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AEP auditory evoked potential
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CITES Convention on International Trade in Endangered Species
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dBrelpPa @ 1m

dB re 1 uPa’-sec
DoN
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1 DESCRIPTION OF THE PROPOSED ACTIVITY

Requirement 1: A detailed description of the specific activity or class of activities that can be expected
to result in the incidental taking of marine mammals.

1.1 Introduction

Pursuant to Section 101 (a)(5)(A) of the Marine Mammal Protection Act of 1972, as amended (MMPA,;
16 United States Code [U.S.C.] 1371), the Department of the Navy (DoN; hereafter, the Navy) is applying
for rulemaking and a Letter of Authorization (LOA) to continue utilizing Surveillance Towed Array Sensor
System (SURTASS) Low Frequency Active (LFA) sonar systems onboard Navy surveillance ships for
training and testing activities conducted under the authority of the Secretary of the Navy in the western
and central North Pacific and eastern Indian oceans. The MMPA directs the Secretary of Commerce
(Secretary) to allow, upon request, the incidental, but not intentional taking of marine mammals by
United States (U.S.) citizens who engage in a specified activity (other than commercial fishing). The
incidental take issuance occurs when the Secretary, after notice has been published in the Federal
Register and opportunity for comment has been provided, finds that such takes would have a negligible
impact on the species and stocks of marine mammals and would not have an unmitigable adverse
impact on their availability for subsistence uses. Marine mammals have the potential to be incidentally
harassed due to the underwater sound generated by the use of SURTASS LFA sonar. As a result, the
Navy is requesting rulemaking and a LOA under the MMPA for taking of marine mammals by Level B
harassment incidental to the use of SURTASS LFA sonar systems for training and testing activities within
the western and central North Pacific and eastern Indian oceans.

This application for rulemaking and LOA is the fifth such application the Navy has submitted to the
National Marine Fisheries Service (NMFS) for the use of SURTASS LFA sonar. In 2002, NMFS issued
regulations and the initial LOA under the MMPA Final Rule (50 CFR §216 Subpart Q) (NOAA, 2002) for
the operation of SURTASS LFA sonar on the research vessel (RV) Cory Chouest. The Navy requested and
was issued annual LOA renewals in accordance with 50 CFR §216.189 for the remaining four years of the
2002 Final Rule for the RV Cory Chouest and U.S. Naval Ship (USNS) IMPECCABLE. In 2006, the Navy
submitted its application for the second five-year Rule under the MMPA (DoN, 2006) for the taking of
marine mammals incidental to the deployment of up to four SURTASS LFA sonar systems for military
readiness activities from 16 August 2007 to 15 August 2012. NMFS published the second MMPA Final
Rule in August 2007 (NOAA, 2007) for the employment of SURTASS LFA sonar, and subsequently issued
annual LOAs for sonar use on the RV Cory Chouest, USNS VICTORIOUS, USNS ABLE, USNS EFFECTIVE and
USNS IMPECCABLE. In 2011, the Navy submitted its application for the third five-year Rule under the
MMPA (DoN, 2011) for the taking of marine mammals incidental to the deployment of up to four
SURTASS LFA sonar systems from 15 August 2012 to 15 August 2017. NMFS published the third MMPA
Final Rule in August 2012 (NOAA, 2012a) for the employment of SURTASS LFA sonar, and subsequently
issued annual LOAs for sonar use on the USNS VICTORIOUS, USNS ABLE, USNS EFFECTIVE and USNS
IMPECCABLE.

On July 15, 2016, the U.S. Court of Appeals for the Ninth Circuit issued a decision in Natural Resources
Defense Council (NRDC), et al. versus Pritzker, et al., which was an appeal of a challenge to NMFS's 2012
Final Rule for SURTASS LFA sonar. Both the Navy and NMFS carefully and fully considered the Ninth
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Circuit’s decision and have addressed it herein, as appropriate. The court ultimately dismissed the case
later in 2017 as a result of a settlement agreement.

In 2016, the Navy submitted its application for the fourth five-year Rule under the MMPA (DoN, 2016)
for the taking of marine mammals incidental to the deployment of up to four SURTASS LFA sonar
systems from 15 August 2017 to 14 August 2022. On August 10, 2017, in consultation with the Secretary
of Commerce and pursuant to Title 16, Section 1371(f) U.S.C., the Secretary of Defense determined that
it was necessary for national defense to exempt all military readiness activities that use SURTASS LFA
sonar from compliance with the requirements of the MMPA for two years from August 13, 2017 through
August 12, 2019, or until such time when NMFS issues the required regulations and a LOA under Title 16,
Section 1371, whichever is earlier. During the exemption period, all military readiness activities that
involve the use of SURTASS LFA sonar are required to comply with all mitigation, monitoring, and
reporting measures set forth in the 2017 National Defense Exemption (NDE) for SURTASS LFA sonar.

This application document has been prepared in accordance with applicable regulations and the MMPA,
as amended by the National Defense Authorization Act (NDAA) for Fiscal Year 2004 (Public Law 108-
136). The NDAA modified the MMPA by removing the “small numbers” and “specified geographical
region” limitations and amended the definition of “harassment’ as it applies to a “military readiness
activity.”

The basis of this fifth application for rulemaking and LOA are: (1) the analysis of spatial and temporal
distributions of protected marine mammals in areas in which SURTASS LFA sonar would be used, (2) a
review of activities that have the potential to affect marine mammals, and (3) a scientific risk
assessment to determine the likelihood of impacts from the use of LFA sonar in the western and central
North Pacific and eastern Indian oceans. The Navy has scoped this application to reflect those areas of
the world’s oceans (the western and central North Pacific and eastern Indian oceans) where the Navy
anticipates conducting SURTASS LFA sonar training and testing activities! ( see Section 2.2). The Navy has
provided greater detail on the types of SURTASS LFA sonar training and testing activities (see Section
2.1). The geographic scope would allow the Navy to more accurately assess and describe those impacts
associated with SURTASSS LFA sonar training and testing activities in ocean areas where the Navy
expects to conduct these activities.

1.2 Proposed Activity

The Navy proposes to continue utilizing SURTASS LFA sonar systems onboard USNS surveillance ships for
training and testing conducted under the authority of the Secretary of the Navy in the western and
central North Pacific and eastern Indian oceans. The Navy currently has four surveillance ships that are
equipped with SURTASS LFA sonar systems: USNS VICTORIOUS (Tactical-Auxiliary General Ocean
Surveillance [T-AGOS] 19); USNS ABLE (T-AGOS 20); USNS EFFECTIVE (T-AGOS 21); and USNS
IMPECCABLE (T-AGOS 23). The Navy may develop and field additional SURTASS LFA sonar equipped
vessels, either to replace or complement the Navy’s current SURTASS LFA sonar capable fleet. The Navy
proposes to use SURTASS LFA sonar systems onboard these vessels within the study area, which includes
the western and central North Pacific and eastern Indian oceans.

The Navy is currently approved under the NDE to transmit 255 hours of LFA sonar transmission hours
per vessel per year or a total of 1,020 transmission hours per year. Under the proposed activity, the

1 Throughout this document, the terms “training and testing activities” or “SURTASS LFA sonar activities” will be used to describe the
proposed action of training and testing conducted under the authority of the Secretary of the Navy.
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Navy would transmit 496 LFA sonar transmission hours per year pooled across all SURTASS LFA sonar
equipped vessels in the first four years of the authorization, with an increase in usage to 592 LFA sonar
transmission hours in authorization year five and continuing into the foreseeable future, regardless of
the number of vessels.

The Navy proposes to implement procedural and geographic mitigation measures in association with the
use of SURTASS LFA sonar for training and testing activities. Specifically, the Navy would not conduct
SURTASS LFA sonar training and testing activities within the territorial seas of foreign nations and would
ensure that LFA sonar received levels (RLs) are below 180 decibels relative to one microPascal (root
mean squared) (dB re 1 uPa [rms]) within 12 nautical miles (nmi) (22 kilometers [km]) of any emergent
land and at the boundary of any designated offshore biologically important areas (OBIAs) during their
effective periods of biological activity. There are 29 designated OBIAs as described in the NDE, of which
four are found in the proposed study area for SURTASS LFA sonar. Mitigation monitoring includes visual,
passive acoustic, and active acoustic (high frequency marine mammal monitoring [HF/M3] sonar)
monitoring to minimize, to the greatest extent practicable, adverse impacts to marine animals when
SURTASS LFA sonar is transmitting by providing the means to detect marine mammals in the 180-dB
mitigation zone for SURTASS LFA sonar and then suspending or delaying LFA sonar transmissions.

For this application, the Navy has determined that the only aspect of the proposed action with the
potential to incidentally harass marine mammals is the transmission of acoustic signals during the use of
SURTASS LFA sonar. Through the history of the SURTASS LFA sonar program, no vessel strikes of marine
mammals, physical injury to any marine mammals, or marine mammal strandings have ever been
observed, reported, or associated with the employment of SURTASS LFA sonar. Therefore, the
remainder of this application focuses on the details associated with the Navy’s employment of SURTASS
LFA sonar for training and testing activities and its potential non-injurious impacts on marine mammal
species and stocks.

1.3 Background

In 2004, the NDAA included amendments to the MMPA that apply where a “military readiness activity”
is concerned. The term “military readiness activity” is defined in Public Law 107-314 (16 U.S.C. §703
note) to include all training and operations of the Armed Forces that relate to combat; and the adequate
and realistic testing of military equipment, vehicles, weapons and sensors for proper operation and
suitability for combat use. The NMFS and Navy have established that the Navy’s training and testing
activities for SURTASS LFA sonar constitute military readiness activities as defined by public law and
constitute “adequate and realistic testing of military equipment, vehicles, weapons and sensors for
proper operation and suitability for combat use” (NOAA, 2002).

During use of the SURTASS LFA sonar system, acoustic signals are introduced into the ocean that could
potentially affect the marine environment. As a result, the Navy conducted analyses relevant to the
potential environmental impacts of using the SURTASS LFA sonar system. The Navy has scoped the
geographic extent in this application to reflect those areas of the world’s oceans (the western and
central North Pacific and eastern Indian oceans) where Navy anticipates conducting SURTASS LFA sonar
training and testing activities in the foreseeable future. The Navy has provided greater detail on the
types of SURTASS LFA sonar training and testing activities in Chapter 2. The revised geographic scope
would allow the Navy to more accurately assess and describe those impacts associated with SURTASSS
LFA sonar training and testing activities in areas where the Navy expects to conduct these activities.
Concurrent with the development of this MMPA application, the Navy is developing a Draft
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Supplemental EIS/Supplemental OEIS (DSEIS/SOEIS) (DoN, 2018a). The Navy is the lead agency and
NMFS is the cooperating agency for the preparation of the DSEIS/SOEIS, which has been prepared in
accordance with the requirements of the National Environmental Policy Act of 1969 (NEPA; 42 U.S.C.
4321 et seq.) and Executive Order (EOQ) 12114, Environmental Effects Abroad for Major Federal Actions.

1.4 Purpose and Need for SURTASS LFA Sonar

The Navy’s statutory mission is the maintenance, training, equipping, and operation of combat-ready
naval forces capable of accomplishing America’s strategic objectives, deterring maritime aggression, and
maintaining freedom of navigation in ocean areas (10 U.S.C. Section 5062). By law, the Secretary of the
Navy is responsible for functions such as training, supplying, equipping, and maintaining naval forces
that are ready to achieve national security objectives as directed by the National Command Authorities.
Preparing and maintaining forces skilled in anti-submarine warfare (ASW) is a critical part of the Navy’s
mission. To meet the need for improved capability to detect quieter and harder-to-find foreign
submarines at long range, before these vessels can get within their effective weapons range to launch
missiles or torpedoes against U.S. ships or land targets, the Navy developed and uses SURTASS LFA
sonar. SURTASS LFA sonar can be used day and night in a variety of weather conditions. The active
acoustic component in the SURTASS LFA sonar system is an important augmentation to passive and
tactical systems, as its long-range detection capabilities can effectively counter the threat to the U.S.
Navy and national security posed by quiet submarines.

The purpose of the Navy’s Proposed Activity is to ensure that the Navy remains proficient in the use of
SURTASS LFA sonar in support of the Navy’s mission. The need for the Proposed Activity is to maintain a
system capable of detecting at long ranges the increasingly technologically advanced foreign submarine
presence that threatens our national security.

1.5 SURTASS LFA Sonar Technology

SURTASS LFA sonar systems are long-range sensors that transmit in the low frequency (LF) band (i.e.,
below 1,000 Hertz [Hz]) and include both active and passive acoustic components (Figure 1-1). The
active component is the LFA sonar source array while the passive component is the SURTASS receive
array. SONAR is an acronym for SOund NAvigation and Ranging, and its definition includes any system
that uses underwater sound, or acoustics, for observations and communications. Sonar systems are
used for many purposes, ranging from commercial off-the-shelf “fish finders” to military ASW systems
for detection and classification of submarines.

The two basic types of sonar used in the SURTASS LFA sonar system are passive and active sonar:

e Passive sonar detects sound created by a source. This is a one-way transmission of sound waves
through water from the source to the receiver. Passive sonar is similar to people hearing sounds
that are transmitted through the air to the human ear. Very simply, passive sonar “listens”
without transmitting any sound signals.

e Active sonar detects objects by creating a sound pulse or “ping” that is transmitted from the
sonar through the water, reflects off a target object, and returns in the form of an echo to be
detected by a receiver. Active sonar is a two-way transmission of sound waves through water
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Figure 1-1. SURTASS LFA Sonar Systems Showing the Active (Source Array) and
Passive (Receive Array) Components.

(sound source to reflector to receiver). Some marine mammals use a type of active biosonar
called echolocation to locate underwater objects such as prey or the seafloor for navigation.

LFA sonar systems were initially installed on two SURTASS ocean surveillance ships, RV Cory Chouest,
which was retired in 2008, and USNS IMPECCABLE (T-AGOS 23). As future undersea warfare
requirements continue to transition to littoral ocean regions, a compact active system deployable on
SURTASS ships was needed. This sonar system upgrade is known as Compact LFA, or CLFA. CLFA sonar
consists of smaller, lighter-weight source elements than the LFA sonar system and is compact enough to
be installed on the VICTORIOUS Class ships (such as T-AGOS 19, 20, and 21). CLFA improvements
include:

e Transmission frequency, within the 100 to 500 Hz range, matched to shallow water
environments with little loss of detection performance in deep water environments,

e Improved reliability and ease of deployment, and

e Lighter-weight design.
The operational characteristics of the CLFA sonar system are comparable to the LFA sonar system as
presented in Subchapter 2.1 of the FOEIS/EIS (DoN, 2001) and FSEIS/SOEISs (DoN, 2007, 2012, 2017a).
Therefore, the potential impacts from CLFA sonar are expected to be similar to, and not greater than,

the impacts from the LFA sonar system. For this reason, the term LFA sonar is used to refer to both the
LFA and/or the CLFA sonar systems, unless otherwise specified.
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15.1

References to Underwater Sound Levels

References to underwater sound pressure level (SPL) in this application are values given in
decibels (dBs), and are assumed to be standardized at 1 microPascal at 1 m (dB re 1 pPa at
1 m [rms]) for source level (SL) and dB re 1 pPa (rms) for received level (RL), unless
otherwise stated (ANSI, 2006; Urick, 1983).

In this application, underwater sound exposure level (SEL) is a measure of energy,
specifically the squared instantaneous pressure integrated over time; the appropriate units
for SEL are dB re 1 pPa?-sec (ANSI, 2006; Southall et al., 2007; Urick, 1983).

The term “Single Ping Equivalent” (SPE) used herein is an intermediate calculation for input
to the risk continuum used in the acoustic impact analysis for SURTASS LFA sonar. SPE
accounts for the energy of all LFA sonar transmissions that a modeled animal (“animat”)
receives during a 24-hr period of a SURTASS LFA sonar mission as well as an approximation
of the manner in which the effect of repeated exposures accumulate. As such, the SPE
metric incorporates both physics and biology. Calculating the potential risk from exposure
to SURTASS LFA sonar is a complex process and the reader is referred to Appendix B of the
2019 Draft SEIS/SOEIS for details. SPE levels will be expressed as “dB SPE” in this document,
as they have been presented in preceding environmental compliance documentation for
SURTASS LFA sonar: FOEIS/FEIS (DoN, 2001), FSEIS (DoN, 2007), FSEIS/SOEIS (DoN, 2012),
FSEIS/SOEIS (DoN, 2015), and FSEIS/SOEIS (DoN, 2017).

Active Acoustic System

The active component of the SURTASS LFA sonar system, LFA sonar, is an adjunct to the SURTASS
passive capability and is used when active sound signals are needed to detect and track underwater
targets. The characteristics and operating features of the active component of LFA sonar are:

The sonar source is a vertical line array (VLA) of up to 18 source projectors suspended beneath
the vessel. LFA’s transmitted sonar beam is omnidirectional (360 degrees) in the horizontal, with
a narrow vertical beamwidth that can be steered above or below the horizontal.

The source frequency is between 100 and 500 Hz.

The source level (SL) of an individual source projector of the SURTASS LFA sonar array is
approximately 215 decibels relative to one microPascal measured at 1 m (dBre 1 pyPa @ 1 m)
sound pressure level (SPL) or less. As measured by SPL, the sound field of the array can never be
higher than the SL of an individual source projector.

The typical LFA sonar signal is not a constant tone, but a transmission of waveforms that vary in
frequency and duration. A complete sequence of sound transmissions is referred to as a
wavetrain (also known as a “ping”). These wavetrains last between 6 and 100 seconds (sec) with
an average length of 60 sec. Within each wavetrain, a variety of signal types can be used,
including continuous wave (CW) and frequency-modulated (FM) signals. The duration of each
continuous frequency sound transmission is no longer than 10 sec.

The maximum duty cycle (ratio of sound “on” time to total time) is 20 percent. The typical duty
cycle, based on historical LFA sonar use (2003 to 2018), is 7.5 to 10 percent.
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e The time between wavetrain transmissions is typically from 6 to 15 minutes (min).

LFA sonar complements SURTASS passive activities by actively acquiring and tracking submarines when
they are in quiet operating modes, measuring accurate target range, and re-acquiring lost contacts.

1.5.2 Passive Acoustic System

SURTASS is the passive, or listening, component of the system that detects returning echoes from
submerged objects, such as threat submarines, through the use of hydrophones. Hydrophones
transform mechanical energy (received acoustic sound waves) to an electrical signal that can be
analyzed by the processing system of the sonar. SURTASS consists of a twin-line (TL-29A) horizontal line
array (HLA), which is a “Y” shaped array with two apertures that is approximately 1,000 feet (ft) (305
meters [m]) long. The TL-29A can be towed in shallow, littoral environments; provides significant
directional noise rejection; and resolves bearing ambiguities without having to change the vessel’s
course.

To tow the HLA, a SURTASS LFA sonar vessel typically maintains a speed of at least 3 knots (kt) (5.6
kilometers per hour [kph]). The return (received) signals, which are usually below background or
ambient noise level, are processed and evaluated to identify and classify potential underwater threats.

Description of the Proposed Activity



LOA and Rulemaking Application Under MMPA for Use of SURTASS LFA Sonar

2 DURATION AND LOCATION OF SURTASS LFA SONAR USE

Requirement 2: Date(s) and duration of such activity and the specific geographic region where it will
occur.

2.1 Duration

The annual LFA sonar transmission hours would be 496 hours total per year pooled across all SURTASS
LFA sonar equipped vessels in the first four years of the authorization, with the number of transmit
hours increasing to 592 hours across all vessels during year 5 and continuing into the foreseeable future,
regardless of the number of vessels. The SURTASS LFA sonar vessels typically operate independently but
may operate in conjunction with other naval air, surface, or submarine assets. The vessels generally
travel in straight lines or racetrack patterns depending on the activity scenario.

In year 5 and beyond of this authorization, the Navy is planning to add new vessels to its ocean
surveillance fleet. As new vessels are developed, the onboard LFA and HF/M3 sonar systems also need
to be updated, modified, or even re-designed. As the new vessels and sonar system components are
developed and constructed, at-sea testing would eventually be necessary. The Navy anticipates that
new vessels or new or updated sonar system components would be ready for at-sea testing beginning in
the fifth year of the time period covered by this application. Thus, the Navy’s activity analysis included
consideration of the sonar hours associated with future testing of new or updated LFA sonar system
components and new ocean surveillance vessels. This consideration resulted in two scenarios of annual
sonar transmit hours: Years 1 to 4 would entail 496 hours total per year across all SURTASS LFA sonar
vessels, while year 5 and beyond would include an increase in LFA sonar transmit hours to 592 hours
across all vessels to accommodate future testing of new ocean surveillance vessels and new or updated
sonar system components.

The SURTASS LFA sonar transmission hours represent a distribution across six activities that include:

e Contractor crew proficiency training (80 hours per year)

e Military crew (MILCREW) proficiency training (96 hours per year)

e Participation in or support of Navy exercises (96 hours per year)

e Vessel and equipment maintenance (64 hours per year)

e Acoustic research testing (160 hours per year)

e New SURTASS LFA sonar system testing (96 hours per year; would occur in year 5 and beyond)
Each of these activities utilizes the SURTASS LFA sonar system within the operating profile described
above, therefore the number of hours estimated for each activity is merely for planning purposes.

2.2 Potential SURTASS LFA Sonar Areas

The geographic scope of the previous MMPA documents for SURTASS LFA sonar routine training, testing,
and military operations was the non-polar areas of the Atlantic, Pacific, and Indian oceans and the
Mediterranean Sea. The geographic scope of this application is the western and central North Pacific
and eastern Indian oceans, outside of the territorial seas (12 nmi [22 km]) of foreign nations (Figure 2-1).
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Figure 2-1. Study Area in the Western and Central North Pacific and Eastern Indian Oceans Including Nominal Modeling Sites.
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Fifteen representative model areas, with nominal modeling sites in each region, provide geographic
context. The Navy has scoped the geographic extent of this document to better reflect the areas where
the Navy anticipates conducting SURTASS LFA sonar training and testing activities now and into the
reasonably foreseeable future.

Within this geographic scope, NMFS and the Navy developed mitigation measures to reduce the
potential for adverse impacts, which include two geographic restrictions, the coastal standoff range and
OBIAs. As such, during SURTASS LFA sonar training and testing activities, RLs would be below 180 dB re 1
pPa rms SPL within 12 nmi (22 km) of any emergent land and within the boundary of a designated OBIA
during its respective effective period when significant biological activity occurs.

2.2.1 Geographic Restrictions—Coastal Standoff Range

Based on the analyses presented in NEPA documents for SURTASS LFA sonar (DoN, 2001, 2007, 2012,
2015, and 2017a), geographic restrictions to the use of SURTASS LFA sonar have been developed to
provide the lowest risk to marine mammals. Since the majority of biologically important areas for
protected marine mammal species and stocks are in coastal waters, the Navy established the mitigation
measure of the coastal standoff range, in which waters within 12 nmi (22 km) of any emergent land
would not be ensonified with SURTASS LFA sonar at levels at or above 180 dB re 1 puPa (rms). In addition,
SURTASS LFA sonar training and testing activities would not occur within the territorial seas (12 nmi [22
km]) of foreign nations.

2.2.2 Geographic Restrictions—Offshore Biologically Important Areas (OBIAs) for Marine
Mammals

Given the unique transmission characteristics of SURTASS LFA sonar, Navy and NMFS developed the
concept of marine mammal OBIAs for SURTASS LFA sonar as part of the Navy’s first NEPA
documentation for SURTASS LFA sonar (DoN, 2001). In recognition that certain areas of biological
importance lie outside the coastal standoff range, the Navy and NMFS developed the concept of OBIAs.
OBIAs are part of a comprehensive suite of mitigation measures used in previous authorizations to
minimize adverse impacts to marine mammal populations. OBIAs for SURTASS LFA sonar are not
intended to apply to any other Navy activities or sonar operations and were established solely as a
mitigation measure to reduce impacts associated with the employment of SURTASS LFA sonar (NOAA,
2007, 2012a).

Associated with each OBIA is an effective period during which the marine mammals for which the OBIA
was designated carry out biologically significant activities. During that time period, SURTASS LFA sonar
cannot be transmitted at RLs of greater than 180 dB re 1 pPa (rms) within the boundary of an OBIA.
Twenty-nine OBIAs have been established for SURTASS LFA sonar globally; four of these OBIAs lie within
the current study area for SURTASS LFA sonar.

2.2.2.1 OBIA Selection Criteria

The process of identifying potential marine mammal OBIAs involves an assessment by both NMFS and
the Navy to identify marine areas that meet established criteria. In their comprehensive reassessment of
potential OBIAs for marine mammals conducted for the 2012 SEIS/SOEIS, NMFS and the Navy
established geographical and biological criteria as the basis for consideration of an area’s eligibility as a
candidate OBIA and the measures against which the available data on marine areas are evaluated. This
application carries forward those criteria.

2-3
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2.2.2.1.1 Geographic Criteria for OBIA Eligibility

The Navy has defined the study area in which SURTASS LFA sonar would be used. For a marine area to
be eligible for consideration as an OBIA for marine mammals, the area must be located where SURTASS
LFA sonar would be used. As such, it cannot be located in:

e Coastal standoff range—the area within 12 nmi (22 km) of the coastline of any emergent land
including islands or island systems.

e Polar regions—including the Arctic (such as the Bering Sea) and Antarctic (south of 60° S
latitude).

2.2.2.1.2 Low-Frequency Hearing Sensitivity Criterion

Since SURTASS LFA sonar transmissions are well below the range of best hearing sensitivity for
odontocetes and most pinnipeds, based on measured hearing thresholds (Au and Hastings, 2008;
Houser et al., 2008; Kastelein et al., 2009; Mulsow and Reichmuth, 2010; Nedwell et al., 2004;
Richardson et al., 1995; Southall et al., 2007), the intent of OBIAs is to protect those marine mammal
species, such as baleen whales, most likely to hear and be affected by LFA sonar transmissions and to
provide them additional protections during periods when they are conducting biologically significant
activities. Although OBIAs have been designated for non-LF hearing specialists, such as elephant seals
and sperm whales, these scenarios were unique cases that involved deep-diving species engaged in
biologically significant behaviors in pelagic concentrations, with some hearing data that indicated
improved LF sensitivity for these species relative to other MF hearing specialists. The principal focus of
the OBIA mitigation measure is on LF hearing sensitive species.

2.2.2.1.3 Biological Criteria for OBIA Eligibility

In addition to meeting the geographical criteria, a marine area must also meet at least one of the
following biological criteria to be considered as a marine mammal OBIA for SURTASS LFA sonar:

e High Densities: A region of high density for one or more species of marine mammals. In addition
to survey data, predictive habitat or density modeling may be used to identify areas of high
density. The exact definition of “high density” may differ across species and should generally be
treated and justified on a stock-by-stock or species-by-species basis, although combining species
or stocks may be appropriate in some situations, if well justified. For locations/regions and
species for which adequate density information is available (e.g., most waters off the U.S.), high
density areas should be defined as those areas where density measurably, within a definable
and justifiable area, meaningfully exceeds the average density of the species or stock in that
location/region regularly or regularly within a designated time period of the year. For
locations/regions and species and stocks for which density information is limited or not
available, high density areas should be defined (if appropriate) using all other available data and
information.

e Known Breeding/Calving or Foraging Ground or Migration Route: An area representing a
location of known biologically important activities including defined breeding or calving areas,
foraging grounds, or migration routes. Potential designation under this criterion is indicative
that at least one biologically important activity is concentrated in the area. “Concentrated”
means that more of the animals are engaged in the particular behavior at the location (and
perhaps time) than are typically engaged in that behavior elsewhere.
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e Small, Distinct Populations of Marine Mammals with Limited Distributions: Geographic areas in
which small, distinct populations of marine mammals occur and whose distributional range are
limited.

e U.S. ESA-designated Critical Habitat for an ESA-listed Marine Mammal Species or Stock: Areas
designated as critical habitat under the Endangered Species Act (ESA) for listed marine mammal
species. Effective seasonal periods are consistent with that designated for the critical habitat
area. As with the other biological criteria, critical habitat is considered as one of the possible
factors in the OBIA process.

2.2.2.1.4 Navy Practicability Criterion

Once an area has been assessed to meet the OBIA criteria, it is considered a candidate OBIA for SURTASS
LFA sonar. The Navy then conducts a practicability review of the candidate OBIAs to assess personnel
safety, practicality of implementation, and impacts on the effectiveness on military readiness activities.
If no issues are found during the Navy’s practicability review, then an area meets all criteria for
designation as a SURTASS LFA sonar OBIA for marine mammals. If there are practicability concerns, Navy
and NMFS engage in further discussions to determine if modifications to the OBIA would address those
concerns.

2.2.2.2 Existing Marine Mammal OBIAs for SURTASS LFA Sonar

Under the NDE, 29 areas were observed as marine mammal OBIAs for SURTASS LFA sonar (Table 2-1;
Figure 2-2; DoD, 2017). Some of these areas, such as the Antarctic Convergence Zone, had been
previously designated as OBIAs by the Navy and NMFS for SURTASS LFA sonar. The season or period in
which the biological activity occurs annually is specified for each designated OBIA. Of these 29 OBIAs,
four occur in the proposed study area (Figure 2-3), including OBIA#16 (Penguin Bank, Hawaiian Island
Humpback Whale NMFS), OBIA#20 (Northern Bay of Bengal and Head of Swatch-of-No-Ground [SONG]),
OBIA#26 (Offshore Sri Lanka), and OBIA#27 (Camden Sound/Kimberly Region).

2.2.2.3 Potential Marine Mammal OBIAs for SURTASS LFA Sonar

Since the 2017 SEIS/SOEIS and MMPA NDE for SURTASS LFA sonar, consideration and assessment of
marine areas as potential OBIAs has continued. The Navy and NMFS monitor scientific literature, data,
and information that may support the potential marine areas or provide additional candidates for
consideration as OBIAs for SURTASS LFA sonar. As a continuation of the Navy and NMFS’ ongoing effort
to assess areas as potential OBIAs for SURTASS LFA sonar, the Navy and NMFS are conducting a
comprehensive assessment of potential marine areas as part of the analysis and development of
geographic mitigation.

2.2.3 Representative Model Areas

Fifteen representative model areas in the western and central North Pacific and eastern Indian oceans
were analyzed to represent the acoustic regimes and marine mammal species that may be encountered
during SURTASS LFA sonar training and testing activities (Table 2-2). Acoustic impact modeling was
conducted in each season for each model area. Seasons were defined according to the following
monthly breakdown:

e Winter: December, January, and February

e Spring: March, April, and May

2-5
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Table 2-1. Existing 29 Offshore Biologically Important Areas (OBIAs) for SURTASS LFA Sonar,
the Relevant Marine Mammal Species, and the Effective Seasonal Period for each OBIA.

Relevant Low-
OBIA Location/Water , Effectiveness Seasonal
Name of OBIA Frequency Marine )
Number Body i Period
Mammal Species
Northwest Atlantic | North Atlantic right
1 Georges Bank W ! 1crig Year-round
Ocean whale
5 Roseway Basin Right Northwest Atlantic | North Atlantic right June through December,
Whale Conservation Area Ocean whale annually
Great SOUt.h Channel, U.S. Northwest Atlantic L January 1 to November 14,
Gulf of Maine, and North Atlantic right
3 stell Bank National Ocean/ Gulf of whale annually; year-round for
€ .wagen ank Mationa Maine Stellwagen Bank NMS
Marine Sanctuary (NMS)
4 Southeastern U.S. Right Northwest Atlantic | North Atlantic right November 15 to April 15,
Whale Critical Habitat Ocean whale annually
North Pacific right |March th h Septemb
5 Gulf of Alaska Gulf of Alaska Ofth Facllic Tig arch Trough Sepremauer,
whale annually
Caribbean
December through April,
6 Navidad Bank Sea/Northwest Humpback whale gh AP
. annually
Atlantic Ocean
7 Coastal Western Africa Southeastern Humpback whale June through October,
(Cameron to Angola) Atlantic Ocean and Blue whale annually
Southwest South lephant
8 Patagonian Shelf Break ou Yves em outhern elephan Year-round
Atlantic Ocean seal
9 Southern Right Whale Southwestern Southern right May through December,
Seasonal Habitat Atlantic Ocean whale annually
. . Northeastern Pacific Blue whale and June through November,
10 Central California
Ocean Humpback whale annually
Blue whale, Fin
whale, Sei whale,
1 Antarctic Convergence Southern Ocean Minke whale, October through March,
Zone Humpback whale, annually
and Southern right
whale
12 Offshore Piltun and Sea of Okhotsk Western Pacific gray | June through November,
Chayvo whale annually
July through September,
annually for humpback
13 Eastern Madagascar Western Indian Humpback whale whale breeding,
Coastal Waters Ocean and Blue whale November through
December for migrating
blue whales
2-6
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Table 2-1. Existing 29 Offshore Biologically Important Areas (OBIAs) for SURTASS LFA Sonar,
the Relevant Marine Mammal Species, and the Effective Seasonal Period for each OBIA.

Relevant Low-
OBIA Location/Water ) Effectiveness Seasonal
Name of OBIA Frequency Marine )
Number Body i Period
Mammal Species
Southern Madagascar pvemy blue whale
(Madagascar Plateau, Western Indian yemy ’ November through
14 . Humpback whale,
Madagascar Ridge, and Ocean i December, annually
and Bryde’s whale
Walters Shoal
Ligurian-Corsican-
Provencal Basin Northern
15 Fin whal July to A t Il
and Western Mediterranean Sea i whate HYEQ SUSHSE, SNAUSLY
Pelagos Sanctuary
Penguin Bank, Hawaiian . .
North-Central Pacific November through April,
16 Islands Humpback Ocean Humpback whale annuall gnAp
Whale NMS Y
Eastern Tropical BI hal d
17 Costa Rica Dome as e.r.n ropica ue whate an Year-round
Pacific Ocean Humpback whale
Coral Humpback whale
May through September,
18 Great Barrier Reef Sea/Southwestern and Dwarf minke y g P
. annually
Pacific Ocean whale
Blue whale, Pygmy
blue whale, and December through May,
19 Bonney Upwelling Southern Ocean ; & y
Southern right annually
Whale
Northern Bay of Bengal Bay of
20 and Head of Swatch-of-No-|  Bengal/Northern Bryde’s whale Year-round
Ground (SONG) Indian Ocean
Olympic NMS: December,
J , March, and May,
Olympic Coast NMS and anuary anerJCaII a.m ay
The Prairie, Barkley Northeastern Pacific . V;
21 . Humpback whale  [The Prairie, Barkley Canyon
Canyon, and Nitinat Ocean .
and Nitinat Canyon: June
Canyon
through September,
annually
Southwest Atlantic August through November,
22 Abrolhos Bank ! Humpback whale & &
Ocean annually
Grand Manan North North Atlantic right June through December,
23 - Bay of Fundy
Atlantic Right Whale whale annually
24 Eastern Gulf of Mexico Gulf of Mexico Bryde’s whale Year-round
Gulf of Corcovado,
25 Southern Coastal Chile Blue whale February to April, annually

Southeast Pacific
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Table 2-1. Existing 29 Offshore Biologically Important Areas (OBIAs) for SURTASS LFA Sonar,
the Relevant Marine Mammal Species, and the Effective Seasonal Period for each OBIA.

Relevant Low-
OBIA Location/Water ) Effectiveness Seasonal
Name of OBIA Frequency Marine )
Number Body ) Period
Mammal Species
North-Central Indi D ber th h April,
26 Offshore Sri Lanka or entralindian Blue whale ecember through Apri
Ocean annually
Southeast Indian
Camden Sound/Kimberl June through September,
27 . / y Ocean; northwestern | Humpback whale & P
Region . annually
Australia
Southeast Indian Pygmy blue
J th h May,
28 Perth Canyon Ocean; southwestern | whale/Blue whale; anuarznn:;tljlg ay
Australia Sperm whale y
Southwest Australi Southern Ocean;
29 outhwest Austratia Sperm whale Year-round
Canyons southwestern

e Summer: June, July, and August

e Fall: September, October, and November.

For consistency, the seasonality for marine mammals in all model areas is presented according to this
monthly arrangement, even for the one model area located in the southern hemisphere. Winter

(December, January, and February) in the southern hemisphere is austral summer, when for instance,
most baleen whales would be expected to be foraging in Antarctic waters.
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Figure 2-2. Locations of the 29 Existing Marine Mammal Offshore Biologically Important Areas (OBIAs) for SURTASS LFA Sonar (the Names
of OBIAs by Number Follows).
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FIGURE 2-2: EXISTING OBIA NAMES BY NUMBER

Georges Bank 16.

Roseway Basin Right Whale Conservation Area

Great South Channel, U.S. Gulf of Maine, and Stellwagen 17.

Bank National Marine Sanctuary 18.

Southeastern U.S. Right Whale Critical Habitat 19.

North Pacific Right Whale Critical Habitat 20.

Navidad Bank

Coastal Waters of Gabon, Congo and Equatorial Guinea 21.

Patagonian Shelf Break

Southern Right Whale Seasonal Habitat 22.
. Central California National Marine Sanctuaries 23.
. Antarctic Convergence Zone 24.
. Piltun and Chayvo Offshore Feeding Grounds 25.
. Coastal Waters off Madagascar 26.
. Madagascar Plateau, Madagascar Ridge, and Walters 27.

Shoal 28.
. Ligurian-Corsican- Provencal Basin and Western 29.

Pelagos Sanctuary
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Penguin Bank, Hawaiian Islands Humpback Whale
National Marine Sanctuary

Costa Rica Dome

Great Barrier Reef Between 16°S and 21°S

Bonney Upwelling

Northern Bay of Bengal and Head of Swatch-of-No-Ground
(SoNG)

Olympic Coast National Marine Sanctuary, The Prairie,
Barkley Canyon, and Nitinat Canyon

Abrolhos Bank

Grand Manan North Atlantic Right Whale Critical Habitat
Eastern Gulf of Mexico

Southern Coastal Chile

Offshore Sri Lanka

Camden Sound/Kimberly Region

Perth Canyon

Southwest Australia Canyons
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Figure 2-3. Locations of the Four OBIAs (16, 20, 26, and 27) in the SURTASS LFA Sonar Study Area.
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Table 2-2. Locations of the 15 Representative Model Areas for SURTASS LFA Sonar
Training and Testing Activities with the Nominal Center of each Area.

Location of Model Area

Model Area Model Area Name Notes
Center
o o Adjacent to Navy Japan
1 East of J 38°N, 148°E
astof Japan Complex OPAREA
Adjacent to Navy
2 North Philippine Sea 29°N, 136°E Japan/Okinawa Complex
OPAREA
3 West Philippine Sea 22°N/124°E
4 Offshore Guam 11°N, 145°E Navy Manana.ls'lands Testing
and Training Area
5 Sea of Japan 39°N, 132°E
. o . Navy Japan/Okinawa Complex
6 East China Sea 26°N, 125°E OPAREA
7 South China Sea 14°N, 114°E
8 Offshore Japan 25° to 40°N 30°N, 165°E
9 Offshore Japan 10° to 25°N 15°N, 165°E
Navy Hawaii-Southern California
10 Hawaii North 25°N, 158°W Training and Testing Area;
Hawaii Operating Area
Navy Hawaii-Southern
11 Hawaii South 19.5°N, 158.5°W California Training and Testing
Area; Hawaii Operating Area
12 Offshore Sri Lanka 5°N, 85°E
13 Andaman Sea 7.5°N, 96°E
14 Northwest of Australia 18°S, 110°E
15 Northeast of Japan 52°N, 163°E
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3 MARINE MAMMALS

Requirement 3: The species and numbers of marine mammals likely to be found within an activity area.

To establish the marine mammal species or stocks potentially affected by SURTASS LFA sonar activities,
two essential screening criteria were applied: the species or stocks had to occur at least seasonally in a
representative model area and had to possess sensory organs or tissues that allow the marine mammals
to perceive the LF sounds produced by the sonar. Only those species of marine mammals meeting these
criteria are considered further in this application.

In cases where direct evidence of acoustic sensitivity to LF or any other frequency range is lacking for a
species, reasonable indirect evidence was used to support the evaluation (e.g., there is no direct
evidence that a species hears LF sound but good evidence exists that the species produces LF sound). In
cases where important biological information was not available or was insufficient for one species but
data were available for a related species, the comparable data were used. Additional attention was
given to species with either special protected stock status or limited potential for reproductive
replacement in the event of mortality.

3.1 Marine Mammal Species Occurrence

Forty-eight species or species groups (e.g., Mesoplodon spp.) representing 139 stocks of marine
mammals capable of perceiving LF sounds potentially occur in the ocean areas in which SURTASS LFA
sonar may be used (Society for Marine Mammalogy [SMM], 2017). Included are ten species of mysticete
(baleen) whales, 33 species/species groups of odontocete (toothed) whales (31 individual species), and
five species of pinnipeds (Table 3-1). Some of these species are only found seasonally in the SURTASS
LFA study area while others occur year-round. Due to the restrictions imposed by no training and testing
activities being conducted in the territorial seas of foreign nations as well as the geographic mitigation
measures for the power level of LFA sonar in the coastal standoff range and OBIAs, coastally-occurring,
inshore, and nearshore species, such as sirenians and river dolphins, are not included in the underwater
acoustic risk assessment completed for SURTASS LFA sonar training and testing activities.

3.2 Marine Mammal Abundance and Density Estimates

For this application and the Draft SEIS/SOEIS (DoN, 2018a), risk to the possible 48 marine mammal
species/species groups associated with the transmission of LF sound was derived for 15 potential
SURTASS LFA sonar model areas (Table 2-2). Although the distribution of many marine mammal species
is irregular and highly dependent upon geography, oceanography, and seasonality, population (density
and abundance) estimates for each marine mammal species or stock occurring in an activity area are
critical components of the analytical estimation methodology to assess risk to marine mammal
populations from activities occurring in the marine environment.

The process for developing density and abundance estimates for every species possibly occurring in the
potential model areas was a multi-step procedure that first utilized data with the highest degree of
fidelity. Abundance estimates are typically more available than are density estimates, which require

3-1
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Table 3-1. Marine Mammal Species Evaluated in this Application for Potential Effects Associated with Exposure to
SURTASS LFA Sonar and their Status Under the ESA and MMPA. Taxonomy Follows that of the Society for Marine

Mammalogy (2017), with Species Shown in Alphabetical Order within each Family.

Family

Marine Mammal Species

ESA Status

MMPA Status

Cetaceans—Mlysticetes

Balaenidae

North Pacific right whale (Eubalaena japonica)

Endangered

Depleted

Eschrichtiidae

Gray whale (Eschrichtius robustus)

Endangered—Western
North Pacific DPS

Depleted—Western
North Pacific DPS

Balaenopteridae

Antarctic minke whale (Balaenoptera bonaerensis)

Blue whale (Balaenoptera musculus)
Pygmy: Balaenoptera musculus brevicauda
Northern: Balaenoptera musculus musculus
Northern Indian: Balaenoptera musculus indica

Endangered

Depleted

Bryde's whale (Balaenoptera edeni)?

Common minke whale (Balaenoptera acutorostrata)
North Pacific: Balaenoptera acutorostrata scammoni

Fin whale (Balaenoptera physalus)
Northern: Balaenoptera physalus physalus
Southern: Balaenoptera physalus quoyi

Endangered

Depleted

Humpback whale (Megaptera novaeangliae)
North Pacific: Megaptera novaeangliae kuzira
Southern: Megaptera novaeangliae australis

Endangered—Western
North Pacific DPS

Depleted

Omura’s whale (Balaenoptera omurai)

Sei whale (Balaenoptera borealis)
Northern: Balaenoptera borealis borealis
Southern: Balaenoptera borealis schlegelii

Endangered

Depleted

Cetaceans—Odontocetes

Physeteridae

Sperm whale (Physeter macrocephalus)

Endangered

Depleted

Kogiidae

Dwarf sperm whale (Kogia sima)

Pygmy sperm whale (Kogia breviceps)

2

The Gulf of Mexico population of Bryde’s whale has been proposed for listing as endangered under the ESA, but this DPS does not occur in the study area for SURTASS LFA sonar.

3-2

Marine Mammals



LOA and Rulemaking Application Under MMPA for Use of SURTASS LFA Sonar

Table 3-1. Marine Mammal Species Evaluated in this Application for Potential Effects Associated with Exposure to
SURTASS LFA Sonar and their Status Under the ESA and MMPA. Taxonomy Follows that of the Society for Marine

Mammalogy (2017), with Species Shown in Alphabetical Order within each Family.

Family

Marine Mammal Species

ESA Status

MMPA Status

Ziphiidae

Baird’s beaked whale (Berardius bairdii)

Blainville’s beaked whale (Mesoplodon densirostris)

Cuvier’s beaked whale (Ziphius cavirostris)

Deraniyagala’s beaked whale (Mesoplodon hotaula)

Ginkgo-toothed beaked whale (Mesoplodon ginkgodens)

Hubbs’ beaked whale (Mesoplodon carlshubbsi)

Longman’s beaked whale (Indopacetus pacificus)

Southern bottlenose whale (Hyperodon planifrons)

Spade-toothed beaked whale (Mesoplodon traversii)

Stejneger’s beaked whale (Mesoplodon stejnegeri)

Delphinidae

Common dolphin (Delphinus delphis)
Indo-Pacific: Delphinus delphis tropicalis

Common bottlenose dolphin (Tursiops truncatus
truncatus)

False killer whale (Pseudorca crassidens)

Endangered—Main
Hawaiian Islands Insular DPS

Depleted—Main
Hawaiian Islands
Insular DPS

Fraser’s dolphin (Lagenodelphis hosei)

Indo-Pacific bottlenose dolphin (Tursiops aduncus)

Killer whale (Orcinus orca)?

Melon-headed whale (Peponocephala electra)

Northern right whale dolphin (Lissodelphis borealis)

Pacific white-sided dolphin (Lagenorhynchus obliquidens)

Pantropical spotted dolphin (Stenella attenuata)

Pygmy killer whale (Feresa attenuata)

3

The Southern Resident killer whale DPS is listed as endangered, but this DPS occurs principally in U.S. and Canadian inland waters, which is not located in the study area for SURTASS LFA sonar.
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Table 3-1. Marine Mammal Species Evaluated in this Application for Potential Effects Associated with Exposure to
SURTASS LFA Sonar and their Status Under the ESA and MMPA. Taxonomy Follows that of the Society for Marine
Mammalogy (2017), with Species Shown in Alphabetical Order within each Family.

Family

Marine Mammal Species

ESA Status

MMPA Status

Delphinidae (Continued)

Risso’s dolphin (Grampus griseus)

Rough-toothed dolphin (Steno bredanensis)

Short-finned pilot whale (Globicephala macrorhynchus)

Spinner dolphin (Stenella longirostris)

Striped dolphin (Stenella coeruleoalba)

Phocoenidae

Dall’s porpoise (Phocoenoides dalli)
dalli-type: Phocoenoides dalli dalli
truei-type: Phocoenoides dalli truei

Harbor porpoise (Phocoena phocoena)

Pinnipeds

Otariidae

Northern fur seal (Callorhinus ursinus)

Western Steller sea lion (Eumetopias jubatus jubatus)

Endangered—Western
DPS/stock

Depleted

Phocidae

Hawaiian monk seal (Neomonachus schauinslandi)

Endangered

Depleted

Ribbon seal (Histriophoca fasciata)

Spotted seal (Phoca largha)

Threatened—Southern DPS

Depleted—Southern
DPS
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more sophisticated sampling and analysis and are not always available for each species/stocks or distinct
population segment (DPS) in all model areas. In the rare cases where no abundance estimates were
available for the stock of a species, an abundance derived for another stock of the same species or for a
similar species in the same oceanographic area might be used as a surrogate abundance. These
population data were derived using the best available information and data (Table 3-2), including the
most current NMFS final Stock Assessment Reports (SARs) for U.S. Alaska and North Pacific waters
(Carretta et al., 2018; Muto et al., 2018), respectively, or the SAR that was relevant for a species’ or
stock’s information.

To derive density estimates, direct estimates from line-transect surveys that occurred in or near each of
the 15 model areas were utilized first (e.g., Bradford et al., 2017). However, density estimates require
more sophisticated sampling and analysis and were not always available for each species/stock at all
model areas. When density estimates were not available from a survey in the study area, density
estimates from a region with similar oceanographic characteristics were extrapolated to the study area.
For example, the eastern tropical Pacific has been extensively surveyed and provides a comprehensive
understanding of marine mammals in temperate oceanic waters (Ferguson and Barlow, 2001, 2003).
Densities for some model areas were also derived from the Navy’s Marine Species Density Database
(DoN, 2018b). Last, density estimates are usually not available for rare marine mammal species or for
those that have been newly defined (e.g., the Deraniyagala’s beaked whale). For such species, the
lowest density estimate of 0.0001 animals per square kilometer (animals/km?2) was used in the risk
analysis for SURTASS LFA sonar to reflect the low probability of occurrence in a specific SURTASS LFA
sonar model area. Further, density estimates are sometimes pooled for species of the same genus if
sufficient data are not available to compute a density for individual species or the species are difficult to
distinguish at sea. This is often the case for beaked whales (e.g., Mesoplodon spp.), as well as the pygmy
and dwarf sperm whales (Kogia spp.). Density estimates are available for these species groups rather
than the individual species (Table 3-2).
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Table 3-2. Marine Mammal Species, Stocks (DPSs), Abundance Estimates, and Density Estimates by Season as well as the
Associated References for the 15 Representative SURTASS LFA Sonar Model Areas in the Central and Western North Pacific
Ocean and Eastern Indian Ocean (References Shown at End of Table).

Marine Mammal Species Stock Name* Abundance GG - Densit%l faDimatelnelins L)
References Winter ‘ Spring ‘ Summer ‘ Fall reference(s)
Model Area #1: East of Japan
Blue whale WNP 9,250 1,41,42 0.00001 0.00001 0.00001 1,2,3,4
Bryde’s whale WNP 20,501 43 0.0006 0.0006 0.0006 0.0006 5
Common minke whale WNP OE 25,049 6, 38, 56 0.0022 0.0022 0.0022 0.0022 6, 38
Fin whale WNP 9,250 1,44 0.0002 0.0002 1
Humpback whale WNP ;tpc;i.k and 1,328 45 0.00036 0.00036 4,7
North Pacific right whale WNP 922 46 0.00001 0.00001
Sei whale NP 7,000 1,47 0.0006 0.0006 0.0006 0.0006 1,8
Baird’s beaked whale WNP 5,688 48, 49 0.0029 0.0029 9
Common dolphin WNP 3,286,163 2,3 0.0761 0.0761 0.0761 0.0761 2,3
Common bottlenose dolphin WNgff':ﬁgtr:em 100,281 10, 49 0.0171 0.0171 0.0171 0.0171 10
Cuvier’s beaked whale WNP 90,725 2,3 0.0031 0.0031 0.0031 0.0031 2,3
Dall’s porpoise (truei) WNP truei 178,157 49, 57 0.0390 0.0520 0.0520 2,3
False killer whale WNP 16,668 10 0.0036 0.0036 0.0036 0.0036 10
Ginkgo-toothed beaked whale NP 22,799 2,3 0.0005 0.0005 0.0005 0.0005 2,3
Harbor porpoise WNP 31,046 11,50 0.0190 0.0190 0.0190 0.0190 11
Hubbs’ beaked whale NP 22,799 2,3 0.0005 0.0005 0.0005 0.0005 2,3

NP=North Pacific, WNP=Western North Pacific; CNP=Central North Pacific; WP=Western Pacific; ECS=East China Sea; SOJ=Sea of Japan; IA=Inshore Archipelago; IND=Indian; NIND=Northern
Indian; SIND=Southern Indian; WAU=Western Australia; ANT=Antarctic; SH= Southern Hemisphere; YS=Yellow Sea; OE=Offshore; OW=Nearshore; JW=Sea of Japan (minke); JE=Pacific coast of
Japan

No density in a season means that the marine mammal is not expected to occur in that mission area during that season.

DPS=distinct population segment, which is a discrete population or group of populations of the same species that is significant to the entire species. Populations are identified stocks under the
MMPA and as DPSs under the ESA. Thus, the humpback whale and other species are listed by stock and DPS (DPS/stock) where relevant.

A density value of 0.00001 with no reference citation indicates that no density was available for this species; because a density was necessary to compute takes, the lowest value possible was
assigned to the data-sparse species for the purpose of impact estimation.
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Table 3-2. Marine Mammal Species, Stocks (DPSs), Abundance Estimates, and Density Estimates by Season as well as the
Associated References for the 15 Representative SURTASS LFA Sonar Model Areas in the Central and Western North Pacific
Ocean and Eastern Indian Ocean (References Shown at End of Table).

Marine Mammal Species Stock Name* Abundance GG - De"s"%' faDimatelnelins L)
References Winter Spring Summer Fall reference(s)
Killer whale WNP 12,256 2,3 0.0001 0.0001 0.0001 0.0001 12
Kogia spp. WNP 350,553 2,3 0.0031 0.0031 0.0031 0.0031 2,3
Pacific white-sided dolphin NP 931,000 20 0.0082 0.0082 0.0082 0.0082 2,3
Pantropical spotted dolphin WNP 130,002 51 0.0259 0.0259 10
Pygmy killer whale WNP 30,214 2,3 0.0021 0.0021 0.0021 0.0021 2,3
Risso’s dolphin WNP 143,374 51 0.0097 0.0097 0.0097 0.0097 10
Rough-toothed dolphin WNP 5,002 51 0.00224 0.00224 0.00224 0.00224 21
Short-finned pilot whale WNP Northern 20,884 10 0.0128 0.0128 0.0128 0.0128 10
Sperm whale NP 102,112 52,53 0.00123 0.00123 0.00123 0.00123 13
Spinner dolphin WNP 1,015,059 2,3 0.00083 0.00083 14
Stejneger’s beaked whale WNP 8,000 9 0.0005 0.0005 0.0005 0.0005 2,3
Striped dolphin WNgff'\:ﬁ:r:em 497,725 10, 49 0.0111 0.0111 0.0111 0.0111 10
Northern fur seal WP 503,609 54,55 0.368 0.158 37
Model Area #2: North Philippine Sea
Blue whale WNP 9,250 1,41, 42 0.00001 0.00001 0.00001 1,2,3,4
Bryde’s whale WNP 20,501 43 0.0006 0.0006 0.0006 0.0006 5
Common minke whale WNP OE 25,049 6, 38, 56 0.0044 0.0044 0.0044 0.0044 6, 38
Fin whale WNP 9,250 1,44 0.0002 0.0002 1
Humpback whale WNP ‘EtF?SCk and 1,328 45 0.00089 | 0.00089 0.00089 4,7
North Pacific right whale WNP 922 46 0.00001 0.00001
Omura’s whale WNP 1,800 58 0.00004 0.00004 0.00004 0.00004 15
Blainville’s beaked whale WNP 8,032 2,3 0.0005 0.0005 0.0005 0.0005 2,3
Common dolphin WNP 3,286,163 2,3 0.0562 0.0562 0.0562 0.0562 2,3
Common bottlenose dolphin Japanese Coastal 3,516 51 0.0146 0.0146 0.0146 0.0146 10
Cuvier’s beaked whale WNP 90,725 2,3 0.0054 0.0054 0.0054 0.0054 2,3
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Table 3-2. Marine Mammal Species, Stocks (DPSs), Abundance Estimates, and Density Estimates by Season as well as the
Associated References for the 15 Representative SURTASS LFA Sonar Model Areas in the Central and Western North Pacific
Ocean and Eastern Indian Ocean (References Shown at End of Table).

Marine Mammal Species Stock Name* Abundance GG - De"s"%' faDimatelnelins L)
References Winter Spring Summer Fall reference(s)
False killer whale WNP 16,668 10 0.0029 0.0029 0.0029 0.0029 10
Fraser’s dolphin WNP 220,789 2,3 0.0069 0.0069 0.0069 0.0069 16
Ginkgo-toothed beaked whale NP 22,799 2,3 0.0005 0.0005 0.0005 0.0005 2,3
Killer whale WNP 12,256 2,3 0.00009 0.00009 0.00009 0.00009 12
Kogia spp. WNP 350,553 2,3 0.0031 0.0031 0.0031 0.0031 2,3
Longman’s beaked whale WNP 7,619 19 0.00025 0.00025 0.00025 0.00025 12
Melon-headed whale WNP 56,213 51 0.00428 0.00428 0.00428 0.00428 13
Pacific white-sided dolphin NP 931,000 20 0.0119 0.0119 2,3
Pantropical spotted dolphin WNP 130,002 51 0.0137 0.0137 0.0137 0.0137 10
Pygmy killer whale WNP 30,214 2,3 0.0021 0.0021 0.0021 0.0021 2,3
Risso’s dolphin WNP 143,374 51 0.0106 0.0106 0.0106 0.0106 10
Rough-toothed dolphin WNP 5,002 51 0.00224 0.00224 0.00224 0.00224 21
Short-finned pilot whale WNP Southern 31,396 51 0.0153 0.0153 0.0153 0.0153 10
Sperm whale NP 102,112 52,53 0.00123 0.00123 0.00123 0.00123 13
Spinner dolphin WNP 1,015,059 2,3 0.00083 0.00083 0.00083 0.00083 14
Striped dolphin Japanese Coastal 19,631 11,49 0.0329 0.0329 0.0329 0.0329 10
Model Area #3: West Philippine Sea
Blue whale WNP 9,250 1,41,42 0.00001 0.00001 0.00001 1,2,3,4
Bryde’s whale WNP 20,501 43 0.0006 0.0006 0.0006 0.0006 5
Common minke whale WNP OE 25,049 6, 38, 56 0.0033 0.0033 0.0033 0.0033 6, 38
Fin whale WNP 9,250 1,44 0.0002 0.0002 1
Humpback whale WNP ‘EtsSCk and 1,328 45 0.00089 0.00089 0.00089 4,18
Omura’s whale WNP 1,800 58 0.00004 0.00004 0.00004 0.00004 15
Blainville’s beaked whale WNP 8,032 2,3 0.0005 0.0005 0.0005 0.0005 2,3
Common dolphin WNP 3,286,163 2,3 0.1158 0.1158 0.1158 0.1158 17
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Table 3-2. Marine Mammal Species, Stocks (DPSs), Abundance Estimates, and Density Estimates by Season as well as the
Associated References for the 15 Representative SURTASS LFA Sonar Model Areas in the Central and Western North Pacific
Ocean and Eastern Indian Ocean (References Shown at End of Table).

Marine Mammal Species Stock Name* Abundance GG - Densit%l faDimatelnelins L)
References Winter Spring Summer Fall reference(s)
Common bottlenose dolphin WN;;‘::;”" 40,769 51 0.0146 0.0146 0.0146 0.0146 10
Cuvier’s beaked whale WNP 90,725 2,3 0.0003 0.0003 0.0003 0.0003 2,3
Deraniyagala’s beaked whale NP 22,799 2,3,59 0.0005 0.0005 0.0005 0.0005 2,3
False killer whale WNP 16,668 10 0.0029 0.0029 0.0029 0.0029 10
Fraser’s dolphin WNP 220,789 2,3 0.0069 0.0069 0.0069 0.0069 16
Ginkgo-toothed beaked whale NP 22,799 2,3 0.0005 0.0005 0.0005 0.0005 2,3
Killer whale WNP 12,256 2,3 0.00009 0.00009 0.00009 0.00009 12
Kogia spp. WNP 350,553 2,3 0.0017 0.0017 0.0017 0.0017 2,3
Longman’s beaked whale WNP 7,619 19 0.00025 0.00025 0.00025 0.00025 12
Melon-headed whale WNP 56,213 51 0.00428 0.00428 0.00428 0.00428 13
Pantropical spotted dolphin WNP 130,002 51 0.0137 0.0137 0.0137 0.0137 10
Pygmy killer whale WNP 30,214 2,3 0.0021 0.0021 0.0021 0.0021 2,3
Risso’s dolphin WNP 143,374 51 0.0106 0.0106 0.0106 0.0106 10
Rough-toothed dolphin WNP 5,002 51 0.00224 0.00224 0.00224 0.00224 21
Short-finned pilot whale WNP Southern 31,396 51 0.0076 0.0076 0.0076 0.0076 10
Sperm whale NP 102,112 52,53 0.00123 0.00123 0.00123 0.00123 13
Spinner dolphin WNP 1,015,059 2,3 0.00083 0.00083 0.00083 0.00083 14
Striped dolphin WNgff;‘grzem 52,682 10, 49 0.0164 0.0164 0.0164 0.0164 10
Model Area #4: Offshore Guam
Blue whale WNP 9,250 1,41, 42 0.00001 0.00001 0.00001 1,2,3,4,13
Bryde’s whale WNP 20,501 43 0.0004 0.0004 0.0004 0.0004 13
Common minke whale WNP OE 25,049 6, 38, 56 0.00015 0.00015 0.00015 0.00015 39
Fin whale WNP 9,250 1,44 0.00001 0.00001 0.00001 2,3
Humpback whale WNP ‘EtF?SCk and 1,328 45 0.00089 0.00089 0.00089 4,18
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Table 3-2. Marine Mammal Species, Stocks (DPSs), Abundance Estimates, and Density Estimates by Season as well as the
Associated References for the 15 Representative SURTASS LFA Sonar Model Areas in the Central and Western North Pacific
Ocean and Eastern Indian Ocean (References Shown at End of Table).

Marine Mammal Species Stock Name* Abundance GG - De"s"%' faDimatelnelins L)
References Winter Spring Summer Fall reference(s)
Omura’s whale WNP 1,800 15,58 0.00004 0.00004 0.00004 0.00004 15
Sei whale NP 7,000 1,47 0.00029 0.00029 0.00029 13
Blainville’s beaked whale WNP 8,032 2,3 0.00086 0.00086 0.00086 0.00086 19
Common bottlenose dolphin WNgffS%‘:rzem 40,769 51 0.00899 0.00899 0.00899 0.00899 19
Cuvier’s beaked whale WNP 90,725 2,3 0.0003 0.0003 0.0003 0.0003 19
Deraniyagala’s beaked whale NP 22,799 2,3 0.00093 0.00093 0.00093 0.00093 2,3
Dwarf sperm whale WNP 350,553 2,3 0.00714 0.00714 0.00714 0.00714 14
False killer whale WNP 16,668 10 0.00111 0.00111 0.00111 0.00111 13
Fraser’s dolphin CNP 16,992 16 0.02104 0.02104 0.02104 0.02104 19
Ginkgo-toothed beaked whale NP 22,799 2,3 0.00093 0.00093 0.00093 0.00093 2,3
Killer whale WNP 12,256 2,3 0.00006 0.00006 0.00006 0.00006 19
Longman’s beaked whale WNP 7,619 19 0.00311 0.00311 0.00311 0.00311 19
Melon-headed whale WNP 56,213 51 0.00428 0.00428 0.00428 0.00428 13
Pantropical spotted dolphin WNP 130,002 51 0.0226 0.0226 0.0226 0.0226 13
Pygmy killer whale WNP 30,214 2,3 0.00014 0.00014 0.00014 0.00014 13
Pygmy sperm whale WNP 350,553 2,3 0.00291 0.00291 0.00291 0.00291 14
Risso’s dolphin WNP 143,374 51 0.00474 0.00474 0.00474 0.00474 19
Rough-toothed dolphin WNP 5,002 51 0.00185 0.00185 0.00185 0.00185 12
Short-finned pilot whale WNP Southern 31,396 51 0.00797 0.00797 0.00797 0.00797 19
Sperm whale NP 102,112 52,53 0.00123 0.00123 0.00123 0.00123 13
Spinner dolphin WNP 1,015,059 2,3 0.00083 0.00083 0.00083 0.00083 14
Striped dolphin WNP 52,682 10, 49 0.00616 0.00616 0.00616 0.00616 13
Model Area #5: Sea of Japan
Bryde’s whale WNP 20,501 43 0.0001 0.0001 0.0001 0.0001 2,3
Common minke whale WNP JW 2,611 38 0.00016 0.00016 0.00016 0.00016 2,3
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Table 3-2. Marine Mammal Species, Stocks (DPSs), Abundance Estimates, and Density Estimates by Season as well as the
Associated References for the 15 Representative SURTASS LFA Sonar Model Areas in the Central and Western North Pacific
Ocean and Eastern Indian Ocean (References Shown at End of Table).

Marine Mammal Species Stock Name* Abundance GG - De"s"%' faDimatelnelins L)
References Winter ‘ Spring ‘ Summer ‘ Fall reference(s)
Fin whale WNP 9,250 1,44 0.0009 0.0009 0.0009 2,3
North Pacific right whale WNP 922 46 0.00001 0.00001
Omura’s whale WNP 1,800 15,58 0.00004 0.00004 0.00004 0.00004 15
VWV::T:F” North Pacific gray \AVXE '::ei:’sgs 140 41, 60 0.00001 | 0.0001 | 0.00001 | 0.00001
Baird’s beaked whale WNP 5,688 48, 49 0.0003 0.0003 0.0003 9
Common dolphin WNP 279,182 17 0.1158 0.1158 0.1158 0.1158 17
Common bottlenose dolphin 1A 105,138 10, 48 0.00077 0.00077 0.00077 0.00077 12
Cuvier’s beaked whale WNP 90,725 2,3 0.0031 0.0031 0.0031 0.0031 2,3
Dall’s porpoise SOJ dalli 173,638 61 0.0520 0.0520 0.0520 2,3
False killer whale 1A 9,777 10, 48 0.0027 0.0027 0.0027 0.0027 2,3
Harbor porpoise WNP 31,046 11,50 0.0190 0.0190 0.0190 11
Killer whale WNP 12,256 2,3 0.00009 0.00009 0.00009 0.00009 12
Kogia spp. WNP 350,553 2,3 0.0017 0.0017 0.0017 0.0017 2,3
Pacific white-sided dolphin NP 931,000 10, 20 0.0030 0.0030 3
Risso’s dolphin 1A 143,374 51 0.0073 0.0073 0.0073 0.0073 10
Rough-toothed dolphin WNP 5,002 51 0.00224 0.00224 0.00224 0.00224 21
Sperm whale NP 102,112 52,53 0.00123 0.00123 0.00123 0.00123 13
Spinner dolphin WNP 1,015,059 2,3 0.00083 0.00083 14
Stejneger’s beaked whale WNP 8,000 9 0.0005 0.0005 0.0005 0.0005 2,3
Northern fur seal WP 503,609 54,55 0.368 0.158 37
Spotted seal Souat:zr;s;“k 3,500 62, 63, 64 0.00001 0.00001 0.00001 0.00001
Model Area #6: East China Sea
Bryde’s whale ECS 137 65 0.0003 0.0003 0.0003 0.0003 12
Common minke whale YS 4,492 38, 66 0.0018 0.0018 0.0018 0.0018 6
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Table 3-2. Marine Mammal Species, Stocks (DPSs), Abundance Estimates, and Density Estimates by Season as well as the
Associated References for the 15 Representative SURTASS LFA Sonar Model Areas in the Central and Western North Pacific
Ocean and Eastern Indian Ocean (References Shown at End of Table).

Marine Mammal Species Stock Name* Abundance GG - De"s"%' faDimatelnelins L)

References Winter ‘ Spring ‘ Summer ‘ Fall reference(s)
Fin whale ECS 500 1,44, 67 0.0002 0.0002 0.0002 0.0002 1
North Pacific right whale WNP 922 46 0.00001 0.00001
Omura’s whale WNP 1,800 15, 58 0.00004 0.00004 0.00004 0.00004 15
VWV::T:F” North Pacific gray \AVXE '::ei:’sgs 140 41 0.00001 | 0.00001 0.00001
Blainville’s beaked whale WNP 8,032 2,3 0.0005 0.0005 0.0005 0.0005 2,3
Common dolphin WNP 279,182 17 0.1158 0.1158 0.1158 0.1158 17
Common bottlenose dolphin 1A 105,138 10, 48 0.00077 0.00077 0.00077 0.00077 12
Cuvier’s beaked whale WNP 90,725 2,3 0.0003 0.0003 0.0003 0.0003 2,3
False killer whale 1A 9,777 10, 48 0.00111 0.00111 0.00111 0.00111 13
Fraser’s dolphin WNP 220,789 2,3 0.00694 0.00694 0.00694 0.00694 16
Ginkgo-toothed beaked whale NP 22,799 2,3 0.0005 0.0005 0.0005 0.0005 2,3
Killer whale WNP 12,256 2,3 0.00009 0.00009 0.00009 0.00009 12
Kogia spp. WNP 350,553 2,3 0.0017 0.0017 0.0017 0.0017 2,3
Longman’s beaked whale WNP 7,619 19 0.00025 0.00025 0.00025 0.00025 12
Melon-headed whale WNP 56,213 51 0.00428 0.00428 0.00428 0.00428 13
Pacific white-sided dolphin NP 931,000 10, 20 0.0028 0.0028 2,3
Pantropical spotted dolphin WNP 130,002 51 0.01374 0.01374 0.01374 0.01374 10
Pygmy killer whale WNP 30,214 2,3 0.00014 0.00014 0.00014 0.00014 13
Risso’s dolphin 1A 143,374 51 0.0106 0.0106 0.0106 0.0106 10
Rough-toothed dolphin WNP 5,002 51 0.00224 0.00224 0.00224 0.00224 21
Sperm whale NP 102,112 52,53 0.00123 0.00123 0.00123 0.00123 13
Spinner dolphin WNP 1,015,059 2,3 0.00083 0.00083 0.00083 0.00083 14
Spotted seal Souat:zrglf;“k 1,000 62 0.00001 | 0.00001 | 0.00001 | 0.00001
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Table 3-2. Marine Mammal Species, Stocks (DPSs), Abundance Estimates, and Density Estimates by Season as well as the
Associated References for the 15 Representative SURTASS LFA Sonar Model Areas in the Central and Western North Pacific
Ocean and Eastern Indian Ocean (References Shown at End of Table).

Marine Mammal Species Stock Name* Abundance GG - De"s"%' faDimatelnelins L)
References Winter ‘ Spring ‘ Summer ‘ Fall reference(s)
Model Area #7: South China Sea
Bryde’s whale WNP 20,501 43 0.0006 0.0006 0.0006 0.0006
Common minke whale YS 4,492 38, 66 0.0018 0.0018 0.0018 0.0018
Fin whale WNP 9,250 1,44 0.0002 0.0002 0.0002
Humpback whale WNP ‘EtF?SCk and 1,328 45 0.00036 0.00036 0.00036 4,18
North Pacific right whale WNP 922 46 0.00001 0.00001
Omura’s whale WNP 1,800 15, 58 0.00004 0.00004 0.00004 0.00004 15
y::lt:m North Pacific gray V\CL ':fesrtn";'gs 140 41 0.00001 | 0.00001 0.00001
Blainville’s beaked whale WNP 8,032 2,3 0.0005 0.0005 0.0005 0.0005 2,3
Common dolphin WNP 279,182 17 0.1158 0.1158 0.1158 0.1158 17
Common bottlenose dolphin 1A 105,138 48 0.00077 0.00077 0.00077 0.00077 12
Cuvier’s beaked whale WNP 90,725 2,3 0.0003 0.0003 0.0003 0.0003 2,3
Deraniyagala’s beaked whale NP 22,799 2,3,68 0.0005 0.0005 0.0005 0.0005 2,3
False killer whale 1A 9,777 48 0.00111 0.00111 0.00111 0.00111 13
Fraser’s dolphin WNP 220,789 2,3 0.00694 0.00694 0.00694 0.00694 16
Ginkgo-toothed beaked whale NP 22,799 2,3 0.0005 0.0005 0.0005 0.0005 2,3
Killer whale WNP 12,256 2,3 0.00009 0.00009 0.00009 0.00009 12
Kogia spp. WNP 350,553 2,3 0.0017 0.0017 0.0017 0.0017 2,3
Longman’s beaked whale WNP 7,619 19 0.00025 0.00025 0.00025 0.00025 12
Melon-headed whale WNP 56,213 51 0.00428 0.00428 0.00428 0.00428 13
Pantropical spotted dolphin WNP 130,002 51 0.01374 0.01374 0.01374 0.01374 10
Pygmy killer whale WNP 30,214 2,3 0.00014 0.00014 0.00014 0.00014 13
Risso’s dolphin 1A 143,374 51 0.0106 0.0106 0.0106 0.0106 10
Rough-toothed dolphin WNP 5,002 51 0.00224 0.00224 0.00224 0.00224 21
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Table 3-2. Marine Mammal Species, Stocks (DPSs), Abundance Estimates, and Density Estimates by Season as well as the
Associated References for the 15 Representative SURTASS LFA Sonar Model Areas in the Central and Western North Pacific
Ocean and Eastern Indian Ocean (References Shown at End of Table).

Marine Mammal Species Stock Name* Abundance GG - Densit%l faDimatelnelins L)
References Winter ‘ Spring ‘ Summer ‘ Fall reference(s)
Short-finned pilot whale WNP Southern 31,396 51 0.00159 0.00159 0.00159 0.00159 13
Sperm whale NP 102,112 52,53 0.0012 0.0012 0.0012 0.0012 13
Spinner dolphin WNP 1,015,059 2,3 0.00083 0.00083 0.00083 0.00083 14
Striped dolphin WNgf;%‘;trZem 52,682 10,49 0.00584 0.00584 0.00584 0.00584 12
Model Area #8: Offshore Japan/Pacific (252 to 402N)
Blue whale WNP 9,250 1,41,42 0.00001 0.00001 0.00001 1,2,3,4
Bryde’s whale WNP 20,501 43 0.0003 0.0003 0.0003 0.0003 12
Common minke whale WNP OE 25,049 6, 38, 56 0.0003 0.0003 0.0003 0.0003
Fin whale WNP 9,250 1,44 0.0001 0.0001
Humpback whale WNP Sg;’;k and 1,328 45 0.00036 | 0.00036 4,7
Sei whale NP 7,000 1,47 0.00029 0.00029 0.00029 13
Baird’s beaked whale WNP 5,688 48, 49 0.0001 0.0001 0.0001 0.0001 9
Blainville’s beaked whale WNP 8,032 12,17 0.0007 0.0007 0.0007 0.0007 12
Common dolphin WNP 3,286,163 2,3 0.0863 0.0863 0.0863 0.0863 2,3
Common bottlenose dolphin WNgfgﬁ;t:;em 100,281 10, 49 0.00077 | 0.00077 | 0.0077 | 0.00077 12
Cuvier’s beaked whale WNP 90,725 2,3 0.00374 0.00374 0.00374 0.00374 12
Dall’s porpoise WNP dalli 162,000 49, 69 0.0390 0.0520 0.0520 2,3
Dwarf sperm whale WNP 350,553 2,3,17 0.0043 0.0043 0.0043 0.0043 12
False killer whale WNP 16,668 10 0.0036 0.0036 0.0036 0.0036 10
Hubbs’ beaked whale NP 22,799 2,3 0.0005 0.0005 0.0005 0.0005 2,3
Killer whale WNP 12,256 2,3 0.00009 0.00009 0.00009 0.00009 12
Longman’s beaked whale WNP 7,619 19 0.00025 0.00025 0.00025 0.00025 12
Melon-headed whale WNP 56,213 51 0.0027 0.0027 0.0027 0.0027 12
Mesoplodon spp. WNP 22,799 2,3,17 0.0005 0.0005 0.0005 0.0005 2,3
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LOA and Rulemaking Application Under MMPA for Use of SURTASS LFA Sonar

Table 3-2. Marine Mammal Species, Stocks (DPSs), Abundance Estimates, and Density Estimates by Season as well as the
Associated References for the 15 Representative SURTASS LFA Sonar Model Areas in the Central and Western North Pacific
Ocean and Eastern Indian Ocean (References Shown at End of Table).

Marine Mammal Species Stock Name* Abundance GG - De"s"%' faDimatelnelins L)
References Winter ‘ Spring ‘ Summer ‘ Fall reference(s)
Northern right whale dolphin NP 68,000 20 0.00001 0.00001 0.00001
Pacific white-sided dolphin NP 931,000 20 0.0048 0.0048 0.0048 0.0048 2,3
Pantropical spotted dolphin WNP 130,002 51 0.0113 0.0113 0.0113 0.0113 12
Pygmy killer whale WNP 30,214 2,3 0.0001 0.0001 0.0001 0.0001 12
Pygmy sperm whale WNP 350,553 2,3,17 0.0018 0.0018 0.0018 0.0018 12
Risso’s dolphin WNP 143,374 51 0.0005 0.0005 0.0005 0.0005 12
Rough-toothed dolphin WNP 5,002 51 0.0019 0.0019 0.0019 0.0019 12
Short-finned pilot whale WNP Northern 20,884 10 0.0021 0.0021 0.0021 0.0021 12
Sperm whale NP 102,112 52,53 0.0022 0.0022 0.0022 0.0022 12
Spinner dolphin WNP 1,015,059 2,3 0.0019 0.0019 0.0019 0.0019 12
Stejneger’s beaked whale WNP 8,000 9 0.0005 0.0005 0.0005 0.0005 2,3
Striped dolphin WNgfgﬁngem 497,725 10,49 0.0058 0.0058 0.0058 0.0058 12
Hawaiian monk seal Hawaii 1,427 35 0.00001 0.00001 0.00001 0.00001
Northern fur seal Western Pacific 503,609 54, 55 0.0123 20
Model Area #9: Offshore Japan/Pacific (10° to 25°N)
Blue whale WNP 9,250 1,41,42 0.00001 0.00001 0.00001 1,2,3,4
Bryde’s whale WNP 20,501 43 0.0003 0.0003 0.0003 0.0003 12
Fin whale WNP 9,250 1,44 0.00001 0.00001 2,3
Humpback whale WNP ‘;ts;k and 1,328 45 0.00036 | 0.00036 0.00036 4,18
Omura’s whale WNP 1,800 15, 58 0.00004 0.00004 0.00004 0.00004 15
Sei whale NP 7,000 1,47 0.0029 0.0029 13
Blainville’s beaked whale WNP 8,032 12,17 0.0007 0.0007 0.0007 0.0007 12
Common bottlenose dolphin WNgﬁfs%‘:rZem 40,769 51 0.00077 0.00077 0.00077 0.00077 12
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LOA and Rulemaking Application Under MMPA for Use of SURTASS LFA Sonar

Table 3-2. Marine Mammal Species, Stocks (DPSs), Abundance Estimates, and Density Estimates by Season as well as the
Associated References for the 15 Representative SURTASS LFA Sonar Model Areas in the Central and Western North Pacific
Ocean and Eastern Indian Ocean (References Shown at End of Table).

Marine Mammal Species Stock Name* Abundance GG - Densit%l faDimatelnelins L)
References Winter ‘ Spring ‘ Summer ‘ Fall reference(s)
Cuvier’s beaked whale WNP 90,725 2,3 0.00374 0.00374 0.00374 0.00374 12
Deraniyagala’s beaked whale NP 22,799 2,3,68 0.00093 0.00093 0.00093 0.00093 3
Dwarf sperm whale WNP 350,553 2,3 0.0043 0.0043 0.0043 0.0043 12
False killer whale WNP 16,668 10 0.00057 0.00057 0.00057 0.00057 12
Fraser’s dolphin CNP 16,992 16 0.00251 0.00251 0.00251 0.00251 12
Ginkgo-toothed beaked whale NP 22,799 2,3 0.00093 0.00093 0.00093 0.00093 3
Killer whale WNP 12,256 2,3 0.00009 0.00009 0.00009 0.00009 12
Longman’s beaked whale WNP 7,619 19 0.00025 0.00025 0.00025 0.00025 12
Melon-headed whale WNP 56,213 51 0.00267 0.00267 0.00267 0.00267 12
Pantropical spotted dolphin WNP 130,002 51 0.01132 0.01132 0.01132 0.01132 12
Pygmy killer whale WNP 30,214 2,3 0.00006 0.00006 0.00006 0.00006 12
Pygmy sperm whale WNP 350,553 2,3 0.00176 0.00176 0.00176 0.00176 12
Risso’s dolphin WNP 143,374 51 0.00046 0.00046 0.00046 0.00046 12
Rough-toothed dolphin WNP 5,002 51 0.00185 0.00185 0.00185 0.00185 12
Short-finned pilot whale WNP Southern 31,396 51 0.00211 0.00211 0.00211 0.00211 12
Sperm whale NP 102,112 52,53 0.00222 0.00222 0.00222 0.00222 12
Spinner dolphin WNP 1,015,059 2,3 0.00187 0.00187 0.00187 0.00187 12
Striped dolphin WNOPﬁfsi‘g:;em 52,682 10, 49 0.00584 0.00584 0.00584 0.00584 12
Model Area #10: Hawaii North
Blue whale CNP 133 19 0.00005 0.00005 0.00005 19
Bryde’s whale Hawaii 1,751 19 0.000085 0.000085 0.000085 0.000085 21
Common minke whale Hawaii 25,049 6 0.00423 0.00423 0.00423 22
Fin whale Hawaii 154 19 0.00006 0.00006 0.00006 19
Humpback whale ﬁz'\z asitioDc:;é 10,103 7,70 0.00529 0.00529 0.00529 7,23
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LOA and Rulemaking Application Under MMPA for Use of SURTASS LFA Sonar

Table 3-2. Marine Mammal Species, Stocks (DPSs), Abundance Estimates, and Density Estimates by Season as well as the
Associated References for the 15 Representative SURTASS LFA Sonar Model Areas in the Central and Western North Pacific
Ocean and Eastern Indian Ocean (References Shown at End of Table).

Marine Mammal Species Stock Name* Abundance GG - Densit%l faDimatelnelins L)
References Winter ‘ Spring ‘ Summer ‘ Fall reference(s)
Sei whale Hawaii 391 19 0.00016 0.00016 0.00016 19
Blainville’s beaked whale Hawaii 2,105 19 0.00086 0.00086 0.00086 0.00086 19
Hawaii Pelagic 21,815 19 0.00118 0.00118 0.00118 0.00118 21
Kauai/Niihau 184 24,71 0.065 0.065 0.065 0.065 24
Common bottlenose dolphin 4-l1slands 191 24,71 0.017 0.017 0.017 0.017 24
Oahu 743 24,71 0.187 0.187 0.187 0.187 24
Hawaii Island 128 24,71 0.028 0.028 0.028 0.028 24
Cuvier’s beaked whale Hawaii 723 19 0.0003 0.0003 0.0003 0.0003 19
Dwarf sperm whale Hawaii 17,519 14,71 0.00714 0.00714 0.00714 0.00714 14
Hawaii Pelagic 1,540 25,60, 72 0.00060 0.00060 0.00060 0.00060 21, 25,
Main Hawaiian
False killer whale Islands Insular 167 70,73 0.0008 0.0008 0.0008 0.0008 25, 26,
stock and DPS
H':\‘;;T::’ji::;s 617 25,60,72 | 0.00060 | 0.00060 | 0.00060 | 0.00060 21,25
Fraser’s dolphin Hawaii 51,491 19 0.02104 0.02104 0.02104 0.02104 19
Killer whale Hawaii 146 19 0.00006 0.00006 0.00006 0.00006 19
Longman’s beaked whale Hawaii 7,619 19 0.00311 0.00311 0.00311 0.00311 19
Melon-headed whale Hawaiian Islands 8,666 19 0.0020 0.0020 0.0020 0.0020 27
Melon-headed whale Kohala Resident 447 27,71 0.1000 0.1000 0.1000 0.1000 27
Hawaii Pelagic 55,795 19 0.00369 0.00369 0.00369 0.00369 21
Pantropical spotted dolphin Hawaii Island 220 74 0.061 0.061 0.061 0.061 28
Oahu 220 74 0.072 0.072 0.072 0.072 28
Fggr:;?npu';';poued dolphin 4-Islands 220 74 0.061 0.061 0.061 0.061 28
Pygmy killer whale Hawaii 10,640 19 0.00435 0.00435 0.00435 0.00435 19
Pygmy sperm whale Hawaii 7,138 14,71 0.0029 0.0029 0.0029 0.0029 14
3-17

Marine Mammals



LOA and Rulemaking Application Under MMPA for Use of SURTASS LFA Sonar

Table 3-2. Marine Mammal Species, Stocks (DPSs), Abundance Estimates, and Density Estimates by Season as well as the
Associated References for the 15 Representative SURTASS LFA Sonar Model Areas in the Central and Western North Pacific
Ocean and Eastern Indian Ocean (References Shown at End of Table).

Marine Mammal Species Stock Name* Abundance GG - De"s"%' faDimatelnelins L)
References Winter ‘ Spring ‘ Summer ‘ Fall reference(s)
Risso’s dolphin Hawaii 11,613 19 0.00474 0.00474 0.00474 0.00474 19
Rough-toothed dolphin Hawaii 72,528 19 0.00224 0.00224 0.00224 0.00224 21
Short-finned pilot whale Hawaii 19,503 19 0.00459 0.00459 0.00459 0.00459 21
Sperm whale Hawaii 4,559 19 0.00158 0.00158 0.00158 0.00158 21
Hawaii Pelagic 3,351 14 0.00159 0.00159 0.00159 0.00159 21
Kauai/Niihau 601 71 0.097 0.097 0.097 0.097 29
Hawaii Island 631 71 0.066 0.066 0.066 0.066 30
Spinner dolphin 43:'2%5 355 71 0.023 0.023 0.023 0.023 29
K”relﬁ':/gﬁway 260 71 0.0070 0.0070 0.0070 0.0070 14
Pearl and Hermes
Reefs 300 75,76 0.0070 0.0070 0.0070 0.0070 14
Striped dolphin Hawaii 61,201 19 0.00385 0.00385 0.00385 0.00385 21
Hawaiian monk seal Hawaii 1,427 35 0.00004 0.00004 0.00004 0.00004 35, 36
Model Area #11: Hawaii South
Blue whale CNP 133 19 0.00005 0.00005 0.00005 19
Bryde’s whale Hawaii 798 16 0.00012 0.00012 0.00012 0.00012 21
Common minke whale Hawaii 25,049 6 0.00423 0.00423 0.00423 22
Fin whale Hawaii 154 19,70 0.00006 0.00006 0.00006 19
Humpback whale ﬁ:z:ltlo;';é 10,103 7,70 0.00631 | 0.00631 0.00631 7,23
Sei whale Hawaii 391 19 0.00016 0.00016 0.00016 19
Blainville’s beaked whale Hawaii 2,105 19 0.00086 0.00086 0.00086 0.00086 19
Hawaii Pelagic 21,815 19 0.00126 0.00126 0.00126 0.00126 21
Common bottlenose dolphin Oahu 184 24,71 0.187 0.187 0.187 0.187 24
4-Islands 191 24,71 0.017 0.017 0.017 0.017 24
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LOA and Rulemaking Application Under MMPA for Use of SURTASS LFA Sonar

Table 3-2. Marine Mammal Species, Stocks (DPSs), Abundance Estimates, and Density Estimates by Season as well as the
Associated References for the 15 Representative SURTASS LFA Sonar Model Areas in the Central and Western North Pacific
Ocean and Eastern Indian Ocean (References Shown at End of Table).

Density (animals per km?)® i
Marine Mammal Species Stock Name* Abundance GG - y ( = ) 2By
References Winter ‘ Spring ‘ Summer ‘ Fall reference(s)
Common bottlenose d0|phin Hawaii Island 743 24,71 0.028 0.028 0.028 0.028 24
(Continued) Kauai/Niihau 128 24,71 0.065 0.065 0.065 0.065 24
Cuvier’s beaked whale Hawaii 723 19 0.0003 0.0003 0.0003 0.0003 19
Deraniyagala beaked whale NP 22,799 2,3,68 0.00093 0.00093 0.00093 0.00093 2,3
Dwarf sperm whale Hawaii 17,519 14,71 0.00714 0.00714 0.00714 0.00714 14
Hawaii Pelagic 1,540 25,60, 72 0.00086 0.00086 0.00086 0.00086 21,25
False killer whale Main Hawaiian
Islands Insular 167 70,73 0.0008 0.0008 0.0008 0.0008 25, 26
stock and DPS
Fraser’s dolphin Hawaii 51,491 19 0.02104 0.02104 0.02104 0.02104 19
Killer whale Hawaii 146 19 0.00006 0.00006 0.00006 0.00006 19
Longman’s beaked whale Hawaii 7,619 19 0.00311 0.00311 0.00311 0.00311 19
Hawaiian Islands 8,666 19 0.0020 0.0020 0.0020 0.0020 27
Melon-headed whale
Kohala Resident 447 27,71 0.1000 0.1000 0.1000 0.1000 27
Hawaii Pelagic 55,795 19 0.00541 0.00541 0.00541 0.00541 21
) ) Hawaii Island 220 74 0.061 0.061 0.061 0.061 28
Pantropical spotted dolphin
Oahu 220 74 0.072 0.072 0.072 0.072 28
4-Islands 220 74 0.061 0.061 0.061 0.061 28
Pygmy killer whale Hawaii 10,640 19 0.00435 0.00435 0.00435 0.00435 19
Pygmy sperm whale Hawaii 7,138 14,71 0.0029 0.0029 0.0029 0.0029 14
Risso’s dolphin Hawaii 11,613 19 0.00474 0.00474 0.00474 0.00474 19
Rough-toothed dolphin Hawaii 72,528 19 0.00257 0.00257 0.00257 0.00257 21
Short-finned pilot whale Hawaii 19,503 19 0.00549 0.00549 0.00549 0.00549 21
Sperm whale Hawaii 4,559 19 0.00131 0.00131 0.00131 0.00131 21
. . Hawaii Pelagic 3,351 14 0.00348 0.00348 0.00348 0.00348 21
Spinner dolphin
Oahu/4-Islands 601 71 0.023 0.023 0.023 0.023 29
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LOA and Rulemaking Application Under MMPA for Use of SURTASS LFA Sonar

Table 3-2. Marine Mammal Species, Stocks (DPSs), Abundance Estimates, and Density Estimates by Season as well as the
Associated References for the 15 Representative SURTASS LFA Sonar Model Areas in the Central and Western North Pacific
Ocean and Eastern Indian Ocean (References Shown at End of Table).

Marine Mammal Species Stock Name* Abundance GG - Densit%l faDimatelnelins L)
References Winter ‘ Spring ‘ Summer ‘ Fall reference(s)

Hawaii Island 631 71 0.066 0.066 0.066 0.066 30
Spinner dolphin (Continued) —

Kauai/Niihau 355 71 0.097 0.097 0.097 0.097 29
Striped dolphin Hawaii 61,201 19 0.00475 0.00475 0.00475 0.00475 21
Hawaiian monk seal Hawaii 1,427 35 0.00004 0.00004 0.00004 0.00004 35, 36

Model Area #12: Offshore Sri Lanka
Blue whale NIND 3,691 77 0.00004 0.00004 0.00004 0.00004 40
Bryde’s whale NIND 9,176 77,78 0.00041 0.00041 0.00041 0.00041 40
Common minke whale IND 257,000 77 0.00001 0.00001 0.00625 0.00001 40
Fin whale IND 1,846 77 0.00001 0.00001 0.00001 0.00001 40
Omura’s whale NIND 9,176 77,78 0.00041 0.00041 0.00041 0.00041 40
Sei whale NIND 9,176 77,78 0.00141 0.00045 0.00045 0.00095 40
Blainville’s beaked whale IND 16,867 78 0.00105 0.00105 0.00105 0.00105 40
Common dolphins IND 1,819,882 78 0.00513 0.00516 0.00541 0.00538 40
Common bottlenose dolphin NIND 785,585 78 0.04839 0.04829 0.04725 0.04740 40
Cuvier’s beaked whale NIND 27,272 78 0.00506 0.00508 0.00505 0.00505 40
Deraniyagala beaked whale IND 16,867 78 0.00513 0.00516 0.00541 0.00538 40
Dwarf sperm whale IND 10,541 78 0.00005 0.00005 0.00005 0.00005 40
False killer whale IND 144,188 78 0.00024 0.00024 0.00024 0.00024 40
Fraser's dolphin IND 151,554 78 0.00207 0.00207 0.00207 0.00207 40
Indo-Pacific bottlenose IND 7,850 78 0.00048 0.00048 0.00047 0.00047 40
Killer whale IND 12,593 78 0.00697 0.00155 0.00693 0.00694 40
Longman's beaked whale IND 16,867 78 0.00513 0.00516 0.00541 0.00538 40
Melon-headed whale IND 64,600 78 0.00921 0.00920 0.00937 0.00936 40
Pantropical spotted dolphin IND 736,575 78 0.00904 0.00904 0.00904 0.00904 40
Pygmy killer whale IND 22,029 78 0.00138 0.00137 0.00152 0.00153 40
Pygmy sperm whale IND 10,541 78 0.00001 0.00001 0.00001 0.00001 40
Risso's dolphin IND 452,125 78 0.08641 0.08651 0.08435 0.08466 40
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LOA and Rulemaking Application Under MMPA for Use of SURTASS LFA Sonar

Table 3-2. Marine Mammal Species, Stocks (DPSs), Abundance Estimates, and Density Estimates by Season as well as the
Associated References for the 15 Representative SURTASS LFA Sonar Model Areas in the Central and Western North Pacific
Ocean and Eastern Indian Ocean (References Shown at End of Table).

Marine Mammal Species Stock Name* Abundance GG - Densit%l faDimatelnelins L)
References Winter ‘ Spring ‘ Summer ‘ Fall reference(s)
Rough-toothed dolphin IND 156,690 78 0.00071 0.00071 0.00071 0.00071 40
Short-finned pilot whale IND 268,751 78 0.03219 0.03228 0.03273 0.03279 40
Sperm whale NIND 24,446 78,79 0.00129 0.00118 0.00126 0.00121 40
Spinner dolphin IND 634,108 78 0.00678 0.00678 0.00678 0.00678 40
Striped dolphin IND 674,578 78 0.14601 0.14629 0.14780 0.14788 40
Model Area #13: Andaman Sea
Blue whale NIND 3,691 77 0.00003 0.00003 0.00003 0.00003 31
Bryde's whale NIND 9,176 77,78 0.00038 0.00036 0.00037 0.00037 31
Common minke whale IND 257,500 77 0.00001 0.00968 0.00001 31
Fin whale IND 1,846 77 0.00001 0.00001 0.00001 31
Omura's whale NIND 9,176 77 0.00038 0.00036 0.00037 0.00037 31
Blainville's beaked whale IND 16,867 78 0.00094 0.00089 0.00094 0.00099 31
Common bottlenose dolphin NIND 785,585 78 0.07578 0.07781 0.07261 0.07212 31
Cuvier's beaked whale NIND 27,272 78 0.00466 0.00482 0.00480 0.00473 31
Deraniyagala beaked whale IND 16,867 78 0.00094 0.00092 0.00097 0.00099 31
Dwarf sperm whale IND 10,541 78 0.00005 0.00006 0.00006 0.00005 31
False killer whale IND 144,188 78 0.00023 0.00023 0.00024 0.00023 31
Fraser's dolphin IND 151,554 78 0.00176 0.00179 0.00180 0.00180 31
Ginkgo-toothed beaked whale IND 16,867 78 0.00094 0.00092 0.00097 0.00099 31
Indo-Pacific bottlenose IND 7,850 78 0.00076 0.00078 0.00073 0.00072 31
Killer whale IND 12,593 78 0.00744 0.00178 0.00730 0.00734 31
Longman's beaked whale IND 1,819,882 78 0.00444 0.00429 0.00459 0.00440 31
Melon-headed whale IND 16,867 78 0.00884 0.00848 0.00878 0.00846 31
Pantropical spotted dolphin IND 64,600 78 0.00868 0.00841 0.00829 0.00873 31
Pygmy killer whale IND 736,575 78 0.00121 0.00113 0.00125 0.00131 31
Pygmy sperm whale IND 22,029 78 0.00001 0.00001 0.00001 0.00001 31
Risso's dolphin IND 10,541 78 0.09197 0.09215 0.09173 0.09366 31
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LOA and Rulemaking Application Under MMPA for Use of SURTASS LFA Sonar

Table 3-2. Marine Mammal Species, Stocks (DPSs), Abundance Estimates, and Density Estimates by Season as well as the
Associated References for the 15 Representative SURTASS LFA Sonar Model Areas in the Central and Western North Pacific
Ocean and Eastern Indian Ocean (References Shown at End of Table).

Marine Mammal Species Stock Name* Abundance GG - Densit%l faDimatelnelins L)
References Winter ‘ Spring ‘ Summer ‘ Fall reference(s)
Rough-toothed dolphin IND 452,125 78 0.00077 0.00078 0.00077 0.00074 31
Short-finned pilot whale IND 156,690 78 0.03354 0.03364 0.03543 0.03504 31
Sperm whale NIND 268,751 78,79 0.00109 0.00099 0.00107 0.00105 31
Spinner dolphin IND 24,446 78 0.00736 0.00711 0.00701 0.00726 31
Striped dolphin IND 634,108 78 0.14413 0.14174 0.14123 0.14402 31
Model Area #14: Northwest of Australia®
Antarctic minke whale ANT 90,000 80 0.00001 0.00001 0.00001 31
S\Ll:;\gham/ Pygmy Blue SIND 1,657 81, 82 0.00003 | 0.00003 | 0.00003 31
Bryde's whale SIND 13,854 83 0.00032 0.00032 0.00032 0.00032 31
Common minke whale IND 257,500 77 0.01227 0.01929 0.01947 31
Fin whale SIND 38,185 84, 85 0.00001 0.00099 0.00128 0.00121 31
Humpback whale WAU SDtSSCk and 13,640 86 0.00007 0.00007 0.00007 31
Omura's whale SIND 13,854 83 0.00032 0.00032 0.00032 0.00032 31
Sei whale SIND 13,854 83 0.00001 0.00001 0.00001 0.00001 31
Blainville's beaked whale IND 16,867 78 0.00083 0.00083 0.00082 0.00083 31
Common bottlenose dolphin WAU 3,000 87 0.03630 0.03652 0.03459 0.03725 31
Cuvier's beaked whale SH 76,500 88 0.00399 0.00406 0.00402 0.00405 31
Dwarf sperm whale IND 10,541 78 0.00004 0.00004 0.00004 0.00004 31
False killer whale IND 144,188 78 0.00020 0.00020 0.00019 0.00020 31
Fraser's dolphin IND 151,554 78 0.00145 0.00148 0.00149 0.00147 31
Killer whale IND 12,593 78 0.00585 0.00435 0.00588 0.00580 31
Longman's beaked whale IND 16,867 ’8 0.00393 0.00393 0.00403 0.00412 31

8

Seasons are presented following Northern Hemisphere monthly breakdowns for consistency. That is, winter for this mission area would actually be austral summer in the Southern Hemisphere

where this mission area is located.
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LOA and Rulemaking Application Under MMPA for Use of SURTASS LFA Sonar

Table 3-2. Marine Mammal Species, Stocks (DPSs), Abundance Estimates, and Density Estimates by Season as well as the
Associated References for the 15 Representative SURTASS LFA Sonar Model Areas in the Central and Western North Pacific
Ocean and Eastern Indian Ocean (References Shown at End of Table).

Density (animals per km?)® i

Marine Mammal Species Stock Name* Abundance GG - y ( = ) 2By
References Winter ‘ Spring ‘ Summer ‘ Fall reference(s)
Melon-headed whale IND 64,600 78 0.00717 0.00717 0.00635 0.00637 31
Pantropical spotted dolphin IND 736,575 78 0.00727 0.00727 0.00715 0.00746 31
Pygmy killer whale IND 22,029 78 0.00100 0.00104 0.00101 0.00097 31
Risso's dolphin IND 452,125 78 0.07152 0.07214 0.06944 0.07173 31
Rough-toothed dolphin IND 156,690 78 0.00059 0.00060 0.00059 0.00059 31
Short-finned pilot whale IND 268,751 78 0.02698 0.02759 0.02689 0.02716 31
Southern bottlenose whale IND 599,300 /8 0.00083 0.00083 0.00082 0.00083 31
Spade-toothed beaked whale IND 16,867 /8 0.00083 0.00083 0.00082 0.00083 31
Sperm whale SIND 24,446 78 0.00096 0.00087 0.00097 0.00092 31
Spinner dolphin IND 634,108 78 0.00561 0.00549 0.00568 0.00563 31
Striped dolphin IND 674,578 78 0.12018 0.12041 0.11680 0.11727 31
Model Area #15: Northeast of Japan
Blue whale WNP 9,250 1,41, 42 0.00001 0.00001 0.00001 1,2,3,4
Common minke whale WNP OE 25,049 6, 38, 56 0.0022 0.0022 0.0022 0.0022 6
Fin whale WNP 9,250 1,44 0.0002 0.0002 0.0002 1
Humpback whale WNP SDtESCk and 1,328 45 0.000498 | 0.000498 | 0.000498 31
North Pacific right whale WNP 922 89 0.00001 0.00001
Sei whale NP 7,000 1,47 0.00029 0.00029 13, 32
Western North Pacific gray WNP stock/ 140 a1 0.00001 0.00001
whale Western DPS
Baird's beaked whale WNP 5,688 48,49 0.0015 0.0029 0.0029 9
Common dolphin WNP 3,286,163 2,3 0.0863 0.0863 0.0863 0.0863 2,3
Cuvier's beaked whale WNP 90,725 2,3 0.0054 0.0054 0.0054 0.0054 2,3
Dall's porpoise WNP dalli 162,000 49, 69 0.0390 0.0520 0.0650 0.0520 2,3
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LOA and Rulemaking Application Under MMPA for Use of SURTASS LFA Sonar

Table 3-2. Marine Mammal Species, Stocks (DPSs), Abundance Estimates, and Density Estimates by Season as well as the
Associated References for the 15 Representative SURTASS LFA Sonar Model Areas in the Central and Western North Pacific
Ocean and Eastern Indian Ocean (References Shown at End of Table).

Density (animals per km?)® i

Marine Mammal Species Stock Name* Abundance Abundance - y ( P ) Density
References Winter ‘ Spring ‘ Summer ‘ Fall reference(s)
Killer whale WNP 12,256 2,3 0.0036 0.0036 0.0036 0.0036 34
Pacific white-sided dolphin NP 931,000 20, 90 0.0048 0.0048 0.0048 0.0048 2,3
Sperm whale NP 102,112 52,53 0.0017 0.0022 0.0022 0.0022 12
Stejneger's beaked whale WNP 8,000 9 0.0005 0.0005 0.0005 0.0005 2,3
Northern fur seal Western Pacific 503,609 54, 55 0.00689 0.01378 0.01378 0.01378 20
Ribbon seal NP 365,000 91 0.0904 0.0904 0.0452 0.0452 34
Spotted seal Alaska/ ss;'”g €3 | 461,625 70, 93 0.2770 0.1385 34
Western/Asian
Steller sea lion stocks/Western 71,221 70, 92 0.00001 0.00001 0.00001 0.00001
DPS
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Tillman, 1977

Ferguson and Barlow, 2001
Ferguson and Barlow, 2003
LGL, 2008

Ohsumi, 1977
Buckland et al., 1992
Calambokidis et al., 2008a
Masaki, 1977

Kasuya, 1986
Miyashita, 1993

Hobbs and Waite, 2010
LGL, 2011

Fulling et al., 2011
Barlow, 2006

DoN, 2018b

Bradford et al., 2013
Carretta et al., 2011
Acebes et al., 2007
Bradford et al., 2017
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Forney et al., 2015
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Baird et al., 2009
Bradford et al., 2015
Oleson et al., 2010
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Murase et al., 2014
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4 STATUS AND DISTRIBUTION OF POTENTIALLY AFFECTED MARINE
MAMMAL SPECIES AND STOCKS

Requirement 4: Description of the status, distribution, and seasonal distribution of the affected species
or stocks of marine mammals likely to be affected by such activities.

The status, distribution, stocks, abundance, diving behavior, life history, and hearing/vocalization for
each of the marine mammal species potentially found in the study area are the focus of this chapter.
The status of marine mammal populations is impacted by their biological characteristics, natural
phenomenon, and interaction with anthropogenic activity. Many cetacean and pinniped populations
have been reduced due to the exploitation of commercial whaling and harvesting, incidental fisheries
bycatch, harmful algal blooms, and habitat destruction over the last centuries. The reduction in some
marine mammal populations has led to the risk of extinction. The ESA, along with the international
organizations such as the International Union of Conservation of Nature (IUCN), designate a protected
status when species are at risk of extinction, generally based on natural or manmade factors affecting
the continued existence of species. In addition, under the MMPA, species or stocks that are not at the
optimal sustainable population level may be listed as depleted.

The distribution of marine mammals is difficult to predict as these highly mobile animals are capable of
traveling long distances. Many species of marine mammals move extensive distances between feeding
grounds at high latitudes during warmer seasons and calving/breeding grounds in the lower latitudes
during colder seasons. Some baleen whales, such as the humpback whale, make extensive annual
migrations to low-latitude mating and calving grounds in the winter and to high-latitude feeding grounds
in the spring and summer, traveling over 5,292 nmi (9,800 km) one way, which is the longest known
migration of any mammal (Stevick et al., 2011). Despite this mobility, however, the distribution of
marine mammals is not typically random or homogeneous but is often characterized by irregular
clusters (patches) of occurrence that frequently correlate with locations of high prey abundance. Marine
mammals are often associated with features such as oceanographic fronts or regions of persistent
upwelling because these areas of increased primary productivity attract marine mammal prey, such as
squid and fishes.

4.1 Mysticetes

Mysticetes potentially affected by SURTASS LFA sonar include 10 species in three families (Table 3-1).
Mysticetes are characterized by paired blowholes and the large baleen plates used to capture
zooplankton and small fishes. Due to decades of whaling, many mysticete species and populations are
imperiled throughout their worldwide ranges.

All mysticetes produce LF sounds, although no direct measurements of auditory (hearing) thresholds
have been made for any mysticete species as most tests for auditory measurements are impractical in
such large animals (Clark, 1990; Richardson et al., 1995; Edds-Walton, 1997; Tyack, 2000; Evans and
Raga, 2001). A few species’ vocalizations are known to be communication signals but the function of
other mysticete LF sounds are not fully understood although likely are used for functions such as
orientation, navigation, or detection of predators and prey. Several mysticete species, including the
humpback, fin, and blue whales, sing or emit repetitious patterned signals or vocalizations (Frankel,
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2009). Based on a study of the morphology of cetacean auditory mechanisms, Ketten (1994)
hypothesized that mysticete hearing is in the low to infrasonic frequency range. It is generally believed
that baleen whales have frequencies of best hearing where their calls have the greatest energy—below
5,000 Hz (Ketten, 2000).

4.1.1 Antarctic Minke Whale (Balaenoptera bonaerensis)

The Antarctic minke whale is listed by the IUCN Red List of Threatened Species as data deficient (Reilly et
al., 2008b). Reilly et al. (2008b) suggested a corrected population estimate of 339,000 individuals
(CV=0.079), while the International Whaling Commission (IWC) more recently estimated the entire
population as 515,000 (IWC, 2013; Perrin et al. 2018). The population of Antarctic minke whales
occurring off Western Australia has been estimated as 90,000 whales (Bannister et al., 1996).

Antarctic minke whales range from the waters of the Southern Ocean in Antarctica south of 60° S to the
ice edge during austral summer to waters of the Pacific, Atlantic, and Indian oceans from about 10° to
30° S during austral winter, when they have been observed as far north as Brazil and Peru, with some
whales having been reported to overwinter in Antarctic waters (Perrin et al. 2018; Reilly et al. 2008b).
Antarctic minke whales are primarily oceanic, occurring in waters beyond the continental shelf break
(Perrin et al., 2018).

Leatherwood et al. (1981) observed that Antarctic minke whales off Ross Island, Antarctica dove for
durations between 9.7 to 10.8 min, and that after making a series of shallow dives, the whales dove up
to 14 min. Diving behavior has been recorded from foraging individuals, with three dive types identified:
short and shallow, under ice, and long and deep (Friedlaender et al., 2014). The mean dive depth for
short, shallow dives was 33 ft (10 m), 98 ft (30 m) for under ice dives, and 187 ft (57 m) for long, deep
dives (Friedlaender et al., 2014). Dive times ranged from 1 to 6 min (Friedlaender et al., 2014). Risch et
al. (2014) noted that Antarctic minke whales made shallow dives to <131 ft (40 m) at night and deeper
dives to over 328 ft (100 m) during the day. The Antarctic minke whale can swim at speeds of up to 10.8
kt (20 kph).

Hearing sensitivity of Antarctic minke whales has not been measured (Ketten, 2000; Thewissen, 2002).
However, models of minke whale middle ears predict their best hearing overlaps with their vocalization
frequency range (Tubelli et al., 2012). Antarctic minke whales produce a variety of sounds, including
whistles, clicks, screeches, grunts, downsweeps, calls that sound like clanging bell, and a sound called
“bio-duck” (Leatherwood et al., 1981; Risch et al., 2014). Downsweeps are intense, LF calls that sweep
down from about 130 Hz to about 60 Hz, with a peak frequency of 83 Hz, and an average SL of about
147 dB re 1 yuPa @ 1 m (Schevill and Watkins, 1972). The “bio-duck” sound was first described in the
1960s and resembles the quack of a duck. Bioduck signals consist of a series of pulse trains of short
downswept signals with a peak frequency of 154 Hz, SL of 140 dB re 1 puPa @ 1 m, and sometimes
include harmonics up to 1 kHz (Risch et al., 2014). The bio-duck sound appears to be produced when
whales are at the sea surface before foraging dives.

4.1.2 Blue Whale (Balaenoptera musculus) and Pygmy Blue Whale (Balaenoptera musculus
brevicauda)

Multiple subspecies and stocks exist worldwide but only the pygmy blue whale is typically differentiated
as a species at-sea. The information available for the pygmy blue whale in the part of the study area in
which it may occur is detailed herein; otherwise, information is presented on the blue whale as a
species. The blue whale is currently listed as endangered under the ESA; depleted under the MMPA,;
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protected under the Convention on International Trade in Endangered Species (CITES); and as
endangered (blue), data deficient (pygmy blue), and as critically endangered (Antarctic blue) by the
IUCN Red List of Threatened Species (Reilly et al., 2008c). The global population of blue whales is
estimated between 10,000 to 25,000 individuals (Reilly et al., 2008c). In the central North Pacific (CNP)
stock of blue whales, 133 individuals (CV=1.09) are estimated to occur (Bradford et al., 2017), while
9,250 blue whales are estimated for the WNP stock (Tillman, 1977). The Northern Indian Ocean stock of
blue whales has been estimated to include 3,432 whales (IWC, 2016), while 1,657 blue whales are
estimated to occur in the Southern Indian Ocean stock (inclusive of both pygmy blue and blue whales)
(Jenner et al., 2008; McCauley and Jenner, 2010).

Blue whales are distributed in oceanic subpolar to tropical waters of the world’s oceans and some
continental seas except the Mediterranean Sea and Gulf of Mexico (Jefferson et al., 2015). Occurring
primarily in open ocean waters, they also may occur in neritic waters when foraging and possibly when
breeding. Blue whales occur in lower numbers in the central and western North Pacific than in the
eastern North Pacific Ocean, but blue whales are reported from Hawaiian waters and from Kamchatka
and the Kuril Islands to offshore Japan (Sears and Perrin, 2018). Blue whales occur throughout the Indian
Ocean, with at least some blue whales off Sri Lanka remaining at low-latitudes throughout the year,
presumably, because oceanographic upwelling supports sufficient productivity and prey (de Vos et al.,
2014). The pygmy blue whale occurs in the Southern Hemisphere, particularly in the Indian Ocean off
the west coast of Australia and move between ~42°S and the Molucca Sea near the equator (Double et
al., 2014). Not all blue whales are migratory, as some remain resident and do not seasonall move from
lower latitude calving and breeding grounds and higher latitude foraging grounds (Jefferson et al., 2015;
Sears and Perrin, 2018).

The swimming and diving behavior of blue whales has been relatively well characterized. General blue
whale dive durations and dive depths range from 5 to 15 min and 591 to 656 ft (180 to 200 m),
respectively (Croll et al., 1998, 2001a). Dives of 20 to 30 min are not unusual and the longest dive
recorded was 36 min long (Jefferson et al., 2015; Sears and Perrin, 2018). Calambokidis et al. (2008b)
reported a maximum dive depth of 961 ft (293 m). Foraging blue whales appear to dive more shallowly,
with average foraging dives reaching only 223 ft (67.6 m) (Croll et al., 2001a). A migrating pygmy blue
whale was observed consistently diving to 43 ft (13 m) (Owen et al., 2016). Dive descent swim rates of
2.4 kt (4.5 kph) have been recorded (Williams et al., 2000). The common surface swim speed for blue
whales is 1.6 to 3.2 kt (3 to 6 kph), but travel speeds of 3.8 to 10.8 kt (7 to 20 kph) are not uncommon,
and the maximum swim speed reported for a blue whale 18.9 kt (35 kph) (Sears and Perrin, 2018).

No hearing sensitivity has been measured for blue whales (Ketten, 2000; Nummela, 2009). Blue whales
produce a variety of LF vocalizations ranging from 10 to 200 Hz throughout the year but with peaks in
midsummer and winter (Alling and Payne, 1990; Clark and Fristrup, 1997; Edds, 1982; Rivers, 1997;
Stafford et al., 1998, 1999a, 1999b, and 2001; Thompson and Friedl, 1982; Sears and Perrin, 2018). The
majority of blue whale vocalizations are infrasonic sounds from 17 to 20 Hz with a SL of 188 dB re 1 uPa
@ 1 m (Sears and Perrin, 2018), which makes their vocalizations amongst the loudest made by any
animal (Aroyan et al., 2000; Cummings and Thompson, 1971). However, calls produced during foraging
have been measured at lower SLs, ranging from 158 to 169 dB re 1 uPa @ 1 m (Akamatsu et al., 2014).
Short sequences of rapid frequency modulated (FM) calls below 90 Hz are associated with animals in
social groups (Mellinger and Clark, 2003; Moore et al., 1999). Off Australia, at least five types of pygmy
blue whale calls were detected that consisted of amplitude and frequency modulated components with
frequencies ranging from 20 to 750 Hz, and durations between 0.9 and 4.4 sec (Recalde-Salas et al.,
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2014). Calls produced by foraging blue whales off Iceland were FM downsweeps with a frequency range
of 105 to 48 Hz and durations of 1 to 2 seconds (Akamatsu et al., 2014). Blue whales also produce a
variety of transient sound (i.e., they do not occur in predictable patterns or have much interdependence
of probability) in the 30 to 100 Hz band (sometimes referred to as “D” calls). These usually sweep down
in frequency or are inflected (up-over-down), occur throughout the year, and are assumed to be
associated with socializing when animals are in close proximity (Mellinger and Clark, 2003). Blue whales
also produce long, patterned hierarchically organized sequences that are characterized as songs. Blue
whales produce songs throughout most of the year with a peak period of singing overlapping with the
general period of functional breeding.

The call characteristics of blue whales vary geographically and seasonally (Stafford et al., 2001). It has
been suggested that song characteristics could indicate population structure (McDonald et al., 2006). In
temperate waters, intense bouts of long, patterned sounds are common from fall through spring, but
these also occur to a lesser extent during the summer in high-latitude feeding areas. Call rates during
foraging may be very low. A recent study recorded four calls during ~22 hours (Akamatsu et al., 2014).

4.1.3 Bryde’s Whale (Balaenoptera edeni)

The taxonomy of the Bryde’s whale has not been completely resolved (SMM, 2017). Nevertheless, two
forms of the Bryde’s whale have been provisionally recognized: the larger, oceanic Bryde’s whale (B.
edeni brydei) and the smaller, coastal Eden’s whale (B. edeni edeni) (Kato and Perrin, 2018; Kershaw et
al., 2013; Luksenberg et al., 2015; SMM, 2017). The offshore Bryde’s whale occurs globally in pelagic
waters, while the Eden’s whale typically occurs in nearshore waters of the Pacific and Indian oceans
(SMM, 2017). The examination of genetics samples from the Pacific and Indian oceans by Kershaw et al.
(2013) clarified the existence of two forms of Bryde’s whales, and the additional osteological and genetic
analyses by Luksenberg et al. (2015) confirmed the conclusion of two Bryde’s whale subspecies (Kato
and Perrin, 2018). In the study area for SURTASS LFA sonar, both forms of Bryde’s whales occur (de Boer
et al., 2003; Martenstyn, 2016; Reilly et al., 2008d). However, due to the lack of resolution regarding the
taxonomy and specific information about the Eden’s whale in most areas, information is presented
herein on the Bryde’s whale at the species level.

The Bryde’s whale is currently protected under CITES and is classified as a data deficient as a species by
the IUCN Red List of Threatened Species (Reilly et al., 2008d). In December 2016, NMFS proposed listing
the Gulf of Mexico (GOMx) Bryde’s whale as endangered under the ESA (NOAA, 2016h). The GOMXx
Bryde’s whale population includes those Bryde’s whales that breed and feed solely in the GOMx. NMFS
made the determination that the GOMx Bryde’s whale is a unique evolutionary lineage, taxonomically
distinct from other subspecies, and is thus classified as an unnamed subspecies rather than a DPS
(NOAA, 2016h). The IWC recognizes four stocks of Bryde’s whales in the North Pacific Ocean: Western
North Pacific (WNP), Eastern Tropical Pacific (ETP), East China Sea, and Gulf of California (IWC, 1996) and
the following stocks for the Southern Hemisphere: Western and Eastern South Pacific, Northern and
Southern Indian Ocean, South African Inshore, and South Atlantic (IWC, 1980). NMFS additionally has
identified a Hawaii stock of Bryde’s whales in the central North Pacific Ocean. No global population
estimates of Bryde’s whales exist. In the western North Pacific Ocean, the population of Bryde’s whales
is estimated by the IWC as 20,501 whales (IWC, 2009). In the East China Sea, the stock of Bryde’s whale
is estimated as 137 individuals (IWC, 1996), and in Hawaiian waters, 1,751 Bryde’s whales (CV=0.29)
have been estimated (Bradford et al., 2017). In the Northern Indian Ocean, 9,176 Bryde’s whales have
been estimated (IWC, 2016; Wade and Gerrodette, 1993), while 13,854 Bryde’s whales have been
estimated for the Southern Indian Ocean (IWC, 1981).
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Bryde’s whales occur roughly between 40°N and 40°S throughout tropical and warm temperate (>61.3°F
[16.3°C]) waters of the Atlantic, Pacific, and Indian oceans year round (Kato and Perrin, 2018; Omura,
1959). Bryde’s whales occur in some semi-enclosed waters such as the Gulf of California, Gulf of Mexico,
and East China Sea (Kato and Perrin, 2018). Recent sightings indicate that the range of Bryde’s whales is
expanding poleward (Kerosky et al., 2012). Bryde’s whales are distributed in the subarctic-subtropical
transition area of the western North Pacific Ocean (frontal boundary where subarctic waters intersect
the warmer waters of the Kuroshio Current) throughout summer, which is thought to be a feeding area
(Watanabe et al., 2012), although the foraging distribution in the western North Pacific is highly linked
to the distribution of their prey (Sasaki et al., 2013). Most Bryde’s whales are thought to migrate
seasonally toward the lower latitudes near the equator in winter and to high latitudes in summer (Kato
and Perrin, 2018). However, Bryde’s whales remain resident in areas off South Africa, California, and the
Gulf of Mexico throughout the year, migrating only short distances (Best, 1960; Tershy, 1992; Rosel et
al., 2016). Foraging grounds are not well known for this species, although there is evidence that they
feed on a wide range of food in both pelagic and nearshore areas (Nifio-Torres et al., 2014). Murase et
al. (2016) noted that two satellite-taggeed Bryde’s whales in the offshore waters of the western North
Pacific Ocean did not remain in the northen, subarctic-tropical transition feeding area throughout the
summer, but instead traveled southward to tropical waters between 20° and 30°N.

Bryde’s whales can dive to a water depth of about 984 ft (300 m) (Kato and Perrin, 2018). The maximum
dive time reported for two Bryde’s whales off Madiera Island was 9.4 min, with routine dives lasting 5
min, and mean dive durations of 0.4 to 6 min (Alves et al., 2010). Dive durations of Bryde’s whales off
Venezuela were from 3 to 11 min {Notarbartolo di Sciara, 1983). Alves et al. (2010) also reported routine
dives by Bryde’s whales to water depths from 131 to 656 ft (40 to 200 m) and a dive to a maximum
depth of 958 ft (292 m). Bryde’s whales are relatively fast swimming whales. The maximum swim speed
reached by a Bryde’s whale was recorded at 10.8 to 13.5 kt (20 to 25 kph), with average swim speeds
reported between 1.1 and 3.8 kt (2 and 7 kph) (Kato and Perrin, 2018; Murase et al., 2016). Bryde’s
whales tracked off Kauai, HI swam at speeds that ranged from 0.8 to 8.6 kt (0.15 to 16 kph), with an
overall mean swim speed of 3.2 kt (6 kph) (Helble et al., 2016).

No direct measurements of Bryde’s whales hearing sensitivity have been conducted (Ketten, 2000).
Bryde’s whales are known to produce a variety of LF sounds ranging from 20 to 900 Hz, with the higher
frequencies being produced between cow-calf pairs (Cummings, 1985; Edds et al., 1993). Oleson et al.
(2003) reported call types with fundamental frequencies below 240 Hz. These lower frequency call types
have been recorded from Bryde’s whales in the Caribbean, ETP, and off the coast of New Zealand.
Additional call types have been recorded in the Gulf of Mexico (Sirovi¢ et al., 2014). Calves produce
discrete pulses at 700 to 900 Hz (Edds et al., 1993). SLs range between 152 and 174 dBre1 pyPa @ 1 m
(Frankel, 2018). Pulsive, FM and AM calls with a frequency range of 50 to 900 Hz and 0.4 to 4.5 second
duration were recorded off Brazil (Figueiredo, 2014).

4.1.4 Common Minke Whale (Balaenoptera acutorostrata)

The taxonomy of the minke whale has been complex to unravel and is not yet fully resolved. The SMM
(2017) has subdivided the common minke whale into three subspecies, with two subspecies
representing the standard minke whales that are now known to occur only in the North Pacific (B.
acutorostrata scammoni) and Atlantic B. acutorostrata acutorostrata) oceans, and a third unnamed
subspecies representing the dwarf form that principally occurs in the waters of the Southern
Hemisphere. Separation of the information and data about the standard and dwarf forms of the
common minke whale is further complicated by a non-distinct boundary between the forms, with the
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dwarf form sometimes moving into waters of the Northern Hemisphere, and the two forms only being
distinguishable at sea by subtle coloration differences (Jefferson et al., 2015). Little to no population-
level data is available on the dwarf minke whale, so for purposes of this SEIS/SOEIS, information is
presented on the common minke whale as a species, inclusive of the dwarf minke whale.

The minke whale is protected under CITES as well as the MMPA and is classified by the IUCN Red List of
Threatened Species as species of least concern (Reilly et al., 2008¢). The IWC has recently re-evaluated
the stock structure of common minke whales in the western North Pacific Ocean, and although not fully
resolved given a lack of data for minke whales during winter on their reputed breeding grounds, the IWC
has concluded that most likely five stocks of common minke whales occur in the western North Pacific
Ocean (Wade and Baker, 2011). The IWC proposes the following stocks of common minke whales in the
western North Pacific Ocean: Yellow Sea stock (Y stock), Sea of Japan stock (JW stock), Pacific-coast of
Japan stock (JE stock), Pacific nearshore (<10 nmi [18.5 km] from coast) stock (OW stock), and Pacific
offshore stock (OE stock) (Wade and Baker, 2011). These stock definitions are based on unique genetic
characteristics (i.e., mitochondrial DNA and microsatellite DNA) and dates of conception of the common
minke whales in each of the proposed stock areas. For example, common minke whales in the Y stock
(Yellow Sea) all conceive in the autumn while common minke whales in the OW and OE stocks (Pacific
nearshore and offshore) conceive only in winter (Wade and Baker, 2011). The Navy considers these
stock definitions to be the best available science to characterize the populations and stocks of common
minke whales that occur in the western North Pacific Ocean region of the study area for SURTASS LFA
sonar. Further, the SMM (2017) has differentiated a North Pacific subspecies of common minke whales.
Thus, it is the North Pacific subspecies of the common minke whale (Table 3-1) that occurs in the
western and central North Pacific Ocean region of the study area.

The IWC reported a 1992 to 2004 population estimate of minke whales in the Southern Hemisphere as
515,000 (IWC, 2016), while the population of common minke whales in the Northern Hemisphere has
been estimated to include at least 180,000 individuals (Jefferson et al., 2015). The population of the
WNP OE stock of common minke whales has been estimated as 25,049 individuals (Buckland et al.,
1992; Miyashita and Okamura 2011), while the Y stock is estimated to include 4,492 whales (Hakamada
and Hatanaka, 2010; Miyashita and Okamura, 2011), and the JW stock is estimated to include a
population of 2,611 whales (Miyashita and Okamura, 2011). The Hawaii stock of common minke whales
occurring in the central North Pacific Ocean has been estimated to include 25,049 individuals (Buckland
et al., 1992). A single stock of common minke whales has been identified for the Indian Ocean, with an
estimated abundance of 257,500 whales (IWC, 2016).

Minke whales occur most often in tropical to polar coastal/neritic and inshore waters of the Atlantic,
Pacific, and Indian oceans but more infrequently also occur in pelagic waters. Common minke whales
are considered rare in the northern Indian Ocean (Salm et al., 1993; Sathasivam, 2002), Gulf of Mexico,
and Mediterranean Sea (Jefferson et al., 2015). Common minke whales are thought to be migratory, at
least in some areas, but migratory pathways are not well known and populations in some area remain
resident year-round (Reilly et al., 2008e). Likely, these whales migrate seasonally to higher latitudes to
feed and move to lower latitudes to breed and calve (Vikingsson and Heide-Jgrgensen, 2015).

Minke whales in the St. Lawrence River performed dives characterized as short and long dives, with
short dives lasting between 2 and 3 min, while long dives ranged from 4 to 6 min (Christiansen et al.,
2015). Stockin et al. (2001) observed dives of common minke whales averaing 1 to 1.4 min in length,
while Stern (1992) noted dives of 4.4 min durations, and Joyce et al. (1989) measured dive durations off
Norway of 1 to 6 min (Joyce et al., 1989). Kvadsheim et al. (2017) reported that the dives of four tagged
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minke whales could be characterized as long, deep; intermediate; and short, shallow dives, accounting
for 14 percent, 29 percent, and 57 percent of all baseline dives, respectively. Tagged minke whales dove
to a maximum depth of 492 ft (150 m), and rarely dove deeper than 394 ft (120 m) (Kvadsheim et al.,
2017). The mean swim speed for minke whales in Monterey Bay was 4.5 kt (8.3 kph) (Stern, 1992), while
Blix and Folkow (1995) reported a “cruising” speed of minkes as 6.3 kt (11.7 kph). Ford et al. (2005)
reported that common minke whales being pursued by killer whales swim at speeds ranging from 8.1 to
16.2 kt (15 to 30 kph).

Hearing sensitivity of minke whales has not been directly meaured (Ketten, 2000; Thewissen, 2002).
However, models of minke whale middle ears predict their best hearing overlaps with their vocalization
frequency range (Tubelli et al., 2012). Sounds produced by common minke whales encompass a wide
frequency range and variety of call types (Frankel, 2018). Minke whales produce a variety of sounds,
primarily moans, clicks, downsweeps, ratchets, thump trains, grunts, and “boings” in the 80 Hz to 20 kHz
range (Edds-Walton, 2000; Frankel, 2009; Mellinger et al., 2000; Risch et al., 2014a; Thompson et al.,
1979; Winn and Perkins, 1976). The signal features of their vocalizations consistently include LF, short-
duration downsweeps from 250 to 50 Hz. The energy in thump trains is concentrated in the 100 to 400
Hz band (Winn and Perkins, 1976; Mellinger et al., 2000). Complex vocalizations recorded from
Australian minke whales involved pulses ranging between 50 Hz and 9.4 kHz, followed by pulsed tones
at 1.8 kHz and tonal calls shifting between 80 and 140 Hz (Gedamke et al., 2001). The minke whale was
been identified as the elusive source of the North Pacific “boing” sound (Rankin and Barlow, 2005; Risch
et al., 2014a). Boings begin with a brief pulse and then a longer AM and FM signal lasting 2 to 10 sec
over frequencies from 1 to 5 kHz (Rankin and Barlow, 2005; Risch et al., 2014a). SLs of common minke
whale calls ranged from 164 to 168 dB re 1uPa @ 1 m (Risch et al., 2014b). Both geographical and
seasonal differences have been found among the sounds recorded from minke whales (Risch et al.,
2013).

4.1.5 Fin Whale (Balaenoptera physalus)

The fin whale is listed as endangered under the ESA, depleted under the MMPA, protected under CITES,
and as endangered by the IUCN Red List of Threatened Species (Reilly et al., 2013). The SMM (2017) has
differentiated Northern and Southern subspecies of fin whales (Table 3-1). Since these subspecies are
not differentiated at sea or in available population data and information, hereafter all information about
the fin whale is only referenced as a single species. The global population is estimated as <100,000
whales (Reilly et al., 2013). The population of fin whales in the Hawaii stock is estimated as 154 fin
whales (CV=1.05) (Bradford et al., 2017), while fin whales in the East China Sea stock are estimated to
include 500 individuals (Mizroch et al., 2009; Tillman, 1977; Evans, 1987), and the abundance of the
WNP stock has been estimated as 9,250 individuals (Mizroch et al., 2009; Tillman, 1977). The northern
Indian Ocean population of fin whales has been estimated to include 1,716 individuals (IWC, 2016),
while the Southern Indian Ocean stock of fin whales off western Australia is estimated as 38,185 whales
(Branch and Butterworth, 2001; Mori and Butterworth, 2006).

Fin whales are widely distributed in all oceans of the world, from tropical to polar oceanic waters, but
appear to be absent from equatorial waters (Aguilar and Garcia-Vernet, 2018). Fin whales are
sometimes observed in nertic waters, but typically when deep water approaches near to land (Jefferson
et al., 2015). Although fin whales have traditionally been thought of as migratory, acoustic data suggests
no seasonality in the annual distribution of fin whales (Watkins, et al., 2000). Although fin whale calls
have been reported from the central Pacific waters of Hawaii in all months except June and July,
sightings of fin whales in these waters are rare (Muto et al., 2018). Specific breeding areas are unknown.
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Fin whales dive for a mean duration of 4.2 min at depths averaging 197 ft (60 m) (Croll et al., 20013;
Panigada et al., 2004). The deepest dive recorded for a fin whale was to a depth of 1,542 ft (470 m) but
dives to <328 ft (100 m) are more routine (Panigada et al., 1999). Fin whales forage at depths between
328 to 656 ft (100 and 200 m), with foraging dives lasting from 3 to 10 min (Aguilar, 2009; Witteveen et
al., 2015). When traveling, fin whales have been recorded diving only to an average of 194 ft (59 m)
(Croll et al., 2001). Swimming speeds average between 5 to 8 kt (9.2 and 14.8 kph) (Aguilar and Garcia-
Vernet, 2018). The average speed of descent during dives in the Mediterranean has been measured as
6.2 kt (11.5 kph), while the swim speed of ascending dives was recorded as 4.1 kt (7.6 kph) (Panigada et
al., 1999). Watkins (1981) reported bursts of speed in fin whales up to 10.8 kt (20 kph). Singing fin
whales swam at average speeds of 2.9 to 4.8 kt (5.3 to 8.8 kph) (Varga et al., 2018).

There is no direct measurement of fin whale hearing sensitivity (Ketten, 2000; Thewissen, 2002). Fin
whales produce a variety of LF sounds that range from 10 to 200 Hz (Edds, 1988; Watkins, 1981; Watkins
et al., 1987a). Short sequences of rapid FM calls from 20 to 70 Hz are associated with animals in social
groups (Edds, 1988; McDonald et al., 1995; Watkins, 1981). The most common fin whale vocalization is
what is referred to as the “20-Hz signal or call”, which is a LF (18 to 35 Hz) loud and long (0.5 to 1.5 sec)
patterned sequence signal centered at 20 Hz (Clark et al., 2002; Patterson and Hamilton, 1964; Watkins
et al., 1987a). The pulse patterns of the 20-Hz signal vary only slightly geographically and with season
(McDonald et al., 1995, Oleson et al., 2014; Sirovic” et al., 2007, 2013; Varga et al., 2018). The 20-Hz
signal is common from fall through spring in most regions but also occurs to a lesser extent during the
summer in high-latitude feeding areas (Clark and Charif, 1998; Clark et al., 2002). In the Atlantic, 20-Hz
signals are produced regularly throughout the year, and Atlantic fin whales also produce higher
frequency downsweeps ranging from 100 to 30 Hz (Frankel, 2009). Fin whales produce the 20-Hz call in
two forms: songs and call-counter calls (Buccowich, 2014; McDonald and Fox, 1999; McDonald et al.,
1995; Oleson et al., 2014; Sirovic” et al., 2013; Varga et al., 2018; Watkins et al., 1987a). 20-Hz songs are
simply regular patterns of 20-Hz calls that are associated with reproductive behavior, and are only
produced by males (Croll et al., 2002; Delarue et al., 2013; Sirovic et al., 2013 and 2017; Thompson et al.,
1992). 20-Hz call-counter calls are irregular patterns of 20-Hz signals that likely have a general
communication function and are produced by single or multiple fin whales in an area (McDonald and
Fox, 1999; McDonald et al., 1995; Sirovic et al., 2013). Estimated SLs of the 20-Hz signal are as high as
180to 190 dB re 1 pPa @ 1 m (Charif et al., 2002; Clark et al., 2002; Croll et al., 2002; Patterson and
Hamilton, 1964; Thompson et al., 1992; Watkins et al., 1987a; Weirathmueller et al., 2013); Varga et al.
(2018) reported the SLs of the 20-Hz songs off Southern California as 194.8 dB re 1 uPa @ 1 m (peak to
peak) and 180.9 dB re 1 uPa @ 1 m (rms). Fin whales also produce 40 Hz downsweeps (Sirovi¢ et al.,
2012; Watkins, 1981).

4.1.6 Gray Whale (Eschrichtius robustus)

Two genetically distinct stocks and DPSs, the WNP and Eastern North Pacific (ENP), of gray whales exist
in the North Pacific Ocean (LeDuc et al., 2002). The ENP stock and DPS of gray whales was delisted from
the ESA, but WNP DPS of gray whales is extremely small and remains listed as endangered under the
ESA, depleted under the MMPA, and is considered critically endangered under the IUCN Red List of
Threatened Species (Reilly et al., 2008a). The WNP stock/DPS was thought to be extinct, but a small
group of 140 gray whales still remain (Carretta et al., 2015).

Gray whales occur in shallow (16 to 49 ft [5 to 15 m]) coastal waters of the North Pacific Ocean and
adjacent seas, occurring as far south as southern China in the western North Pacific and Mexico in the
eastern North Pacific Ocean (Jefferson et al., 2015). Gray whales annually migrate north-south from high
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latitude feeding grounds to low latitude breeding grounds. Information about the WNP gray whale
stock/DPS is not nearly as complete as is information about the eastern stock, but WNP gray whales
summer in the Sea of Okhotsk, primarily near Sakhalin Island, and in Pacific waters off Kamchatka and
eastern Japan and migrate southward via the Sea of Japan, East China, and South China seas (Meier et
al., 2007; Weller et al., 2002). Reilly et al. (2018a) note that recent sightings in Pacific waters off Japan
during the migrational period may suggest that WNP gray whales are using those waters as an additional
or new migrational route. The breeding and calving grounds for the WNP gray whale are unknown, but
Hainan Island in the South China Sea has been suggested as a possible location (Brownell and Chun,
1977). WNP gray whales have been satellite tracked traveling from Russia to America and sighted off
North America (Mate et al., 2015; Weller et al., 2012), which may suggest genetic interchange between
the two populations of North Pacific gray whales and that at least some members of both populations
may share a common winter ground (Swartz, 2018).

Gray whales generally are not deep or long-duration divers. Swartz (2018) noted the maximum dive
depth known for gray whales as 557 ft (170 m), and Stewart et al. (2001) reported a maximum duration
of 13.25 min for gray whales, although Swartz (2018) reported a longer maximum dive duration of 26
min. Typical dives are to water depths of < 98 ft (30 m), with dives to <33 ft (10 m) most common
andmean dive durations of 2.24 min (Stelle et al., 2008; Stewart et al., 2001). Wiirsig et al. (1986) noted
that during summer, foraging gray whales have dive times as long as 7 min, with a mean dive duration of
4 min. Swim speeds during migration average 2.4 to 4.9 kt (4.5 to 9 kph), and when pursued may reach
8.64 kt (16 kph) (Jones and Swartz, 2009). Gray whales migrating in Canadian waters swum at mean
speeds of 2.5 to 3.2 kt (4.7 to 5.9 kph) (Ford et al., 2013)

Sparse data exist on the hearing sensitivity of gray whales. Ridgway and Carder (2001) attempted to
measure hearing thresholds in a stranded gray whale but were not successful. Dahlheim and Ljungblad
(1990) suggest that free-ranging gray whales are most sensitive to tones between 800 and 1,500 Hz.
Migrating gray whales showed avoidance responses at ranges of several hundred meters to LF playback
SLs of 170 to 178 dB when the source was placed within their migration path at about 1.1 nmi (2 km)
from shore, but this response ceased when the source was moved out of their migration path even
though the received levels remained similar to the earlier condition (Clark et al., 1999). Gray whales
detected and responded to 21 kHz sonar signals, indicating that their hearing range extends at least that
high in frequency (Frankel, 2005).

Gray whales produce a variety of sounds from about 100 Hz to 4 kHz (Swartz, 2018). The most common
sounds recorded during foraging and breeding are knocks and pulses with frequencies from <100 Hz to 2
kHz, with most energy concentrated at 327 to 825 Hz (Richardson et al., 1995). Tonal moans are
produced during migration in frequencies ranging between 100 and 200 Hz (Jones and Swartz, 2009). A
combination of clicks and grunts has also been recorded from migrating gray whales in frequencies
ranging below 100 Hz to above 10 kHz (Frankel, 2018). The SLs for sounds produced by gray whales
range between 167 and 188 dB (Frankel, 2018).

4.1.7 Humpback Whale (Megaptera novaeangliae)

The humpback whale is protected under CITES and is considered least concern as a species by the IUCN
Red List of Threatened Species (Childerhouse et al., 2008; Minton et al., 2008; Reilly et al., 2008f). The
worldwide ESA status of the humpback whale has been revised, with 14 worldwide DPSs identified
(Figure 4-1). Of the 14 DPSs, only five are now listed under the ESA as threatened or endangered: the
Arabian Sea, Cape Verde/Northwest Africa, WNP, and Central America DPSs are listed as endangered
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while the Mexico DPS is listed as threatened (NOAA, 2016a). Only one ESA-listed DPS, the WNP, occurs
within the study area for SURTASS LFA sonar (Table 3-1). NMFS has determined that the remaining nine
global DPSs do not currently warrant listing under the ESA and that the protections of the ESA no longer
apply to these nine DPSs (NOAA, 2016a). No critical habitat has been established for the humpback
whale. Further, the SMM (2017) has differentiated Northern and Southern subspecies of humpback
whales (Table 3-1). However, since these subspecies are not differentiated at sea or in available
population data and information, all information about the humpback whale that follows is referenced
at the species rather than subspecies level.

The humpback whale DPSs are based, among other factors, on the locations of humpback whale
breeding grounds (Figure 4-1). In the North Pacific Ocean, four breeding grounds have been identified:
Central America (Costa Rica, Panama, Guatemala, El Salvador, Honduras and Nicaragua), Mexico
(mainland Mexico and Revillagigedos Islands), Hawaii, and the Western North Pacific (Okinawa,
Phliippines, and a third unknown breeding location in the western North Pacific) (Bettridge et al., 2015;
NOAA, 2015b and 2016a). Three breeding areas have been identified in the Indian Ocean: Arabian Sea
(where the population is non-migratory), southeast Africa/Madagascar (including the Seychelles
Islands), and west Australia (NOAA, 2015b and 2016a). Contrastingly, stocks of humpback whales are
identified by geographic areas that include discrete or multiple feeding areas. For instance, in the North
Pacific Ocean, stocks of humpbacks include the California-Oregon-Washington (humpbacks that feed in
the California-Oregon and Washington-British Columbia feeding areas), Central North Pacific (CNP) (with
feeding areas from southeast Alaska to the Alaskan Peninsula), Western North Pacific (feeding areas in
the Aleutian Islands, the Bering Sea, and Russia), and America Samoa (which feeds in the Southern
Ocean along the Antarctic Peninsula) (Carretta et al., 2016). Humpback whales from one DPS may
migrate to feed in more than one feeding areas in varying numbers, meaning that animals from one DPS
may occur in more than one stock. In the North Pacific Ocean, for example, whales in the Hawaii DPS
and CNP stock forage in varying percentages of the DPS or stock in three feeding areas of Alaska during
the summer (Figure 4-2).

The most current estimate of the humpback whale’s global population is based on summing regional
abundances, for an estimated total of 136,582 humpback whales worldwide (IWC, 2016). The population
of humpback whales in the entire North Pacific Ocean is estimated as 21,808 (CV=0.04) whales (Barlow
et al., 2011; Bettridge et al., 2015). In the western and central North Pacific Ocean portion of the study
area for SURTASS LFA sonar, the population of the WNP DPS and stock of humpback whales is estimated
to include 1,328 individuals (Bettridge et al., 2015), while the abundance of the CNP stock and Hawaii
DPS is estimated as 10,103 whales (Calambokidis et al., 2008a; Muto et al., 2018). In the eastern Indian
Ocean, the Western Australia DPS and stock is estimated to include 13,640 individuals (Bannister and
Hedley, 2001).

Humpback whales are distributed throughout the world’s oceans and are only absent from high Arctic
and some equatorial waters, although they occur only rarely in some parts of their former Pacific range,
such as the coastal waters of Korea, and have shown no signs of a recovery in those locations (Gregr,
2000; Gregr et al., 2000). Humpbacks occur both in neritic and pelagic waters, with neritic occurrences
particularly during summer on foraging grounds and during winter when they may be found in waters
close to islands and reef systems (Clapham, 2018). Humpback whales are a highly migratory species that
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Figure 4-1. The Worldwide Distinct Population Segments (DPSs) of the Humpback Whale Listed Under the ESA. Four DPSs are Listed as
Endangered (Arabian Sea, Cape Verde/Northwest Africa, Central America, and Western North Pacific), while One DPS (Mexico) is
Listed as Threatened and all Other 10 DPSs not Listed Under the ESA. Image Courtesy of NMFS (2016c).
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Figure 4-2. Seasonal Migrational Movements of Humpback Whales DPSs and Stocks in the

North Pacific Ocean Between Summer Foraging Grounds (Blue) and Winter Breeding Grounds

(Green). Estimated Humpback Whale Abundances are Presented by Area (95 Percent Log-
Normal Confidence Intervals are given in Parentheses) (Wade et al., 2016).

have been documented traveling over 5,292 nmi (9,800 km) one way, which is the longest known
migration of any mammal (Stevick et al., 2011). Humpback whales travel to high latitudes in the spring
to begin feeding and to the warmer temperate and tropical waters in the winter to calve and breed.
Despite this potential for long distance dispersal, there is considerable evidence that dispersal or
interbreeding of individuals from different major ocean basins is extremely rare and that whales from
the major ocean basins are differentiated by a number of characteristics. Data indicate that not all
humpback whales migrate annually from summer feeding to winter breeding sites and that some whales
remain in certain areas year-round (Barco et al., 2002; Christensen et al., 1992; Clapham et al., 1993;
Murray et al., 2013; Straley, 1999). The small Arabian Sea population of humpback whales is hon-
migratory, breeding and foraging in the same region (Bettridge et al., 2015; Pomilla et al., 2014).

Dive times of humpback whales have been recorded from 3 to 4 min in duration (Dolphin, 1987; Strong,
1990). Recently, Burrows et al. (2016) reported dive times that ranged from 7.5 to 9.6 min, with a mean
of 6.0 min. Dive times on the wintering grounds can be much longer, with singing humpbacks typically
diving between 10 and 25 min in duration (Chu, 1988). Humpback whales dove to depths from 131 to
512 ft (40 to 156 m) during foraging dives (Dolphin, 1988; Goldbogen et al., 2008). The deepest recorded
humpback dive was 790 ft (240 m), with most dives ranging between 197 to 394 ft (60 and 120 m)
(Hamilton et al., 1997). During their long-distance migrations, humpback whales swim at speeds ranging
from 0.7 to 7.7 kt (1.3 to 14.2 kph) (Cerchio et al., 2016; Chaudry, 2006; Chittleborough, 1953; Gabriele
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et al., 1996; Guzman and Félix, 2017; Horton et al., 2011; Kennedy et al., 2014). Swim speeds of
humpbacks during dive descent range from 2.4 to 3.9 kt (4.5 to 7.2 kph) while speeds on ascending dives
were 2.9 to 4.9 kt (5.4 to 9 kph) (Dolphin, 1987).

No direct measurements of humpback whale hearing sensitivity exist (Ketten, 2000; Thewissen, 2002).
Due to this lack of auditory sensitivity information, Houser et al. (2001) developed a mathematical
function to describe the frequency sensitivity of humpbacks by integrating the humpback basilar
membrane position with known mammalian data. The results predicted the typical U-shaped audiogram
with sensitivity to frequencies from 700 Hz to 10 kHz with maximum sensitivity between 2 to 6 kHz
(Houser et al., 2001).

Humpbacks produce a great variety of sounds that fall into three main groups: 1) sounds associated with
feeding; 2) social sounds; and 3) songs associated with reproduction. These vocalizations range in
frequency from 20 to 10,000 Hz. Feeding groups produce stereotyped feeding calls ranging from 20 to
2,000 Hz, with dominant frequencies near 500 Hz (Frankel, 2009; Thompson et al., 1986). Feeding calls
were found to have SLs in excess of 175 dB re 1 uPa @ 1 m (Richardson et al., 1995’ Thompson, et al.,
1986). Humpback whales in the Northwest Atlantic Ocean produce “megapclicks”, which are click trains
and buzzes with most of their energy below 2 kHz, with relatively low SLs of 143 to 154 dBre 1 pPa @ 1
m (peak-peak) (Stimpert et al., 2007). “Whup” calls are composed of a short AM growl followed by a
rapid upsweep from 56 to 187 Hz (Wild and Gabriele, 2014). Additional social sounds have been
described that range from 70 Hz to 3.5 kHz, with a mean duration ranging from 0.8 to 16.7 sec (Fournet
et al., 2015; Stimpert et al., 2011). Social sounds in the winter breeding areas are produced by males and
range from 50 Hz to more than 10,000 Hz with most energy below 3,000 Hz (Silber, 1986). Calves
produce short, LF sounds (Zoidis et al., 2008). Dunlop et al. (2007) reported 34 types of calls from
migrating humpbacks ranging from 30 Hz to 2.4 kHz and between 0.2 and 2.5 sec in duration, with 21 of
these call types being incorporated into songs; the median source level of these social sounds is 158 dB
re 1 uPa (Dunlop et al., 2013).

During the breeding season, males sing long, complex songs with frequencies between 25 Hz and 5 kHz,
with mean SLs of ~165 dB re 1 uPa @ 1 m (broadband) (Au et al., 2006; Frankel et al., 1995; Payne and
McVay, 1971). The songs vary geographically among humpback populations and appear to have an
effective range of approximately 5.4 to 10.8 nmi (10 to 20 km) (Au et al., 2000). Singing males are
typically solitary and maintain spacing of 2.7 to 3.2 nmi (5 to 6 km) from one another (Frankel et al.,
1995; Tyack, 1981). Songs have been recorded on the wintering ground, along migration routes, and less
often on feeding grounds (Clapham and Mattila, 1990; Clark and Clapham, 2004; Gabriele and Frankel,
2002; Magnusdéttir et al., 2014; Stanistreet et al., 2013; Van Opzeeland et al., 2013; Vu et al., 2012).
Gabriele and Frankel (2002) reported that humpback whales sing more frequently in the late summer
and early fall than previously observed.

4.1.8 North Pacific Right Whale (Eubalaena japonica)

The North Pacific right whale is listed as endangered under the ESA, depleted under the MMPA,
protected under CITES, and as a species, is classified as endangered under the IUCN Red List of
Threatened Species, although the ENP stock is classified as critically endangered (Reilly et al., 2008i).
Two stocks or populations of North Pacific right whales have been identified, with the ENP stock
encompassing right whales found in the Gulf of Alaska and the Bering Sea while the WNP stock consists
of right whales occurring in the Commander Islands, off the coast of Kamchatka, the Kuril Islands, and in
the Sea of Okhotsk (Brownell et al., 2001; LeDuc et al., 2012). No overall population estimate for North
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Pacific right whales is available, but likely, less than 1,000 North Pacific right whales are currently living,
as the population of ENP right whales is very small, with only 31 whales estimated (Wade et al, 2011;
Muto et al., 2018). The WNP stock occurs within the study area for SURTASS LFA sonar and is estimated
to include 922 individuals (Best et al., 2001).

Since so few North Pacific right whales exist, little information generally about the species is available.
North Pacific right whales regularly occur only in the Sea of Okhotsk and the southeastern Bering Sea
with very rare occurrences documented in the Gulf of Alaska, Sea of Japan (off South Korea), and North
Pacific waters around the Ogasawara and Kuril islands; Hokkaido, Japan; and offshore Kamchatka
(Jefferson et al., 2015; NMFS, 2018f; Sekiguchi et al., 2014). Since 2013, two North Pacific right whales
have been reported off Hokkaido (one entangled) and one right whale was documented off South Korea,
which was the first observation of this species in the Sea of Japan in 41 years (NMFS, 2018f). Thode et al.
(2017) estimated that the source depth of North Pacific right whale vocalizations ranged from near the
surface to as deep as 82 ft (25 m), water depths consistent with dive patterns of North Atlantic right
whales. Dive durations ranged from 41 to 726 sec {Crance, 2017). No swim speed information is
available for the North Pacific right whale except that they are known to be slow swimmers.

There is no direct measurement of the hearing sensitivity of right whales (Ketten, 2000; Thewissen,
2002). However, thickness measurements of the basilar membrane of North Atlantic right whale
suggests a hearing range from 10 Hz to 22 kHz, based on established marine mammal models (Parks et
al., 2007); this same range can be used as a proxy for North Pacific right whales. McDonald and Moore
(2002) studied the vocalizations of North Pacific right whales in the eastern Bering Sea using
autonomous seafloor-moored recorders and described five vocalization categories: up-calls, down-up
calls, down calls, constant calls, and unclassified vocalizations. The up-call was the predominant type of
vocalization and typically swept from 90 to 150 Hz, while the down-up call swept down in frequency for
10 to 20 Hz before it became a typical up call, and the down and constant calls were typically
interspersed with up calls (McDonald and Moore, 2002). Constant calls were also subdivided into two
categories: single frequency tonal or a frequency waver of up and down, which varied by approximately
10 Hz; the down and constant calls were lower in frequency than the up calls, averaging 118 Hz for the
down call and 94 Hz for the constant call (McDonald and Moore, 2002). Munger et al. (2011) reported
the SL of North Pacific right whale upcalls to be averaged from 176 to 178 dB re 1pPa @ 1 m, with a
frequency range of 90 to 170 Hz. Crance (2017) reported a sixth type of North Pacific right whale
vocalization termed gunshots, which is an impulsive signal ranging from 50 Hz to 5.5 kHz with an
average duration of 0.3 sec.

4.1.9 Omura’s Whale (Balaenoptera omurai)

Omura’s whales have only recently been described and were previously known as a small form of
Bryde’s whale (Wada et al., 2003). The Omura’s whale is considered data deficient by the IUCN Red List
of Threatened Species (Reilly et al., 2008g). The IWC recognizes the Omura’s whale but has not yet
defined stocks or estimated its population, and no global abundance of Omura’s whales exists. The only
abundance estimate that relates to Omura’s whale is that derived by Ohsumi (1980) for what he
characterized at the time as unusually small Bryde’s whales in the Solomon Islands. At least part of the
whales Ohsumi (1980) identified as small Bryde’s whales in the Solomon Islands have now been shown
through genetic analysis to have been Omura’s whales (Sasaki et al., 2006; Wada et al., 2003). Thus,
while not ideal, given the paucity of data currently available for this species, Ohsumi’s (1980) estimate of
1,800 individuals is the only and best available estimate of Omura’s whales in the WNP stock. The
Northern Indian Ocean stock of Omura’s whales that occurs in the Andaman Sea area has been
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estimated to include 9,176 individuals (IWC, 2016; Wade and Gerrodette, 1993), while the Southern
Indian Ocean is estimated to number 13,854 individuals (IWC, 1981).

Omura’s whales have a very limited Indo-Pacific distribution in tropical and subtropical neritic and
oceanic waters, primarily occurring only in the western North Pacific Ocean from the Sea of Japan
southward to eastern Australia, and in the Indian Ocean, primarily off Western Australia but with
confirmed sightings off Sri Lanka and Madagascar (Aragones et al., 2010; Cerchio and Yamada, 2018;
Cerchio et al., 2015; Reilly et al., 2008g; Wada et al., 2003), although the geographic range is not well
established. No information is available on the migratory behavior of Omura’s whales. The presence of
mothers and calfs in northwestern Madagascar waters suggested to Cerchio et al. (2015) that the area
was a breeding and calving area. Swim speeds and dive behavior characteristics have not yet been
documented for the Omura’s whale.

Hearing has not been measured in the Omura’s whale, but Omura’s whales are classified as LF hearing
specialists, presumably capable of hearing sound within the range of 7 Hz to 22 kHz (Southall et al.,
2007). Omura’s whales have been recorded producing long (mean duration = 9.2 sec), broadband, AM
calls with energy concentrated in the 15 to 50 Hz band, with a rhythmic sequence with 2-3 min intervals
between utterances (Cerchio et al., 2015). Cerchio and Yamada (2018) reported that the Omura’s calls
to be rhythmically repeated at 130 to 180 sec intervals, suggestive of a song display, with singing
documented to last up to 12 hr without pause, and five to six singers being audible on single
hydrophones.

4.1.10 Sei Whale (Balaenoptera borealis)

The sei whale is listed as endangered under the ESA, depleted under the MMPA, protected under CITES,
and as endangered by the IUCN Red List of Threatened Species (Reilly et al., 2008h). The SMM (2017)
has differentiated Northern and Southern subspecies of sei whales (Table 3-1). While the Navy
recognizes this taxonomy, the subspecies are not differentiated at sea or in the available population
data and information. Accordingly, all subsequent information presented herein about the sei whale is
referenced only to the species level. The global population for the sei whale has been estimated by the
IUCN to include 31,600 individuals (Reilly et al., 2008h) while Jefferson et al. (2015) reported a
population as large as 80,000 whales. The population of the Hawaii stock of sei whales is estimated as
391 whales (CV=0.9) (Bradford et al., 2017), while the the North Pacific stock is estimated to include
7,000 whales (Mizroch et al., 2015; Tillman, 1977). The Indian Ocean stock of sei whales is estimated as
13,854 whales (IWC, 1981).

Sei whales occur in temperate, oceanic waters of all world oceans, occurring very uncommonly in neritic
waters, the Mediterranean Sea, and in equatorial waters (Horwood, 2018; Jefferson et al., 2015). The sei
whale is migratory, seasonally traveling between low latitude calving grounds to high latitude foraging
grounds, although these migrations may not be as extensive as that of other mysticetes (Jefferson et al.,
2015). Specific breeding grounds are not known for this species, although the waters off northwest
Africa have been suggested for North Atlantic sei whales (Prieto et al., 2014).

Ishii et al. (2017) documented U- and V-shaped dives of foraging sei whales and noted that they dove no
deeper than 187 ft (57 m) during the day and to no more than 40 ft (12.2 m) at night, with maximum
durations of 12 min. Dive times of sei whales range from 0.75 to 15 min, with a mean duration of 1.5
min (Schilling et al., 1992). When foraging, sei whales make shallow dives of 65 to 100 ft (20 to 30 m),
followed by a deep dive up to 15 min in duration (Gambell, 1985). Sei whales are fast swimmers,
surpassed only by blue whales (Sears and Perrin, 2009). Swim speeds have been recorded at 2.5 kt (4.6
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kph), with a maximum speed of 14.8 kt (27.4 kph) (Brown, 1977; Olsen et al.; 2009). Prieto et al. (2014)
reported that the mean swim speeds of satellite-tagged sei whales during migration were 3.3 to 4 kt (6.2
to 7.4 kph) and an “off-migration” speed was measured as 3.2 kt (6 kph). Ishii et al. (2017) measured
mean swimming speeds of 1.9 to 2.7 kt (3.6 to 5 kph) for two sei whales.

No direct measurements of sei whale hearing sensitivity exist (Ketten, 2000; Thewissen, 2002). Sei whale
vocalizations are the least studied of all the rorquals. Rankin and Barlow (2007) recorded sei whale
vocalizations in Hawai‘i and reported that all vocalizations were downsweeps, ranging from on average
from 100.3 to 446 Hz for “high frequency” calls and from 39.4 to 21.0 Hz for “low frequency” calls. In
another study, McDonald et al., (2005) recorded sei whales in Antarctica with an average call frequency
of 433 Hz. A series of sei whales FM calls have been recorded south of New Zealand with a frequency
range of 34 to 87 Hz and a duration of 0.4 to 1.7 sec (Calderan et al., 2014).

4.2 Odontocetes

Five families containing 33 species/species groups (31 species, 2 species groups) of odontocete
cetaceans have been assessed for potential impacts due to the use of SURTASS LFA sonar. Odontocetes
can be distinguished from mysticetes by the presence of functional teeth and a single blowhole.
Odontocetes have a broad acoustic range, with mid-frequency cetaceans hearing between 150 Hz and
160 kHz and high-frequency cetaceans hearing between 260 Hz and 160 kHz (NMFS, 2016). Many
odontocetes produce a variety of click and tonal sounds for communication and echolocation purposes
(Au, 1993). Odontocetes communicate mainly above 1,000 Hz and produce echolocation signals as high
as 160 kHz (Wiirsig and Richardson, 2009).

4.2.1 Baird’s Beaked Whale (Berardius bairdii)

The Baird’s beaked whales is currently classified as data deficient under the IUCN Red List of Threatened
Species (Taylor et al., 2008a). The abundance of the global population size is unknown. The abundance
of Baird’s beaked whale in the WNP stock has been estimated as 5,688 individuals (Kasuya and Perrin,
2017; Miyashita, 1986 and 1990).

Baird’s beaked whales occur in the North Pacific, including the Bering and Okhotsk seas (Kasuya, 1986;
Kasuya, 2009) and off California (Yack et al., 2013) and inhabit deep water and appear to be most
abundant at areas of steep topographic relief such as shelf breaks and seamounts (Dohl et al., 1983;
Kasuya, 1986; Leatherwood et al., 1988). Baird’s beaked whales were documented as having an inshore-
offshore movement off California beginning in July and ending in September to October (Dohl et al.,
1983). Ohizumi et al. (2003) reported that Baird’s beaked whales migrate to the coastal waters of the
western North Pacific and the southern Sea of Okhotsk in the summer.

Baird’s beaked whales were recorded diving between 15 and 20 min, with a maximum dive duration of
67 min (Barlow, 1999; Kasuya, 2009). In a recent study, a Baird’s beaked whale in the western North
Pacific had a maximum dive time of 64.4 min and a maximum depth of 5,830 ft (1,777 m). It was also
found that one deep dive (>3,280 ft [>1,000 m]) was followed by several intermediate dives (328 to
3,280 ft [100 to 1,000 m]) (Minamikawa et al., 2007). Few swim speed data are available for any beaked
whale species.

Direct measurements of Baird’s beaked whale hearing sensitivity have not been measured (Ketten,
2000; Thewissen, 2002). Baird’s beaked whales have been recorded producing HF sounds between 12
and 134 kHz with dominant frequencies between 23 to 24.6 kHz and 35 to 45 kHz (Dawson et al., 1998).
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This species produces a variety of sounds, mainly burst-pulse clicks and FM whistles. The functions of
these signal types are unknown. Clicks and click trains were heard sporadically throughout the recorded
data, which may suggest that these beaked whales possess echolocation abilities. There is no available
data regarding seasonal or geographical variation in the sound production of these species and no
estimated SLs are documented.

4.2.2 Common Bottlenose Dolphin (Tursiops truncatus)

Overall, the common bottlenose dolphin is classified as least concern (lower risk) by the IUCN. The
global population for the bottlenose dolphin is unknown. The abundance of common bottlenose dolpins
in the WNP Northern Offshore stock, which includes bottlenose dolphins in the area of the WNP
bounded by 30° N, 145°E to 180°E, is estimated as 100,281 dolphins (Kasuya and Perrin, 2017;
Miyashita, 1993). The population of the WNP Southern Offshore stock of bottlenose dolphins, found in
the area between 23° to 30° N, 127°to 180° E, has been estimated to include 40,769 dolphins (Kanaji et
al., 2018). Common bottlenose dolphins occurring in Pacific coastal waters of Japan are part of the
Japanese Coastal stock, which is estimated to include 3,516 dolphins (Kanaji et al., 2018). The Inshore
Archipelago stock of common bottlenose dolphins that occurs in the Asian continental seas includes
105,138 dolphins (Miyashita, 1986 and 1993). The Hawaii population of pelagic common bottlenose
dolphins includes 21,815 individuals (CV=0.57) (Bradford et al., 2017); while the insular Hawaiian stocks
of common bottlenose dolphins include an estimated 184 dolphins in the Kaua‘i/Ni‘ihau stock, 743
individuals in the O‘ahu stock, 191 dolphins in the 4-Island stock, and 128 individuals in the Hawaii Island
stock (Baird et al., 2009; Carretta et al., 2014). The population of common bottlenose dolphins in the
North Indian Ocean stock is estimated as 785,585 dolphins (Wade and Gerrodette, 1993), while 3,000
common bottlenose dolphins may occur in the waters of Western Australia (Preen et al., 1997).

The bottlenose dolphin is distributed worldwide in temperate to tropical waters. In North America, they
inhabit waters with temperatures ranging from 50 to 89°F (10 to 32°C) (Wells and Scott, 2009). Common
bottlenose dolphins are primarily found in coastal waters, but they also occur in diverse habitats ranging
from rivers and protected bays to oceanic islands and the open ocean, over the continental shelf, and
along the shelf break (Scott and Chivers, 1990; Sudara and Mahakunayanakul, 1998; Wells and Scott,
2009). Seasonal movements vary between inshore and offshore locations and year-round home ranges
(Croll et al., 1999; Wells and Scott, 2009). Calving season is generally year-round with peaks occurring
from early spring to early fall (Scott and Chivers, 1990). There are no known breeding grounds.

Dive times for bottlenose dolphins range from 38 sec to 1.2 min, with dives having been recorded to last
as long as 10 min (Croll et al., 1999; Mate et al., 1995). The dive depth of a bottlenose dolphin in Tampa
Bay, Florida, was measured at 322 ft (98 m) (Mate et al., 1995). Wild offshore bottlenose dolphins were
reported to dive to depths greater than 1,476 ft (450 m) (Klatsky et al., 2007). The deepest dive
recorded for a bottlenose dolphin is 1,755 ft (535 m) by a trained individual (Ridgway, 1986). