable document format (PDF) files were
also treated as scanned source maps (i.e., they were georeferenced and pertinent information was
digitized), since they were already in a digital form. A third type of source, “source information,”
encompasses information that was neither taken from a scanned map nor was available in coordinate
form. For example, maps displaying non-coordinate data, information given via personal communication,
or information extracted from a literature description are referenced as source information. In certain
cases, source maps and/or information had to be interpreted to be usable in the GIS environment. Maps
displaying geographic information that was interpreted or altered from the original source map/information
are noted in the figure caption as being “adapted from” with a corresponding source name.

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

Often source data were not in a standard format, there was no standard naming convention for species
names, and some datasets included missing or unlabeled data fields. To mitigate these difficulties, many
steps were taken to standardize and ensure the quality of the numerical data, especially for the marine
mammal and sea turtle data. Therefore, prior to using the data, a master database was created in
Microsoft® Access where the data format was standardized so that the data could be merged and later
used in the GIS. To accomplish this, data were manipulated so that records were matched with a set of
standard field names. In some cases, the latitude and longitude had to be converted to decimal degrees
with accuracy to the fourth decimal place. Species’ common names were added to the database to
replace the multiple species codes that often accompanied the original data. The codes or names used to
identify species were not always consistent from one dataset to the next. Compiling a comprehensive list
of species names increased the chances of plotting all sightings for a given species on the map figures.
To maintain integrity of the original data, all fields and records were kept without alteration. When
necessary, fields were created to store supplemental information or data that was altered from the original
source. No original data fields were deleted and all added fields are signified by the “GMI_" prefix. For
example, the field that was added to the main dataset to indicate the origin (source) of the data is
indicated by the field name “GMI_source.”
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GIS data are displayed as layers for which scale, extent, and display characteristics can be specified.
Multiple themes are represented on an individual map figure. Throughout the project, data imported into
ArcView® had to be maintained in the most universal, least transformed manner in order to avoid conflict
between theme coordinate systems and projections. In the GIS, the most flexible spatial data format is
the unprojected geographic coordinate system, which uses decimal-degree latitude and longitude
coordinates (Appendix A-2). The decimal-degree format is the only coordinate system format that allows
unlimited, temporary, custom projection and re-projection in ArcView® and is therefore the least restrictive
spatial data format. The printed maps and electronic GIS map data for this MRA report are unprojected
and are therefore not as spatially precise (in terms of distance, area, and shape) as a projected map.
Consequently, the maps should not be used for measurement or analysis and an appropriate projection
should be selected when using the GIS data.

Once the marine resource data were imported and stored in the GIS, maps were created representing
multiple layers of either individual or combined data. The maps in this MRA report are presented in
kilometers and nautical miles. The majority of maps in this report are presented in one of four formats: a
landscape display that includes a full-page map; a landscape display that includes four seasonal maps on
a single page; a set of two portrait displays that show four seasonal maps distributed over two facing
pages (two seasonal maps per page); and a set of landscape displays on two facing pages of tabloid
sized paper, each page of which includes 4 seasonal maps. Maps of each display type are presented at
the same approximate scale; the full-page landscape maps are at the approximate scale of 17,788,793,
each of the landscape maps shown four to a single page are at the approximate scale of 1:19,096,063,
each of the two maps on a portrait display is at the approximate scale of 1:13,749,488, and each map on
the tabloid pages is at the approximate scale of 1:13,028,481.

1.4.21 Maps of the Physical Environment—Oceanography

e Bathymetry—The bathymetry data used in this MRA represent two levels of sampling resolution.
Raster depth data, usually shallower than 200 m, from NOAA’s (2001a, 2001b) National Geophysical
Data Center were sampled at 3-arcsecond resolution. The data were extracted at 15-arcsecond
resolution to obtain a smaller and more usable file size. The Smith and Sandwell (1997) data (depths
deeper than 200 m) were sampled and extracted at 2-arcminute resolution (Figure 1-2). Highly
detailed vector bathymetry (i.e., isobaths) were prepared with contour intervals of 10 m for depths
shallower than 200 m and with contour intervals of 100 m for depths greater than 200 m. Selected
isobaths from the resulting two-dimensional contours are shown on the bathymetry figures and on
various maps throughout the MRA report.

To illustrate the three-dimensional (3D) bathymetry of the JAX/CHASN OPAREA and vicinity,
triangular irregular networks (TINs), which linearly interpolate intermediate data values between data
points, were created in the ArcView® 3D Analyst extension using the combined bathymetry data. For
this process, the NOAA bathymetry data were extracted at 30-arcsecond resolution. The NOAA data
were then combined with the lower resolution Smith and Sandwell data to create the TIN. The TINs
were added to the ArcView® 8.3 ArcScene™ extension to achieve the full 3D display (see Figure 2-1).
ArcScene® allows the 3D display to be manipulated (rotated and tilted) and the vertical dimension to
be exaggerated so that key physiographic features are emphasized in the 3D image. The most
authentic display was exported directly from an ArcScene® view as a graphic file so that the colors
and details could be refined in Adobe® Photoshop®. The graphic file was imported into ArcView to
prepare the map layout.

e True Continental Shelf Break—The shelf break, defined as an abrupt increase in the sea floor
gradient marking the transition between the continental shelf and the continental slope, is a feature on
nearly every map in this MRA. The method used for mapping the shelf break utilized high-resolution
(3 arc-second) bathymetry data available from the NOAA for the U.S. coast, published information on
the seaward gradients of the shelf, slope, and the shelf break in the JAX/CHASN OPAREA and
vicinity, and analyses completed in the GIS environment (ArcView® version 8.3) to map the true shelf
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Point Dispersion Example

[ NOAA (15 arc-second)
Smith and Sandwell (2 arc-minute)

Figure 1-2.  Spatial coverage of bathymetric datasets used for the SE OPAREAs, the resolution of each
dataset, and a scale model example of spatial distribution of the data points associated with each dataset.

break. Thus, the shelf break line presented on the map figures in this report represents the actual
geographic area where the seafloor gradient changes. The bottom depths this line represents range
from ~20 to 70 m. The gradient at which the shelf break occurs is >1.2° throughout most of the
JAX/CHASN and vicinity and >1.5° north of Cape Hatteras. This calculation is based primarily on an
analysis of the bathymetry data and is corroborated with published bathymetry maps depicting the
shelf break in the region (Emery and Uchupi 1972; Shepard 1973; Jones et al. 1985).

Using ArcView® GIS software, the bathymetry data for the U.S. Atlantic east coast shelf and slope
provinces were processed to display gradients in units of degrees instead of the familiar measure of
depth in meters. Bathymetry data were overlain onto a grid of cells that covered the shelf and slope
provinces of the southeast U.S. coast, including the JAX/CHASN OPAREA. Gradient values were
calculated for all grid cells with the 3D Analyst extension of ArcView®, which uses a nearest neighbor
method and calculates the gradient value for the center cell in each 3 x 3 sub-grid of cells. All areas
where gradient values were equal to or greater than the shelf break gradient for each geographic
region were highlighted. A continuous line was drawn along the shoreward border of the highlighted
regions, ignoring isolated topographic features that were clearly on the shelf. The resulting line was
smoothed using the B-spline algorithm in the GIS environment to produce a geographic
representation of the true shelf break.
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o Sea Surface Temperature (SST)—Maps of seasonal SST were created from data available through
the Physical Oceanography Distributed Active Archive Center (PODAAC) that is sponsored jointly by
the National Aeronautics and Space Administration (NASA) and the NOAA (PODAAC 2004). SST
data were compiled from weekly averaged Advanced Very High-resolution Radiometer (AVHRR),
version 5.0, satellite data, which contain multi-channel SST pixel data (NASA 2000).

Data for the JAX/CHASN OPAREA and vicinity were collected from 1985 to 2004; these data were
extracted from the global dataset and the pixel values were converted to SST values using the
following function:

SST (°C) = (0.075 * DN) - 3.0 (Equation 1)

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

A data quality scale of 1 to 7, where 1 is the most influenced by atmospheric conditions and 7 is the
least influenced, is employed by NASA to aid users in the interpretation of the data. Day and night
SST values with a quality rating of 4 or greater were averaged to create the seasonal SST images
used in this report.

The data were parsed into seasons by calculating a single mean SST value representing a region
comprised of the three southeast U.S. OPAREAs (JAX/CHASN, Cherry Point [CHPT], and Virginia
Capes [VACAPES]) and plotting the annual change in the mean SST for the region. A fifth-order
polynomial curve was fit to the data, and a slope analysis technique was applied to the polynomial
curve to divide the calendar year into four seasons based on changes in the SST. Winter and summer
are defined as the time periods when the change in SST is less than the median change. Winter is
distinguished from summer by comparing the SST of each sampled point against the median SST of
all sampled points (i.e., the SST of days [points] in winter will be less than the median SST, and the
SST of days in summer will be greater than the median SST). Spring and fall are defined as the time
periods when the change in SST is greater than the median change, and spring is distinguished from
fall by comparing the sign of the change between each sampled point on the curve (i.e., in spring the
SST is increasing and in fall the SST is decreasing, so the sign of a value in spring is positive and the
sign of a value in fall is negative).

The grid-cell size for the seasonal SST data was 4 x 4 km. In the GIS environment, the range of SST
values for the JAX/CHASN OPAREA and vicinity were associated with a color gradient ranging from
blue to red that represents cooler to warmer surface water temperatures (in °C), respectively. All
seasonal SST maps reference the identical color bar to facilitate comparison.

The resulting seasons used throughout this report are defined as winter (6 December through 5
April), spring (6 April through 13 July), summer (14 July through 16 September), and fall (17
September through 5 December). Although the dates each of the seasons represents may be
different than the standard calendar seasonal definitions we are accustomed to, the intuitive meaning
for each of the seasons still applies. That is, winter and summer are still the times of year with the
lowest and highest temperatures, respectively, while spring and fall represent transitional periods
between the two temperature extremes.

The SST data used to depict surface currents in the JAXICHASN OPAREA and vicinity were
downloaded, with permission, from Rutgers University (Rutgers University 2006). The data are
identical to data used to create the downloadable images posted on the Rutgers University website
and are produced from AVHRR data. The SST data were sampled at 1 x 1 km spatial resolution and
the pixel values were converted to SST (°C) using the formula:

SST (°C)=DN * 0.15 (Equation 2)
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where DN is the pixel value. The converted SST values were plotted on the standard map template
depicting the JAX/ICHASN OPAREA boundary as well as other map features required to orient the
reader. The color bar used with this map differs from the color bar used in the seasonal SST maps
and was created based upon the data range of the SST values in the image. Temperature anomalies
in the map image are likely due to incomplete removal of the effects of atmospheric interference.

e Chlorophyll a Concentrations—Seasonal averages of chlorophyll a concentrations were compiled
from monthly averaged Sea-viewing Wide Field-of-view Sensor (SeaWiFS) project data to provide a
proxy for primary productivity in the JAX/CHASN OPAREA and vicinity (NASA 2003). Pixel data for
the OPAREA and vicinity from 1997 to 2005 were extracted and converted to chlorophyll a values
using MATLAB® and the following function:

Chlorophyll a (mg/m?®) = 10 ©N = 0.015)-20 (Equation 3)

where DN is the pixel value.

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

1.4.2.2 Biological Resource Maps—Protected Species

Marine mammal and sea turtle occurrence data were accumulated from available sources. Such data
provided comprehensive coverage of protected species in the JAX/CHASN OPAREA (Appendix A-3).
Occurrence data from aerial and shipboard (visual) surveys, opportunistic and historical sighting
records, stranding records, incidental fisheries bycatch records, radio- and satellite-tagging programs,
nest counts, and other available sources were included (Table A-1). Data incorporated into the marine
mammal and sea turtle maps were vital to the determination of seasonal occurrence patterns for
protected species known to inhabit the waters of the JAX/CHASN OPAREA.

Sighting data from aerial and shipboard sighting surveys were obtained from the NMFS-SEFSC,
NMFS-NEFSC, and other sources (Appendix A). In addition to collecting marine mammal and sea
turtle data directly from agencies and institutions, miscellaneous sighting data from technical reports
and other scientific literature were also amassed and incorporated into this MRA. The marine
mammal stranding data used in this report were acquired from the Smithsonian Institution and the
Southeast Marine Mammal Stranding Network. Sea turtle nesting and stranding data were obtained
for North Carolina, South Carolina, and northeastern Florida. Sea turtle stranding data was also
obtained for Georgia. Incidental fisheries bycatch data for marine mammals and sea turtles were
obtained from the NMFS.

