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per Year from Testing Explosions Using the Maximum Number of Explosions

UNder AILEINALIVE L ..oeeiiiieee ettt et e e e bee e s e ee e s e sabee e s sareeas 3.7-463
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Table 3.7-101: Estimated Impacts on Individual Pygmy Killer Whale Stocks Within the Study

Area per Year from Training and Testing Explosions Using the Maximum Number

of Explosions Under AILErNative L ......cuviiiiciiiee ettt e e srre e s saree e 3.7-481
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Explosions Under AIRErNative 1 ......cc.ueeiiiiiiiiiiiiee et 3.7-495
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per Year from Training and Testing Explosions Using the Maximum Number of

Explosions Under AIRErNAatiVe 2 .....oc.ueiiiiciiie ittt 3.7-497
Table 3.7-107: Estimated Impacts on Individual Striped Dolphin Stocks Within the Study Area

per Year from Training and Testing Explosions Using the Maximum Number of

Explosions Under AIREIrNAtive 1 .......c..eeeieiiieieiiiee ettt e e e 3.7-500
Table 3.7-108: Estimated Impacts on Individual Striped Dolphin Stocks Within the Study Area

per Year from Training and Testing Explosions Using the Maximum Number of

Explosions Under AREIrNAtiVE 2 ......c..uieiieiiieeecee ettt et et 3.7-502
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3.7 MARINE MAMMALS

MARINE MAMMALS SYNOPSIS

The United States Department of the Navy considered all potential stressors that marine mammals could
potentially be exposed to from the Proposed Action. The following conclusions have been reached for
the Preferred Alternative (Alternative 1).

Acoustics: Navy training and testing activities have the potential to expose marine mammals to
multiple acoustic stressors. Exposure to sound-producing activities presents risks to marine
mammals that could include temporary or permanent hearing threshold shift, auditory masking,
physiological stress, or behavioral responses. Because individual animals would typically only
experience a small number of behavioral responses or temporary hearing threshold shifts per
year from exposure to acoustic stressors and are unlikely to incur substantive costs to the
individual, population level effects are unlikely.

Explosives: Explosions underwater or near the surface present a risk to marine mammals located
in close proximity to the explosion, because the resulting shock waves can cause injury or result
in the death of an animal. Beyond the zone of injury, the impulsive, broadband noise introduced
into the marine environment may cause temporary or permanent hearing threshold shift,
auditory masking, physiological stress, or behavioral responses. Because most estimated impacts
from explosions are behavioral responses or temporary threshold shifts (TTS) and because the
number of marine mammals potentially impacted by explosives is small compared to each
species’ respective abundance, population level effects are unlikely.

Energy: Navy training and testing activities have the potential to expose marine mammals to
multiple energy stressors. The likelihood and magnitude of energy impacts depend on the
proximity of marine mammals to energy stressors. Based on the relatively weak strength of the
electromagnetic field created by Navy activities, a marine mammal would have to be in close
proximity for there to be any effect, and impacts on marine mammal migrating behaviors and
navigational patterns are not anticipated. Potential impacts from high-energy lasers would only
result for marine mammals directly struck by the laser beam. Statistical probability analyses
demonstrate with a high level of certainty that no marine mammals would be struck by a high-
energy laser. Energy stressors associated with Navy training and testing activities are temporary
and localized in nature and, based on patchy distribution of animals, no impacts to individual
marine mammals and marine mammal populations are anticipated.

Physical Disturbance and Strike: Marine mammals would potentially be exposed to multiple
physical disturbance and strike stressors associated with Navy training and testing activities. The
potential for impacts relies heavily on the probability that marine mammals would be in close
proximity to a physical disturbance and strike stressor (e.g., a vessel or a non-explosive
munition). Historical data on Navy ship strike records demonstrate a low occurrence of
interactions with marine mammals over the last 10 years. Since the Navy does not anticipate a
change in the level of vessel use compared to the last decade, the potential for striking a marine
mammal remains low. Physical disturbance due to vessel movement and in-water devices of

Continued on the next page...
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MARINE MAMMALS SYNOPSIS

Physical Disturbance and Strike (continued): individual marine mammals may also occur, but any
stress response of avoidance behavior would not be severe enough to have long-term fitness
consequences for individual marine mammals. The use of in-water devices during Navy activities
involves multiple types of vehicles or towed devices traveling on the water surface, through the
water column, or along the seafloor, all of which having the potential to disturb or physically
strike marine mammals. No recorded or reported instances of marine mammal strikes have
resulted from in-water devices; therefore, impacts to individuals or long-term consequences to
marine mammal populations are not anticipated. Potential physical disturbance and strike
impacts from military expended materials and seafloor devices are determined through
statistical probability analyses. Results for each of these physical disturbance and strike stressors
suggest a very low potential for marine mammals to be struck by any of these items. Long-term
consequences to marine mammal populations from physical disturbance and strike stressors
associated with Navy training and testing activities are not anticipated.

Entanglement: Marine mammals could be exposed to multiple entanglement stressors
associated with Navy training and testing activities. The potential for impacts is dependent on
the physical properties of the expended materials and the likelihood that a marine mammal
would encounter a potential entanglement stressor and then become entangled in it. Physical
characteristics of wires and cables, decelerators/parachutes, and biodegradable polymers
combined with the sparse distribution of these items throughout the Study Area indicate a very
low potential for marine mammals to encounter and become entangled in them. Long-term
impacts to individual marine mammals and marine mammal populations from entanglement
stressors associated with Navy training and testing activities are not anticipated.

Ingestion: Navy training and testing activities have the potential to expose marine mammals to
multiple ingestion stressors and associated impacts. The likelihood and magnitude of impacts
depend on the physical properties of the military expended items, the feeding behaviors of
marine mammals that occur in the Study Area, and the likelihood that a marine mammal would
encounter and incidentally ingest the items. Adverse impacts from ingestion of military
expended materials would be limited to the unlikely event that a marine mammal would be
harmed by ingesting an item that becomes embedded in tissue or is too large to be passed
through the digestive system. The likelihood that a marine mammal would encounter and
subsequently ingest a military expended item associated with Navy training and testing activities
is considered low. Long-term consequences to marine mammal populations from ingestion
stressors associated with Navy training and testing activities are not anticipated.

Secondary: Marine mammals could be exposed to multiple secondary stressors (indirect
stressors to habitat or prey) associated with Navy training and testing activities in the Study Area.
In-water explosions have the potential to injure or kill prey species that marine mammals feed
on within a small area affected by the blast; however, impacts would not substantially impact
prey availability for marine mammals. Explosion byproducts and unexploded munitions would
have no meaningful effect on water or sediment quality; therefore, they are not
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e Secondary (continued): considered to be secondary stressors for marine mammals. Metals are
introduced into the water and sediments from multiple types of military expended materials.
Available research indicates metal contamination is very localized and that bioaccumulation
resulting from munitions would not occur. Several Navy training and testing activities introduce
chemicals into the marine environment that are potentially harmful in concentration; however,
through rapid dilution, toxic concentrations are unlikely to be encountered by marine mammals.
Furthermore, bioconcentration or bioaccumulation of chemicals introduced by Navy activities to
levels that would significantly alter water quality and degrade marine mammal habitat has not
been documented. The Navy’s use of marine mammals is not likely to increase the risk of
transmitting diseases or parasites to wild marine mammals. Secondary stressors from Navy
training and testing activities in the Study Area are not expected to have short-term impacts on
individual marine mammals or long-term impacts on marine mammal populations.

3.7.1 INTRODUCTION

In this Environmental Impact Statement (EIS)/Overseas EIS (OEIS), potential impacts to marine mammals
are evaluated based on their distribution and ecology relative to the stressor or activity being
considered. Activities are evaluated for their potential impact on marine mammals in general, on
taxonomic groupings of marine mammals as appropriate, and on species listed under the Endangered
Species Act (ESA) in the Atlantic Fleet Training and Testing (AFTT) Study Area.

The following subsections provide introductions to marine mammal species that occur in the Study Area.
General information relevant to all marine mammal species is provided in Section 3.7.2.1 (General
Background) followed by subsections that discuss the status, habitats, population trends, predator-prey
interactions, and species-specific threats. The complete analysis and summary of potential impacts of
the proposed training and testing activities on marine mammals is found in Section 3.7.3 (Environmental
Consequences) and Section 3.7.4 (Summary of Potential Impacts on Marine Mammals).

3.7.2 AFFECTED ENVIRONMENT
3.7.2.1 General Background

Marine mammals are a diverse group of approximately 130 species. Most live predominantly in the
marine habitat, although some species, such as seals, spend time in terrestrial habitats, and other
species, such as manatees and certain dolphins, spend time in freshwater habitats (Jefferson et al.,
2015; Rice, 1998). The exact number of formally recognized marine mammal species changes
periodically with new scientific understanding or findings (Rice, 1998). For a list of current species
classifications, see the formal list Marine Mammal Species and Subspecies maintained online by the
Society for Marine Mammalogy (Committee on Taxonomy, 2016).

All marine mammals in the United States (U.S.) are protected under the Marine Mammal Protection Act
(MMPA), and some species receive additional protection under the ESA. Within the framework of the
MMPA, a marine mammal “stock” is defined as “a group of marine mammals of the same species or
smaller taxon (subspecies) in a common spatial arrangement that interbreed when mature” (16 United
States Code [U.S.C.] section 1362). Per NMFS guidance, “for purposes of management under the MMPA,
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a stock is recognized as being a management unit that identifies a demographically independent
biological population” (National Marine Fisheries Service, 2016a). However, in practice, recognized
management stocks may fall short of this ideal because of a lack of information or, in some cases, stocks
may even include multiple species in a management unit, such as with Mesoplodon species (spp.)
(beaked whales) and the two Kogia spp. (dwarf and pygmy sperm whales) occurring in the AFTT Study
Area (Waring et al., 2016).

The ESA provides for listing species, subspecies, or distinct population segments of species, all of which
are referred to as “species” under the ESA. The Interagency Policy Regarding the Recognition of Distinct
Vertebrate Population Segments Under the ESA (61 Federal Register 4722, February 7, 1996) defines a
distinct population segment as, “any subspecies of fish or wildlife or plants, and any distinct population
segment of any species of vertebrate fish or wildlife which interbreeds when mature.” If a population
meets the criteria to be identified as a distinct population segment, it is eligible for listing under the ESA
as a separate species (National Marine Fisheries Service, 2016a). MMPA stocks do not necessarily
coincide with distinct population segments under the ESA (81 Federal Register 62660—62320, September
8, 2016).

There are 48 marine mammal species known to exist in the AFTT Study Area. Among these species are
93 stocks managed by either the National Marine Fisheries Service (NMFS) or the U.S. Fish and Wildlife
Service (USFWS) in the U.S. Exclusive Economic Zone. These species and stocks are presented in Table
3.7-1 along with an abundance estimate, an associated coefficient of variation value, and minimum
abundance. Table 3.7-1 also includes each species’ occurrence within oceanographic features in open
ocean areas, large marine ecosystems, and inshore waters (including bays, rivers, and estuaries) that
overlap with the AFTT Study Area. Refer to Section 3.0.2 (Ecological Characterization of the Study Area)
for a description of each feature. For each species and stock, relevant information on their status,
distribution, population trends, and ecology is presented in Section 3.7.2 (Affected Environment),
incorporating the best available science in addition to the analyses provided in the most recent U.S.
Atlantic and Gulf of Mexico Marine Mammal Stock Assessment Reports (Hayes et al., 2018). Some
material contained in this chapter was summarized from the book Marine Mammals of the World: A
Comprehensive Guide to Their Identification (Jefferson et al., 2015).

For summaries of the general biology and ecology of marine mammals beyond the scope of this section,
see Rice (1998), Twiss and Reeves (1999), Hoelzel (2002) , Berta et al. (2006), Jefferson et al., Jefferson
et al. (2015), and Committee on Taxonomy (2008). Additional species profiles and information on the
biology, life history, species distribution, and conservation of marine mammals can also be found
through the following organizations:

e NMFS Office of Protected Resources (includes species distribution maps)

e Ocean Biogeographic Information System-Spatial Ecological Analysis of Megavertebrate
Populations (known as OBIS-SEAMAP) species profiles

e National Oceanic and Atmospheric Administration Cetacean Density and Distribution Mapping
Working Group

e International Whaling Commission
e International Union for Conservation of Nature, Cetacean Specialist Group

e Marine Mammal Commission
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e Society for Marine Mammalogy

Four main types of marine mammals are generally recognized: cetaceans (whales, dolphins, and
porpoises), pinnipeds (seals, sea lions, and walruses), sirenians (manatees and dugongs), and other
marine carnivores (sea otters, marine otters, and polar bears) (Jefferson et al., 2015; Rice, 1998). To
maintain consistency with past Navy analysis and retain familiar terminology, we have used
“odontocetes” for toothed whales, dolphins, and porpoises, “mysticetes” for baleen whales, and
“cetaceans” to be inclusive of both. Detailed reviews of the different groups of cetaceans can be found
in Jefferson et al. (2015), Heithaus and Dill (2008), and Perrin and Geraci (2002). The different feeding
strategies between mysticetes and odontocetes affect their distribution and occurrence patterns
(Goldbogen et al., 2015). Odontocetes range in size from slightly longer than 3.3 feet (ft.) to more than
60 ft. and have teeth, which they use to capture and consume individual prey. Odontocetes are divided
into several families. Mysticetes are universally large whales (more than 15 ft. as adults) that use baleen,
a fibrous structure made of keratin (a type of protein like that found in human fingernails), instead of
teeth to feed. Mysticetes are batch feeders that typically engulf, suck, or skim the water into their
mouths and then push the water out as large numbers of prey items, such as small schooling fish,
shrimp, or microscopic sea animals (i.e., plankton), are filtered by the baleen. Mysticetes are further
divided into four families, two of which (right whales and rorquals) are found in the Study Area and two
that are not found within the Study Area (gray whales and pygmy right whales).

Pinnipeds in the Study Area are of the order Carnivora and can be divided into three families: phocids
(true seals) and walruses, both found in the Study Area, and otariids (fur seals and sea lions), which are
not found in the Study Area. Other marine carnivores include polar bears, which are found in the
northern portion of the AFTT Study Area, and sea otters, which are not found in the Study Area.

The order Sirenia (sirenians) includes one species found in the Study Area, the West Indian manatee
(Trichechus manatus), a slow-moving plant eater that inhabits shallow coastal and inshore waters.
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Table 3.7-1: Marine Mammal Occurrence Within the Atlantic Fleet Training and Testing Study Area

Stock Abundance* Occurrence in Study Area®
Common Name Scientific Name* Stock? ESA/MMPA Status® Best / Minimum
f / / . Open Ocean Large Marine Ecosystems Inshore Waters
Population
Order Cetacea

Suborder Mysticeti (baleen whales)

Family Balaenidae (right whales)

Bowhead whale

Balaena mysticetus

Eastern Canada-West

Endangered, strategic,

7,660 (4,500-11,100)°

Labrador Current

Newfoundland-Labrador Shelf, West Greenland Shelf, Northeast U.S.

(Gulf of St. Lawrence)

depleted

Gyre, Labrador Current

Greenland depleted Continental Shelf
North Atlantic right Eubalaena glacialis Western North Atlantic Endangered, strategic, 458 (0) / 455 Gulf Stream, Labrador Southeast U.S. Continental Shelf, Northeast U.S. Continental Shelf,
whale depleted Current, North Atlantic Gyre Scotian Shelf, Newfoundland-Labrador Shelf, Gulf of Mexico -
(extralimital)
Family Balaenopteridae (rorquals)
Blue whale Balaenoptera musculus | Western North Atlantic Endangered, strategic, Unknown / 4407 Gulf Stream, North Atlantic | Northeast U.S. Continental Shelf, Scotian Shelf, Newfoundland-Labrador

Shelf, Southeast U.S. Continental Shelf, Caribbean Sea, and Gulf of
Mexico (strandings only)

Bryde’s whale Balaenoptera brydei/edeni |Northern Gulf of Mexico| Proposed endangered, 33(1.07)/ 16 Gulf Stream, North Atlantic Gulf of Mexico
strategic Gyre -
Fin whale Balaenoptera physalus Western North Atlantic Endangered, strategic, 1,618 (0.33) /1,234 Gulf Stream, North Atlantic Caribbean Sea, Gulf of Mexico, Southeast U.S. Continental Shelf,
depleted Gyre, Labrador Current Northeast U.S. Continental Shelf, Scotian Shelf, Newfoundland-Labrador -

Shelf

West Greenland

Endangered, strategic,

4,468 (1,343-14,871)®

Labrador Current

West Greenland Shelf

Gyre, Labrador Current

depleted
Gulf of St. Lawrence Endangered, strategic, 328 (306-350)° - Newfoundland-Labrador Shelf, Scotian Shelf _
depleted
Humpback whale Megaptera novaeangliae Gulf of Maine Strategic 335(0.42) /239 Gulf Stream, North Atlantic Gulf of Mexico, Caribbean Sea, Southeast U.S. Continental Shelf,

Northeast U.S. Continental Shelf, Scotian Shelf, Newfoundland-Labrador
Shelf

Lower Chesapeake Bay

Minke whale

Balaenoptera acutorostrata

Canadian East Coast

2,591 (0.81) / 1,425

Gulf Stream, North Atlantic

Gyre, Labrador Current

Caribbean Sea, Southeast U.S. Continental Shelf, Northeast
U.S. Continental Shelf, Scotian Shelf, Newfoundland-Labrador Shelf

West Greenland?®®

16,609 (7,172—38,461) /
NAlO

Labrador Current

West Greenland Shelf

1 Taxonomy follows Committee on Taxonomy (2016) and Perrin et al. (2009)

2Stock designations for the U.S. Exclusive Economic Zone and abundance estimates are from Atlantic and Gulf of Mexico Stock Assessment Reports prepared by NMFS (Hayes et al., 2018), unless specifically noted.

3 Populations or stocks defined by the MMPA as “strategic” for one of the following reasons: (1) the level of direct human-caused mortality exceeds the potential biological removal level; (2) based on the best available scientific information, numbers are declining and species are likely to be
listed as threatened species under the ESA within the foreseeable future; (3) species are listed as threatened or endangered under the ESA; (4) species are designated as depleted under the MMPA.

4Stock abundance, CV, and minimum population are numbers provided by the Stock Assessment Reports (Hayes et al., 2018), unless otherwise noted. The stock abundance is an estimate of the number of animals within the stock. The CV is a statistical metric used as an indicator of the
uncertainty in the abundance estimate. The minimum population estimate is either a direct count (e.g., pinnipeds on land) or the lower 20th percentile of a statistical abundance estimate.

50ccurrence in the Study Area includes open ocean areas—Labrador Current, North Atlantic Gyre, Gulf Stream, and coastal/shelf waters of seven large marine ecosystems—West Greenland Shelf, Newfoundland-Labrador Shelf, Scotian Shelf, and Northeast U.S. Continental Shelf, Southeast
U.S. Continental Shelf, Caribbean Sea, Gulf of Mexico, and inshore waters of Kennebec River, Piscataqua River, Thames River, Narragansett Bay, Rhode Island Sound, Block Island Sound, Buzzards Bay, Vineyard Sound, Long Island Sound, Sandy Hook Bay, Lower Chesapeake Bay, James
River, Elizabeth River, Beaufort Inlet, Cape Fear River, Kings Bay, St. Johns River, Port Canaveral, St. Andrew Bay, Pascagoula River, Sabine Lake, Corpus Christi Bay, and Galveston Bay, (Figure 3.0-1, The Study Area with Large Marine Ecosystems and Open Ocean Areas, in Section 3.0.2,
Ecological Characterization of the Study Area).

6The bowhead whale population off the west coast of Greenland is not managed by NMFS and, therefore, does not have an associated Stock Assessment Report. Abundance and 95 percent highest density interval were presented in Frasier et al. (2015).

7 Photo identification catalog count of 440 recognizable blue whale individuals from the Gulf of St. Lawrence is considered a minimum population estimate for the western North Atlantic stock (Waring et al., 2010).

8The West Greenland stock of fin whales is not managed by NMFS and, therefore, does not have an associated Stock Assessment Report. Abundance and 95 percent confidence interval were presented in Heide-Jgrgensen et al. (2010a).

9The Gulf of St. Lawrence stock of fin whales is not managed by NMFS and, therefore, does not have an associated Stock Assessment Report. Abundance and 95 percent confidence interval were presented in Ramp et al. (2014).

10The West Greenland stock of minke whales is not managed by NMFS and, therefore, does not have an associated Stock Assessment Report. Abundance and 95 percent confidence interval were presented in Heide-Jgrgensen et al. (2010b).

CV: coefficient of variation; ESA: Endangered Species Act; MMPA: Marine Mammal Protection Act; NA: not applicable; NMFS: National Marine Fisheries Service
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Table 3.7-1: Marine Mammal Occurrence Within the Atlantic Fleet Training and Testing Study Area (continued)

Stock Abundance* Occurrence in Study Area’
. 1 3 .
Common Name Scientific Name Stock? ESA/MMPA Status Best (MCV?,', ;:e Wibbels)/ Open Ocean Large Marine Ecosystems Inshore Waters
Sei whale Balaenoptera borealis Nova Scotia Endangered, strategic, 357(0.52) / 236% Gulf Stream, North Atlantic Gulf of Mexico, Caribbean Sea, Southeast Northeast
depleted Gyre U.S. Continental Shelf, Scotian Shelf, Newfoundland-Labrador Shelf -
Labrador Sea Endangered, strategic, Unknown?? Labrador Current Newfoundland-Labrador Shelf, West Greenland Shelf
depleted -
Family Physeteridae (sperm whale)
Suborder Odontoceti (toothed whales)
Sperm whale Physeter macrocephalus North Atlantic Endangered, strategic, 2,288 (0.28) / 1,815% Gulf Stream, North Atlantic| Southeast U.S. Continental Shelf, Northeast U.S. Continental Shelf,
depleted Gyre, Labrador Current Scotian Shelf, Newfoundland-Labrador Shelf, Caribbean Sea -
Northern Gulf of Endangered, strategic, 763 (0.38) / 560 Gulf of Mexico
Mexico depleted - B
Puerto Rico and Endangered, strategic, Unknown North Atlantic Gyre Caribbean Sea
U.S. Virgin Islands depleted B
Family Kogiidae (sperm whales)
Western North Atlantic - 3,785 (0.47) / 2,598% Gulf Stream, North Atlantic| Southeast U.S. Continental Shelf, Northeast U.S. Continental Shelf,
Pygmy and dwarf | Kogia breviceps and Kogia Gyre Scotian Shelf, Newfoundland-Labrador Shelf, Caribbean Sea B
sperm whales sima Gulf of Mexico - 186 (1.04) / 90%° - Gulf of Mexico, Caribbean Sea -
Family Monodontidae (beluga whale and narwhal)
Beluga whale Delphinapterus leucas Eastern High - 21,213 (10,985-32,619) Labrador Current West Greenland Shelf
Arctic/Baffin Bay® -
West Greenland?’ - 10,595 (4.904-24,650) - West Greenland Shelf -
Narwhal Monodon monoceros NA8 - NA8 - Newfoundland-Labrador Shelf, West Greenland Shelf -
Family Ziphiidae (beaked whales)
Blainville’s beaked | Mesoplodon densirostris Western North - 7,092 (0.54) / 4,632%° Gulf Stream, North Atlantic| Southeast U.S. Continental Shelf, Northeast U.S. Continental Shelf,
whale Atlantic®® Gyre, Labrador Current Scotian Shelf, Newfoundland-Labrador Shelf -
Northern Gulf of - 149 (0.91) / 77% Gulf of Mexico, Caribbean Sea
Mexico *° - B
Cuvier’s beaked Ziphius cavirostris Western North Atlantic - 6,532 (0.32) / 5,021%° Gulf Stream, North Atlantic| Southeast U.S. Continental Shelf, Northeast U.S. Continental Shelf,
whale Gyre Scotian Shelf, Newfoundland-Labrador Shelf -
Northern Gulf of - 74 (1.04) / 36%° - Gulf of Mexico, Caribbean Sea
Mexico -
Puerto Rico and U.S. Strategic Unknown?? - Caribbean Sea
Virgin Islands -

11 Estimates are from Hayes et al. (2017).

12The Labrador Sea stock of sei whales is not managed by NMFS and, therefore, does not have an associated Stock Assessment Report. Information was obtained in Prieto et al. (2014).

13 Estimates for these stocks are from Waring et al. (2015).

14 Estimates for these stocks are from Waring et al. (2016).

15 Estimates include both the pygmy and dwarf sperm whales in the western North Atlantic (Hayes et al., 2017) and the northern Gulf of Mexico (Waring et al., 2013).

16Beluga whales in the Atlantic are not managed by NMFS and have no associated Stock Assessment Report. Abundance and 95 percent confidence interval for the Eastern High Arctic/Baffin Bay stock were presented in Innes et al. (2002).
17Beluga whales in the Atlantic are not managed by NMFS and have no associated Stock Assessment Report. Abundance and 95 percent confidence interval for the West Greenland stock were presented in Heide-Jgrgensen et al. (2009).
18 NA: Not applicable. Narwhals in the Atlantic are not managed by NMFS and have no associated Stock Assessment Report.

19 Estimates for these western North Atlantic stocks are from Waring et al. (2014) and the Gulf of Mexico stocks are from Waring et al. (2013) as applicable.

20 Estimate includes undifferentiated Mesoplodon species.

21 Estimate includes Gervais’ and Blainville’s beaked whales.

22 Estimates from these Puerto Rico and U.S. Virgin Islands stocks are from Waring et al. (2012).
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Table 3.7-1: Marine Mammal Occurrence Within the Atlantic Fleet Training and Testing Study Area (continued)

Virgin Islands

Stock Abundance* Occurrence in Study Area’
Common Name Scientific Name* Stock? ESA/MMPA Status® Be-st (McVey & Open Ocean Large Marine Ecosystems T
Wibbels)/ Min
Gervais’ beaked Mesoplodon europaeus | Western North Atlantic®® - 7,092 (0.54) / 4,632%° | Gulf Stream, North Atlantic Southeast U.S. Continental Shelf, Northeast United States
whale Gyre Continental Shelf -
Northern Gulf of - 149 (0.91) / 77% Gulf Stream, North Atlantic Gulf of Mexico, Caribbean Sea
Mexico®® Gyre -
Northern Hyperoodon ampullatus | Western North Atlantic - Unknown?®? Gulf Stream, North Atlantic Northeast U.S. Continental Shelf, Scotian Shelf, Newfoundland-
bottlenose whale Gyre, Labrador Current Labrador Shelf -
Sowerby’s beaked Mesoplodon bidens Western North Atlantic®? - 7,092 (0.54) / 4,632%° | Gulf Stream, North Atlantic Northeast U.S. Continental Shelf, Scotian Shelf, Newfoundland-
whale Gyre Labrador Shelf -
True’s beaked Mesoplodon mirus Western North Atlantic®® - 7,092 (0.54) / 4,632%° | Gulf Stream, North Atlantic| Southeast U.S. Continental Shelf, Northeast U.S. Continental Shelf,
whale Gyre Scotian Shelf, Newfoundland-Labrador Shelf -
Family Delphinidae (dolphins)
Atlantic spotted Stenella frontalis Western North Atlantic - 44,715 (0.43) / 31,610%° Gulf Stream Southeast U.S. Continental Shelf, Northeast U.S. Continental Shelf -
dolphin Gulf of Mexico - Unknown!* - Gulf of Mexico, Caribbean Sea -
Puerto Rico and U.S. Strategic Unknown?? - Caribbean Sea -

Atlantic white-
sided dolphin

Lagenorhynchus acutus

Western North Atlantic

48,819 (0.61) / 30,403

Gulf Steam, Labrador
Current

Northeast U.S. Continental Shelf, Scotian Shelf, Newfoundland-
Labrador Shelf

Clymene dolphin

Stenella clymene

Western North Atlantic

Unknown?®®

Gulf Stream

Southeast U.S. Continental Shelf, Northeast U.S. Continental Shelf

Gulf of Mexico

129 (1.0) / 64%°

Gulf of Mexico, Caribbean Sea

Common
bottlenose dolphin

Tursiops truncatus

Western North Atlantic,
Offshore!!

77,532 (0.40) / 56,0532

Gulf Stream, North Atlantic
Gyre

Southeast U.S. Continental Shelf, Northeast U.S. Continental Shelf,
Scotian Shelf

Western North Atlantic
Northern Migratory
Coastal

Strategic, depleted

6,639 (0.41) / 4,759

Southeast U.S. Continental Shelf, Northeast U.S. Continental Shelf

Long Island Sound, Sandy Hook Bay,
Lower Chesapeake Bay, James River,

Elizabeth River

Western North Atlantic
Southern Migratory
Coastal

Strategic, depleted

3,751 (0.06) / 2,353

Southeast U.S. Continental Shelf

Lower Chesapeake Bay, James River,
Elizabeth River, Beaufort Inlet, Cape
Fear River, Kings Bay, St. Johns River

Western North Atlantic
South Carolina/ Georgia
Coastal

Strategic, depleted

6,027 (0.34) / 4,569

Southeast U.S. Continental Shelf

Kings Bay, St. Johns River

Northern North Carolina Strategic 823 (0.06) / 782 Southeast U.S. Continental Shelf, Northeast U.S. Continental Shelf Beaufort Inlet, Cape Fear River
Estuarine System -
Southern North Carolina Strategic Unknown Southeast U.S. Continental Shelf Beaufort Inlet, Cape Fear River
Estuarine System -
Northern South Carolina Strategic Unknown'* Southeast U.S. Continental Shelf
Estuarine System - B
Charleston Estuarine Strategic Unknown!* Southeast U.S. Continental Shelf
System - B
Northern Georgia/ Strategic Unknown!* Southeast U.S. Continental Shelf

Southern South Carolina
Estuarine System

19 Estimates for these western North Atlantic stocks are from Waring et al. (2014) and the Gulf of Mexico stock are from Waring et al. (2013) as applicable.
20 Estimate includes undifferentiated Mesoplodon species.

21 Estimate includes Gervais’ and Blainville’s beaked whales.
22 Estimates from these Puerto Rico and U.S. Virgin Islands stocks are from Waring et al. (2012).

23 Estimate may include sightings of the coastal form.
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Table 3.7-1: Marine Mammal Occurrence Within the Atlantic Fleet Training and Testing Study Area (continued)

H 5
Common Name Scientific Name* Stock? ESA/MMPA Status * Stock Abundfmce" Occurrer'rce R
Best / Min Open Ocean Large Marine Ecosystems Inshore Waters
Common Tursiops truncatus Central Georgia Estuarine Strategic 192 (0.04) / 185 Southeast U.S. Continental Shelf
bottlenose dolphin (continued) System i B
(continued) Southern Georgia Estuarine Strategic 194 (0.05) / 185 Southeast U.S. Continental Shelf Kings Bay, St. Johns River
System B
Western North Atlantic Strategic, depleted 877 (0.49) / 595 Southeast U.S. Continental Shelf Kings Bay, St. Johns River
Northern Florida Coastal B
Jacksonville Estuarine Strategic Unknown'* Southeast U.S. Continental Shelf Kings Bay, St. Johns River
System -
Western North Atlantic Strategic, depleted 1.218 (0.35) /913 Southeast U.S. Continental Shelf Port Canaveral
Central Florida Coastal B
Indian River Lagoon Strategic Unknown'* Southeast U.S. Continental Shelf Port Canaveral
Estuarine System -
Biscayne Bay Strategic Unknown?* - Southeast U.S. Continental Shelf -
Florida Bay - Unknown?* - Gulf of Mexico -
Gulf of Mexico Continental - 51,192 (0.10) / 46,926 Gulf of Mexico
Shelf - -
Gulf of Mexico Eastern - 12,388 (0.13) / 11,110* Gulf of Mexico
Coastal B B
Gulf of Mexico Northern - 7,185 (0.21) / 6,044 Gulf of Mexico St. Andrew Bay, Pascagoula River
Coastal B
Gulf of Mexico Western - 20,161 (0.17) / 17,491 Gulf of Mexico Corpus Christi Bay, Galveston
Coastal B Bay
Gulf of Mexico Oceanic - 5,806 (0.39) / 4,230%3 - Gulf of Mexico -
Gulf of Mexico Bay, Sound, Strategic Unknown?! Gulf of Mexico St. Andrew Bay, Pascagoula
and Estuaries - River, Sabine Lake, Corpus Christi
Bay, and Galveston Bay
Barataria Bay Estuarine Strategic 2,306 (0.09) / 2,138 - Gulf of Mexico -
System
Mississippi Sound, Lake Strategic 3,046 (0.06) / 2,896 - Gulf of Mexico -
Borgne, Bay Boudreau
St. Joseph Bay Strategic 152 (0.08) / Unknown?* - Gulf of Mexico -
Choctawhatchee Bay Strategic 179 (0.04) / Unknown?* - Gulf of Mexico -
Puerto Rico and U.S. Virgin Strategic Unknown?? - Caribbean Sea -
Islands
False killer whale Pseudorca crassidens Western North Atlantic Strategic 44?2 (1.06) / 212% - Southeast U.S. Continental Shelf, Northeast U.S. Continental Shelf -
Gulf of Mexico - Unknown?®® - Gulf of Mexico, Caribbean Sea -
Fraser’s dolphin Lagenodelphis hosei Western North Atlantic - Unknown? Gulf Stream Northeast U.S. Continental Shelf, Southeast U.S. Continental Shelf -
Northern Gulf of Mexico - Unknown?® - Gulf of Mexico, Caribbean Sea -

24 Estimates for these stocks are from Waring et al. (2014).
25 Estimates for these western North Atlantic stocks are from Waring et al. (2007).
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Table 3.7-1: Marine Mammal Occurrence Within the Atlantic Fleet Training and Testing Study Area (continued)

Occurrence in Study Area®

Islands

Common Name Scientific Name* Stock? ESA/MMPA Status 3 Sl Abundfmce"
Best / Min Open Ocean Large Marine Ecosystems Inshore Waters
Killer whale Orcinus orca Western North Atlantic - Unknown?3 Gulf Stream, North Atlantic Gyre,| Southeast U.S. Continental Shelf, Northeast U.S. Continental
Labrador Current Shelf, Scotian Shelf, Newfoundland-Labrador Shelf -
Gulf of Mexico - 28 (1.02) / 14% - Gulf of Mexico, Caribbean Sea -
Long-finned pilot Globicephala melas Western North Atlantic Strategic 5,636 (0.63) / 3,46411 Gulf Stream Northeast U.S. Continental Shelf, Scotian Shelf,
whale Newfoundland-Labrador Shelf -
Melon-headed Peponocephala electra Western North Atlantic - Unknown?® Gulf Stream, North Atlantic Gyre Southeast U.S. Continental Shelf -
whale Northern Gulf of Mexico - 2,235 (0.75) / 1,274% - Gulf of Mexico, Caribbean Sea -
Pantropical spotted Stenella attenuata Western North Atlantic - 3,333 (0.91) / 1,733 Gulf Stream Southeast U.S. Continental Shelf, Northeast U.S. Continental
dolphin Shelf -
Northern Gulf of Mexico - 50,880 (0.27) / 40,699%* - Gulf of Mexico, Caribbean Sea -
Pygmy killer whale Feresa attenuata Western North Atlantic - Unknown?® Gulf Stream, North Atlantic Gyre Southeast U.S. Continental Shelf -
Northern Gulf of Mexico - 152 (1.02) / 75%° - Gulf of Mexico, Caribbean Sea -
Risso’s dolphin Grampus griseus Western North Atlantic - 18,250 (0.46) / 12,619 | Gulf Stream, North Atlantic Gyre | Southeast U.S. Continental Shelf, Northeast U.S. Continental
Shelf, Scotian Shelf, Newfoundland-Labrador Shelf -
Northern Gulf of Mexico - 2,442 (0.57) / 1,563 - Gulf of Mexico, Caribbean Sea -
Rough-toothed Steno bredanensis Western North Atlantic - 271 (1.00)/ 134%° Gulf Stream, North Atlantic Gyre| Caribbean Sea, Southeast U.S. Continental Shelf, Northeast
dolphin U.S. Continental Shelf -
Northern Gulf of Mexico - 624 (0.99) /311" - Gulf of Mexico, Caribbean Sea -
Short-finned pilot Globicephala Western North Atlantic Strategic 21,515 (0.37) / 15,913 Gulf Stream Northeast Continental Shelf, Southeast U.S. Continental
whale macrorhynchus Shelf -
Northern Gulf of Mexico - 2,415 (0.66) / 1,456 - Gulf of Mexico, Caribbean Sea -
Puerto Rico and U.S. Virgin Strategic Unknown?? - Caribbean Sea -
Islands
Spinner dolphin Stenella longirostris Western North Atlantic - Unknown?® Gulf Stream, North Atlantic Gyre | Southeast U.S. Continental Shelf, Northeast U.S. Continental
Shelf B
Northern Gulf of Mexico - 11,441 (0.83) / 6,221% - Gulf of Mexico, Caribbean Sea -
Puerto Rico and U.S. Virgin Strategic Unknown?? - Caribbean Sea -

common dolphin

Striped dolphin Stenella coeruleoalba Western North Atlantic - 54,807 (0.30) / 42,804%° Gulf Stream Northeast U.S. Continental Shelf, Scotian Shelf -
Northern Gulf of Mexico - 1,849 (0.77) / 1,041%° - Gulf of Mexico, Caribbean Sea -
Short-beaked Delphinus delphis Western North Atlantic - 70,184 (0.28) / 55,690 Gulf Stream Southeast U.S. Continental Shelf, Northeast U.S. Continental

Shelf, Scotian Shelf, Newfoundland-Labrador Shelf

White-beaked
dolphin

Lagenorhynchus albirostris

Western North Atlantic

2,003 (0.94) / 1,023%

Labrador Current

Northeast U.S. Continental Shelf, Scotian Shelf,
Newfoundland-Labrador Shelf
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Table 3.7-1: Marine Mammal Occurrence Within the Atlantic Fleet Training and Testing Study Area (continued)

Occurrence in Study Area®

k A 2
Common Name Scientific Name* Stock? ESA/MMPA Status 3 StocB bur;;fmce
est / Min Open Ocean Large Marine Ecosystems Inshore Waters
Family Phocoenidae (porpoises)

Harbor porpoise

Phocoena phocoena
phocoena

Gulf of Maine/Bay of Fundy

79,883 (0.32) / 61,415

Northeast U.S. Continental Shelf, Scotian Shelf,
Newfoundland-Labrador Shelf

Narragansett Bay, Rhode Island
Sound, Block Island Sound, Buzzards
Bay, Vineyard Sound, Long Island
Sound, Piscataqua River, Thames
River, Kennebec River

Gulf of St. Lawrence?® - Unknown?® Labrador Current Northeast U.S. Continental Shelf, Scotian Shelf, -
Newfoundland-Labrador Shelf
Newfoundland®” - Unknown?’ Labrador Current Northeast U.S. Continental Shelf, Scotian Shelf, -
Newfoundland-Labrador Shelf
Greenland?® - Unknown?® Labrador Current Northeast U.S. Continental Shelf, Scotian Shelf, -
Newfoundland-Labrador Shelf, West Greenland Shelf
Order Carnivora

Family Ursidae (bears)

Polar bear Ursus maritimus NAZ Threatened, strategic, Unknown?® Newfoundland-Labrador Shelf, West Greenland Shelf
depleted - -
Suborder Pinnipedia
Family Phocidae (true seals)
Bearded seal Erignathus barbatus NA3© - Unknown3° - Newfoundland-Labrador Shelf, West Greenland Shelf -
Gray seal Halichoerus grypus Western North Atlantic 27,131 (0.10) / 23,158 Unknown Northeast U.S. Continental Shelf, Scotian Shelf, Narragansett Bay, Rhode Island
atlantica Newfoundland-Labrador Shelf Sound, Block Island Sound, Buzzards
- Bay, Vineyard Sound, Long Island
Sound, Piscataqua River, Thames
River, Kennebeck River
Harbor seal Phoca vitulina Western North Atlantic - 75,834 (0.15) / 66,884 Southeast U.S. Continental Shelf, Northeast U.S. Continental | Chesapeake Bay, Narragansett Bay,
Shelf, Scotian Shelf, Newfoundland-Labrador Shelf Rhode Island Sound, Block Island
Sound, Buzzards Bay, Vineyard
- Sound, Long Island Sound,
Piscataqua River, Thames River,
Kennebeck River
Harp seal Pagophilus groenlandicus Western North Atlantic - Unknown?* Northeast U.S. Continental Shelf, Scotian Shelf,
- Newfoundland-Labrador Shelf -
Hooded seal Cystophora cristata Western North Atlantic - Unknown?® Southeast U.S. Continental Shelf, Northeast U.S. Continental Narragansett Bay, Rhode Island
Shelf, Scotian Shelf, Newfoundland-Labrador Shelf, West | Sound, Block Island Sound, Buzzards
- Greenland Shelf Bay, Vineyard Sound, Long Island
Sound, Piscataqua River, Thames
River, Kennebec River
Ringed seal Phoca hispida NA3© Strategic Unknown3° - Newfoundland-Labrador Shelf, West Greenland Shelf -

26 Harbor porpoise in the Gulf of St. Lawrence are not managed by NMFS and have no associated Stock Assessment Report.

27 Harbor porpoise in Newfoundland are not managed by NMFS and have no associated Stock Assessment Report.

28 Harbor porpoise in Greenland are not managed by NMFS and have no associated Stock Assessment Report.

29 NA: Not applicable. Polar bears are managed by the U.S. Fish and Wildlife Service (USFWS) but do not occur in the Atlantic U.S. Exclusive Economic Zone and, therefore, have no associated Stock Assessment Reports. See the appropriate subsections below for details of populations that may be
found within the Study Area.

30NA: Not applicable. These species do not occur within the Atlantic U.S. Exclusive Economic Zone and, therefore, are not managed by NMFS in the Atlantic and have no associated Stock Assessment Reports. See the appropriate subsections below for details of populations that may be found
within the Study Area.
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Table 3.7-1: Marine Mammal Occurrence Within the Atlantic Fleet Training and Testing Study Area (continued)

(Antillean subspecies)

Stock Abundance* Occurrence in Study Area®
Common Name Scientific Name* Stock? ESA/MMPA Status® Best/ Mm{mum Open Ocean Large Marine Ecosystems i —
Population
Family Odobenidae (walrus)
Walrus Odobenus rosmarus NA3! - NA3! | - Newfoundland-Labrador Shelf, West Greenland Shelf -
Order Sirenia
Family Trichechidae (manatees)
West Indian Trichechus manatus Florida Threatened, strategic, 6,350 (5,310-7,390) 32 Gulf of Mexico, Southeast U.S. Continental Shelf Cape Fear River, Bogue
manatee latirostris (Florida depleted Sound, St. Johns River, Kings
subspecies) Bay, Port Canaveral,
- Pascagoula River, St.
Andrew Bay, Corpus Christi
Bay, Sabine Lake, and
Galveston Bay
Trichechus manatus Puerto Rico 14233 Caribbean Sea -

31NA: Not applicable. Walruses are managed by the USFWS but do not occur in the Atlantic U.S. Exclusive Economic Zone and, therefore, have no associated Stock Assessment Report. See the appropriate subsections below for details of populations that may be found within the Study Area.
32 The West Indian manatee is managed by the USFWS. Based on surveys in 2011 and 2012 (Martin et al., 2015a).
33 Minimum population estimate for Antillean manatees in Puerto Rico, based on January 2013 complete island-wide surveys (U.S. Fish and Wildlife Service, 2014b).
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3.7.2.1.1 Group Size

Many species of marine mammals, particularly odontocetes, are highly social animals that spend much
of their lives living in groups called “pods.” The sizes and structures of these groups are dynamic and,
based on the species, can range from several to several thousand individuals. Similarly, aggregations of
mysticete whales may form during particular breeding or foraging seasons, although they do not persist
through time as a social unit. Marine mammals that live or travel in groups are more likely to be
detected by observers, and group size characteristics are incorporated into the many density and
abundance calculations. Group size characteristics are also incorporated into acoustic effects modeling
to represent a more realistic patchy distribution for the given density. The behavior of aggregating into
groups is also important for the purposes of mitigation and monitoring, since animals that occur in
larger groups have an increased probability of being detected. A comprehensive and systematic review
of relevant literature and data was conducted using available published and unpublished literature,
including journals, books, technical reports, survey cruise reports, raw data from cruises, theses, and
dissertations. The results of this review were compiled into a technical report (U.S. Department of the
Navy, 2017c) and include tables listing group size information by species along with relevant citations.

3.7.2.1.2 Habitat Use

Marine mammals occur in every marine environment in the Study Area, from coastal and inshore waters
to the open Atlantic Ocean. Their distribution is influenced by many factors, primarily patterns of major
ocean currents, bottom relief, water temperature, water depth, and salinity, which, in turn, affect prey
distribution and productivity. The continuous movement of water from the ocean bottom to the surface
creates a nutrient-rich, highly productive environment for marine mammal prey in upwelling zones
(Jefferson et al., 2015). For most cetaceans, prey distribution, abundance, and quality largely determine
where they occur at any specific time (Heithaus & Dill, 2008). Most of the baleen whales are migratory,
but many of the toothed whales do not migrate in the strictest sense. Instead, they undergo seasonal
dispersal or shifts in density distribution and occupy habitats preferable for feeding, breeding, and other
important behaviors. Pinnipeds occur mostly in coastal habitats or over continental shelves, while
manatees and polar bears are strongly associated with coastal waters as habitat for reproducing,
resting, and, in some cases, feeding, though polar bears can also range far offshore.

In 2011, the National Oceanic and Atmospheric Administration convened a working group to map
cetacean density and distribution within U.S. waters. The specific objective of the Cetacean Density and
Distribution Mapping Working Group was to create comprehensive and easily accessible regional
cetacean density and distribution maps that are time and species specific. Separately, to augment this
more quantitative density and distribution mapping and provide additional context for marine mammal
impact analyses, the Cetacean Density and Distribution Mapping Working Group also identified (through
literature search, current science compilation, and expert elicitation) areas of importance for cetaceans,
such as reproductive areas, feeding areas, migratory corridors, and areas in which small or resident
populations are concentrated. Areas identified through this process have been termed biologically
important areas (Ferguson et al., 2015; Van Parijs, 2015).

It is important to note that these biologically important areas were not meant to define exclusionary
zones or serve as sanctuaries or marine protected areas and have no direct or immediate regulatory
consequences. Ferguson et al. (2015) outlines the envisioned purpose for the biologically important area
designations. The identification of biologically important areas is intended to be a “living” reference
based on the best available science at the time, which will be maintained and updated as new
information becomes available. As new empirical data are gathered, these referenced areas can be
e
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calibrated to determine how closely they correspond to reality of the species’ habitat uses and updated
as necessary, including the potential addition of newly defined areas. Additionally, biologically important
areas identified in the AFTT Study Area by LaBrecque et al. (2015a, 2015b) do not represent static,
unchanging areas but instead may evolve based on new information as well as “existing density
estimates, range-wide distribution data, information on population trends and life history parameters,
known threats to the population, and other relevant information” (Van Parijs, 2015). This evolution may
include new information that indicates a biologically important area is actually no longer important to
an important life function or may show that a species may migrate to different areas due to
environmental changes. Products of the initial assessment process, including U.S. East Coast biologically
important areas, were compiled and published in March 2015 (Ferguson et al., 2015; LaBrecque et al.,
20153, 2015b).

Eighteen biologically important areas were identified for seven species within the AFTT Study Area
(LaBrecque et al., 2015a, 2015b): minke whales, sei whales, fin whales, North Atlantic right whales,
humpback whales, harbor porpoises, and bottlenose dolphins. Feeding areas were identified for
humpback, minke, sei, fin, and North Atlantic right whales; migratory and reproductive areas for North
Atlantic right whales; and small and resident population areas for harbor porpoise, Bryde’s whale, and
several stocks of bottlenose dolphins. Figure 5.4-4 (Mitigation Areas and Habitats Considered off the
Northeastern United States), Figure 5.4-5 (Mitigation Areas and Habitats Considered off the Mid-Atlantic
and Southeastern United States), and Figure 5.4-6 (Mitigation Areas and Habitats Considered in the Gulf
of Mexico) show the habitats that the Navy considered when developing mitigation areas, including
areas that were identified by LaBrecque et al. (2015a, 2015b) as being biologically important for marine
mammals for feeding, breeding, migrating, or having a small and resident population within the AFTT
Study Area. As depicted in the figures, many of the habitats considered overlap each other.

3.7.2.1.3 Dive Behavior

Most marine mammals spend a considerable portion of their lives underwater while traveling or
feeding. Some species of marine mammals have developed specialized adaptations to allow them to
make deep dives lasting over an hour, primarily for foraging on deep-water prey such as squid. Other
species spend the majority of their lives close to the surface and make relatively shallow dives. The
diving behavior of a particular species or individual has implications for an observer’s ability to detect
them for purposes of mitigation and monitoring. In addition, their relative distribution through the
water column is an important consideration when conducting acoustic exposure and direct strike
analyses. Information and data on diving behavior for each species of marine mammal were compiled
and summarized in a technical report (U.S. Department of the Navy, 2017c) that provides estimates of
time at depth based on available research. The dive data and group size information compiled in this
technical report was incorporated into the Navy acoustic effects modeling.

3.7.2.1.4 Hearing and Vocalization

The typical terrestrial mammalian ear (which is ancestral to that of marine mammals) consists of an
outer ear that collects and transfers sound to the tympanic membrane and then to the middle ear (Fay
& Popper, 1994; Rosowski, 1994). The middle ear contains ossicles that amplify and transfer acoustic
energy to the sensory cells (called hair cells) in the cochlea, which transforms acoustic energy into
electrical neural impulses that are transferred by the auditory nerve to high levels in the brain (Mgller,
2013). All marine mammals display some degree of modification to the terrestrial ear; however, there
are differences in the hearing mechanisms of marine mammals with an amphibious ear versus those
with a fully aquatic ear (Wartzok & Ketten, 1999). Marine mammals with an amphibious ear include the
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marine carnivores: pinnipeds, sea otters, and polar bears (Ghoul & Reichmuth, 2014; Owen & Bowles,
2011; Reichmuth et al., 2013). Outer ear adaptations in this group include external pinnae (ears) that are
reduced or absent, and in the pinnipeds, cavernous tissue, muscle, and cartilaginous valves seal off
water from entering the auditory canal when submerged (Wartzok & Ketten, 1999). Marine mammals
with the fully aquatic ear (cetaceans and sirenians) use bone and fat channels in the head to conduct
sound to the ear; while the auditory canal still exists in pinnipeds, it is narrow and sealed with wax and
debris (Ketten, 1998).

The most accurate means of determining the hearing capabilities of marine mammal species are direct
measures that assess the sensitivity of the auditory system (Nachtigall et al., 2000; Supin et al., 2001).
Studies using these methods produce audiograms, which are plots describing hearing threshold (the
quietest sound a listener can hear) as a function of frequency. Marine mammal audiograms, like those
of terrestrial mammals, typically have a “U-shape,” with a frequency region of best hearing sensitivity
and a progressive decrease in sensitivity outside of the range of best hearing (Fay, 1988; Mooney et al.,
2012; Nedwell et al., 2004; Reichmuth et al., 2013). The “gold standard” for producing audiograms is the
use of behavioral (psychophysical) methods, where marine mammals are trained to respond to acoustic
stimuli (Nachtigall et al., 2000). For species that are untrained for behavioral psychophysical procedures,
those that are difficult to house under human care, or in stranding rehabilitation and temporary capture
contexts, auditory evoked potential methods are increasingly used to measure hearing sensitivity (e.g.,
Castellote et al., 2014; Finneran et al., 2009; Montie et al., 2011; Mulsow et al., 2011; Nachtigall et al.,
2007; Nachtigall et al., 2008; Supin et al., 2001).

These auditory evoked potential methods, which measure electrical potentials generated by the
auditory system in response to sound and do not require the extensive training of psychophysical
methods, can provide an efficient estimate of behaviorally measured sensitivity (Finneran & Houser,
2006; Schlundt et al., 2007; Yuen et al., 2005). The thresholds provided by auditory evoked potential
methods are, however, typically elevated above behaviorally measured thresholds, and auditory evoked
potential methods are not appropriate for estimating hearing sensitivity at frequencies much lower than
the region of best hearing (Finneran, 2015; Finneran et al., 2016). For marine mammal species for which
access is limited and therefore psychophysical or auditory evoked potential measurements are
impractical (e.g., mysticete whales and rare species), some aspects of hearing can be estimated from
anatomical structures, frequency content of vocalizations, and extrapolations from related species.

Direct measurements of hearing sensitivity exist for approximately 25 of the nearly 130 species of
marine mammals. Table 3.7-2 summarizes hearing capabilities for marine mammal species in the Study
Area. For this analysis, marine mammals are arranged into the following functional hearing groups based
on their generalized hearing sensitivities: high-frequency cetaceans (group HF: porpoises, Kogia spp.),
mid-frequency cetaceans (group MF: delphinids, beaked whales, sperm whales), low-frequency
cetaceans (group LF: mysticetes), otariids and other non-phocid marine carnivores in water and air
(groups OW and OA: sea lions, walruses, otters, polar bears), and phocids in water and air (group PW
and PA: true seals). Note that the designations of high-, mid-, and low-frequency cetaceans are based on
relative differences of hearing sensitivity between groups, as opposed to conventions used to describe
active sonar systems. For analyses, a single representative composite audiogram (see Figure 3.7-1) was
created for each functional hearing group using audiograms from published literature. For discussion of
all marine mammal functional hearing groups and their derivation see technical report Criteria and
Thresholds for U.S. Navy Acoustic and Explosive Effects Analysis (Phase Ill) (U.S. Department of the Navy,
2017a). The mid-frequency cetacean composite audiogram is consistent with recently published
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behavioral audiograms of killer whales (Branstetter et al., 2017). The otariid and phocid composite
audiograms are consistent with recently published behavioral audiograms of pinnipeds; these behavioral
audiograms also show that pinniped hearing sensitivity at frequencies and thresholds far above the
range of best hearing may drop off at a slower rate than previously predicted (Cunningham &
Reichmuth, 2015).

Table 3.7-2: Species in Marine Mammal Hearing Groups Potentially Within the Study Area

Functional Hearing Group

Species in the Study Area

High-frequency cetaceans

Dwarf sperm whale

Harbor porpoise

Pygmy sperm whale

Mid-frequency cetaceans

Atlantic spotted dolphin

Atlantic white-sided dolphin

Beluga whale

Bottlenose dolphin

Clymene dolphin

Common dolphin

False killer whale

Fraser’s dolphin

Gervais’ beaked whale

Killer whale

Long-finned pilot whale

Melon-headed whale

Narwhal

Northern bottlenose whale

Pantropical spotted dolphin

Pygmy killer whale

Risso’s dolphin

Rough-toothed dolphin

Short-finned pilot whale

Sowerby’s beaked whale

Sperm whale

Spinner dolphin

Striped dolphin

True’s beaked whale

White-beaked dolphin

Low-frequency cetaceans

Bowhead whale

Blue whale

Bryde’s whale

Fin whale

Humpback whale

Minke whale

North Atlantic right whale

Sei whale

Sirenians West Indian manatee
Odobenids Walrus
Polar bear Polar bear
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Table 3.7-2: Species in Marine Mammal Hearing Groups Potentially Within the Study Area
(continued)

Functional Hearing Group Species in the Study Area

Bearded seal
Gray seal
Harbor seal
Harp seal
Hooded seal
Ringed seal

Phocids

For hearing in the water (left) and in air (right, phocids only).
LF: low frequency; MF: mid-frequency; HF: high frequency; Sl: sirenians; PW: phocids in water; PA: phocids in air
Source: Criteria and Thresholds for U.S. Navy Acoustic and Explosive Effects Analysis (Phase Ill) (U.S. Department of the Navy,
2017)

Figure 3.7-1: Composite Audiograms for Hearing Groups Likely to be Found in the
Study Area

Similar to the diversity of hearing capabilities among species, the wide variety of acoustic signals used in
marine mammal communication (including biosonar or echolocation) is reflective of the diverse
ecological characteristics of cetacean, sirenian, and carnivore species (see Avens, 2003; Richardson et
al., 1995b). This makes a succinct summary difficult (see Richardson et al., 1995b; Wartzok & Ketten,
1999 for thorough reviews); however, a division can be drawn between lower-frequency communication
signals that are used by marine mammals in general, and the specific, high-frequency biosonar signals
that are used by odontocetes to sense their environment.

Non-biosonar communication signals span a wide frequency range, primarily having energy up into the
tens of kilohertz (kHz). Of particular note are the very low-frequency calls of mysticete whales that range
from tens of hertz (Hz) to several kHz, and have source levels of 150 to 200 dB referenced to

1 micropascal (dB re 1 pPa) (Cummings & Thompson, 1971; Edds-Walton, 1997; Sirovi¢ et al., 2007;
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Stimpert et al., 2007; Wartzok & Ketten, 1999). These calls most likely serve social functions such as
mate attraction, but may serve an orientation function as well (Green, 1994; Green et al., 1994;
Richardson et al., 1995b). Humpback whales are a notable exception within the mysticetes, with some
calls exceeding 10 kHz (Smultea et al., 2008a).

Odontocete cetaceans, sirenians, and marine carnivores use underwater communicative signals that,
while not as low in frequency as those of many mysticetes, likely serve similar functions. These include
tonal whistles in some odontocetes, the calls of manatees and dugongs, and the wide variety of barks,
grunts, clicks, sweeps, and pulses of pinnipeds. Of additional note are the aerial vocalizations that are
produced by pinnipeds, otters, and polar bears. Again, the acoustic characteristics of these signals are
quite diverse among species, but can be generally classified as having dominant energy at frequencies
below 20 kHz (Richardson et al., 1995b; Wartzok & Ketten, 1999).

Odontocete cetaceans generate short-duration (50 to 200 ps), specialized clicks used in biosonar with
peak frequencies between 10 and 200 kHz to detect, localize, and characterize underwater objects such
as prey (Au, 1993; Wartzok & Ketten, 1999). These clicks are often more intense than other
communicative signals, with reported source levels as high as 229 dB re 1 pPa peak-to-peak (Au et al.,
1974). The echolocation clicks of high-frequency cetaceans (e.g., porpoises) are narrower in bandwidth
(i.e., the difference between the upper and lower frequencies in a sound) and higher in frequency than
those of mid-frequency cetaceans (Madsen et al., 2005; Villadsgaard et al., 2007).

In general, frequency ranges of vocalization lie within the audible frequency range for an animal (i.e.,
animals vocalize within their audible frequency range); however, auditory frequency range and
vocalization frequencies do not perfectly align. The frequency range of vocalization in a species can
therefore be used to infer some characteristics of their auditory system; however, caution must be
taken when considering vocalization frequencies alone in predicting the hearing capabilities of species
for which no data exist (i.e., mysticetes). It is important to note that aspects of vocalization and hearing
sensitivity are subject to evolutionary pressures that are not solely related to detecting communication
signals. For example, hearing plays an important role in detecting threats (e.g., Deecke et al., 2002), and
high-frequency hearing is advantageous to animals with small heads in that it facilitates sound
localization based on differences in sound levels at each ear (Heffner & Heffner, 1982). This may be
partially responsible for the difference in best hearing thresholds and dominant vocalization frequencies
in some species of marine mammals (e.g., Steller sea lions, Mulsow & Reichmuth, 2010).

3.7.2.1.5 General Threats

Marine mammal populations can be influenced by various natural factors and human activities. There
can be direct effects, such as from disease or activities such as hunting and whale watching, or indirect
effects, such as reduction in prey availability or lowered reproductive success of individuals. Twiss and
Reeves (1999) and National Marine Fisheries Service (2011a) provide a general discussion of marine
mammal conservation and the threats they face. As detailed in National Marine Fisheries Service
(2011a), investigations of stranded marine mammals are undertaken to monitor threats to marine
mammals and out of concern for animal welfare and ocean stewardship. Marine mammals have also
been recognized as sentinels of ecosystem health and may therefore provide valuable links to human
health issues (Simeone et al., 2015). Investigations into the cause of death for stranded animals can also
provide indications of the general threats to marine mammals in a given location (Bradford & Lyman,
2015; Carretta et al., 2016b; Helker et al., 2015). The causes for strandings include infectious disease,
parasite infestation, starvation, climate change reducing prey availability leading to starvation, pollution
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exposure, trauma (e.g., injuries from ship strikes or fishery entanglements), sound (human-generated or
natural), harmful algal blooms and associated biotoxins, tectonic events such as underwater
earthquakes, and ingestion or interaction with marine debris (National Marine Fisheries Service, 2016c).
For a general discussion of strandings and their causes, as well as strandings in association with U.S.
Navy activity, see the technical report titled Marine Mammal Strandings Associated with U.S. Navy
Sonar Activities (U.S. Department of the Navy, 2017b).

3.7.2.1.5.1 Water Quality

Chemical pollution and impacts to water quality is of great concern, although its effects on marine
mammals are just starting to be understood (Desforges et al., 2016; Godard-Codding et al., 2011; Jepson
& Law, 2016; Law, 2014; Peterson et al., 2014; Peterson et al., 2015). Oil and other chemical spills are a
specific type of ocean contamination that can have damaging effects on some marine mammal species
directly through exposure to oil or chemicals and indirectly due to pollutants’ impacts on prey and
habitat quality (Engelhardt, 1983; Marine Mammal Commission, 2010a; Matkin et al., 2008).

The Mississippi Canyon-252 Deepwater Horizon oil spill of 2010 was the largest offshore oil spill in U.S.
history, spilling millions of barrels of oil into the Gulf of Mexico. Photographic evidence and field
observations conducted by various organizations from April 2010 to May 2012 documented 11 cetacean
species swimming through the oil and sheen with oil adhered to their skin (Dias et al., 2017).
Participating organizations included the Southeast Fisheries Science Center Miami, National Centers for
Coastal Ocean Science, Marine Mammal QOil Spill Assessment Survey, Mississippi Sound Natural Resource
Damage Assessment, National Oceanic and Atmospheric Administration, U.S. Coast Guard, Louisiana
Department of Wildlife and Fisheries, and the Marine Mammal Health and Stranding Response Program
(Dias et al., 2017). The stranding response phase associated with the oil spill lasted from April 28, 2010
to May 2011 which confirmed 13 live and 178 dead stranded marine mammals reported across four Gulf
coast states and offshore waters (Wilkin et al., 2017). The National Oceanic and Atmospheric
Administration declared a Cetacean Unusual Mortality Event in the northern Gulf of Mexico from March
2010 to July 2014 consisting of over 1,000 reported mortalities, with some marine mammal strandings
likely associated with this disaster (National Marine Fisheries Service, 2018a). One study determined
that bottlenose dolphin mortalities during this Cetacean Unusual Mortality Event were likely related to
the increased exposure to petroleum hydrocarbons from the Deepwater Horizon disaster (Venn-Watson
et al., 2015). A passive acoustic monitoring study, conducted on the first year responses to the oil spill of
resident deep-diving marine mammals, detected multiple marine mammal species including sperm
whale, pygmy and dwarf sperm whale, four species of beaked whales and at least four different Stenella
species (Sidorovskaia et al., 2016). Visual and acoustic monitoring was conducted at two locations; the
northern location was 15 kilometers (km) away from the spill site, and the southern location was 40 km
away from the spill site. Results showed a shift in sperm whale and beaked whale distribution at these
locations from 2007 to 2010, after the spill. Sperm whale abundance decreased in 2010 at the northern
location close to the spill site compared with 2007. However, beaked whale abundance increased in
2010 at the same location. Sidorovskaia et al. (2016) suggested that the sperm whale shift away from
the spill site was due to their preference on feeding grounds away from that location, while increased
beaked whale activity in the area was due to an increase in prey availability after fishing operations were
required to stop after the spill. This study did not provide information on physiological impacts to these
species.

The Deepwater Horizon Natural Resource Damage Assessment Trustees developed an injury
guantification based on measured bottlenose dolphin injuries observed within Barataria Bay and
|
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Mississippi Sound between 2010 and 2013. This data was applied to bay, sound, and estuary stocks,
coastal stocks, and oceanic stocks of other cetacean species within the oil spill footprint. Analyses
determined the percent of sperm whales, Bryde’s whales, dwarf/pygmy sperm whales, beaked whales,
rough-toothed dolphins, bottlenose dolphins, pantropical spotted dolphins, Atlantic spotted dolphins,
spinner dolphins, Clymene dolphins, striped dolphins, Risso’s dolphins, melon-headed whales, pygmy
killer whales, and short-finned pilot whales in the Gulf of Mexico that were exposed to oil (Deepwater
Horizon Natural Resource Damage Assessment Trustees, 2016). The report also estimated the number
of years for these Gulf of Mexico stocks to recover without active restoration efforts, which ranged from
10 years for beaked whales up to 105 years for spinner dolphins (Deepwater Horizon Natural Resource
Damage Assessment Trustees, 2016).

Although information on effects of oil and chemical spills on marine mammals is limited, they can be
harmed by direct exposure to oil or chemicals and indirectly due to pollutants’ impacts on prey and
habitat quality. Potential physical/physiological effects of exposure to oil and chemical spills include
irritation, inflammation, necrosis (premature death of living tissue), and chemical burns of skin, eyes,
and nose areas, and inhalation of toxic fumes with potential long-term respiratory effects, such as
inflammation, pulmonary emphysema, and infection (Engelhardt, 1983; Marine Mammal Commission,
2010b). Ingestion of oil and dispersants directly or through feeding on contaminated prey that have
eaten dispersants can lead to short or longer-term effects from inflammation, ulcers, bleeding, and
possible damage to liver, kidney, and brain tissues (Engelhardt, 1983; Marine Mammal Commission,
2010b).

On a broader scale, ocean contamination resulting from chemical pollutants inadvertently introduced
into the environment by industrial, urban, and agricultural use is also a concern for marine mammal
conservation and has been the subject of numerous studies (Desforges et al., 2016; Fair et al., 2010;
Krahn et al., 2007; Krahn et al., 2009; Moon et al., 2010; Ocean Alliance, 2010). For example, the
chemical components of pesticides used on land can flow as runoff into the marine environment and
can bioaccumulate in the bodies of marine mammals and be transferred to their young through
mother’s milk (Fair et al., 2010). The presence of these chemical contaminants in marine mammals has
been assumed to put those animals at greater risk for adverse health effects and potential impact on
their reproductive success (Fair et al., 2010; Godard-Codding et al., 2011; Krahn et al., 2007; Krahn et al.,
2009; Peterson et al., 2014; Peterson et al., 2015). Desforges et al. (2016) have suggested that exposure
to chemical pollutants may act in an additive or synergistic manner with other stressors, resulting in
significant population level consequences. Although the general trend has been a decrease in chemical
pollutants in the environment following their regulation, chemical pollutants remain important given
their potential to impact marine mammals and marine life in general (Bonito et al., 2016; Jepson & Law,
2016; Law, 2014).

3.7.2.1.5.2 Commercial Industries

Human impacts on marine mammals have received much attention in recent decades and include
fisheries interaction, including bycatch (accidental or indirect catch), gear entanglement, and indirect
effects from takes of prey species, noise pollution, marine debris (ingestion and entanglement), hunting
(both commercial and subsistence), vessel strikes, entrainment into power plant water intakes,
increased ocean acidification, and general habitat deterioration or destruction.
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Bycatch

Fishery bycatch is likely the most impactful threat to marine mammal individuals and populations and
may account for the deaths of more marine mammals than any other cause (Geijer & Read, 2013;
Hamer et al., 2010; Northridge, 2008; Read, 2008). In 1994, the MMPA was amended to formally
address bycatch. The amendment requires the development of a take reduction plan when bycatch
exceeds a level considered unsustainable and will lead to marine mammal population decline. In
addition, NMFS develops and implements take reduction plans that help recover and prevent the
depletion of strategic stocks of marine mammals that interact with certain fisheries.

At least in part as a result of the amendment, estimates of bycatch in the Atlantic declined by a total of
59 percent from 1994 to 2006 (Geijer & Read, 2013). Cetacean bycatch declined by 44 percent, from
3,153 in 1994 to 1,764 in 2006, and pinniped bycatch declined by 78 percent, from 2,210 to 476 over the
same time period. Despite these reductions, fisheries interactions continue to be the primary human-
related source of mortality for most marine mammal stocks (Roman et al., 2013). Regulatory efforts
have not reduced the lethal effects of human activities on large whales in the northwest Atlantic on a
population-range basis (Knowlton et al., 2012; Van der Hoop et al., 2013), although targeted measures
for specific local habitats were not analyzed in these studies.

Other Fisheries Interactions

Fishery interactions other than bycatch also include entanglement from abandoned or partial nets,
fishing line, hooks, and the ropes and lines connected to fishing gear (Bradford & Forney, 2014; Bradford
& Lyman, 2015; Carretta et al., 2013; Carretta et al., 2014; Carretta et al., 2016b; Helker et al., 2015;
Morin & Kenney, 2013; Morin et al., 2014; Saez et al., 2012). The National Oceanic and Atmospheric
Administration Marine Debris Program (2014b) reports that abandoned, lost, or otherwise discarded
fishing gear constitutes the vast majority of mysticete entanglements.

For cetaceans in the AFTT Study Area, Cassoff et al. (2011) reported that in the western North Atlantic,
mortality due to entanglement has slowed the recovery of some populations of mysticetes, including
minke, Bryde’s, North Atlantic right, and humpback whales. In 2013 and 2014, there were 39 confirmed
cases of large whale entanglements reported off the east coasts of the U.S and Canada; species included
North Atlantic right whales, humpback whales, fin whales, and minke whales (Morin & Kenney, 2013;
Morin et al., 2014). In September 2016, two North Atlantic right whales were found dead off the coast of
Maine and a third one was disentangled from fishing gear off the coast of Cape Cod (Miller, 2016). Cause
of death from one of the dead right whales was determined to be chronic entanglement. From 1970
through 2009, death by entanglement in fishing gear was on aggregate the most commonly diagnosed
cause of death across eight large whale species. Where the cause of death could be determined

(43 percent of all known mortalities), 43 percent were entangled, 23 percent were vessel struck, and

33 percent died of non-human-related causes (Van der Hoop et al., 2013). Knowlton et al. (2012)
summarized sublethal entanglement in North Atlantic right whales for the period between 1980 and
2009. Of 626 individual animals, 83 percent had been entangled at least once and 59 percent had been
entangled more than once (Knowlton et al., 2012).

Noise

In some locations, especially where urban or industrial activities or commercial shipping is intense,
anthropogenic noise can be a potential habitat level stressor (Clark et al., 2009; Dunlop, 2016; Dyndo et
al., 2015; Erbe et al., 2014; Frisk, 2012; Gedamke et al., 2016; Hermannsen et al., 2014; Li et al., 2015;
Melcdn et al., 2012; Miksis-Olds & Nichols, 2015; Nowacek et al., 2015; Pine et al., 2016; Williams et al.,
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2014). Noise is of particular concern to marine mammals because many species use sound as a primary
sense for navigating, finding prey, avoiding predators, and communicating with other individuals. Noise
may cause marine mammals to leave a habitat, impair their ability to communicate, or cause
physiological stress (Erbe, 2002; Erbe et al., 2016; Hildebrand, 2009; Rolland et al., 2012; Tyack et al.,
2011). Noise can cause behavioral disturbances, mask other sounds (including their own vocalizations),
may result in injury, and, in some cases, may result in behaviors that ultimately lead to death (Erbe et
al., 2014; Erbe et al., 2016; National Research Council, 2003, 2005; Nowacek et al., 2007; Southall et al.,
2009; Tyack, 2009; Wiirsig & Richardson, 2008). Anthropogenic noise is generated from a variety of
sources, including commercial shipping, oil and gas exploration and production activities, commercial
and recreational fishing (including fish-finding sonar, fathometers, shoreline construction projects, and
acoustic deterrent and harassment devices), foreign navies, recreational boating and whale-watching
activities, offshore power generation (including offshore windfarms), and research (including sound
from air guns, sonar, and telemetry).

Commercial vessel noise in particular is a major contributor to noise in the ocean and intensively used
inshore waters. Commercial shipping’s contribution to ambient noise in the ocean has increased by as
much as 12 decibels (dB) between the 1960s and 2005 (Hildebrand, 2009; McDonald et al., 2008). Frisk
(2012) confirms the trend and reported that between 1950 and 2007, ocean noise in the 25- to 50-Hz
frequency range has increased 3.3 dB per decade, resulting in a cumulative increase of approximately
19 dB over a baseline of 52 dB. The increase in noise is associated with an increase in commercial
shipping, which correlates with global economic growth (Frisk, 2012). Subsequently, Miksis-Olds and
Nichols (2015) have demonstrated that increasing trends of low-frequency ocean sound levels are not
uniform across the globe.

In 2016, construction to expand the Panama Canal was completed, which increased the canal’s capacity
to accommodate larger container ships. In July 2016, the Port of Baltimore received the first container
ship, a 1,095-ft. Taiwanese cargo ship, that traveled through the expanded canal (Campbell, 2016). One
potential impact from this expansion includes a shift of vessel traffic from the West Coast to the Gulf
and East Coasts, increasing the number of larger container ships transiting through the Atlantic and Gulf
Coasts. Key international trade advisers predict that no more than 5 percent of containerized imports
currently routed through the West Coast would be diverted to the Gulf and East Coasts; however, it is
still too early to evaluate the impact to U.S. ports from the expansion (Kruse, 2016) or how it will impact
ocean noise levels.

In many areas of the world, oil and gas seismic exploration in the ocean is undertaken using groups of air
guns towed behind large research vessels. The air guns convert high pressure air into very strong shock
wave impulses that are designed to return information off the various buried layers of sediment under
the seafloor. Seismic exploration surveys last many days and cover vast overlapping swaths of the ocean
area being explored. Most of the impulse energy produced by these air guns is heard as low-frequency
sound, which can travel long distances and has the potential to impact marine mammals. NMFS
routinely issues permits for the taking of marine mammals associated with these commercial activities.

Offshore wind energy projects are another contributor to ocean noise. Impacts to marine mammals
primarily result from pile-driving noise during construction of these facilities, whereas the operational
phase has resulted in variable impacts (Bergstrom et al., 2014). The U.S. Department of Energy
conducted a study within the mid-Atlantic Outer Continental Shelf to collect baseline ecological data and
develop predictive models on wildlife distributions, abundance, and movements in locations where
future wind energy facilities are proposed offshore of Delaware, Maryland, and Virginia (Williams et al.,
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2015). A variety of species were observed during boat, aerial, satellite telemetry, and passive acoustic
surveys associated with this effort, including birds, fish, sea turtles, and marine mammals. While no
information is available on large whale interactions with offshore wind facilities, bottlenose dolphins
and common dolphins were identified as being most likely to be exposed to the proposed windfarm
development activities based on the abundance of these species documented during the study period
(Williams et al., 2015).

Hunting

Commercial hunting, as in whaling and sealing operations, provided the original impetus for marine
mammal management efforts and has driven much of the early research on cetaceans and pinnipeds
(Twiss & Reeves, 1999). With the enactment of the MMPA and the 1946 International Convention for
the Regulation of Whaling, hunting-related mortality has decreased over the last 40 years. Unregulated
harvests are still considered as direct threats; however, since passage of the MMPA, there have been
relatively few serious calls for culls of marine mammals in the United States compared with other
countries, including Canada (Roman et al., 2013).

Since 1971 the Canadian Department of Fisheries and Oceans has been regulating the commercial
hunting of seals, including harp, hooded, and gray seals. Of the six species of seals found off the Atlantic
coast of Canada, the harp seal is the most abundant and accounts for almost all the seals harvested
commercially, followed by small numbers of gray seals and very few hooded seals (Fisheries and Oceans
Canada, 2011). Ringed and bearded seals are primarily harvested for subsistence purposes, but it is
prohibited to harvest harbor seals (Fisheries and Oceans Canada, 2011). Approximately 70 percent of
Canadian seal harvests occurs in an area off the north and east coasts of Newfoundland and southern
Labrador. Total allowable catches for each species are established and based on the long-term impacts
of various harvest levels. For the 2016 hunting season, total allowable catches for hooded seals and harp
seals are 8,200 and 400,000 animals, respectively, which includes remaining quotas rolled over from the
2015 hunting season (Fisheries and Oceans Canada, 2016a). Harp seal quotas are shared as percentages
for the Quebec North Shore, Magdalen Islands, Western Newfoundland, and Gulf/Maritime Provinces
(Fisheries and Oceans Canada, 2011). Hooded seals are not authorized to be harvested in the Gulf of St.
Lawrence. Gray seal hunts typically occur along the eastern shore of Nova Scotia and in the Southern
Gulf of St. Lawrence, from early February to early March. The total allowable catch for 2016 is 60,000
gray seals and includes a rollover from 2015 quotas (Fisheries and Oceans Canada, 2016b). The Front
Sealing Areas, covering nearshore areas of Newfoundland and Labrador, and portions of the Gulf of St.
Lawrence area, covering nearshore areas of Nova Scotia, overlap with the AFTT Study Area.

Vessel Strike

Ship strikes are also a growing issue for most large marine mammals, although mortality may be a more
significant concern for species that occupy areas with high levels of vessel traffic, because the likelihood
of encounter would be greater (Currie et al., 2017; Van der Hoop et al., 2013; Van der Hoop et al., 2015).

Since 1995, the U.S. Navy and U.S. Coast Guard have reported all known or suspected vessel collisions
with whales to NMFS. The assumed underreporting of whale collisions by vessels other than U.S. Navy
or U.S. Coast Guard makes any comparison of data involving vessel strikes between Navy vessels and
other vessels heavily biased. Between 2010 and 2014, there were 71 confirmed vessel strikes of baleen
whales reported along the Atlantic Canadian Provinces, the U.S. Atlantic Coast, and the Gulf of Mexico,
34 of which resulted in mortality (Henry et al., 2016). Forty-seven of these strikes either occurred or
likely occurred within U.S. waters. Species impacted included North Atlantic right whale, humpback
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whale, fin whale, sei whale, and minke whale. Henry et al. (2016) characterized vessels by size (greater
than or less than or equal to 65 ft. in length) and speed (greater than or less than or equal to 10 knots),
if known. One vessel strike occurred in 2012, which was specifically attributed to a submarine,
approximately 3.1 NM offshore of Fort Story, Virginia. Another record was attributed to a racing
sailboat, and two records were attributed to recreational vessels. All other strike records did not specify
the type of vessel associated with the interaction. Aside from the submarine, the number of strikes
specifically resulting from Navy vessels is not disclosed in the report.

An investigation of large whale strandings, mortalities, and necropsies reported between 1970 and 2009
on the Atlantic coasts of the United States and Canada found that, while vessel strike was the third
leading cause of death for all marine mammal species combined, it was the main leading cause of death
for fin and right whales alone (Van der Hoop et al., 2013). Impacts from ship strikes may have
population-level implications for specific marine mammal species, particularly in small populations and
possibly on larger scales (Laist et al., 2001; Van Waerebeek et al., 2007; Vanderlaan et al., 2009). Based
on their behavior, North Atlantic right whales are significantly more vulnerable to ship strikes, and their
small population size increases the likelihood of negative consequences to their population compared
with other marine mammal species (Huntington, 2009; Knowlton & Kraus, 2001; Vanderlaan & Taggart,
2007). The North Atlantic right whale is two orders of magnitude more prone to vessel strike when the
number of species-specific strikes are normalized by population sizes (Vanderlaan & Taggart, 2007).
Findings also indicate that, to date, regulations and restrictions (both mandatory and voluntary) on
vessel speeds and routing have not had a measurable effect on reducing the number of marine mammal
mortalities from vessel strikes (Van der Hoop et al., 2015). For example, female right whales appear to
be struck more often than males, which has detrimental effects for species recovery (Van der Hoop et
al., 2012). Indeed, it has been suggested that preventing two female right whale mortalities per year
may increase population growth to recovery levels (Fujiwara & Caswell, 2001). Similarly, West Indian
manatees are highly susceptible to vessel strikes due to their inshore and coastal distribution and
overlap with high levels of vessel traffic, making vessel strikes the leading anthropogenic cause of
manatee mortality (Rommel et al., 2007).

Power Plant Entrainment

Coastal power plants use seawater as a coolant during power plant operation. Intakes into these plants
can sometimes trap (i.e., entrain) marine mammals that swim too close to the intake pipe. Power plant
entrainment contributes to human-related mortalities for gray seals (Waring et al., 2016). Conversely,
Florida manatees rely on warm-water refuges typically associated with warm-water discharges from
coastal power plants for winter habitats (Laist et al., 2013).

3.7.2.1.5.3 Disease and Parasites

Just as in humans, disease affects marine mammal health, especially older animals. Occasionally, disease
epidemics can also injure or kill a large percentage of a population (Keck et al., 2010; Paniz-Mondolfi &
Sander-Hoffmann, 2009). For example, since July 2013, bottlenose dolphins from all age classes have
been stranding at elevated rates along the Atlantic coast from New York to Florida. Some live animals
have stranded, but most were found dead. NMFS has attributed this unusual mortality event to
cetacean morbillivirus (National Oceanic and Atmospheric Administration Fisheries, 2016).

Mass die-offs of some marine mammal species have been linked to toxic algal blooms, which occur as
larger organisms consume multiple prey containing those toxins, thereby accumulating fatal doses. An
example is domoic acid poisoning of California sea lions and northern fur seals from the diatom Pseudo
nitzschia spp. (Doucette et al., 2006; Fire et al., 2008; Lefebvre 2010; Torres de la Riva et al., 2009). A
comprehensive study that sampled over 900 marine mammals across 13 species, including several
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mysticetes, odontocetes, pinnipeds, and mustelids, found detectable concentrations of domoic acid in
all 13 species and saxitoxin, a toxin absorbed from ingesting dinoflagellates, in 10 of the 13 species
(Lefebvre et al., 2016).

An intense Alexandrium tamarense algal bloom occurred during the summer of 2008 in the St. Lawrence
Estuary consisting of paralytic shellfish toxins that resulted in unprecedented mass mortalities of
multiple species, including marine fish, birds, and marine mammals (Starr et al., 2017). Marine mammal
mortalities from this bloom included 10 beluga whales, 7 harbor porpoises, 85 seals, and 1 juvenile fin
whale. Presence of the paralytic shellfish toxins in live planktivorous fish, higher trophic level fish,
benthic invertebrates, and zooplankton samples collected during the bloom provides direct evidence for
the trophic transfer of the toxins to marine mammals, birds, and marine fish that feed on these
organisms (Starr et al., 2017).

Mass mortality events of bottlenose dolphins and Florida manatees in Gulf waters and along the Florida
Atlantic coast have been caused by severe blooms of Karenia brevis, a toxic algal species responsible for
red tides (Fire et al., 2008; Fire et al., 2015; Keck et al., 2010; Paniz-Mondolfi & Sander-Hoffmann, 2009).

Additionally, all marine mammals have parasites that, under normal circumstances, probably do little
overall harm but, under certain conditions, can cause serious health problems or even death (Bull et al.,
2006; Fauquier et al., 2009; Jepson et al., 2005).

3.7.2.1.5.4 Invasive Species
There are no known threats to marine mammals from invasive species in the Study Area.
3.7.2.1.5.5 Climate Change

The global climate is warming and impacting some populations of marine mammals (Baker et al., 2016;
Fleming et al., 2016; Salvadeo et al., 2010; Shirasago-German et al., 2015; Silber et al., 2017; Simmonds
& Eliott, 2009). Climate change can affect marine mammal species directly through habitat loss
(especially for species that depend on ice or terrestrial areas) or gain, which may result in shifting
distribution to match physiological tolerance under changing environmental conditions (Doney et al.,
2012; Silber et al., 2017). Climate change can also affect marine mammals indirectly via impacts on prey,
changing prey distributions and locations, and changes in water temperature. Species or populations
with limited ranges, specialized diets, or similarly limiting ecological features may be particularly
vulnerable to a changing climate (Baker et al., 2016). In more northern latitudes, the loss of sea ice and
changing ice habitat are impacting marine mammals that are dependent on ice for resting, foraging, and
reproduction (Jay et al., 2012; Laidre et al., 2015; Rode et al., 2014). Changes in prey can impact marine
mammal foraging success, which in turn affects reproduction success and survival. Warmer ocean
temperatures may appear to benefit cold-sensitive marine species, such as the Florida manatee;
however, findings suggest that major threats to manatee populations, including vessel strikes from
increased vessel traffic and harmful algal blooms, would likely increase as a result of climate change
(Edwards, 2013).

Harmful algal blooms may become more prevalent in warmer ocean temperatures with increased
salinity levels, such that blooms will begin earlier, last longer, and cover a larger geographical range
(Edwards, 2013; Moore, 2008). Warming ocean waters have been linked to the spread of harmful algal
blooms into the North Pacific where waters had previously been too cold for most of these algae to
thrive. The spread of the algae and associated blooms has led to disease in marine mammals in locations
where algae-caused diseases had not been previously known (Lefebvre et al., 2016).

3.7-27
3.7 Marine Mammals



Atlantic Fleet
Training and Testing Final EIS/OEIS September 2018

Climate change may indirectly influence marine mammals through changes in human behavior, such as
increased shipping and oil and gas extraction, which benefit from sea ice loss (Alter et al., 2010).
Ultimately, impacts from global climate change may result in an intensification of current and ongoing
threats to marine mammals (Edwards, 2013). In addition, the ability of marine mammals to alter
behaviors may serve as a buffer against measurable climate change—induced impacts and could delay or
mask any adverse effects until critical thresholds are reached (Baker et al., 2016).

Marine mammals are influenced by climate-related phenomena, such as storms and other extreme
weather patterns such as the 2015 to 2016 El Nifio in the ocean off the U.S. west coast. Generally, not
much is known about how large storms and other weather patterns affect marine mammals other than
the fact that mass strandings (when two or more marine mammals become beached or stuck in shallow
water) sometimes coincide with hurricanes, typhoons, and other tropical storms (Bradshaw et al., 2006;
Marsh, 1989; Rosel & Watts, 2008) or other oceanographic conditions. There have also been
correlations in time and space between strandings and the occurrence of earthquakes. However, there
has been no scientific investigation demonstrating evidence for or against a relationship between
earthquakes and the occurrence of marine mammal strandings. Indirect impacts may include altered
water chemistry in estuaries (low dissolved oxygen or increased nutrient loading), causing massive fish
kills (Burkholder et al., 2004), changing prey distribution and availability for cetaceans (Stevens et al.,
2006). Human responses to extreme weather events may indirectly affect behavior and reproductive
rates of marine mammals. For example, Miller et al. (2010) reported an increase in reproductive rates in
bottlenose dolphins in the Mississippi Sound after Hurricane Katrina, presumably resulting from an
increase in fish abundance due to a reduction in fisheries landings, a decrease in recreational and
commercial boat activities (National Marine Fisheries Service, 2007a), and an increase in the number of
reproductively active females available during the breeding seasons following the storm. Smith et al.
(2013) supplemented the findings from this study and documented a marked increase in foraging
activity in newly identified foraging areas that were observed during the 2-year study period after the
storm.

Habitat deterioration and loss is a major concern for almost all coastal and inshore species of marine
mammals, with effects ranging from depleting a habitat’s prey base to the complete loss of habitat
(Ayres et al., 2012; Kemp, 1996; Smith et al., 2009). Many researchers predict that if oceanic
temperatures continue to rise with an associated effect on marine habitat and prey availability, then
either changes in foraging or life history strategies, including poleward shifts in many marine mammal
species distributions, should be anticipated (Alter et al., 2010; Fleming et al., 2016; Ramp et al., 2015;
Salvadeo et al., 2010; Sydeman et al., 2015). Poloczanska et al. (2016) analyzed climate change impact
data that integrate multiple climate-influenced changes in ocean conditions (i.e., temperature,
acidification, dissolved oxygen, and rainfall) to assess anticipated changes to a number of key ocean
fauna across representative areas. In relation to the AFTT Study Area, the density of krill, an important
prey item for marine mammals, has likely decreased in the southwest Atlantic because phytoplankton, a
food source for krill, are also declining with warming temperatures and decreasing sea ice extent
(Poloczanska et al., 2016). However, Poloczanska et al. (2016) also reports that zooplankton have
displayed the highest rate of range expansion within the northeast Atlantic, supporting the general
expectation that marine species will shift poleward within open oceans. On the other hand, for the
northern Gulf of Mexico where coastlines prohibit poleward distributional shifts, marine species
distributions, including fish and marine invertebrates, have displayed a depth shift toward cooler waters
(Poloczanska et al., 2016). A similar marine mammal distributional response may occur based on
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observations made on select prey species, but marine mammal responses to climate change are
currently unknown (Poloczanska et al., 2016).

3.7.2.1.5.6 Marine Debris

Marine debris is a global threat to marine mammals (National Oceanic and Atmospheric Administration
Marine Debris Program, 2014). A literature review by Baulch and Perry (2014), found that 56 percent of
cetacean species are documented as having ingested marine debris. Interactions between marine
mammals and marine debris, including derelict fishing gear and plastics, are significant sources of injury
and mortality (Baulch & Perry, 2014). Comparing the Baulch and Perry (2014) review with that
conducted by Laist (1997), the percentage of marine mammal species with documented records of
entanglement in or ingestion of marine debris has increased from 43 to 66 percent over the past 18
years (Bergmann et al., 2015). Ingestion of marine debris by marine mammals is a less well-documented
cause of mortality than entanglement, but it is a growing concern (Bergmann et al., 2015; Jacobsen et
al., 2010). Baulch and Perry (2014) found that ingestion of debris has been documented in 48 cetacean
species, with rates of ingestion as high as 31 percent in some populations. Attributing cause of death to
marine debris ingestion is difficult (Laist, 1997), but ingestion of plastic bags and Styrofoam has been
identified as a cause of injury or death of minke whales (De Pierrepont et al., 2005) and deep-diving
odontocetes, including beaked whales (Baulch & Perry, 2014), pygmy sperm whales (Stamper et al.,
2006; Tarpley & Marwitz, 1993), and sperm whales (Jacobsen et al., 2010; Sadove & Morreale, 1989).
Manatee rescue records from 1993 to 2007 show that 27 percent of the cases were directly or indirectly
associated with entanglement in or ingestion of marine debris, making entanglement and ingestion the
top reason for rescuing manatees (Reinert et al., 2011).

In late 2009 through 2010, seafloor surveys were conducted about 64 km off the coast of Jacksonville,
Florida, encompassing an area of approximately 754 square kilometers and about 86 km east of
Mayport, Florida, of an area approximately 2,400 square kilometers within the Jacksonville Operating
Area (OPAREA) (U.S. Department of the Navy, 2010, 2011d). These surveys were conducted to provide
bottom mapping and habitat characterization in the Undersea Warfare Training Range within the
Jacksonville OPAREA. Incidentally, images from a remotely operated vehicle used during ground-truthing
operations revealed a few types of military expended materials, including a marine location marker
(smoke float) used for antisubmarine warfare and search and rescue operations, as well as a
76-millimeter (mm) cartridge like that expended from U.S. Navy frigate usage (U.S. Department of the
Navy, 2010, 2011d). While the amount of marine debris (non-military) observed during the surveys far
exceeded the amount of military expended materials that was encountered, the reports did not quantify
the levels of either marine debris or military expended materials present in the area. More general
information about marine debris along the southeast Atlantic coast indicates that the vast majority of
marine debris is either land-based (38 percent), general-source debris (42 percent), or from ocean-based
recreational and commercial sources (20 percent) (Ribic et al., 2010); no items of military origin were
differentiated.

An estimated 75 percent or more of marine debris consists of plastic (Derraik, 2002; Hardesty & Wilcox,
2017). High concentrations of floating plastic have been reported in the central areas of the North
Atlantic and Pacific Oceans (Cozar et al., 2014). Plastic pollution found in the oceans is primarily
dominated by particles smaller than 1 centimeter (cm), commonly referred to as microplastics (Hidalgo-
Ruz et al., 2012). Other researchers have defined microplastics as particles with a diameter ranging from
a few micrometers up to 5 mm and are not readily visible to the naked eye (Andrady, 2015; Andrady,
2011). Microplastic fragments and fibers found throughout the oceans result from the breakdown of
larger items, such as clothing, packaging, and rope and have accumulated in the pelagic zone and
sedimentary habitats (Thompson et al., 2004). Results from the investigation by Browne et al. (2011)
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have also suggested that microplastic fibers are discharged in sewage effluent resulting from the
washing of synthetic fiber clothes. The region of highest plastic concentration in the Northwest Atlantic
is associated with the North Atlantic Subtropical Gyre, and lower concentrations were measured along
the Florida coast and the Gulf of Maine (Law et al., 2010). Adjacent to the AFTT Study Area, Lusher et al.
(2014) calculated the microplastic density in the Northeast Atlantic to be 2.46 particles per cubic meter.
Filter feeders, such as baleen whales, routinely encounter microplastics without any apparent ill effects
because there are no enzymes to breakdown the synthetic polymers, so they are never digested or
absorbed (Andrady, 2011). Besseling et al. (2015) documented the first occurrence of microplastics in
the intestines of a humpback whale, and while the primary cause of the stranding was not determined,
the researchers found multiple types of microplastics ranging in size from 1 mm to 17 cm. There is still a
large knowledge gap about possible negative effects of microplastics but it remains a concern (Besseling
et al., 2015). Specifically, the propensity of plastics to absorb and concentrate dissolved pollutant
chemicals, such as persistent organic pollutants, is a concern because microfauna may be able to digest
plastic nanoparticles, facilitating the delivery of dissolved pollutant chemicals across trophic levels and
making them bioavailable to larger marine organisms, such as marine mammals (Andrady, 2015;
Andrady, 2011).

Marine mammals as a whole are subject to the various influences and factors delineated in this section.
If specific threats to individual species in the Study Area are known, those threats are described below in
individual species accounts.

3.7.2.2 Endangered Species Act-Listed Species

As shown in Table 3.7-1 the marine mammal species and applicable stocks listed under the ESA and
occurring within in the Study Area are bowhead whale, North Atlantic right whale, blue whale, fin whale,
sei whale, sperm whale, polar bear, and West Indian manatee. The following subsections provide
detailed species descriptions, including status and management, habitat and geographic range,
population trends, predator and prey interactions, and species-specific threats.

3.7.2.2.1 Bowhead Whale (Balaena mysticetus)
3.7.2.2.1.1 Status and Management

The bowhead whale is listed as endangered under the ESA and is designated as depleted and considered
a strategic stock under the MMPA. Three geographically distinct bowhead whale stocks are recognized
in the Atlantic: the Spitsbergen, Baffin Bay-Davis Strait, and Hudson Bay-Fox Basin stocks (Allen &
Angliss, 2010; Muto et al., 2016; Rugh et al., 2003; Wiig et al., 2007). Satellite tracking studies of whales
tagged from the Baffin Bay-Davis Strait and Hudson Bay-Fox Basin stocks suggested and confirmed these
two stocks should be considered as one stock (Eastern Canada-West Greenland stock) based on
overlapping wintering areas (Frasier et al., 2015; Heide-Jgrgensen et al., 2006). These stocks do not
occur within U.S. Atlantic waters and are not managed under NMFS jurisdiction. The Eastern Canada-
West Greenland stock is designated as a species of special concern by the Committee on the Status of
Endangered Wildlife in Canada (Frasier et al., 2015).

3.7.2.2.1.2 Habitat and Geographic Range

Bowhead whales are the northernmost of all whales and are found in arctic and subarctic regions of the
Atlantic and Pacific Oceans (55° N to 85° N). They are also found in the Bering, Beaufort, Chukchi, and
Okhotsk Seas, as well as in the northern parts of Hudson Bay (Wiig et al., 2007). Their range can expand
and contract depending on access through ice-filled Arctic straits (Rugh et al., 2003). Habitat selection
varies seasonally, although this is clearly the most polar species of whale. Bowhead whales are found in
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continental slope and shelf waters during spring and summer while feeding on abundant zooplankton
(Citta et al., 2015; Wiig et al., 2007).

Migration is associated with ice edge movements. All but the Sea of Okhotsk stock reside in higher Arctic
latitudes during summer and move south in fall as the ice edge grows, spending their winters within the
marginal ice zone in lower-latitude areas (Jefferson et al., 2015). The Eastern Canada-West Greenland
stock spends winters in northern Hudson Bay, Hudson Strait, and from Labrador across to west
Greenland and move north to spend summers in the Canadian High Arctic and around Baffin Island
(Heide-Jgrgensen et al., 2003). Summer aggregation areas are in northern Hudson Bay and around Baffin
Island.

Bowhead whales would likely be found only in the Labrador Current open ocean area. The winter range
of the Eastern Canada-West Greenland stock includes the shelf areas of west Greenland, northeastern
Hudson Bay and Hudson Strait, the mouths of Cumberland Sound and Frobisher Bay on southeast Baffin
Island, and northern Labrador. Bowhead whales would be expected to occur in winter within the
Newfoundland-Labrador and Western Greenland Shelf Large Marine Ecosystems from November
through April (Heide-Jgrgensen et al., 2006). Two bowhead whales were stranded on Newfoundland in
1998 and 2005, from 45° N to 47° N and 52° W to 56° W, which at the time represented the
southernmost records of this species in the western North Atlantic (Ledwell et al., 2007). In March 2012,
a bowhead whale was observed in Cape Cod Bay and the same whale (identified from photographs) was
again observed in Cape Cod Bay in April 2014 (Schweitzer, 2014). These sightings, in the Northeast U.S.
Continental Shelf Large Marine Ecosystem now represent the southernmost record of this species in the
western North Atlantic.

3.7.2.2.1.3 Population Trends

All estimates suggest that the population numbers have increased significantly since protection of
bowheads from commercial whaling began in the first half of the 20th century (Committee on the Status
of Endangered Wildlife in Canada, 2009).

3.7.2.2.1.4 Predator and Prey Interactions

Killer whales are the primary natural predator of the bowhead whale (George et al., 1994). Scars from
killer whale attacks are observed on some individuals (Jefferson et al., 2015; Rugh & Shelden, 2009).

Bowheads feed at the surface, in the water column, and near the seafloor (Rugh & Shelden, 2009).
Preferred prey are various species of copepods and euphausiids (Budge et al., 2008; Rugh & Shelden,
2009; Wiig et al., 2007). Laidre et al. (2007) found calanoid copepods were the primary prey of bowhead
whales feeding off west Greenland.

3.7.2.2.1.5 Species-Specific Threats

Threats to bowhead whales include ship strikes, entanglement in fishing gear, contaminants,
anthropogenic noise, especially from offshore oil exploration and development, and climate change.
Section 3.7.2.1.5 (General Threats) discusses threats to marine mammals.

3.7.2.2.2 North Atlantic Right Whale (Eubalaena glacialis)
3.7.2.2.2.1 Status and Management

The North Atlantic right whale population is considered one of the most critically endangered
populations of large whales in the world (Clapham et al., 1999). The size of this stock is considered
extremely low relative to the Optimum Sustainable Population in the U.S. Atlantic Exclusive Economic
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Zone, and this species is listed as endangered under the ESA. A recovery plan for the North Atlantic right
whale is in effect (National Marine Fisheries Service, 2005a). The North Atlantic right whale has been
protected from commercial whaling since 1949 by the International Convention for the Regulation of
Whaling (62 Stat. 1716; 161 United Nations Treaty Series 72). A NMFS ESA status review in 1996
concluded that the western North Atlantic stock remains endangered. This conclusion was reinforced by
the International Whaling Commission (Best et al., 2003), which expressed grave concern regarding the
status of this stock. Relative to populations of southern right whales, there are also concerns about
growth rate, percentage of reproductive females, and calving intervals in the North Atlantic right whale
population. The total level of human-caused mortality and serious injury is unknown, but reported
human-caused mortality was a minimum of three right whales per year from 2006 through 2010. Any
mortality or serious injury to individuals within this stock should be considered significant. This is a
strategic stock because the average annual human-related mortality and serious injury rates exceed
potential biological removal and because the North Atlantic right whale is an endangered species.

Two ESA-designated critical habitats (Figure 3.7-3) for North Atlantic right whales have been designated
by NMFS to encompass physical and biological features essential to conservation of the species

(81 Federal Register 4838—4874, January 27, 2016). The northern unit includes the Gulf of Maine and
Georges Bank region, which are key areas essential for right whale foraging. The southern unit includes
the coast of North Carolina, South Carolina, Georgia, and Florida, which are key areas essential for
calving. These two ESA-designated critical habitats were established in January 2016 to replace three
smaller previously ESA-designated critical habitats (Cape Cod Bay/Massachusetts Bay/Stellwagen Bank,
Great South Channel, and the coastal waters of Georgia and Florida in the southeastern United States)
that had been designated by NMFS in 1994 (59 Federal Register 28805, June 3, 1994). Two additional
critical habitat areas in Canadian waters, Grand Manan Basin and Roseway Basin, were identified in
Canada’s final recovery strategy for the North Atlantic right whale (Brown et al., 2009).

3.7.2.2.2.2 Habitat and Geographic Range

The western North Atlantic right whale population ranges primarily from calving grounds in coastal
waters of the southeastern United States to feeding grounds in New England waters and the Canadian
Bay of Fundy, Scotian Shelf, and Gulf of St. Lawrence. Generally, right whales can likely be found in
Labrador Current, North Atlantic Gyre, and Gulf Stream open ocean areas, based on limited satellite tag,
sighting, and historical whaling data.

Research suggests the existence of seven major habitats or congregation areas for western North
Atlantic right whales. These include winter breeding grounds in the coastal waters of the southeastern
United States and summer feeding grounds in the Great South Channel, Jordan Basin, Georges Bank
along its northeastern edge, Cape Cod and Massachusetts Bays, the Bay of Fundy, and the Roseway
Basin on the Scotian Shelf. Movements within and between habitats are extensive, evidenced by one
whale making the round-trip migration from Cape Cod to Georgia and back at least twice during the
winter (Brown & Marx, 2000). Results from satellite tags clearly indicate that sightings separated by
perhaps 2 weeks should not necessarily be assumed to indicate a stationary or resident animal. Instead,
telemetry data show rather lengthy and somewhat distant excursions, including into deep water off the
continental shelf (Baumgartner & Mate, 2005; Mate et al., 1997).

The summer range for North Atlantic right whales includes the northeastern United States continental
shelf, Scotian Shelf, and Newfoundland-Labrador shelf large marine ecosystems. New England waters

are an important feeding habitat for right whales. Research suggests that right whales must locate and
exploit extremely dense patches of zooplankton to feed efficiently (Mayo & Marx, 1990). These dense
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zooplankton patches are likely a primary characteristic of the spring, summer, and fall right whale
habitats (Kenney et al., 1986; Kenney et al., 1995). Although feeding in the coastal waters off
Massachusetts has been better studied than in other areas, right whale feeding has also been observed
on the margins of Georges Bank, in the Great South Channel, in the Gulf of Maine, in the Bay of Fundy,
and over the Scotian Shelf. The consistency with which right whales occur in such locations is relatively
high, but these studies also highlight the high interannual variability in right whale use of some habitats.

LaBrecque et al. (2015a) identified three seasonal right whale feeding areas located in or near the Study
Area (Figure 3.7-2) based on vessel and aerial survey efforts: (1) February to April on Cape Cod Bay and
Massachusetts Bay, (2) April to June in the Great South Channel and on the northern edge of Georges
Bank, and (3) June and July and October to December on Jeffreys Ledge in the western Gulf of Maine. A
potential mating area was identified in the central Gulf of Maine (from November through January)
based on a demographic study of North Atlantic right whale habitats, and the migratory corridor area
along the U.S. East Coast between the southern calving grounds and northern feeding areas. The
migratory corridor was substantiated through vessel- and aerial-based survey data, photo-identification
data, radio-tracking data, and expert judgment. North Atlantic right whales migrate south to calving
grounds in November and December and migrate north to the feeding areas in March and April.

Passive acoustic monitoring is demonstrating that the current understanding of the distribution and
movements of right whales in the Gulf of Maine and surrounding waters is incomplete. Right whale calls
have been detected by autonomous passive acoustic sensors deployed between 2005 and 2010 at three
sites (Massachusetts Bay, Stellwagen Bank, and Jeffreys Ledge) in the southern Gulf of Maine (Morano
et al., 2012a; Mussoline et al., 2012). Acoustic detections demonstrate that right whales are present
more than aerial survey observations indicate. Comparisons between detections from passive acoustic
recorders with observations from aerial surveys in Cape Cod Bay between 2001 and 2005 demonstrated
that aerial surveys found whales on approximately two-thirds of the days during which acoustic
monitoring detected whales (Clark et al., 2010).

The winter range for North Atlantic right whales includes the Southeast U.S. Continental Shelf Large
Marine Ecosystem. LaBrecque et al. (2015a) used habitat analyses of sea surface temperatures and
water depths and aerial sightings data to delineate a calving area in the southeast Atlantic, extending
from Cape Lookout, North Carolina, to Cape Canaveral, Florida, that overlaps with the AFTT Study Area.
This area, identified as biologically important, encompasses waters from the shoreline to the 25-meter
(m) isobath from mid-November through late April. Passive acoustic monitoring conducted offshore of
Cape Hatteras and in Onslow Bay, North Carolina, in 2011 and 2007, respectively, confirmed winter
occurrence of North Atlantic right whales in these areas (McLellan et al., 2014).

Since 2004, consistent aerial survey efforts have been conducted during the migration and calving
season (November 15 to April 15) in coastal areas of Georgia and South Carolina to the north of
currently defined ESA-designated critical habitat (Glass & Taylor, 2006; Khan & Taylor, 2007; Sayre &
Taylor, 2008; Schulte & Taylor, 2010). Results suggest that this region may not only be part of the
migratory route but also a seasonal residency area. Results from an analysis by Schick et al. (2009)
suggest that the migratory corridor of North Atlantic right whales is broader than initially estimated and
that suitable habitat exists beyond the 20-nautical mile (NM) coastal buffer presumed to represent the
primary migratory pathway (National Marine Fisheries Service, 2008a). Results were based on data
modeled from two females with satellite-monitored radio tags as part of a previous study.

Four right whale sightings were documented during monthly aerial surveys approximately 50 miles (mi.)
(80 km) offshore of Jacksonville, Florida, from 2009 to May 2016, including a female that was observed
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giving birth in 2010 (Foley et al., 2011). These sightings occurred well outside existing ESA-designated
critical habitat for the right whale (Foley et al., 2011; U.S. Department of the Navy, 2011a). However,
sighting data alone may not accurately represent North Atlantic right whale distribution. Beginning in
April 2009 through May 2015, marine autonomous recording units have been deployed between 60 and
150 km offshore from Jacksonville, Florida. While sightings have generally occurred within continental
shelf waters offshore from northeastern Florida and southeastern Georgia, recordings of North Atlantic
right whales were detected in deeper waters during these monitoring efforts (Kumar et al., 2013; Norris
et al., 2012), suggesting that distribution of this species extends further offshore than sighting data
previously indicated (Oswald et al., 2016).

Right whales have occasionally been recorded in the Gulf of Mexico Large Marine Ecosystem (Moore &
Clark, 1963; Ward-Geiger et al., 2011), but their occurrence there is likely extralimital. The few published
records from the Gulf of Mexico represent either distributional anomalies, normal wanderings of
occasional animals, or a more extensive historical range beyond the sole known calving and wintering
ground in the waters of the southeastern United States (Moore & Clark, 1963; Ward-Geiger et al., 2011).

3.7.2.2.2.3 Population Trends

The population growth rate reported for 1986 to 1992 by Knowlton et al. (1994) was 2.5 percent
(CV=0.12), suggesting that the stock was showing signs of slow recovery. However, subsequent work
suggested that survival probability of an individual (averaged at the population level) declined from
0.99 per year in the early 1980s to about 0.94 in the late 1990s (Best et al., 2001; Caswell et al., 1999).
Historical patterns of mortalities, including those in the first half of 2005, suggest an increase in the
annual mortality rate, which would reduce population growth by approximately 10 percent annually
(Kraus et al., 2005). However, the population continued to grow since that apparent interval of decline
until 2012. Examination of the minimum number alive population index calculated from the individual
sightings database (as it existed on October 27, 2015) for 1990 to 2012 suggests a declining trend in
numbers (Hayes et al., 2017). There seems to be a considerable change in right whale habitat use
patterns in areas where most of the population has previously been observed, which decreases the
likelihood of finding right whales. Hayes et al. (2017) cautions interpreting the apparent downward
trend in abundance in 2012, but without evidence to the contrary, it is possible that this deflection
represents a true population decline.

3.7.2.2.2.4 Predator and Prey Interactions

The North Atlantic right whale is preyed on by killer whales and large sharks. Calves and juveniles are
known to be the primary target of killer whales, and analysis of scars on some individuals suggests that
they are also attacked by false killer whales (Jefferson et al., 2015; Kenney, 2008).

The North Atlantic right whale preys primarily on the copepod Calanus finmarchicus (a type of
zooplankton) and on other copepods and small invertebrates, such as krill and larval barnacles (Jefferson
et al., 2015). Right whales are skim feeders and are known to feed below or at the surface (Kenney et al.,
2001) or within a few meters of the seafloor on near-bottom aggregations of copepods (Baumgartner,
2009; Baumgartner et al., 2009; Warren, 2009). The copepod Calanus finmarchicus is one of the most
common species of prey found throughout the North Atlantic right whale’s range (Baumgartner & Mate,
2003; Jefferson et al., 2015).
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Figure 3.7-2: Designated Critical Habitat Areas for North Atlantic Right Whale in the Study Area
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3.7.2.2.2.5 Species-Specific Threats

Primary sources of human-caused serious injury and mortality include entanglement in fishing gear and
ship strikes. From 2011 to 2015, the minimum annual average human-induced mortality and serious
injury incurred by this stock was 5.36 right whales per year, with incidental fishery entanglement
records accounting for 4.55 whales per year and vessel strike records accounting for 0.81 whales per
year (Hayes et al., 2018). Entanglement records from 1990 through 2007 maintained by NMFS Northeast
Regional Office included 46 confirmed right whale entanglements, including right whales in weirs
(stationary nets fixed in place), gillnets, and trailing line and buoys. Because whales often free
themselves of gear following an entanglement event, scarring may be a better indicator of fisheries
interaction than entanglement records. A review of scars detected on identified individual right whales
over a period of 30 years (1980 to 2009) documented 1,032 definite, unique entanglement events on
the 626 individual whales identified (Knowlton et al., 2012). Most individual whales (83 percent) were
entangled at least once, and almost half of them (306 of 626) were definitely entangled more than once.
About a quarter of the individuals identified in each year (26 percent) were entangled during that year.
Juveniles and calves were entangled at higher rates than were adults. Scarring rates suggest that
entanglements are occurring at about an order of magnitude greater than that detected from
observations of whales with gear on them. Since 2009, new entanglement mitigation measures (79
Federal Register 26585-26621, June 27, 2014) have been implemented as part of the Atlantic Large
Whale Take Reduction Plan, but their effectiveness has yet to be evaluated (Hayes et al., 2018). For
additional detail on entanglement and large whales, refer to Section 3.7.3.5 (Entanglement Stressors,
Mysticetes).

Ship strikes pose a particularly serious threat to the North Atlantic right whale. Vessel speed as well as
angle of approach can influence the severity of ship strikes (Silber et al., 2010). Research shows that the
probability of right whales dying after being struck by a ship is more than 80 percent when a vessel is
traveling at 15 knots or more; when speeds are reduced to 10 knots or less, the chance of mortality
drops to just above 20 percent. To reduce the number of ship strikes, NMFS has established regulations
(73 Federal Register 60173—60191, October 10, 2008) imposing speed restrictions in seasonal
management areas for commercial ships 65 ft. or longer. Analysis by Laist et al. (2014) incorporated an
adjustment for drift around areas regulated under the ship strike rule and produced weak evidence on
the effectiveness of the rule within seasonal management areas. However, Van der Hoop et al. (2015)
concluded that large whale mortalities due to vessel strikes decreased inside seasonal management
areas and increased outside inactive seasonal management areas. For additional detail on ship strikes
and right whales, refer to Section 3.7.3.4.1 (Impacts from Vessels and In-Water Devices).

NMFS declared an unusual mortality event beginning June 2017 for North Atlantic right whales
throughout their range along the Atlantic coast. Increased mortalities have been observed
predominantly in the Gulf of St. Lawrence region in Canada and around Cape Cod, Massachusetts. In
2017, a total of 17 confirmed dead whales stranded in Canada and the U.S., and one additional whale
stranded in the U.S. in 2018, bringing the total mortalities to 18 (National Marine Fisheries Service,
2018b). Full necropsy examinations have been conducted on 11 of the 18 North Atlantic right whale
carcasses (National Marine Fisheries Service, 2018b). The results of necropsy reports for seven of those
whales, which were found in the southern Gulf of St. Lawrence, are summarized in Daoust et al. (2018).
Primary cause of death for four of the seven whales was attributed to acute trauma, likely caused by
vessel collision, while two were considered to have died from acute entanglement in snow crab fishing
gear with subsequent drowning (Daoust et al., 2018). The cause of death of one whale could not be
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determined because of advanced post-mortem decomposition, but some observations suggested blunt
trauma. As of July 2018, the results of the remaining four necropsies were still pending.

3.7.2.2.3 Blue Whale (Balaenoptera musculus)
3.7.2.2.3.1 Status and Management

Blue whales are listed as endangered under the ESA, and the species is designated as a depleted and
strategic stock under the MMPA. Critical habitat is not designated for blue whales. A recovery plan is in
place for the blue whale in U.S. waters (National Marine Fisheries Service, 1998). Blue whales in the
western North Atlantic are classified as a single stock (Waring et al., 2010).

Widespread whaling over the last century is believed to have decreased the worldwide population to
approximately 1 percent of its pre-whaling population size; some authors have concluded that their
population was about 200,000 animals before whaling (Branch, 2007). There was a documented
increase in the blue whale population size in some areas between 1979 and 1994, but there is no
evidence to suggest an increase in the population since then (Barlow & Taylor, 2001).

3.7.2.2.3.2 Habitat and Geographic Range

The distribution of the blue whale in the western North Atlantic generally extends from the Arctic to at
least mid-latitude waters. Blue whales are most frequently sighted in the waters off eastern Canada,
with the majority of recent records from the Gulf of St. Lawrence. Members of the North Atlantic
population spend much of their time on continental shelf waters from eastern Canada (near the Quebec
north shore) to the St. Lawrence Estuary and Strait of Belle Isle. Sightings were reported along the
southern coast of Newfoundland during late winter and early spring (Reeves et al., 2004). Blue whales
may be found in Labrador Current, North Atlantic Gyre, and Gulf Stream open ocean areas. Migratory
movements in the western North Atlantic Ocean are largely unknown, but acoustic data indicate that
blue whales winter as far north as Newfoundland and as far south as Bermuda and Florida, and they
have been sighted along the mid-Atlantic ridge (Ryan et al., 2013).

The blue whale is best considered as an occasional visitor in U.S. Atlantic Exclusive Economic Zone
waters, which may represent the current southern limit of its feeding range (Cetacean and Turtle
Assessment Program, 1982). All five sightings described in the foregoing two references occurred in
August. Using the U.S. Navy’s Sound Surveillance System, blue whales were detected and tracked
acoustically in much of the North Atlantic, including in subtropical waters north of the West Indies and
in deep water east of the U.S. Atlantic Exclusive Economic Zone, indicating the potential for long-
distance movements (Clark, 1995). Most of the acoustic detections were around the Grand Banks area
of Newfoundland and west of the British Isles. Historical blue whale observations collected by Reeves et
al. (2004) show a broad longitudinal distribution in tropical and warm temperate latitudes during the
winter months, with a narrower, more northerly distribution in summer. Blue whales tagged in the Gulf
of St. Lawrence in late fall left the St. Lawrence Estuary and used habitat more than 1,000 km offshore,
as well as shelf and coastal waters of the eastern United States and Canada (Lesage et al., 2016).

Although the exact extent of their southern boundary and wintering grounds are not well understood,
blue whales are occasionally found in waters off the U.S. Atlantic coast (Waring et al., 2013). Monthly
aerial surveys have been conducted offshore of Cape Hatteras and Onslow Bay, North Carolina, since
May 2011, although no visual sightings of blue whales have been documented. However, acoustic
monitoring has also been conducted in the same region since 2011 and resulted in the detections of
blue whales on bottom-mounted high-frequency acoustic recording packages (McLellan et al., 2014;
Read et al., 2014). Yochem & Leatherwood (1985) summarized records that suggested an occurrence of
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this species south to Florida and the Gulf of Mexico, although the actual southern limit of the species’
range is unknown. Blue whale strandings have been recorded as far south as the Caribbean and the Gulf
of Mexico (Waring et al., 2010).

3.7.2.2.3.3 Population Trends
There are insufficient data to determine population trends for this species (Waring et al., 2010).
3.7.2.2.3.4 Predator and Prey Interactions

This species preys almost exclusively on various types of zooplankton, especially krill. They lunge feed
and consume approximately 6 tons (5,500 kilograms) of krill per day (Jefferson et al., 2015; Pitman et al.,
2007). They often feed at depths greater than 100 m, where their prey maintains dense groupings
(Acevedo-Gutiérrez et al., 2002; Calambokidis et al., 2009; Croll et al., 2001). Blue whales are
documented as being preyed on by killer whales (Jefferson et al., 2015; Pitman et al., 2007). There is
little evidence that killer whales attack this species in the North Atlantic or southern hemisphere, but 25
percent of photo-identified whales in the Gulf of California carry rake scars from killer whale attacks
(Sears & Perrin, 2008).

3.7.2.2.3.5 Species-Specific Threats

Threats to North Atlantic blue whales are poorly known but may include ship strikes, pollution,
entanglement in fishing gear, and long-term changes in climate that may affect their prey distribution.
Section 3.7.2.1.5 (General Threats) discusses threats to marine mammals.

3.7.2.2.4 Fin Whale (Balaenoptera physalus)
3.7.2.2.4.1 Status and Management

The fin whale is listed as endangered under the ESA and is considered a depleted and strategic stock
under the MMPA. A final recovery plan was published in July 2010 for fin whales in U.S. waters. The
International Whaling Commission recognizes seven management stocks of fin whales in the North
Atlantic Ocean: (1) Nova Scotia (2) Newfoundland-Labrador, (3) West Greenland, (4) East Greenland-
Iceland, (5) North Norway, (6) West Norway-Faroe Islands, and (7) British Isles-Spain-Portugal. NMFS
assumes management of the western North Atlantic stock, which is likely equivalent to the Nova Scotia
management stock. The stock identity of North Atlantic fin whales has received relatively little attention,
and whether the current stock boundaries define biologically isolated units has long been uncertain
(Hayes et al., 2017). Fin whales in the Gulf of St. Lawrence may be a separate stock (Ramp et al., 2014).

3.7.2.2.4.2 Habitat and Geographic Range

Fin whales prefer temperate and polar waters and are rarely seen in warm tropical waters (Reeves et al.,
2002a). They typically congregate in areas of high productivity and spend most of their time in coastal
and shelf waters but can often be found in waters approximately 2,000 m deep (Aissi et al., 2008;
Reeves et al., 2002a). Fin whales are often seen closer to shore after periodic patterns of upwelling
(underwater motion) and the resultant increased krill density (Azzellino et al., 2008). This species is
highly adaptable, following prey, typically off the continental shelf (Azzellino et al., 2008; Panigada et al.,
2008). Fin whales are likely common in Labrador Current, North Atlantic Gyre, and Gulf Stream open
ocean areas while undergoing seasonal migrations. However, some fin whales remain in higher latitudes
during colder months and in lower latitudes during warmer months, indicating that seasonal fin whale
movements differ from the seasonal migrations of other mysticetes, such as blue whales and humpback
whales (Edwards et al., 2015). Fin whales are also common off the Atlantic coast of the United States in
waters immediately off the coast seaward to the continental shelf (at about the 1,000-fathom contour).
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In the mid-Atlantic region, they tend to occur north of Cape Hatteras where they accounted for about
46 percent of the large whales observed in surveys conducted between 1978 and 1982 (National Marine
Fisheries Service, 2010a). During the summer, fin whales in this region tend to congregate in feeding
areas between 41°20’ N and 51°00’ N, from the shore seaward to the 1,000-fathom contour. In the
western Atlantic, they winter from the edge of sea ice (near the Gulf of St. Lawrence) south to the Gulf
of Mexico and the West Indies (National Marine Fisheries Service, 2010a).

Fin whales are observed in the Gulf of Maine, the Bay of Fundy, the Gulf of St. Lawrence, and in offshore
areas of Nova Scotia (Coakes et al., 2005; Johnston et al., 2005). Near the Bay of Fundy, fin whales are
known to congregate close to the tip of Campobello Island, where they feed within localized upwellings
and fronts in the Northeast U.S. Continental Shelf Large Marine Ecosystem (Johnston et al., 2005).

Fin whale sightings and acoustic detections are greatest in New England waters during spring and
summer, with scattered sightings over the northeast shelf in winter, indicating that some fin whales are
present during the non-feeding season (Hain et al., 1992; Morano et al., 2012b; Waring et al., 2014). Fin
whales are also observed in the Gulf of Maine, the Bay of Fundy, the Gulf of St. Lawrence, and in
offshore areas of Nova Scotia (Coakes et al., 2005; Johnston et al., 2005). Near the Bay of Fundy, fin
whales are known to congregate close to the tip of Campobello Island, where they feed within localized
upwellings and fronts in the Northeast U.S. Continental Shelf Large Marine Ecosystem (Johnston et al.,
2005). Acoustic data from the U.S. Navy’s Sound Surveillance System arrays suggest that animals
undertaking southward migrations in the fall generally travel south past Bermuda to the West Indies
(Clark, 1995); however, a migration corridor for fin whales in the U.S. Atlantic Exclusive Economic Zone is
not known (LaBrecque et al., 2015a).

New England waters are considered a major feeding ground for fin whales, and there is evidence that
females continually return to this site (Hayes et al., 2017). Forty-nine percent of fin whales sighted in the
feeding grounds of Massachusetts Bay were sighted again within the same year, and 45 percent were
sighted again in multiple years (Hayes et al., 2017). LaBrecque et al. (2015a) identified three feeding
areas for fin whales in the North Atlantic within the Study Area: (1) June to October in the northern Gulf
of Maine, (2) year-round in the southern Gulf of Maine, and (3) March to October east of Montauk
Point, as substantiated through vessel-based survey data, photo-identification data, and expert
judgment.

Calving may take place during October to January in latitudes of the U.S. mid-Atlantic region; however, it
is unknown where calving, mating, and wintering occur for most of the population (Hain et al., 1992).
Results from the Navy’s Sound Surveillance System (Clark, 1995) indicate a substantial deep-ocean
distribution of fin whales. It is likely that fin whales occurring in the U.S. Exclusive Economic Zone in the
Atlantic Ocean undertake migrations into Canadian waters, open-ocean areas, and perhaps even
subtropical or tropical regions. However, the popular notion that entire fin whale populations make
distinct annual migrations like some other mysticetes has questionable support from the data.

Aerial surveys conducted monthly around the Norfolk Canyon began in January 2015 and have resulted
in eight fin whale sightings, six of which were documented in May 2016.

Fin whales have been detected frequently throughout the winter months during passive acoustic
monitoring efforts conducted from 2007 through 2015 within the continental shelf break and slope
waters off Onslow Bay, North Carolina (Hodge et al., 2014, 2015, 2016; U.S. Department of the Navy,
2013c). Aerial surveys conducted monthly offshore of Cape Hatteras since May 2011 have resulted in
seven total sightings of fin whales, primarily during the fall and spring (McLellan et al., 2014). Additional
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sightings during small vessel fieldwork conducted off the coast of Cape Hatteras survey area between
July 2009 and December 2014 occurred in 2012 (one individual) and 2013 (two individuals) (Foley et al.,
2015). Visual surveys, acoustic and satellite tagging, passive acoustic monitoring, biopsy, and photo-
identification efforts conducted from January 2014 to December 2014 resulted in three biopsy samples
in 2013 and a new photo-identification catalogue in 2014 for a fin whale that was previously observed
offshore of Cape Hatteras in 2013 (Foley et al., 2015).

Visual surveys and passive acoustic monitoring conducted from 2007 to 2011 in Onslow Bay, North
Carolina, indicate fin whale occurrence in this area between late fall and early spring (Hodge, 2011).
Monthly aerial surveys conducted between June 2007 and April 2011 only resulted in one sighting of fin
whales in March 2010. However, high-frequency recording packages deployed between November 2007
and April 2010 in Onslow Bay detected 20-Hz pulses from fin whales primarily in the winter months,
starting in November and continuing through mid-April, suggesting that fin whales are migrating past
Onslow Bay during this time (Hodge, 2011).

In the western Atlantic, limited data indicate that some fin whales winter from the edge of sea ice (near
the Gulf of St. Lawrence) south to the Gulf of Mexico and the West Indies (Clark, 1995).

3.7.2.2.4.3 Population Trends

Due to imprecise abundance estimates and variable survey design, a population trend analysis has not
been conducted for fin whales (Hayes et al., 2018).

3.7.2.2.4.4 Predator and Prey Interactions

This species preys on small invertebrates such as copepods, as well as squid and schooling fishes such as
capelin, herring, and mackerel (Goldbogen et al., 2006; Jefferson et al., 2015). The fin whale is not
known to have a significant number of predators. However, in regions where killer whales are abundant,
some fin whales exhibit attack scars on their flippers, flukes, and flanks, suggesting possible predation by
killer whales (Aguilar, 2008).

3.7.2.2.4.5 Species-Specific Threats

Fin whales are susceptible to both ship strikes and entanglement in fishing gear. Section 3.7.2.1.5
(General Threats) discusses threats to marine mammals.

3.7.2.2.5 Sei Whale (Balaenoptera borealis)
3.7.2.2.5.1 Status and Management

The sei whale is listed as endangered under the ESA and is considered a depleted and strategic stock
under the MMPA. Critical habitat is not designated for sei whales. A recovery plan for the sei whale was
finalized in 2011 (National Marine Fisheries Service, 2011b). While the genetic differentiation between
sei whale stocks in the North Atlantic is low, it is considered to be consistent with their extensive range
of movements and does not fully support rejecting the existence of multiple stocks in the North Atlantic
(Huijser et al., 2018). Two stocks of sei whale are recognized by NMFS in the North Atlantic: a Nova
Scotia stock and a Labrador Sea stock (Hayes et al., 2017). The Nova Scotia stock is considered in the
management unit under NMFS jurisdiction; it includes the continental shelf waters of the northeastern
United States and extends northeastward to south of Newfoundland. The Labrador Sea stock is outside
of NMFS jurisdiction but occurs within the Study Area.
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3.7.2.2.5.2 Habitat and Geographic Range

Sei whales have a worldwide distribution and are found primarily in cold temperate to subpolar
latitudes. Sei whales are typically found in the open ocean and are rarely observed near the coast
(Horwood, 2008; Jefferson et al., 2015). They are generally found between 10° and 70° latitudes.
Satellite tagging data indicate sei whales feed and migrate east to west across large sections of the
North Atlantic (Olsen et al., 2009); they are not often seen within the equatorial Atlantic. In the Study
Area, the open ocean range includes the Labrador Current, North Atlantic Gyre, and Gulf Stream open
ocean areas.

During the winter, sei whales are found from 20° N to 23° N and during the summer from 35° N to 50° N
(Horwood, 2008; Masaki, 1976, 1977; Smultea et al., 2010). They are considered absent or at very low
densities in most equatorial areas and in the Arctic Ocean. Sei whales spend the summer feeding in
subpolar high latitudes and return to lower latitudes to calve in winter. However, no migratory corridor
for sei whales has been identified in U.S. Atlantic waters (LaBrecque et al., 2015a). There are no known
sei whale mating or calving grounds in U.S. Atlantic waters (LaBrecque et al., 2015a). Whaling data
provide some evidence of varied migration patterns, based on reproductive class, with females arriving
at and departing from feeding areas earlier than males (Horwood, 1987; Perry et al., 1999). Sei whales
are known to swim at speeds greater than 25 km per hour and may be one of the fastest cetaceans,
after the fin whale (Horwood, 1987; Jefferson et al., 2015).

The range of the Nova Scotia stock includes the continental shelf waters of the northeastern United
States and extends northeastward to south of Newfoundland. During the feeding season, a large portion
of the Nova Scotia sei whale stock is centered in northerly waters of the Scotian Shelf (Hayes et al.,
2017). The range of the Labrador Sea stock likely includes continental shelf waters near Labrador and
Newfoundland, although satellite tag data indicate that most of that stock may use the deeper water
areas between Greenland and Labrador (Prieto et al., 2014). Using data from vessel-based surveys,
LaBrecque et al. (2015a) delineated a feeding area for sei whales in the northeast Atlantic between the
25-m contour off coastal Maine and Massachusetts to the 200-m contour in central Gulf of Maine,
including the northern shelf break area of Georges Bank. The feeding area also includes the southern
shelf break area of Georges Bank from 100 to 2,000 m and the Great South Channel. Feeding activity in
the U.S. Atlantic waters is concentrated from May through November with a peak in July and August.

The southern portion of the species’ range during spring and summer includes the northern portions of
the U.S. Exclusive Economic Zone in the Atlantic Ocean, including the Gulf of Maine and Georges Bank.
During spring and summer, sei whales occur in waters from the Bay of Fundy to northern Narragansett
Bay. Large concentrations are often observed along the northern flank, eastern tip, and southern shelf
break of Georges Bank. During the fall, sei whales may be found in limited shelf areas of the Northeast
Channel and in the western Gulf of Maine (Cetacean and Turtle Assessment Program, 1982; Stimpert et
al., 2003). Spring is the period of greatest abundance in Georges Bank and into the Northeast Channel
area, along the Hydrographer Canyon (Cetacean and Turtle Assessment Program, 1982; Waring et al.,
2010). Although uncommon near the coastline, two strandings of sei whales have been reported on the
Virginia coast in 2003 and 2011 (King, 2011; Swingle et al., 2014).

Passive acoustic monitoring conducted offshore of Cape Hatteras, North Carolina, since 2011 resulted in
the detections of sei whales on bottom-mounted high-frequency acoustic recording packages that were
not observed during visual surveys (McLellan et al., 2014). Passive acoustic monitoring conducted
offshore of Jacksonville, Florida, from 2009 through 2012 also included detections of sei whales on
marine acoustic recording units during the winter of 2009 to 2010 (Oswald et al., 2016) and possible
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detections on high-frequency acoustic recording packages during the winter of 2010 and 2011 (Hodge &
Read, 2013).

3.7.2.2.5.3 Population Trends

Due to imprecise abundance estimates and long periods of time between surveys, a trend analysis has
not been conducted for sei whales (Hayes et al., 2017).

3.7.2.2.5.4 Predator and Prey Interactions

Sei whales feed on copepods, amphipods, euphausiids, shoaling fish, and squid (Horwood, 2008);
(Nemoto & Kawamura, 1977). Feeding occurs primarily around dawn, which appears to be correlated
with vertical migrations of prey species (Horwood, 2008). Unlike other rorquals, the sei whale skims to
obtain its food, although like other rorqual species, it does some lunging and gulping (Horwood, 2008).
Sei whales, like other baleen whales, are likely subject to occasional attacks by killer whales.

3.7.2.2.5.5 Species-Specific Threats

There are no significant species-specific threats to sei whales in the northwest Atlantic. Section 3.7.2.1.5
(General Threats) discusses general threats to marine mammals.

3.7.2.2.6 Sperm Whale (Physeter macrocephalus)
3.7.2.2.6.1 Status and Management

The sperm whale has been listed as an endangered species since 1970 under the precursor to the ESA
(National Marine Fisheries Service, 2009) and is listed as depleted and strategic under the MMPA.
Whether the northwestern Atlantic population is discrete from northeastern Atlantic is currently
unresolved. The International Whaling Commission recognizes one stock for the North Atlantic, based
on reviews of many types of stock studies (e.g., tagging, genetics, catch data, mark and recapture,
biochemical markers). A recovery plan is in place for the sperm whale in U.S. waters (National Marine
Fisheries Service, 1998). There are currently two stocks of sperm whales recognized within the Study
Area managed under NMFS jurisdiction: the western North Atlantic and the Gulf of Mexico stocks. In
2013, NMFS determined that a petition to list the Gulf of Mexico stock as a distinct population segment
was not warranted based on a review of best available information on physical, physiological, ecological,
and behavioral factors (78 Federal Register 68032—68037, November 13, 2013). A 5-year review for
sperm whales was finalized in 2015 (National Marine Fisheries Service, 2015b).

3.7.2.2.6.2 Habitat and Geographic Range

Sperm whales are found throughout the world’s oceans in deep waters to the edge of the ice at both
poles (Leatherwood & Reeves, 1983; Rice, 1989; Whitehead, 2002). Sperm whales show a strong
preference for deep waters (Rice, 1989; Whitehead, 2003). Their distribution is typically associated with
waters over the continental shelf break, over the continental slope, and into deeper waters and mid-
ocean regions. However, in some areas, adult males are reported to consistently frequent waters with
bottom depths less than 100 m and as shallow as 40 m (Jefferson et al., 2008b; Jefferson et al., 2015;
Romero et al., 2001). Typically, sperm whale concentrations correlate with areas of high productivity.
These areas are generally near drop-offs and areas with strong currents and steep topography (Gannier
& Praca, 2007; Jefferson et al., 2015). Sperm whales form large matrilineal social groups consisting of
adult females and their offspring, which generally inhabit waters greater than 1,000 m deep at latitudes
less than 40°. Young males stay with the matrilineal group for 4 to 21 years, then leave to join bachelor
schools consisting of young males. As males age, they are found in progressively smaller groups and at
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progressively higher latitudes. Sperm whale migration is not well understood and is not as seasonally
based as that observed in mysticete whales.

Sperm whales may be found in Labrador Current, North Atlantic Gyre, and Gulf Stream open ocean
areas. Sperm whales are found throughout the Gulf Stream and North Atlantic Gyre, and adult male
distribution likely extends into the Labrador Current. In 1972, extensive survey cruises covering much of
the western and central North Atlantic Ocean found high densities of sperm whales in the Gulf Stream
region, between 40° N and 50° N and over the North Atlantic Ridge (National Marine Fisheries Service,
2010b).

Off Nova Scotia, coastal whalers found sperm whales primarily in deep continental slope waters,
especially in submarine canyons and around the edges of banks. During late spring and throughout the
summer, sperm whales are found on the continental shelf in waters less than 100 m deep on the
southern Scotian Shelf and into the northeast United States (National Marine Fisheries Service, 2010b;
Palka, 2006). High densities of sperm whales were also found in the Grand Banks of Newfoundland
(National Marine Fisheries Service, 2010b).

Sperm whales that occur in the eastern U.S. Exclusive Economic Zone in the Atlantic Ocean likely
represent only a fraction of the total stock. The nature of linkages of the U.S. habitat with those to the
south, north, and offshore is unknown. Historical whaling records compiled by Schmidly (1981)
suggested an offshore distribution off the southeast United States, over the Blake Plateau, and into
deep ocean waters. Distribution along the East Coast of the United States is centered along the shelf
break and over the slope. In winter, sperm whales are concentrated east and northeast of Cape
Hatteras, North Carolina. In spring, the center of distribution shifts northward to east of Delaware and
Virginia and is widespread throughout the central portion of the mid-Atlantic Bight and the southern
portion of Georges Bank. In summer, the distribution is similar but now also includes the area east and
north of Georges Bank and into the Northeast Channel region, as well as the continental shelf (inshore
of the 100-m isobath) south of New England. In fall, sperm whale occurrence south of New England on
the continental shelf is at its highest level, and there remains a continental shelf edge occurrence in the
mid-Atlantic Bight. Similar inshore (less than 200 m) observations were made on the southwestern and
eastern Scotian Shelf, particularly in the region of “the Gully” (Whitehead & Weilgart, 1991).

Beginning January 2015, monthly aerial surveys have been conducted around the Norfolk Canyon, which
to date has resulted in four sperm whale sightings during the summer and fall. Aerial surveys conducted
offshore of Cape Hatteras, North Carolina, since 2011 have resulted in common occurrence of sperm
whales, primarily in the spring and summer months (McLellan et al., 2014). Since 2012, passive acoustic
monitoring has been conducted within continental shelf break and slope waters off Cape Hatteras.
Sperm whale clicks have been detected consistently throughout the recording days; however, there is
significant difference between day and night occurrence (U.S. Department of the Navy, 2013c).
Additional passive acoustic monitoring continued in this area through 2015, which resulted in detection
of sperm whale foraging clicks on 70 percent of the recording days, demonstrating seasonal variability
patterns (Stanistreet et al., 2015). Tagging studies conducted between January and December 2014
resulted in two sperm whale encounters between May and October and one biopsy sample collected in
June, and the first sperm whale photo-identification catalogue match occurred in 2014 with a sperm
whale last seen in May 2013 (Foley et al., 2015).

Passive acoustic monitoring conducted in Onslow Bay, North Carolina, between 2007 and 2013
confirmed year-round occurrence of sperm whales, along with a nocturnal increase in occurrence of
clicks and greater vocal activity on recorders located in deeper waters of the monitoring area (Hodge,

3.7-44
3.7 Marine Mammals



Atlantic Fleet
Training and Testing Final EIS/OEIS September 2018

2011; Read et al., 2014; U.S. Department of the Navy, 2013c). Researchers confirmed occurrence of
sperm whale vocalizations in Onslow Bay on a recorder deployed at water depths of 230 m and 366 m,
along with regular nocturnal occurrence of sperm whale clicks near the shelf break, suggesting that
foraging activities were occurring at that time (Hodge et al., 2013). This diel pattern is in contrast to
what was recorded offshore of Cape Hatteras (Stanistreet et al., 2013). Habitat models also support
findings of sperm whale occurrence in the U.S. Economic Exclusion Zone waters offshore of Onslow Bay
(Best et al., 2012). Visual surveys in Onslow Bay and analysis of remotely sensed oceanographic data
were used to determine the effects of dynamic oceanography. The findings from this study indicate that
the presence of Gulf Stream frontal eddies and the location of the Gulf Stream Front influenced sperm
whale vocalization rates, among other species (Thorne et al., 2012).

Monthly aerial surveys conducted since January 2009 offshore of Jacksonville, Florida, have only
documented two sperm whale sightings in pelagic waters of the survey area (Cummings et al., 2016).
Deployment of high-frequency acoustic recording packages off Jacksonville from 2009 through 2015 has
resulted in zero sperm whale detections. However, sperm whales were one of the most commonly
detected species on marine autonomous recording units deployed just beyond the shelf in approximate
water depth of 183 m during the fall and winter of 2009 and 2010 offshore of Jacksonville (Oswald et al.,
2016). Sperm whales detections were recorded exclusively near the continental shelf break during the
fall deployment with detections recorded every day. They were also the third most common species
with detections on all but 2 days during the winter deployment (Oswald et al., 2016). Recordings
showed a strong diel pattern with almost all vocalization events occurring between sunset and sunrise
(Kumar et al., 2013; Oswald et al., 2016).

The sperm whale is the most common large cetacean in the northern Gulf of Mexico (Palka & Johnson,
2007). The distribution of sperm whales in the Gulf of Mexico is strongly linked to surface oceanography,
such as Loop Current eddies that locally increase production and availability of prey (O'Hern & Biggs,
2009). Most sperm whale groups were found within regions of enhanced sea surface chlorophyll
(O'Hern & Biggs, 2009). Ship-based and aerial based surveys indicate that sperm whales are widely
distributed only in waters deeper than 200 m in the northern Gulf of Mexico (Waring et al., 2014),
specifically inhabiting the continental slope and oceanic waters (Fulling et al., 2003; Maze-Foley &
Mullin, 2006; Mullin & Hoggard, 2000; Mullin & Fulling, 2004; Mullin et al., 2004). Seasonal aerial
surveys confirm that sperm whales are present in the northern Gulf of Mexico in all seasons (Hansen et
al., 1996; Mullin et al., 1994a; Mullin & Hoggard, 2000). Sperm whales aggregate at the mouth of the
Mississippi River and along the continental slope in or near cyclonic cold-core eddies (counterclockwise
water movements in the northern hemisphere with a cold center) or anticyclone eddies (clockwise
water movements in the northern hemisphere) (Davis et al., 2007). Habitat models for sperm whale
occurrence indicate a high probability of suitable habitat along the shelf break off the Mississippi delta,
Desoto Canyon, and western Florida (Best et al., 2012; Weller et al., 2000). Due to the nutrient-rich
freshwater plume from the Mississippi Delta the continental slope waters south of the Mississippi River
Delta and the Mississippi Canyon play an important ecological role for sperm whales (Davis et al., 2002;
Weller et al., 2000). Sightings during extensive surveys in this area consisted of mixed-sex groups of
females, immature males, and mother-calf pairs as well as groups of bachelor males (Jochens et al.,
2008; Weller et al., 2000). Female sperm whales have displayed a high level of site fidelity and year-
round utilization off the Mississippi River Delta compared to males (Jochens et al., 2008), suggesting this
area may also support year-round feeding, breeding, and nursery areas (Baumgartner et al., 2001;
National Marine Fisheries Service, 2010a), although the seasonality of breeding in Gulf of Mexico sperm
whales is not known (Jochens et al., 2008).
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In the eastern Gulf of Mexico, the continental slope waters west of the Florida Keys and the Dry
Tortugas also support sperm whale occurrence (Maze-Foley & Mullin, 2006; Mullin & Fulling, 2004) likely
due to the influence of the Loop Current and eddies on primary productivity and prey availability in the
area (Biggs et al., 2005; Oey et al., 2005). The information for southern Gulf of Mexico waters is more
limited, but there are sighting and stranding records from each season, with sightings widely distributed
in continental slope waters of the western Bay of Campeche (Ortega-Ortiz, 2002).

NMFS winter ship surveys of waters surrounding Puerto Rico and the U.S. Virgin Islands indicate that
sperm whales inhabit continental slope and oceanic waters (Roden & Mullin, 2000; Swartz & Burks,
2000; Swartz et al., 2002). Earlier sightings from the northeastern Caribbean were reported by Erdman
(1970), Erdman et al. (1973), and Taruski and Winn (1976), and these and other sightings from Puerto
Rican waters are summarized by Mignucci-Giannoni (1988). For years up to 1989, Mignucci-Giannoni
found 43 records for sperm whales in waters of Puerto Rico, U.S. Virgin Islands, and British Virgin Islands
and suggested these whales occur from late fall through winter and early spring but are rare from April
to September. In addition, sperm whales are one of the most common species to strand in waters of
Puerto Rico and the Virgin Islands (Mignucci-Giannoni et al., 1999). In the southeast Caribbean, both
large and small adults, as well as calves and juveniles of different sizes, are reported (Watkins et al.,
1985).

3.7.2.2.6.3 Population Trends

There has been considerable variation in point estimates of northern Gulf of Mexico sperm whale
abundance based on data collected from 1991 to 2009. Differences in temporal abundance will be
difficult to interpret without a Gulf of Mexico-wide (including waters belonging to Mexico and Cuba)
understanding of sperm whale abundance. Studies based on abundance and distribution surveys
restricted to U.S. waters are unable to detect temporal shifts in distribution beyond U.S. waters that
might account for changes in abundance (Waring et al., 2016). As a result, a trend analysis for the North
Atlantic stock of sperm whales has not been conducted (Waring et al., 2016).

3.7.2.2.6.4 Predator and Prey Interactions

Sperm whales socialize for predator defense as well as foraging. Sperm whales feed on squid, other
cephalopods (a type of mollusc), and bottom-dwelling fish and invertebrates (Davis et al., 2007;
Marcoux et al., 2007; Rice, 1989). Exactly how sperm whales search for, detect, and capture their prey
remains uncertain. Site-specific ecological factors, such as predation pressure and food availability, likely
influence fundamental aspects of sperm whale social organization (Fais et al., 2015; Jaquet & Gendron,
2009). False killer whales, pilot whales, and killer whales have been documented harassing and, on
occasion, attacking sperm whales (Baird, 2009).

3.7.2.2.6.5 Species-Specific Threats

The Gulf of Mexico stock of sperm whales was 1 of 31 cetacean stocks impacted by the 2010 Deepwater
Horizon oil spill in the Gulf of Mexico. Injury quantification was based on measured bottlenose dolphin
injuries observed within Barataria Bay and Mississippi Sound between 2010 and 2013 and was applied
to bay, sound, and estuary stocks, coastal stocks, and oceanic stocks of other cetacean species within
the oil spill footprint. Analyses determined that 16 percent of sperm whales in the Gulf of Mexico were
exposed to oil, resulting in 6 percent excess mortality above baseline conditions, 7 percent excess failed
pregnancies, and 6 percent higher likelihood for other adverse health effects. Without active restoration
efforts, recovery of the Gulf of Mexico sperm whale stock will take an estimated 21 years (Deepwater
Horizon Natural Resource Damage Assessment Trustees, 2016). Refer to Section 3.7.2.1.5.1 (Water
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Quality) for additional information on the Deepwater Horizon oil spill. Section 3.7.2.1.5 (General Threats)
discusses other threats to marine mammals.

3.7.2.2.7 Polar Bear (Ursus maritimus)
3.7.2.2.7.1 Status and Management

In May 2008, the polar bear was added as a threatened species under the ESA due to loss of sea ice
habitat caused by climate change; it is also considered a strategic and depleted stock under the MMPA.
Critical habitat was designated for areas of the Alaska coast in 2010, but there is no ESA-designated
critical habitat within the AFTT Study Area. The polar bear is managed by the USFWS under the
Department of the Interior, but it does not occur within the U.S. Exclusive Economic Zone in the Atlantic
Ocean.

3.7.2.2.7.2 Habitat and Geographic Range

Polar bears can be found in multi-year pack ice throughout the Arctic, but they generally prefer annual
ice over the continental shelf (Stirling, 2009). Typically, they are found near the floe edge and in areas of
moving ice (Stirling, 2009). They appear to prefer areas with ice concentrations greater than 50 percent
but less than 100 percent (Rozhnov et al., 2015) and have displayed repeated annual and seasonal
movements to the same areas within their habitat range (i.e., home-range fidelity) (Sahanatien et al.,
2015). However, they are also known to make migrations of 2,000 to 4,000 km (Jefferson et al., 2015).
Polar bears generally do not spend much time on land, unless the ice has melted and they have no
access to ice (Amstrup & DeMaster, 1988). Polar bears in Davis Strait, Foxe Bay, Hudson Bay, and Baffin
Bay spend summer and autumn on shore during the ice-free period (Peacock et al., 2013). During light
or late ice years elsewhere, polar bears undertake more extended swimming than in heavier ice years
(Durner et al., 2011; Pagano et al., 2012). During aerial surveys in the Beaufort Sea conducted between
1987 and 2003, 3.8 percent of sightings were made in open water, and in aerial surveys conducted in
2004, 19.9 percent of sightings occurred in open water (Monnett & Gleason, 2006). Observations of
free-swimming polar bears from 1987 to 2003 showed that they can occur at a distance of 4.9 to

75.3 km from land and 22 to 349 km from pack ice (Monnett & Gleason, 2006). An adult female polar
bear in the Beaufort Sea swam continuously for 687 km over 9 days (Durner et al., 2011).

The polar bear occurs at the northern extreme of the Study Area in association with pack ice between
Canada and Greenland. Polar bears are found throughout the Canadian Arctic to Greenland and
Svalbard, Norway. Historically, they were found as far south as James Bay, Newfoundland, and Iceland in
the North Atlantic (Amstrup & DeMaster, 1988; DeMaster & Stirling, 1981). The Davis Strait polar bear
subpopulation, which accounts for most of the polar bears that occur in the Study Area, is distributed in
the Labrador Sea, eastern Hudson Strait, Davis Strait, and southwest Greenland (Committee on the
Status of Endangered Wildlife in Canada, 2002).

3.7.2.2.7.3 Population Trends

The Davis Strait subpopulation of polar bear is the most likely to occur within the Study Area, but the
Foxe Basin and Baffin Bay subpopulations also occur near the Study Area (Committee on the Status of
Endangered Wildlife in Canada, 2002; Hutchings & Festa-Bianchet, 2009). The subpopulation in Baffin
Bay appears to be declining, whereas the subpopulations in Foxe Basin and Davis Strait are stable
(International Union for Conservation of Nature, 2017).
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3.7.2.2.7.4 Predator and Prey Interactions

Sea ice is the main platform from which polar bears forage (Auger-Methe et al., 2016). Polar bears
obtain most of their prey from the sea but rarely hunt directly in the water (Amstrup, 2003; Jefferson et
al., 2008b; Jefferson et al., 2015). They feed mainly on ringed seals but are also known to take bearded,
hooded, and harp seals (Jefferson et al., 2015). Although seals are their primary source of prey, they are
known to hunt larger animals, such as walruses and even small beluga whales and narwhals (Rugh &
Shelden, 1993; Stirling, 2009). Similar to other bear species, polar bears will feed on human refuse and,
when trapped on land for long periods, are known to feed on small amounts of terrestrial vegetation
(Amstrup, 2003). They are also known to take birds, bird eggs, and caribou (Gormezano & Rockwell,
2013; lles et al., 2013; Iverson et al., 2014), as well as Arctic cod (Jefferson et al., 2015). Polar bears in
Hudson Bay and southeastern Baffin Island are known to fast for many months, while ice is melting
during the summer, returning to the ice when it re-forms in the autumn. It appears that these animals
have amazing fasting abilities but generally do not fast if they have regular access to sea ice throughout
the year. Polar bears hunt by waiting near a hole in the ice used by seals for breathing and then attack
when the seal surfaces to breathe. They have a well-developed sense of smell, which they use to do
much of their hunting (Amstrup, 2003). In at least some areas, the diets of polar bears have shifted from
species associated with ice (ringed and bearded seals) to species less associated with ice (harbor, harp
and hooded seals) (McKinney et al., 2009). Polar bears have no natural predators.

3.7.2.2.7.5 Species-Specific Threats

The primary threat to this species is climate change and associated sea ice loss. Changes in sea ice
patterns thought to be caused by climate change is reducing the size, growth, reproduction, and survival
of polar bears in affected areas and is significantly shrinking their available habitat (Amstrup, 2003;
Durner et al., 2009).

3.7.2.2.8 West Indian Manatee (Trichechus manatus)
3.7.2.2.8.1 Status and Management

In 2017, the USFWS issued a final rule to downlist the West Indian manatee from endangered to
threatened under the ESA (82 Federal Register 16668—16704, April 5, 2017). The West Indian manatee is
still considered a depleted and strategic stock under the MMPA.

The West Indian manatee is divided into the Florida (Trichechus manatus latirostris) and Antillean
(Trichechus manatus manatus) subspecies (Lefebvre et al., 2001). Both subspecies may be found in the
Study Area, although the Antillean manatee only occurs in the Caribbean Sea Large Marine Ecosystem,
extending eastward to Puerto Rico (Lefebvre et al., 2001). The Antillean manatee (Puerto Rico stock) is
managed by the USFWS Caribbean Ecological Services Field Office in Boquerén, Puerto Rico, with
jurisdiction only in Puerto Rico and the U.S. Virgin Islands (U.S. Fish and Wildlife Service, 2014b). This
population is considered as a single population with minimal, if any subdivisions within the island.

The Florida population is closely monitored and managed by the USFWS and the Florida Fish and
Wildlife Conservation Commission (U.S. Fish and Wildlife Service, 2014a). The Florida manatee
population is divided into four management units: the Upper St. Johns River (4 percent of the
population), Atlantic Coast (46 percent), Southwest Florida (38 percent), and Northwest Florida

(12 percent). Data indicate that the Upper St. Johns River and Northwest Florida management units are
flourishing, and the Atlantic Coast management unit is likely stable. The USFWS is researching the status
of the Southwest Florida management unit (U.S. Fish and Wildlife Service, 2010). Preliminary analyses
from the USFWS indicate that all four management units are doing well.
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Critical habitat is designated at multiple inland rivers and coastal waterways throughout Florida,
although the designation does not define any primary constituent elements. The ESA-designated critical
habitat only overlaps with the Study Area within the St. Johns River (Mayport), Banana River (Port
Canaveral), St. Mary’s River entrance channel (Kings Bay), and a small portion of inshore waters
encompassed by the South Florida Ocean Measurement Facility Testing Range boundary (Figure 3.7-3).
However, the Mayport basin and the Trident basin are not considered ESA-designated critical habitat by
the USFWS. A petition to revise manatee ESA-designated critical habitat was submitted in 2009, and a
12-month finding on that petition by the USFWS stated that revisions should be made, including defining
primary constituent elements. However, sufficient funding is not currently available (75 Federal Register
1574-1581, January 12, 2010). In 2012, the USFWS issued a final rule establishing a manatee refuge in
Kings Bay, Citrus County, Florida, which includes its tributaries and connected waters (77 Federal
Register 15617-15635, March 16, 2012). However, this new refuge does not overlap with the Study
Area.

3.7.2.2.8.2 Habitat and Geographic Range

Manatees are found in coastal marine, brackish, and freshwater habitats. They are typically found in
seagrass beds, canals, creeks, embayments, and lagoons near the mouths of rivers and sloughs (Lefebvre
et al., 2000). Habitat selection is influenced by food, water temperatures, and freshwater resources.
Females with calves are influenced by additional factors when selecting habitats, including ambient
noise, currents, and increased amounts of forage (Gannon et al., 2007). Groups of manatees, sometimes
in the hundreds, often congregate near sources of warm water (Deutsch et al., 2003; Jefferson et al.,
2008b; Jefferson et al., 2015).

Florida manatees are found throughout the southeastern United States. Because manatees are a
subtropical species with little tolerance for cold, they are generally restricted to the inshore and coastal
waters of peninsular Florida during the winter, when they shelter in or near warm-water springs,
industrial effluents, and other warm-water sites (Hartman, 1979; Lefebvre et al., 2001; Stith et al., 2006).
In warmer months, manatees leave these sites and can disperse great distances. Individuals have been
sighted as far north as Massachusetts, as far west as Texas, and in all states in between (Fertl et al.,
2005; Rathbun, 1988). Warm-weather sightings are most common in Florida, coastal Georgia, and
Alabama, but increased sightings have been reported in Mid-Atlantic states such as North Carolina and
Virginia between June and October (Cummings et al., 2014).

As part of the 12-month finding to revise ESA-designated critical habitat, the USFWS recognizes the
significance of warm water to the survival of the Florida manatee and the importance of availability and
adequacy of warm-water refugia. Additional features to be considered in the analysis for revising ESA-
designated critical habitat may include adequate forage within dispersal distance of a warm-water
refuge, areas needed for calving and nursing, and important travel corridors for movements throughout
Florida and beyond (75 Federal Register 1574—-1581, January 12, 2010).

In the Study Area, the West Indian manatee (Florida subspecies) occurs from the southeastern U.S. to
the Caribbean (Jefferson et al., 2015; Morales-Vela et al., 2003). The West Indian manatee’s primary
range extends along both the Atlantic and Gulf coasts of Florida, while the secondary range extends
north to the coastal waters of North Carolina on the east side and into the Gulf of Mexico on the west
side. Tagging efforts of manatees in Cumberland Sound, Georgia have documented manatees within the
Naval Submarine Base Kings Bay. They were also documented to regularly use the Intracoastal
Waterway, which may place them at higher risk of boat strikes (Bryan County News, 2017; Georgia
Aquarium, 2017; Georgia Department of Natural Resources, 2017).
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Notes: AFTT: Atlantic Fleet Training and Testing; OPAREA: Operating Area

Figure 3.7-3: Designated Critical Habitat Areas for Florida Manatee in the Study Area
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Most of the tagged individuals from this study head to Florida inshore areas in late summer, long before
water temperatures decline, and spend the winter months around Brevard County, Florida. A few
individuals delayed migration, which appeared to be triggered by a specific temperature. Tagging results
showed these individuals stopping at man-made warm-water sites along the way. It was noted that
these sites are not always operational, which could be critically detrimental to manatees that rely on
man-made warm-water refuges. Possible implications for these individuals would include suffering from
cold stress (Bryan County News, 2017; Georgia Aquarium, 2017; Georgia Department of Natural
Resources, 2017). Manatees are reported regularly in coastal rivers of Georgia and South Carolina in
warmer months (Lefebvre et al., 2001) as they migrate north from Florida winter sites to Georgia in the
spring and occupy tidal waters throughout coastal Georgia from April through October (Bryan County
News, 2017; Georgia Aquarium, 2017; Georgia Department of Natural Resources, 2017). Manatees are
common in the St. Johns River and Port Canaveral and may have limited seasonal occurrence in the
Pascagoula River, Great Bay, Sabine Lake, and Galveston Bay.

The Antillean subspecies of West Indian manatee is only found in eastern Mexico and Central America,
northern and eastern South America, and in the Greater Antilles (Lefebvre et al., 1989) within the
Caribbean Large Marine Ecosystem. All studies suggest that manatees in Puerto Rico are most often
detected in protected areas around cays, in secluded bays, and in shallow seagrass beds east of San
Juan; the east, south, and southwest coasts; and not far from freshwater sources (U.S. Fish and Wildlife
Service, 2014a). The distribution of the Antillean manatee extends eastward only to Puerto Rico, except
for one 1988 report in St. Thomas, U.S. Virgin Islands; however, transient animals are known to occur in
the Lesser Antilles (Lefebvre et al., 2001). The offshore islands of Puerto Rico, including Caja de Muertos,
Culebra, and Vieques are considered significant biogeographic features, although manatees do not use
the western offshore islands of Mona and Desecheo (U.S. Fish and Wildlife Service, 2014b). Mona
Passage constitutes a migratory barrier to these islands since it is characterized by strong currents and
high surf. There have been few sightings in Caja de Muertos and Culebra Island. Vieques Island is within
the range of the species, and manatees have been observed traveling to and from the east coast
(Magor, 1979). Radio tagging techniques in Puerto Rico have documented general behavior of manatee
populations, where males displayed more extensive movements than females (Slone et al., 2006).

3.7.2.2.8.3 Population Trends

Demographic analyses indicate that the Florida stock of manatees is increasing or stable throughout
much of Florida (Runge et al., 2004; Runge et al., 2007). A survival rate analysis for the Florida manatee,
conducted from 1983 through 2007, identifies a survival rates for four regions in Florida ranging from
97 to 98 percent (Runge et al., 2015). The fastest growing segment of this stock is found in the St. Johns
River, with a growth rate of 6.2 percent (95 percent confidence interval 3.7 to 8.1 percent) (Runge et al.,
2004). Population modeling of the Florida manatee predicts that assuming all current threats remain
constant, there is less than a 2.5 percent chance that the southeastern U.S. population of Florida
manatees will fall below 4,000 individuals over the next 100 years (Runge et al., 2015).

The USFWS suggests that the Puerto Rico stock of manatees (Antillean subspecies) is at least stable and
possibly slightly increasing due to increasing numbers detected in annual surveys (U.S. Fish and Wildlife
Service, 2014b), however they caution that information from direct counts cannot be used to determine
population trends. Population viability analyses used to predict the likely future status of a given
population describes the Antillean manatee population with positive growth, which would continue as
long as human-induced mortality does not exceed 5 percent of the population (Castelblanco-Martinez et
al., 2012).
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The USFWS'’s 12-month finding to reclassify the West Indian manatee from endangered to threatened
further confirms that populations are improving. Although the ranking of threats to the species have not
changed, the impacts of those threats is considered lower due to a better understanding of the
resiliency of the population (Runge et al., 2015).

3.7.2.2.8.4 Predator and Prey Interactions

West Indian manatees are herbivorous and are known to consume more than 60 species of plants. They
typically feed on bottom vegetation, plants in the water column, and shoreline vegetation, such as
hyacinths and marine seagrasses (Reynolds et al., 2008). In some areas, they are known to feed on algae
and parts of mangrove trees (Jefferson et al., 2015; Mignucci-Giannoni & Beck, 1998).

Although large sharks, crocodiles, and killer whales are all considered to be potential predators, there is
little evidence to confirm this (Weller, 2008).

3.7.2.2.8.5 Species-Specific Threats

The Florida manatee is negatively impacted by cold stress, hurricanes, toxic red tide poisoning, habitat
destruction (such as loss of seagrass), and other natural and human-made factors. However, vessel
strikes are the single greatest cause of death for Florida manatees, accounting for 24 percent of
manatee deaths in Florida during the last 30 years (Jett & Thapa, 2010). A review of research on the
effectiveness of laws reducing boat speeds in areas of known manatee habitat indicated that reducing
boat speeds in specific areas is an appropriate, reasonable, and defensible management action,
although more studies on the effectiveness of boat speed reduction have been recommended (Calleson
& Frohlich, 2007).

Unlike the Florida manatee, mass mortalities due to red tide or need for warm water habitats do not
pose a threat to the Antillean manatee, given their location in tropical habitats. One mass mortality
(four males and one female) was documented in 2006 when the individuals were impacted by a large
vessel in the San Juan Bay (U.S. Fish and Wildlife Service, 2014b). Similar to the Florida manatee, vessel
strikes are the leading cause of human-induced mortalities of Antillean manatees (U.S. Fish and Wildlife
Service, 2014b).

3.7.2.2.9 Ringed Seal (Phoca hispida)

On December 28, 2012, National Ocean and Atmospheric Administration Fisheries published a final rule
listing the Arctic subspecies of the ringed seal (Phoca hispida) as threatened under the ESA. On March
11, 2016, the U.S. District Court for the District of Alaska used a decision vacating the listing of the Arctic
ringed seal as threatened. Following an appeal, the U.S. Court of Appeals for the Ninth Circuit reversed
and remanded the decision on February 12, 2018, thereby upholding the National Ocean and
Atmospheric Administration Fisheries’ listing of the Arctic ringed seals as a threatened species. The
Arctic ringed seal may be re-listed once the U.S. District Court for the District of Alaska renders final
judgment in this case. Therefore, though the ringed seal may be re-listed in the near future, for
purposes of this EIS/OEIS, the ringed seal is included under Section 3.7.2.3 (Species Not Listed Under the
Endangered Species Act) and is discussed in Section 3.7.2.3.32 (Ringed Seal [Phoca hispidal).

3.7.2.3 Species Not Listed Under the Endangered Species Act

As shown Table 3.7-1, most marine mammals are not listed under the ESA; however, all are afforded
protection under the MMPA. Species not listed under the ESA are discussed in the following subsections.
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3.7.2.3.1 Humpback Whale (Megaptera novaeangliae)
3.7.2.3.1.1 Status and Management

A recent status review identified 15 distinct population segments globally based primarily on breeding
areas (Bettridge et al., 2015). Partially based on this status review, NMFS issued a final rule to divide the
globally listed species into 14 distinct population segments and revise the listing status of each breeding
population (81 Federal Register 62260-62320, September 8, 2016). After evaluating the danger of
extinction of each distinct population segment, four distinct population segments (Cape Verde
Islands/Northwest Africa, Western North Pacific, Central America, and Arabian Sea) are currently listed
under the ESA as endangered and one distinct population segment (Mexico) is listed as threatened. The
remaining nine distinct population segments, including the West Indies distinct population segment that
occurs within the AFTT Study Area, do not warrant listing under the ESA because they are neither in
danger of extinction nor likely to become so in the foreseeable future. All humpback whales feeding in
the North Atlantic are considered part of the West Indies distinct population segment (Bettridge et al.,
2015), including the Gulf of Maine stock. The West Indies distinct population segment feeding range
primarily includes the Gulf of Maine, eastern Canada, and western Greenland (80 Federal Register
22304-22345, April 21, 2015) and breeding grounds include waters of the Dominican Republic and
Puerto Rico (81 Federal Register 62260-62320, September 8, 2016).

For management purposes in U.S. waters, NMFS identified stocks that are based on feeding areas.
Although the western North Atlantic population was once treated as a single management stock, the
Gulf of Maine stock has been identified as a discrete subpopulation based on strong fidelity of
humpbacks feeding in that region (Hayes et al., 2017). The Gulf of Maine stock is the only stock of
humpbacks in the Atlantic managed under NMFS jurisdiction. However, it should be noted that several
other discrete humpback whale subpopulations, based on feeding grounds, are in the western North
Atlantic, including the Gulf of St. Lawrence, Newfoundland/Labrador, and western Greenland (Hayes et
al., 2017).

3.7.2.3.1.2 Habitat and Geographic Range

Humpback whales are distributed worldwide in all major oceans and most seas. Most humpback whale
sightings are in nearshore and continental shelf waters; however, humpback whales frequently travel
through deep oceanic waters during migration (Calambokidis et al., 2001; Clapham & Mattila, 1990).
Humpback whales of the western North Atlantic are typically found in Labrador Current, North Atlantic
Gyre, and Gulf Stream open ocean areas during seasonal migrations from northern latitude feeding
grounds, occupied during the summer, to southern latitude calving and breeding grounds occupied in
the winter (Hayes et al., 2017). The Gulf of St. Lawrence, Newfoundland Grand Banks, West Greenland,
and Scotian Shelf are summer feeding grounds for humpbacks (Cetacean and Turtle Assessment
Program, 1982; Kenney & Winn, 1986; Stevick et al., 2006; Whitehead, 1982). The Gulf of Maine is also
one of the principal summer feeding grounds for humpback whales in the North Atlantic. The largest
numbers of humpback whales are present from mid-April to mid-November. Other feeding locations in
this ecosystem are Stellwagen Bank, Jeffreys Ledge, the Great South Channel, the edges and shoals of
Georges Bank, Cashes Ledge, and Grand Manan Banks (Cetacean and Turtle Assessment Program, 1982;
Kenney & Winn, 1986; Stevick et al., 2006; Weinrich et al., 1997; Whitehead, 1982). LaBrecque et al.
(2015a) delineated a humpback whale feeding area in the Gulf of Maine, Stellwagen Bank, and Great
South Channel, substantiated through vessel-and aerial-based survey data, photo-identification data,
radio-tracking data, and expert judgment. Humpback whales feed in this area from March through

3.7-53
3.7 Marine Mammals



Atlantic Fleet
Training and Testing Final EIS/OEIS September 2018

December. Humpback feeding habitats are typically shallow banks or ledges with high seafloor relief
(Hamazaki, 2002; Payne et al., 1990).

On breeding grounds, females with calves occur in much shallower waters than other groups of whales,
and breeding adults use deeper more offshore waters (Ersts & Rosenbaum, 2003; Smultea, 1994). The
habitat requirements of wintering humpbacks appear to be controlled by the conditions necessary for
calving, such as warm water and relatively shallow, low-relief ocean bottom in protected areas, created
by islands or reefs (Clapham, 2000; Craig & Herman, 2000; Smultea, 1994).

Individual variability in the timing of migrations may result in the presence of individuals in high-latitude
areas throughout the year (Straley, 1990). Records of humpback whales off the U.S. mid-Atlantic coast
(New Jersey to North Carolina) from January through March suggest these waters may represent a
supplemental winter feeding ground used by juvenile and mature humpback whales of United States
and Canadian North Atlantic stocks (LaBrecque et al., 2015a).

Humpbacks are most likely to occur near the mouth of the Chesapeake Bay and coastal waters of
Virginia Beach between January and March; however, they could be found in the area year-round, based
on sighting and stranding data in both mid-Atlantic waters and the Chesapeake Bay itself (Barco et al.,
2002). Photo-identification data support the repeated use of the mid-Atlantic region by individual
humpback whales (Barco et al., 2002). Preliminary results of vessel surveys offshore of Virginia show site
fidelity in the AFTT Study Area for some individuals and a high level of occurrence within the shipping
channels—an important high-use area by both the Navy and commercial traffic (Aschettino et al., 2015).
Beginning January 2015, the offshore Norfolk Canyon Region was added to the monthly aerial survey
efforts offshore of Virginia, which documented five sightings of humpback whales, mostly during the
spring months. Line-transect survey efforts in the Mine Warfare Exercise box within Warning Area-50 of
the Virginia Capes Range Complex from August 2012 through August 2015 have resulted in 26
humpback whale sightings across fall, winter, and spring months (Engelhaupt et al., 2015; Engelhaupt et
al., 2016).

Aerial and vessel monitoring conducted offshore of Cape Hatteras, North Carolina, in Onslow Bay, North
Carolina, and offshore of Jacksonville, Florida confirmed winter occurrence of humpback whales in these
three areas of the Atlantic as well as observations in Onslow Bay during the spring months (U.S.
Department of the Navy, 2013c).

There are occasional reports of humpback whales in the Gulf of Mexico but those sightings should be
considered extralimital.

3.7.2.3.1.3 Population Trends

Current data suggest that the Gulf of Maine humpback whale stock is characterized by a positive trend
in size (Hayes et al., 2018). This is consistent with an estimated average growth trend of 3.1 percent
(SE=0.005) in the North Atlantic population overall for the period 1979 to 1993 (Stevick et al., 2003).

3.7.2.3.1.4 Predator and Prey Interactions

Humpback whales feed on a variety of invertebrates and small schooling fishes. The most common
invertebrate prey are krill; the most common fish prey are herring, mackerel, sand lance, sardines,
anchovies, and capelin (Clapham & Mead, 1999). Feeding occurs both at the surface and in deeper
waters, wherever prey is abundant. The humpback whale is the only species of baleen whale that shows
strong evidence of cooperation when feeding in large groups (D'Vincent et al., 1985). Humpback whales
were observed using “bubble nets” to herd prey (Jefferson et al., 2015). Bubble nets are a feeding
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strategy where the whales dive and release bubbles of air that float up in a column and trap prey inside;
the humpbacks then lunge through the column of trapped prey to feed.

Sensors attached to humpback whales foraging on Stellwagen Bank, Massachusetts allowed researchers
to measure in fine detail the orientation and movement patterns of both humpback whales and their
prey at meaningful ecological scales (Friedlaender et al., 2009). Findings indicate that differences
between surface and bottom feeding behaviors in humpback whales correlated with vertical changes in
the distribution and abundance of their primary prey, sand lance. In addition to prey abundance, other
factors relate to humpback whale surface feeding in the Gulf of Maine, such as time of day and the
height of the tides (Hazen et al., 2009). Characteristics of the prey, such as light emitted and the shape
of the schools formed by the prey, also relate to humpback whale surface-feeding.

This species is known to be attacked by both killer whales and false killer whales, as evidenced by tooth
rake scars on their bodies and fins (Jefferson et al., 2015).

3.7.2.3.1.5 Species-Specific Threats

Minimum annual rates of human-caused mortality and serious injury to the Gulf of Maine humpback
whale stock averaged 8.25 animals per year from 2011 to 2015, including 6.45 whales per year from
incidental fishery interactions and 1.8 whales per year from vessel collisions (Hayes et al., 2018).
Mortalities and serious injuries were recorded for large whales in the Northwest Atlantic from 1970 to
2009 (Van der Hoop et al., 2013). Of 473 records of humpback whales, cause of death could be
attributed for 203. Of the 203, 116 (57 percent) mortalities were caused by entanglements in fishing
gear, and 31 (15 percent) were attributable to vessel strikes. Annually updated inferences made from
scar prevalence and multistate models of Gulf of Mexico humpback whales indicate that (1) younger
animals are more likely to become entangled than adults, (2) juvenile scarring rates may be trending
upward, (3) maybe less than 10 percent of humpback entanglements are ever reported, and (4) 3
percent of the population may be dying annually as the result of entanglements (Robbins, 2009, 2010).
NMFS has declared an unusual mortality event for humpback whale strandings along the Atlantic coast
beginning January 2016 (National Marine Fisheries Service, 2017). Increased mortalities have been
observed from Maine through North Carolina. As of the development of this document, 42 cases have
been reported and 20 cases have been examined. Of those examined, 10 cases showed evidence of
vessel strikes; however, investigations are still underway to determine the cause of the strandings.

3.7.2.3.2 Minke Whale (Balaenoptera acutorostrata acutorostrata)
3.7.2.3.2.1 Status and Management

Minke whales are the smallest species of mysticete in the Study Area and are classified as a single
species with three subspecies recently recognized: Balaenoptera acutorostrata davidsoni in the North
Atlantic, Balaenoptera acutorostrata scammoni in the North Pacific, and a subspecies that is formally
unnamed but generally called the dwarf minke whale, which mainly occurs in the southern hemisphere
(Jefferson et al., 2015). Hayes et al. (2018) uses B. a. acutorostrata for the Canadian East Coast stock.

There are four recognized populations in the North Atlantic: Canadian east coast, west Greenland,
central North Atlantic, and northeastern North Atlantic (Donovan, 1991). Until better information is
available, minke whales off the eastern coast of the United States are considered to be part of the
Canadian East Coast stock, which inhabits the area from the western half of the Davis Strait (45°W) to
the Gulf of Mexico (Hayes et al., 2018). The relationship between this stock and the other three stocks is
uncertain.
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3.7.2.3.2.2 Habitat and Geographic Range

Minke whales have a cosmopolitan distribution in temperate and tropical waters and generally occupy
waters over the continental shelf, including inshore bays and even occasionally estuaries (Hayes et al.,
2018). However, records from whaling catches and research surveys worldwide indicate there may be
an open-ocean component to the minke whale’s habitat (Jefferson et al., 2015; Perrin & Brownell,
2008), including the Labrador Current, Gulf Stream, and North Atlantic Gyre Open Ocean Areas while
undergoing seasonal migrations. They have an extensive distribution in polar, temperate, and tropical
waters in the northern and southern hemispheres (Jefferson et al., 2015; Perrin & Brownell, 2008), and
are less common in the tropics than in cooler waters.

The minke whale is common and widely distributed within the U.S. Exclusive Economic Zone in the
Atlantic Ocean (Cetacean and Turtle Assessment Program, 1982). There appears to be a strong seasonal
component to minke whale distribution. Like most other baleen whales, minke whales generally occupy
the continental shelf proper rather than the continental shelf edge region (Hayes et al., 2018). As with
several other cetacean species, the possibility of a deep-ocean component to the distribution of minke
whales exists but remains unconfirmed.

Minke whales generally undergo annual migrations between low-latitude breeding grounds in the
tropics and subtropics in the winter and high-latitude feeding grounds (such as Gulf of Maine as well as
the Saguenay-St. Lawrence region [Quebec]) in the summer (Kuker et al., 2005). Timing of movements
between high-latitude summer feeding grounds to low-latitude winter habitats occurs between late
September and late October (Risch et al., 2014a). Migration paths indicate a clockwise movement
pattern, where whales are distributed closer to the shelf break edge during their northbound migration,
following the currents of the Gulf Stream and prey availability in the spring and then follow a more
directed southerly route in the fall, reaching warmer waters faster and avoiding swimming against the
Gulf Stream (Risch et al., 2014a).

During summer and early fall, minke whales are found throughout the lower Bay of Fundy (Ingram et al.,
2007). Spring and summer are times of relatively widespread and common occurrence, and are the
seasons when the whales are most abundant in New England waters. In New England waters during fall
there are fewer minke whales, while during winter the species appears to be largely absent.

LaBrecque et al. (2015a) delineated two minke whale feeding areas: (1) waters less than 200 m in the
southern and southwestern section of the Gulf of Maine, including Georges Bank, the Great South
Channel, Cape Cod Bay, Massachusetts Bay, and Stellwagen Bank, and (2) shallow waters around Parker
Ridge and Cashes Ledges in the central Gulf of Maine. These feeding areas were substantiated by vessel-
and aerial-based surveys, sightings from whale-watching vessels, and expert judgment. Minke whales
would be expected in both feeding areas from March through November.

Minke whales occur in the warmer waters of the southern United States during winter. While no minke
whale mating or calving founds have been found in U.S. Atlantic waters (LaBrecque et al., 2015a), other
data suggest a potential winter breeding area offshore the southeastern United States and the
Caribbean based on seasonal migration patterns, acoustic survey results, calf stranding records, and
sightings of mother-calf pairs in Onslow Bay and offshore of Jacksonville, Florida (Risch et al., 2014a).
Since January 2015, monthly aerial surveys have been conducted by the Navy in the offshore area near
Norfolk Canyon and have recorded three minke whale sightings (McAlarney et al., 2016). In addition,
aerial and vessel surveys conducted offshore of Cape Hatteras, North Carolina since 2011, Onslow Bay,
North Carolina since 2007 and Jacksonville, Florida since 2009 resulted in minke whale encounters
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primarily during the winter months at all three locations (McLellan et al., 2014). High-frequency acoustic
recording packages have been deployed at various locations offshore of Cape Hatteras, Onslow Bay,
Jacksonville, and the offshore area near Norfolk Canyon since 2012, 2007, 2009, and 2014, respectively.
Minke whale calls have shown a winter pattern of occurrence on the Cape Hatteras and Onslow Bay
deployment sites, a few detections at the Norfolk Canyon Site, and detections between December and
March in Jacksonville (Hodge et al., 2015, 2016; U.S. Department of the Navy, 2013c). Additional
acoustic monitoring using marine autonomous recording units deployed between 60 and 150 km
offshore of Jacksonville, Florida, in 2009 and 2010 revealed continuous vocalizations at the deep water
sites during the winter deployment, while vocalization events were completely absent during the fall
deployment suggesting a strong seasonal pattern of occurrence in this area (Oswald et al., 2016).
Ongoing acoustic monitoring efforts offshore of Cape Hatteras since March 2012 in water depths of 950
m resulted in frequent detections of minke whales (Debich et al., 2016; Stanistreet et al., 2013),
suggesting spring occurrence in this area as minke whales begin to migrate to northern feeding grounds
for the summer months.

Although they are not typically expected to occur within the Gulf of Mexico, observation records exist
for mostly immature individuals in the Gulf of Mexico and Florida Keys (Stewart & Leatherwood, 1985;
Waring et al., 2013). Mitchell (1991) summarized several winter records of minke whale sightings off the
southeast United States, Cuba Puerto Rico and the Antilles, hinting at a possible winter distribution in
the West Indies, and in the mid-ocean south and east of Bermuda.

3.7.2.3.2.3 Population Trends

Due to imprecise abundance estimates and long periods of time between surveys, a trend analysis has
not been conducted for minke whales (Hayes et al., 2018).

3.7.2.3.2.4 Predator and Prey Interactions

This species preys on small invertebrates and schooling fishes, such as capelin, haddock, sand eels,
pollock, herring, and cod (Jefferson et al., 2015; Kuker et al., 2005; Lindstrom & Haug, 2001; Reeves et
al., 2002b). Similar to other rorquals, minke whales are lunge feeders, often plunging through patches of
shoaling fish or krill (Hoelzel et al., 1989; Jefferson et al., 2015).

Minke whales are prey for killer whales (Ford et al., 2005); a common minke was observed under attack
by killer whales near British Columbia (Weller, 2008).

3.7.2.3.2.5 Species-Specific Threats

Minke whales are documented as bycatch in gillnets in the mid-Atlantic and northeast fisheries. This
species was also documented as bycatch in pelagic longline fisheries operating in the Atlantic Ocean,
Caribbean, and Gulf of Mexico (Zollett, 2009). Minke whale mortality and serious injury has also been
documented as a result of interactions with an unknown Canadian fishery. During 2011 to 2015, the
average annual minimum detected human-caused mortality and serious injury was 9.15 minke whales
per year, of which 7.75 were from U.S. and Canadian fisheries and 1.4 were from U.S. and Canadian
vessel strikes (Hayes et al., 2018). Section 3.7.2.1.5 (General Threats) discusses general threats to marine
mammals.
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3.7.2.3.3 Bryde’s Whale (Balaenoptera brydei/edeni)
3.7.2.3.3.1 Status and Management

Bryde’s whales are among the least known of the baleen whales. The species-level taxonomy remains
unresolved as well as the number of species or subspecies (Alves et al., 2010; Jefferson et al., 2015; Kato
& Perrin, 2008). The Society for Marine Mammalogy’s Committee on Taxonomy (2015) recognizes two
subspecies of Bryde’s whale: (1) B. edeni (Eden’s whale) and (2) B. brydei (offshore Bryde’s whale). In
addition a Bryde’s whale’s “pygmy form” known as Omura’s whale (Kato & Perrin, 2008; Rice, 1998) has
been described. Rosel and Wilcox (2014) found that the Gulf of Mexico Bryde’s whale population has a
unique lineage and appears to be phylogenetically most closely related to Eden’s whale, the smaller
form found in coastal and continental shelf waters of the northern Indian Ocean and the western Pacific
Ocean. Bryde’s whales in the Gulf of Mexico are genetically distinct from other Bryde’s whales and not
genetically diverse within the Gulf of Mexico (Rosel & Wilcox, 2014). The International Whaling
Commission continues to use the name Balaenoptera edeni for all Bryde’s-like whales, although at least
two species are recognized.

Current genetic research confirms that gene flow among Bryde’s whale populations is low and suggests
that management actions treat each as a distinct entity to ensure survival of the species (Kanda et al.,
2007). Bryde’s whales found in the northern Gulf of Mexico represent a resident stock and are thus
considered a separate stock for management purposes. In April 2015, NMFS announced a 90-day finding
on a petition to list the Gulf of Mexico population of Bryde’s whale as an endangered distinct population
segment under the ESA (80 Federal Register 18343-18346, April 6, 2015). NMFS determined that the
petition presented substantial information and a status review was completed in December 2016 (Rosel
et al., 2016). In December 2016, NMFS published a proposed rule to list the Gulf of Mexico Bryde’s
whale as endangered under the ESA (81 Federal Register 88639-88656, December 8, 2016), initiating a
public comment period that ended on January 30, 2017. In February 2017, in response to a request for
an extension, NMFS reopened the public comment period for an additional 15 calendar days, which
ended on February 23, 2017 (82 Federal Register 9707-9708, February 8, 2017). At the time of this
publication, a final rule to list the Bryde’s whale had not been published.

3.7.2.3.3.2 Habitat and Geographic Range

Unlike other baleen whale species, Bryde’s whales are restricted to tropical and subtropical waters and
do not generally occur beyond latitude 40° in either the northern or southern hemisphere (Jefferson et
al., 2015; Kato & Perrin, 2008). The primary range of Bryde’s whales in the Atlantic is in tropical waters
south of the Caribbean, outside the Study Area, with the exception of the Gulf of Mexico. Bryde’s whales
may range as far north as Virginia (Kato & Perrin, 2008). Long migrations are not typical of Bryde’s
whales, although limited shifts in distribution toward and away from the equator in winter and summer
were observed (Best, 1996; Cummings, 1985). Based on assessment surveys, Bryde’s whales do not
consistently inhabit the southeast U.S. Atlantic (Rosel et al., 2016).

Bryde’s whales are the only baleen whale known to occur year-round in the Gulf of Mexico (Jefferson &
Schiro, 1997; Rosel et al., 2016; Waring et al., 2013; Waring et al., 2016; Wirsig et al., 2000). Their
distribution is currently restricted to a small area in the northeastern Gulf near De Soto Canyon in
waters between 100 and 400 m deep along the continental shelf break (Davis & Fargion, 1996; Davis et
al., 2000; Jefferson & Schiro, 1997; Rosel et al., 2016). There have been no confirmed sightings of
Bryde’s whales along the U.S. east coast during NMFS cetacean surveys (Rosel et al., 2016). Most of the
sighting records of Bryde’s whales in the northern Gulf of Mexico are from NMFS abundance surveys
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(Waring et al., 2016), which were conducted during the spring (Davis & Fargion, 1996; Davis et al., 2000;
Hansen et al., 1995; Hansen et al., 1996; Jefferson & Schiro, 1997; Maze-Foley & Mullin, 2006; Mullin &
Hoggard, 2000; Mullin & Fulling, 2004). In addition, there are stranding records from throughout the
year (Wrsig et al., 2000). Information on Bryde’s whale occurrence in the southern Gulf of Mexico is
sparse (Rosel et al., 2016). The area between the 100- and 300-m isobaths in the eastern Gulf of Mexico
from south of Pensacola (head of DeSoto Canyon) to northwest of Tampa Bay, Florida, has been
identified by LaBrecque et al. (2015b) as a small and resident population. Rosel et al. (2016) recommend
this area be better defined out to the 400-m depth contour to provide a buffer around the deeper water
sightings as well as to Mobile Bay, Alabama to account for all sighting locations in the northern Gulf of
Mexico.

3.7.2.3.3.3 Population Trends

Due to the relatively imprecise abundance estimates and long intervals between surveys, there are
insufficient data to assess population trends for this species (Hayes et al., 2018). While not constituting a
trend analysis, research studies conducted under the Natural Resource Damage Assessment estimated
there was up to a 22 percent decline in population size resulting from the Deepwater Horizon oil spill
(Deepwater Horizon Natural Resource Damage Assessment Trustees, 2016) (Hayes et al., 2018)).

3.7.2.3.3.4 Predator and Prey Interactions

Bryde’s whales primarily feed on schooling fishes and are lunge feeders. Prey includes anchovy, sardine,
mackerel, herring, krill, and pelagic red crab (Baker & Madon, 2007; Jefferson et al., 2015; Nemoto &
Kawamura, 1977). Like humpback whales, Bryde’s whales were observed using “bubble nets” to herd
prey (Jefferson et al., 2015; Kato & Perrin, 2008). Bryde’s whale is known to be prey for killer whales, as
evidenced by an aerial observation of 15 killer whales attacking a Bryde’s whale in the Gulf of California
(Weller, 2008).

3.7.2.3.3.5 Species-Specific Threats

There was no documented fishery-caused mortality or serious injury for Gulf of Mexico Bryde’s whales
during 2011 through 2015; the mean annual mortality and serious injury from this time period from
other human-caused actions (Deepwater Horizon oil spill) was 0.8 whales per year (Hayes et al., 2018).
Northern Gulf of Mexico Bryde’s whales were 1 of 31 cetacean stocks impacted by the 2010 Deepwater
Horizon oil spill in the Gulf of Mexico. Injury quantification found that Bryde’s whales were the most
impacted of all cetacean shelf and oceanic stocks exposed to the oil spill, with 17 percent excess
mortality, 22 percent excess failed pregnancies, and 18 percent higher likelihood for other adverse
health effects. Without active restoration efforts, recovery of the northern Gulf of Mexico Bryde’s whale
stock will take an estimated 69 years (Deepwater Horizon Natural Resource Damage Assessment
Trustees, 2016). Refer to Section 3.7.2.1.5.1 (Water Quality) for additional information on the
Deepwater Horizon oil spill.

The status review identified the following factors thought to pose the greatest threat to Gulf of Mexico
Bryde’s whales: habitat destruction, modification, or curtailment of habitat range during energy
exploration and development and oil spills; vessel collisions; anthropogenic noise during seismic surveys;
and small population effects (Rosel et al., 2016).

Section 3.7.2.1.5 (General Threats) discusses other threats to marine mammals.
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3.7.2.3.4 Dwarf/Pygmy Sperm Whale (Kogia sima and Kogia breviceps)
3.7.2.3.4.1 Status and Management

Before 1966, dwarf and pygmy sperm whales were thought to be a single species, until form and
structure distinction were shown (Handley, 1966); misidentifications of these two species are still
common (Jefferson et al., 2015). Dwarf and pygmy sperm whales are not often observed at sea, but they
are among the more frequently stranded cetaceans (Caldwell & Caldwell, 1989; Jefferson et al., 2015;
McAlpine, 2008). Rare sightings indicate they may avoid human activity, and they are rarely active at the
sea surface. They usually appear slow and sluggish, often resting motionless at the surface with no
visible blow (Baird, 2005; Jefferson et al., 2015). Because of the scarcity of biological information
available for individual dwarf and pygmy sperm whales, the difficulty of species-level identifications, and
the lack of data on individual stock structure and abundance estimates, dwarf and pygmy sperm whales
are presented collectively here with species-specific information if available.

Although virtually nothing is known of population status for these species, stranding frequency suggests
they may not be as uncommon as sighting records would suggest (Jefferson et al., 2015; Maldini et al.,
2005). The western North Atlantic population(s) and the northern Gulf of Mexico population(s) are
considered separate stocks for management purposes, but there is no genetic evidence that these two
populations differ (Hayes et al., 2017; Waring et al., 2013).

3.7.2.3.4.2 Habitat and Geographic Range

Dwarf and pygmy sperm whales appear to be distributed worldwide in temperate to tropical waters
(Caldwell & Caldwell, 1989; McAlpine, 2002). Both species may be found in the Gulf Stream and North
Atlantic Gyre open ocean areas. Most sightings are in the Gulf Stream, perhaps an artifact of survey
effort rather than a reflection of actual distribution. Dwarf and pygmy sperm whales can occur close to
shore and sometimes over the outer continental shelf. However, several studies show that they may
also generally occur beyond the continental shelf edge (Bloodworth & Odell, 2008; MacLeod et al.,
2004). The pygmy sperm whale may frequent more temperate habitats than the dwarf sperm whale,
which is more of a tropical species. The dwarf sperm whale may also have a more pelagic distribution,
and dive deeper during feeding bouts, than pygmy sperm whales (Barros & Wells, 1998). Although deep
oceanic waters may be the primary habitat for this species, there are very few oceanic sighting records
offshore (Waring et al., 2014). The lack of sightings may have more to do with the difficulty of detecting
and identifying these animals at sea and lack of effort than with any real distributional preferences.

In the Study Area, dwarf and pygmy sperm whales are found primarily in the Northeast and Southeast
U.S. Continental Shelf Large Marine Ecosystems, the Gulf of Mexico, and Caribbean Sea (Bloodworth &
Odell, 2008; Caldwell & Caldwell, 1989; Cardona-Maldonado & Mignucci-Giannoni, 1999). A stranded
pygmy sperm on the north shore of the Gulf of St. Lawrence represents the northernmost record for this
species in the western Atlantic (Measures et al., 2004).

Aerial surveys conducted monthly offshore of Cape Hatteras since May 2011 have only resulted in three
total sightings of dwarf and sperm whales, to date. Similarly, monthly aerial surveys offshore of
Jacksonville since 2009 have only documented one sighting of these species. However, passive acoustic
monitoring has been more successful in documenting dwarf and pygmy sperm whale occurrence in the
Study Area. Analysis of vocalizations collected during passive acoustic monitoring efforts conducted
offshore of Onslow Bay, North Carolina between 2007 and 2013 indicate that dwarf and pygmy sperm
whales only occur sporadically in this area (Hodge, 2011; U.S. Department of the Navy, 2013c).
Additional passive acoustic data collected in Onslow Bay between August 2011 and October 2012
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resulted in dwarf and pygmy sperm whales click detections during August to December 2011 and July to
October 2012 deployments with a peak in vocal activity in late November 2011 (Hodge et al., 2013).
Dwarf/pygmy sperm whale clicks were present throughout a deployment period from October 2012
through the end of March 2013 with no specific temporal pattern in occurrence. This deployment
resulted in more detections of dwarf/pygmy sperm whale clicks than any other deployment in Onslow
Bay (Hodge & Read, 2015).

Aerial surveys conducted offshore of Jacksonville, Florida between January 2009 and December 2015
resulted in only one sighting of a dwarf/pygmy sperm whale (Cummings et al., 2016).

Pygmy sperm whales were one of the most commonly sighted species in the northern Gulf of Mexico
from 1992 to 1994 and from 1996 to 2001 (Mullin & Fulling, 2004). Fulling and Fertl (2003) noted a
concentration of sightings in continental slope waters near the Mississippi River Delta. The delta is
considered an important area for cetaceans in the northern Gulf of Mexico because of its high levels of
productivity associated with oceanographic features. Data from the Gulf of Mexico suggest that dwarf
and pygmy sperm whales may associate with frontal regions along the continental shelf break and upper
continental slope, where squid densities are higher (Baumgartner et al., 2001; Jefferson et al., 2015).

3.7.2.3.4.3 Population Trends

A trend analysis has not been conducted for dwarf and pygmy sperm whales in the western North
Atlantic stock (Hayes et al., 2017). Furthermore, there are insufficient data to determine the population
trends for northern Gulf of Mexico dwarf and pygmy sperm whales due to uncertainty in species
identification at sea (Waring et al., 2013).

3.7.2.3.4.4 Predator and Prey Interactions

Dwarf and pygmy sperm whales feed on cephalopods and, less often, on deep-sea fishes and shrimp
(Beatson, 2007; Caldwell & Caldwell, 1989). A study showed cephalopods (squid) were the primary prey
of pygmy sperm whales in the Pacific Ocean, making up 78.7 percent of prey abundance and 93.4
percent contribution by mass. Stomach samples revealed an extreme diversity of cephalopod prey, with
38 species from 17 families (West et al., 2009).

Dwarf and pygmy sperm whales are likely subject to occasional killer whale predation, as are other
whale species.

3.7.2.3.4.5 Species-Specific Threats

The northern Gulf of Mexico stocks of dwarf and pygmy sperm whales were among the 31 cetacean
stocks impacted by the 2010 Deepwater Horizon oil spill in the Gulf of Mexico. Injury quantification
determined that 15 percent of dwarf and pygmy sperm whales in the Gulf of Mexico were exposed to
oil, resulting in 5 percent excess mortality above baseline conditions, 7 percent excess failed
pregnancies, and 6 percent higher likelihood for other adverse health effects. Without active restoration
efforts, recovery of the northern Gulf of Mexico dwarf and pygmy sperm whale stocks will take an
estimated 11 years (Deepwater Horizon Natural Resource Damage Assessment Trustees, 2016). Refer to
Section 3.7.2.1.5.1 (Water Quality) for additional information on the Deepwater Horizon oil spill. Section
3.7.2.1.5 (General Threats) discusses other threats to marine mammals.
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3.7.2.3.5 Beluga Whale (Delphinapterus leucas)
3.7.2.3.5.1 Status and Management

The only stocks of beluga whales managed under NMFS jurisdiction occur outside of the Study Area in
Alaska. Two recognized stocks of beluga whales may occur within the Study Area: the Eastern High
Arctic/Baffin Bay and the West Greenland (Jefferson et al., 2015). Beluga whales should be listed as Near
Threatened, based on classifications under the International Union for Conservation of Nature Red List
Categories and Criteria (Jefferson et al., 2012). At the global level, the species does not qualify for a
status of threatened, although there is substantial uncertainty about numbers and trends for some parts
of their range. Moreover, national and international, taxon-specific conservation programs that
currently monitor and manage hunting could result in the beluga whale qualifying for threatened status
(under criterion A3) within 5 years.

3.7.2.3.5.2 Habitat and Geographic Range

Beluga whales are found only in high latitudes of the northern hemisphere. Belugas are found in Arctic
and subarctic waters along the northern coasts of Canada, Alaska, Russia, Norway, and Greenland
(O'Corry-Crowe, 2008; Stewart & Stewart, 1989).

Beluga whales occur primarily in coastal waters, as shallow as 1 to 3 m, although they can also be found
in offshore waters greater than 800 m deep (Jefferson et al., 2008a; Jefferson et al., 2015; Richard et al.,
2001). During the winter, beluga whales are believed to occur in offshore waters associated with pack
ice, but little is known about the distribution, ecology, or behavior in winter. In most regions, beluga
whales are believed to migrate in the direction of the advancing polar ice front. However, in some areas,
they may remain behind this front and overwinter in enclosed areas of unfrozen water and ice leads. In
the spring, they migrate to warmer shallow water in coastal estuaries, bays, and rivers for molting and
calving (North Atlantic Marine Mammal Commission, 2000).

Beluga whales may be found in the Labrador Current open ocean area. This species is also known to
occur in the extreme northwestern portion of the Study Area. Beluga whales are found on the west
coast of Greenland and along the Newfoundland coast (Committee on the Status of Endangered Wildlife
in Canada, 2004), but are not normally seen farther south. In June 2014, a beluga whale was observed in
several bays and inlets of Rhode Island and Massachusetts (Swaintek, 2014). This sighting likely
represents an extralimital beluga whale occurrence in the Northeast U.S. Continental Shelf Large Marine
Ecosystem.

3.7.2.3.5.3 Population Trends

The current population trend for beluga whales within the Eastern High Arctic/Baffin Bay and the West
Greenland stocks is unknown (Jefferson et al., 2012).

3.7.2.3.5.4 Predator and Prey Interactions

Beluga whales prey on various types of fish and invertebrates. In some parts of their range, it is clear
that beluga whales are feeding in nearshore waters on seasonally abundant coastal fishes, such as
salmon, herring, capelin, smelt, and saffron cod. Much of their prey depends on distribution and
seasonal availability (Jefferson et al., 2008a; Jefferson et al., 2015). Killer whales and polar bears are
predators of beluga whales.
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3.7.2.3.5.5 Species-Specific Threats

There are no significant species-specific threats to beluga whales in the Northwest Atlantic. Section
3.7.2.1.5 (General Threats) discusses threats to marine mammals.

3.7.2.3.6 Narwhal (Monodon monoceros)
3.7.2.3.6.1 Status and Management

There is no stock of narwhal that occurs in the U.S. Exclusive Economic Zone in the Atlantic Ocean;
however, populations from Hudson Strait and Davis Strait may extend into the Study Area at its
northwest extreme (Heide-Jgrgensen, 2008).

3.7.2.3.6.2 Habitat and Geographic Range

Narwhals prefer cold Arctic waters, and are the most northerly cetacean. They are also known to be a
deepwater species. In the summer, they are found in more northern areas, and as ice begins to form,
they tend to follow the ice to more open waters for the winter. They are often found in deep fjords and
cracks and leads in the ice (Heide-Jgrgensen, 2008; Reeves & Tracey, 1980). Narwhals may be found in
the Labrador Current open ocean area.

Narwhals winter in the regions of Hudson Strait and Baffin Bay-Davis Strait, as well as Disko Bay in West
Greenland. Narwhals wintering in Hudson Strait in smaller numbers are assumed to belong to the
northern Hudson Bay summer population. Tagged narwhals in the summering grounds in Admiralty Inlet
showed their annual migration following the ice during the autumn to more open waters of Melville Bay
and Eclipse Sound in central and southern Baffin Bay and northern Davis Strait (Dietz et al., 2008; Heide-
Jgrgensen, 2008). Before the fast ice forms in the fall, narwhals move into deep water along the edge of
the continental shelf, with depths of up to 1,000 to 2,000 m (Heide-Jgrgensen, 2008).

3.7.2.3.6.3 Population Trends
There are insufficient data to assess population trends for this species (Muto et al., 2017).
3.7.2.3.6.4 Predator and Prey Interactions

Narwhals feed mainly on fish and squid, but much depends on seasonal availability. A large part of their
diet consists of medium to large fish, such as turbot and cod (Jefferson et al., 2015). A recent study on
stomach content analysis showed that in summer, their diet is mainly Arctic cod, polar cod, and squid
(Heide-Jgrgensen, 2008). In fall, squid is the main source of prey, and in winter, Greenland halibut and
squid are the main sources (Laidre et al., 2003; Laidre & Heide-Jorgensen, 2005). This species uses
suction to bring prey into the mouth.

Killer whales and polar bears are the only known predators of narwhals (Heide-Jgrgensen, 2008). Killer
whales hunt them in the summer open-water season, and polar bears hunt them from sea ice in winter
and spring (Heide-Jgrgensen, 2008).

3.7.2.3.6.5 Species-Specific Threats

There are no significant species-specific threats to narwhals in the northwest Atlantic, although climate
change may be a concern because this species inhabits an extreme northern range. Section 3.7.2.1.5
(General Threats) discusses threats to marine mammals.

3.7.2.3.7 Beaked Whales (Various Species)

Six species of beaked whales are known in the western North Atlantic Ocean: Cuvier’s beaked whale
(Ziphius cavirostris), northern bottlenose whale (Hyperoodon ampullatus) (discussed in Section 3.7.2.3.8,
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Northern Bottlenose Whale), and four members of the genus Mesoplodon —True’s (M. mirus), Gervais’
(M. europaeus), Blainville’s (M. densirostris), and Sowerby’s (M. bidens) beaked whales. Cuvier’s,
Blainville’s, and Gervais’ beaked whales are also known to regularly occur in the Gulf of Mexico, based
on stranding or sighting data (Hansen et al., 1995; Wiirsig et al., 2000). Sowerby’s beaked whale in the
Gulf of Mexico is considered extralimital because there is only one known stranding of this species
(Bonde & 0O'Shea, 1989) and because it normally occurs in northern temperate waters of the North
Atlantic (Mead, 1989b). With the exception of the Cuvier’s beaked whale and northern bottlenose
whale, beaked whales are nearly indistinguishable at sea (Coles, 2001). Because of the scarcity of
biological information available for individual species, the difficulty of species-level identifications for
Mesoplodon, and the lack of data on individual stock structure and abundance estimates, Cuvier’s,
True’s, Gervais’, Blainville’s, and Sowerby’s beaked whales are presented collectively here with species-
specific information if available.

3.7.2.3.7.1 Status and Management

Stock structure of beaked whales in the Atlantic, Gulf of Mexico, and U.S. Virgin Islands is unknown;
however, these are assumed to be separate for management purposes.

3.7.2.3.7.2 Habitat and Geographic Range

Cuvier’s, True's, Gervais’, Blainville’s, and Sowerby’s beaked whales are found in Labrador Current,
North Atlantic Gyre, and Gulf Stream open ocean areas and are also known to occur in the Northeast
U.S. Continental Shelf, Scotian Shelf, and Newfoundland-Labrador Shelf Large Marine Ecosystems. The
continental shelf margins from southern Nova Scotia to Cape Hatteras have been identified as key areas
for beaked whales in a global review by MacLeod and Mitchell (2006). Cuvier’s, Gervais’, Blainville’s, and
True’s beaked whales may also occur in the Southeast U.S. Continental Shelf Large Marine Ecosystem,
while Cuvier’s, Gervais’ and Blainville’s beaked whales may occur in the Gulf of Mexico and Caribbean
Sea Large Marine Ecosystems.

Cuvier’s beaked whale is one of the more commonly seen and the best known. Similar to other beaked
whale species, this oceanic species generally occurs in waters past the edge of the continental shelf and
occupies almost all temperate, subtropical, and tropical waters of the world, as well as subpolar and
even polar waters in some areas (Waring et al., 2014). The distribution of Cuvier’s beaked whales is
poorly known, and is based mainly on stranding records (Leatherwood et al., 1976). Strandings were
reported from Nova Scotia along the eastern U.S. coast south to Florida, around the Gulf of Mexico, and
within the Caribbean (Cetacean and Turtle Assessment Program, 1982; Heyning, 1989; Houston, 1990;
Leatherwood et al., 1976; MaclLeod, 2006; Mignucci-Giannoni et al., 1999). Cuvier’s beaked whale
sightings have occurred principally along the continental shelf edge in the mid-Atlantic region off the
northeast U.S. coast (Cetacean and Turtle Assessment Program, 1982; Hamazaki, 2002; Palka, 2006;
Waring et al., 1992; Waring et al., 2001) in late spring or summer, although strandings and sightings
were reported in the Caribbean Sea and the Gulf of Mexico as well (Dalebout et al., 2006). Cuvier’s
beaked whales are generally sighted in waters with a bottom depth greater than 200 m and are
frequently recorded in waters with bottom depths greater than 1,000 m (Falcone et al., 2009; Jefferson
et al., 2008b; Jefferson et al., 2015).

True’s beaked whales appear to occur only in temperate waters, and possibly only in warm temperate
waters. Most records of it occurring in the northwest Atlantic suggest a probable relation with the Gulf
Stream (Macleod, 2000; Mead, 1989a).
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Gervais’ beaked whale occurs only in the Atlantic Ocean and Gulf of Mexico, within a range both north
and south of the equator to a latitude of 40° (Jefferson et al., 2008b; Jefferson et al., 2015; MacLeod,
2006). Although the distribution seems to range across the entire temperate and tropical Atlantic, most
records are from the western North Atlantic waters from New York to Texas (more than 40 published
records), and they are the most common species of Mesoplodon to strand along the U.S. Atlantic coast
(Waring et al., 2014).

Sowerby’s beaked whales appear to inhabit more temperate waters than many other members of the
genus. They are the most northerly distributed of Atlantic species of Mesoplodon, and are found in cold
temperate waters of the North Atlantic Ocean, generally north of 30" N. In the Study Area, they range
from Massachusetts to Labrador (MacLeod et al., 2006; Mead, 1989b). There were several at-sea
sightings off Nova Scotia and Newfoundland, from New England waters north to the ice pack (MacLeod
et al., 2006; Waring et al., 2010). Sowerby’s beaked whale occurrence in the Gully Marine Protected
Area (east of Nova Scotia) increased during the period from 1988 to 2011 (Whitehead, 2013).

Blainville’s beaked whales are one of the most widely distributed of the distinctive toothed whales in the
Mesoplodon genus (Jefferson et al., 2008b; MaclLeod et al., 2006). In the Study Area, this species is
known to occur in enclosed deepwater seas, such as the Gulf of Mexico and Caribbean Sea. There are
records for this species from the eastern coast of the United States and Canada, from as far north as
Nova Scotia and south to Florida and the Bahamas (MacLeod & Mitchell, 2006; Mead, 1989b).

Starting January 2015, monthly aerial surveys have been conducted in the offshore area near Norfolk
Canyon and have resulted in only one True’s beaked whale sighting to date. Passive acoustic monitoring
conducted offshore of Cape Hatteras between March and April 2012 recorded beaked whale clicks on
nearly 40 percent of the recording days (Stanistreet et al., 2013). Closer examination of these beaked
whale click events suggested they belonged to Cuvier’s and Gervais’ beaked whales (Stanistreet et al.,
2012). During aerial surveys conducted between May 2011 and December 2014, beaked whales were
observed in every month of the year offshore of Cape Hatteras, with Cuvier’s beaked whale being the
most commonly encounter beaked whale species (McLellan et al., 2015). The highest number of beaked
sightings occurred between May and August and all sightings occurred along the continental shelf break
(McLellan et al., 2015). Tag data obtained from three Cuvier’s beaked whales offshore of Cape Hatteras
in September 2014 provided the first long-distance movement information for Cuvier’s beaked whales
off the U.S. Atlantic coast (Baird et al., 2015). Two individuals were tagged in the same encounter in
September 2014 but remained separated by distances up to 214 km during the tag period. The three
tagged whales exhibited varied movement patterns, transiting north and south of the tagging location,
with two individuals returning to the tagging location. These results suggest some degree of residency
for beaked whales in this area (Baird et al., 2015). Median water depths at tagging locations ranged from
1,725 to 2,274 m, with a maximum water depth of 3,015 m. Diving data captured by the tags showed a
maximum dive depth of 2,800 m suggesting that many of the dives were likely to, or close to, the
seafloor (Baird et al., 2015).

Passive acoustic monitoring conducted between 2007 and 2013 in Onslow Bay, North Carolina resulted
in detections of multiple beaked whale vocalization events. Beaked whale detections were documented
throughout the monitoring period with no specific diel pattern, but there were more detections from
October 2012 through the end of March 2013 (Hodge & Read, 2015). Gervais’ beaked whales were
detected significantly more than any other beaked whale species. Cuvier’s beaked whale clicks were
detected in November 2012 and Blainville’s beaked whale clicks were detected primarily in April and
May 2013 (Hodge & Read, 2015). True’s and Sowerby’s beaked whales were not detected during this
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effort, but there were two detections in December 2012 of a click type assigned to an unidentified
beaked whale species.

MaclLeod and Mitchell (2006) described the northern Gulf of Mexico continental shelf margin as “a key
area” for beaked whales. Beaked whales were seen in all seasons during GulfCet aerial surveys of the
northern Gulf of Mexico (i.e., U.S. Gulf of Mexico) (Hansen et al., 1996; Mullin & Hoggard, 2000). Some
of the aerial survey sightings may have included Cuvier’s beaked whale, but identification of beaked
whale species from aerial surveys is problematic. Beaked whale sightings made during spring and
summer vessel surveys were widely distributed in waters greater than 500 m deep.

3.7.2.3.7.3 Population Trends

A trend analysis has not been conducted for the western North Atlantic Cuvier’s beaked whale stock.
Additionally, trend analyses have not been conducted for any of the four species of Mesoplodon in the
western North Atlantic (Waring et al., 2014).

Further analysis of northern Gulf of Mexico Cuvier’s beaked whale survey data from 1991 to 2009 is
required in order to determine whether changes in abundance have occurred over this period (Waring
et al., 2013). Additionally, a Gulf-wide assessment of Cuvier’s beaked whale abundance has not been
made (Waring et al., 2013). There are insufficient data to determine population trends for Blainville’s
and Gervais’ beaked whales in the northern Gulf of Mexico.

3.7.2.3.7.4 Predator and Prey Interactions

Beaked whales are generally deepwater feeders and prey on both squid and fish. Examination of
stomach contents from stranded Mesoplodon indicates that they feed primarily on deep-water
cephalopods (MacLeod et al., 2003). Stomach content analyses of captured and stranded Mesoplodon
suggest that beaked whales are deep divers that feed at or close to the bottom in deep oceanic waters,
taking whatever suitable prey they encounter or feeding on whatever species are locally abundant
(Ohizumi, 2002). Stomach content analyses from Cuvier’s beaked whales show that they feed mostly on
deep-sea squid, fish, and crustaceans (Hickmott, 2005; Santos et al., 2007). Data show that Cuvier’s
beaked whales use suction to ingest prey (Jefferson et al., 2008b; Jefferson et al., 2015; Werth, 2006).

3.7.2.3.7.5 Species-Specific Threats

Impacts from anthropogenic noise have become a serious concern with regard to beaked whales over
the past decade. Section 3.7.3.1.1.6 (Stranding) summarizes several stranding events that have been
associated with the use of naval sonar. In addition, disturbance by anthropogenic noise may prove to be
an important habitat issue in some areas of beaked whales’ range, notably in areas of concentrated
military activity, oil and gas activity, or shipping. Ongoing studies are being conducted to address this
issue and its impact, if any, on this and other marine species.

Gulf of Mexico stocks of Blainville’s, Cuvier’s, and Gervais’ beaked whales were among the 31 cetacean
stocks impacted by the 2010 Deepwater Horizon oil spill in the Gulf of Mexico. Injury quantification
determined that 12 percent of these beaked whale species in the Gulf of Mexico were exposed to oil,
resulting in 4 percent excess mortality above baseline conditions, 5 percent excess failed pregnancies,
and 4 percent higher likelihood for other adverse health effects. Without active restoration efforts,
recovery of the Gulf of Mexico Blainville’s, Cuvier’s, and Gervais’ beaked whale stocks will take an
estimated 10 years (Deepwater Horizon Natural Resource Damage Assessment Trustees, 2016). Refer to
Section 3.7.2.1.5.1 (Water Quality) for additional information on the Deepwater Horizon oil spill. Section
3.7.2.1.5 (General Threats) discusses other threats to marine mammals.
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3.7.2.3.8 Northern Bottlenose Whale (Hyperoodon ampullatus)
3.7.2.3.8.1 Status and Management

There are two populations of northern bottlenose whales in the western North Atlantic: one on the
Scotian Shelf in the area referred to as the Gully and a second in Davis Strait off northern Labrador. The
Gully is a unique ecosystem that appears to have long provided a stable year-round habitat for a distinct
population of bottlenose whales (Dalebout et al., 2006). The Scotian Shelf population of northern
bottlenose whales is listed as endangered by the Committee on the Status of Endangered Wildlife in
Canada and the Davis Strait-Baffin Bay-Labrador Sea population is designated as a population of special
concern (Committee on the Status of Endangered Wildlife in Canada, 2011).

3.7.2.3.8.2 Habitat and Geographic Range

Northern bottlenose whales are largely a deep-water species and seldom found in waters less than
2,000 m deep (Mead, 1989a). Distribution is concentrated in areas of high relief, including shelf breaks
and submarine canyons.

Northern bottlenose whales are commonly found in the Labrador Current and likely occur in the Gulf
Stream open ocean areas. The Gully straddles the Scotian Shelf and Gulf Stream areas.

Northern bottlenose whales are distributed in the North Atlantic primarily from Nova Scotia to about
70° in the Davis Strait, along the east coast of Greenland to 77°, and from England to the west coast of
Spitzbergen (Waring et al., 2015). There are two main centers of bottlenose whale distribution in the
western North Atlantic, the Scotian Shelf (including the Gully), and Davis Strait off northern Labrador
(Reeves et al., 1993). Genetic studies have shown that these two populations are likely distinct from one
another (Dalebout et al., 2006). Northern bottlenose whales have been sighted in deep waters off New
England, but are uncommon in U.S. waters. Strandings have occurred as far south as North Carolina,
although that is outside of the natural range or at the edge of the southern range for this more subarctic
species (Jefferson et al., 2015; Macleod et al., 2006).

3.7.2.3.8.3 Population Trends
There are insufficient data to determine population trends for northern bottlenose whales.
3.7.2.3.8.4 Predator and Prey Interactions

This species preys primarily on squid of the genus Gonatus but will also take fishes, sea cucumbers, sea
stars, and prawns, as confirmed by stomach content analyses (Clarke & Kristensen, 1980; Gowans,
2009). They appear to be more benthic (bottom of the sea) feeders, foraging at depths of between 500
and 1,500 m (Hooker & Whitehead, 2002; Jefferson et al., 2015).

3.7.2.3.8.5 Species-Specific Threats

There are no significant species-specific threats to northern bottlenose whales in the northwest Atlantic.
Section 3.7.2.1.5 (General Threats) discusses threats to marine mammals.

3.7.2.3.9 Rough-Toothed Dolphin (Steno bredanensis)
3.7.2.3.9.1 Status and Management

Rough-toothed dolphins are among the most widely distributed species of tropical dolphins, but little
information is available on population status (Jefferson, 2008a; Jefferson et al., 2015). The Western
North Atlantic and Gulf of Mexico populations of the rough-toothed dolphin are considered two
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separate stocks for management purposes, but there is insufficient genetic information to differentiate
these stocks (Hayes et al., 2017; Waring et al., 2014; Wimmer & Whitehead, 2004).

3.7.2.3.9.2 Habitat and Geographic Range

The distribution of the rough-toothed dolphin is poorly understood worldwide. These dolphins are
thought to be a tropical to warm-temperate species and historically have been reported in deep oceanic
waters in the Atlantic, Pacific, and Indian Oceans and the Mediterranean and Caribbean Seas (Gannier &
West, 2005; Leatherwood & Reeves, 1983; Perrin & Walker, 1975; Reeves et al., 2003). Rough-toothed
dolphins occur in the Gulf Stream and North Atlantic Gyre open ocean areas.

Rough-toothed dolphins were observed in both shelf and oceanic waters in the northern Gulf of Mexico
(Fulling et al., 2003; Mullin & Fulling, 2003) and off the U.S. East Coast from North Carolina to Delaware
(Waring et al., 2014). In the western North Atlantic, tracking of five rough-toothed dolphins that were
rehabilitated and released following a mass stranding on the east coast of Florida in 2005 demonstrated
a variety of ranging patterns (Wells et al., 2008b). All tagged rough-toothed dolphins moved through a
large range of water depths averaging greater than 100 ft. (30 m), though each of the five tagged
dolphins transited through very shallow waters at some point, with most of the collective movements
recorded over a gently sloping seafloor. Monthly aerial surveys conducted offshore of Cape Hatteras,
North Carolina since 2011 have only resulted in one sighting of four individual rough-toothed dolphins
just beyond the 100 m isobaths (U.S. Department of the Navy, 2013c).

Since 2007, monthly aerial surveys offshore of Onslow Bay, North Carolina have been conducted, but
only three rough-toothed dolphin surveys have been documented during these efforts. However,
passive acoustic monitoring efforts have supplemented the limited sighting data of this species. Analysis
of clicks and whistles recorded during towed hydrophone array line-transect surveys in Onslow Bay,
North Carolina between September 2007 and August 2010 characterized one recording session with
vocalizations belonging to rough-toothed dolphins, which corresponded with one visual sighting of the
species in 2009 (U.S. Department of the Navy, 2013c).

Aerial surveys conducted between 2009 and 2016 offshore of Jacksonville, Florida resulted in nine
sightings of rough-toothed dolphins in primarily in the summer and fall months. Sightings from aerial
surveys have been documented inside the 100 m isobaths in continental shelf waters (Cummings et al.,
2016; U.S. Department of the Navy, 2013c).

3.7.2.3.9.3 Population Trends

Due to imprecise abundance estimates and long periods of time between surveys, a trend analysis has
not been conducted for the Western North Atlantic stock of rough-toothed dolphins (Waring et al.,
2014).

A trend analysis has not been conducted for the northern Gulf of Mexico stock (Hayes et al., 2017). Two
point estimates of abundance have been made based on data from surveys during 2003 to 2004 and
2009. To determine whether changes in oceanic abundance have occurred over this period, an analysis
of all the survey data needs to be conducted (Hayes et al., 2017).

3.7.2.3.9.4 Predator and Prey Interactions

Prey of rough-toothed dolphins includes fish and cephalopods. They are known to feed on large fishes
such as mahi mahi (Miyazaki & Perrin, 1994; Pitman & Stinchcomb, 2002). They also prey on reef fish,
and Perkins and Miller (1983) noted that parts of reef fish were found in the stomachs of stranded
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rough-toothed dolphins in Hawaii. Rough-toothed dolphins also feed during the day on near-surface
fishes, including flying fishes (Gannier & West, 2005).

Predation on rough-toothed dolphins has not been documented, but they may be subject to predation
by killer whales.

3.7.2.3.9.5 Species-Specific Threats

The northern Gulf of Mexico stock of rough-toothed dolphins was 1 of the 31 cetacean stocks impacted
by the 2010 Deepwater Horizon oil spill in the Gulf of Mexico. Injury quantification determined that 41
percent of rough-toothed dolphins in the Gulf of Mexico were exposed to oil, resulting in 14 percent
excess mortality above baseline conditions, 19 percent excess failed pregnancies, and 15 percent higher
likelihood for other adverse health effects. Without active restoration efforts, recovery of the northern
Gulf of Mexico rough-toothed dolphin stock will take an estimated 54 years (Deepwater Horizon Natural
Resource Damage Assessment Trustees, 2016). Refer to Section 3.7.2.1.5.1 (Water Quality) for
additional information on the Deepwater Horizon oil spill. Section 3.7.2.1.5 (General Threats) discusses
other threats to marine mammals.

3.7.2.3.10 Common Bottlenose Dolphin (Tursiops truncatus)
3.7.2.3.10.1 Status and Management

Along the U.S. East Coast and northern Gulf of Mexico, the bottlenose dolphin stock structure is well
studied. There are currently 53 management stocks identified by NMFS in the western North Atlantic
and Gulf of Mexico, including oceanic, coastal, and estuarine stocks (Hayes et al., 2017; Hayes et al.,
2018; Waring et al., 2015; Waring et al., 2016). Most stocks in the Study Area are designated as Strategic
or Depleted under the MMPA. For a complete listing of currently identified stocks within the Study Area,
see Table 3.7-1.

3.7.2.3.10.2 Habitat and Geographic Range

The bottlenose dolphin occurs in tropical to temperate waters of the Atlantic Ocean as well as inshore,
nearshore, and offshore waters of the Gulf of Mexico and U.S. East Coast (Hayes et al., 2017; Hayes et
al., 2018; Waring et al., 2015; Waring et al., 2016). They generally do not range north or south of 45°
latitude (Jefferson et al., 2015; Wells & Scott, 2008). They occur in most enclosed or semi-enclosed seas
in habitats ranging from shallow, murky, estuarine waters to deep, clear offshore waters in oceanic
regions (Jefferson et al., 2015; Wells et al., 2009). Open ocean populations occur far from land; however,
population density appears to be highest in nearshore areas (Scott & Chivers, 1990). Bottlenose dolphins
occur in the North Atlantic Gyre and Gulf Stream open ocean areas.

There are two morphologically and genetically distinct bottlenose dolphin morphotypes (distinguished
by physical differences) (Duffield, 1987; Duffield et al., 1983) described as coastal and offshore forms.
Both inhabit waters in the western North Atlantic Ocean and Gulf of Mexico (Curry & Smith, 1997; Hersh
& Duffield, 1990; Mead & Potter, 1995) along the U.S. Atlantic coast. The coastal morphotype of
bottlenose dolphin is continuously distributed along the Atlantic coast south of Long Island, New York,
around the Florida peninsula, and along the Gulf of Mexico coast. The range of the offshore bottlenose
dolphin includes waters beyond the continental slope (Kenney, 1990), and offshore bottlenose dolphins
may move between the Gulf of Mexico and the Atlantic (Wells et al., 1999). Dolphins with characteristics
of the offshore type have stranded as far south as the Florida Keys.

In Canadian waters, bottlenose dolphins were occasionally sighted on the Scotian Shelf, particularly in
the Gully (Gowans & Whitehead, 1995). Seasonally, bottlenose dolphins occur over the outer
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continental shelf and inner slope as far north as Georges Bank (Cetacean and Turtle Assessment
Program, 1982; Kenney, 1990). Sightings occurred along the continental shelf break from Georges Bank
to Cape Hatteras during spring and summer (Cetacean and Turtle Assessment Program, 1982; Kenney,
1990).

Acoustic monitoring data indicate that dolphins are present in coastal waters of Norfolk and Virginia
Beach nearly every day (Lammers et al., 2015). Seasonally, diminished acoustic activity was observed in
that area for the February timeframe. A combination of visual line-transect surveys, photo-
identification, and acoustic monitoring methods were employed between August 2012 and December
2014 off the Atlantic coast Virginia. The majority of the sightings consisted of bottlenose dolphins, on
which further analyses indicated spatial and seasonal variation in density and abundance (Engelhaupt et
al., 2015). The greatest abundance was observed during the fall in an area from the shore out to 3.7 km,
extending from Naval Station Norfolk down to the Virginia/North Carolina border (Engelhaupt et al.,
2015). Diel patterns with increased detections during nighttime hours were documented at two sites
near Naval Station Norfolk, and one site near Joint Expeditionary Base-Little Creek (Engelhaupt et al.,
2015).

North of Cape Hatteras, the coastal and offshore morphotypes are separated across bathymetry during
summer months. Aerial surveys flown during 1979 to 1981 indicated a concentration of bottlenose
dolphins in waters less than 25 m deep corresponding to the coastal morphotype and an area of high
abundance along the shelf break corresponding to the offshore stock (Cetacean and Turtle Assessment
Program, 1982; Kenney, 1990). During winter months and south of Cape Hatteras, North Carolina, the
ranges of the coastal and offshore morphotypes overlap to some degree. Bottlenose dolphins have been
sighted regularly during surveys conducted offshore of Cape Hatteras from 2009 through 2014 (Baird et
al., 2016a; Foley et al., 2015). Monthly aerial and vessel surveys conducted between June 2007 and June
2010 offshore of Onslow Bay, North Carolina showed the fauna was also dominated strongly by
bottlenose dolphins, with year-round occurrence. Most bottlenose dolphin encounters occurred just off
the shelf break (Read et al., 2014).

Similar with other U.S. Atlantic coast areas, bottlenose dolphins were among the most frequently
observed cetacean species during vessel surveys conducted along the continental shelf break and
pelagic waters offshore of Jacksonville, Florida from July 2009 through December 2013. Bottlenose
dolphins were encountered throughout the area including within deeper pelagic waters (Swaim et al.,
2014). Genetic analyses of biopsy samples confirmed that all sampled bottlenose dolphins were off the
offshore morphotype, suggesting there is limited overlap between coastal and offshore populations in
this area of the Atlantic Ocean (Swaim et al., 2014). Photo-identification catalogs of bottlenose dolphins
from Cape Hatteras, Onslow Bay, Jacksonville survey areas have been compared, but no matches have
been identified (Foley et al., 2015; Swaim et al., 2014) suggesting a high degree of residency to these
areas.

Several lines of evidence support a distinction between coastal stock dolphins and those present
primarily in the inshore waters of the bays, sounds, and estuaries (LaBrecque et al., 2015b). Photo-
identification and genetic studies support the existence of more than 40 stock populations in bays,
sounds, and estuaries. These populations inhabit estuaries and bays from North Carolina to the Gulf of
Mexico coast (Caldwell, 2001; Gubbins et al., 2003; Litz, 2007; Mazzoil et al., 2005; Zolman, 2002).

LaBrecque et al. (2015a) identified nine small and resident bottlenose dolphin population areas within
estuarine areas along the U.S. East Coast. These areas include estuarine and nearshore areas extending
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from Pamlico Sound, North Carolina down to Florida Bay, Florida and were substantiated through
vessel- and aerial based survey data, photo-identification data, genetic analyses, and expert judgment
(LaBrecque et al., 2015a). The Northern North Carolina, Southern North Carolina, and Charleston Harbor
partially overlap with nearshore portions of the Navy Cherry Point Range Complex, and Jacksonville
Estuarine System Populations partially overlap with nearshore portions of the Jacksonville Range
Complex. The Southern Georgia Estuarine System Population area also overlaps with the Jacksonville
Range Complex, specifically within Naval Submarine Base Kings Bay, Kings Bay, Georgia, and includes
estuarine and intercoastal waterways from Altamaha Sound, to the Cumberland River (LaBrecque et al.,
2015a). The remaining four biologically important areas are outside but adjacent to the AFTT Study Area
boundaries.

In the Gulf of Mexico alone, 32 distinct stocks are recognized, although the structure of these stocks is
uncertain but appears to be complex. Residency patterns of dolphins in bays, sounds, and estuaries
range from transient to seasonally migratory to stable resident communities, and various stocks may
overlap at times. Year-round residency patterns of some individual bottlenose dolphins in bays, sounds,
and estuaries have been reported for almost every survey area where photo-identification or tagging
studies have been conducted.

LaBrecque et al. (2015b) delineated 11 small and resident population areas for bottlenose dolphins
within the Gulf of Mexico. These areas include bays, sounds, and estuaries ranging from Aransas Pass,
Texas to the Florida Keys, Florida and were substantiated through a combination of extensive photo-
identification data, genetic analyses, radio-tracking data, and expert knowledge (LaBrecque et al.,
2015b). Of the 11 biologically important areas identified for bottlenose dolphins in the Gulf of Mexico, 3
overlap with the Gulf of Mexico Range Complex (Aransas Pass Area, Texas; Mississippi Sound Area,
Mississippi; and St. Joseph Bay Area, Florida) and 8 are located adjacent to the AFTT Study Area
boundaries.

3.7.2.3.10.3 Population Trends

A trend analysis has not been conducted for the following stocks of bottlenose dolphins: western North
Atlantic Offshore stock, northern North Carolina Estuarine System stock, southern North Carolina
Estuarine System stock, northern Gulf of Mexico Oceanic stock, northern Gulf of Mexico Continental
Shelf stock, Gulf of Mexico Western Coastal stock, Gulf of Mexico Northern Coastal stock and Gulf of
Mexico Eastern Coastal stock (Hayes et al., 2017; Hayes et al., 2018; Waring et al., 2015; Waring et al.,
2016).

There are insufficient data to determine the population trends for the following stocks of bottlenose
dolphins: northern South Carolina Estuarine System stock; Charleston Estuarine System stock; northern
Georgia/southern South Carolina Estuarine System stock; Central Georgia Estuarine System stock;
southern Georgia Estuarine System stock; Jacksonville Estuarine System stock; Indian River Lagoon
Estuarine System stock; Biscayne Bay stock; Florida Bay stock; Barataria Bay Estuarine System stock;
most of the Northern Gulf of Mexico Bay, Sound, and Estuary stocks; Mississippi Sound, Lake Borgne,
and Bay Boudreau stocks; Choctawhatchee Bay stock; St. Joseph Bay stock; and Puerto Rico and U.S.
Virgin Islands stock (Hayes et al., 2017; Hayes et al., 2018; Waring et al., 2012, 2014; Waring et al., 2015;
Waring et al., 2016).

There are limited data available to assess population trends for the following stocks of bottlenose
dolphins: western North Atlantic Northern Migratory Coastal stock, western North Atlantic Southern
Migratory Coastal stock, western North Atlantic South Carolina-Georgia Coastal stock, western North
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Atlantic Northern Florida Coastal stock, and western North Atlantic Central Florida Coastal stock (Hayes
etal.,, 2017).

While not constituting a trend analysis, studies estimated that the maximum population decline in
coastal and bay, sound, and estuary stocks of bottlenose dolphins impacted by the Deepwater Horizon
oil spill range between 5 percent and 71 percent (Deepwater Horizon Natural Resource Damage
Assessment Trustees, 2016; Hayes et al., 2018). Refer to Section 3.7.2.3.10.5 for a discussion of the oil
spill impacts to bottlenose dolphin stocks in the Gulf of Mexico.

3.7.2.3.10.4 Predator and Prey Interactions

Bottlenose dolphins are opportunistic feeders, taking a variety of fishes, cephalopods, and crustaceans
(Wells & Scott, 1999) and using a variety of feeding strategies (Barros & Myrberg, 1987; Barros & Wells,
1998; Shane et al., 1986). Nearshore bottlenose dolphins prey predominantly on coastal fishes and
cephalopods, while offshore individuals prey on open ocean cephalopods and a large variety of near-
surface and mid-water fishes (Mead & Potter, 1995).

This species is known to be preyed on by killer whales and sharks (Wells & Scott, 1999). As many as half
the observed bottlenose dolphin in Florida exhibit scars from shark attacks. Primary shark predators are
considered to be the bull, tiger, great white, and dusky sharks (Wells & Scott, 1999).

3.7.2.3.10.5 Species-Specific Threats

Thirteen stocks of bottlenose dolphins in the Gulf of Mexico occur within the footprint of the 2010
Deepwater Horizon oil spill. In response to the oil spill, the Deepwater Horizon Natural Resource
Damage Assessment Trustees prepared a Final Programmatic Damage Assessment and Restoration Plan
and Final Programmatic Environmental Impact Statement (2016) to present the impacts and injuries
sustained by habitats and species within the footprint. The findings from this report are summarized
here. Injuries were quantified for four bay, sound, and estuary stocks of bottlenose dolphins: Barataria
Bay, Mississippi River Delta, Mississippi Sound, and Mobile Bay. Perdido Bay, Pensacola Bay,
Choctawhatchee Bay, and St. Andrew Bay stocks did not show evidence of excess strandings attributed
to the oil spill; therefore they were not included in the injury quantification. The trustees also quantified
injuries for two coastal stocks (Gulf of Mexico Western Coastal stock and the Gulf of Mexico Northern
Coastal stock) and the northern Gulf of Mexico Oceanic stock. The northern Gulf of Mexico Continental
Shelf stock of bottlenose dolphins was combined with continental shelf Atlantic spotted dolphins in a
single continental shelf dolphin category for the injury quantification. In the report, excess mortality was
calculated by comparing expected annual mortality rates for each stock based on historical stranding
records and annual mortality rates calculated after the oil spill. By this method, excess mortality is
considered to be mortalities attributable to the oil spill. The Trustees estimated the Mississippi River
Delta stock to have the highest percentage of excess mortality (59 percent), followed by Gulf of Mexico
Northern Coastal stock (38 percent), Barataria Bay stock (35 percent), Mississippi Sound stock (22
percent), Mobile Bay stock (12 percent), continental shelf dolphins (including the northern Gulf of
Mexico Continental Shelf stock) (4 percent), northern Gulf of Mexico Oceanic stock (3 percent), and Gulf
of Mexico Western Coastal stock (1 percent) (Deepwater Horizon Natural Resource Damage Assessment
Trustees, 2016). Using population models that consider long-term impacts from mortalities, adverse
reproductive effects, and persistent impacts from adverse health effects, the Trustees estimated that
without active restoration, recovery of the affected bay, sound, and estuary, coastal, and oceanic
bottlenose dolphin stocks will take between 39 and 52 years. The population models indicated that the
maximum population reduction of continental shelf dolphins was only 3 percent. As a result, the
Trustees were not able to calculate the number of years it would take for these stocks to recover
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because this level of decline was not considered significant compared to original population sizes of
continental shelf bottlenose dolphins and Atlantic spotted dolphins (Deepwater Horizon Natural
Resource Damage Assessment Trustees, 2016). Refer to Section 3.7.2.1.5.1 (Water Quality) for
additional information on the Deepwater Horizon oil spill. Section 3.7.2.1.5 (General Threats) discusses
other threats to marine mammals.

3.7.2.3.11 Pantropical Spotted Dolphin (Stenella attenuata)
3.7.2.3.11.1 Status and Management

The western North Atlantic and northern Gulf of Mexico populations are considered separate stocks for
management purposes, although there is currently not enough information to distinguish them (Waring
et al,, 2016).

3.7.2.3.11.2 Habitat and Geographic Range

The pantropical spotted dolphin is distributed in offshore tropical and subtropical waters of the Atlantic
Ocean between about 40° N and 40° S (Baldwin et al., 1999; Perrin, 2008d). The species is much more
abundant in the lower latitudes of its range. It is found mostly in deeper offshore waters but does
approach the coast in some areas (Jefferson et al., 2015; Perrin, 2001). Pantropical spotted dolphins may
occur in the Gulf Stream open ocean area.

The pantropical spotted dolphin is the most commonly sighted species of cetacean in the oceanic waters
of the northern Gulf of Mexico. Pantropical spotted dolphins were seen in all seasons during GulfCet
aerial surveys of the northern Gulf of Mexico between 1992 and 1998 (Hansen et al., 1996; Mullin &
Hoggard, 2000). Most sightings of this species in the Gulf of Mexico and Caribbean occur over the lower
continental slope (Mignucci-Giannoni et al., 2003; Moreno et al., 2005). Pantropical spotted dolphins in
the offshore Gulf of Mexico do not appear to have a preference for any one specific habitat type, such as
within the Loop Current, inside cold-core eddies, or along the continental slope (Baumgartner et al.,
2001). Along the U.S. Atlantic coast, sightings have been concentrated in the slope waters east of New
England and Florida, and sightings extend into the deeper slope and offshore waters of the mid-Atlantic
east of Cape Hatteras (Waring et al., 2014).

3.7.2.3.11.3 Population Trends

There are insufficient data to determine population trends for the western North Atlantic stock of
pantropical spotted dolphins, because prior to 1998, spotted dolphins were not differentiated during
surveys (Waring et al., 2007).

Further analysis of Gulf of Mexico pantropical spotted dolphin survey data from 1991 to 2009 is required
in order to determine whether changes in abundance have occurred (Waring et al., 2015). Additionally,
a Gulf-wide assessment of pantropical spotted dolphin abundance has not been made (Waring et al.,
2015).

3.7.2.3.11.4 Predator and Prey Interactions

Pantropical spotted dolphins prey on near-surface fishes, squid, and crustaceans and on some mid-
water species (Perrin & Hohn, 1994). Results from various tracking and food habit studies suggest that
pantropical spotted dolphins in the eastern tropical Pacific and off Hawaii feed primarily at night on
surface and mid-water species that rise after dark with the deep scattering layer (stratified zones in the
ocean, usually composed of marine organisms that migrate vertically from depth to surface and back
again at different times of day) (Baird et al., 2001; Evans, 1994; Robertson & Chivers, 1997).
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Pantropical spotted dolphins may be preyed on by killer whales and sharks and were observed fleeing
killer whales in Hawaiian waters (Baird et al., 2006). Other predators may include the pygmy killer
whale, false killer whale, and occasionally the short-finned pilot whale (Perrin, 2008d).

3.7.2.3.11.5 Species-Specific Threats

The northern Gulf of Mexico stock of pantropical spotted dolphins was 1 of the 31 cetacean stocks
impacted by the 2010 Deepwater Horizon oil spill in the Gulf of Mexico. Injury quantification determined
that 20 percent of pantropical spotted dolphins in the Gulf of Mexico were exposed to oil, resulting in 7
percent excess mortality above baseline conditions, 9 percent excess failed pregnancies, and 7 percent
higher likelihood for other adverse health effects. Without active restoration efforts, recovery of the
northern Gulf of Mexico pantropical spotted dolphin stock will take an estimated 39 years (Deepwater
Horizon Natural Resource Damage Assessment Trustees, 2016). Refer to Section 3.7.2.1.5.1 (Water
Quiality) for additional information on the Deepwater Horizon oil spill. Section 3.7.2.1.5 (General Threats)
discusses other threats to marine mammals.

3.7.2.3.12 Atlantic Spotted Dolphin (Stenella frontalis)
3.7.2.3.12.1 Status and Management

The Atlantic spotted dolphin occurs in two forms that may be distinct subspecies (Perrin et al., 1987;
Rice, 1998): the large, heavily spotted form, which inhabits the continental shelf and is usually found
inside or near the 200-m isobath; and the smaller, less spotted island and offshore form, which occurs in
the Atlantic Ocean but is not known to occur in the Gulf of Mexico (Fulling et al., 2003; Mullin & Fulling,
2003, 2004). The western North Atlantic population is provisionally being considered a separate stock
from the Gulf of Mexico stock(s) for management purposes based on genetic analysis (Waring et al.,
2014; Waring et al., 2016). The U.S. Virgin Islands population is provisionally being considered a separate
stock, although there is currently no information to differentiate this stock from the Atlantic Ocean and
Gulf of Mexico stocks.

3.7.2.3.12.2 Habitat and Geographic Range

The Atlantic spotted dolphin is found in nearshore tropical to warm-temperate waters, predominantly
over the continental shelf and upper slope (Waring et al., 2013, 2014). In the eastern Gulf of Mexico, for
instance, the species often occurs over the mid-shelf (Griffin & Griffin, 2003). In the western Atlantic,
this species is distributed from New England to Brazil and is found in the Gulf of Mexico as well as the
Caribbean Sea (Perrin, 2008c). Atlantic spotted dolphins may occur in the Gulf Stream open ocean area.

The large, heavily spotted coastal form of the Atlantic spotted dolphin typically occurs over the
continental shelf but usually at least 4.9 to 12.4 mi. offshore (Davis et al., 1998; Perrin, 2002). Atlantic
spotted dolphin sightings have been concentrated in the slope waters north of Cape Hatteras, but in the
shelf waters south of Cape Hatteras sightings extend into the deeper slope and offshore waters of the
mid-Atlantic (Mullin & Fulling, 2003; Waring et al., 2014). Vessel surveys conducted between January
2009 and December 2014 offshore of Cape Hatteras, North Carolina resulted in multiple sightings of
Atlantic spotted dolphins annually from 2011 to 2014 (Foley et al., 2015; U.S. Department of the Navy,
2013c). Aerial and shipboard surveys conducted between 2007 and 2010 in offshore waters of Onslow
Bay, North Carolina indicate that spotted dolphins have a strong preference for waters over the
continental shelf and do not typically occur beyond the shelf break (Read et al., 2014). Numerous re-
sightings of multiple individuals over several years and across seasons supports the existence of
considerable fine-scale population structure and a degree of residency for Atlantic spotted dolphins in
Onslow Bay (Swaim et al., 2014).
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Photo-identification catalogs of Atlantic spotted dolphins from Cape Hatteras, Onslow Bay, Jacksonville
survey areas have been compared, but no matches have been identified (Foley et al., 2015; Swaim et al.,
2014) suggesting a high degree of residency to these areas. Atlantic spotted dolphins were one of the
dominant species sighted during vessel surveys conducted along the continental shelf break and pelagic
waters offshore of Jacksonville, Florida from July 2009 through December 2013 (Swaim et al., 2014).
Sightings were restricted to the relatively shallow shelf waters of the survey area. Photo-identification
catalogs of Atlantic spotted dolphins from Cape Hatteras, Onslow Bay, Jacksonville survey areas have
been compared, but no matches have been identified (Foley et al., 2015; Swaim et al., 2014) further
supporting some degree of residency to these areas.

Higher numbers of spotted dolphins are reported over the west Florida continental shelf from
November to May than during the rest of the year, suggesting that this species may migrate seasonally
(Griffin & Griffin, 2003).

In the Gulf of Mexico, Atlantic spotted dolphins occur primarily from continental shelf waters 10 to
200 m deep to slope waters greater than 500 m deep (Fulling et al., 2003; Maze-Foley & Mullin, 2006;
Mullin & Fulling, 2004). Atlantic spotted dolphins were seen in all seasons during GulfCet aerial surveys
of the northern Gulf of Mexico from 1992 to 1998 (Hansen et al., 1996; Mullin & Hoggard, 2000).

3.7.2.3.12.3 Population Trends

Due to imprecise abundance estimates and long periods of time between surveys, a trend analysis has
not been conducted for the western North Atlantic stock of Atlantic spotted dolphins (Waring et al.,
2014).

The current population size for the Atlantic spotted dolphin in the northern Gulf of Mexico is unknown
because the survey data from the continental shelf that covers the majority of this stock’s range are
more than 8 years old (Wade & Angliss, 1997). Additionally, there are insufficient data to determine the
population trend for the northern Gulf of Mexico stock of Atlantic spotted dolphins (Waring et al., 2013)
and for the Puerto Rico and U.S. Virgin Islands stock of Atlantic spotted dolphins (Waring et al., 2012).

3.7.2.3.12.4 Predator and Prey Interactions

Atlantic spotted dolphins feed on small cephalopods, fishes, and benthic invertebrates. Atlantic spotted
dolphins in the Gulf of Mexico were observed feeding cooperatively on clupeid fishes and are known to
feed in association with shrimp trawlers (Fertl & Wiirsig, 1995; Fertl & Leatherwood, 1997). In the
Bahamas, this species was observed to chase and catch flying fish (MaclLeod et al., 2004). The diet of the
Atlantic spotted dolphin varies depending on its location (Jefferson et al., 2015). This species was
documented to be prey for killer whales and sharks (Jefferson et al., 2015).

3.7.2.3.12.5 Species-Specific Threats

The northern Gulf of Mexico stock of Atlantic spotted dolphins was included as 1 of the 31 cetacean
stocks impacted by the 2010 Deepwater Horizon oil spill in the Gulf of Mexico. Injury quantification was
completed for continental shelf dolphins, which was a combination of shelf bottlenose dolphins and
Atlantic spotted dolphins. It was determined that 13 percent of continental shelf dolphins, including
Atlantic spotted dolphins in the Gulf of Mexico were exposed to oil, resulting in 4 percent excess
mortality above baseline conditions, 6 percent excess failed pregnancies, and 5 percent higher likelihood
for other adverse health effects. The maximum reduction of combined Atlantic spotted dolphins and
bottlenose dolphins was only 3 percent, therefore the Trustees were not able to calculate the number of
years it would take for these stocks to recover (Deepwater Horizon Natural Resource Damage
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Assessment Trustees, 2016). Refer to Section 3.7.2.1.5.1 (Water Quality) for additional information on
the Deepwater Horizon oil spill. Section 3.7.2.1.5 (General Threats) discusses other threats to marine
mammals.

3.7.2.3.13 Spinner Dolphin (Stenella longirostris)
3.7.2.3.13.1 Status and Management

For management purposes, the western North Atlantic and Gulf of Mexico populations of spinner
dolphins are considered separate stocks, although there is currently insufficient data to differentiate
them (Waring et al., 2014).

3.7.2.3.13.2 Habitat and Geographic Range

This is presumably an offshore, deep-water species (Perrin & Gilpatrick, 1994) and its distribution in the
Atlantic is very poorly known. Spinner dolphins likely occur in the Gulf Stream and North Atlantic Gyre
open ocean areas, based on their preference for waters greater than 2,000 m deep.

In the western North Atlantic, these dolphins occur in deep water along most of the United States coast
south to the West Indies and Venezuela, including the Gulf of Mexico (Waring et al., 2014). Spinner
dolphin sightings have occurred exclusively in deeper (greater than 2,000 m) oceanic waters of the
northeast U.S. coast (Cetacean and Turtle Assessment Program, 1982; Waring et al., 1992). Stranding
records exist from North Carolina, South Carolina, Florida, and Puerto Rico in the Atlantic and in Texas
and Florida in the Gulf of Mexico, and there was one recent sighting during summer 2011 in oceanic
waters off North Carolina (Waring et al., 2014). Monthly aerial surveys offshore of Cape Hatteras
conducted since May 2011 have only resulted in one sighting of spinner dolphins in a mixed group of
Clymene dolphins within the northern offshore waters of the survey area (U.S. Department of the Navy,
2012). Although spinner dolphins were sighted and stranded off the southeastern U.S. coast, they are
not common in those waters, except perhaps off southern Florida (Waring et al., 2010). In the northern
Gulf of Mexico, spinner dolphins are found mostly in offshore waters beyond the edge of the continental
shelf and primarily east of the Mississippi River (Waring et al., 2013). This species was seen during all
seasons in the northern Gulf of Mexico during aerial surveys between 1992 and 1998 (Waring et al.,
2013).

3.7.2.3.13.3 Population Trends

Due to imprecise abundance estimates and long periods of time between surveys, a trend analysis has
not been conducted for the western North Atlantic stock of spinner dolphins (Waring et al., 2014).

Further analysis of northern Gulf of Mexico spinner dolphin survey data from 1991 to 2009 is required in
order to determine whether changes in abundance have occurred over this period (Waring et al., 2013).
Additionally, a Gulf-wide assessment of spinner dolphin abundance has not been made (Waring et al.,
2013).

There are insufficient data to determine the population trends for the Puerto Rico and U.S. Virgin Islands
stock of spinner dolphins (Waring et al., 2012).

3.7.2.3.13.4 Predator and Prey Interactions

Spinner dolphins feed primarily on small mid-water fishes, squids, and shrimp and dive to at least 1,300
ft. (400 m) (Perrin & Gilpatrick, 1994). Studies of spinner dolphins in the Pacific suggest they forage
primarily at night, when the mid-water community migrates toward the surface and the shore (Benoit-
Bird et al., 2001; Benoit-Bird, 2004). Spinner dolphins track the horizontal migrations of their prey
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(Benoit-Bird & Au, 2003), allowing foraging efficiencies (Benoit-Bird & Au, 2003; Benoit-Bird, 2004).
Foraging behavior was also linked to lunar phases in scattering layers off the island of Hawaii (Benoit-
Bird & Au, 2004). Similar foraging behavior is expected for spinner dolphins that occur in the AFTT Study
Area.

Spinner dolphins may be preyed on by sharks, killer whales, pygmy killer whales, and short-finned pilot
whales (Perrin, 2008b).

3.7.2.3.13.5 Species-Specific Threats

The northern Gulf of Mexico stock of spinner dolphins was 1 of the 31 cetacean stocks impacted by the
2010 Deepwater Horizon oil spill in the Gulf of Mexico. Injury quantification determined that 47 percent
of spinner dolphins in the Gulf of Mexico were exposed to oil, resulting in 16 percent excess mortality
above baseline conditions, 21 percent excess failed pregnancies, and 17 percent higher likelihood for
other adverse health effects. Spinner dolphins were determined to take the longest to recover,
compared to all cetacean stocks impacted by the oil spill, because this species resulted in the highest
maximum reduction in population size. Without active restoration efforts, recovery of the northern Gulf
of Mexico spinner dolphin stock will take an estimated 105 years (Deepwater Horizon Natural Resource
Damage Assessment Trustees, 2016). Refer to Section 3.7.2.1.5.1 (Water Quality) for additional
information on the Deepwater Horizon oil spill. Section 3.7.2.1.5 (General Threats) discusses other
threats to marine mammals.

3.7.2.3.14 Clymene Dolphin (Stenella clymene)
3.7.2.3.14.1 Status and Management

The Clymene dolphin has an extensive range in the tropical Atlantic Ocean. For management purposes,
the western North Atlantic and northern Gulf of Mexico populations are considered separate stocks.

3.7.2.3.14.2 Habitat and Geographic Range

Clymene dolphins are a tropical to subtropical species, primarily sighted in deep waters well beyond the
edge of the continental shelf (Fertl et al., 2003). Clymene dolphins likely occur in the Gulf Stream open
ocean area.

In the western North Atlantic, Clymene dolphins were observed as far north as New Jersey, although
sightings were primarily in offshore waters east of Cape Hatteras over the continental slope and are
likely to be strongly influenced by oceanographic features of the Gulf Stream (Fertl et al., 2003; Moreno
et al., 2005; Mullin & Fulling, 2003). Monthly aerial surveys conducted offshore of Cape Hatteras since
May 2011 have resulted in 10 total Clymene dolphin sightings, including one sighting of Clymene
dolphins in a mixed group of spinner dolphins within the northern offshore waters of the survey area in
2011 (U.S. Department of the Navy, 2013c). All Clymene dolphin sightings were documented primarily
during the summer and fall months.

Clymene dolphins in the Gulf of Mexico are observed most frequently on the lower slope and deepwater
areas, primarily west of the Mississippi River, in regions of cyclonic or confluent circulation (Davis et al.,
2002; Mullin et al., 1994a). Clymene dolphins were seen in the winter, spring and summer during
GulfCet aerial surveys of the northern Gulf of Mexico during 1992 to 1998 (Hansen et al., 1996; Mullin &
Hoggard, 2000).
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3.7.2.3.14.3 Population Trends

There are insufficient data to determine population trends for the western North Atlantic stock of
Clymene dolphins (Waring et al., 2013, 2014). Further analysis of northern Gulf of Mexico Clymene
dolphin survey data from 1991 to 2009 is required in order to determine whether changes in abundance
have occurred over this period (Waring et al., 2013). Additionally, a Gulf-wide assessment of Clymene
dolphin abundance has not been made (Waring et al., 2013).

3.7.2.3.14.4 Predator and Prey Interactions

Available information on feeding habits is very limited. This species preys on small fish and squid at
moderate depths and feeds primarily at night (Fertl et al., 1997; Jefferson et al., 2015; Perrin et al.,
1981).

This species is possibly preyed on by killer whales and large sharks, as evidenced by scars observed on
their bodies, although actual predation was not observed (Jefferson, 2008b; Jefferson et al., 2008b;
Jefferson et al., 2015).

3.7.2.3.145 Species-Specific Threats

The northern Gulf of Mexico stock of Clymene dolphins was 1 of the 31 cetacean stocks impacted by the
2010 Deepwater Horizon oil spill in the Gulf of Mexico. Injury quantification determined that 7 percent
of Clymene dolphins in the Gulf of Mexico were exposed to oil, resulting in 2 percent excess mortality
above baseline conditions, 3 percent excess failed pregnancies, and 3 percent higher likelihood for other
adverse health effects. The maximum reduction of the Clymene dolphin population was only 3 percent,
therefore the Trustees were not able to calculate the number of years it would take for this stock to
recover (Deepwater Horizon Natural Resource Damage Assessment Trustees, 2016). Refer to Section
3.7.2.1.5.1 (Water Quality) for additional information on the Deepwater Horizon oil spill. Section
3.7.2.1.5 (General Threats) discusses other threats to marine mammals.

3.7.2.3.15 Striped Dolphin (Stenella coeruleoalba)
3.7.2.3.15.1 Status and Management

For management purposes, the Gulf of Mexico population of striped dolphin is provisionally considered
a separate stock, although there are not sufficient genetic data to differentiate the Gulf of Mexico stock
from the western North Atlantic stock (Waring et al., 2010). There is very little information on stock
structure in the western North Atlantic and insufficient data to assess population trends of this species
(Waring et al., 2010).

3.7.2.3.15.2 Habitat and Geographic Range

The striped dolphin is one of the most common and abundant dolphin species, with a worldwide range
that includes both tropical and temperate waters (Waring et al., 2014). Although primarily a warm-water
species, the range of the striped dolphin extends higher into temperate regions than those of any other
species in the genus Stenella (spotted, spinner, Clymene, and striped dolphins). Striped dolphins are
found in the western North Atlantic from Nova Scotia south to at least Jamaica as well as in the Gulf of
Mexico. In general, striped dolphins appear to prefer continental slope waters offshore to the Gulf
Stream (Leatherwood et al., 1976; Perrin et al., 1994b; Schmidly, 1981).

Striped dolphins are relatively common in the cooler offshore waters of the U.S. East Coast. Along the
mid-Atlantic ridge in oceanic waters of the North Atlantic Ocean, striped dolphins are sighted in
significant numbers south of 50° N (Waring et al., 2010). In waters off the northeastern U.S. coast,
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striped dolphins are distributed along the continental shelf edge from Cape Hatteras to the southern
margin of Georges Bank and also occur offshore over the continental slope and rise in the mid-Atlantic
region (Cetacean and Turtle Assessment Program, 1982; Mullin & Fulling, 2003). Continental shelf edge
sightings in the Cetacean and Turtle Assessment Program (1982) were generally centered along the
1,000-m depth contour in all seasons. During 1990 and 1991 cetacean habitat-use surveys, striped
dolphins were associated with the Gulf Stream north wall and warm-core ring features (Waring et al.,
1992). Striped dolphins seen in a survey of the New England Sea Mounts (Palka, 1997) were in waters
that were between 20 degrees Celsius (°C) and 27°C and deeper than about 3,000 ft. (900 m).

In January 2015, monthly aerial surveys began in the offshore area near Norfolk Canyon and to date six
striped dolphin sightings have been recorded during these efforts (McAlarney et al., 2016). Monthly
aerial surveys have been ongoing offshore of Cape Hatteras since May 2011, which have resulted in a
total of five striped dolphin sightings, primarily in late winter and early spring.

Striped dolphins are also found throughout the deep, offshore waters of the northern Gulf of Mexico.
Sightings of striped dolphins in the northern Gulf of Mexico typically occur in oceanic waters and during
all seasons (Waring et al., 2010).

3.7.2.3.15.3 Population Trends

Due to imprecise abundance estimates and long periods of time between surveys, a trend analysis has
not been conducted for the western North Atlantic stock of striped dolphins (Waring et al., 2014).

Further analysis of northern Gulf of Mexico striped dolphin survey data from 1991 to 2009 is required in
order to determine whether changes in abundance have occurred over this period (Waring et al., 2013).
Additionally, a Gulf-wide assessment of striped dolphin abundance has not been made (Waring et al.,
2013).

3.7.2.3.15.4 Predator and Prey Interactions

Striped dolphins often feed in open sea or sea bottom zones along the continental slope or just beyond
it in oceanic waters. Most of their prey possess light-emitting organs, suggesting that striped dolphins
may be feeding at great depths, possibly diving to 655 to 2,295 ft. (200 to 700 m) (Archer & Perrin,
1999). Striped dolphins may feed at night to take advantage of the deep scattering layer’s diurnal
vertical movements. Small mid-water fishes (in particular lanternfishes) and squids are the predominant
prey (Perrin et al., 1994b).

This species was documented to be preyed on by sharks (Ross & Bass, 1971). It may also be subject to
predation by killer whales.

3.7.2.3.15.5 Species-Specific Threats

The northern Gulf of Mexico stock of striped dolphins was 1 of the 31 cetacean stocks impacted by the
2010 Deepwater Horizon oil spill in the Gulf of Mexico. Injury quantification determined that 13 percent
of striped dolphins in the Gulf of Mexico were exposed to oil, resulting in 5 percent excess mortality
above baseline conditions, 6 percent excess failed pregnancies, and 5 percent higher likelihood for other
adverse health effects. Without active restoration efforts, recovery of the northern Gulf of Mexico
striped dolphin stock will take an estimated 14 years (Deepwater Horizon Natural Resource Damage
Assessment Trustees, 2016). Section 3.7.2.1.5 (General Threats) discusses other threats to marine
mammals.
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3.7.2.3.16 Fraser’s Dolphin (Lagenodelphis hosei)
3.7.2.3.16.1 Status and Management

The Gulf of Mexico population of Fraser’s dolphin is provisionally being considered a separate stock for
management purposes, although there are no genetic data to differentiate this stock from the western
North Atlantic stock (Waring et al., 2013).

3.7.2.3.16.2 Habitat and Geographic Range

Fraser’s dolphin is a tropical, oceanic species, except where deep water approaches the coast (Dolar,
2008). Frasier’s dolphins likely occur in the Gulf Stream open ocean area.

This species is assumed to occur in the tropical western North Atlantic, although only a single sighting of
approximately 250 individuals was recorded in waters 3,300 m deep in the waters off Cape Hatteras
during a 1999 vessel survey. Monthly aerial surveys offshore of Cape Hatteras since May 2011 have
resulted in only one sighting of Fraser’s dolphins offshore of the 1,500 m isobaths (U.S. Department of
the Navy, 2013c). The first record for the Gulf of Mexico was a mass stranding in the Florida Keys in 1981
(Hersh & Odell, 1986; Leatherwood et al., 1993). Since then, there have been documented strandings on
the west coast of Florida and in southern Texas (Yoshida et al., 2010). Sightings of Fraser’s dolphin in the
northern Gulf of Mexico typically occur in oceanic waters greater than 200 m. This species was observed
in the northern Gulf of Mexico during all seasons.

3.7.2.3.16.3 Population Trends

There are insufficient data to determine population trends for the western North Atlantic stock of
Fraser’s dolphins (Waring et al., 2007).

There are also insufficient data to determine population trends for the northern Gulf of Mexico stock of
Fraser’s dolphins. The large relative changes in the total abundances of Fraser’s dolphin are probably
due to a number of factors. Fraser’s dolphin is most certainly a resident species in the Gulf of Mexico but
probably occurs in low numbers, and the survey effort is not sufficient to estimate the abundance of
uncommon or rare species with precision. Also, these temporal abundance estimates are difficult to
interpret without a Gulf of Mexico-wide understanding of Fraser’s dolphin abundance. Studies based on
abundance and distribution surveys restricted to U.S. waters are unable to detect temporal shifts in
distribution beyond U.S. waters that might account for any changes in abundance (Waring et al., 2013).

3.7.2.3.16.4 Predator and Prey Interactions

Fraser’s dolphin feeds on mid-water fishes, squids, and shrimps and has not been documented to be
prey to any other species (Jefferson & Leatherwood, 1994; Perrin et al., 1994a). However, this species
may be subject to predation by killer whales.

3.7.2.3.16.5 Species-Specific Threats

There are no significant species-specific threats to Fraser’s dolphins in the northwest Atlantic or Gulf of
Mexico. Section 3.7.2.1.5 (General Threats) discusses threats to marine mammals.

3.7.2.3.17 Risso’s Dolphin (Grampus griseus)
3.7.2.3.17.1 Status and Management

For management purposes, Risso’s dolphins in the Gulf of Mexico and the Atlantic Ocean are currently
considered two separate stocks (Hayes et al., 2018; Waring et al., 2016).

3.7-80
3.7 Marine Mammals



Atlantic Fleet
Training and Testing Final EIS/OEIS September 2018

3.7.2.3.17.2 Habitat and Geographic Range

Risso’s dolphins are distributed worldwide in tropical and temperate waters along the continental shelf
break and over the continental slope and outer continental shelf (Baumgartner, 1997; Cafiadas et al.,
2002; Cetacean and Turtle Assessment Program, 1982; Davis et al., 1998; Green et al., 1992; Kruse et al.,
1999; Mignucci-Giannoni, 1998). Risso’s dolphins were also found in association with submarine canyons
(Mussi et al., 2004). The range of the Risso’s dolphin distribution in open-ocean waters of the North
Atlantic is known to include the Gulf Stream and the southwestern portions of the North Atlantic Gyre.

In the northwest Atlantic, Risso’s dolphins occur from Florida to eastern Newfoundland (Baird & Stacey,
1991; Leatherwood et al., 1976). Off the northeast U.S. coast, Risso’s dolphins are distributed along the
continental shelf edge from Cape Hatteras northward to Georges Bank during spring, summer, and
autumn (Cetacean and Turtle Assessment Program, 1982; Payne et al., 1984). In winter, the range is in
the mid-Atlantic Bight and extends outward into oceanic waters. In general, the population occupies the
mid-Atlantic continental shelf edge year-round and is rarely seen in the Gulf of Maine. During 1990,
1991, and 1993, spring/summer surveys conducted along the continental shelf edge and in deeper
oceanic waters sighted Risso’s dolphins associated with strong bathymetric features, Gulf Stream warm
core rings, and the Gulf Stream north wall (Hamazaki, 2002; Waring et al., 1992, 1993).

Monthly aerial survey efforts began in January 2015 in the offshore area near Norfolk Canyon and have
resulted in seven Risso’s dolphin sightings to date.

Monthly aerial surveys offshore of Cape Hatteras since May 2011 have documented 24 Risso’s dolphin
sightings, primarily during the summer months. Vessel surveys conducted offshore of Cape Hatteras,
North Carolina from January 2009 to December 2014 also resulted in regular sightings of Risso’s
dolphins (Foley et al., 2015; U.S. Department of the Navy, 2013c). Risso’s dolphins were also sighted
from inside the 100 m isobath out to 2,000 m water depth during aerial surveys conducted between
January to December 2014 (McAlarney et al., 2014).

Risso’s dolphins were also one of the most commonly encountered pelagic dolphins found during
surveys conducted in Onslow Bay, North Carolina and offshore of Jacksonville, Florida (U.S. Department
of the Navy, 2013c). Risso’s dolphins observed during aerial and vessel surveys conducted monthly
between June 2007 and June 2010 offshore of Onslow Bay, North Carolina were exclusively found over
the continental shelf break and in deeper waters of the survey area (Read et al., 2014; U.S. Department
of the Navy, 2013c). Passive acoustic monitoring in Onslow Bay preliminarily indicated that Risso’s
dolphins are present in that area throughout the year (Hodge, 2011). High-frequency acoustic recording
packages were deployed from July 2010 through March 2011 and showed an increase in nocturnal
increases in Risso’s dolphin click occurrences (Hodge & Read, 2013). Additional deployments of high-
frequency acoustic recording packages from October 2012 through June 2013 at water depth of 853 m
detected calls of Risso’s dolphins mainly during spring and summer months (April to June) and no
detections were recorded during fall and winter (October through late February) (Hodge & Read, 2015).

Vessel surveys conducted offshore of Jacksonville, Florida between July 2009 and December 2014 have
resulted in a few Risso’s dolphin sightings including two sightings in 2010, one sighting in May 2013
(Swaim et al., 2014) and one sighting in October 2014 (Swaim et al., 2015). Aerial surveys conducted
between July 2010 and December 2011 documented higher numbers of Risso’s dolphin encounters, with
16 sightings occurring within deeper waters of the survey area (U.S. Department of the Navy, 2013c).

Risso’s dolphins in the northern Gulf of Mexico occur throughout oceanic waters but are concentrated in
continental slope waters (Baumgartner, 1997; Maze-Foley & Mullin, 2006). Risso’s dolphins were seen in
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all seasons during GulfCet aerial surveys of the northern Gulf of Mexico between 1992 and 1998
(Hansen et al., 1996; Mullin & Hoggard, 2000).

3.7.2.3.17.3 Population Trends

Due to imprecise abundance estimates and long periods of time between surveys, a trend analysis has
not been conducted for the western North Atlantic stock or for the Gulf of Mexico stock of Risso’s
dolphins (Hayes et al., 2018; Waring et al., 2016).

Further analysis of northern Gulf of Mexico Risso’s dolphin survey data from 1991 to 2009 is required in
order to determine whether changes in abundance have occurred over this period (Waring et al., 2015).
Additionally, since this is a transboundary stock and abundance estimates are for U.S. waters, it is
difficult to interpret any detected trends (Waring et al., 2016).

3.7.2.3.17.4 Predator and Prey Interactions

Cephalopods and crustaceans are the primary prey for the Risso’s dolphins (Clarke, 1996), with feeding
occurring mainly at night (Jefferson et al., 2015).

This dolphin may be preyed on by both killer whales and sharks, although there is no documented
report of predation by either species (Weller, 2008).

3.7.2.3.17.5 Species-Specific Threats

Risso’s dolphins were included in the Atlantic Pelagic Longline Take Reduction Plan to reduce bycatch
associated with Atlantic pelagic longline fishery to a level approaching a zero mortality and serious injury
rate within 5 years of implementation (74 Federal Register 23351-23351, May 19, 2009). The total
annual estimated average fishery-related mortality or serious injury to this stock from 2011 to 2015 was
43.2 Risso’s dolphins per year (Hayes et al., 2018).

The northern Gulf of Mexico stock of Risso’s dolphin was 1 of the 31 cetacean stocks impacted by the
2010 Deepwater Horizon oil spill in the Gulf of Mexico. Injury quantification determined that 8 percent
of Risso’s dolphins in the Gulf of Mexico were exposed to oil, resulting in 3 percent excess mortality
above baseline conditions, 3 percent excess failed pregnancies, and 3 percent higher likelihood for other
adverse health effects. The maximum reduction of the Risso’s dolphin northern Gulf of Mexico
population was only 3 percent, therefore the Trustees were not able to calculate the number of years it
would take for this stock to recover (Deepwater Horizon Natural Resource Damage Assessment
Trustees, 2016). Refer to Section 3.7.2.1.5.1 (Water Quality) for additional information on the
Deepwater Horizon oil spill. Section 3.7.2.1.5 (General Threats) discusses other threats to marine
mammals.

3.7.2.3.18 Atlantic White-Sided Dolphin (Lagenorhynchus acutus)
3.7.2.3.18.1 Status and Management

Three stocks of the Atlantic white-sided dolphin in the western North Atlantic Ocean were suggested for
conservation management: Gulf of Maine, Gulf of St. Lawrence, and Labrador Sea (Palka et al., 1997;
Waring et al., 2004). Evidence for a separation between the population in the southern Gulf of Maine
and the Gulf of St. Lawrence populations comes from reduced density of summer sightings along the
Atlantic side of Nova Scotia (Hayes et al., 2018). The species is considered abundant in the North Atlantic
(Jefferson et al., 2015; Waring et al., 2013).
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3.7.2.3.18.2 Habitat and Geographic Range

This species is found primarily in cold temperate to subpolar continental shelf waters to the 328 ft.
(100 m) depth contour (Cetacean and Turtle Assessment Program, 1982; Mate et al., 1994; Selzer &
Payne, 1988). Occurrence of Atlantic white-sided dolphins in the northeastern United States probably
reflects fluctuations in food availability as well as oceanographic conditions (Palka et al., 1997; Selzer &
Payne, 1988). Before the 1970s, Atlantic white-sided dolphins were found primarily offshore in waters
over the continental slope; however, since then, they occur primarily in waters over the continental
shelf, replacing white-beaked dolphins, which were previously sighted in the area. This shift may have
been the result of an increase in sand lance and a decline in herring in continental shelf waters (Payne et
al., 1990). Areas of feeding importance are around Cape Cod and on the northwest edge of Georges
Bank, in an area defined as the Great South Channel-Jeffreys Ledge corridor (Cetacean and Turtle
Assessment Program, 1982; Palka et al., 1997). Selzer and Payne (1988) sighted white-sided dolphins
more frequently in areas of high seafloor relief and where sea surface temperatures and salinities were
low, although these environmental conditions might be only secondarily influencing dolphin
distribution; seasonal variation in sea surface temperature and salinity and local nutrient upwelling in
areas of high seafloor relief may affect preferred prey abundances, which in turn might affect dolphin
distribution (Selzer & Payne, 1988).

Atlantic white-sided dolphins would be expected to occur in the Labrador Current and possibly in the
northern extent of the Gulf Stream open ocean area. Atlantic white-sided dolphins are common in
waters of the continental slope from New England to southern Greenland (Cipriano, 2008; Jefferson et
al., 2015). The Gulf of Maine population is most common in continental shelf waters from Hudson
Canyon to Georges Bank and in the Gulf of Maine and lower Bay of Fundy (Hayes et al., 2018; Palka et
al., 1997). From January to May, low numbers of white-sided dolphins may be found from Georges Bank
to Jeffreys Ledge. Even lower numbers are found south of Georges Bank (Palka et al., 1997; Payne et al.,
1990; Waring et al., 2004). From June through September, large numbers of white-sided dolphins are
found from Georges Bank to the lower Bay of Fundy (Payne et al., 1990; Waring et al., 2004). During this
time, strandings occur from New Brunswick to New York (Palka et al., 1997). From October to
December, white-sided dolphins occur at intermediate densities from southern Georges Bank to the
southern Gulf of Maine. Sightings occur year-round south of Georges Bank, particularly around Hudson
Canyon, but in low densities (Cetacean and Turtle Assessment Program, 1982; Palka, 1997; Payne et al.,
1990; Waring et al., 2004). A few strandings were collected on Virginia and North Carolina beaches,
which appear to represent the southern edge of the range for this species (Cipriano, 2008; Testaverde &
Mead, 1980).

3.7.2.3.18.3 Population Trends

Due to imprecise abundance estimates and long periods of time between surveys, a trend analysis has
not been conducted for the western North Atlantic stock of Atlantic white-sided dolphins (Hayes et al.,
2018).

3.7.2.3.18.4 Predator and Prey Interactions

The stomach contents of Atlantic white-sided dolphins caught through fishing bycatch, as well as those
stranded off of the coast of New England, have included at least 26 fish species and three cephalopod
species. The most prominent species were the silver hake, spoonarm octopus, and haddock. Sand lances
were found in the stomach of one stranded white-sided dolphin (Hayes et al., 2018). There is seasonal
variation in the diet; Atlantic herring was found in more dolphins during the summer than in winter
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(Craddock et al., 2009). This species is known to feed in association with other delphinid (dolphin-like)
and large whale species (Jefferson et al., 2015; Palka, 1997).

This species was not documented to be prey for any other species (Jefferson et al., 2015).
3.7.2.3.18.5 Species-Specific Threats

The total annual estimated average fishery-related mortality of serious injury to this stock from 2011 to
2015 was 56 (CV = 0.15) white-sided dolphins per year (Hayes et al., 2018). A review of 405 cases of
marine mammal mortalities on Cape Cod and southeastern Massachusetts from 2000 to 2006 concluded
that mass strandings were the main cause of mortality for 69 percent of Atlantic white-sided dolphins
(Bogomolni et al., 2010).

3.7.2.3.19 White-Beaked Dolphin (Lagenorhynchus albirostris)
3.7.2.3.19.1 Status and Management

There are at least two separate stocks of the white-beaked dolphin in the North Atlantic: one in the
eastern and another in the western North Atlantic.

3.7.2.3.19.2 Habitat and Geographic Range

White-beaked dolphins are found in cold-temperate and subarctic waters of the North Atlantic (Waring
et al., 2007). In the western North Atlantic Ocean, the white-beaked dolphin occurs throughout northern
waters of the U.S. East Coast and eastern Canada, from eastern Greenland through the Davis Strait and
south to Massachusetts (Lien et al., 2001). White-beaked dolphins would be expected to occur in the
Labrador Current.

Within the Study Area, white-beaked dolphins are concentrated in the western Gulf of Maine and
around Cape Cod (Cetacean and Turtle Assessment Program, 1982; Palka et al., 1997). Before the 1970s,
these dolphins were found primarily in waters over the continental shelf of the Gulf of Maine and
Georges Bank. Since then, they occur mainly in waters over the continental slope and are replaced by
large numbers of Atlantic white-sided dolphins (Katona et al., 1993; Palka et al., 1997). This habitat shift
might be a result of an increase in sand lance and a decline in herring in continental shelf waters (Payne
et al., 1990). Sightings are common in nearshore waters of Newfoundland and Labrador (Lien et al.,
2001). They also occur in the Gulf of St. Lawrence (Waring et al., 2010). During Cetacean and Turtle
Assessment Program (1982) surveys, white-beaked dolphins were typically sighted in shallow coastal
waters near Cape Cod and along Stellwagen Bank, with a bottom depth ranging from 43 to 2,454 ft.
(Palka et al., 1997).

3.7.2.3.19.3 Population Trends

Abundance has declined in some areas, such as the Gulf of Maine, but this may be more closely related
to habitat shifts than to direct changes in population size. However, there are insufficient data to
determine population trends for this species (Waring et al., 2007).

3.7.2.3.19.4 Predator and Prey Interactions

This species preys on small mid-water and schooling fish, such as herring and haddock, and squid and
crustaceans (Jefferson et al., 2008b). Cooperative feeding was observed (Jefferson et al., 2008b).

The white-beaked dolphin is possibly preyed on by killer whales and sharks. Although no attacks were
documented, groups of white-beaked dolphin were observed fleeing from killer whales (Kinze, 2008).
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3.7.2.3.19.5 Species-Specific Threats

There are no significant species-specific threats to white-beaked dolphins in the northwest Atlantic.
Section 3.7.2.1.5 (General Threats) discusses threats to marine mammals.

3.7.2.3.20 Common Dolphin (Delphinus delphis)
3.7.2.3.20.1 Status and Management

Only the short-beaked common dolphin is found within the Study Area: the western North Atlantic stock
(Hayes et al., 2018; Jefferson et al., 2015) . A discrete population of long-beaked common dolphins is
known from the east coast of South America in the western Atlantic (Jefferson et al., 2015); however,
they are outside of the Study Area and not discussed further.

3.7.2.3.20.2 Habitat and Geographic Range

In the North Atlantic, common dolphins occur over the continental shelf along the 100- to 2,000-m
isobaths and over prominent underwater topography and east to the mid-Atlantic Ridge (29°W)
(Doksaeter et al., 2008; Hayes et al., 2018; Waring et al., 2008). There is a well-studied population of
short-beaked common dolphins in the western North Atlantic associated with the Gulf Stream (Jefferson
et al., 2015). It occurs mainly in offshore waters, ranging from Canada maritime provinces to the
Florida/Georgia border (Waring et al., 2010).

In waters off the northeastern U.S. coast, common dolphins are distributed along the continental slope
and are associated with Gulf Stream features (Cetacean and Turtle Assessment Program, 1982;
Hamazaki, 2002; Selzer & Payne, 1988; Stone et al., 1992). They primarily occur from Cape Hatteras
northeast to Georges Bank (35° to 42°N) during mid-January to May (Cetacean and Turtle Assessment
Program, 1982; Hain et al., 1981; Payne et al., 1984). Common dolphins move onto Georges Bank and
the Scotian Shelf from mid-summer to autumn. Selzer and Payne (1988) reported very large
aggregations (greater than 3,000 animals) on Georges Bank in autumn. Common dolphins are
occasionally found in the Gulf of Maine (Selzer & Payne, 1988). Migration onto the Scotian Shelf and
continental shelf off Newfoundland occurs during summer and autumn when water temperatures
exceed 11°C (Gowans & Whitehead, 1995; Sergeant et al., 1970). The species is less common south of
Cape Hatteras, although schools were reported as far south as the Georgia/South Carolina border (32°
N) (Jefferson et al., 2009).

The short-beaked common dolphin was one of the many species sighted in more than 5 years of aerial
and vessel monitoring of waters off Cape Hatteras, North Carolina and Jacksonville, Florida. Aerial
surveys offshore of Cape Hatteras conducted between August 2011 through July 2012 resulted in eight
sightings of 675 common dolphins just beyond the 100 m isobath (U.S. Department of the Navy, 2013c),
three sightings in March and May 2013 between the 100 m and 1,000 m isobaths (McAlarney et al.,
2014). From January 2009 through December 2014, common dolphin sightings have occurred each year
between 2011 through 2014 (Foley et al., 2015). A single location-only tag was deployed on a short-
beaked common dolphin offshore of Cape Hatteras in June 2014, and location data were obtained over
a 40-day period. This individual was observed to remain primarily over the continental shelf break and
continental slope, and traveled north away from the tagging location to shallower continental shelf
waters off New England during the mid-summer (Baird et al., 2015). The median depth of tagged animal
locations over the 40-day span was 297 m (Baird et al., 2015).
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3.7.2.3.20.3 Population Trends

Due to imprecise abundance estimates and long periods of time between surveys, a trend analysis has
not been conducted for the western North Atlantic stock of common dolphins (Hayes et al., 2018).

3.7.2.3.20.4 Predator and Prey Interactions

Common dolphins feed primarily on organisms in the vertically migrating deep scattering layer, including
fish and squid (dos Santos & Haimovici, 2001; Meynier et al., 2008; Overholtz & Waring, 1991; Pusineri
et al., 2007). Diel (a 24-hour cycle that often involves a day and the adjoining night) fluctuations in vocal
activity, with more vocal activity during late evening and early morning, appear to be linked to feeding in
the deep scattering layer, which rises in this same time frame (Goold, 2000). In the western North
Atlantic, oceanic dolphins feed more on squid than those in more nearshore waters (Perrin, 2008a).

Short-beaked common dolphins are known to be preyed on by killer whales (Visser, 1999) and large
sharks (Leatherwood et al., 1973), although little is known about the impact of this predation on
populations.

3.7.2.3.20.5 Species-Specific Threats

Average annual estimated fishery-related mortality or serious injury to this stock from 2011 to 2015 was
437 (CV = 0.10) common dolphins per year (Hayes et al., 2018). There are no major known sources of
unquantifiable human-caused mortality or serious injury for this stock. Section 3.7.2.1.5 (General
Threats) discusses threats to marine mammals.

3.7.2.3.21 Melon-Headed Whale (Peponocephala electra)
3.7.2.3.21.1 Status and Management

For management purposes, the western North Atlantic population and Gulf of Mexico population of
melon-headed whales are considered separate stocks, although genetic data that differentiate these
two stocks is lacking (Waring et al., 2007; Waring et al., 2010, 2013).

3.7.2.3.21.2 Habitat and Geographic Range

Melon-headed whales are found worldwide in tropical and subtropical waters. They are occasionally
reported at higher latitudes, but these movements are considered to be beyond their typical range
because the records indicate these movements occurred during incursions of warm water currents
(Perryman et al., 1994). Melon-headed whales are most often found in offshore deep waters, and could
occur in the southern parts of the Gulf Stream and North Atlantic Gyre open ocean areas.

Sightings of whales from the western North Atlantic stock are rare, but a group of 20 whales was sighted
during surveys in 1999 offshore of Cape Hatteras, and a group of 80 whales was also sighted off Cape
Hatteras, in 2002, in waters greater than 2,500 m deep (Waring et al., 2013).

Deployment of high-frequency acoustic recording packages offshore of Cape Hatteras, Onslow Bay,
Jacksonville and the offshore areas near Norfolk Canyon from 2009 through 2015 have resulted in zero
melon-headed whale detections. However, passive acoustic data were collected from marine
autonomous recording units deployed on the continental shelf, just beyond the shelf, and offshore from
the shelf break off Jacksonville, Florida in late 2009 and early 2010. These deployments resulted in
detections of the melon-headed whales, pygmy killer whales, false killer whales, killer whales, and short-
finned pilot whales. These species were detected every day during deployments but there were no
obvious or consistent differences in the occurrence of vocalizations relative to water depth or time of
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day (Oswald et al., 2016). The grouping of these five species into the same category may have masked
any patterns in vocal behaviors (Oswald et al., 2016).

This species was observed in deep waters of the Gulf of Mexico, well beyond the edge of the continental
shelf and in waters over the abyssal plain, primarily west of Mobile Bay, Alabama (Davis & Fargion, 1996;
Mullin et al., 1994b; Waring et al., 2010, 2013). Sightings of melon-headed whales in the northern Gulf
of Mexico were documented in all seasons during GulfCet aerial surveys 1992 and 1998 (Hansen et al.,
1996; Mullin & Hoggard, 2000).

3.7.2.3.21.3 Population Trends

There are insufficient data to determine the population trends for the western North Atlantic stock of
melon-headed whales (Waring et al., 2007). A trend analysis has not been conducted for the northern
Gulf of Mexico stock of melon-headed whales (Waring et al., 2013). Further analysis of northern Gulf of
Mexico melon-headed whale survey data from 1991 to 2009 is required in order to determine whether
changes in abundance have occurred over this period. Additionally, a Gulf-wide assessment of melon-
headed whale abundance has not been made (Waring et al., 2013).

3.7.2.3.21.4 Predator and Prey Interactions

Little is known on predators of melon-headed whales in the Atlantic, therefore information from other
geographic areas is likely applicable to the AFTT Study Area. Melon-headed whales are believed to be
preyed on by killer whales and were observed fleeing from killer whales in Hawaiian waters (Baird et al.,
2006).

Melon-headed whales prey on squid, pelagic fishes, and occasionally crustaceans (Jefferson & Barros,
1997; Perryman, 2008). Most of the fish and squid families eaten by this species consist of mid-water
forms found in waters up to 1,500 m deep, suggesting that feeding takes place deep in the water
column (Jefferson & Barros, 1997).

3.7.2.3.21.5 Species-Specific Threats

The northern Gulf of Mexico stock of melon-headed whales was 1 of the 31 cetacean stocks impacted by
the 2010 Deepwater Horizon oil spill in the Gulf of Mexico. Injury quantification determined that 15
percent of melon-headed whales in the Gulf of Mexico were exposed to oil, resulting in 5 percent excess
mortality above baseline conditions, 7 percent excess failed pregnancies, and 6 percent higher likelihood
for other adverse health effects. Without active restoration efforts, recovery of the northern Gulf of
Mexico melon-headed whale stock will take an estimated 29 years (Deepwater Horizon Natural
Resource Damage Assessment Trustees, 2016). Refer to Section 3.7.2.1.5.1 (Water Quality) for
additional information on the Deepwater Horizon oil spill. Section 3.7.2.1.5 (General Threats) discusses
other threats to marine mammails.

3.7.2.3.22 Pygmy Killer Whale (Feresa attenuata)
3.7.2.3.22.1 Status and Management

For management purposes, the Gulf of Mexico population of pygmy killer whale is considered a separate
stock although there is not yet sufficient genetic information to differentiate this stock from the western
North Atlantic stocks (Waring et al., 2007; Waring et al., 2013).

3.7.2.3.22.2 Habitat and Geographic Range

Although the pygmy killer whale has an extensive global distribution, it is not known to occur in high
densities in any region and is, therefore, probably one of the least abundant pantropical delphinids
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(Waring et al., 2013). The pygmy killer whale is generally an open ocean deepwater species (Davis et al.,
2000; Wiirsig et al., 2000). This species has a worldwide distribution in tropical and subtropical oceans.
Pygmy killer whales generally do not range poleward of 40° N or of 35° S (Donahue & Perryman, 2008;
Jefferson et al., 2015). This species occurs in the North Atlantic Gyre and the Gulfstream, although
sightings are rare. Most observations outside the tropics are associated with strong, warm western
boundary currents that effectively extend tropical conditions into higher latitudes (Ross & Leatherwood,
1994).

A group of 6 pygmy killer whales was sighted during a 1992 vessel survey of the western North Atlantic
off of Cape Hatteras, North Carolina, in waters greater than 1,500 m deep, but this species was not
sighted during subsequent surveys (Waring et al., 2007).

Deployment of high-frequency acoustic recording packages offshore of Cape Hatteras, Onslow Bay,
Jacksonville and the offshore areas near Norfolk Canyon from 2009 through 2015 have resulted in zero
pygmy killer whale detections. However, passive acoustic monitoring data was collected from marine
autonomous recording units deployed on the continental shelf, just beyond the shelf, and offshore from
the shelf break off Jacksonville, Florida in late 2009 and early 2010. Recordings included detections of
pygmy killer whales, along with melon-headed whales, false killer whales, killer whales, and short-finned
pilot whales. These species were detected every day during monitoring but there were no obvious diel
patterns or differences in the occurrence of blackfish vocalizations relative to water depth (Oswald et
al., 2016). Since these five species are combined into the same category, patterns in pygmy killer whale
vocal behaviors may have masked by the presence of other species (Oswald et al., 2016).

In the northern Gulf of Mexico, the pygmy killer whale is found primarily in deeper waters off the
continental shelf and in waters over the abyssal plain (Davis et al., 2000; Wirsig et al., 2000). The
majority of sightings are in the eastern oceanic Gulf of Mexico.

3.7.2.3.22.3 Population Trends

There are insufficient data to determine population trends for the western North Atlantic stock of
pygmy killer whales (Waring et al., 2007).

A trend analysis has not been conducted for the northern Gulf of Mexico stock of pygmy killer whales
(Waring et al., 2013). Further analysis of northern Gulf of Mexico pygmy killer whale survey data from
1991 to 2009 is required in order to determine whether changes in abundance have occurred over this
period. Additionally, a Gulf-wide assessment of pygmy killer whale abundance has not been made
(Waring et al., 2013).

3.7.2.3.22.4 Predator and Prey Interactions

The pygmy killer whale has no documented predators in the Atlantic of Gulf of Mexico; however, it may
be subject to predation by killer whales and large sharks. Pygmy killer whales feed predominantly on fish
and squid (Clarke, 1986; Donahue & Perryman, 2008; dos Santos & Haimovici, 2001). They are known to
attack other dolphin species, apparently as prey, although this is not common (Jefferson et al., 2015;
Perryman & Foster, 1980; Ross & Leatherwood, 1994).

3.7.2.3.22.5 Species-Specific Threats

The northern Gulf of Mexico stock of pygmy killer whales was 1 of the 31 cetacean stocks impacted by
the 2010 Deepwater Horizon oil spill in the Gulf of Mexico. Injury quantification determined that 15
percent of pygmy killer whales in the Gulf of Mexico were exposed to oil, resulting in 5 percent excess
mortality above baseline conditions, 7 percent excess failed pregnancies, and 6 percent higher likelihood
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for other adverse health effects. Without active restoration efforts, recovery of the northern Gulf of
Mexico pygmy killer whale stock will take an estimated 29 years (Deepwater Horizon Natural Resource
Damage Assessment Trustees, 2016). Refer to Section 3.7.2.1.5.1 (Water Quality) for additional
information on the Deepwater Horizon oil spill. Section 3.7.2.1.5 (General Threats) discusses other
threats to marine mammals.

3.7.2.3.23 False Killer Whale (Pseudorca crassidens)
3.7.2.3.23.1 Status and Management

Little is known of the status of most false killer whale populations around the world. While the species is
not considered rare, few areas of high density are known. The population found in the Gulf of Mexico is

considered a separate stock from the western North Atlantic stock for management purposes; however,
there are no genetic data to differentiate between the two stocks (Waring et al., 2013).

3.7.2.3.23.2 Habitat and Geographic Range

False killer whales occur worldwide throughout warm temperate and tropical oceans in deep open-
ocean waters and around oceanic islands and only rarely come into shallow coastal waters (Baird et al.,
2008; Leatherwood & Reeves, 1983; Odell & McClune, 1999). Occasional inshore movements are
associated with movements of prey and shoreward flooding of warm ocean currents. False killer whales
are unlikely to be found in any open ocean area.

False killer whales have been sighted in U.S. Atlantic waters from southern Florida to Maine (Schmidly,
1981). There are periodic records (primarily stranding) from southern Florida to Cape Hatteras dating
back to 1920 (Schmidly, 1981). Few false killer whales have been sighted during shipboard or aerial
surveys, but one sighting of 11 animals occurred during a shipboard survey conducted in summer 2011
(Waring et al., 2016).

Deployment of high-frequency acoustic recording packages offshore of Cape Hatteras, Onslow Bay,
Jacksonville and the offshore areas near Norfolk Canyon from 2009 through 2015 have resulted in zero
false killer whale detections. However, deployments of marine autonomous recording units on the
continental shelf, just beyond the shelf, and offshore from the shelf break off Jacksonville, Florida
occurred in late 2009 and early 2010. Recordings included detections of false killer whales, along with
melon-headed whales, pygmy killer whales, killer whales, and short-finned pilot whales. These species
were detected every day during monitoring but there were no obvious differences in the occurrence of
vocalizations relative to water depth and no diel patterns were evident (Oswald et al., 2016). Since these
five species are combined into the same category, false killer whale vocalization patterns and behaviors
may have masked by the presence of other species (Oswald et al., 2016).

Sightings of this species in the northern Gulf of Mexico (i.e., U.S. Gulf of Mexico) occur in oceanic waters,
primarily in the eastern Gulf (Maze-Foley & Mullin, 2006; Mullin & Fulling, 2004). False killer whales
were seen only in the spring and summer during GulfCet aerial surveys of the northern Gulf of Mexico
between 1992 and 1998 (Hansen et al., 1996; Mullin & Hoggard, 2000) and in the spring during vessel
surveys (Mullin et al., 2004).

3.7.2.3.23.3 Population Trends

There are insufficient data to determine population trends for the western North Atlantic stock of false
killer whales (Waring et al., 2016). A trend analysis has not been conducted for the northern Gulf of
Mexico stock of false killer whales (Waring et al., 2013). Further analysis of northern Gulf of Mexico false
killer whale survey data from 1991 to 2004 is required in order to determine whether changes in
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abundance have occurred over this period. Additionally, a Gulf-wide assessment of false killer whale
abundance has not been made (Waring et al., 2013).

3.7.2.3.23.4 Predator and Prey Interactions

False killer whales feed primarily on deep-sea cephalopods and fish (Odell & McClune, 1999). They may
prefer large fish species, such as mahi mahi and tuna. Twenty-five false killer whales that stranded off
the coast of the Strait of Magellan (outside of the Study Area) were examined and found to feed
primarily on cephalopods and fish. Squid beaks were found in nearly half of the stranded animals. The
most important prey species were found to be squid, followed by Patagonian grenadier, a coastal fish
(Koen-Alonso et al., 1999).

False killer whales were observed attacking dolphins and large whales, such as humpback and sperm
whales (Hooker et al., 2009). They are known to behave aggressively toward small cetaceans in tuna
purse seine nets. Unlike other whales or dolphins, false killer whales frequently pass prey back and forth
among individuals before they start to eat the fish, in what appears to be a way of affirming social bonds
(Baird et al., 2010). This species is believed to be preyed on by large sharks and killer whales (Baird,
2009).

3.7.2.3.23.5 Species-Specific Threats

The northern Gulf of Mexico stock of false killer whales was 1 of the 31 cetacean stocks impacted by the
2010 Deepwater Horizon oil spill in the Gulf of Mexico. Injury quantification determined that 18 percent
of false killer whales in the Gulf of Mexico were exposed to oil, resulting in 6 percent excess mortality
above baseline conditions, 8 percent excess failed pregnancies, and 7 percent higher likelihood for other
adverse health effects. Without active restoration efforts, recovery of the northern Gulf of Mexico false
killer whale stock will take an estimated 42 years (Deepwater Horizon Natural Resource Damage
Assessment Trustees, 2016). Refer to Section 3.7.2.1.5.1 (Water Quality) for additional information on
the Deepwater Horizon oil spill. Section 3.7.2.1.5 (General Threats) discusses other threats to marine
mammals.

3.7.2.3.24 Killer Whale (Orcinus orca)
3.7.2.3.24.1 Status and Management

Although some populations of killer whales, particularly in the northwest Pacific, are extremely well
studied, little is known about killer whale populations in most areas including the northwest Atlantic and
Gulf of Mexico. Killer whales are apparently not highly abundant anywhere but are observed in higher
concentration in Antarctic waters. For management purposes, the western North Atlantic population
and Gulf of Mexico population are considered separate stocks (Waring et al., 2010, 2013; 2016).

3.7.2.3.24.2 Habitat and Geographic Range

Killer whales are found in all marine habitats, from the coastal zone (including most bays and inshore
channels) to deep oceanic basins and from equatorial regions to the polar pack ice zones of both
hemispheres. Although killer whales are also found in tropical waters and the open ocean, they are
generally most numerous in coastal waters and at higher latitudes (Dahlheim & Heyning, 1999). Killer
whales are likely found in Labrador Current, Gulf Stream, and North Atlantic Gyre open ocean areas.

Killer whales are considered rare and uncommon in waters of the U.S. Exclusive Economic Zone in the
Atlantic Ocean (Katona et al., 1988; Waring et al., 2010, 2013). During the 1978 to 1981 Cetacean and
Turtle Assessment Program surveys, there were 12 killer whale sightings, which made up 0.1 percent of
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the 11,156 cetacean sightings in the surveys (Cetacean and Turtle Assessment Program, 1982; Waring et
al., 2010, 2013). Nearshore observations are rare. Forty animals were observed in the southern Gulf of
Maine in September 1979 and 29 animals in Massachusetts Bay in August 1986 (Katona et al., 1988;
Waring et al., 2010).

Deployment of high-frequency acoustic recording packages offshore of Cape Hatteras, Onslow Bay,
Jacksonville and the offshore areas near Norfolk Canyon from 2009 through 2015 have resulted in zero
killer whale detections. During the fall and winter of 2009 and 2010, passive acoustic monitoring was
conducted by marine autonomous recording units deployed over the continental shelf, just beyond the
shelf, and offshore from the shelf break off Jacksonville, Florida. Recordings included detections of the
blackfish group of cetaceans, which includes killer whales, along with melon-headed whales, pygmy
killer whales, false killer whales, and short-finned pilot whales. Blackfish were detected every day during
monitoring but there were no obvious differences in the occurrence of blackfish vocalizations relative to
water depth and diel patterns were not apparent (Oswald et al., 2016). Since five species are combined
into the blackfish category, vocalization patterns and behaviors may have masked by the presence of
other species (Oswald et al., 2016).

Sightings of killer whales in the Gulf of Mexico on surveys from 1921 to 1995 were in water depths
ranging from 840 to 8,700 ft., with an average of 4,075 ft., and were most frequent in the north-central
region of the Gulf of Mexico (Waring et al., 2013). Killer whales were seen only in the summer during
GulfCet aerial surveys of the northern Gulf of Mexico between 1992 and 1998 (Hansen et al., 1996;
Mullin & Hoggard, 2000), were reported from May through June during vessel surveys (Maze-Foley &
Mullin, 2006; Mullin & Fulling, 2004) and recorded in May, August, September and November by earlier
opportunistic ship-based sources (O’Sullivan & Mullin, 1997).

3.7.2.3.24.3 Population Trends

There are insufficient data to determine population trends for the western North Atlantic and Gulf of
Mexico stocks of killer whales (Waring et al., 2013).

3.7.2.3.24.4 Predator and Prey Interactions

Killer whales are apex predators and feed on a variety of prey, including bony fishes, elasmobranchs (a
class of fish composed of sharks, skates, and rays), cephalopods, seabirds, sea turtles, and other marine
mammals (Fertl et al., 1996; Jefferson et al., 2015). Some populations are known to specialize in specific
types of prey (Jefferson et al., 2015; Krahn et al., 2004; Wade et al., 2009). The killer whale has no
known natural predators; it is considered to be the top predator of the oceans (Ford et al., 2005).

3.7.2.3.245 Species-Specific Threats

There are no significant species-specific threats to killer whales in the northwest Atlantic or Gulf of
Mexico. Section 3.7.2.1.5 (General Threats) discusses threats to marine mammals.

3.7.2.3.25 Long-Finned Pilot Whale (Globicephala melas melas)

There are two species of pilot whales in the western Atlantic: the long-finned pilot whale, Globicephala
melas melas, and the short-finned pilot whale, G. macrorhynchus. These species are difficult to
differentiate at sea; therefore, the ability to separately assess the two stocks in U.S. Atlantic waters is
limited and requires additional information on seasonal spatial distribution (Hayes et al., 2017).
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3.7.2.3.25.1 Status and Management

The structure of the western North Atlantic stock of long-finned pilot whales is uncertain (Fullard et al.,
2000; International Council of the Exploration of the Sea, 1993). Morphometric (Bloch & Lastein, 1993)
and genetic (Fullard et al., 2000) studies have provided little support for stock structure across the
Atlantic (Fullard et al., 2000). However, Fullard et al. (2000) have proposed a stock structure that is
related to sea-surface temperature: (1) a cold-water population west of the Labrador/North Atlantic
Current and (2) a warm-water population that extends across the Atlantic in the Gulf Stream. The area
of overlap between the long-finned and short-finned pilot whales occurs primarily along the shelf break
off the coast of New Jersey between 38°N and 40°N latitude (Hayes et al., 2017).

3.7.2.3.25.2 Habitat and Geographic Range

Long-finned pilot whales occur along the continental shelf break, in continental slope waters, and in
areas of high topographic relief, inhabiting temperate and subpolar zones from North Carolina to North
Africa (and the Mediterranean) and north to Iceland, Greenland and the Barents Sea (Abend & Smith,
1999; Buckland et al., 1993; Leatherwood et al., 1976; Sergeant, 1962). Long-finned pilot whales are
likely found in the Gulf Stream and Labrador Current open ocean areas, and might be found in the North
Atlantic Gyre.

In U.S. Atlantic waters, pilot whales (Globicephala spp.) are distributed principally along the continental
shelf edge off the northeastern U.S. coast in winter and early spring, moving onto Georges Bank and into
the Gulf of Maine and more northern waters in late spring (Abend & Smith, 1999; Cetacean and Turtle
Assessment Program, 1982; Hamazaki, 2002; Payne & Heinemann, 1993). They remain in these areas
through late autumn (Cetacean and Turtle Assessment Program, 1982; Payne & Heinemann, 1993). Pilot
whales tend to occupy areas of high relief or submerged banks. They are also associated with the Gulf
Stream wall and thermal fronts along the continental shelf edge. Long- and short-finned pilot whales
overlap spatially along the mid-Atlantic shelf break between Cape Hatteras, North Carolina, and New
Jersey (Payne & Heinemann, 1993).

3.7.2.3.25.3 Population Trends

A trend analysis has not been conducted for the western North Atlantic stock of long-finned pilot whales
(Hayes et al., 2017). There are two abundance estimates for Globicephala spp. from summer 1998
(14,909; CV=0.26) and summer 2004 surveys (31,139; CV=0.27) and one abundance estimate of G. melas
from summer 2011 surveys (5,636; CV=0.63). Because the 1998 and 2004 surveys did not derive
separate abundance estimates for each pilot whale species, comparisons to the 2011 estimate are
inappropriate.

3.7.2.3.25.4 Predator and Prey Interactions

Both pilot whale species feed primarily on squid but also eat fish, including mackerel, cod, turbot,
herring, hake, and dogfish (Bernard & Reilly, 1999). They are also known to feed on shrimp (Gannon et
al., 1997; Jefferson et al., 2015). Feeding generally takes place at depths between 200 and 500 m
(Jefferson et al., 2015), but dives may be as deep as 800 m (Heide-Jgrgensen et al., 2002). Some
accounts of pilot whale attacks on small marine mammals are known, but pilot whales generally are not
known to prey on marine mammals (Weller et al., 1996). Killer whales are possible predators of long-
finned pilot whales.
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3.7.2.3.25.5 Species-Specific Threats

Long-finned pilot whales were included in the Atlantic Pelagic Longline Take Reduction Plan to reduce
bycatch associated with Atlantic pelagic longline fishery to a level approaching a zero mortality and
serious injury rate within 5 years of implementation (74 Federal Register 23351-23351, May 19, 2009).
Section 3.7.2.1.5 (General Threats) discusses threats to marine mammals.

3.7.2.3.26  Short-Finned Pilot Whale (Globicephala macrorhynchus)
3.7.2.3.26.1 Status and Management

Studies are currently being conducted at the NMFS Southeast Fisheries Science Center to evaluate
genetic population structure in short-finned pilot whales. Pending these results, short-finned pilot
whales populations occupying U.S. Atlantic waters are managed as three separate stocks: the western
North Atlantic stock that occupies the U.S. Atlantic waters, the northern Gulf of Mexico stock that
occupies the Gulf, and the Puerto Rico and U.S. Virgin Islands stock that occupies Caribbean waters
(Hayes et al., 2017; Waring et al., 2012; Waring et al., 2016). The Puerto Rico and U.S. Virgin Islands
short-finned pilot whale population is provisionally considered a separate stock for management
purposes although there is currently no information to differentiate this stock from the western North
Atlantic stock or the northern Gulf of Mexico stock (Waring et al., 2012).

3.7.2.3.26.2 Habitat and Geographic Range

There are two species of pilot whales in the western Atlantic: the long-finned pilot whale, Globicephala
melas melas, and the short-finned pilot whale, G. macrorhynchus. These species are difficult to
differentiate at sea; therefore, the ability to separately assess the two stocks in U.S. Atlantic waters is
limited (Hayes et al., 2017; Waring et al., 2016). Only the short-finned pilot whale occurs in the Gulf of
Mexico and Caribbean.

Short-finned pilot whales range throughout warm temperate to tropical waters of the world, generally
in deep offshore areas (Waring et al., 2016). Thus, the species occupies waters over the continental shelf
break, in slope waters, and in areas of high topographic relief (Olson, 2008). While pilot whales are
typically distributed along the continental shelf break, movements over the continental shelf are
commonly observed in the northeastern United States. Sightings of pilot whales (Globicephala spp.) in
the western North Atlantic occur primarily near the continental shelf break ranging from Florida to the
Nova Scotian Shelf (Mullin & Fulling, 2003). Genetic analysis of stranded pilot whales, evaluated as a
function of sea surface temperature and water depth, indicated that short-finned pilots whales were not
likely to be found at water temperatures less than 22°C and highly likely to occur where water
temperatures were greater than 25°C. Probability of a short-finned pilot whale also increased with
increasing water depth. Short-finned and long-finned pilot whales overlap spatially along the mid-
Atlantic shelf break between New Jersey and the southern flank of Georges Bank (Hayes et al., 2017).
Short-finned pilot whales are likely found in the Gulf Stream open ocean area.

Pilot whales are one of the most common cetacean species observed off Cape Hatteras during aerial
surveys, specifically from the 100 m isobaths out to water depths greater than 2,000 m (U.S.
Department of the Navy, 2013c). Satellite tagging efforts were conducted in the summers of 2014 and
2015 in an area off Cape Hatteras. Twenty satellite tags were deployed on short-finned pilot whales in
2014 and 19 were deployed in 2015. The satellite tag study provided the first information on long-term
and long-distance movements of short-finned pilot whales in the area, other than information obtained
from tags on previously stranded and rehabilitated individuals. While photo-ID work suggests that short-
finned pilot whales display a high degree of residence off Cape Hatteras, satellite tagging demonstrates
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that these animals cover a significant range up and down the continental slope, from Georges Bank in
the north, down to Cape Lookout Shoals in the south, with movements at least occasionally into waters
beyond the U.S. Exclusive Economic Zone (Baird et al., 2015, 2016a).

Deployment of high-frequency acoustic recording packages offshore of Cape Hatteras, Onslow Bay,
Jacksonville and the offshore areas near Norfolk Canyon from 2009 through 2015 have resulted in zero
short-finned pilot whale detections. Passive acoustic data were collected from marine autonomous
recording units deployed on the continental shelf, just beyond the shelf, and offshore from the shelf
break off Jacksonville, Florida in late 2009 and early 2010. These deployments resulted in detections of
short-finned pilot whales, along with melon-headed whales, pygmy killer whales, false killer whales, and
killer whales. These species were detected every day during deployments but there were no obvious or
consistent differences in the occurrence of vocalizations relative to water depth or time of day (Oswald
et al., 2016). The fact that five species are combined into the same category may have masked any
patterns in vocal behaviors (Oswald et al., 2016).

Short-finned pilot whales are also documented along the continental shelf and continental slope in the
northern Gulf of Mexico (Hansen et al., 1996; Mullin & Hoggard, 2000; Mullin & Fulling, 2003), and in
the Caribbean. Short-finned pilot whales were seen in all seasons during GulfCet aerial surveys of the
northern Gulf of Mexico between 1992 and 1998 (Hansen et al., 1996; Mullin & Hoggard, 2000).

3.7.2.3.26.3 Population Trends

A trend analysis has not been conducted for the western North Atlantic stock of short-finned pilot
whales (Hayes et al., 2017; Waring et al., 2016). There are two abundance estimates for Globicephala
spp. from summer 1998 (14,909; CV=0.26) and summer 2004 surveys (31,139; CV=0.27) and one
abundance estimate of G. melas from summer 2011 surveys (5,636; CV=0.63). Because the 1998 and
2004 surveys did not derive separate abundance estimates for each pilot whale species, comparisons to
the 2011 estimate are inappropriate.

A trend analysis has not been conducted for the northern Gulf of Mexico stock of short-finned pilot
whales (Waring et al., 2016). Further analysis of northern Gulf of Mexico short-finned pilot whale survey
data from 1991 to 2004 is required in order to determine whether changes in abundance have occurred
over this period. Additionally, a Gulf-wide assessment of short-finned pilot whale abundance has not
been made (Waring et al., 2016).

There are insufficient data to determine population trends for the Puerto Rico and U.S. Virgin Islands
stock (Waring et al., 2012).

3.7.2.3.26.4 Predator and Prey Interactions

Pilot whales feed primarily on squid, to which they are generally well adapted (Jefferson et al., 2008b;
Werth, 2006), but they also take fish (Bernard & Reilly, 1999). Pilot whales are not generally known to
prey on other marine mammals, but records from the eastern tropical Pacific suggest that the short-
finned pilot whale does occasionally chase and attack, and may even eat, dolphins during fishery
operations (Olson, 2008; Perryman & Foster, 1980). They were also observed harassing sperm whales in
the Gulf of Mexico (Weller et al., 1996). This species is not known to have any predators (Weller, 2008),
but it may be subject to predation by killer whales.
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3.7.2.3.26.5 Species-Specific Threats

Short-finned pilot whales were included in the Atlantic Pelagic Longline Take Reduction Plan to reduce
bycatch associated with Atlantic pelagic longline fishery to a level approaching a zero mortality and
serious injury rate within 5 years of implementation (74 Federal Register 23351-23351, May 19, 2009).

The northern Gulf of Mexico stock of short-finned pilot whales was 1 of the 31 cetacean stocks impacted
by the 2010 Deepwater Horizon oil spill in the Gulf of Mexico. Injury quantification determined that 6
percent of short-finned pilot whales in the Gulf of Mexico were exposed to oil, resulting in 2 percent
excess mortality above baseline conditions, 3 percent excess failed pregnancies, and 2 percent higher
likelihood for other adverse health effects. The maximum reduction of the short-finned pilot whale Gulf
of Mexico population was only 3 percent, therefore the Trustees were not able to calculate the number
of years it would take for this stock to recover (Deepwater Horizon Natural Resource Damage
Assessment Trustees, 2016). Refer to Section 3.7.2.1.5.1 (Water Quality) for additional information on
the Deepwater Horizon oil spill. Section 3.7.2.1.5 (General Threats) discusses other threats to marine
mammals.

3.7.2.3.27 Harbor Porpoise (Phocoena phocoena phocoena)
3.7.2.3.27.1 Status and Management

The Gulf of Maine—Bay of Fundy stock is the only stock of harbor porpoise under NMFS management
within the Study Area. There are three additional harbor porpoise populations that occur within the
Study Area—Gulf of St. Lawrence, Newfoundland, and Greenland (Gaskin, 1992). The Gulf of Maine—Bay
of Fundy stock is the largest contributor to the aggregation of harbor porpoises found off the mid-
Atlantic states (Hayes et al., 2018).

3.7.2.3.27.2 Habitat and Geographic Range

Harbor porpoises inhabit cool temperate-to-subpolar waters, often where prey aggregations are
concentrated (Watts & Gaskin, 1985). Thus, they are frequently found in shallow waters, most often
near shore, but they sometimes move into deeper offshore waters. Harbor porpoises are rarely found in
waters warmer than 63°F (17°C) (Read, 1999) and closely follow the movements of their primary prey,
Atlantic herring (Gaskin, 1992).

Harbor porpoise would likely be found only in the Labrador Current open ocean area. In the western
North Atlantic, harbor porpoise range from Cumberland Sound on the east coast of Baffin Island, south-
east along the eastern coast of Labrador to Newfoundland and the Gulf of St. Lawrence, thence south-
west to about 34°N on the coast of North Carolina (Waring et al., 2016). Harbor porpoise are also found
in southwest Greenland. During summer (July to September), harbor porpoises are concentrated in the
northern Gulf of Maine and southern Bay of Fundy region, generally in waters less than 150 m. deep
(Gaskin, 1977; Kraus et al., 1983; Palka, 1995a; Palka, 1995b), with a few sightings in the upper Bay of
Fundy and on the northern edge of Georges Bank (Palka, 2000).

They are seen from the coastline to deep waters (greater than 5,906 ft.) (Westgate et al., 1998),
although most of the population is found over the continental shelf. During winter (January to March),
intermediate densities of harbor porpoises can be found in waters off New Jersey to North Carolina, and
lower densities are found in waters off New York to New Brunswick, Canada (Hayes et al., 2018). Harbor
porpoises sighted off the mid-Atlantic states during winter include porpoises from other western North
Atlantic populations (Rosel et al., 1999). There does not appear to be a temporally coordinated
migration or a specific migratory route to and from the Bay of Fundy region (Hayes et al., 2018).
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LaBrecque et al. (2015a) identified a small and resident population area for harbor porpoise in the Gulf
of Maine (Figure 3.7-1) based on sightings documented by National Oceanic and Atmospheric
Administration Fisheries ship and aerial surveys, strandings, and animals taken incidental to fishing
reported by National Oceanic and Atmospheric Administration Fisheries observers. From July to
September, harbor porpoises are concentrated in waters less than 150 m deep in the northern Gulf of
Maine and southern Bay of Fundy. During fall (October to December) and spring (April to June), harbor
porpoises are widely dispersed from New Jersey to Maine, with lower densities farther north and south
(LaBrecque et al., 2015a).

3.7.2.3.27.3 Population Trends

Due to imprecise abundance estimates and long periods of time between surveys, a trend analysis has
not been conducted for the Gulf of Maine/Bay of Fundy stock of harbor porpoises (Hayes et al., 2018).

3.7.2.3.27.4 Predator and Prey Interactions

This species preys on a variety of fish, especially high fat pelagic species such as herring, sprat and
anchovy, and cephalopods (Berrow & Rogan, 1996; Bjorge & Tolley, 2009; Santos & Pierce, 2003). The
harbor porpoise is known to be attacked and killed by killer whales and common bottlenose dolphins
(Jefferson et al., 2015).

3.7.2.3.27.5 Species-Specific Threats

Harbor porpoises have been documented as bycatch in a variety of fisheries, including sink and drift
gillnets, herring weirs, and pelagic long-lines (Hayes et al., 2018; Zollett, 2009). The total annual
estimated human-caused mortality and serious injury is 307 harbor porpoises per year (CV = 0.16) from
U.S. fisheries (Hayes et al., 2018).

3.7.2.3.28 Bearded Seal (Erignathus barbatus)
3.7.2.3.28.1 Status and Management

There are two generally accepted subspecies of bearded seal; Erignathus barbatus barbatus inhabits the
North Atlantic Ocean, including Hudson Bay, and the Barents and Laptev Seas; Erignathus barbatus
nauticus inhabits Arctic waters of eastern Russia, Alaska, the Bering Sea, the Sea of Okhotsk, and the
central Canadian Arctic (Jefferson et al., 2015; Rice, 1998). The bearded seal does not occur within the
Exclusive Economic Zone of the eastern United States and is not managed by NMFS in the Atlantic Ocean
(Kovacs, 2008a). While bearded seals inhabiting the North Atlantic are not listed under the ESA, the
Okhotsk distinct population segment is listed as threatened (Muto et al., 2017). However this distinct
population segment does not occur in the AFTT Study Area, and is therefore not addressed. The
population structure of bearded seals within the western North Atlantic is not well understood.

3.7.2.3.28.2 Habitat and Geographic Range

Bearded seals have a circumpolar distribution in the Arctic, generally south of 80° N latitude, and are
subarctic in some areas, such as the western North Atlantic. The preferred habitat is drifting pack ice in
shallow water (Cleator, 1996; Kovacs, 2008a). Bearded seals spend most of their time near where the
coastal ice forms and in less than 200 m of water (Jefferson et al., 2008b; Jefferson et al., 2015; Kovacs,
2008a). While they are typically strongly tied to ice, bearded seals are known to haul out on land, swim
up rivers, and live in open-ocean areas for extended periods (Cleator, 1996; Jefferson et al., 2008b).

In the western Atlantic bearded seals occur in the waters of Greenland, Northern Labrador, Baffin Bay-
Davis Strait, and Hudson Complex. Sightings outside the species’ typical range have been reported as far
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south as Cape Cod, Massachusetts (Sardi & Merigo, 2006), and Florida (National Marine Fisheries
Service, 2016b).

3.7.2.3.28.3 Population Trends

Due to the patchy distribution of individuals moving with ice floes, it is difficult to make accurate
abundance estimates for this species (Kovacs, 2008a); no estimates exist specifically for the western
Atlantic. The global population is estimated at 450,000 to 500,000 seals but may be as large as 700,000;
approximately half are thought to inhabit the Bering and Chukchi Seas (Jefferson et al., 2008b; Jefferson
et al., 2015). The number inhabiting various regions of the Atlantic Ocean are mostly unknown
(Jefferson et al., 2015). Rough estimates based on aerial surveys conducted over a 35-year period
indicated densities in Canadian waters of approximately 0.24 seal per square kilometer (km?) in
preferred habitat; the population estimate for bearded seals in Canadian waters during the survey
period was 190,000 (Cleator, 1996). Due to uncertainty associated with the population abundance,
population trends are unknown.

3.7.2.3.28.4 Predator and Prey Interactions

The bearded seal diet is composed largely of demersal fish and benthic invertebrate species (Jefferson
et al., 2015; Kovacs, 2008a). In Baffin Bay, sculpins and Arctic cod make up most of the diet in the
summer, but eelpouts and polar cod are also taken; whelks and shrimp make up the majority of
invertebrates consumed, but clams, sea cucumbers, anemones, cephalopods, and worms are also taken
(Finley & Evans, 1983). Dominant prey items vary according to season, region, and ice cover (Hindell et
al., 2012), as well as age (Jefferson et al., 2015).

Polar bears, killer whales, and Greenland sharks are known bearded seal predators (Kovacs, 2008a).
3.7.2.3.28.5 Species-Specific Threats
Loss of sea ice is a potentially significant threat to the habitat of bearded seals (Kovacs et al., 2011).

3.7.2.3.29 Hooded Seal (Cystophora cristata)
3.7.2.3.29.1 Status and Management

The International Council for the Exploration of the Sea/Northwest Atlantic Fisheries Organization
Working Group on Harp and Hooded Seals currently recognizes two separate stocks of hooded seals: the
Northwest Atlantic and Greenland Sea stocks (International Council for the Exploration of the Sea,
2014). The western North Atlantic stock (synonymous with the Northwest Atlantic stock) pups off the
coast of eastern Canada; the whelping area for the Greenland Sea stock is in the “West Ice” near Jan
Mayen Island, east of Greenland (Kovacs, 2008b).

3.7.2.3.29.2 Habitat and Geographic Range

Hooded seals are distributed in the Arctic and the cold temperate North Atlantic Ocean (Bellido et al.,
2007). At sea, hooded seals stay primarily near continental coastlines but are known to wander widely.
This species follows the seasonal movement of pack ice, on which it breeds. In the Study Area, its
primary range is around the Newfoundland-Labrador, West Greenland, and Scotian Shelf.

Most hooded seals occur in the western Atlantic (Stenson et al., 1996). They migrate between
winter/spring pupping areas along the Canadian coast, and summer and molting areas off Greenland.
The western North Atlantic stock breeds and pups at three main areas around Canada, including the
Gulf of St. Lawrence, north of Newfoundland in an area that is known as the Front, and Davis Strait
(Hammill et al., 1997; Jefferson et al., 2008b; Kovacs, 2008b). Based on data from satellite relay data
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loggers deployed on hooded seals during 2004 to 2008, males appeared to prefer areas with complex
seabed relief such as Davis Strait and the Flemish cap, whereas females preferred the Labrador Shelf
(Andersen et al., 2013).

Hooded seals are highly migratory and may wander as far south as Puerto Rico (Mignucci-Giannoni &
Odell, 2001), with increased occurrences from Maine to Florida. These appearances usually occur
between January and May in New England waters, and in summer and autumn off the southeast

U.S. coast and in the Caribbean (Harris et al., 2001; McAlpine et al., 1999; Mignucci-Giannoni & Odell,
2001). Six hooded seal strandings were also reported between 1975 and 1996 in North Carolina, Florida,
Georgia, Puerto Rico, and the U.S. Virgin Islands (Mignucci-Giannoni & Odell, 2001).

3.7.2.3.29.3 Population Trends

The number of hooded seals in the western North Atlantic is relatively well known and is derived from
pup production estimates produced from pack-ice whelping pack surveys. Available data are insufficient
to determine a population estimate for U.S. waters (Waring et al., 2007); thus, population trends are
also unknown.

3.7.2.3.29.4 Predator and Prey Interactions

The main prey species of hooded seals are redfish and cod, but they forage on squid and Greenland
halibut as well (Hammill et al., 1997; Hauksson & Bogason, 1997). Some overlap and competition exists
for prey between hooded and harp seals (Tucker et al., 2009). This species is preyed on by polar bears
and killer whales (Kovacs, 2008a).

3.7.2.3.29.5 Species-Specific Threats

Although hooded seals are documented to be taken incidentally in commercial fishing gear, the level of
take is very small compared to the size of the population. Hooded seals are also hunted commercially in
Canada. The hooded seal is likely one of the most sensitive arctic marine mammal species to climate
change due to its dependence on ice and specialized feeding habits (Laidre et al., 2008).

3.7.2.3.30 Harp Seal (Pagophilus groenlandicus)
3.7.2.3.30.1 Status and Management

Three distinct populations or stocks of harp seals are generally recognized, each identified with a specific
pupping site on the pack ice. The western North Atlantic stock is the largest and is divided into two
breeding herds: the Front herd, which breeds off the coast of Newfoundland and Labrador, and the Gulf
herd, which breeds near the Magdalen Islands in the Gulf of St. Lawrence (Hayes et al., 2018; Reeves et
al., 2002b; Waring et al., 2004; Waring et al., 2014). The other two stocks that breed on the West Ice off
eastern Greenland and on the ice in the White Sea off the coast of Russia do not occur in the Study Area.

3.7.2.3.30.2 Habitat and Geographic Range

The primary range of harp seals is throughout the Arctic, but the secondary range includes the western
waters of the Scotian Shelf and the Northeast U.S. Continental Shelf. Harp seals are closely associated
with drifting pack ice, where they breed, molt, and forage in the surrounding waters (Lydersen & Kovacs,
1993; Ronald & Healey, 1981). Harp seals make extensive movements over much of the continental
shelf within their winter range in the waters off Newfoundland (Bowen & Siniff, 1999).

Typically, harp seals are distributed in the pack ice of the North Atlantic segment of the Arctic Ocean and
through Newfoundland and the Gulf of St. Lawrence (Reeves et al., 2002b). Most western North Atlantic
harp seals congregate off the east coast of Newfoundland-Labrador (the Front) to pup and breed; the
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remainder (the Gulf herd) gathers to pup near the Magdalen Islands in the Gulf of St. Lawrence
(Morissette et al., 2006; Ronald & Dougan, 1982).

The number of sightings and strandings of harp seals off the northeastern United States has been
increasing since the 1990s, based on records from Maine to New Jersey, primarily during the months of
January to May (Harris et al., 2002; McAlpine & Walker, 1999; Stevick & Fernald, 1998). A few sightings
and strandings are also reported annually for Virginia and North Carolina (Lloyd, 2015; Soulen et al.,
2013; Swingle et al., 2016). An increase in strandings along the U.S. East Coast has been correlated with
poor ice conditions in the Gulf of St. Lawrence whelping area (Soulen et al., 2013). Harp seals
occasionally enter the Bay of Fundy, but McAlpine and Walker (1999) suggested that winter ocean
surface currents might limit the probability of occurrences in the Bay of Fundy.

3.7.2.3.30.3 Population Trends

Uncertainty in fecundity rates as well as uncertainties in ice conditions have potentially large impacts on
population trends. Recent increases in strandings may not be indicative of population size. Therefore,
the status of the population in U.S. waters is unknown (Hayes et al., 2018).

3.7.2.3.30.4 Predator and Prey Interactions

Harp seals feed on a variety of prey, which vary with age class, season, location, and year (Lavigne,
2008). Prey preference studies have revealed that harp seals prefer small fish to crustaceans (Lindstrom
et al., 1998). The main prey species of harp seals are capelin, Greenland halibut, and Arctic and polar cod
(Hauksson & Bogason, 1997; Lavigne, 2008; Morissette et al., 2006). Harp seals rarely eat commercially
important Atlantic cod (Lavigne, 2008). Most foraging occurs at depths of less than 90 m, although dives
as deep as 568 m have been recorded (Folkow et al., 2004; Lydersen & Kovacs, 1993). Harp seals feed
intensively during the winter and summer and less so during the spring and fall migrations or during
pupping and molting (Ronald & Healey, 1981). Some overlap and competition exists for prey between
hooded and harp seals. This species is preyed on by polar bears, killer whales, and sharks (Lavigne,
2008).

3.7.2.3.30.5 Species-Specific Threats

Although harp seals are documented to be taken incidentally in commercial fishing gear, the level of
take is small compared to the size of the population. Harp seals are also hunted commercially in Canada
and Greenland. Climate change may also threaten whelping areas (Bajzak et al., 2011). For the period
2011 to 2015 the total estimated annual human cause mortality and serious injury to harp seals was
216,044 harp seals per year, which includes 215,998 seals from Canada and Greenland fishery bycatch,
43 seals (CV = 0.24) from observed U.S. fisheries, and 3 seals from non-fishing human interactions
(Hayes et al., 2018).

3.7.2.3.31 Gray Seal (Halichoerus grypus atlantica)
3.7.2.3.31.1 Status and Management

There are three main populations of gray seal in the North Atlantic, including the Northeast Atlantic
population, Northwest Atlantic, and the Baltic Sea (Haug et al., 2013; Hayes et al., 2018). The Northeast
Atlantic and the Northwest Atlantic populations are classified as the subspecies H. g. atlantica (Olsen et
al., 2016).
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3.7.2.3.31.2 Habitat and Geographic Range

The western North Atlantic stock is equivalent to the Northwest Atlantic population, ranging from New
Jersey to Labrador (Hayes et al., 2018). This gray seal population is centered in the Canadian Maritimes,
including the Gulf of St. Lawrence and the Atlantic coasts of Nova Scotia, Newfoundland, and Labrador.
In the Study Area, the primary range of this species includes the northwestern waters of the
Newfoundland-Labrador Shelf, the Scotian Shelf, and the Northeast U.S. Continental Shelf (Davies, 1957,
Hall & Thompson, 2009).

The gray seal is considered a coastal species and may forage far from shore but does not appear to leave
the continental shelf regions (Lesage & Hammill, 2001). Gray seals haul out on land-fast ice, exposed
reefs, or beaches of undisturbed islands (Hall & Thompson, 2009; Lesage & Hammill, 2001). Remote
uninhabited islands tend to have the largest gray seal haul-outs (Reeves et al., 1992).

The Canadian population is divided into three groups for management purposes: Sable Island, Gulf of St.
Lawrence, and Coastal Nova Scotia (Hammill et al., 2014a). The largest pupping site of gray seals in the
world is located at Sable Island (Bowen et al., 2007). In the Gulf of St. Lawrence, gray seals pup on the
pack-ice (Davies, 1957; Hammill & Gosselin, 1995; Hammill et al., 1998); this is second largest breeding
colony in eastern Canada (Hammill et al., 2014a). Smaller numbers of seals pup on islands along the
coast of Nova Scotia (Hammill et al., 2014a).

Gray seals range south into the northeastern United States, with strandings and sightings as far south as
North Carolina (Hammill et al., 1998; Waring et al., 2004). Gray seal distribution along the U.S. Atlantic
coast has shifted in recent years, with an increased number of seals reported in southern New England
(Kenney, 2014; Waring et al., 2016). Recent sightings included a gray seal in lower Chesapeake Bay
during the winter of 2014 to 2015 (Rees et al., 2016). Along the coast of the United States, gray seals are
known to pup at three or more colonies, including Muskeget Island, Massachusetts, which is the
southernmost breeding site (Andrews & Mott, 1967; Rough, 1995; Waring et al., 2004), and Green and
Seal Islands, Maine (Hayes et al., 2018). Pupping has also been reported at Matinicus Rock and Mount
Desert Rock in Maine (Waring et al., 2016). Gray seals are observed in New England outside of the
pupping season on Muskeget Island and Monomoy and locations along the shoreline between southern
Maine and Woods Hole, Massachusetts.

3.7.2.3.31.3 Population Trends

Gray seal abundance is likely increasing in the U.S. waters, but the rate of increase is unknown (Hayes et
al., 2018). The increasing trend is supported by analysis of trends in gray seal strandings and bycatch
records from the northeastern United States (Johnston et al., 2015). Single-day pup counts at three U.S.-
established colonies detected an increase from the 2001 to 2002 through the 2007 to 2008 pupping
season (Wood LaFond, 2009).

3.7.2.3.31.4 Predator and Prey Interactions

Gray seals prey on a variety of demersal and bottom-dwelling organisms, as well as schooling fish,
cephalopods and other mollusks, and occasionally sea birds (Jefferson et al., 2015). Atlantic cod, Atlantic
herring, sandlance, mackerel, flatfish, and white hake were the most prominent types of fish in the diet
of gray seals off Nova Scotia, Canada (Hammill et al., 2014b). They also likely prey on harbor porpoise
(Haelters et al., 2012; Leopold et al., 2015) and harbor seals (van Neer et al., 2015). Feeding during the
breeding season is minimal (Hauksson & Bogason, 1997).
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This species is preyed on by sharks (Jefferson et al., 2015). They are also probably prey of killer whales
(Weller, 2008).

3.7.2.3.31.5 Species-Specific Threats

A review of 405 cases of marine mammal mortalities on Cape Cod and southeastern Massachusetts from
2000 to 2006 concluded that gray seals are highly susceptible to human interaction; 45 percent of gray
seal deaths were due to interactions with humans (Bogomolni et al., 2010). Stranding and bycatch data
from Cape Cod, Connecticut, Rhode Island and New York coasts between 1990 through 2012 were
collected and analyzed to identify changes in stranding and by catch trends for gray seals. The analysis
suggests that gray seal strandings and bycatch are increasing at rates between 18 and 22 percent since
the early 1990s in the southern New England region (Johnston et al., 2015). The researchers note that
beach counts of gray seals are also increasing in this area and it is possible the increase in stranding and
bycatch rates is attributable to the growth in population. For the period 2011 to 2015, the total
estimated human caused mortality and serious injury to gray seals was 5,207 per year (Hayes et al.,
2018). The average was derived from six components: (1) 1,088 (CV = 0.09) from the U.S. observed
fishery; (2) 7.8 from non-fishery related, human interaction stranding mortalities; (3) 308 from the
Canadian commercial harvest; (4) 132 from Fisheries and Oceans Canada scientific collections; and (5)
3,674 removals of nuisance animals in Canada; and (6) 0.2 from U.S. research mortalities.

3.7.2.3.32 Ringed Seal (Phoca hispida)
3.7.2.3.32.1 Status and Management

The Arctic subspecies of ringed seal (Phoca hispida hispida) was listed as threatened under the ESA in
2012; but in 2016, the U.S. District Court for the District of Alaska issued a decision vacating National
Oceanic and Atmospheric Administration Fisheries’” December 28, 2012 listing of the Arctic ringed seal as
threatened. On February 12, 2018, the U.S. Court of Appeals for the Ninth Circuit reversed the district
court’s decision and upheld the National Ocean and Atmospheric Administration Fisheries’ decision to
list Arctic ringed seals as threatened. Consequently, the listing of Arctic ringed seals as threatened will
be reinstated once the Ninth Circuit issues its mandate to the district court and the district court then
enters final judgment in this case. However, at the time of writing this document, Arctic ringed seals are
not listed as a threatened species under the ESA. This species does not occur within the Exclusive
Economic Zone of the eastern United States and is not managed by NMFS in the Atlantic. Although there
is no genetic evidence or other data to differentiate stocks of ringed seals, the North Atlantic Marine
Mammal Commission Scientific Committee recognizes three stock areas in the North Atlantic based on
the low probability of mixing between areas: Area 1 includes Baffin Bay, northeastern Canada, and West
Greenland and coincides with the northern extreme of the Study Area; Area 2 encompasses the
Greenland Sea; and Area 3 comprises the Barents and Kara Seas (North Atlantic Marine Mammal
Commission, 1997).

3.7.2.3.32.2 Habitat and Geographic Range

Ringed seals have a circumpolar distribution throughout the Arctic basin, Hudson Complex, and the
Bering, Okhotsk, and Baltic Seas. The distribution of ringed seals is strongly correlated with pack and
land-fast ice (Born et al., 2002; Jefferson et al., 2015) in areas over virtually any water depth (Reeves,
1998). Although they are generally not considered migratory, ringed seals are known to make long-
distance movements (Teilmann et al., 1999).

In the western Atlantic, ringed seals occur as far south as northern Newfoundland, northward to the
pole, and throughout the Canadian Arctic. They also occur throughout the Greenland Large Marine
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Ecosystem and can be found as far south as Labrador off the Canadian east coast in the Newfoundland-
Labrador Shelf Large Marine Ecosystem (Hammill, 2009).

3.7.2.3.32.3 Population Trend

Abundance of ringed seals is difficult to estimate because of their inaccessible habitat and tendency to
spend much of the breeding season, when many pinniped estimates are made, hidden from view in
dens or snow caves. Therefore, any estimates are of questionable accuracy and are probably
underestimates. The North Atlantic Marine Mammal Commission Scientific Committee derived a rough
estimate of the abundance of ringed seals in Area 1 (coincident with the northern extreme of the Study
Area) of approximately 1.3 million seals (North Atlantic Marine Mammal Commission, 1997). Due to
uncertainty associated with the abundance estimate, population trends are unknown.

3.7.2.3.32.4 Predator and Prey Interactions

Ringed seals are opportunistic feeders and consume a wide variety of prey, including fish and
invertebrates (Hammill, 2009). They mostly forage solitarily or in small groups typically in deep water,
under ice floes, and in the benthic communities of shallower water. The amphipod Themisto libellula is
known to be the dominant prey type in the diet of immature ringed seals from Grise Fiord, whereas
Arctic and polar cod compose the diet of adult ringed seals (Holst et al., 2001; Jefferson et al., 2015).
Arctic cod was also important in the diet of ringed seals in other parts of the eastern Canadian Arctic
(Matley et al., 2015). There are seasonal changes in the diet (Chambellant et al., 2013; Young &
Ferguson, 2013).

Polar bears are the primary ringed seal predator, but some may also be taken by killer whales,
Greenland sharks, and walruses (Hammill, 2009).

3.7.2.3.32.5 Species-Specific Threats

Ringed seals are harvested for subsistence use in the Arctic and are also caught incidentally in fishing
gear. Climate change is potentially the most serious threat to ringed seal populations since much of their
habitat depends on seasonal ice coverage (Kovacs et al., 2011).

3.7.2.3.33 Harbor Seal (Phoca vitulina)
3.7.2.3.33.1 Status and Management

Although the stock structure of the western North Atlantic harbor seals (P. v. concolor) is unknown,
harbor seals that occur along the coasts of the eastern United States and Canada represent a single
population (Hayes et al., 2018; Temte et al., 1991).

3.7.2.3.33.2 Habitat and Geographic Range

The harbor seal is one of the most widely distributed seals, found in temperate to polar coastal waters
of the northern hemisphere (Jefferson et al., 2015). Harbor seals occur in nearshore waters and are
rarely found more than 20 km from shore; they frequently occupy bays, estuaries, and inlets (Baird,
2001). Individual seals have been observed several kilometers upstream in coastal rivers (Baird, 2001).
Haul-out sites vary but include intertidal and subtidal rock outcrops, sandbars, sandy beaches, and even
peat banks in salt marshes (Burns, 2008; Gilbert & Guldager, 1998; Prescott, 1982; Schneider & Payne,
1983; Wilson, 1978). In the Study Area, their approximate year-round coastal range includes the Gulf of
St. Lawrence, Scotian Shelf, Gulf of Maine, Bay of Fundy, and northeast U.S. continental shelf down to
the Virginia/North Carolina border.

Harbor seals are found year-round in the coastal waters of eastern Canada and Maine; from September
to May they also occur from southern New England to New Jersey (Hayes et al., 2018; Katona et al.,
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1993). A general southward movement from the Bay of Fundy to southern New England waters occurs
in autumn and early winter (Barlas, 1999; Jacobs & Terhune, 2000; Rosenfeld et al., 1988; Whitman &
Payne, 1990). A northward movement from southern New England to Maine and eastern Canada occurs
before the pupping season, which takes place from mid-May through June along the Maine coast
(DeHart, 2002; Kenney, 1994; Richardson et al., 1995b; Whitman & Payne, 1990; Wilson, 1978).
Anecdotal reports suggest that some pupping is occurring at high-use haulout sites off Manomet,
Massachusetts, and the Isles of Shoals, Maine (Hayes et al., 2018).

Harbor seal distribution along the U.S. Atlantic coast has shifted in recent years, with an increased
number of seals reported in southern New England to the mid-Atlantic region (Hayes et al., 2018;
Kenney, 2014). During systematic land-based counts by the U.S. Navy during 2014 to 2015 near Naval
Station Newport, Narragansett Bay, harbor seals were observed on 24 out of 46 survey days; the
average number hauled out was 15, but as many as 44 seals were hauled out on April 16, 2015 (Rees et
al., 2016). In addition, 112 locations with harbor seal occurrences were recorded for Rhode Island during
1992 to 2013 by Save the Bay (Rees et al., 2016). Winter haul-out sites for a small number of seals (less
than 50) have also been reported for Chesapeake Bay and near Oregon Inlet, North Carolina (Waring et
al., 2016). During land-based counts in lower Chesapeake Bay from November 2014 to May 2015, 112
occurrences were recorded at four different haul-out sites during 12 survey days; peak numbers were
recorded during March (Rees et al., 2016). Follow-up surveys in the lower Chesapeake Bay were
conducted between October 2015 to May 2016 and resulted in 184 harbor seal sightings between
December 2015 and April 2016; similar to the 2014 to 2015 season, the highest counts were recorded in
the months of February and March (Rees et al., 2016). Surveys were also conducted in Narragansett Bay
between November 2015 and April 2016 and similar to the 2014 to 2015 season, the highest counts
were recorded in the months of February and March with peak numbers observed in March (Rees et al.,
2016). Many strandings were reported for the coast of Virginia (Swingle et al., 2016). Rare sightings have
occurred south of Oregon Inlet, North Carolina, and strandings have been recorded as far south as
Florida (Hayes et al., 2018).

3.7.2.3.33.3 Population Trends

A trend analysis has not been conducted for this stock (Hayes et al., 2018). The number of harbor seals
in U.S. Atlantic waters increased since the 1980s to 2010 (Waring et al., 2010); however, 2012
population estimates were lower than previous estimates. This lower estimate was not considered a
population decline because surveys efforts did not cover the entire population area in coastal Maine,
therefore a portion of the population was not included in the survey counts (Hayes et al., 2018).

3.7.2.3.33.4 Predator and Prey Interactions

The main prey species of the harbor seal are cod, hake, mackerel, herring, salmon, sardines, smelt, shad,
capelin, sand eels, sculpins, and flatfish (Burns, 2008). Sand eels are the main prey for individuals
foraging in the southern portion of their range, while cod is the main prey in other geographic areas.
Harbor seals are also known to feed on cephalopods and crustaceans (Burns, 2008). Shrimp appears to
be important in the diet of newly weaned pups (Burns, 2008). Off Massachusetts, harbor seals are
known to depredate monkfish, skate, and flounder from gillnets (Rafferty et al., 2012). There is no
seasonal variation in prey species, but capelin and herring are more numerous in the fall and winter
(Hauksson & Bogason, 1997; Jefferson et al., 2015; Reeves et al., 1992). Killer whales and sharks are
known to prey on adult harbor seals and pups may be preyed on by eagles, ravens, gulls, and coyotes
(Burns, 2008; Weller, 2008).
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3.7.2.3.33.5 Species-Specific Threats

There are no significant species-specific threats for harbor seals in the western North Atlantic, although
some animals are bycaught in commercial fisheries (Hammill et al., 2010). From 2011 to 2015, the total
human-caused mortality and serious injury to harbor seals was estimated to be 368 per year, 356 (CV =
0.11) of which were from observed fisheries and 12 of which were from non-fishery-related activities

(Hayes et al., 2018). Section 3.7.2.1.43.7.2.1.5 (General Threats) discusses threats to marine mammals.

3.7.2.3.34 Walrus (Odobenus rosmarus)
3.7.2.3.34.1 Status and Management

The walrus is managed by the USFWS under the Department of the Interior, but does not occur in U.S.
East Coast waters. Five subpopulations of the Atlantic subspecies (Odobenus rosmarus rosmarus) are
suggested, based on genetic analysis. These subpopulations inhabit Hudson Strait, West Greenland,
Northwest Greenland, East Greenland, and Franz Josef Land-Svalbard (Andersen et al., 2009). The
Hudson Strait subpopulation occurs within the northern extreme of the Study Area. The Hudson Strait
subpopulation proposed by Andersen et al. (2009) corresponds to the Hudson Bay-Davis Strait stock
identified by the North Atlantic Marine Mammal Commission (2017), which recognizes nine stocks in the
Atlantic.

3.7.2.3.34.2 Habitat and Geographic Range

In the Atlantic, walruses occur from the central Canadian Arctic through Greenland, Svalbard and Franz
Josef Land, to the Barents, White, and Kara seas (Kastelein, 2008). Walruses occur in shallow,
continental shelf areas and are seldom found in deep waters. They haul out on ice floes and sandy
beaches or rocky shores, along remote stretches of mainland coastlines or islands (Jefferson et al.,
2008b; Jefferson et al., 2015).

Walruses are found along the coast of Greenland, Labrador, Baffin Bay, Davis Strait, and the Hudson
Complex (Jefferson et al., 2008b; Jefferson et al., 2015). Migration of the subpopulations between
Hudson Strait and west Greenland suggests that there is a perennial migration in the Baffin Bay region
for the Atlantic subspecies (Andersen et al., 2009). Walruses may migrate northward with ice break-up
along the western coast of Greenland, when warm water is brought in by the Irminger Current from the
south.

3.7.2.3.34.3 Population Trends

Abundance estimates are difficult to derive as walruses have clumped distributions, occur on ice as well
as in water, and have variable group sizes (Heide-Jgrgensen et al., 2014). The (North Atlantic Marine
Mammal Commission, 2017) recognizes nine stocks in the Atlantic with variable population trends.
Surveys were conducted in summer 2007 in Hoare Bay, Baffin Island on the Hudson Bay-Davis Strait
stock but a population trend could not be determined (Stewart et al., 2014). In 2008, surveys of the
West Greenland/Baffin Island population suggested this population may be increasing (Witting & Born,
2013).

3.7.2.3.34.4 Predator and Prey Interactions

Walruses are likely preyed on by killer whales and polar bears. Walruses are primarily benthic feeders,
with a large proportion of their prey consisting of molluscs (Andersen et al., 2009; Kastelein &
Wiepkema, 1989; Stewart et al., 2003). They use their snouts to plow through the bottom sediments
and dig up prey, most of which they find in the upper few centimeters of sediment or on or just above
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the bottom. Walrus diet consists of snails, soft-shell crabs, amphipods, shrimp, sea cucumbers,
tunicates, and slow-moving fish; some prey on seals, small whales, and seabirds and may occasionally
scavenge marine mammal carcasses (Kastelein, 2008).

3.7.2.3.345 Species-Specific Threats

Over-hunting, pollutants, and human disturbance near haul-outs pose potentially significant threats to
walrus (Kastelein, 2008). Laidre et al. (2008) suggested that walruses may be sensitive to climate change,
based on their dependence on haul-out sites (such as sea ice) in proximity to shallow foraging areas.

3.7.3 ENVIRONMENTAL CONSEQUENCES

This section evaluates how and to what degree the activities described in Chapter 2 (Description of
Proposed Action and Alternatives) potentially impact marine mammals known to occur within the Study
Area. Table 2.6-1 (Proposed Training Activities per Alternative) through Table 2.6-4 (Office of Naval
Research Proposed Testing Activities per Alternative) present the proposed training and testing activity
locations for Alternatives 1 and 2. The stressors vary in intensity, frequency, duration, and location
within the Study Area. General characteristics of all Navy stressors were introduced in Section 3.0.3.3
(Identifying Stressors for Analysis), and living resources’ general susceptibilities to stressors were
introduced in Section 3.0.3.6 (Biological Resource Methods). The stressors analyzed for marine
mammals are:

e Acoustic (sonar and other transducers; air guns; pile driving; vessel noise; aircraft noise; and
weapons noise)

e Explosives (explosions in-air; explosions in-water)
e Energy (in-water electromagnetic devices; lasers)

e Physical disturbance and strike (vessels and in-water devices; military expended materials;
seafloor devices)

e Entanglement (wires and cables; decelerators/parachutes; biodegradable polymer)

e Ingestion (military expended materials—munitions; military expended materials other than
munitions)

e Secondary stressors (impacts on habitat; impacts on prey availability)

In this analysis, marine mammal species are grouped together based on similar biology (e.g., hearing) or
behaviors (e.g., feeding or expected reaction to stressors) when most appropriate for the discussion. In
addition, for some stressors species are grouped based on their taxonomic relationship and discussed as
follows: mysticetes (baleen whales), odontocetes (toothed whales), pinnipeds (seals and the walrus), the
polar bear, and the West Indian manatee.

When impacts are expected to be similar to all species or when it is determined there is no impact on
any species, the discussion will be general and not species-specific. However, when impacts are not the
same to certain species or groups of species, the discussion will be as specific as the best available data
allow. In addition, if activities only occur in or will be concentrated in certain areas, the discussion will be
geographically specific. Based on acoustic thresholds and criteria developed with NMFS, impacts from
sound sources as acoustic stressors will be quantified at the species or stock level as is required
pursuant to authorization of the proposed actions under the MMPA.
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The analysis includes consideration of the mitigation that the Navy will implement to avoid or reduce
potential impacts on marine mammals from acoustics, explosives, and physical disturbance and strike
stressors. Mitigation for marine mammals has been coordinated with NMFS and the USFWS through the
consultation processes.

3.7.3.1 Acoustic Stressors

Assessing whether a sound may disturb or injure a marine mammal involves understanding the
characteristics of the acoustic sources, the marine mammals that may be present in the vicinity of the
sources, and the effects that sound may have on the physiology and behavior of those marine mammals.
Although it is known that sound is important for marine mammal communication, navigation, and
foraging (National Research Council, 2003, 2005), there are many unknowns in assessing impacts, such
as the potential interaction of different effects and the significance of responses by marine mammals to
sound exposures (Nowacek et al., 2007; Southall et al., 2007). Furthermore, many other factors besides
just the received level of sound may affect an animal’s reaction, such as the duration of the sound
producing activity, the animal’s physical condition, prior experience with the sound, activity at the time
of exposure (e.g., feeding, traveling, resting), the context of the exposure (e.g., in a semi-enclosed bay vs
open ocean), and proximity to the source of the sound.

The ways in which an acoustic exposure could result in immediate effects or long-term consequences for
an animal are explained in the Conceptual Framework for Assessing Effects from Acoustic and Explosive
Activities (Section 3.0.3.6.1). The following Background section discusses what is currently known about
acoustic effects to marine mammals. These effects could hypothetically extend from physical injury or
trauma to a behavioral or stress response that may or may not be detectable. Injury (physical trauma)
can occur to organs or tissues of an animal (Section 3.7.3.1.1.1, Injury). Hearing loss (Section 3.7.3.1.1.2,
Hearing Loss) is a noise-induced decrease in hearing sensitivity, which can either be temporary or
permanent. Masking (Section 3.7.3.1.1.4, Masking) can occur when the perception of a biologically
important sound (i.e., signal) is interfered with by a second sound (i.e., noise). Physiological stress
(Section 3.7.3.1.1.3, Physiological Stress) is an adaptive process that helps an animal cope with changing
conditions; however, too much stress can potentially result in additional physiological effects.
Behavioral response (Section 3.7.3.1.1.5, Behavioral Reactions) ranges from brief distractions to
avoidance of a sound source to prolonged flight. Extreme behavioral or physiological responses can lead
to stranding (Section 3.7.3.1.1.6, Stranding). Long-term consequences (Section 3.7.3.1.1.7, Long-Term
Consequences) are those impacts, or accumulation of impacts, that can result in decreases in individual
fitness or population changes. To avoid or reduce potential impacts to the maximum extent practicable,
the Navy will implement marine mammal mitigation measures during applicable training and testing
activities that generate acoustic stressors (see Chapter 5, Mitigation).

The use of any acoustic stressor during training and testing activities would have no effect on bowhead
whales or ringed seals due to the lack in overlap of habitat and areas where acoustic stressors are used
and the impacts on bowhead whales and ringed seals will not be analyzed further.

3.7.3.1.1 Background
3.7.3.1.1.1 Injury

Injury (i.e., physical trauma) refers to the effects on the tissues or organs of an animal due to exposure
to pressure waves. Injury due to exposure to non-explosive acoustic stressors such as sonar is discussed
below. Moderate- to low-level sound sources, including vessel and aircraft noise, would not cause any
injury. The Conceptual Framework for Assessing Effects from Acoustic and Explosive Activities (see
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Section 3.0.3.6.1) provides additional information on injury (i.e., physical trauma) and the framework
used to analyze this potential impact.

Several mechanisms of acoustically-induced tissue damage (non-auditory) have been proposed and are
discussed below.

Injury due to Sonar-Induced Acoustic Resonance

An object exposed to its resonant frequency will tend to amplify its vibration at that frequency, a
phenomenon called acoustic resonance. Acoustic resonance has been proposed as a mechanism by
which a sonar or sources with similar operating characteristics could damage tissues of marine
mammals. In 2002, NMFS convened a panel of government and private scientists to investigate the
potential for acoustic resonance to occur in marine mammals (National Oceanic and Atmospheric
Administration, 2002). They modeled and evaluated the likelihood that Navy mid-frequency sonar
caused resonance effects in beaked whales that eventually led to their stranding. The conclusions of the
group were that resonance in air-filled structures was not likely to have caused the Bahamas stranding
in 2000. The frequency at which resonance was predicted to occur in the animals’ lungs was 50 Hz, well
below the frequencies utilized by the mid-frequency sonar systems associated with the Bahamas event.
Furthermore, air cavity vibrations, even at resonant frequencies, were not considered to be of sufficient
amplitude to cause tissue damage, even under an unrealistic scenario in which air volumes would be
undamped (unrestrained) by surrounding tissues and the amplitude of the resonant response would be
greatest. These same conclusions would apply to other training and testing activities involving acoustic
sources. Therefore, the Navy concludes that acoustic resonance would not occur under realistic
conditions during training and testing activities, and this type of impact is not considered further in this
analysis.

Nitrogen Decompression

Marine mammals are thought to deal with nitrogen loads in their blood and other tissues, caused by gas
exchange from the lungs under conditions of high ambient pressure during diving, through anatomical,
behavioral, and physiological adaptations (Hooker et al., 2012).

Although not a direct injury, variations in marine mammal diving behavior or avoidance responses have
been hypothesized to result in nitrogen off-gassing in super-saturated tissues, possibly to the point of
deleterious vascular and tissue bubble formation (Hooker et al., 2012; Jepson et al., 2003; Saunders et
al., 2008) with resulting symptoms similar to decompression sickness (also known as “the bends”). The
process has been under debate in the scientific community (Hooker et al., 2012; Saunders et al., 2008),
although analyses of by-caught and drowned animals has demonstrated that nitrogen bubble formation
can occur in animals that no longer exchange gas with the lungs (drowned) and which are brought to the
surface where tissues become supersaturated with nitrogen due to the reduction in hydrostatic
pressure (Bernaldo de Quiros et al., 2013b; Moore et al., 2009). Deep diving whales, such as beaked
whales, have been predicted to have higher nitrogen loads in body tissues for certain modeled changes
in dive behavior, which might make them more susceptible to decompression (Fahlman et al., 2014b;
Fernandez et al., 2005; Hooker et al., 2012; Jepson et al., 2003).

Researchers have examined how dive behavior affects tissue supersaturation conditions that could put
an animal at risk of gas bubble embolism. An early hypothesis was that if exposure to a startling sound
elicits a rapid ascent to the surface, tissue gas saturation sufficient for the evolution of nitrogen bubbles
might result (Fernandez et al., 2005; Jepson et al., 2003). However, modeling suggested that even
unrealistically rapid rates of ascent from normal dive behaviors are unlikely to result in supersaturation
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to the extent that bubble formation would be expected in beaked whales (Zimmer & Tyack, 2007).
Instead, emboli observed in animals exposed to mid-frequency active sonar (Fernandez et al., 2005;
Jepson et al., 2003) could stem from a behavioral response that involves repeated dives, shallower than
the depth of lung collapse (Aguilar de Soto et al., 2006; Hooker et al., 2012; Tyack et al., 2006; Zimmer &
Tyack, 2007). Longer times spent diving at mid-depths above lung collapse would allow gas exchange
from the lungs to continue under high hydrostatic pressure conditions, increasing potential for
supersaturation; below the depth of lung collapse, gas exchange from the lungs to the blood would
likely not occur (Fahlman et al., 2014b). To examine the potential for gas bubble formation, a bottlenose
dolphin was trained to dive repetitively to depths shallower than lung collapse to elevate nitrogen
saturation to the point that asymptomatic nitrogen bubble formation was predicted to occur. However,
inspection of the vascular system of the dolphin via ultrasound did not demonstrate the formation of
any nitrogen gas bubbles (Houser et al., 2009). To estimate risk of decompression sickness, Kvadsheim
et al. (2012) modeled gas exchange in the tissues of sperm, pilot, killer, and beaked whales based on
actual dive behavior during exposure to sonar in the wild. Results indicated that venous supersaturation
was within the normal range for these species, which have naturally high levels of nitrogen loading.

Still, little is known about respiratory physiology of deep-diving breath-hold animals. Costidis and
Rommel (Costidis & Rommel, 2016) suggest that gas exchange may continue to occur across the tissues
of air-filled sinuses in deep-diving odontocetes below the depth of lung collapse, if hydrostatic pressures
are high enough to drive gas exchange across into non-capillary veins, contributing to tissue gas loads.
Researchers have also considered the role of carbon dioxide accumulation produced during periods of
high activity by an animal, theorizing that accumulating carbon dioxide, which cannot be removed by gas
exchange below the depth of lung collapse, may facilitate the formation of bubbles in nitrogen-
saturated tissues (Bernaldo de Quiros et al., 2012; Fahlman et al., 2014b). Parraga et al. (2018) suggest
that diving marine mammals have physiological and anatomical adaptations to control gas uptake above
the depth of lung collapse, favoring oxygen uptake while minimizing nitrogen uptake. Under the
hypothesis of Parraga et al. (2018), elevated activity due to a strong evasive response could lead to
increased uptake of nitrogen, resulting in an increased risk of nitrogen decompression.

Modeling has suggested that the long, deep dives performed regularly by beaked whales over a lifetime
could result in the saturation of long-halftime tissues (i.e., tissues that take longer to give off nitrogen,
e.g., fat and bone lipid) to the point that they are supersaturated when the animals are at the surface
(Fahlman et al., 2014b; Hooker et al., 2009; Saunders et al., 2008). The presence of osteonecrosis (bone
death due to reduced blood flow) in deep diving sperm whales has been offered as evidence of chronic
supersaturation (Moore & Early, 2004). Proposed adaptations for prevention of bubble formation under
conditions of persistent tissue saturation have been suggested (Fahlman et al., 2006; Hooker et al.,
2009), while the condition of supersaturation required for bubble formation in these tissues has been
demonstrated in marine mammals drowned at depth as fisheries bycatch and brought to the surface
(Moore et al., 2009). For beaked whale strandings associated with sonar use, one theory is that
observed bubble formation might be caused by long periods of compromised blood flow caused by the
stranding itself (which reduces ability to remove nitrogen from tissues) following rapid ascent dive
behavior that does not allow for typical management of nitrogen in supersaturated, long-halftime
tissues (Houser et al., 2009).

A fat embolic syndrome (out of place fat particles, typically in the bloodstream) was identified by
Fernandez et al. (2005) coincident with the identification of bubble emboli in stranded beaked whales.
The fat embolic syndrome was the first pathology of this type identified in marine mammals and was

I ——————
3.7-108
3.7 Marine Mammals



Atlantic Fleet
Training and Testing Final EIS/OEIS September 2018

thought to possibly arise from the formation of bubbles in fat bodies, which subsequently resulted in the
release of fat emboli into the blood stream. Although rare, similar findings have been found in the
Risso’s dolphin, another deep diving species, but with presumably non-anthropogenic causes (Fernandez
et al., 2017).

Dennison et al. (2012) reported on investigations of dolphins stranded in 2009 to 2010 and, using
ultrasound, identified gas bubbles in kidneys of 21 of the 22 live-stranded dolphins and in the liver of

2 of the 22. The authors postulated that stranded animals were unable to recompress by diving, and
thus retained bubbles that would have otherwise re-absorbed in animals that continued to dive. The
researchers concluded that the minor bubble formation observed could be tolerated since the majority
of stranded dolphins released did not re-strand.

The appearance of extensive bubble and fat emboli in beaked whales was unique to a small number of
strandings associated with certain high intensity sonar events; the phenomenon has not been observed
to the same degree in other stranded marine mammals, including other beaked whale strandings not
associated with sonar use. It is uncertain as to whether there is some more easily-triggered mechanism
for this phenomenon specific to beaked whales or whether the phenomenon occurs only following
rapidly occurring stranding events (i.e., when whales are not capable of sufficiently decompressing).
Nevertheless, based on the rarity of observations of bubble pathology, the potential for nitrogen
decompression sickness, or “the bends,” is considered discountable.

Acoustically-Induced Bubble Formation due to Sonars

A suggested cause of injury to marine mammals is rectified diffusion (Crum & Mao, 1996), the process of
increasing the size of a microscopic gas bubble by exposing it to a sound field. The process is dependent
upon a number of factors, including the sound pressure level (SPL) and duration. Under this hypothesis,
microscopic bubbles assumed to exist in the tissues of marine mammals may experience one of three
things: (1) bubbles grow to the extent that they become emboli or cause localized tissue trauma, (2)
bubbles develop to the extent that a complement immune response is triggered or the nervous tissue is
subjected to enough localized pressure that pain or dysfunction occurs (a stress response without
injury), or (3) the bubbles are cleared by the lung without negative consequence to the animal.

Rectified diffusion is facilitated if the environment in which the ensonified bubbles exist is
supersaturated with gas. As discussed above, repetitive diving by marine mammals can cause the blood
and some tissues to become supersaturated (Ridgway & Howard, 1979). The dive patterns of some
marine mammals (e.g., beaked whales) are predicted to induce greater supersaturation (Houser et al.,
2001). If rectified diffusion were possible in marine mammals exposed to high-level sound, conditions of
tissue supersaturation could theoretically speed the rate and increase the size of bubble growth.
Subsequent effects due to tissue trauma and emboli would presumably mirror those observed in
humans suffering from decompression sickness.

It is unlikely that the short duration of sonar pulses would be long enough to drive bubble growth to any
substantial size, if such a phenomenon occurs. However, an alternative but related hypothesis has also
been suggested: stable microbubbles could be destabilized by high-level sound exposures such that
bubble growth then occurs through static diffusion of gas out of supersaturated tissues. In such a
scenario, the marine mammal would need to be in a gas-supersaturated state for a long enough time for
bubbles to become a problematic size. The phenomena of bubble growth due to a destabilizing
exposure was shown by Crum et al. (2005) by exposing highly supersaturated ex vivo bovine tissues to a
37 kHz source at 214 dB re 1 yPa. Although bubble growth occurred under the extreme conditions
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created for the study, these conditions would not exist in the wild because the levels of tissue
supersaturation in the study (as high as 400 to 700 percent) are substantially higher than model
predictions for marine mammals (Fahlman et al., 2009; Fahlman et al., 2014b; Houser et al., 2001,
Saunders et al., 2008), and such high exposure level would only occur in very close proximity to the most
powerful sonars. It is improbable that this mechanism is responsible for stranding events or traumas
associated with beaked whale strandings.

There has been considerable disagreement among scientists as to the likelihood of this phenomenon
(Evans & Miller, 2003; Piantadosi & Thalmann, 2004). Although it has been argued that traumas from
beaked whale strandings are consistent with gas emboli and bubble-induced tissue separations
(Fernandez et al., 2005; Jepson et al., 2003), nitrogen bubble formation as the cause of the traumas has
not been verified. The presence of bubbles postmortem, particularly after decompression, is not
necessarily indicative of bubble pathology (Bernaldo de Quiros et al., 2012; Bernaldo de Quiros et al.,
2013a; Bernaldo de Quiros et al., 2013b; Dennison et al., 2012; Moore et al., 2009).

3.7.3.1.1.2 Hearing Loss

Exposure to intense sound may result in noise-induced hearing loss that persists after cessation of the
noise exposure. Hearing loss may be temporary or permanent, depending on factors such as the
exposure frequency, received SPL, temporal pattern, and duration. The frequencies affected by hearing
loss will vary depending on the frequency of the fatiguing noise, with frequencies at and above the noise
frequency most strongly affected. The amount of hearing loss may range from slight to profound,
depending on the ability of the individual to hear at the affected frequencies.

The Conceptual Framework for Assessing Effects from Acoustic and Explosive Activities (see Section
3.0.3.6.1) provides additional information on hearing loss and the framework used to analyze this
potential impact. Hearing loss has only been studied in a few species of marine mammals, although
hearing studies with terrestrial mammals are also informative.

Hearing loss is typically quantified in terms of threshold shift (TS)—the amount (in dB) that hearing
thresholds at one or more specified frequencies are elevated, compared to their pre-exposure values, at
some specific time after the noise exposure. The amount of TS measured usually decreases with
increasing recovery time—the amount of time that has elapsed since a noise exposure. If the TS
eventually returns to zero (i.e., the hearing threshold returns to the pre-exposure value), the threshold
shift is called a temporary threshold shift (i.e., TTS). If the TS does not completely recover (the threshold
remains elevated compared to the pre-exposure value), the remaining TS is called a permanent
threshold shift (PTS).

Figure 3.7-4 shows two hypothetical TSs: one that completely recovers, a TTS, and one that does not
completely recover, leaving some PTS. By definition, TTS is a function of the recovery time, therefore
comparing the severity of noise exposures based on the amount of induced TTS can only be done if the
recovery times are also taken into account. For example, a 20-dB TTS measured 24 hours post-exposure
indicates a more hazardous exposure than one producing 20 dB of TTS measured only 2 minutes after
exposure; if the TTS is 20 dB after 24 hours, the TTS measured after 2 minutes would have likely been
much higher. Conversely, if 20 dB of TTS was measured after 2 minutes, the TTS measured after 24
hours would likely have been much smaller.

Studies have revealed that intense noise exposures may also cause auditory system injury that does not
result in PTS; i.e., hearing thresholds return to normal after the exposure, but there is injury
nonetheless. Kujawa and Liberman (2009) found that noise exposures sufficient to produce a TTS of 40
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dB, measured 24 hours post-exposure using electro-physiological methods, resulted in acute loss of
nerve terminals and delayed degeneration of the cochlear nerve in mice. Lin et al. (2011) found a similar
result in guinea pigs, that a TTS in auditory evoked potential of up to approximately 50 dB, measured 24
hours post-exposure, resulted in neural degeneration. These studies demonstrate that PTS should not
be used as the sole indicator of auditory injury, since exposures producing high levels of TTS (40 to 50 dB
measured 24 hours after exposure) — but no PTS — may result in auditory injury.

Figure 3.7-4: Two Hypothetical Threshold Shifts
TTS: temporary threshold shift; TS: threshold shift; PTS: permanent threshold shift

There are no simple functional relationships between TTS and the occurrence of PTS or other auditory
injury (e.g., neural degeneration). However, TTS and PTS are, by definition, mutually exclusive. An
exposure that produces TTS cannot also produce PTS in the same individual; conversely, if an initial
threshold shift only partially recovers, resulting in some amount PTS, the difference between the initial
TS and the PTS is not called TTS. As TTS increases, the likelihood that additional exposure SPL or duration
will result in PTS or other injury also increases. Exposure thresholds for the occurrence of PTS or other
auditory injury can therefore be defined based on a specific amount of TTS; i.e., although an exposure
has been shown to produce only TTS, we assume that any additional exposure may result in some PTS or
other injury. The specific upper limit of TTS is based on experimental data showing amounts of TTS that
have not resulted in PTS or injury. In other words, we do not need to know the exact functional
relationship between TTS and PTS or other injury; we only need to know the upper limit for TTS before
some PTS or injury is possible.

A variety of human and terrestrial mammal data indicate that threshold shifts up to 40 to 50 dB may be
induced without PTS, and that 40 dB is a reasonable upper limit for allowable threshold shift to prevent
PTS (e.g., Kryter et al., 1965; Miller et al., 1963; Ward et al., 1958; Ward et al., 1959; Ward, 1960). It is
reasonable to assume the same relationship would hold for marine mammals, since there are many
similarities between the inner ears of marine and terrestrial mammals, and experiments with marine
mammals have revealed similarities to terrestrial mammals for features such as TTS, age-related hearing
loss, drug-induced hearing loss, masking, and frequency selectivity (Finneran et al., 2005a; Finneran,
2015; Ketten, 2000). Therefore, we assume that sound exposures sufficient to produce 40 dB of TTS
measured approximately 4 minutes after exposure represent the limit of a non-injurious exposure; i.e.,
higher level exposures have the potential to cause auditory injury. Exposures sufficient to produce a TTS
of 40 dB, measured approximately 4 minutes after exposure, therefore represent the threshold for
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auditory injury. The predicted injury could consist of either hair cell damage/loss resulting in PTS, or
other auditory injury such as the delayed neural degeneration identified by Kujawa and Liberman (2009)
and Lin et al. (2011), that may not result in PTS.

Numerous studies have directly examined noise-induced hearing loss in marine mammals (see Finneran,
2015). In these studies, hearing thresholds were measured in marine mammals before and after
exposure to intense sounds. The difference between the pre-exposure and post-exposure thresholds
was then used to determine the amount of TTS at various post-exposure times. The major findings from
these studies include the following:

The method used to test hearing may affect the resulting amount of measured TTS, with
neurophysiological measures producing larger amounts of TTS compared to psychophysical
measures (Finneran et al., 2007; Finneran, 2015).

The amount of TTS varies with the hearing test frequency. As the exposure SPL increases, the
frequency at which the maximum TTS occurs also increases (Kastelein et al., 2014b). For high-
level exposures, the maximum TTS typically occurs one-half to one octave above the exposure
frequency (Finneran et al., 2007; Mooney et al., 2009a; Nachtigall et al., 2004; Popov et al.,
2011; Popov et al., 2013; Schlundt et al., 2000). The overall spread of TTS from tonal exposures
can therefore extend over a large frequency range; i.e., narrowband exposures can produce
broadband (greater than one octave) TTS.

The amount of TTS increases with exposure SPL and duration, and is correlated with sound
exposure level (SEL), especially if the range of exposure durations is relatively small (Kastak et
al., 2007; Kastelein et al., 2014b; Popov et al., 2014). As the exposure duration increases,
however, the relationship between TTS and SEL begins to break down. Specifically, duration has
a more significant effect on TTS than would be predicted on the basis of SEL alone (Finneran et
al., 2010a, 2010b; Kastak et al., 2005; Mooney et al., 2009a). This means if two exposures have
the same SEL but different durations, the exposure with the longer duration (thus lower SPL) will
tend to produce more TTS than the exposure with the higher SPL and shorter duration. In most
acoustic impact assessments, the scenarios of interest involve shorter duration exposures than
the marine mammal experimental data from which impact thresholds are derived; therefore,
use of SEL tends to over-estimate the amount of TTS. Despite this, SEL continues to be used in
many situations because it is relatively simple, more accurate than SPL alone, and lends itself
easily to scenarios involving multiple exposures with different SPL.

The amount of TTS depends on the exposure frequency. Sounds at low frequencies, well below
the region of best sensitivity, are less hazardous than those at higher frequencies, near the
region of best sensitivity (Finneran & Schlundt, 2013). The onset of TTS — defined as the
exposure level necessary to produce 6 dB of TTS (i.e., clearly above the typical variation in
threshold measurements) — also varies with exposure frequency. At low frequencies onset-TTS
exposure levels are higher compared to those in the region of best sensitivity.

TTS can accumulate across multiple exposures, but the resulting TTS will be less than the TTS
from a single, continuous exposure with the same SEL (Finneran et al., 2010a; Kastelein et al.,
2014b; Kastelein et al., 2015b; Mooney et al., 2009b). This means that TTS predictions based on
the total, cumulative SEL will overestimate the amount of TTS from intermittent exposures such
as sonars and impulsive sources.
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e The amount of observed TTS tends to decrease with increasing time following the exposure;
however, the relationship is not monotonic (i.e., increasing exposure does not always increase
TTS). The time required for complete recovery of hearing depends on the magnitude of the
initial shift; for relatively small shifts recovery may be complete in a few minutes, while large
shifts (e.g., approximately 40 dB) may require several days for recovery. Under many
circumstances TTS recovers linearly with the logarithm of time (Finneran et al., 2010a, 2010b;
Finneran & Schlundt, 2013; Kastelein et al., 2012a; Kastelein et al., 2012b; Kastelein et al.,
2013a; Kastelein et al., 2014b; Kastelein et al., 2014c; Popov et al., 2011; Popov et al., 2013;
Popov et al., 2014). This means that for each doubling of recovery time, the amount of TTS will
decrease by the same amount (e.g., 6 dB recovery per doubling of time).

Due to the higher exposure levels or longer exposure durations required to induce hearing loss, only a
few types of man-made sound sources have the potential to cause a threshold shift to a marine
mammal in the wild. These include some sonars and other transducers and impulsive sound sources
such as air guns and impact pile driving.

Threshold Shift due to Sonars and Other Transducers

TTS in mid-frequency cetaceans exposed to non-impulsive sound has been investigated in multiple
studies (Finneran et al., 2005b; Finneran et al., 2010b; Finneran & Schlundt, 2013; Mooney et al., 20093;
Mooney et al., 2009b; Nachtigall et al., 2003; Nachtigall et al., 2004; Popov et al., 2013; Popov et al.,
2014; Schlundt et al., 2000) from two species, bottlenose dolphins and beluga whales. Two high-
frequency cetacean species have been studied for TTS due to non-impulsive sources: the harbor
porpoise (Kastelein et al., 2012b) and the finless porpoise (Neophocaena phocaenoides) (Popov et al.,
2011). TTS from non-impulsive sounds has also been investigated in three pinniped species: harbor seal
(Phoca vitulina), California sea lion (Zalophus californianus), and Northern elephant seal (Mirounga
angustirostris) (e.g., Kastak et al., 2005; Kastelein et al., 2012a). These data are reviewed in detail in
Finneran (2015) as well as the Criteria and Thresholds for U.S. Navy Acoustic and Explosive Effects
Analysis (Phase Ill) technical report (U.S. Department of the Navy, 2017a), and the major findings are
summarized above, and the major findings are summarized above.

Threshold Shift due to Impulsive Sound Sources

Marine mammal TTS data from impulsive sources are limited to two studies with measured TTS of 6 dB
or more: Finneran et al. (2002) reported behaviorally-measured TTS of 6 and 7 dB in a beluga exposed to
single impulses from a seismic water gun and Lucke et al. (2009) reported AEP-measured TTS of 7 to 20
dB in a harbor porpoise exposed to single impulses from a seismic air gun.

In addition to these data, Kastelein et al. (2015a) reported behaviorally-measured mean TTS of 4 dB at 8
kHz and 2 dB at 4 kHz after a harbor porpoise was exposed to a series of impulsive sounds produced by
broadcasting underwater recordings of impact pile driving strikes through underwater sound projectors.
The cumulative SEL was approximately 180 dB re 1 pPa2s. The pressure waveforms for the simulated pile
strikes exhibited significant “ringing” not present in the original recordings, and most of the energy in
the broadcasts was between 500 and 800 Hz. As a result, some questions exist regarding whether the
fatiguing signals were representative of underwater pressure signatures from impact pile driving.

Several impulsive noise exposure studies have also been conducted without behaviorally measurable
TTS. Finneran et al. (2000) exposed dolphins and belugas to single impulses from an “explosion
simulator,” and Finneran et al. (2015) exposed three dolphins to sequences of 10 impulses from a
seismic air gun (maximum cumulative SEL = 193 to 195 dB re 1 uPa?s, peak SPL =196 to 210 dB re 1 pPa)
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without measurable TTS. Finneran et al. (2003b) exposed two sea lions to single impulses from an arc-
gap transducer with no measurable TTS (maximum unweighted SEL = 163 dB re 1 puPa’s, peak SPL = 183
dB re 1 pPa).

3.7.3.1.1.3 Physiological Stress

The growing field of conservation physiology relies in part on the ability to monitor stress hormones in
populations of animals, particularly those that are threatened or endangered. The ability to make
predictions from stress hormones about impacts on individuals and populations exposed to various
forms of stressors, natural and human-caused, relies on understanding the linkages between changes in
stress hormones and resulting physiological impacts. At this time, the sound characteristics that
correlate with specific stress responses in marine mammals are poorly understood, as are the ultimate
consequences due to these changes. Navy-funded efforts are underway to try to improve the
understanding of and the ability to predict how stressors ultimately affect marine mammal populations
(e.g., King et al., 2015; New et al., 2013a; New et al., 2013b; Pirotta et al., 2015a). With respect to
acoustically-induced stress, this includes not only determining how and to what degree various types of
anthropogenic sound cause stress in marine mammals, but what factors can mitigate those responses.
Factors potentially affecting an animal’s response to a stressor include the mammal’s life history stage,
sex, age, reproductive status, overall physiological and behavioral plasticity, and whether they are naive
or experienced with the sound [e.g., prior experience with a stressor may result in a reduced response
due to habituation (Finneran & Branstetter, 2013; St. Aubin & Dierauf, 2001)]. Because there are many
unknowns regarding the occurrence of acoustically-induced stress responses in marine mammals, the
Navy assumes in its effects analysis that any physiological response (e.g., hearing loss or injury) or
significant behavioral response is also associated with a stress response.

Marine mammals naturally experience stressors within their environment and as part of their life
histories. Changing weather and ocean conditions, exposure to disease and naturally occurring toxins,
lack of prey availability, and interactions with predators all contribute to the stress a marine mammal
experiences (Atkinson et al., 2015). Breeding cycles, periods of fasting, social interactions with members
of the same species, and molting (for pinnipeds) are also stressors, although they are natural
components of an animal’s life history. Anthropogenic activities have the potential to provide additional
stressors beyond those that occur naturally (Fair et al., 2014; Meissner et al., 2015; Rolland et al., 2012).
Anthropogenic stressors potentially include such things as fishery interactions, pollution, and ocean
noise.

The stress response is a suite of physiological changes that are meant to help an organism mitigate the
impact of a stressor (Moberg & Mench, 2000). However, if the magnitude and duration of the stress
response is too great or too long, then it can have negative consequences to the organism (e.g.,
decreased immune function, decreased reproduction). The generalized stress response is classically
characterized by the release of cortisol, a hormone that has many functions including elevation of blood
sugar, suppression of the immune system, and alteration of the biochemical pathways that affect fat,
protein, and carbohydrate metabolism. However, it is now known that the endocrine response
(glandular secretions of hormones into the blood) to a stressor can extend to other hormones. For
instance, thyroid hormones can also vary under the influence of certain stressors, particularly food
deprivation. These types of responses typically occur on the order of minutes to days. The “fight or
flight” response, an acute stress response, is characterized by the very rapid release of hormones that
stimulate glucose release, increase heart rate, and increase oxygen consumption.
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What is known about the function of the various stress hormones is based largely upon observations of
the stress response in terrestrial mammals. The endocrine response of marine mammals to stress may
not be the same as that of terrestrial mammals because of the selective pressures marine mammals
faced during their evolution in an ocean environment (Atkinson et al., 2015). For example, due to the
necessity of breath-holding while diving and foraging at depth, the physiological role of epinephrine and
norepinephrine (the catecholamines) in marine mammals might be different than in other mammals.
Catecholamines increase during breath-hold diving in seals, co-occurring with a reduction in heart rate,
peripheral vasoconstriction (constriction of blood vessels), and an increased reliance on anaerobic
metabolism during extended dives (Hance et al., 1982; Hochachka et al., 1995; Hurford et al., 1996); the
catecholamine increase is not associated with an increased heart rate, glycemic release, and increased
oxygen consumption typical of terrestrial mammals. Other hormone functions might also be different,
such as aldosterone, which has been speculated to not only contribute to electrolyte balance, but
possibly also the maintenance of blood pressure during periods of vasoconstriction (Houser et al., 2011).
In marine mammals, aldosterone is thought to play a particular role in stress mediation because of its
pronounced increase in response to handling stress (St. Aubin & Dierauf, 2001; St. Aubin & Geraci,
1989).

Relatively little information exists on the linkage between anthropogenic sound exposure and stress in
marine mammals, and even less information exists on the ultimate consequences of sound-induced
stress responses (either acute or chronic). Most studies to date have focused on acute responses to
sound either by measuring catecholamines or by measuring heart rate as an assumed proxy for an acute
stress response. Belugas demonstrated no catecholamine response to the playback of oil drilling sounds
(Thomas et al., 1990b) but showed a small but statistically significant increase in catecholamines
following exposure to impulsive sounds produced from a seismic water gun (Romano et al., 2004). A
bottlenose dolphin exposed to the same seismic water gun signals did not demonstrate a catecholamine
response, but did demonstrate a statistically significant elevation in aldosterone (Romano et al., 2004),
albeit the increase was within the normal daily variation observed in this species (St. Aubin et al., 1996).
Increases in heart rate were observed in bottlenose dolphins to which known calls of other dolphins
were played, although no increase in heart rate was observed when background tank noise was played
back (Miksis et al., 2001). Unfortunately, in this study, it cannot be determined whether the increase in
heart rate was due to stress or an anticipation of being reunited with the dolphin to which the
vocalization belonged. Similarly, a young beluga’s heart rate was observed to increase during exposure
to noise, with increases dependent upon the frequency band of noise and duration of exposure, and
with a sharp decrease to normal or below normal levels upon cessation of the exposure (Lyamin et al.,
2011). Spectral analysis of heart rate variability corroborated direct measures of heart rate (Bakhchina
et al., 2017). This response might have been in part due to the conditions during testing, the young age
of the animal, and the novelty of the exposure; a year later the exposure was repeated at a slightly
higher received level and there was no heart rate response, indicating the beluga whale had potentially
acclimated to the noise exposure. Kvadsheim et al. (2010a) measured the heart rate of captive hooded
seals during exposure to sonar signals, and found an increase in the heart rate of the seals during
exposure periods vs. control periods when the animals were at the surface. When the animals dove, the
normal dive-related bradycardia (decrease in heart rate) was not impacted by the sonar exposure.
Similarly, Thompson et al. (1998) observed a rapid but short-lived decrease in heart rates in harbor and
gray seals exposed to seismic air guns (cited in Gordon et al., 2003). Williams et al. (2017) recently
monitored the heart rates of narwhals released from capture and found that a profound dive
bradycardia persisted, even though exercise effort increased dramatically as part of their escape
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response following release. Thus, although some limited evidence suggests that tachycardia might occur
as part of the acute stress response of animals that are at the surface, the dive bradycardia persists
during diving and might be enhanced in response to an acute stressor.

Whereas a limited amount of work has addressed the potential for acute sound exposures to produce a
stress response, almost nothing is known about how chronic exposure to acoustic stressors affect stress
hormones in marine mammals, particularly as it relates to survival or reproduction. In what is probably
the only study of chronic noise exposure in marine mammals associating changes in a stress hormone
with changes in anthropogenic noise, Rolland et al. (2012) compared the levels of cortisol metabolites in
North Atlantic right whale feces collected before and after September 11, 2001. Following the events of
September 11, shipping was significantly prohibited in the region where fecal collections were made and
regional ocean background noise declined. Fecal cortisol metabolites significantly decreased during the
period of reduced ship traffic and ocean noise (Rolland et al., 2012). Considerably more work has been
conducted in an attempt to determine the potential effect of boating on smaller cetaceans, particularly
killer whales (Bain, 2002; Erbe, 2002; Lusseau, 2006; Noren et al., 2009; Pirotta et al., 2015b; Read et al.,
2014; Rolland et al., 2012; Williams et al., 2006; Williams et al., 2009; Williams et al., 2013; Williams et
al., 2014). Most of these efforts focused primarily on estimates of metabolic costs associated with
altered behavior or inferred consequences of boat presence and noise, but did not directly measure
stress hormones. However, Ayres et al. (2012) investigated southern resident killer whale fecal thyroid
hormone and cortisol metabolites to assess two potential threats to the species’ recovery: lack of prey
(salmon) and impacts from exposure to the physical presence of vessel traffic (but without measuring
vessel traffic noise). Ayres et al. (2012) concluded from these stress hormone measurements that the
lack of prey overshadowed any population-level physiological impacts on southern resident killer whales
due to vessel traffic. Collectively, these studies indicate the difficulty in teasing out factors that are
dominant in exerting influence on the secretion of stress hormones, including the separate and additive
effects of vessel presence and vessel noise. Nevertheless, although the reduced presence of the ships
themselves cannot be ruled out as potentially contributing to the reduction in fecal cortisol metabolites
in North Atlantic right whales, the work of Rolland et al. (2012) represents the most provocative link
between ocean noise and cortisol in cetaceans to date.

Navy-funded efforts are underway to try and improve our understanding and ability to predict how
stressors ultimately affect marine mammal populations (King et al., 2015; e.g., New et al., 2013a; New et
al., 2013b; Pirotta et al., 2015a), and to determine whether a marine mammal being naive or
experienced with the sound (e.g., prior experience with a stressor) may result in a reduced response due
to habituation (St. Aubin & Dierauf, 2001).

3.7.3.1.1.4 Masking

Masking occurs when one sound, distinguished as the “noise,” interferes with the detection or
recognition of another sound. The quantitative definition of masking is the amount in decibels an
auditory detection or discrimination threshold is raised in the presence of a masker (Erbe et al., 2016).
As discussed in Section 3.0.3.6.1 (Conceptual Framework for Assessing Effects from Acoustic and
Explosive Activities), masking can effectively limit the distance over which a marine mammal can
communicate, detect biologically relevant sounds, and echolocate (odontocetes). Masking only occurs in
the presence of the masking noise and does not persist after the cessation of the noise. Masking can
lead to vocal changes (e.g., Lombard effect, increasing amplitude, or changing frequency) and behavior
changes (e.g., cessation of foraging, leaving an area) to both signalers and receivers, in an attempt to
compensate for noise levels (Erbe et al., 2016).
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Critical ratios are the lowest signal-to-noise ratio in detection occurs (Finneran & Branstetter, 2013;
Johnson et al., 1989; Southall et al., 2000). When expressed in dB, critical ratios can easily be calculated
by subtracting the noise level (in dB re 1 uPa? /Hz) from the signal level (in dB re 1 uPa) at threshold.
Critical ratios have been measured for pinnipeds (Southall et al., 2000, 2003), odontocetes (Figure 3.7-5)
(Au & Moore, 1990; Johnson et al., 1989; Kastelein & Wensveen, 2008; Lemonds et al., 2011; Thomas et
al., 1990a), manatees (Gaspard et al., 2012), and sea otters (Ghoul & Reichmuth, 2014). Critical ratios
are directly related to the bandwidth of auditory filters; as a result, critical ratios increase as a function
of signal frequency (Au & Moore, 1990; Lemonds et al., 2011). Higher-frequency noise is more effective
at masking higher-frequency signals. Although critical ratios are typically estimated in controlled
laboratory conditions using Gaussian (white) noise, critical ratios can vary considerably depending on
the noise type (Branstetter et al., 2013; Trickey et al., 2010).

Figure 3.7-5: Critical Ratios (in dB) Measured in Different Odontocetes Species (from Finneran
& Branstetter, 2013)

Clark et al. (2009) developed a method for estimating masking effects on communication signals for low-
frequency cetaceans, including calculating the cumulative impact of multiple noise sources. For
example, their technique calculates that a right whale’s optimal communication space (around 20 km) is
decreased by 84 percent when two commercial ships pass through it. Similarly, Aguilar de Soto et al.
(2006) found that a 15 dB increase in background noise due to vessels led to a communication range of
only 18 percent of its normal value for foraging beaked whales. This method relies on empirical data on
source levels of calls (which is unknown for many species) and requires many assumptions such as pre-
industrial ambient noise conditions and simplifications of animal hearing and behavior, but it is an
important step in determining the impact of anthropogenic noise on animal communication. Erbe (2016)
developed a model with a noise source-centered view of masking to examine how a call may be masked
from a receiver by a noise as a function of caller, receiver, and noise-source location, distance relative to
each other, and received level of the call.

Vocal changes in response to anthropogenic noise can occur across the repertoire of sound production
modes used by marine mammals, such as whistling, echolocation click production, calling, and singing.
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Vocalization changes may result from a need to compete with an increase in background noise and
include increasing the source level, modifying the frequency, increasing the call repetition rate of
vocalizations, or ceasing to vocalize in the presence of increased noise (Hotchkin & Parks, 2013). In
cetaceans, vocalization changes were reported from exposure to anthropogenic noise sources such as
sonar, vessel noise, and seismic surveying (Gordon et al., 2003; Holt et al., 2008; Holt et al., 2011; Lesage
et al., 1999; McDonald et al., 2009; Rolland et al., 2012) as well as changes in the natural acoustic
environment (Dunlop et al., 2014). Vocal changes can be temporary, or can be permanent, as seen in the
increase in starting frequency for the North Atlantic right whale upcall over the last 50 years (Tennessen
& Parks, 2016). This shift in frequency was modeled, and it was found that it led to increased detection
ranges between right whales; the frequency shift, coupled with an increase in call intensity by 20 dB, led
to a call detectability range of less than 3 km to over 9 km (Tennessen & Parks, 2016). In some cases,
these vocal changes may have fitness consequences, such as an increase in metabolic rates and oxygen
consumption, as was found for bottlenose dolphins when increasing their call amplitude (Holt et al.,
2015). A switch from vocal communication to physical, surface-generated sounds such as pectoral fin
slapping or breaching was observed for humpback whales in the presence of increasing natural
background noise levels, indicating that adaptations to masking may also move beyond vocal
modifications (Dunlop et al., 2010). These changes all represent possible tactics by the sound-producing
animal to reduce the impact of masking. The receiving animal can also reduce masking by using active
listening strategies such as orienting to the sound source, moving to a different location to improve
binaural cues (time or intensity differences between the ears due to a sound source’s location relative to
the animal’s head), or going still to reduce noise associated with hydrodynamic flow. The structure of
some noises (e.g., amplitude modulation) may also provide some release from masking through
comodulation masking release (the difference in masking when a noise is broadband versus having the
same bandwidth as the signal) (Branstetter & Finneran, 2008; Branstetter et al., 2013). Signal
characteristics (e.g., whether the signal has harmonics, or is frequency modulated) may further enhance
the detectability of a signal in noise (Cunningham et al., 2014).

Evidence suggests that at least some marine mammals have the ability to acoustically identify potential
predators (Allen et al., 2014; Cummings & Thompson, 1971; Curé et al., 2015; Fish & Vania, 1971), which
may be reduced in the presence of a masking noise, particularly if it occurs in the same frequency band.
Therefore, the occurrence of masking may prevent marine mammals from responding to the acoustic
cues produced by their predators. Whether this is a possibility depends on the duration of the masking
and the likelihood of encountering a predator during the time that detection and identification of
predator cues are impeded. For example, harbor seals that reside in the coastal waters off British
Columbia are frequently targeted by certain groups of killer whales. The seals discriminate between the
calls of threatening and non-threatening killer whales (Deecke et al., 2002), a capability that should
increase survivorship while reducing the energy required to attend to all killer whale calls. Similarly,
sperm whales (Curé et al., 2016; Isojunno et al., 2016), long-finned pilot whales (Visser et al., 2016), and
humpback whales (Curé et al., 2015) changed their behavior in response to killer whale vocalization
playbacks; these findings indicate that some recognition of predator cues could be missed if the killer
whale vocalizations were masked.

Masking as a Result of Impulsive Noise

Masking could occur in mysticetes due to the overlap between their low-frequency vocalizations and the
dominant frequencies of air gun pulses; however, masking in odontocetes or pinnipeds is less likely
unless the seismic survey activity is in close range when the pulses are more broadband. For example,
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differential vocal responses in marine mammals were documented in the presence of seismic survey
noise. An overall decrease in vocalizations during active surveying was noted in large marine mammal
groups (Potter et al., 2007), while blue whale feeding/social calls increased when seismic exploration
was underway (Dilorio & Clark, 2010), indicative of a possible compensatory response to the increased
noise level. Bowhead whales were found to increase call rates in the presence of seismic air gun noise at
lower received levels (below 100 dB re: 1 pPa?s cumulative SEL), but once the received level rose above
127 dB re 1 uPa’s cumulative SEL the call rate began decreasing, and stopped altogether once received
levels reached 170 dB re 1 uPa’s cumulative SEL (Blackwell et al., 2015). Nieukirk et al. (2012) recorded
both seismic surveys and fin whale 20 Hz calls at various locations around the mid-Atlantic Ocean, and
hypothesized that distant seismic noise could mask those calls thereby decreasing the communication
range of fin whales, whose vocalizations may propagate over 400 km to reach conspecifics (Spiesberger
& Fristrup, 1990). Two captive seals (one spotted and one ringed) were exposed to seismic air gun
sounds recorded within 1 km and 30 km of an air gun survey conducted in shallow (less than 40 m)
water. They were then tested on their ability to detect a 500 millisecond (ms) upsweep centered at 100
Hz at different points in the air gun pulse (start, middle, and end). Based on these results, a 100 Hz
vocalization with a source level of 130 dB re 1 pPa would not be detected above a seismic survey 1 km
away unless the animal was within 1 to 5 m, and would not be detected above a survey 30 km away
beyond 46 m (Sills et al., 2017).

Masking as a Result of Sonar and Other Transducers

Masking as a result of duty-cycled low-frequency or mid-frequency active sonar with relatively low duty
cycles is unlikely for most marine mammals as sonar tones occur over a relatively short duration and
narrow bandwidth that does not overlap with vocalizations for most species. While dolphin vocalizations
can occur in the same bandwidth as mid-frequency active sonar, the duty cycle of most low-frequency
and mid-frequency active sonars are low enough that delphinid whistles might be masked only a small
percentage of the time they are whistling, and so masking by sonar would not likely have any short- or
long-term consequences. Low-frequency active sonar could also overlap with mysticete vocalizations
(e.g., minke and humpback whales). For example, in the presence of low-frequency active sonar,
humpback whales were observed to increase the length of their songs (Fristrup et al., 2003; Miller et al.,
2000), possibly due to the overlap in frequencies between the whale song and the low-frequency active
sonar.

Newer high duty cycle or continuous active sonars also have more potential to mask vocalizations,
particularly for delphinids and other mid-frequency cetaceans. These sonars transmit more frequently
(greater than 80 percent duty cycle) than traditional sonars, but at a substantially lower source level.
Similarly, high-frequency acoustic sources such as pingers that operate at higher repetition rates (e.g., 2
to 10 kHz with harmonics up to 19 kHz, 76 to 77 pings per minute (Culik et al., 2001), also operate at
lower source levels. While the lower source levels of these systems limits the range of impact compared
to more traditional systems, animals close to the sonar source are likely to experience masking on a
much longer time scale than those exposed to traditional sonars. The frequency range at which high
duty cycle systems operate overlaps the vocalization frequency of a number of mid-frequency
cetaceans. Continuous noise at the same frequency of communicative vocalizations may cause
disruptions to communication, social interactions, and acoustically-mediated cooperative behaviors
such as foraging or reproductive activities. Similarly, because the systems are mid-frequency, there is
the potential for the sonar signals to mask important environmental cues like predator vocalizations
(e.g., killer whales), possibly affecting survivorship for targeted animals. While there are currently no
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available studies of the impacts of high duty cycle sonars on marine mammals, masking due to these
systems is likely analogous to masking produced by other continuous sources (e.g., vessel noise and low-
frequency cetaceans), and will likely have similar short-term consequences, though longer in duration
due to the duration of the masking noise. These may include changes to vocalization amplitude and
frequency (Brumm & Slabbekoorn, 2005; Hotchkin & Parks, 2013) and behavioral impacts such as
avoidance of the area and interruptions to foraging or other essential behaviors (Gordon et al., 2003).
Long-term consequences could include changes to vocal behavior and vocalization structure (Foote et
al., 2004; Parks et al., 2007), abandonment of habitat if masking occurs frequently enough to
significantly impair communication (Brumm & Slabbekoorn, 2005), a potential decrease in survivorship if
predator vocalizations are masked (Brumm & Slabbekoorn, 2005), and a potential decrease in
recruitment if masking interferes with reproductive activities or mother-calf communication (Gordon et
al., 2003).

Masking as a Result of Vessel and Vibratory Pile Driving Noise

Masking is more likely to occur in the presence of broadband, relatively continuous noise sources such
as vessels and vibratory pile driving. For example, right whales were observed to shift the frequency
content of their calls upward while reducing the rate of calling in areas of increased anthropogenic noise
(Parks et al., 2007) as well as increasing the amplitude (intensity) of their calls (Parks, 2009; Parks et al.,
2011). Right whales also had their communication space reduced by up to 84 percent in the presence of
vessels (Clark et al., 2009). Although humpback whales did not change the frequency or duration of their
vocalizations in the presence of ship noise, their source levels were lower than expected based on
source level changes to wind noise, potentially indicating some signal masking (Dunlop, 2016).

Multiple delphinid species have also been shown to increase the minimum or maximum frequencies of
their whistles in the presence of anthropogenic noise (Papale et al., 2015). More specifically, Williams et
al. (2013) found that in median noise conditions in Haro Strait, killer whales lose 62 percent of their
acoustic communication space due to vessel traffic noise, and in peak traffic hours lose up to 97 percent
of that space. Holt et al. (2008; 2011) showed that southern resident killer whales in the waters
surrounding the San Juan Islands increased their call source level as vessel noise increased. Hermannsen
et al. (2014) estimated that broadband vessel noise could extend up to 160 kHz at ranges from 60 to
1,200 m, and that the higher-frequency portion of that noise might mask harbor porpoise clicks.
However, this may not be an issue as harbor porpoises may avoid vessels and so may not be close
enough to have their clicks masked (Dyndo et al., 2015; Polacheck & Thorpe, 1990; Sairanen, 2014).
Furthermore, Hermannsen et al. (2014) estimated that a 6 dB elevation in noise would decrease the
hearing range of a harbor porpoise by 50 percent, and a 20-dB increase in noise would decrease the
hearing range by 90 percent. Dugong vocalizations were recorded in the presence of passing boats, and
although the call rate, intensity or frequency of the calls did not change, the duration of the
vocalizations was increased, as was the presence of harmonics. This may indicate more energy was
being used to vocalize in order to maintain the same received level (Ando-Mizobata et al., 2014).
Gervaise et al. (2012) estimated that beluga whales in the St. Lawrence Marine Park had their estimated
communication space under typical background noise conditions already reduced to 30 percent due to
vessel traffic, which was further reduced to only 15 percent of their communication space during peak
vessel traffic hours coinciding with the arrival and departure of whale watching vessels. Lesage et al.
(1999) found belugas in the St. Lawrence River estuary to reduce overall call rates but increase the
production of certain call types when ferry and small outboard motor boats were approaching, and to
increase the vocalization frequency band when vessels were in close proximity. Liu et al. (2017) found
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that broadband shipping noise could cause masking of humpback dolphin whistles within 1.5 to 3 km,
and masking of echolocation clicks within 0.5 to 1.5 km.

Vibratory pile driving noise is a continuous, broadband noise source similar to vessel noise. Wang et al.
(2014) found that whistles of humpback dolphins could be masked by a very large vibration pile driving
hammer within 200 m, but clicks would not be masked.

3.7.3.1.1.5 Behavioral Reactions

As discussed in the Conceptual Framework for Assessing Effects from Acoustic and Explosive Activities
(Section 3.0.3.6.1), any stimulus in the environment can cause a behavioral response in marine
mammals. These stimuli include noise from anthropogenic sources such as vessels, sonar, air guns, or
pile driving, but could also include the physical presence of a vessel or aircraft. However, these stimuli
could also influence how or if a marine mammal responds to a sound such as the presence of predators,
prey, or conspecifics. Furthermore, the response of a marine mammal to an anthropogenic sound may
depend on the frequency, duration, temporal pattern and amplitude of the sound as well as the animal’s
prior experience with the sound and their behavioral state (i.e., what the animal is doing and their
energetic needs at the time of the exposure) (Ellison et al., 2011). The distance from the sound source
and whether it is approaching or moving away can also affect the way an animal responds to a sound
(Wartzok et al., 2003).

For marine mammals, a review of responses to anthropogenic sound was first conducted by Richardson
et al. (1995b). Other reviews (Gomez et al., 2016; Nowacek et al., 2007; Southall et al., 2007) addressed
studies conducted since 1995 and focused on observations where the received sound level of the
exposed marine mammal(s) was known or could be estimated, and also examined the role of context.
Southall et al. (2007) synthesized data from many behavioral studies and observations to determine the
likelihood of behavioral reactions at specific sound levels. While in general, the louder the sound source
the more intense the behavioral response, it was clear that the proximity of a sound source and the
animal’s experience, motivation, and conditioning were also critical factors influencing the response
(Harris et al., 2018; Southall et al., 2007; Southall et al., 2016). Ellison et al. (2011) outlined an approach
to assessing the effects of sound on marine mammals that incorporates these contextual-based factors.
They recommend considering not just the received level of sound, but also in what activity the animal is
engaged, the nature and novelty of the sound (i.e., is this a new sound from the animal’s perspective),
and the distance between the sound source and the animal. They submit that this “exposure context,”
as described, greatly influences the type of behavioral response exhibited by the animal (U.S.
Department of the Navy, 2017a). Forney et al. (2017) also point out that an apparent lack of response
(e.g., no displacement or avoidance of a sound source) may not necessarily mean there is no cost to the
individual or population, as some resources or habitats may be of such high value that animals may
choose to stay, even when experiencing stress or hearing loss. Forney et al. (2017) recommend
considering both the costs of remaining in an area of noise exposure such as TTS, PTS or masking, which
could lead to an increased risk of predation or other threats or a decreased capability to forage, and the
costs of displacement, including potential increased risk of vessel strike or bycatch, increased risks of
predation or competition for resources, or decreased habitat suitable for foraging, resting, or socializing.

Behavioral reactions could result from a variety of sound sources, including impulsive sources such as
explosives, air guns, and impact pile driving, and non-impulsive sources such as sonar and other
transducers (e.g., pingers), and vessel and aircraft noise. For some of these noise sources numerous
studies exist (e.g., sonar), whereas for others the data are sparse (e.g., pile driving), and surrogate sound
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sources must be relied upon to assess the potential for behavioral response. Similarly, there is data on
the reactions of some species in different behavioral states, providing evidence on the importance of
context in gauging a behavioral response. However, for most species, little or no data exist on behavioral
responses to any sound source, and so all species have been grouped into broad taxonomic groups from
which general response information can be inferred [see technical report Criteria and Thresholds for U.S.
Navy Acoustic and Explosive Effects Analysis (Phase Ill) (U.S. Department of the Navy, 2017a).

Behavioral Reactions to Impulsive Sound Sources

Impulsive signals, particularly at close range, have a rapid rise time and higher instantaneous peak
pressure than other signal types, making them more likely to cause startle responses or avoidance
responses. However, at long distances the rise time increases as the signal duration lengthens (similar to
a “ringing” sound), making the impulsive signal more similar to a non-impulsive signal. Data on
behavioral responses to impulsive sound sources are limited across all marine mammal groups, with
only a few studies available for mysticetes, odontocetes, and pinnipeds. No data currently exist for
manatees or polar bears. Most data have come from seismic surveys that occur over long durations
(e.g., on the order of days to weeks), and typically utilize large multi-air gun arrays that fire repeatedly.
While seismic data provide the best available science for assessing behavioral responses to impulsive
sounds by marine mammals, it is likely that these responses represent a worst-case scenario as
compared to responses to Navy impulsive sources analyzed in this document such as single air guns and
small, short-duration pile driving activities.

Mysticetes

Baleen whales have shown a variety of responses to impulsive sound sources, including avoidance,
attraction to the source, reduced surface intervals, altered swimming behavior, and changes in
vocalization rates (Gordon et al., 2003; McCauley et al., 2000; Richardson et al., 1995b; Southall et al.,
2007). Studies have been conducted on many baleen whale species, including gray, humpback, blue, fin
and bowhead whales; it is assumed that these responses are representative of all baleen whale species.
The behavioral state of the whale seems to be an integral part of whether or not the animal responds
and how they respond, as does the location and movement of the sound source, more than the received
level of the sound.

Migratory behavior seems to lead to a higher likelihood of response, with some species demonstrating
more sensitivity than others. For example, migrating gray whales showed avoidance responses to
seismic vessels at received levels between 164 and 190 dB re 1 pPa (Malme et al., 1986, 1988). Similarly,
migrating humpback whales showed avoidance behavior at ranges of 5 to 8 km from a seismic array
during observational studies and controlled exposure experiments in one Australian study (McCauley et
al., 1998), and in another Australian study decreased their dive times and reduced their swimming
speeds (Dunlop et al., 2015). However, when comparing received levels and behavioral responses when
using ramp-up versus a constant noise level of air guns, humpback whales did not change their dive
behavior but did deviate from their predicted heading and decreased their swim speeds (Dunlop et al.,
2016). In addition, the whales demonstrated more course deviation during the constant source trials but
reduced travel speeds more in the ramp-up trials; in either case there was no dose-response
relationship with the received level of the air gun noise, and similar responses were observed in control
trials with vessel movement but no air guns so some of the response was likely due to the presence of
the vessel and not the received level of the air guns. When looking at the relationships between
proximity, received level, and behavioral response, Dunlop et al. (2017) used responses to two different
air guns and found responses occurred more towards the smaller, closer source than to the larger
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source at the same received level, demonstrating the importance of proximity. Responses were found to
be more likely when the source was within 3 km or above 140 dB re 1 uPa, although responses were
variable and some animals did not respond at those values while others responded below them. In
addition, responses were generally small, with course deviations of only around 500 m, and short term
(Dunlop et al., 2017). McDonald et al. (1995) tracked a blue whale with seafloor seismometers and
reported that it stopped vocalizing and changed its travel direction at a range of 10 km from the seismic
vessel (estimated received level 143 dB re 1 uPa peak-to-peak). Bowhead whales seem to be the most
sensitive species, perhaps due to a higher overlap between bowhead whale distribution and seismic
surveys in Arctic and sub-Arctic waters, as well as a recent history of being hunted. While most bowhead
whales did not show active avoidance until within 8 km of seismic vessels (Richardson et al., 1995b),
some whales avoided vessels by more than 20 km at received levels as low as 120 dB re 1 uPa.
Additionally, Malme et al. (1988) observed clear changes in diving and breathing patterns in bowheads
at ranges up to 73 km from seismic vessels, with received levels as low as 125 dB re 1 uPa. Bowhead
whales may also avoid the area around seismic surveys, from 6 to 8 km (Koski and Johnson 1987, as
cited in Gordon et al., 2003) out to 20 or 30 km (Richardson et al., 1999). However, work by Robertson
(2014) supports the idea that behavioral responses are contextually dependent, and that during seismic
operations bowhead whales may be less “available” for counting due to alterations in dive behavior but
that they may not have left the area after all.

In contrast, noise from seismic surveys was not found to impact feeding behavior or exhalation rates in
western gray whales while resting or diving off the coast of Russia (Gailey et al., 2007; Yazvenko et al.,
2007); however, the increase in vessel traffic associated with the surveys and the proximity of the
vessels to the whales did affect the orientation of the whales relative to the vessels and shortened their
dive-surface intervals (Gailey et al., 2016). Todd et al. (1996) found no clear short-term behavioral
responses by foraging humpbacks to explosions associated with construction operations in
Newfoundland but did see a trend of increased rates of net entanglement closer to the noise source,
possibly indicating a reduction in net detection associated with the noise through masking or TTS.
Distributions of fin and minke whales were modeled with a suite of environmental variables along with
the occurrence or absence of seismic surveys, and no evidence of a decrease in sighting rates relative to
seismic activity was found for either species (Vilela et al., 2016). Their distributions were driven entirely
by environmental variables, particularly those linked to prey including warmer sea surface
temperatures, higher chlorophyll-a values, and higher photosynthetically available radiation (a measure
of primary productivity).

Vocal responses to seismic surveys have been observed in a number of baleen whale species, including a
cessation of calling, a shift in frequency, increases in amplitude or call rate, or a combination of these
strategies. Blue whale feeding/social calls were found to increase when seismic exploration was
underway, with seismic pulses at average received SELs of 131 dB re 1 puPa?s (Dilorio & Clark, 2010), a
potentially compensatory response to increased noise level. Responses by fin whales to a 10-day seismic
survey in the Mediterranean Sea included possible decreased 20-Hz call production and movement of
animals from the area based on lower received levels and changes in bearings (Castellote et al., 2012).
However, similarly distant seismic surveys elicited no apparent vocal response from fin whales in the
mid-Atlantic Ocean; instead, Nieukirk et al. (2012) hypothesized that 20-Hz calls may have been masked
from the receiver by distant seismic noise. Models of humpback whale song off Angola showed
significant seasonal and diel variation, but also showed a decrease in the number of singers with
increasing received levels of air gun pulses (Cerchio et al., 2014). Bowhead whale calling rates decreased
significantly at sites near seismic surveys (41 to 45 km) where median received levels were between 116
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to 129 dB re 1 pPa, and did not decrease at sites further from the seismic surveys (greater than 104 km)
where median received levels were 99 to 108 dB re 1 pPa (Blackwell et al., 2013). In fact, bowhead
whale calling rates increased at the lower received levels, began decreasing at around 127 dB re 1 pPa’%s
cumulative SEL, and ceased altogether at received levels over 170 dB re 1 pPa?s cumulative SEL
(Blackwell et al., 2015). Similar patterns were observed for bowhead vocalizations in the presence of
tonal sounds associated with drilling activities, and were amplified when the presence of both the tonal
sounds and air gun pulses (Blackwell et al., 2017).

Mysticetes seem to be the most sensitive taxonomic group of marine mammals to impulsive sound
sources, with possible avoidance responses occurring out to 30 km and vocal changes occurring in
response to sounds over 100 km away. However, responses appear to be behaviorally mediated, with
most avoidance responses occurring during migration behavior and little observed response during
feeding behavior. These response patterns are likely to hold true for Navy impulsive sources; however,
Navy impulsive sources would largely be stationary (e.g., pile driving), short term (on the order of hours
rather than days or weeks), and lower source level (e.g., swimmer defense air guns) than were found in
these studies and so responses would likely occur in closer proximity or not at all.

Odontocetes

Few data are available on odontocete responses to impulsive sound sources, with only a few studies on
responses to seismic surveys, pile driving and construction activity available. However, odontocetes
appear to be less sensitive to impulsive sound than mysticetes, with responses occurring at much closer
distances. This may be due to the predominance of low-frequency sound associated with these sources
that propagates long distances and overlaps with the range of best hearing for mysticetes but is below
that range for odontocetes. The exception to this is the harbor porpoise, which has been shown to be
highly sensitive to most sound sources, avoiding both stationary (e.g., pile driving) and moving (e.g.,
seismic survey vessels) impulsive sound sources out to approximately 20 km (e.g., Haelters et al., 2014;
Pirotta et al., 2014). However, even this response is short term, with porpoises returning to the area
within hours after the cessation of the noise.

Madsen et al. (2006) and Miller et al. (2009) tagged and monitored eight sperm whales in the Gulf of
Mexico exposed to seismic air gun surveys. Sound sources were from approximately 2 to 7 NM away
from the whales, and received levels were as high as 162 dB SPL re 1 pPa (Madsen et al., 2006). The
whales showed no horizontal avoidance, however one whale rested at the water’s surface for an
extended period of time until air guns ceased firing (Miller et al., 2009). While the remaining whales
continued to execute foraging dives throughout exposure, tag data suggested there might have been
subtle effects of noise on foraging behavior (Miller et al., 2009). Similarly, Weir (2008) observed that
seismic air gun surveys along the Angolan coast did not significantly reduce the encounter rate of sperm
whales during the 10-month survey period, nor were avoidance behaviors to air gun impulsive sounds
observed. In contrast, Atlantic spotted dolphins did show a significant, short-term avoidance response to
air gun impulses within approximately 1 km of the source (Weir, 2008). The dolphins were observed at
greater distances from the vessel when the air gun was in use, and when the air gun was not in use they
readily approached the vessel to bow ride.

Captive bottlenose dolphins sometimes vocalized or were reluctant to return to the test station after
exposure to single impulses from a seismic water gun (Finneran et al., 2002). When exposed to multiple
impulses from a seismic air gun, some dolphins turned their heads away from the sound source just
before the impulse, showing that they could anticipate the timing of the impulses and perhaps reduce
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the received level (Finneran et al., 2015). During construction (including the blasting of old bastions) of a
bridge over a waterway commonly used by the Tampa Bay, Florida stock of bottlenose dolphins, the use
of the area by females decreased while males displayed high site fidelity and continued using the area,
perhaps indicating differential habitat uses between the sexes (Weaver, 2015).

A study was conducted on the response of harbor porpoises to a seismic survey using aerial surveys and
C-PODs (an autonomous recording device that counts odontocete clicks); the animals appeared to have
left the area of the survey, and decreased their foraging activity within 5 to 10 km, as evidenced by both
a decrease in vocalizations near the survey and an increase in vocalizations at a distance (Pirotta et al.,
2014; Thompson et al., 2013). However, the animals returned within a day after the air gun operation
ceased, and the decrease in occurrence over the survey period was small relative to the observed
natural seasonal decrease compared to the previous year. A number of studies (Brandt et al., 2011;
Dahne et al., 2014; Haelters et al., 2014; Thompson et al., 2010; Tougaard et al., 2005; Tougaard et al.,
2009); also found strong avoidance responses by harbor porpoises out to 20 km during pile driving;
however, all studies found that the animals returned to the area after the cessation of pile driving.
When bubble curtains were deployed around pile driving, the avoidance distance appeared to be
reduced to half that distance (12 km), and the response only lasted about 5 hours rather than a day
before the animals returned to the area (Dahne et al., 2017). Kastelein et al. (2013b) exposed a captive
harbor porpoise to impact pile driving sounds, and found that above 136 dB re 1 pPa (zero-to-peak) the
animal’s respiration rates increased, and at higher levels it jumped more frequently. Bergstrom et al.
(2014) found that although there was a high likelihood of acoustic disturbance during wind farm
construction (including pile driving), the impact was short term. Graham et al. (2017) assessed the
occurrence of bottlenose dolphins and harbor porpoises over different area and time scales with and
without impact and vibratory pile driving. While there were fewer hours with bottlenose dolphin
detections and reduced detection durations within the pile driving area and increased detection
durations outside the area, the effects sizes were small, and the reduced harbor porpoise encounter
duration was attributed to seasonal changes outside the influence of the pile driving. However, received
levels in this area were lower due to propagation effects than in the other areas described above, which
may have led to the lack of or reduced response. Odontocete behavioral responses to impulsive sound
sources are likely species- and context-dependent, with most species demonstrating little to no
apparent response. Responses might be expected within close proximity to a noise source, under
specific behavioral conditions such as females with offspring, or for sensitive species such as harbor
porpoises.

Pinnipeds

A review of behavioral reactions by pinnipeds to impulsive noise can be found in Richardson et al.
(1995b) and Southall et al. (2007). Blackwell et al. (2004) observed that ringed seals exhibited little or no
reaction to pipe-driving noise with mean underwater levels of 157 dB re 1 pPa and in air levels of 112 dB
re 20 uPa, suggesting that the seals had habituated to the noise. In contrast, captive California sea lions
avoided sounds from an underwater impulsive source at levels of 165 to 170 dB re 1 yPa (Finneran et al.,
2003b). Harbor and gray seals were also observed to avoid a seismic air gun by rapidly swimming away,
and ceased foraging during exposure, but returned to normal behavior afterwards (Thompson et al.
1998, cited in Gordon et al., 2003). In another study, few responses were observed by New Zealand fur
seals to a towed air gun array operating at full power; rather, when responses were observed it seemed
to be to the physical presence of the vessel and tow apparatus, and these only occurred when the vessel
was within 200 m and sometimes as close as 5 m (Lalas & McConnell, 2016). Captive Steller sea lions
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were exposed to a variety of tonal, sweep, impulsive and broadband sounds to determine what might
work as a deterrent from fishing nets. The impulsive sound had a source level of 120 dBre 1 pPa at 1 m,
and caused the animals to haul out and refuse to eat fish presented in a net (Akamatsu et al., 1996).
Steller sea lions exposed to in-air explosive blasts increased their activity levels and often re-entered the
water when hauled out (Demarchi et al., 2012). However, these responses were short-lived and within
minutes, the animals had hauled out again, and there were no lasting behavioral impacts in the days
following the blasts.

Experimentally, Gotz & Janik (2011) tested underwater startle responses to a startling sound (sound
with a rapid rise time and a 93 dB sensation level [the level above the animal’s hearing threshold at that
frequency]) and a nonstartling sound (sound with the same level, but with a slower rise time) in wild-
captured gray seals. The animals exposed to the startling treatment avoided a known food source,
whereas animals exposed to the nonstartling treatment did not react or habituated during the exposure
period. The results of this study highlight the importance of the characteristics of the acoustic signal in
an animal’s response of habituation.

Pinnipeds may be the least sensitive taxonomic group to most noise sources, although some species
may be more sensitive than others, and are likely to only respond to loud impulsive sound sources at
close ranges by startling, jumping into the water when hauled out, or even cease foraging, but only for
brief periods before returning to their previous behavior (Southall et al., 2007). Pinnipeds may even
experience TTS (Section 3.7.3.1.1.2, Hearing Loss) before exhibiting a behavioral response (Southall et
al., 2007).

Behavioral Reactions to Sonar and Other Transducers

Sonar and other transducers can range in frequency from less than 1 kHz (e.g., low-frequency active
sonar) to over 200 kHz (e.g., fish finders), with duty cycles that range from one ping per minute to an
almost continuous sound. Although very high-frequency sonars are out of the hearing range of most
marine mammals, some of these sources may contain artifacts at lower frequencies that could be
detected (Deng et al., 2014; Hastie et al., 2014). High duty-cycle sonar systems operate at lower source
levels, but with a more continuous sound output. These sources can be stationary, or on a moving
platform, and there can be more than one source present at a time. Guan et al. (2017) also found that
sound levels in the mid-frequency sonar bandwidth remained elevated at least 5 dB above background
levels for the first 7 to 15 seconds (within 2 km) after the emission of a sonar ping; depending on the
length of the sonar ping and the inter-ping interval this reverberation could increase cumulative SEL
estimates during periods of active sonar. This variability in parameters associated with sonar and other
transducers makes the estimation of behavioral responses to these sources difficult, with observed
responses ranging from no apparent change in behavior to more severe responses that could lead to
some costs to the animal. As discussed in Section 3.0.3.6.1 (Conceptual Framework) and Section
3.7.3.1.1.5 (Behavioral Reactions), responses may also occur in the presence of different contextual
factors regardless of received level, including the proximity and number of vessels, the behavioral state
and prior experience of an individual, and even characteristics of the signal itself or the propagation of
the signal through the environment.

In order to explore this complex question, behavioral response studies have been conducted through
the collaboration of various research and government organizations in Bahamian, United States (off
Southern California), Mediterranean, Australian, and Norwegian waters. These studies have attempted
to define and measure responses of beaked whales and other cetaceans to controlled exposures of
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sonar and other sounds to understand their potential impacts better. While controlling for as many
variables as possible (e.g., the distance and movement of the source), these studies also introduce
additional variables that do not normally occur in a real Navy training or testing activity, including the
tagging of whales, following the tagged animals with multiple vessels, and continually approaching the
animal to create a dose escalation. In addition, distances of the sound source from the whales during
behavioral response studies were always within 1 to 8 km. Some of these studies have suggested that
ramping-up a source from a lower source level would act as a mitigation measure to protect against
higher order (e.g., TTS or PTS) impacts of some active sonar sources; however, this practice may only be
effective for more responsive animals, and for short durations (e.g., 5 minutes) of ramp-up (von Benda-
Beckmann et al., 2014; von Benda-Beckmann et al., 2016). Therefore, while these studies have provided
the most information to date on behavioral responses of marine mammals to sonar, there are still many
contextual factors to be teased apart and determining what might produce a significant behavioral
response is not a trivial task. Additional information about active sonar ramp-up procedures, including
why the Navy will not implement them as mitigation under the Proposed Action, is provided in Section
5.5.1 (Active Sonar).

Passive acoustic monitoring and visual observational behavioral response studies have also been
conducted on Navy ranges, taking advantage of the existing seafloor hydrophones and real testing and
training activity and associated sources to assess behavioral responses (Deakos & Richlen, 2015;
Henderson et al., 2016; Manzano-Roth et al., 2016; Martin et al., 2015c; McCarthy et al., 2011; Mobley
& Deakos, 2015; Moretti et al., 2014; Tyack et al., 2011). In addition, extensive aerial, visual, and passive
acoustic monitoring have been conducted before, during and after training events to watch for
behavioral responses during training and look for injured or stranded animals after training (Campbell et
al., 2010; Falcone et al., 2017; Farak et al., 2011; HDR, 2011; Henderson et al., 2016; Manzano-Roth et
al., 2016; Norris et al., 2012; Smultea & Mobley, 2009; Smultea et al., 2009; Trickey et al., 2015; U.S.
Department of the Navy, 2011c, 2013c, 2014a, 2015). During all of these monitoring efforts, very few
behavioral responses were observed, and no injured or dead animal was observed that was directly
related to a training event (some carcasses were observed but all were in an advanced state of
decomposition and were therefore judged to have been deceased prior to the event) (Smultea et al.,
2011). While passive acoustic studies are limited to observations of vocally-active marine mammals and
visual studies are limited to what can be observed at the surface, these study types have the benefit of
occurring in the absence of some of the added contextual variables in the controlled exposure studies.
Furthermore, when visual and passive acoustic data collected during a training event are combined with
ship movements and sonar use, and with tagged animal data when possible, they provide a unique and
realistic scenario for analysis, as in Falcone et al. (2017), Manzano-Roth et al. (2016), or Baird et al.
(2017). In addition to these types of observational behavioral response studies, Harris & Thomas (2015)
highlighted additional research approaches that may provide further information on behavioral
responses to sonars and other transducers beyond behavioral response type studies or passive acoustic
monitoring, including conducting controlled exposures on captive animals with scaled sources (smaller
sized and deployed at closer proximity), on wild animals with both scaled and real but directed sources,
and predator playback studies, all of which will be discussed below.

The above behavioral response studies and observations have been conducted on a number of
mysticete and odontocete species, which can be extrapolated to other similar species in these
taxonomic groups. No field studies of pinniped behavioral responses to sonar have been conducted;
however, there are several captive studies on some pinniped and odontocete species that can provide
insight into how these animals may respond in the wild. The captive studies typically represent a more
e
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controlled approach, which allow researchers to better estimate the direct impact of the received level
of sound leading to behavioral responses, and to potentially link behavioral to physiological responses.
However, there are still contextual factors that must be acknowledged, including previous training to
complete tasks and the presence of food rewards upon completion. There are no corresponding captive
studies on mysticete whales; therefore, some of the responses to higher level exposures must be
extrapolated from odontocetes. Likewise, there are no field or captive studies of active acoustic sources
on sirenians, although several studies have used echosounders to detect manatees and characterize
their habitat.

Mysticetes

As with impulsive sounds, the responses of mysticetes to sonar and other duty-cycled tonal sounds are
highly dependent upon the characteristics of the signal, the behavioral state of the animal, the particular
sensitivity and previous experience of an individual, and other contextual factors including distance of
the source, movement of the source, and the physical presence of vessels in addition to the sonar
(Goldbogen et al., 2013; Harris et al., 2015; Martin et al., 2015c; Sivle et al., 2015). Behavioral response
studies have been conducted over a variety of contextual and behavioral states, helping to identify
which contextual factors may lead to a response beyond just the received level of the sound. Observed
reactions during behavioral response studies have not been consistent across individuals based on
received sound levels alone, and likely were the result of complex interactions between these
contextual factors.

Surface feeding blue whales did not show a change in behavior in response to mid-frequency simulated
and real sonar sources with received levels between 90 and 179 dB re 1 uPa, but deep feeding and non-
feeding whales showed temporary reactions including cessation of feeding, reduced initiation of deep
foraging dives, generalized avoidance responses, and changes to dive behavior (DeRuiter et al., 2017;
Goldbogen et al., 2013; Sivle et al., 2015). Similarly, while the rates of foraging lunges decreased in
humpback whales due to sonar exposure, there was variability in the response across individuals, with
one animal ceasing to forage completely and another animal starting to forage during the exposure
(Sivle et al., 2016). In addition, lunges decreased (although not significantly) during a no-sonar control
vessel approach prior to the sonar exposure, and lunges decreased less during a second sonar approach
than during the initial approach, possibly indicating some response to the vessel and some habituation
to the sonar and vessel after repeated approaches. In the same experiment, most of the non-foraging
humpback whales did not respond to any of the approaches (Sivle et al., 2015). These humpback whales
also showed variable avoidance responses, with some animals avoiding the sonar vessel during the first
exposure but not the second, while others avoided the sonar during the second exposure, and only one
avoided both. In addition, almost half of the animals that avoided were foraging before the exposure
but the others were not; the animals that avoided while not feeding responded at a slightly lower
received level and greater distance than those that were feeding (Wensveen et al., 2017). These findings
indicate that the behavioral state of the animal plays a role in the type and severity of a behavioral
response. In fact, when the prey field was mapped and used as a covariate in similar models looking for
a response in the same blue whales, the response in deep-feeding behavior by blue whales was even
more apparent, reinforcing the need for contextual variables to be included when assessing behavioral
responses (Friedlaender et al., 2016). However, even when responses did occur the animals quickly
returned to their previous behavior after the sound exposure ended (Goldbogen et al., 2013; Sivle et al.,
2015). In another study, humpback whales exposed to a 3 kHz pinger meant to act as a net alarm to
prevent entanglement did not respond or change course, even when within 500 m (Harcourt et al.,
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2014). However, five out of six North Atlantic right whales exposed to an acoustic alarm interrupted
their foraging dives; in this case, the alarm was comprised of a mixture of signals with frequencies from
500 to 4500 Hz, was long in duration lasting several minutes, and was purposely designed to elicit a
reaction from the animals as a prospective means to protect them from ship strikes (Nowacek et al.,
2004a). Although the animals’ received SPL was similar in the latter two studies (133 to 150 dB re 1 pPa),
the frequency, duration, and temporal pattern of signal presentation were different.

Humpback whales in another behavioral response experiment in Australia also responded to a 2 kHz
tone stimulus by changing their course during migration to move more offshore and surfaced more
frequently, but otherwise did not respond (Dunlop et al., 2013). Humpback whales in the Norwegian
behavioral response study may have habituated slightly between the first and second sonar exposure
(Sivle et al., 2015), and actually responded more severely to killer whale vocalization playbacks than they
did to the sonar playbacks. Several humpback whales have been observed during aerial or visual surveys
during Navy training exercises involving sonar; no avoidance or other behavioral responses were ever
noted, even when the whales were observed within 5 km of a vessel with active (or possibly active)
sonar and maximum received levels were estimated to be between 135 and 161 dB re 1 uPa (Mobley &
Milette, 2010; Mobley, 2011; Mobley & Pacini, 2012; Mobley et al., 2012; Smultea et al., 2009). In fact,
one group of humpback whales approached a vessel with active sonar so closely that the sonar was shut
down and the vessel slowed; the animals continued approaching and swam under the bow of the vessel
(U.S. Department of the Navy, 2011b). Another group of humpback whales continued heading towards a
vessel with active sonar as the vessel was moving away for almost 30 minutes, with an estimated
median received level of 143 dB re 1 uPa. This group was observed producing surface active behaviors
such as pec slaps, tail slaps and breaches, however these are very common behaviors in competitive
pods during the breeding season and were not considered to have occurred in response to the sonar
(Mobley et al., 2012).

The strongest baleen whale response in any behavioral response study was observed in a minke whale
in the 352 study, which responded at 146 dB re 1 pPa by strongly avoiding the sound source (Kvadsheim
et al., 2017; Sivle et al., 2015). Although the minke whale increased its swim speed, directional
movement and respiration rate, none of these were greater than rates observed in baseline behavior,
and its dive behavior remained similar to baseline dives. A minke whale tagged in the Southern
California behavioral responsestudy also responded by increasing its directional movement, but
maintained its speed and dive patterns, and so did not demonstrate as strong of a response (Kvadsheim
et al., 2017). In addition, the 352 minke whale demonstrated some of the same avoidance behavior
during the controlled ship approach with no sonar, indicating at least some of the response was to the
vessel (Kvadsheim et al., 2017). Martin et al. (2015c) found that the density of calling minke whales was
reduced during periods of Navy training involving sonar relative to the periods before training, and
increased again in the days after training was completed. The responses of individual whales could not
be assessed, so in this case it is unknown whether the decrease in calling animals indicated that the
animals left the range, or simply ceased calling. Similarly, minke whale detections made using Marine
Acoustic Recording Instruments off Jacksonville, Florida were reduced or ceased altogether during
periods of sonar use (Norris et al., 2012; U.S. Department of the Navy, 2013c) especially with an
increased ping rate (Charif et al., 2015). Two minke whales also stranded in shallow water after the US
Navy training event in the Bahamas in 2000, although these animals were successfully returned to deep
water with no physical examinations, therefore no final conclusions were drawn on whether the sonar
led to their stranding (Filadelfo et al., 2009a; Filadelfo et al., 2009b; U.S. Department of Commerce &
U.S. Department of the Navy, 2001).
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Baleen whales have also been exposed to lower-frequency sonars, with the hypothesis that these
whales may react more strongly to lower frequency sounds that overlap with their vocalization range.
One series of studies was undertaken in 1997 to 1998 pursuant to the Navy’s Low-Frequency Sound
Scientific Research Program. The frequency bands of the low-frequency sonars used were between 100
and 500 Hz, with received levels between 115 and 150 dB re 1 uPa, and the source was always
stationary. Fin and blue whales were targeted on foraging grounds, singing humpback whales were
exposed on breeding grounds, and gray whales were exposed during migratory behavior. These studies
found only short-term responses to low-frequency sound by some fin and humpback whales, including
changes in vocal activity and avoidance of the source vessel, while other fin, humpback, and blue whales
did not respond at all. When the source was in the path of migrating gray whales they changed course
up to 2 km to avoid the sound, but when the source was outside their path, little response was observed
although received levels were similar (Clark & Fristrup, 2001; Croll et al., 2001; Fristrup et al., 2003;
Miller et al., 2000; Nowacek et al., 2007). Low-frequency signals of the Acoustic Thermometry of Ocean
Climate sound source were also not found to affect dive times of humpback whales in Hawaiian waters
(Frankel & Clark, 2000).

Opportunistic passive acoustic based studies have also detected behavioral responses to sonar, although
definitive conclusions are harder to draw. Blue whales exposed to mid-frequency sonar in the Southern
California Bight were less likely to produce low-frequency calls usually associated with feeding behavior,
beginning at received levels of 110 to 120 dB re 1 pPa (Melcdn et al., 2012); however, without visual
observations it is unknown whether there was another factor that contributed to the reduction in
foraging calls, such as the presence of conspecifics. In another example, Risch et al. (2012); (2014b)
determined that humpback whale song produced in the Stellwagen Bank National Marine Sanctuary was
reduced, and since the timing was concurrent with an Ocean Acoustic Waveguide Remote Sensing
experiment occurring 200 km away, they concluded that the reduced song was a result of the Ocean
Acoustic Waveguide Remote Sensing experiment. However, Gong et al. (2014) analyzed the same data
set while also looking at the presence of herring in the region, and found that the singing humpbacks
were actually located on nearby Georges Bank and not on Stellwagen, and that the song rate in their
data did not change in response to the Ocean Acoustic Waveguide Remote Sensing experiment, but
could be explained by natural causes.

Although some strong responses have been observed in mysticetes to sonar and other transducers (e.g.,
the single minke whale), for the most part mysticete responses appear to be fairly moderate across all
received levels. While some responses such as cessation of foraging or changes in dive behavior could
carry short-term impacts, in all cases behavior returned to normal after the signal stopped. Mysticete
responses also seem to be highly mediated by behavioral state, with no responses occurring in some
behavioral states, and contextual factors and signal characteristics having more impact than received
level alone. Many of the contextual factors resulting from the behavioral response studies (e.g., close
approaches by multiple vessels or tagging) would never be introduced in real Navy testing and training
scenarios. While data are lacking on behavioral responses of mysticetes to continuously active sonars,
these species are known to be able to habituate to novel and continuous sounds (Nowacek et al.,
2004a), suggesting that they are likely to have similar responses to high duty cycle sonars. Therefore
mysticete behavioral responses to Navy sonar will likely be a result of the animal’s behavioral state and
prior experience rather than external variables such as ship proximity; thus, if significant behavioral
responses occur they will likely be short term. In fact, no significant behavioral responses such as panic,
stranding or other severe reactions have been observed during monitoring of actual training exercises
(Smultea et al., 2009; U.S. Department of the Navy, 2011c, 2014b; Watwood et al., 2012).
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Odontocetes

Behavioral response studies have been conducted on odontocete species since 2007, with a focus on
beaked whale responses to active sonar transmissions or controlled exposure playback of simulated
sonar on various military ranges (Claridge et al., 2009; Defence Science and Technology Laboratory,
2007; Falcone et al., 2017; Henderson et al., 2015; Henderson et al., 2016; Manzano-Roth et al., 2016;
McCarthy et al., 2011; Moretti et al., 2009; Southall et al., 2011; Southall et al., 2012; Southall et al.,
2013; Southall et al., 2014; Southall et al., 2015; Tyack et al., 2011). Through analyses of these
behavioral response studies, a preliminary overarching effect of greater sensitivity to most
anthropogenic exposures was seen in beaked whales compared to the other odontocetes studied
(Southall et al., 2009).

Observed reactions by Blainville’s, Cuvier’s, and Baird’s beaked whales to mid-frequency sonar sounds
have included cessation of clicking, termination of foraging dives, changes in direction to avoid the
sound source, slower ascent rates to the surface, longer deep and shallow dive durations, and other
unusual dive behavior (Boyd et al., 2008; Defence Science and Technology Laboratory, 2007; DeRuiter et
al., 2013b; Falcone et al., 2017; Miller et al., 2015; Southall et al., 2011; Stimpert et al., 2014; Tyack et
al., 2011). A similar response was observed in a northern bottlenose whale, which conducted the longest
and deepest dive on record for that species after the sonar exposure and continued swimming away
from the source for over 7 hours (Miller et al., 2015). Responses occurred at received levels between 95
and 150 dB re 1 pPa; although all of these exposures occurred within 1 to 8 km of the focal animal,
within a few hours of tagging the animal, and with one or more boats within a few kilometers to observe
responses and record acoustic data. One Cuvier’s beaked whale was also incidentally exposed to real
Navy sonar located over 100 km away, and the authors did not detect similar responses at comparable
received levels. Received levels from the mid-frequency active sonar signals from the controlled and
incidental exposures were calculated as 84 to 144 and 78 to 108 dB re 1 uPa, respectively, indicating
that context of the exposures (e.g., source proximity, controlled source ramp-up) may have been a
significant factor in the responses to the simulated sonars (DeRuiter et al., 2013b). Falcone et al. (2017)
modeled deep and shallow dive durations, surface interval durations, and inter-deep dive intervals of
Cuvier’s beaked whales against predictor values that included helicopter-dipping; mid-power mid-
frequency active sonar; and hull-mounted, high-power mid-frequency active sonar along with other,
non-mid-frequency active sonar predictors. They found both shallow and deep dive durations to
increase as the proximity to both mid- and high-powered sources decreased, and found surface intervals
and inter-deep dive intervals to also increase in the presence of both types of sonars, although surface
intervals shortened during periods of no mid-frequency active sonar. The responses to the mid-power
mid-frequency active sonar at closer ranges were comparable to the responses to the higher source
level ship sonar, again highlighting the importance of proximity. This study also supports context as a
response factor, as helicopter-dipping sonars are shorter duration and randomly located, so more
difficult for beaked whales to predict or track and therefore potentially more likely to cause a response,
especially when they occur at closer distances (6 to 25 km in this study). Watwood et al. (2017) found
that helicopter-dipping events occurred more frequently but with shorter durations than periods of hull-
mounted sonar, and also found that the longer the duration of a sonar event, the greater reduction in
detected Cuvier’s beaked whale group dives. Therefore, when looking at the number of detected group
dives there was a greater reduction during periods of hull-mounted sonar than during helicopter-dipping
sonar. Long-term tagging work has demonstrated that the longer duration dives considered a behavioral
response by DeRuiter et al. (2013b) fell within the normal range of dive durations found for eight tagged
Cuvier’s beaked whales on the Southern California Offshore Range (Schorr et al., 2014). However, the
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longer inter-deep dive intervals found by DeRuiter et al. (2013b) were among the longest found by
Schorr et al. (2014) and Falcone et al. (2017), and could indicate a response to sonar. In addition,
Williams et al. (2017) note that in normal deep dives or during fast swim speeds, beaked whales and
other marine mammals use strategies to reduce their stroke rates, including leaping or wave surfing
when swimming, and interspersing glides between bouts of stroking when diving. They determined that
in the post-exposure dives by the tagged Cuvier's beaked whales described in DeRuiter et al. (2013b),
the whales ceased gliding and swam with almost continuous strokes. This change in swim behavior was
calculated to increase metabolic costs about 30.5 percent and increase the amount of energy expending
on fast swim speeds from 27 to 59 percent of their overall energy budget. This repartitioning of energy
was detected in the model up to 1.7 hours after the single sonar exposure. Therefore while the overall
post-exposure dive durations were similar, the metabolic energy calculated by Williams et al. (2017) was
higher.

On Navy ranges, Blainville’s beaked whales located on the range appear to move off-range during sonar
use and return only after the sonar transmissions have stopped, sometimes taking several days to do so
(Claridge et al., 2009; Henderson et al., 2015; Manzano-Roth et al., 2016; McCarthy et al., 2011; Moretti
et al., 2009; Tyack et al., 2011). However, Blainville’s beaked whales remain on the range to forage
throughout the rest of the year (Henderson et al., 2016), possibly indicating that this a preferred
foraging habitat regardless of the effects of the noise, or it could be that there are no long-term
consequences of the sonar activity. Similarly, photo identification studies in the Southern California
Range Complex have identified approximately 100 individual Cuvier’s beaked whale individuals, with 40
percent having been seen in 1 or more prior years, with re-sightings up to 7 years apart, indicating a
possibly resident population on the range (Falcone et al., 2009; Falcone & Schorr, 2014).

Beaked whales may respond similarly to shipboard echosounders, commonly used for navigation,
fisheries, and scientific purposes, with frequencies ranging from 12 to 400 kHz and source levels up to
230 dB re 1 uPa but typically a very narrow beam (Cholewiak et al., 2017). During a scientific cetacean
survey, an array of echosounders was used in a one-day-on, one-day-off paradigm. Beaked whale
acoustic detections occurred predominantly (96 percent) when the echosounder was off, with only four
detections occurring when it was on. Beaked whales were sighted fairly equally when the echosounder
was on or off, but sightings were further from the ship when the echosounder was on (Cholewiak et al.,
2017). These findings indicate that the beaked whales may be avoiding the area and may cease foraging
near the echosounder.

Tyack et al. (2011) hypothesized that beaked whale responses to sonar may represent an anti-predator
response. To test this idea, vocalizations of a potential predator—a killer whale—were also played back
to a Blainville’s beaked whale. This exposure resulted in a similar but more pronounced reaction than
that elicited by sonar playback, which included longer inter-dive intervals and a sustained straight-line
departure of more than 20 km from the area (Allen et al., 2014; Tyack et al., 2011). This anti-predator
hypothesis was also tested by playing back killer whale vocalizations to pilot whales, sperm whales, and
even other killer whales, to determine responses by both potential prey and conspecifics (Miller et al.,
2011; Miller, 2012). Results varied, from no response by killer whales to an increase in group size and
attraction to the source in pilot whales (Curé et al., 2012).

While there has been a focus on beaked whale responses to sonar, other species have been studied
during behavioral response studies as well, including pilot whales, killer whales, and sperm whales.
Responses by these species have also included horizontal avoidance, changes in behavioral state, and
changes in dive behavior (Antunes et al., 2014; Miller et al., 2011; Miller, 2012; Miller et al., 2014).
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Additionally, separation of a killer whale calf from its group during exposure to mid-frequency sonar
playback was observed (Miller et al., 2011). Received level thresholds at the onset of avoidance behavior
were generally higher for pilot whales (mean 150 dB re 1 uPa) and sperm whales (mean 140 dB re 1 pPa)
than killer whales (mean 129 dB re 1pPa) (Antunes et al., 2014; Miller, 2012; Miller et al., 2014). A close
examination of the tag data from the Norwegian groups showed that responses seemed to be
behaviorally or signal frequency mediated. For example, killer whales only changed their dive behavior
when doing deep dives at the onset of 1 to 2 kHz sonar (sweeping across frequencies), but did not
change their dive behavior if they were deep diving during 6 to 7 kHz sonar (sweeping across
frequencies). Nor did they change their dive behavior if they were conducting shallow dives at the onset
of either type of sonar. Similarly, pilot whales and sperm whales performed normal deep dives during 6
to 7 kHz sonar, while during 1 to 2 kHz sonar the pilot whales conducted fewer deep dives and the
sperm whales performed shorter and shallower dives (Sivle et al., 2012). In addition, pilot whales were
also more likely to respond to lower received levels when non-feeding than feeding during 6 to 7 kHz
sonar exposures, but were more likely to respond at higher received levels when non-feeding during 1
to 2 kHz sonar exposures. Furthermore, pilot whales exposed to a 38 kHz downward-facing echosounder
did not change their dive and foraging behavior during exposure periods, although the animals’ heading
variance increased and fewer deep dives were conducted (Quick et al., 2017). In contrast, killer whales
were more likely to respond to either sonar type when non-feeding than when feeding (Harris et al.,
2015). These results again demonstrate that the behavioral state of the animal mediates the likelihood
of a behavioral response, as do the characteristics (e.g., frequency) of the sound source itself.

Other responses during behavioral response studies included the synchronization of pilot whale
surfacings with sonar pulses during one exposure, possibly as a means of mitigating the sound
(Wensveen et al., 2015), and mimicry of the sonar with whistles by pilot whales (Alves et al., 2014), false
killer whales (DeRuiter et al., 2013b), and Risso’s dolphins (Smultea et al., 2012). In contrast, in another
study melon-headed whales had “minor transient silencing” (a brief, non-lasting period of silence) after
each 6 to 7 kHz signal, and (in a different oceanographic region) pilot whales had no apparent response
(DeRuiter et al., 2013a). The probability of detecting delphinid vocalizations (whistles, clicks, and buzzes)
increased during periods of sonar relative to the period prior to sonar in a passive acoustic study using
Marine Autonomous Recording Units in the Jacksonville Range Complex, while there was no impact of
sonar to the probability of detecting sperm whale clicks (Charif et al., 2015; U.S. Department of the
Navy, 2013b).

In addition, killer whale sighting data from the same region in Norway as the behavioral response study
was used to compare the presence or absence of whales from other years against the period with sonar.
The authors found a strong relationship between the presence of whales and the abundance of herring,
and only a weak relationship between the whales and sonar activity (Kuningas et al., 2013). Baird et al.
(2013; 2014; 2017) also tagged four shallow-diving odontocete species (rough toothed dolphins, pilot
whales, bottlenose dolphins, and false killer whales) in Hawaii off the Pacific Missile Range Facility
before Navy training exercises. None of the tagged animals demonstrated a large-scale avoidance
response to the sonar as they moved on or near the range, in some cases even traveling towards areas
of higher noise levels, while estimated received SPLs varied from 130 to 168 dB re 1 uPa and distances
from sonar sources ranged from 3.2 to 94.4 km. However, one pilot whale did have reduced dive rates
(from 2.6 dives per hour before to 1.6 dives per hour during) and deeper dives (from a mean of 124 to
268 m) during a period of sonar exposure. Baird et al. (2016b) also tagged four short-finned pilot whales
from both the resident island-associated population and from the pelagic population. The core range for
the pelagic population was over 20 times larger than for the island-associated population, leading Baird
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et al. (2016b) to hypothesize that that likelihood of exposure to mid-frequency active sonar, and
therefore the potential for response, would be very different between the two populations. These
diverse examples demonstrate that responses can be varied, are often context- and behavior-driven,
and can be species and even exposure specific.

Other opportunistic observations of behavioral responses to sonar have occurred as well, although in
those cases it is difficult to attribute observed responses directly to the sonar exposure, or to know
exactly what form the response took. For example, both sperm and pilot whales potentially ceased
sound production during the Heard Island feasibility test, with transmissions centered at 57 Hz and up to
220 dB re 1 pPa (Bowles et al., 1994), although it could not be determined whether the animals ceased
sound production or left the area. In May 2003, killer whales in Haro Strait, Washington exhibited what
were believed by some observers to be aberrant behaviors, during which time the USS Shoup was in the
vicinity and engaged in mid-frequency active sonar operations. Sound fields modeled for the USS Shoup
transmissions (Fromm, 2009; National Marine Fisheries Service, 2005b; U.S. Department of the Navy,
2003) estimated a mean received SPL of approximately 169 dB re 1 puPa at the location of the killer
whales at the closest point of approach between the animals and the vessel (estimated SPLs ranged
from 150 to 180 dB re 1 pPa). However, attributing the observed behaviors to any one cause is
problematic given there were six nearby whale watch vessels surrounding the pod, and subsequent
research has demonstrated that “Southern Residents modify their behavior by increasing surface activity
(breaches, tail slaps, and pectoral fin slaps) and swimming in more erratic paths when vessels are close”
(National Oceanic and Atmospheric Administration Fisheries, 2014). Several odontocete species,
including bottlenose dolphins, Risso’s dolphins, Pacific white-sided dolphins, and common dolphins have
been observed near the Southern California Offshore Range during periods of mid-frequency active
sonar; responses included changes in or cessation of vocalizations, changes in behavior, and leaving the
area, and at the highest received levels animals were not present in the area at all (Henderson et al.,
2014). However, these observations were conducted from a vessel off-range, and so any observed
responses could not be attributed to the sonar with any certainty. Research on sperm whales in the
Caribbean in 1983 coincided with the United States’ intervention in Grenada, where animals were
observed scattering and leaving the area in the presence of military sonar, presumably from nearby
submarines (Watkins & Schevill, 1975; Watkins et al., 1985). The authors did not report received levels
from these exposures and reported similar reactions from noise generated by banging on their boat hull;
therefore, it was unclear if the sperm whales were reacting to the sonar signal itself or to a potentially
new unknown sound in general.

During aerial and visual monitoring of Navy training events involving sonar, rough-toothed dolphins and
unidentified dolphins were observed approaching the vessel with active sonar as if to bowride, while
spotted dolphins were observed nearby but did not avoid or approach the vessel (HDR, 2011; U.S.
Department of the Navy, 2011b; Watwood et al., 2012). During small boat surveys near the Navy’s
Southern California Offshore Range in southern California, more dolphins were encountered in June
compared to a similar survey conducted the previous November after 7 days of mid-frequency sonar
activity; it was not investigated if this change was due to the sonar activity or was a seasonal difference
that was also observed in other years (Campbell et al., 2010). There were also fewer passive acoustic
dolphin detections during and after longer sonar activities in the Marianas Islands Range Complex, with
the post-activity absence lasting longer than the mean dolphin absence of 2 days when sonar was not
present (Munger et al., 2014; Munger et al., 2015).
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Acoustic harassment devices and acoustic deterrent devices have been used to deter marine mammals
from fishing gear both to prevent entanglement and to reduce depredation (taking fish). These devices
have been used successfully to deter harbor porpoises and beaked whales from getting entangled in
fishing nets. For example, Kyhn et al. (2015) tested two types of pingers, one with a 10 kHz tone and one
with a broadband 30 to 160 kHz sweep. Porpoise detection rates were reduced by 65 percent for the
sweep and 40 percent for the tone, and while there was some gradual habituation after the first

2 to 4 exposures, longer term exposures (over 28 days) showed no evidence of additional habituation.
Additionally, sperm whales in the Caribbean stopped vocalizing when presented with sounds from
nearby acoustic pingers (Watkins & Schevill, 1975). However, acoustic harassment devices used to deter
marine mammals from depredating long lines or aquaculture enclosures have proven less successful. For
example, Tixier et al. (2014) used a 6.5 kHz pinger with a source level of 195 dB re 1 uPa on a longline to
prevent depredation by killer whales, and although two groups of killer whales fled over 700 m away
during the first exposure, they began depredating again after the third and seventh exposures,
indicating rapid habituation. In a review of marine mammal deterrents, Schakner & Blumstein (2013)
point out that both the characteristics of deterrents and the motivation of the animal play a role in the
effectiveness of acoustic harassment devices. Deterrents that are strongly aversive or simulate a
predator or are otherwise predictive of a threat are more likely to be effective, unless the animal
habituates to the signal or learns that there is no true threat associated with the signal. In some cases
the net pingers may create a “dinner bell effect”, where marine mammals have learned to associate the
signal with the availability of prey (Jefferson & Curry, 1996; Schakner & Blumstein, 2013). This may be
why net pingers have been more successful at reducing entanglements for harbor porpoise and beaked
whales since these species are not depredating from the nets but are getting entangled when foraging in
the area and are unable to detect the net (Carretta et al., 2008; Schakner & Blumstein, 2013). Similarly,
a 12 kHz acoustic harassment device intended to scare seals was ineffective at deterring seals but
effectively caused avoidance in harbor porpoises out to over 500 m from the source, highlighting
different species- and device-specific responses (Mikkelsen et al., 2017). Additional behavioral studies
have been conducted with captive harbor porpoises using acoustic alarms, such as those used on fishing
nets to help deter marine mammals from becoming caught or entangled (Kastelein et al., 2006;
Kastelein et al., 2001). These studies have found that high-frequency sources with varied duration,
interval, and sweep characteristics can prove to be effective deterrents for harbor porpoises (Kastelein
et al., 2017). Van Beest et al. (2017) modeled the long-term population level impacts of fisheries
bycatch, pinger deterrents, and time-area closures on a population of harbor porpoises. They found that
when pingers were used alone (in the absence of gillnets or time-area closures), the animals were
deterred from the area often enough to cause a population level reduction of 21 percent, greater even
than the modeled level of current bycatch impacts. However, when the pingers were coupled with
gillnets in the model, and time-area closures were also used (allowing a net- and pinger-free area for the
porpoises to move into while foraging), the population only experienced a 0.8 percent decline even with
current gillnet use levels. This demonstrates that, when used correctly, pingers can successfully deter
porpoises from gillnets without leading to any negative impacts.

Controlled experiments have also been conducted on captive animals to estimate received levels at
which behavioral responses occur. In one study, bottlenose dolphin behavioral responses were recorded
when exposed to 3 kHz sonar-like tones between 115 and 185 dB re 1 uPa (Houser et al., 2013b), and in
another study bottlenose dolphins and beluga whales were presented with 1-second tones up to 203 dB
re 1 uPa to measure TTS (Finneran et al., 2001; Finneran et al., 2003a; Finneran & Schlundt, 2004;
Finneran et al., 2005b; Schlundt et al., 2000). During these studies, responses included changes in
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respiration rate, fluke slaps, and a refusal to participate or return to the location of the sound stimulus.
This refusal included what appeared to be deliberate attempts to avoid a sound exposure or to avoid the
location of the exposure site during subsequent tests (Finneran et al., 2002; Schlundt et al., 2000). In the
behavioral response experiment, bottlenose dolphins demonstrated a 50 percent probability of
response at 172 dB re 1 uPa over 10 trials, and in the TTS study bottlenose dolphins exposed to
1-second intense tones exhibited short-term changes in behavior above received sound levels of 178 to
193 dB re 1 uPa, and beluga whales did so at received levels of 180 to 196 dB re 1 pPa and above. In
some instances, animals exhibited aggressive behavior toward the test apparatus (Ridgway et al., 1997;
Schlundt et al., 2000). While animals were commonly reinforced with food during these studies, the
controlled environment and ability to measure received levels provide insight on received levels at
which animals will behaviorally responds to noise sources.

Behavioral responses to a variety of sound sources have been studied in captive harbor porpoises,
including acoustic alarms (Kastelein et al., 2006; Kastelein et al., 2001), emissions for underwater data
transmission (Kastelein et al., 2005b), and tones, including 1 to 2 kHz and 6 to 7 kHz sweeps with and
without harmonics (Kastelein et al., 2014d), and 25 kHz with and without sidebands (Kastelein et al.,
2015e; Kastelein et al., 2015f). Responses include increased respiration rates, more jumping, or
swimming further from the source, but responses were different depending on the source. For example,
harbor porpoises responded to the 1 to 2 kHz upsweep at 123 dB re 1 pPa, but not to the downsweep or
the 6 to 7 kHz tonal at the same level (Kastelein et al., 2014d). When measuring the same sweeps for a
startle response, the 50 percent response threshold was 133 and 101 dB re 1 uPa for 1 to 2 kHz and 6 to
7 kHz sweeps respectively when no harmonics were present, and decreased to 90 dB re 1 pPa for 1 to 2
kHz sweeps with harmonics present (Kastelein et al., 2014d). Harbor porpoises responded to seal scarers
with broadband signals up to 44 kHz with a slight respiration response at 117 dB re 1 pPa and an
avoidance response at 139 dB re 1 uPa, but another scarer with a fundamental (lowest and strongest)
frequency of 18 kHz didn’t have an avoidance response until 151 dB re 1 pPa (Kastelein et al., 2014a).
Exposure of the same acoustic pinger to a striped dolphin under the same conditions did not elicit a
response (Kastelein et al., 2006), again highlighting the importance in understanding species differences
in the tolerance of underwater noise, although sample sizes in these studies was small so these could
reflect individual differences as well.

Behavioral responses by odontocetes to sonar and other transducers appear to range from no response
at all to responses that could potentially lead to long-term consequences for individual animals (e.g.,
mother-calf separation). This is likely in part due to the fact that this taxonomic group is so broad and
includes some of the most sensitive species (e.g., beaked whales and harbor porpoise) as well as some
of the least sensitive species (e.g., bottlenose dolphins). This is also the only group for which both field
behavioral response studies and captive controlled exposure experiments have been conducted, leading
to the assessment of both contextually-driven responses as well as dose-based responses. This wide
range in both exposure situations and individual- and species-sensitivities makes reaching general
conclusions difficult. However, it does appear as though exposures in close proximity, with multiple
vessels that approach the animal lead to higher-level responses in most odontocete species regardless
of received level or behavioral state. In contrast, in more “real-world” exposure situations, with distant
sources moving in variable directions, behavioral responses appear to be driven by behavioral state,
individual experience or species-level sensitivities. These responses may also occur more in-line with
received level such that the likelihood of a response would increase with increased received levels.
However, these “real-world” responses are more likely to be short term, lasting the duration of the
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exposure or even shorter as the animal assesses the sound and (based on prior experience or contextual
cues) determines a threat is unlikely. Therefore, while odontocete behavioral responses to Navy sonar
will vary across species, populations, and individuals, they are not likely to lead to long-term
consequences or population-level effects.

Pinnipeds

Different responses displayed by captive and wild phocid seals to sound judged to be “unpleasant” or
threatening have been reported, including habituation by captive seals (they did not avoid the sound),
and avoidance behavior by wild seals (Gotz & Janik, 2010). Captive seals received food (reinforcement)
during sound playback, while wild seals were exposed opportunistically. These results indicate that
motivational state (e.g., reinforcement via food acquisition) can be a factor in whether or not an animal
tolerates or habituates to novel or unpleasant sounds. Another study found that captive hooded seals
reacted to 1 to 7 kHz sonar signals, in part with displacement (i.e., avoidance) to the areas of least SPL,
at levels between 160 and 170 dB re 1 pPa (Kvadsheim et al., 2010b); however, the animals adapted to
the sound and did not show the same avoidance behavior upon subsequent exposures. Captive harbor
seals responded differently to three signals at 25 kHz with different waveform characteristics and duty
cycles. The seals responded to the frequency modulated signal at received levels over 137 dB re 1 uPa
by hauling out more, swimming faster, and raising their heads or jumping out of the water, but did not
respond to the continuous wave or combination signals at any received level (up to 156 dB re 1 pPa)
(Kastelein et al., 2015d). Captive California sea lions were exposed to mid-frequency sonar at various
received levels (125 to 185 dB re 1 puPa) during a repetitive task (Houser et al., 2013a). Behavioral
responses included a refusal to participate, hauling out, an increase in respiration rate, and an increase
in the time spent submerged. Young animals (less than 2 years old) were more likely to respond than
older animals. Dose-response curves were developed both including and excluding those young animals.
The majority of responses below 155 dB re 1 uPa were changes in respiration, whereas over 170 dB re 1
MPa more severe responses began to occur (such as hauling out or refusing to participate); many of the
most severe responses came from the younger animals.

Low-frequency signals of the Acoustic Thermometry of Ocean Climate sound source centered at 75 Hz,
with received levels between 118 and 137 dB re 1 uPa, were not found to overtly affect elephant seal
dives (Costa et al., 2003). However, they did produce subtle effects that varied in direction and degree
among the individual seals, again illustrating the equivocal nature of behavioral effects and consequent
difficulty in defining and predicting them.

Harbor seals exposed to seal scarers (i.e., acoustic harassment devices) used to deter seals from fishing
nets did not respond at levels of 109 to 134 dB re 1 pPa and demonstrated minor responses by
occasionally hauling out at 128 to 138 dB re 1 pPa (Kastelein et al., 2015c). Pingers have also been used
to deter marine mammals from fishing nets; in some cases this has led to the “dinner bell effect” where
the pinger becomes an attractant rather than a deterrent (Carretta & Barlow, 2011). Steller sea lions
were exposed to a variety of tonal, sweep, impulse and broadband sounds. The broadband sounds did
not cause a response, nor did the tones at levels below 165 dB re 1 pPa at 1 m, but the 8 kHz tone and 1
to 4 kHz sweep at source levels of 165 dB re 1 pPa caused the sea lions to haul out (Akamatsu et al.,
1996).

Similar to the other taxonomic groups assessed, pinniped behavioral responses to sonar and other
transducers seem to be mediated by the contextual factors of the exposure, including the proximity of
the source, the characteristics of the signal, and the behavioral state of the animal. However, all
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pinniped behavioral response studies have been conducted in captivity, so while these results may be
broadly applied to real-world exposure situations, it must be done with caution. Based on exposures to
other sound sources in the wild (e.g., impulsive sounds and vessels), pinnipeds are not likely to respond
strongly to Navy sonar that is not in close proximity to the animal or approaching the animal.

Sirenians

Few data exist on manatee responses to sonar; however, there has been some work using side-scan and
fish-finding sonar to detect manatees (Gonzalez-Socoloske et al., 2009; Gonzalez-Socoloske & Olivera-
Gomez, 2012; Niezrecki, 2010). These are typically very-high-frequency systems, with frequencies over
200 kHz, although in some cases frequencies of 50 kHz were used. The response of the manatees to the
sonar was not the focus of these studies, but, when reported, the authors stated that no response was
observed. Studies have also been conducted on the efficacy of using pingers to warn manatees about
the presence of vessels or fishing gear. Bowles et al. (2001) observed brief startle responses to pingers
sweeping 10 to 80 kHz in two of nine manatees tested, but gear with pingers continued to be
manipulated even in the presence of pingers. Dugongs in Australia were exposed to 3.5 and 10 kHz
pingers with source levels around 133 dB re 1 uPa, with no significant responses observed and
continued foraging throughout the experiment (Hodgson & Marsh, 2007). In contrast, wild dugongs in
Thailand exposed to 3.5 kHz tones at 141 dB re 1 pPa did not approach the source within 100 m, while
playbacks of dugong calls elicited approaches within 10 m (Ichikawa et al., 2009).

These limited data may indicate that sirenians are relatively robust to sonar and other active acoustic
sources; however, with the lack of focused studies on these sound sources it is difficult to draw any
conclusions.

Behavioral Reactions to Vessels

Sound emitted from large vessels, such as cargo ships, is the principal source of low-frequency noise in
the ocean today, and marine mammals are known to react to or be affected by that noise (Hatch &
Wright, 2007; Hildebrand, 2005; Richardson et al., 1995b). For example, Erbe et al. (2012) estimated the
maximum annual underwater SEL from vessel traffic near Seattle was 215 dB re 1 pPaZs, and Bassett et
al. (2010) measured mean SPLs at Admiralty Inlet from commercial shipping at 117 dB re 1 yuPa with a
maximum exceeding 135 dB re 1 yuPa on some occasions. Similarly, Veirs et al. (2015) found average
broadband noise levels in Haro Strait to be 110 dB re 1 pPa that extended up to 40 kHz, well into the
hearing range of odontocetes.

Cargo ships, bulk carriers and tankers account for almost two-thirds of commercial vessel traffic in the
AFTT Study Area, which occurs throughout the Study Area but is heaviest along the U.S. East Coast and
northern Gulf of Mexico (Mintz, 2012). Annual commercial vessel traffic in AFTT was estimated to be
almost 10 million hours in 2009, compared to just over 70,000 hours for Navy vessel traffic, which was
generally concentrated along the U. S. East Coast between Jacksonville and the Chesapeake Bay (Mintz,
2012).

Many studies of behavioral responses by marine mammals to vessels have been focused on the short-
and long-term impacts of whale watching vessels. In short-term studies, researchers noted changes in
resting and surface behavior states of cetaceans to whale watching vessels (Acevedo, 1991; Aguilar de
Soto et al., 2006; Arcangeli & Crosti, 2009; Au & Green, 2000; Christiansen et al., 2010; Erbe, 2002;
Noren et al., 2009; Stockin et al., 2008; Williams et al., 2009). Received levels were often not reported so
it is difficult to distinguish responses to the presence of the vessel from responses to the vessel noise.
Most studies examined the short-term response to vessel sound and vessel traffic (Aguilar de Soto et al.,
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2006; Magalhdes et al., 2002; Richardson et al., 1995b; Watkins, 1981), with behavioral and vocal
responses occurring when received levels were over 20 dB greater than ambient noise levels. Other
research has attempted to quantify the effects of whale watching using focused experiments (Meissner
et al., 2015; Pirotta et al., 2015b).

The impact of vessel noise has received increased consideration, particularly as whale watching and
shipping traffic has risen (McKenna et al., 2012; Pirotta et al., 2015b; Veirs et al., 2015). Odontocetes
and mysticetes in particular have received increased attention relative to vessel noise and vessel traffic,
with pinnipeds less so. Sirenians have also received direct attention relative to this stressor, as small
boat strikes and increased traffic in manatee habitat has become a concern. Still, not all species in all
taxonomic groups have been studied, and so results do have to be extrapolated across these broad
categories in order to assess potential impacts. Information on the potential effects of vessel noise on
polar bears is not available.

Mysticetes

Baleen whales demonstrate a variety of responses to vessel traffic and noise, from not responding at all
to both horizontal (swimming away) and vertical (increased diving) avoidance (Baker et al., 1983; Gende
et al., 2011; Watkins, 1981). Other common responses include changes in vocalizations, surface time,
swimming speed, swimming angle or direction, respiration rates, dive times, feeding behavior, and
social interactions (Au & Green, 2000; Richter et al., 2003; Williams et al., 2002a).

The likelihood of response may be driven by the distance or speed of the vessel, the animal’s behavioral
state, or by the prior experience of the individual or population. For example, in one study fin and
humpback whales largely ignored vessels that remained 100 m or more away (Watkins, 1981). In
another study, minke whales in the Antarctic did not show any apparent response to a survey vessel
moving at normal cruising speeds (about 12 knots) at a distance of 5.5 NM. However, when the vessel
drifted or moved at very slow speeds (about 1 knot), many whales approached it (Leatherwood et al.,
1982). Similarly, Bernasconi et al. (2012) observed the reactions of six individual baleen whales of
unknown species at distances of 50 to 400 m from a fishing vessel conducting an acoustic survey of
pelagic fisheries, with only a slight change in swim direction when the vessel began moving around the
whales. Sei whales have been observed ignoring the presence of vessels entirely and even passing close
to the vessel (Reeves et al., 1998), and North Atlantic right whales tend not to respond to the sounds of
oncoming vessels and continue to use habitats in high vessel traffic areas (Nowacek et al., 2004a).
Studies show that North Atlantic right whales demonstrate little if any reaction to sounds of vessels
approaching or the presence of the vessels themselves. This lack of response may be due to habituation
to the presence and associated noise of vessels in right whale habitat, or may be due to propagation
effects that may attenuate vessel noise near the surface (Nowacek et al., 2004a; Terhune & Verboom,
1999).

When baleen whales do respond to vessels, responses can be as minor as a change in breathing patterns
(e.g., Baker et al., 1983; Jahoda et al., 2003), or can be evidenced by a decrease in overall presence, as
was observed during a construction project in the UK, when fewer minke whales were observed as
vessel traffic increased (Anderwald et al., 2013). Avoidance responses can be as simple as an alteration
in swim patterns or direction by increasing speed and heading away from the vessel (Jahoda et al.,
2003), or by increasing swim speed, changing direction to avoid, and staying submerged for longer
periods of time (Au & Green, 2000). For example, in the presence of approaching vessels, blue whales
perform shallower dives accompanied by more frequent surfacing but otherwise do not exhibit strong
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reactions (Calambokidis et al., 2009). In another study in Hawaii, humpback whales exhibited two forms
of behavioral avoidance: horizontal avoidance (changing direction or speed) when vessels were between
2,000 m and 4,000 m away, and vertical avoidance (increased dive times and change in diving pattern)
when vessels were less than 2,000 m away (Baker et al., 1983). Similarly, humpback whales in Australia
demonstrated variable responses to whale watching vessels, including both horizontal avoidance,
approaching, and changes in dive and surface behavior (Stamation et al., 2009). Humpback whales
avoided a Navy vessel by increasing their dive times and decreasing respiration rates at the surface
(Smultea et al., 2009). Williamson et al. (2016) specifically looked at close approaches to humpback
whales by small research boats for the purposes of tagging. They found that while dive behavior did not
change for any groups, some groups did increase their speed and change their course during or right
after the approach, but resumed pre-approach speed and heading shortly thereafter. Only mother-calf
groups were found to increase their speed during the approach and maintain the increased speed for
longer after the approach, but these groups too resumed normal swim speeds after about 40 minutes. It
should be noted that there were no responses by any groups that were approached closely but with no
attempts at tagging, indicating that the responses were not due to the vessel presence but to the
tagging attempt. In addition, none of the observed changes in behavior were outside the normal range
of swim speeds or headings for these migrating whales.

Mysticetes have been shown to both increase and decrease calling behavior in the presence of vessel
noise. Based on passive acoustic recordings and in the presence of sounds from passing vessels, Melcén
et al. (2012) reported that blue whales had an increased likelihood of producing certain types of calls. An
increase in feeding call rates and repetition by humpback whales in Alaskan waters is associated with
vessel noise (Doyle et al., 2008), while decreases in singing activity have been noted near Brazil due to
boat traffic (Sousa-Lima & Clark, 2008). Frequency parameters of fin whale calls also decreased in the
presence of increasing background noise due to shipping traffic (Castellote et al., 2012). Bowhead
whales avoided the area around icebreaker ship noise and increased their time at the surface and
number of blows (Richardson et al., 1995a). Right whales increase the amplitude or frequency of their
vocalizations or call at a lower rate in the presence of increased vessel noise (Parks et al., 2007; Parks et
al., 2011), and these vocalization changes may persist over long periods if background noise levels
remained elevated.

The long-term consequences of vessel noise are not well understood (see Section 3.7.3.1.1.7, Long-Term
Consequences). In a short-term study, minke whales on feeding grounds in Iceland responded to
increased whale-watching vessel traffic with a decrease in foraging, both during deep dives and at the
surface (Christiansen et al., 2013). They also increased their avoidance of the boats while decreasing
their respiration rates, likely leading to an increase in their metabolic rates. Christiansen and Lusseau
(2015) and Christiansen et al. (2014) followed up this study by modeling the cumulative impacts of
whale watching boats on minke whales, but found that although the boats cause temporary feeding
disruptions, there were not likely to be long-term consequences as a result. This suggests that short-
term responses may not lead to long-term consequences and that over time animals may habituate to
the presence of vessel traffic. However, in an area of high whale watch activity, vessels were within
2,000 m of blue whales 70 percent of the time, with a maximum of eight vessels observed within 400 m
of one whale at the same time. This study found reduced surface time, fewer breaths at the surface, and
shorter dive times when vessels were within 400 m (Lesage et al., 2017). Since blue whales in this area
forage 68 percent of the time, and their foraging dive depths are constrained by the location of prey
patches, these reduced dive durations may indicate reduced time spent foraging by over 36 percent. In
the short-term, this reduction may be compensated for, but prolonged exposure to vessel traffic could
e
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lead to long-term consequences. Using historical records, Watkins (1986) showed that the reactions of
four species of mysticetes to vessel traffic and whale watching activities in Cape Cod had changed over
the 25-year period examined (1957 to 1982). Reactions of minke whales changed from initially more
positive reactions, such as coming towards the boat or research equipment to investigate, to more
uninterested reactions towards the end of the study. Fin whales, the most numerous species in the area,
showed a trend from initially more negative reactions, such as swimming away from the boat with
limited surfacing, to more uninterested (ignoring) reactions allowing boats to approach within 30 m.
Right whales showed little change over the study period, with a roughly equal number of reactions
judged to be negative and uninterested; no right whales were noted as having positive reactions to
vessels. Humpback whales showed a trend from negative to positive reactions with vessels during the
study period. The author concluded that the whales had habituated to the human activities over time
(Watkins, 1986).

Overall baleen whale responses to vessel noise and traffic are varied but are generally minor, and
habituation or disinterest seems to be the predominant long-term response. When baleen whales do
avoid ships they do so by altering their swim and dive patterns to move away from the vessel, but no
strong reactions have been observed. In fact, in many cases the whales do not appear to change their
behavior at all. This may result from habituation by the whales, but may also result from reduced
received levels near the surface due to propagation, or due to acoustic shadowing of the propeller
cavitation noise by the ship’s hull. Although a lack of response in the presence of a vessel may minimize
potential disturbance from passing ships, it does increase the whales’ vulnerability to vessel strike,
which may be of greater concern for baleen whales than vessel noise (see Section 3.7.3.4, Physical
Disturbance and Strike Stressors).

Odontocetes

Most odontocetes react neutrally to vessels, although both avoidance and attraction behavior have
been observed (Hewitt, 1985; Wiirsig et al., 1998). Wiirsig et al. (1998) found that Kogia whales and
beaked whales were the most sensitive species to vessels, and reacted by avoiding marine mammal
survey vessels in 73 percent of sightings, more than any other odontocetes. Avoidance reactions include
a decrease in resting behavior or change in travel direction (Bejder et al., 2006a). Incidents of attraction
include common, rough-toothed, and bottlenose dolphins bow riding and jumping in 