While working with the marine mammal and sea turtle observation data, several assumptions were
made. First, it was assumed that the species identifications given in the original datasets were
correct. Since the reliability of species identifications from one dataset to the next was usually not
known, it was necessary to make this assumption. The reliability of marine mammal and sea turtle
species identification is of greater importance when calculating densities or estimating a species’
abundance in a particular area. Although it was assumed that the species identifications were correct,
the accuracy of the geographic coordinates given in the dataset could not be assumed. Problems
were often encountered when the original data coordinates were plotted and animal’s positions were
shown to occur in unexpected locations. This was especially true of the marine mammal stranding
data. For example, the geographic coordinates of several strandings often indicated that they
occurred well out to sea or far inland. In such cases, the stranding record was moved as close to the
original geographic description as possible. If no geographic description was available, the stranding
was moved to the nearest shoreline at an accuracy scale of 1:250,000. If the stranding record was too
far offshore or inland to estimate an accurate shore position, the record was deleted.
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For the purposes of this MRA report, most categories of unidentified species were merged into a
category called unidentified marine mammals or unidentified turtles, which were plotted on the all
marine mammal and all turtle map figures along with the associated identified species (Figures B-1,
and C-1, respectively).

Tracklines (line features) and transect coordinates (point features) were plotted for all aerial and
shipboard sighting surveys within the JAX/CHASN OPAREA and vicinity (Appendix A, Figures A-
1through A-4). To visualize those areas of the JAX/CHASN OPAREA and vicinity where no survey
effort occurred, a grid was created that covered the entire JAX/CHASN OPAREA. Each grid cell was
0.1667 x 0.1667 decimal degrees (i.e., 10 minute grid cells) in size. The grid was clipped to the
JAX/CHASN OPAREA boundary, creating a base of all surveys. The grid was populated with the
tracklines and transect-coordinates, one cell at a time; cells that intersected with a trackline or
transect coordinate were designated as “present” while those with no tracks or coordinates were
designated as “absent”. The “absent” grid cells were colorized and used to depict the areas of the
OPAREA where no surveys of any type occurred (Figure 7-1). No numerical values are associated
with the grid cells for this map.

A 10-minute grid covering the JAX/CHASN OPAREA was also used to depict the amount of line-
transect survey effort in km-per-grid cell that occurred throughout the OPAREA. Each grid cell was
populated with a numerical value representing the total amount of survey effort that occurred over
time in that cell. The resulting values of effort for line-transect surveys were divided into quarters,
which were used as the effort level categories.

e Sighting Effort—A common problem with the interpretation of distribution or occurrence patterns
based on sighting data is the likelihood of bias introduced by an uneven pattern of survey
coverage (or “effort”). It is difficult to know if an observed concentration of sightings is associated
with high-use habitat or simply due to a concentration of survey effort in a particular area of the
ocean. Conversely, when few or no sightings appear in a geographic area, it can be nearly
impossible to understand if that paucity is attributable to the actual rarity of a species or is simply
due to sparse or absent survey effort. One method to address this potential bias is to quantify
sighting effort and then to correct sighting frequencies for differences in effort, producing an index
which can be termed an encounter rate, sighting rate, or sightings-per-unit-effort (SPUE). The unit
for the SPUE value used in this report is the number of animals sighted per pre-defined length of
survey track. Length was selected as more representative than time for quantifying effort when
combining aerial and shipboard surveys that utilize very different platform speeds. To standardize
the SPUE data even further, the survey data that were used for SPUE computations are usually
limited to only a subset of the available survey tracklines that meet some pre-defined criteria for
“acceptability.” If the SPUE values are computed for consistent spatial units, they can be mapped
to show effort-corrected distribution patterns. SPUE values also can be statistically compared
across areas, seasons, and years. Development of this method was begun during CETAP
(CETAP 1982), and has been used in a variety of published analyses (Kenney and Winn 1986;
Winn et al. 1986; Kenney 1990; Hain et al. 1992; Shoop and Kenney 1992; Kraus et al. 1993;
Mitchell et al. 2002).

Survey data vary widely in the range of data variables that are included in datasets and the rigor
with which the data are collected. The most rigorous surveys are line-transect surveys (that are
used to estimate densities and abundances of marine mammals and sea turtles). Line-transect
survey data must be carefully standardized. Data to be used in density estimation are restricted to
sightings collected during defined census tracks (i.e., “on-effort”’). Sightings collected during
transits to or from a survey area, on cross-legs between census tracks, or while the ship or
aircraft has left a census track to investigate a sighting, are considered to be “off-effort”, even if
the observers were on watch and recording data at the time. For more information concerning
each of the surveys used in the SPUE calculations, see Appendix A-3.




OCTOBER 2008 FINAL REPORT

For the calculation of effort and SPUE values, all of the line-transect survey data from the
JAX/CHASN OPAREA that met minimum standards for available data were pooled. To be
included in the SPUE analysis, a dataset had to have data fields allowing assessment of the
sighting conditions encountered during each segment of the survey track, including visibility, sea
state, and observer watch status, as well as altitude for aerial surveys. There also had to be
sufficient records (time and position) for the survey track, in addition to the sighting locations, to
adequately reconstruct the platform track. Only track segments completed with at least one
observer on watch, clear visibility of at least 2 NM, Beaufort sea state of less than or equal to
three, and altitude of less than 366 m were included as acceptable effort. The analysis area was
defined as all Atlantic Ocean waters off the southeastern U.S. that were encompassed in the
following area: 1) between 39.3563°N and 28.5°N and between 71.5°W and 82.0470°W. The
analysis area was covered with a grid of 10-minute by 10-minute cells (a compromise as smaller
cells provide finer resolution while larger cells are more likely to have enough effort to be useful)
to provide a geographic unit index for the effort and subsequent SPUE values.

e SPUE Calculation—It is important to note that there are inter-platform differences between
shipboard and aerial surveys, specifically in the detectability of marine mammals and sea turtles
from each platform. However, information relating to sighting distances, which are necessary to
calculate the probability of detection functions for each species, were not available. In the
absence of the data necessary to quantify the differences between sighting platforms, the SPUE
values were calculated based on the assumption of no inter-platform, inter-species (including
group size) differences in detectability. This assumption has been made by other researchers
(e.g., Shoop and Kenney 1992) and allowed the pooling of shipboard and aerial data for use in
calculating the SPUE values for each species.

Effort was quantified as length of track surveyed. The great-circle distance (D, in km) between
any two latitude/longitude positions can be calculated by:

D = 111.12*arcos[sin(LAT1)*sin(LAT2)+cos(LAT1)*cos(LAT2)*cos(LON2-LON1)]  (Equation 4)
where LAT = latitude, LON = longitude, and 1 and 2 identify the two positions.

Great-circle and rhumb-line distances between two points 10 km apart differ by less than 1 m. For
a track segment with both ends within the same 10-minute grid cell, the length (i.e., effort) is
directly assigned to that cell. When the segment crosses more than one cell, however, the effort
must be partitioned across all appropriate cells. The method by which this can be resolved
involves simultaneous solution of the equations for the trackline and the cell boundary(ies) to
insert new position(s) for the intersection(s), then calculation of the lengths of the sub-segments
within each cell.

All acceptable effort within each cell and season was summed across all years (1979 through
2005). Grid cells with less than 5 km of valid effort within a season across all combined years
were considered not to have been sampled sufficiently to produce reliable data and were
eliminated from the analysis (i.e., treated as Effort = 0). The total valid survey effort in the
JAX/CHASN OPAREA between 1979 and 2005 1,318,793 km; there were 1482 cells meeting the
5 km minimum criterion in each season (Table 1-2; Figure A-5). Effort was highest during the
winter and lowest in summer.

Only animals sighted (n) during acceptable effort were included and summed within species
across all years. Finally, the number of animals sighted was divided by effort to generate the
SPUE index, in units of animals sighted per 1,000 km of valid effort:

SPUE = 1,000 * n/ Effort (Equation 5)
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Table 1-2. Seasonal summaries of survey effort (km) used to calculate SPUE for the Southeast
OPAREAs (VACAPES, CHPT, and JAX/CHASN) per 10-minute grid cell.

Season N Mean Median Maximum Total Effort
Winter 955 1,124 0 43,228 1,073,069
Spring 856 80 58 1,085 68,327
Summer 1,175 80 227 931 93,521
Fall 639 131 17 3,861 83,876
All Seasons 3,625 364 49 43,228 1,318,793

The factor of 1,000 was included simply to upwardly scale the SPUE values to avoid very small
decimal values. For each cell that was sampled with at least 5 km of effort within a season (i.e.,
had associated survey effort), there was a corresponding SPUE value calculated for each species
(many cells contained a value of zero) (Figure 1-3; Appendix A—Table A-1). For mapping
purposes, SPUE values were geographically located in the center of each grid cell. Therefore, the
locations of sighting records may not match the location of an associated SPUE value.

o Geostatistical Modeling of Occurrences—The seasonal observations of protected species were
modeled by interpolating the SPUE data with Kriging, a geospatial interpolation method using
ESRI's Geostatistical Analyst® extension of their GIS software. The only regions of the
JAX/CHASN OPAREA modeled with Kriging were those regions where sufficient survey effort
had occurred (e.g., Effort = 5 km); the grid cells in the regions of the JAX/CHASN OPAREA
where no survey effort occurred were combined and smoothed (splined) to represent a uniform
region of “No Survey Effort".

Kriging is a statistical interpolation method that predicts the values at unsampled locations,
creating a model of geospatial data (Johnston et al. 2001). Kriging was chosen for the purpose of
creating occurrence models instead of other inverse distance weighted (IDW) interpolation
methods because it develops a more accurate model. IDW interpolation methods use a simple
algorithm that weights the model based solely on distance while Kriging uses a complex algorithm
that develops an interpolation model weighted by several parameters, including the distance
between measured points and the prediction location, as well as the overall spatial arrangement
among the measured points and their values (Johnston et al. 2001). To create a continuous
surface, interpolations or predictions are made for the unsampled locations in the analysis area
based on the interpolation function and spatial arrangement of the measured values that are
nearby (nearest neighbor analysis).

e There are several types of Kriging techniques, each of which is based on different data
assumptions and criteria. At the onset of the analysis, it was unclear whether any significant
trends were present in the data. To account for these potential trends, the universal Kriging
technique was selected due to its use of local means as a sum of low order polynomial
functions of the spatial coordinates to model the data (Krivoruchko 2002). In contrast,
ordinary and simple Kriging techniques both assume a constant mean when fitting the data
(Johnston et al. 2001; Krivoruchko 2002). In essence, universal Kriging decomposes the data
into a deterministic trend component and an autocorrelated random component and Kriging is
then performed on the residuals once the trend has been removed. The trend is reapplied to
the output surface prior to calculating the final predictions (Johnston et al. 2001). Universal
Kriging, with a prediction map output, was used to interpolate the SPUE data values and
create an occurrence model for each season and species for which data were sufficient. As a
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(SPUE) calculations. SPUE data values are assigned to the center point of each grid cell.
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result of applying the universal Kriging technique, no trends were found in the SPUE data for the
JAX/CHASN MRA. Subsequent comparisons of the cross-validation results between universal
and ordinary Kriging revealed no differences in the model results (i.e., the occurrence polygons).

The process of creating the occurrence models using the Kriging method involved numerous
steps (Figure 1-4). The primary step was the development of the weighted interpolation function.
This empirical weighted function was plotted and a curve was generated to ensure that the
function best fit the data. A minimum of two, but optimally five, nearest neighbors (SPUE data
points) were required to create an occurrence polygon for any occurrence level. Requiring a
minimum of two neighbor data points ensures that the resulting models (polygons) represent the
likely occurrence of a marine mammal or sea turtle species in the area.

One of the key parameters in the Kriging method is the selection of a neighborhood search
pattern. The neighborhood search pattern affects the level of interpolation and, ultimately, the
detail of the model produced. The search pattern selected for these analyses was circular and
extended outward from each SPUE value. The circular search pattern was chosen to reduce
prediction error and eliminate any bias in search direction or distance. The circular search pattern
can be divided equally into one, four, or eight search sectors. The single-sector search pattern
(no divisions) produces a very finely detailed model result (polygon), while the eight-sector search
pattern produces a much-generalized model result with little detail (Figure 1-5). The four-sector
search method was selected as the best compromise, producing occurrence results/polygons that
were neither too detailed nor too generalized to limit their usefulness.

In some instances, the minimum number of nearest neighbor criteria may not be met before the
search reaches its maximum distance limit, resulting in the creation of no occurrence model
(polygon) (Figure 1-4). This often occurs when few SPUE data values are associated with a
species or species group or when the SPUE data are sparsely located throughout the analysis
area for each quarter level. The result is that for some species, not all occurrence or quarter
levels are represented. The last parameter of the model to be enabled is the anisotropy.
Anisotropy is a property of a spatial process or data where spatial dependence (autocorrelation)
changes with both the distance and the direction between two locations. The cause of the
anisotropy (directional influence) in the semivariogram is not usually known, so it is modeled as
random error. Anisotropic influences can still be quantified and accounted for if the cause is not
known (Johnston et al. 2001).

For classification purposes, the predicted SPUE values obtained from the applied Kriging model
were divided into quarters for each individual species and for several pooled species categories
(e.g., common dolphins or beaked whales). In some cases, there were insufficient observations
for a reliable classification. All SPUE values greater than zero for a particular species (or pooled
species category) for all four seasons were compiled into a discrete dataset and then separated
into quarters (defined as 1%, 25", 75", and 100" percentiles in this analysis) representing the
highest, second highest, second lowest, and lowest quarters of the total range of the SPUE
values for each species/species category. For the purpose of this analysis, quarters are defined
as:

e Highest quarter or 1% Quarter SPUE (between 76% and 100% of the SPUE range);

e Second highest quarter or 2" Quarter SPUE (between 51% and 75% of the SPUE range);

e Second lowest quarter or 3" Quarter SPUE (between 26% and 50% of the SPUE range); and
e Lowest quarter or 4™ Quarter SPUE (between 1% and 25% of the SPUE range).
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Figure 1-4.

Example of the SPUE/Kriging process. Sighting data that met specific criteria (1) were used to

calculate sightings-per-unit-effort (SPUE) values for each 10-minute by 10-minute grid cell (2). Each SPUE
value is located in the center of a grid cell. During the Kriging process, a four-sector search pattern was used
to locate a minimum of two nearest neighbors to create the occurrence estimate polygons (3). The final
output is the occurrence model of the SPUE data values (4). Note that Kriging can predict the occurrence
beyond the limit of the SPUE data due to the numerous weighting functions and presence of nearest

neighbor values.
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1-22



OCTOBER 2008 FINAL REPORT

An additional occurrence level is SPUE = 0, indicative of areas where survey effort occurred
(Effort = 5 km) but no sightings were recorded. In all cells with Effort < 5 km (or 0), the occurrence
area was defined as ‘No Survey Effort’; in these areas the likelihood of a protected species
occurring is not known because no adequate surveys have been completed in that area. Since all
four seasons were pooled before the quarter classification for each species or category, the
occurrence classifications within a species/category are directly comparable and quantitatively
equivalent across seasons.

The final step in the creation of occurrence models is their visualization in the GIS environment. If
sufficient data were available to calculate SPUE values for a species or species group, then
occurrence models were produced. Two map figures have been produced for each season for
each species or species group for which there were sufficient data to model occurrences. One
map shows all data, including the occurrence records (sighting data points) as well as the model
results, while the second map only depicts the occurrence model results (polygons) for clarity.
The sighting records depicted on these maps are divided visually into those data used in the
computation of effort and SPUE (and thus are the basis for the occurrence model estimates) and
those not used in the calculations (such as strandings and bycatch records). The SPUE/kriging
methodology is currently being prepared for peer review and publication.

1423 Habitat Resource Maps—Habitats of Concern

» Coral Mapping—Mapping shelf coral in the JAX/CHASN OPAREA was depicted through interpreting
SEAMAP (2001) and CoRIS (2006) hard bottom data, and using previously scanned benthic habitat
maps provided from sources in previous MRAs such as Huntsman and Macintyre (1971), BLM
(1976), and Reed et al. (2006). Although this region is important for commercial and recreational fish
species, the isolated coral and sponge habitats have not been fully documented and specific coral
and sponge data are not readily accessible. This is not the case for deep sea corals (i.e., Lophelia
pertusa), which are receiving considerable attention from NMFS and the SAFMC due to their
significant role of providing habitat for various commercial fish species (i.e., snappers, groupers). The
deep sea coral (Lophelia pertusa) data depicted in this MRA were derived from data provided by the
FFWCC in conjunction with the SAFMC and acquired from various exploration cruises led by Dr.
Steve Ross of the University of North Carolina at Wilmington (UNCW). Both shelf coral and deep sea
coral are mapped together in this chapter to fully depict the association of hard bottom with coral
habitat at various depths.

1424 Biological and Habitat Resource Maps—Fisheries and Essential Fish Habitat

» Commercial Fisheries—Data illustrating commercial fishing effort in the region were acquired from the
Atlantic Coastal Cooperative Statistics Program (ACCSP 2006). Data were provided by gear type and
effort was displayed as average number of trips. Closures relevant to specific commercial fisheries
were included with the fishing effort and were mapped using data from various sources, including the
Marine Protected Areas (MPA) database (NOAA and Dol 2006).

» Essential Fish Habitat and Habitat Areas of Particular Concern—EFH designated outside the
JAX/CHASN OPAREA for this MRA were depicted only when data were available in a usable
electronic format. Complete EFH text designations are provided in Chapter 5 and should be consulted
for areas outside the boundaries of the OPAREA. The EFH species maps do not have any seasonal
designations as the FMPs presented the EFH information according to life history stages.

EFH designations can include the entire water column or a subsection of the water column or the
seafloor (e.g., benthic, surface, or from depths of 50 to 250 m). The part of the marine environment
where EFH is designated has been included in parentheses after the lifestage category on all EFH
map figures. If no environment partition is indicated after the lifestage, then EFH is designated for the
entire water column and seafloor.
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o Subtropical-Tropical Species: SAFMC Designations—The EFH and HAPC designations for the
subtropical-tropical species prepared by the SAFMC presented numerous issues. Only written
descriptions of EFH/HAPC were available from the SAFMC, so map figures had to be created
using only text designations (SAFMC 1998) or information from the NMFS EFH Mandate (NMFS
2002b). Contrary to the rules authorized by the SFA that were in place in 1998, the SAFMC
designated EFH and HAPC by management unit (MU) rather than by individual species. It was
only with the 2002 EFH Final Rule that FMCs were allowed to designate EFH/HAPC by MU
rather than as individual species. As a result of this inconsistency, the NMFS was required to
interpret the SAFMC’s FMPs and provide guidelines, in the form of a mandate, to the delineation
of EFH/HAPC for individual species in order to conduct EFH consultations for federal actions
(NMFS 2002b). Due to these difficulties regarding the EFH/HAPC designations by the SAFMC,
Dr. Ric Ruebsamen, EFH Coordinator for the NMFS Southeast Region, was repeatedly consulted
to provide guidance on the EFH and HAPC interpretations derived for species within the SAFMC
jurisdiction.

Not all SAFMC-managed species have designated EFH. Only those species for which sufficient
species-specific information is available have designated EFH. For example, only 18 of the 73
members of the snapper grouper MU have EFH designated (designations result not from the
FMP but from the NMFS Mandate [NMFS 2002b]). In many instances, information used to
designate EFH for individual species in the NMFS Mandate was obtained from life history
information provided in the FMP, as no EFH designations had been derived for the individual
species. Since the NMFS Mandate only provided a summary and not specific details of EFH
requirements for the 18 designated species in the snapper grouper MU, information from both the
NMFS Mandate and the life history sections of the SAFMC’s FMPs were used to accurately
derive EFH/HAPC text descriptions and map depictions for those species in the snapper grouper
MU that, according to the NMFS Mandate, should have individual species EFH designations.

The following criteria and assumptions were used to accurately map EFH and HAPC for species
managed by the SAFMC:

o All Lifestages EFH and HAPC: If the EFH or HAPC designation/interpretation did not specify
to which lifestage it applies, then the designation was assumed to apply to all lifestages.
Furthermore, for species with either EFH or HAPC designated as “All Lifestages,” no
specification is given as to which part of the habitat (e.g., part of water column or benthos)
this designation encompasses because the lifestages may each utilize different habitats (i.e.,
eggs maybe pelagic while adults are benthic).

o Artificial Reefs: The National Fishing Enhancement Act of 1984 (Title Il of public law 98-623)
defines artificial reefs as a structure that is constructed or placed in water for the purpose of
enhancing fishery resources and commercial as well as recreational fishing opportunities.
Based on this definition, the SAFMC (1998) defines artificial reefs as any area within marine
waters in which suitable structures or materials have intentionally been placed for the
purpose of creating, restoring, or improving the long-term habitat for the eventual exploitation,
conservation, or preservation of the resulting marine ecosystems that are naturally
established on these materials. Therefore, no other types of artificial habitats are included as
EFH in the map depictions of a species habitat unless they are specifically designated as
EFH. Thus, shipwrecks will not be included on a map figure for a species for which the EFH
has only been designated for artificial reefs.

Also, all structures and materials associated with an individual artificial reef are depicted on
the map figures. Many artificial reefs consist of multiple groupings of materials, which are
mapped by their individual locations as these locations are not always in direct close
proximity to one another.

e Bathymetry: In order to depict EFH designations that extend from one depth to another (e.g.,
from 50 to 155 m), bathymetry data were contoured into isobaths at varying intervals. Water
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depths less than 200 m were contoured at 10-m intervals while those deeper than 200 m
could only be contoured at 100-m intervals due to the lower resolution of the available
bathymetry data. Thus, depths used in the depiction of EFH were rounded to the nearest
contour interval.

e Corals: No lifestages were given in the SAFMC EFH designations for coral, so EFH was
assumed to be designated for all lifestages of coral.

e Exclusive Economic Zone: EFH and HAPC are only defined in federal waters, so the
exclusive economic zone (EEZ) is often used as a boundary for these designations (GDAIS
2005).

o Floating Debris: Although designated as EFH for the juvenile lifestage of the greater
amberjack, the unpredictable and arbitrary locations where floating debris may be found in
the marine environment made this “habitat” impossible to depict on a map figure.

e Golden Deepsea Crab: The SAFMC partially based its EFH designation (SAFMC 1998) for
the golden deepsea crab on seven continental slope habitats identified by Wenner and
Barans (1990). Since the SAFMC’s EFH designations did not specify the areal extent in
which these habitats were located on the continental slope and the EFH designation
generically encompasses the continental slope, the EFH for all lifestages of this species was
depicted as the entire continental slope outward to the EEZ in the JAX/CHASN OPAREA and
vicinity. The areal extent of the continental slope was roughly estimated for mapping
purposes, with the seaward boundary of the slope being predicted from 100-m isobath
contours.

e Gulf Stream Current: The Gulf Stream is designated as EFH for numerous species in the
JAX/CHASN OPAREA and vicinity (e.g., snappers groupers, coastal migratory pelagic
species, dolphinfishes, and wahoo). The Gulf Stream is a dynamic oceanographic feature
whose path and boundaries vary temporally and spatially.

e Habitat Areas of Particular Concern: Since HAPC are not required to be legally designated by
individual species or lifestage, these areas can be designated for individual species, an
individual species lifestage, or by MU. For the members of the snapper grouper MU, HAPC
are designated as a MU, not by individual species. Thus, for some species in this MU, HAPC
are located outside the areas designated as EFH on the map figures (Ruebsamen 2005).
Furthermore, if HAPC are designated for a MU, the HAPC are relevant only for those species
that also have EFH designated.

e Manganese Outcroppings on the Blake Plateau: These benthic deposits are designated as
HAPC for members of the snapper grouper MU but the locations or geographic extent of the
habitat were not provided in any of the SAFMC’s FMPs. To most accurately map these
regions, scientific literature and subject area experts were consulted. Based on sidescan
sonar surveys, the USGS delineated the only known areas of manganese outcroppings off
the southeast U.S. (USGS 1993), and this information was used to depict this habitat area for
the relevant species for which this habitat area was designated as EFH. Additional
manganese outcropping may occur on the Blake Plateau but have not been mapped.

e Nearshore Areas: As defined by the SAFMC, nearshore areas are all state waters extending
form estuaries to three nautical miles from shore (Brouwer 2005). These nearshore areas are
not within the JAX/CHASN OPAREA boundary and therefore, no EFH or HAPC designations
for these areas are included on the map figures integrated in this report.

e Sargassum: Although EFH and HAPC were originally designated by the SAFMC for benthic
and pelagic Sargassum species, the NMFS did not approve the designations due to the

1-25



FINAL REPORT OCTOBER 2008

potential broad and nonspecific range these species encompass, particularly the pelagic
species (NMFS 2003a; Ruebsamen 2005). However, pelagic Sargassum was approved as
EFH or HAPC for other managed species (e.g., snapper grouper MU) (NMFS 2002b;
Ruebsamen 2004). Since the occurrence of Sargassum at any single location is essentially
unpredictable, pelagic Sargassum was mapped in the areas of the FMC jurisdiction where it
might occur (i.e., from the EEZ to the shoreline) (Ruebsamen 2005).

o Southeast Area Monitoring and Assessment Program (SEAMAP) Data: These data
(SEAMAP 2001) were used to depict areas of hard bottom substrate for a variety of
subtropical-tropical species in this study. While the SEAMAP data are available as GIS
shapefiles that represent polygonal areas from Virginia to Florida, at the scale represented on
the maps in this study, the polygons appear to be points.

e Spawning Adults: Species in the snapper grouper MU have EFH designated for the spawning
adult lifestage as the water column above the adult habitat. These designations are not
shown separately on the EFH maps but instead are included as part of the adult depiction.

e  Charleston Bump, Hoyt Hills, and Georgetown Hole: Prior to the SAFMC FMP for the dolphin
and wahoo in 2003, only text designations were provided by the SAFMC for Charleston
Bump, Hoyt Hills, and Georgetown Hole as HAPC. The updated 2003 FMP provides
coordinates for these areas, which are intended to be applied to all managed species for
which these areas were designated as HAPC (i.e., snapper grouper MU, corals, and coastal
migratory pelagic MU) (Brouwer 2005).

Information used to map the various habitat types (e.g., bottom substrates and corals) and HAPC
were derived from a variety of literature sources or from GIS data (SEAMAP 2001; Sedberry
2005).

» Highly Migratory Species—The GIS shapefiles of the EFH and HAPC for highly migratory species
(tuna, sharks, swordfish, and billfish) obtained from the NMFS required some GIS processing during
which the GIS data were clipped to the shoreline of the JAX/ICHASN OPAREA. Therefore, inshore
EFH is not graphically depicted and the text narrative should be consulted directly for EFH beyond
the shoreline or outside of the JAX/CHASN OPAREA. Differences exist between the EFH text
designations and NMFS GIS data for several species (e.g., neonate lifestage of dusky shark). GIS
data either depict more or less EFH than described by in the text designation or a species might have
more than one lifestage with identical text designations but the GIS data are different for the
lifestages (NMFS 1999b, 2003b). The GIS data are presented unchanged and as received from the
NMFS after consultation with the NMFS Highly Migratory Species (HMS) Division. The NMFS-HMS
Division is in the process of preparing an EIS, to be finalized in 2006, that will address these and
other HMS issues; until this EIS is finalized, neither the EFH GIS data nor the text designations
should be altered (Rilling 2005). These discrepancies are noted in the text descriptions in Chapter 5
as well as on the corresponding figures.

14.25 Maps of Additional Considerations

Information regarding U.S. maritime boundaries, navigable waterways, marine managed areas (MMAS),
scuba diving sites, and weather buoys and light towers located in or in the vicinity of the JAX/CHASN
OPAREA was gathered from a wide array of sources; however much of the data used to create the maps
were available for downloading from U.S. internet websites. Coordinates defining the unresolved disputed
area between the U.S. and The Bahamas depicted on the maritime boundaries map were acquired from
the General Dynamics Advanced Information Systems (GDAIS) database of maritime boundaries.
Support information discussing the area and possible scenarios for resolving the dispute are provided in
Turnquest (2005).

For both the federal and state MMA maps, only sites that were listed in the MMA inventory as of 26 May
2006 were included on each map. The MMA inventory is being updated on a nearly daily basis,
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particularly with new information on state designated MMAs, which necessitated setting a cut-off date for
acquiring new data. All state designated MMAs are plotted on the state MMA map; however, not all state
designated MMAs are identified on the map by a number corresponding to a label in the inset table,
because there were simply too many MMAs to so in an organized and readable format. However all state
MMAs discussed in the text are identified on the state MMA map. The MMA inventory
(http://www3.mpa.gov/exploreinv/explore.aspx) should be checked frequently for the latest information on
MMAs (and ultimately marine protected areas [MPAs]) in the JAX/CHASN OPAREA and vicinity.

Recreational scuba diving sites in the JAX/CHASN OPAREA and vicinity were depicted using a variety of
sources including geographic data, maps, information acquired from scuba diving websites, and
documents and databases listing artificial reefs (e.g., shipwrecks).

1.4.2.6 Metadata

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

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

1.4.3 Marine Sighting Survey Data Bias

Sighting data from shipboard or aerial platforms can provide a powerful indicator of species’ occurrence.
However, it is necessary to first recognize inherent biases associated with each survey type. A primary
drawback of marine surveys is that shipboard and aerial surveys count only the number of animals at or
near the water’s surface; a region where marine mammals and sea turtles spend relatively little time. As
sea turtles spend over 90% of their time underwater, it has been estimated that marine surveys under
sample (under estimate) the total number of sea turtles in a given area by as much as an order of
magnitude (Shoop and Kenney 1992; Renaud and Carpenter 1994). While scientists have devised
mathematical formulas to account for animals not observed at the surface, the diving behavior may vary
even within the same species. Even though marine mammals and sea turtles are obligated to breathe at
the surface, many individuals will not surface within an observer's field of view. This is of particular
concern when attempting to sight species that dive for extended periods of time, do not possess a dorsal
fin, or are known to exhibit cryptic behavior, such as beaked whales, Kogia spp., and sperm whales
(Wirsig et al. 1998; Barlow 1999). Beaked whales often occur singly, which makes their sightability much
lower than a species that regularly occurs in large groups, such as dolphins in the genus Stenella (Scott
and Gilbert 1982).

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

Survey methods for marine mammals and sea turtles observation are problematic in being dissimilar in
sampling efficiency between these groups. Since most sighting surveys target multiple species, the
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sampling designs, although likely cost- and labor-efficient, cannot be considered optimal for each species
(Scott and Gilbert 1982). The altitude at which marine mammal aerial surveys are flown is much higher
than is desirable to sight sea turtles (which are typically much smaller than cetaceans). Shipboard
surveys designed for sighting marine mammals are adequate for detecting larger sea turtle species but
usually not smaller sea turtles. Their relatively small size, diving behavior, and startle responses to
vessels and aircraft make smaller sea turtles difficult to observe from a ship. The youngest sea turtle age-
classes, which often inhabit waters far from land, are extremely difficult to spot. Other difficulties with
marine surveys include weather, time, and logistical constraints. For example, the operating cost for a
research vessel is approximately $10,000 per day (Forney 2002).

In addition, marine survey data does not provide adequate information for scientists to accurately
describe the seasonal occurrence of marine mammals and sea turtles in expansive areas, such as the
Atlantic Ocean. Marine mammal and sea turtle occurrences in an area often changes seasonally in
response to changes in water temperature, the movement and availability of prey, or an individual’s life
history (reproduction). Therefore, the number of sightings on a specific date over a specific trackline may
not be representative of the number of individuals occurring in the entire area over the course of an entire
season. As a result, sighting frequency is often a direct result of the level of survey effort expended in a
given area.

1.4.4 Interpretation of Stranding Data

Marine mammal and sea turtle strandings are not generally considered accurate representations of
distribution. Sick animals may strand well beyond their normal range and carcasses may travel long
distances before being noticed by observers or coming ashore. Stranding frequency in a given area is as
dependent upon current regimes and shoreline monitoring efforts as it is a function of a stranded species’
actual pattern of occurrence in that area. Frequency of sea turtle strandings in an area may correlate with
seasonal oceanographic and wind patterns (Hart et al. 2006). Since coastal species generally strand
more frequently than oceanic species, due to their proximity to coastline, stranding frequencies should not
be used when attempting to compare the occurrence of a coastal versus an oceanic stock in a particular
area. Comparisons cannot be made between species of differing sizes and social structures, as
strandings of large-bodied species and groups of individuals are much more likely to be reported than
strandings of small-bodied species or single individuals. Additionally, accurate stranding data depends
upon the reporter’'s competency to properly identify carcasses as a certain species, which can be difficult.
For example, only the most experienced marine mammal scientists are likely able to differentiate between
the several species of beaked whale in the genus Mesoplodon. As a result of these issues and limitations,
care should be taken when interpreting the stranding record to support evaluation of distribution and
abundance.

1.5 REPORT ORGANIZATION
This report consists of nine major chapters and four associated appendices:

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

> Chapter 2 Physical and Biological Environment—describes the physical environment of the
JAX/CHASN OPAREA and vicinity, including climate, marine geology (physiography, bathymetry, and
bottom sediments), physical oceanography (circulation and currents), hydrography (surface
temperature and salinity), and biological oceanography (plankton and primary productivity);

> Chapter 3 Protected Species—covers all protected species found in the JAX/CHASN OPAREA and
vicinity, including marine mammals and sea turtles. For these species, detailed narratives of their
morphology, status, habitat associations, distribution, behavior, life history, and acoustics and hearing
(if known) have been provided;
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Chapter 4 Habitats of Concern—describes Sargassum, corals, live/hard bottom communities, and
artificial habitats occurring in the JAX/CHASN OPAREA and vicinity;

> Chapter 5 Fish and Fisheries—investigates fishes, EFH, and fishing activities (commercial and
recreational) that occur within the JAX/CHASN OPAREA and vicinity;

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

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

» Chapter 8 List of Preparers—lists all individuals who prepared the JAX/CHASN MRA Update;
» Chapter 9 Glossary—defines terms used in this MRA;

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

> Appendix B——contains occurrence map figures that are described or referenced in the marine
mammal section of Chapter 3 (3.1);

> Appendix C—contains occurrence map figures that are described or referenced in the sea turtle
section of Chapter 3 (3.2); and

> Appendix D—includes maps for all species for which EFH/HAPC has been designated within the
JAX/CHASN OPAREA and vicinity.

This report is written in a format and reference style that follows The Chicago Manual of Style, 14"
Edition. Cited literature appears at the end of each chapter except in Chapter 3, Protected Species,
where the cited literature appears at the end of each subsection.

1.6 LITERATURE CITED

ACCSP (Atlantic Coastal Cooperative Statistics Program). 2006. Commercial fisheries effort data along
the U.S. Atlantic coast; Excel spreadsheet. Data received Aprii 2006 from Geoffrey White.
Washington, D.C.: Atlantic Coastal Cooperative Statistics Program.

Agardy, T. 2000. Key steps taken to preserve the U.S.’s marine heritage. Issues in Science and
Technology 17(1):26.

Barlow, J. 1999. Trackline detection probability for long-diving whales. Pages 209-221 in G.W. Garner,
S.C. Amstrup, J.L. Laake, B.F.J. Manly, L.L. McDonald, and D.G. Robertson, eds. Marine mammal
survey and assessment methods. Brookfield, Vermont: A.A. Balkema.

BLM (Bureau of Land Management). 1976. Final environmental impact statement: Proposed 1978 Outer
Continental Shelf oil and gas lease sale, South Atlantic, Outer Continental Shelf sale number 43,
visual number 4N & 4S: Undersea features and natural vegetation. New Orleans, Lousiana: Bureau
of Land Management.

Brouwer, M. 2005. Personal communication via e-mail between Dr. Myra Brouwer, Fishery Scientist,
South Atlantic Fishery Management Council, Charleston, South Carolina and Dr. Amy R. Scholik,
Geo-Marine, Inc., Newport News, Virginia, 31 March.

CETAP (Cetacean and Turtle Assessment Program). 1982. Characterization of marine mammals and
turtles in the mid- and North Atlantic areas of the U.S. outer continental shelf. Final report to the U.S.
Bureau of Land Management, Washington, D.C., from the Graduate School of Oceanography,
University of Rhode Island, Kingston. NTIS PB83-215855.

1-29



FINAL REPORT OCTOBER 2008

CoRIS. 2006. Deep water corals. Access date: 11 August 2008. http://www.coris.noaa.gov
/about/deep/deep.html.

Emery, K.O. and E. Uchupi. 1972. Western North Atlantic Ocean: Topography, rocks, structure, water,
life, and sediments. Tulsa, Oklahoma: American Association of Petroleum Geologists.

EPA (Environmental Protection Agency). 2002. Clean Water Act. Accessed 15 July 2004. http://www.
epa.gov/region5/water/cwa.htm.

Forney, K.A. 2002. Surveys. Pages 1203-1205 in W.F. Perrin, B. Wirsig, and J.G.M. Thewissen, eds.
Encyclopedia of marine mammals. San Diego: Academic Press.

GDAIS (General Dynamics Advanced Information Systems). 2005. Global maritime boundaries database.
Herndon, Virginia: General Dynamics.

GDT (Geographic Data Technology, Inc.), and ESRI (Environmental Systems Research, Inc.). 2002. U.S.
GDT large area landmarks: ESRI data & maps 2002. Redlands, California: ESRI.

Hain, J.HW., M.J. Ratnaswamy, R.D. Kenney, and H.E. Winn. 1992. The fin whale, Balaenoptera
physalus, in waters of the northeastern United States continental shelf. Reports of the International
Whaling Commission 42:653-669.

Hart, K.M., P. Mooreside, and L.B. Crowder. 2006. Interpreting the spatio-temporal patterns of sea turtle
strandings: Going with the flow. Biological Conservation 129:283-290.

Hopkins-Murphy, S.R., T.M. Murphy, C.P. Hope, J.W. Coker, and M.E. Hoyle. 2001. Population trends
and nesting distribution of the loggerhead turtle (Caretta caretta) in South Carolina 1980-
1997.Columbia: South Carolina Department of Natural Resources, Division of Wildlife and Freshwater
Fisheries, Wildlife Diversity Section.

Huntsman, G.R., and I.G. Macintyre. 1971. Tropical coral patches in Onslow Bay. Underwater Naturalist
7(2):32-34.

IWC (International Whaling Commission). 2005. Classification of the order Cetacea (whales, dolphins and
porpoises). Journal of Cetacean Research and Management 7(1):v-xii.

Jones, A.C., S.A. Berkeley, J.A. Bohnsack, S.A. Bortone, D.K. Camp, G.H. Darcy, J.C. Davis, K.D.
Haddad, M.Y. Hedgepeth, E.W. Irby, Jr., W.C. Jaap, F.S. Kennedy, W.G. Lyons, E.L. Nakamura, T.H.
Perkins, J.K. Reed, K.A. Steidinger, J.T. Tilmant, and R.O. Williams. 1985. Ocean habitat and fishery
resources of Florida. Pages 437-543 in W. Seaman, Jr., ed. Florida aquatic habitat and fishery
resources. Gainesville, Florida: Florida Chapter, American Fisheries Society.

Johnston, K., J.M. Ver Hoef, K. Krivoruchko, and N. Lucas. 2001. Using ArcGIS geostatistical analyst.
Redlands, California: Environmental Systems Research Institute.

Kenney, R.D. 1990. Bottlenose dolphins off the northeastern United States. Pages 369-386 in S.
Leatherwood, and R.R. Reeves. The bottlenose dolphin. San Diego: Academic Press.

Kenney, R.D., and H.E. Winn. 1986. Cetacean high-use habitats of the northeast United States
continental shelf. Fishery Bulletin 84:345-357.

Kraus, S.D., R.D. Kenney, A.R. Knowlton, and J.N. Ciano. 1993. Endangered right whales of the
southwestern North Atlantic. OCS Study MMS 93-0024. Herndon, Virginia: Minerals Management
Service.

Krivoruchko, K. 2002. Introduction to modeling spatial processes using geostatistical analyst. Redlands,
California: Environmental Systems Research Institute.

Mitchell, G.H., R.D. Kenney, A.M. Farak, and R.J. Campbell. 2002. Evaluation of occurrence of
endangered and threatened marine species in Naval ship trial areas and transit lanes in the Gulf of
Maine and offshore of Georges Bank. NUWC-NPT Technical Memorandum 02-121. Newport, Rhode
Island: Naval Undersea Warfare Division.

1-30



OCTOBER 2008 FINAL REPORT

NASA (National Atmospheric and Space Administration). 2000. AVHRR Oceans Pathfinder Global Equal-
angle Best weekly SST averages (NOAA/NASA). Goddard Earth Sciences Data and Information
Services  Center, Distributed Active Archive Center. Accessed 4 May 2004.
ftp://daac.gsfc.nasa.gov/data/avhrr/tile_8km/.

NASA (National Atmospheric and Space Administration). 2003. SeaWiFS detailed description. Accessed
1 May 2006. http://oceancolor.gsfc.nasa.gov/SeaWiFS/BACKGROUND/SEAWIFS 970
_BROCHURE.html

Nelson, J.S., E.J. Crossman, H.Espinosa-Pérez, L.T. Findley, C.R. Gilbert, R.N. Lea, and J.D. Williams.
2004. Common and scientific names of fishes from the U.S., Canada, and Mexico, Sixth Edition.
Bethesda, Maryland: American Fisheries Society.

NMFS (National Marine Fisheries Service). 1999a. Accomplishment report under the Recreational Fishery
Resources Conservation Plan—1999 report. Accessed 15 July 2004. http://swr.ucsd.edu/ recfish/
sum99.htm.

NMFS (National Marine Fisheries Service). 1999b. Final fishery management plan for Atlantic tuna,
swordfish, and sharks. Volumes Il and |. Silver Spring, Maryland: National Marine Fisheries Service.

NMFS (National Marine Fisheries Service). 2002a. Magnuson-Stevens Act provisions; Essential fish
habitat (EFH). Final rule. Federal Register 67(12):2343-2383.

NMFS (National Marine Fisheries Service). 2002b. Essential fish habitat: a marine fish habitat
conservation mandate for federal agencies, South Atlantic Region. St. Petersburg, Florida: National
Marine Fisheries Service, Habitat Conservation Division, Southeast Regional Office.

NMFS (National Marine Fisheries Service). 2003a. Fisheries of the Caribbean, Gulf of Mexico, and South
Atlantic; Pelagic Sargassum habitat of the South Atlantic region. Federal Register 68(192):57375-
57379.

NMFS (National Marine Fisheries Service). 2003b. Highly Migratory Species Essential Fish Habitat; GIS
data files. Data received December 2003 from Chris Rilling. Silver Spring, Maryland: National
Oceanic and Atmospheric Administration, National Marine Fisheries Service, Office of Sustainable
Fisheries, Highly Migratory Division.

NMFS (National Marine Fisheries Service). 2004. Endangered and threatened species; Establishment of
species of concern list, addition of species to species of concern list, description of factors for
identifying species of concern, and revision of candidate species list under the endangered species
act. Federal Register 69(73):19,975-19,979.

NOAA (National Oceanic and Atmospheric Administration). 1998. Marine Plastic Pollution Research and
Control Act. In Ocean Planning Information System (OPIS)—Legislative summaries. Accessed 15
July 2004. http://www.csc.noaa.gov/opis/html/ summary/mpprca.htm.

NOAA (National Oceanic and Atmospheric Administration). 2000. Coastal Zone Management Act federal
consistency regulations. Final rule. Federal Register 65(237):77,124-77,175.

NOAA (National Oceanic and Atmospheric Administration). 2001a. Florida Mid-Atlantic coast,
Geophysical Data System for gridded bathymetric data. Volume 2, version 4.1 (CD-ROM). Boulder,
Colorado: National Geophysical Data Center.

NOAA (National Oceanic and Atmospheric Administration). 2001b. Florida Mid-Atlantic coast,
Geophysical Data System for gridded bathymetric data. Volume 3, version 4.1 (CD-ROM). Boulder,
Colorado: National Geophysical Data Center.

NOAA (National Oceanic and Atmospheric Administration). 2003. Celebrating 30 years of the Coastal
Zone Management Act. Accessed 15 July 2004. http://www.ocrm.nos.noaa.gov/czm/.

NOAA (National Oceanic and Atmospheric Administration). 2006. CoRIS: Deepwater corals. Accessed 23
January 2006. http://www.coris.noaa.gov/about/deep.

NOAA and Dol (National Atmospheric and Oceanic Administration and Department of the Interior). 2006.
Marine protected areas of the United States: Marine managed areas inventory site profile. NOAA’s
Monitor National Marine Sanctuary. Accessed 24 May 2006. http://www.mpa.gov.

1-31


http://www.ocrm.nos.noaa.gov/czm/�

FINAL REPORT OCTOBER 2008

PODAAC (Physical Oceanography Distributed Active Archive Center). 2004. AVHRR (Advance Very High
Resolution Radiometry) Oceans Pathfinder global 4 km equal-angle all SST v5 (NOAA/NASA). SST
data downloaded from: http://podaac.jpl.nasa.gov/products/product216.html.

Pritchard, P.C.H. 1997. Evolution, phylogeny, and current status. Pages 1-28 in P.L. Lutz and J.A.
Musick, eds. The biology of sea turtles. Boca Raton, Florida: CRC Press.

Reed, J.K., D.C. Weaver, and S.A. Pomponi. 2006. Habitat and fauna of deep-water Lophelia pertusa
coral reefs off the southeastern U.S.: Blake Plateau, Straits of Florida, and Gulf of Mexico. Bulletin of
Marine Science 78(2):343-375.

Renaud, M.L., and J.A. Carpenter. 1994. Movements and submergence patterns of loggerhead turtles
(Caretta caretta) in the Gulf of Mexico determined through satellite telemetry. Bulletin of Marine
Science 55:1-15.

Rice, D.W. 1998. Marine mammals of the world: Systematics and distribution. Society for Marine
Mammalogy Special Publication No. 4. Lawrence, Kansas.

Rilling, C. 2005. Personal communication via telephone between Dr. Chris Rilling, National Marine
Fisheries Service, Highly Migratory Species Management Division, Silver Spring, Maryland, and Dr.
Amy R. Scholik, Geo-Marine, Inc., Newport News, Virginia, 1 March.

Rosenbaum, H.C., R.L. Brownell, M.\W. Brown, C. Schaeff, V. Portway, B.N. Whiate, S. Malik, L.A.
Pastene, N.J. Patenaude, C.S. Baker, M. Goto, P.B. Best, P.J. Clapham, P. Hamilton, M. Moore, R.
Payne, V. Rowntree, C.T. Tynan, J.L. Bannister, and R. DeSalle. 2000. World-wide genetic
differentiation of Eubalaena: Questioning the number of right whale species. Molecular Ecology
9(11):1793-1802.

Ruebsamen, R. 2004. Personal communication via meeting between Dr. Ric Ruebsamen, EFH
Coordinator for the National Marine Fisheries Service Southeast Region, Panama City, Florida, and
Dr. Amy R. Scholik, Geo-Marine, Inc., Newport News, Virginia, 8 November.

Ruebsamen, R. 2005. Personal communication via meeting between Dr. Ric Ruebsamen, EFH
Coordinator for the National Marine Fisheries Service Southeast Region, Panama City, Florida, and
Dr. Amy R. Scholik, Geo-Marine, Inc., Newport News, Virginia, 13 April.

Rutgers University. 2006. Satellite Images. Accessed 20 June 2006. http://marine.rutgers
.edu/cool/sat_data/?nothumbs=0.

SAFMC (South Atlantic Fishery Management Council). 1998. Final habitat plan for the south Atlantic
region: Essential Fish Habitat requirements for fishery management plans of the South Atlantic
Fishery Management Council: the shrimp fishery management plan, the red drum fishery
management plan, the snapper-grouper fishery management plant, the coastal migratory pelagics
fishery management plan, the golden crab fishery management plan, the spiny lobster fishery
management plan, the coral, coral reefs, and live/hard bottom habitat fishery management plan, the
Sargassum habitat fishery management plan, and the calico shrimp fishery management plan.
Charleston, South Carolina: South Atlantic Fishery Management Council.

Scott, G.P., and J.R. Gilbert. 1982. Problems and progress in the U.S. BLM-sponsored CETAP surveys.
Reports of the International Whaling Commission 32:587-600.

SEAMAP (Southeast Area Monitoring and Assessment Program). 2001. South Atlantic Bight bottom
mapping CD-ROM, version 1.2. Washington, D.C.: Atlantic States Marine Fisheries Commission,
SEAMAP-South Atlantic Bottom Mapping Workgroup.

Sedberry, G.R. 2005. Spawning locations for Atlantic reef fishes; GIS shapefiles. Data received April
2005 from Dr. George Sedberry. Charleston, South Carolina: South Carolina Department of Natural
Resources.

Shepard, F.P. 1973. Submarine Geology, 3rd Edition. New York: Harper and Row, Publishers.

Shoop, C.R., and R.D. Kenney. 1992. Seasonal distributions and abundances of loggerhead and
leatherback sea turtles in waters of the northeastern United States. Herpetological Monographs 6:43-
67.

Smith, W.H.F. and D.T. Sandwell. 1997. Global sea floor topography from satellite altimetry and ship
depth soundings. Accessed March 2002. http://topex.ucsd.edu/marine_topo/mar_topo.html.

1-32



OCTOBER 2008 FINAL REPORT

SRS Technologies. JAX/CHASN OPAREA GIS shapefiles. 2001. Received 5 June 2001 from Ryan Heitz,
GIS Manager. Arlington, Virginia: SRS Technologies-Washington Group.

Thompson, N.B. 1984. Progress report on estimating density and abundance of marine turtles: Results of
first year pelagic surveys in the southeast U.S. Unpublished report. Miami: National Marine Fisheries
Service.

Turnquest, N. 2005. Delimitation of the maritime boundary between the Commonwealth of The Bahamas
and the United States of America: A case study. New York: United Nations. Downloaded 2 February
2006 from http://www.un.org/depts/los/nippon/unnff_programme_home/fellows_pages/fellows_papers
/turnquest_0506_bahamas.pdf

USFWS (U.S. Fish and Wildlife Service). 2000a. Digest of federal resource laws of interest to the U.S.
Fish and Wildlife Service—Coastal Zone Management Act of 1972. Accessed 15 July 2006.
http://lwww.fws.gov/laws/laws%20digest/ COASZON.HTML

USFWS (U.S. Fish and Wildlife Service). 2000b. Digest of federal resource laws of interest to the U.S.
Fish and Wildlife Service—Federal Water Pollution Control Act (Clean Water Act). Accessed 15 July
2006. http://www.fws.gov/laws/laws%20digest/FWATRPO.HTML.

USFWS (U.S. Fish and Wildlife Service). 2000c. Digest of federal resource laws of interest to the U.S.
Fish and Wildlife Service—Coastal Barrier Resources Act. Accessed 15 July 2006. http://www.fws
.gov/laws/laws%20digest/ COASBAR.HTML.

USFWS (U.S. Fish and Wildlife Service). 2000d. Digest of federal resource laws of interest to the U.S.
Fish and Wildlife Service—Oil Pollution Act. Accessed 15 July 2006. http://www.fws
.gov/laws/laws%20digest/OILPOLL.HTML.

USGS (U.S. Geological Survey). 1993. Geologic interpretation of the U.S. East Coast Geologic LOng-
Range Inclined Asdic (GLORIA) sidescan sonar mosaic; GIS shapefiles. Woods Hole,
Massachusetts: U.S. Department of Interior, U.S. Geological Survey.

Vandenbroucke, J., G. Gratta, and N. Lehtinen. 2005. Experimental study of acoustic ultra-high-energy
neutrino detection. Astrophysical Journal 61:301-312.

Wenner, E.L., and C.A. Barans. 1990. In situ estimates of density of golden crab, Chaceon fenneri, from
habitats on the continental slope, southeastern U.S. Bulletin of Marine Science 46(3):723-734.

Winn, H.E., C.A. Price, and P.W. Sorensen. 1986. The distributional biology of the right whale (Eubalaena
glacialis) in the western North Atlantic. Reports of the International Whaling Commission, Special
Issue 10:129-138.

Wirsig, B., S.K. Lynn, T.A. Jefferson, and K.D. Mullin. 1998. Behaviour of cetaceans in the northern Gulf
of Mexico relative to survey ships and aircraft. Aquatic Mammals 24:41-50.

1-33



FINAL REPORT OCTOBER 2008

This page intentionally left blank

1-34



OCTOBER 2008 FINAL REPORT

2.0 PHYSICAL & BIOLOGICAL ENVIRONMENT

2.1 INTRODUCTION

The JAX/CHASN OPAREA is located entirely within the South Atlantic Bight (SAB), the marine
geographic province that extends approximately from West Palm Beach, Florida to Cape Hatteras, North
Carolina or 27°N to 35°N (Atkinson and Menzel 1985; NOAA 2005a). The OPAREA itself extends along
the coast from just north of Cape Canaveral, Florida to approximately 75 km north of Cape Fear, North
Carolina. The SAB is uniqgue among U.S. oceanic provinces because of its direct link with the Gulf Stream
Current. The Gulf Stream flows in closest proximity to the coast in the SAB and the influence of this
current dominates the physical, biological, and climatological processes of the region. The climate in the
SAB is highly variable, ranging from temperate to subtropical, due to the large latitudinal range this area
encompasses as well as the tempering affect of the warm Gulf Stream waters. The coastline of the SAB
forms a sweeping curve that is characterized by several crescent-shaped bays and offshore shoals at its
northern extent, while the southern portion of the SAB is characterized by coastal estuaries and the
expansive carbonate platform known as Blake Plateau.

The Gulf Stream dominates surface circulation in the SAB and the JAX/CHASN OPAREA, frequently
intruding upon the Florida-Hatters Shelf and affecting both the physical and biological dynamics over the
shelf. The Charleston Bump is a prominent area of high relief on the Florida-Hatteras Slope that deflects
the Gulf Stream seaward and causes the formation of a large-scale, cyclonic gyre as well as humerous
meanders and smaller-scale eddies. These Gulf Stream meanders play a critical role in upwelling
dynamics and primary and secondary production in the SAB.

2.2 CLIMATE

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

Prevailing westerly winds result in a tropical/subtropical climate south of Cape Hatteras (Joyce 1987). Air
temperature measured from Frying Pan Tower located at the northern extent of the OPAREA in southeast
Onslow Bay averages 26°C in summer (June through August) and 13°C in winter (December through
February) with annual extremes of 31°C and -12°C (CORMP 2005). By contrast, air temperatures
recorded from a NOAA oceanographic buoy located approximately 37 km off Cape Canaveral near the
southern extent of the OPAREA averaged 27.1°C in summer and 19.8°C in winter between 1988 and
2001 (NDBC 2003a). Warmer average temperatures and temperature extremes of 31.8°C and 0°C at the
southern end of the OPAREA are almost certainly a result of the moderating influence of the warm Gulf
Stream waters.

Three atmospheric pressure systems govern the wind regimes and climate in this region: the Icelandic
Low, the Bermuda-Azores High, and the Ohio Valley High (Blanton et al. 1985). The Bermuda-Azores
High is a semi-permanent, high-pressure system centered over the island of Bermuda in summer and fall
and over the Azores in the eastern North Atlantic in winter and spring (NOAA 2005b). The anticyclonic
(clockwise) circulation associated with the Bermuda-Azores High dominates climactic conditions from
approximately May through August producing southeasterly winds (<6 meters/second [m 3'1]) and hot,
humid weather. In winter (approximately November through March) the Icelandic Low and weak Ohio
Valley High combine to generate west-northwesterly winds (8 to 10 m s'1) and drier weather conditions in
the region (Adams et al. 1993; NOAA 2005b). Wind velocities offshore of Cape Canaveral exhibited
similar trends, but with average speeds slightly lower at 4.6 m s” in summer and 6.7 m s™ in winter
(NDBC 2003a).
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Average annual precipitation ranges between 109 and 142 cm (43 and 53 inches) along the coastlines of
the Carolinas, Georgia, and northern Florida (Boyles et al. 2004; SRCC 2005a; SRCC 2005b; SRCC
2005¢c; SRCC 2005d). Maximum rainfall occurs in late summer; however, maximum discharge of
freshwater from local rivers into the SAB occurs in March or April as water drains from inland mountain
and piedmont areas which receive their maximum rainfall in the early spring (Blanton et al. 1985). Frozen
precipitation (snow or sleet) is recorded, on average, once or twice per year along coastal regions in the
Carolinas, usually from December through March, and is extremely rare farther sound in Georgia and
Florida (SRCC 2005a; SRCC 2005b; SRCC 2005c; SRCC 2005d). Snow and sleet almost always occur
in conjunction with an offshore low pressure system that brings moisture into the region (Boyles et al.
2004).

Annual extremes in precipitation along the coastline bordering the OPAREA are wide-ranging and
demonstrate just how varied the regional climate can be. Data from 1948 to the present from a weather
station located just north of Cape Fear, North Carolina recorded 78.7 cm of rain for September of 1999
and just 0.5 cm one year later in October of 2000 (SRCC 2006a). Along the coast near the southern
boundary of the OPAREA monthly extremes in rainfall ranged from a maximum of 53 cm in June of 1968
to no rainfall in January of 1951 (SRCC 2006b). Similar trends have continued in recent years with
extremes of 41 cm and 1 cm occurring since 2000 (SRCC 2006b).

Weather systems pass rapidly through the southeastern U.S. (approximately every 2 to 5 days)
throughout the year, and their effects are superimposed on the seasonal cycling of the Bermuda Azores
High (Joyce 1987). The proximity of the Gulf Stream to the southeast U.S. coast has a strong effect in the
generation of cyclonic, extra-tropical storms in winter as cold, dry continental air meets the warm, moist
air over Gulf Stream waters (Adams et al. 1993). Thunder storms and major storm systems occur in the
region most often during summer and fall as hot, humid air masses collide with passing fronts (Joyce
1987).

2.2.1 Tropical Storms and Hurricanes

Most major storms, including hurricanes, occur in the JAX/CHASN OPAREA during the North Atlantic
hurricane season which occurs annually from June through November. Tropical cyclones form in warm,
equatorial waters of the North Atlantic Ocean and Caribbean Sea and often move northward along the
southeastern U.S. coast following the path of the Gulf Stream (Adams et al. 1993; Buchan 2000). Since
1944, when reliable data on storm systems were recorded, 655 named storms have occurred over the
North Atlantic; 162 of these storms were major hurricanes (i.e., category 3, 4, or 5 on the Saffir/Simpson
scale) (NCDC 2006a). Between 1950 and 2005, 22 hurricanes made landfall along the stretch of U.S.
coastline immediately adjacent to the OPAREA; however, five of the 22 land strikes have occurred since
2003, supporting the assertion that the region, and the North Atlantic in general, is experiencing a period
of increase in both the number of storm systems generated and in storm system intensity (NCDC 20063;
NCDC 2006b).

The Atlantic hurricane seasons of 2004 and 2005 were particularly active. The 2005 season produced a
record number of named storms (28), a record number of hurricanes (15) including four category 5
hurricanes, and a record number (4) of major hurricanes impacting the U.S. (NOAA 2006a). Six named
storms passed over at least some part of the JAX/CHASN OPAREA in 2004 and 2005 bringing heavy
rains, high to severe winds, and storm surges that frequently resulted in coastal flooding and severe
beach erosion (Bell et al 2005; Table 2-1).

In 2004, three hurricanes and one tropical storm passed through the OPAREA, and three others passed
just to the south or west of the OPAREA. Hurricane Alex produced a significant storm surge and caused
beach erosion along the Outer Banks of North Carolina before returning to the Atlantic Ocean and
strengthening to a category 3 hurricane (SRCC 2005e). Hurricane Charlie struck the southwest coast of
Florida as a powerful category 4 hurricane and proceeded across the state emerging north of Cape
Canaveral as a category 1 hurricane. Charlie caused severe wind damage spawning nine tornadoes in
Florida, five in eastern North Carolina, and two in southeast Virginia (NOAA 2005c).
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Table 2-1. Tropical storms and hurricanes traversing the Charleston/Jacksonville OPAREA in
2004 and 2005 (SRCC 2005e; NCDC 2006a).

Storm Name Date in OPAREA Strength in OPAREA
Hurricane Alex July/August 2004 Category 1
Tropical Storm Bonnie August 2004 N/A
Hurricane Charlie August 2004 Category 1
Hurricane Gaston August 2004 Category 1
Hurricane Ophelia September 2005 Category 1
Tropical Storm Tammy October 2005 N/A

Hurricane Gaston made landfall as a category 1 hurricane north of Charleston, South Carolina, and
moved northeast impacting coastal and inland areas of North Carolina and Virginia. Gaston caused heavy
rains and flooding as far inland as Richmond, Virginia even as it degraded into a tropical storm (NOAA
2005d). Hurricane Ophelia formed into a tropical storm just south of the JAX/CHASN OPAREA off of
Cape Canaveral and then moved northeast through the OPAREA, never officially making landfall but
skirting along the coast of North Carolina causing heavy rain—as much as 43 cm in one location—and a
1to 2 m (4 to 6 ft) storm surge along much of the Outer Banks (NOAA 2006b).

The strength and number of hurricanes developing in the North Atlantic and ultimately impacting coastal
regions of the U.S. and Caribbean nations is forecast to remain above normal in the near future (NASA
2005a). Atmospheric and oceanic phenomena combine to create conditions favorable for the formation of
storm systems. A strong Bermuda-Azores High results in less cloud cover over Hurricane Alley, the
tropical region of the North Atlantic Ocean between the Antilles and Africa where hurricanes typically
develop. Reduced cloud cover over Hurricane Alley increases the exposure of ocean waters to the
warming rays of the sun. Warm waters are fuel for tropical storm systems, and an increase in ocean
surface temperatures can result in an increase in the number and intensity of tropical storms and
hurricanes (DeMaria and Kaplan 1994; NASA 2005a).

2.2.2 North Atlantic Oscillation

Two large-scale, multi-decadal climactic phenomena: the North Atlantic Oscillation (NAO) and the El
Nifio/Southern Oscillation (ENSO) have a significant influence on the climate of the North Atlantic basin
as well as the global climate (Conlan and Service 2000; Stenseth et al. 2003; Boyles and Raman 2003).

The NAO is a continual oscillation in the atmospheric pressure difference between the semi-permanent
high-pressure center over the Azores and the subpolar low-pressure center over Iceland (Curry and
McCartney 2001; Stenseth et al. 2003). When the atmospheric pressure at sea level increases in Iceland
it decreases in the Azores and vice-versa (Open University 2001; Stenseth et al. 2003). The NAO is
regarded as the dominant mode of decadal-scale variability in weather and climate in the North Atlantic
region (Hurrell 1995; Hu and Huang 2006). The NAO has global significance as it affects sea surface
temperatures, wind conditions, and ocean circulation of the North Atlantic which in turn have significant
ecological impacts on marine ecosystems and the terrestrial environments of North America and Europe
(Open University 2001; Stenseth et al. 2003; Menzel et al. 2005). Although the NAO primarily affects the
climate and oceanography of the northern North Atlantic Ocean, its influence also extents into the
subtropical North Atlantic and the JAX/CHASN OPAREA (Hurrell et al. 2001).

The variability of the NAO is measured by an index, which indicates the departure from the mean
atmospheric pressure difference between the Azores High and the Iceland Low. However, there are
different NAO indices available using different reference stations and/or base-line time periods. Since the
known effects of the NAO are most pronounced in winter (Taylor and Stephens 1998), the NAO index
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most often used is the winter index, which is the average over four or five months—December through
March or April (Hurrell 1995). Typical conditions expected during the two phases (positive and negative)
of the NAO index include:

» Positive or Strong Phase

e Both the Iceland Low and Azores High intensify (i.e., there is a larger difference between the two
pressure centers)

o Westerly winds strengthen resulting in a jet stream that flows primarily from west to east;

meandering of the jet stream is reduced

Air temperatures in eastern and central North America are warmer than normal

Europe is warmer and wetter than normal

Greenland and the northern North Atlantic are colder than average

The Mediterranean Sea and surrounding area is colder and drier than average

» Negative or Weak Phase

e Both the Iceland Low and Azores High are weaker than average (i.e., there is a smaller difference
between the two pressure centers)

Meridional flow dominates; the jet stream meanders strongly

Eastern North America is colder and drier than normal

Europe is colder and drier than normal

Greenland and the northern North Atlantic are warmer than normal

The Mediterranean and surrounding area is warmer and wetter than normal (Open University
2001; Visbeck 2002)

The NAO tends to remain relatively stable for extended periods ranging from several years to decades
On average, the NAO was positive from 1900 to 1950, negative in the 1960s and 1970s, and has been
positive since 1970 (Hurrell et al. 2001); although, recently the NAO index has declined rapidly resulting
in a weak to nonexistent trend in the index when averaged over the past 30 years (Cohen and Barlow
2005).

Since ocean circulation is wind and density driven, it is not surprising to find that the NAO appears to
have a direct effect on the position and strength of currents in the North Atlantic Ocean. The NAO
influences the latitude of the Gulf Stream and accounts for a great deal of the interannual variability in the
location of the current. In years following a positive NAO index, the latitude of the “north wall” of the Gulf
Stream Current (i.e., the northern boundary of the current east of Cape Hatteras) is located farther north
than usual (Taylor and Stephens 1998; Open University 2001). In addition, the NAO is capable of
affecting the strength of the Gulf Stream and its end-member, the North Atlantic Current. During the
predominantly negative NAO years of the 1960’s, the Gulf Stream shifted southward and weakened.
During the subsequent 25-year period when the NAO index was predominantly positive, the Gulf Stream
intensified reaching a record peak in transport in the 1990s that was 25% to 33% above average (Curry
and McCartney 2001). The location and strength of the Gulf Stream is critical, because the current is an
essential part of the North Atlantic atmosphere-ocean system, moderating local climate and weather from
the U.S. to the Mediterranean, including the climate in the JAX/CHASN OPAREA (Buchan 2000; Open
University 2001).

2.2.3 El Nifio/Southern Oscillation

The ENSO is an oceanic and atmospheric phenomenon most closely associated with the Pacific Ocean
rather than the Atlantic Ocean; however, effects on climate resulting from the ENSO are observed on a
global scale (Conlan and Service 2000). During non-El Nifio (normal) years, steady trade winds blowing
from east to west in the tropical Pacific maintain the transport of warm surface waters into the western
Pacific basin. A steeply inclined thermocline sloping upward from west to east is present across the
Pacific, and upwelling frequently occurs along the coast in the eastern Pacific (Conlan and Service 2000;
Open University 2001). During El Nifio conditions the atmospheric pressure difference between the
eastern and western tropical Pacific decreases causing the northeasterly trade winds to weaken, which
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results in warm equatorial waters moving into the central and eastern tropical Pacific (Open University
2001). The depth of the thermocline increases in the eastern Pacific and upwelling along the coasts of
North and South America is drastically reduced. Monsoon rains normally occurring in Indonesia and India
occur instead over the central Pacific, which leads to an increase in the number of storms impacting the
west coasts of North and South America (Conlan and Service 2000). El Nino events have also been
linked to abnormally cold winters in North America and Europe (Open University 2001).

La Nifa is the companion phase to El Nifio in the ENSO cycle. La Nifa conditions are generally opposite
those experienced during El Nifio events and include stronger than average easterly trade winds and
enhanced upwelling along the eastern Pacific coast (Open University 2001). Although EI Nifio events are
most closely associated with negative environmental impacts, strong La Nifia events can also have
severe environmental consequences.

2.3 MARINE GEOLOGY

A passive continental margin is one where the continent and adjacent ocean floor are on the same
tectonic plate. Passive continental margins, such as the one found along the U.S. Atlantic coast, are
characterized by subsidence, erosion, and thick sediment accumulations that have led to the
development of the classic continental margin sequence: continental shelf, continental slope, and
continental rise (Kennett 1982). South of Cape Hatteras and throughout the entire JAX/CHASN OPAREA
a large, carbonate platform known as Blake Plateau interrupts the traditional sequence between the
continental slope and continental rise that typifies the Mid-Atlantic Bight (MAB) north of Cape Hatteras
(Figure 2-1). Shoreward of Blake Plateau and farther south into the Florida Straits, the shelf and slope are
referred to as the Florida-Hatteras Shelf and Florida-Hatteras Slope rather than the continental shelf and
slope (Emery and Uchupi 1972; NDBC 2003a).

2.3.1 Physiography and Bathymetry

Characteristics of the SAB seafloor include low relief, relatively gentle gradients, and smooth bottom
surfaces exhibiting physiographic features contoured by erosional processes. As it sweeps over the sea
floor, the Gulf Stream erodes and shapes the underlying continental slope and the surface of Blake
Plateau, resulting in a unique physiography that lacks the major canyon systems and thick sediment
layers found in the MAB. The seafloor in the SAB does include the prominent Charleston Bump and high
concentrations of calcium carbonate in the sediments (Emery and Uchupi 1972; Figure 2-1).

Aside from the Charleston Bump, the physiography of the sea floor beneath the JAX/CHASN OPAREA is
notably featureless. The wide, flat Florida-Hatteras Shelf, which is marked by several shallow
depressions, underlies nearly half of the OPAREA. The Florida-Hatters Slope is characterized by low
relief and a relatively gently gradient. The remainder of the sea floor beneath the OPAREA consists of the
northern two-thirds of Blake Plateau. Water depths in the OPAREA range from approximately 10 m to
over 2,700 m. The deepest depths are found in the most eastern portion of the OPAREA at the edge of
Blake Plateau, under surface OPAREA grid blocks 20 through 25 (Figure 2-2).

2.3.11 Continental Margins

The continental margin (the boundary or transition between continents and ocean basins) along the U.S.
Atlantic coast consists of the three physiographic provinces typical of a passive margin: the continental
shelf, continental slope, and continental rise (Figure 2-3). Approximately 70% of the earth’s surface is
below sea level, and the continental margins of the world make up about 21% of the submarine surface
(or 15% of the earth’s surface) (Garrison 1996). More than half of the sediments covering the ocean
bottom are found on the continental margins of the world (Kennett 1982). The transition between
provinces of the continental margin is largely dictated by the change in the seaward gradient of the sea
floor along the expanse of the continental margin. The continental margin of the SAB is distinctive with its
broad and shallow continental shelf, its bisected continental slope, and the presence of Blake Plateau
(Figures 2-1 and 2-2).
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Figure 2-2.  Bathymetry associated with the Charleston/Jacksonville OPAREA. Source data: Smith and
Sandwell (1997) and NOAA (2001a and 2001b).
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Figure 2-3. Generic three-dimensional representation of the continental margin and the major submarine
zones referred to in the MRA. The continental margin includes the continental shelf, shelf break, continental
slope, and continental rise, where each province is defined primarily by its seaward gradient. The pelagic
zone includes the nearshore neritic and offshore oceanic zones and extends from the surface to the seafloor.
The benthic zone includes the seafloor environment extending from shore to the abyssal plain.

A continental shelf is often considered to be the submarine extension of a continent. On a worldwide
average, a gentle gradient (<1:1,000 or <0.1°), low relief (<20 m), widths of about 100 km, and maximum
water depths of 130 m distinguish the continental shelf (Kennett 1982; Eisma 1988). The transition from
the shelf to the continental slope occurs at the shelf break, which is marked by a sudden change in the
gradient of the seafloor. Heezen et al. (1959) established a minimum gradient defining the shelf break in
the North Atlantic of 1:40 or 1.4°, which has generally remained accepted. The average depth of the shelf
break usually coincides with the deepest waters found on the continental shelf (Shepard 1973; Pickard
and Emery 1990).

The Florida-Hatteras Shelf is narrow at its northern extent (~45 km) off Cape Hatteras just north of the
JAX/CHASN OPAREA, but broadens to over 105 km off of Cape Fear approximately 300 km to the south
(Newton et al 1971; Figures 2-1 and 2-2). At its greatest width the Florida-Hatteras Shelf extends nearly
150 km off the Georgia coast before narrowing again to less than 60 km off Cape Canaveral (Figure 2-3).
The average width of the Florida-Hatteras Shelf is 130 km and the average gradient on the shelf is
extremely flat (<1:1000) (Heezen 1959; Shepard 1973). The Florida-Hatters Shelf has been divided into
three regions based primarily on oceanographic characteristics. Dynamics on the inner shelf (shore to the
20 m isobath) are influenced primarily by the wind, tides, and riverine outflow. The mid shelf (between the
20 and 40 m isobaths) is dominated by the wind, tides, and occasional Gulf Stream intrusions. Dynamics
on the outer shelf are driven primarily by the Gulf Stream and its associated meanders and eddies and
less so by winds and riverine outflow (Aretxabaleta et al. 2006).
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The shelf break in the JAX/CHASN OPAREA ranges in water depth from approximately 50 to 100 m and
is usually bordered by a nearly continuous chain of ancient algal reefs (Emery and Uchupi 1972; Figure
2-2). An abrupt increase in the seafloor gradient from less than 1:900 to 1:20 or 2.8° marks the location of
the shelf break off of Cape Lookout just to the north of the OPAREA (Newton et al 1971). Off the east
coast of Florida at the southern extent of the OPAREA the shelf break is marked by a relatively gradual
change to a gradient of 1° (Emery and Uchupi 1972). Five prominent capes are located along the Florida-
Hatteras Shelf; from north to south they are: Cape Hatteras, Cape Lookout, Cape Fear, Cape Romain,
and Cape Canaveral (Figure 2-1). Only Cape Fear off of North Carolina and Cape Romain off of South
Carolina are located immediately adjacent to the JAX/CHASN OPAREA. Although all of these capes have
associated offshore shoaling areas, Cape Fear in particular is known for its long, sand shoals, referred to
as Frying Pan Shoals, that project southward into the OPAREA where depths of less the 10 m can extend
more than 20 km offshore (Emery and Uchupi 1972).

Worldwide, the average depth of the continental slope ranges from the shelf break depth (~130 m) to as
deep as 3,500 m (Kennett 1982). The gradient of the continental slope changes radically from that of the
shelf, averaging 1:19 to 1:9.5 or about 3 to 6°, with variability related to the morphology of the coastal
region (Heezen et al. 1959; Fairbridge 1966; Sverdrup et al. 1970; Eisma 1988).

The continental slope in the SAB is relatively smooth and bifurcates (splits into two) on either side of the
Blake Plateau. The eastern half of the slope merges with the Blake Escarpment while the western slope,
referred to as the Florida-Hatteras Slope south of Cape Hatteras, follows the coastline in the more typical
position of a continental slope (Emery and Uchupi 1972; Tucholke 1987; NGDC and 10C 2003). Seaward
gradients on the Florida-Hatteras slope are comparatively gentle and average only about 0.5° north of
31°N and 1° to the south (Tucholke 1987); although, steeper gradients in isolated areas are present.
Depths over the Florida-Hatteras Slope range from 60 m to a maximum of 700 m at the juncture with
Blake Plateau, whereas on the Blake Escarpment water depths range from about 1,000 to 2,400 m in the
JAX/CHASN OPAREA (Figure 2-2; Kennett 1982).

The most seaward province of the continental margin, the continental rise, is located between the
continental slope and the floor of the ocean basin (or abyssal plain). On a worldwide average, the
continental rise extends from 100 to 1,000 km in width and has a gentle seaward gradient of 1:700 to
1:1,000 (0.08 to 0.06°) with low relief (Kennett 1982). The continental rise is usually covered with thick
layers of sediments that have been transported from the continents. Submarine canyons and channels
also cut through the continental rise in numerous locations around the world. There is no continental rise
east of the Blake Escarpment. Farther north, the Blake Outer Ridge is continuous with the continental rise
beginning roughly at 33°N (Figures 2-1 and 2-2; Tucholke 1987). Northeast of the JAX/CHASN OPAREA,
the continental rise extends until it intersects with the Hatteras Abyssal Plain (33°N to 35°N) and the
Bermuda Rise (35°N to 37°N) in water depths greater than 4,000 m (Tucholke 1987). The Hatteras
Abyssal Plain is located northeast of the seaward boundary of the OPAREA in water depths of 4,000 to
5,000 m.

2.3.1.2 Blake Plateau

The most prominent physiographic feature of the SAB sea floor is the massive Blake Plateau, which
ranges offshore from Florida northward to Cape Hatteras. The plateau is a relatively smooth, 228,000 km?
platform lying at depths between approximately 700 and 1,400 m (Emery and Uchupi 1972). The plateau
forms an intermediate bottom surface between the Florida-Hatteras slope to the west, the Bahama Banks
to the south, and the ocean basin or abyssal plain to the east. At its northern terminus off Cape Hatteras,
Blake Plateau is extremely narrow while at its southern end it broadens to a maximum width of about 300
km (Shepard 1973, USGS 2006). The gently sloping (<1°) plateau terminates abruptly along its eastern
edge at the Blake Escarpment where the seafloor gradient increases dramatically to about 20° or more
(Emery and Uchupi 1972; Shepard 1973). Topography on the Plateau is varied and includes rock
outcrops, ripples, and little or no recent deposition of sediments all of which are indicative of scouring by
bottom currents (Emery and Uchupi 1972; Shepard 1973; USGS 2006). Deepwater coral mounds and
ridges constructed by both hermatypic and ahermatypic corals over top of ancient reefs are found on
Blake Plateau particularly beneath the axis of the Gulf Stream which flows over the western flank of Blake

29



FINAL REPORT OCTOBER 2008

Plateau (Shepard 1973; Chapter 4 of this MRA). The majority of the JAX/CHASN OPAREA lies over the
continental shelf and Blake Plateau (Figure 2-1).

2.31.3 Charleston Bump

The Charleston Bump is the most distinctive physiographic feature exhibiting significant bottom relief on
the otherwise relatively flat surface of Blake Plateau (Figure 2-1; Bane et al. 2001). The Charleston Bump
is a rocky outcrop located between 31°N and 32°N latitude and 77.5°W and 79.5°W longitude
approximately 400 to 800 m from the surface (Bane et al 2001). This feature can be identified on
bathymetric maps by noting where the 500 and 600 m isobaths curve strongly seaward instead of
following the shoreline as they generally do in the SAB (Figure 2-2; Bane and Brooks 1979; Govoni and
Hare 2001). The Charleston Bump includes an underwater ridge and trough complex that runs roughly
perpendicular to shore and to the flow of the Gulf Stream. This “island” of relief in an otherwise flat
seafloor bottom causes an offshore deflection of the Gulf Stream resulting in meanders, eddies, and
associated upwelling onto the Florida-Hatteras Shelf just downstream of the Charleston Bump (Bane et
al. 2001; Gyory et al 2005). Its presence can also be detected by examining sea surface temperature
(SST) images of the Gulf Stream; a brief discussion and accompanying SST image illustrating this
phenomenon are presented later in this chapter. The Charleston Bump also provides unique habitat for
pelagic and demersal fishes as well as deep sea corals (e.g., Lophelia pertusa) and other invertebrate
species.

2.3.2 Bottom Substrate

The distribution of bottom sediments found on the continental margin in the SAB is much more complex
than the distribution in many other areas (Amato 1994). The layers of sand and gravel found on the
Florida-Hatteras Shelf and Slope are much thinner than those found north of Cape Hatteras due primarily
to the erosion and suspension induced by the Gulf Stream. The continental shelves of the North Atlantic,
and in particular in the SAB, are considered to be sediment-starved because of the lack of fluvial input
onto the shelves and the high-energy current and tidal systems that transport sediments off of the shelves
and onto the adjoining continental slopes (Riggs et al. 1998). An indicator of this is the more common
occurrence of rock outcrops on the Florida-Hatteras Slope and Blake Plateau than found farther north in
the MAB (Emery and Uchupi 1972).

Carbonate sediments predominate throughout the JAX/CHASN OPAREA making up between 50% and
95% of sediments on the outer Florida-Hatteras Shelf and the adjacent Florida-Hatteras Slope. Farther
seaward, between 85% and 93% of sediments on Blake Plateau are composed of carbonate (Jones et al.
1985; Emery and Uchupi 1972; Figure 2-4). Sources of carbonate in sediments in the region include
mollusks, echinoids, barnacles, coralline algae, foraminifera, pteropods, and ooids. Non-carbonate
sediments, present in largest quantities on the inner shelf, are composed primarily of quartz, feldspar,
glauconite, and phosphorite, with quartz comprising most of the nearshore, fine-grained sand (Jones et
al. 1985). Although calcareous sediments are most common on Blake Plateau, the platform is also known
for its phosphorite and manganese oxide deposits, which have been well documented for over 100 years
(Emery and Uchupi 1972; Amato 1994).

Tropical cyclones and other major storm systems can have a significant effect on the distribution of
sediments, particularly on sediment-starved continental shelves. In 2003, hurricane Isabel made landfall
on the Outer Banks of North Carolina just north of the OPAREA. Over a 4.5 day period as Isabel
approached and passed through the region, bottom currents and sediment resuspension in Onslow Bay
increased dramatically and caused a net southwest transport of fine and medium grained sediment in the
Bay (Wren and Leonard 2005). Sudden and rapid transport of massive quantities of bottom sediments
can have a significant impact on the exposure of hard bottom substrate and ultimately on the benthic
communities.

Organized ridges of alternating fine and course grained sand have been observed in nearshore areas
along the entire length of the Florida-Hatteras Shelf (Emery and Uchupi 1972; Murray and Thieler 2004).
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Amato (1994) and USGS (2000). Source information: MGS (2005).
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These formations were thought to have been evidence for the presence of cross-shelf currents because
they are arranged perpendicular to shore. However, a recent attempt to model the sediment distribution
pattern suggests a longshore current may better explain the occurrence and orientation of the ridges
(Murray and Thieler 2004).

Sediments on the Florida-Hatteras slope are composed of higher concentrations of silt and clay sized
particles than sediments on the shelf (Tucholke 1987; Figure 2-4). Silty clays predominate on the Blake-
Bahama Abyssal Plain, located at the foot of the Blake Escarpment, and on the Hatteras Abyssal Plain
located farther east at an average depth of over 5,500 m (Emery and Uchupi 1972).

2.4 WATER MASSES, CURRENTS, AND CIRCULATION

The water column can be divided into essentially three separate layers or water masses; a surface water
layer, a deepwater layer, and an intermediate layer called the thermocline that resides between the two
other layers. The thermocline is defined as the area where water temperature changes rapidly from the
warmer, surface water to the colder, deepwater. In the North Atlantic Ocean approximately 67% of the
water is found in the deep layer, 25% is found in thermocline layer, and 8% is composed of the warmer
surface waters (Schmitz et al. 1987).

The two primary forces that drive circulation, or currents, in these water masses are the wind and
differences in water density. Surface currents are primarily driven by the drag of the wind over the surface
of the water which causes the water to move and form currents. Wind-driven circulation, as it is called,
affects primarily the upper 100 m of the water column. Variations in temperature and salinity cause
differences in water density; these differences drive thermohaline or vertical circulation. Thermohaline
circulation causes movement in water masses at all levels of the water column (i.e., surface and deep),
but the effects of the wind are usually dominant over thermohaline circulation at the surface (Pickard and
Emery 1990).

2.4.1 Surface Currents

Prevailing winds, centripetal acceleration, and the presence of landmasses cause surface waters to move
in a circular fashion, that is, as a rotating gyre in ocean basins. In the North Atlantic Ocean, this clock-
wise rotating gyre system is composed of the Gulf Stream, North Atlantic, Canary, and North Equatorial
currents.

The Florida Current and Gulf Stream Current comprise the downstream end of a system of currents
referred to as the Gulf Stream System, which is comprised of several surface currents that flow from the
Caribbean Sea into the Gulf of Mexico and ultimately into the northwestern Atlantic Ocean. The Antilles
Curre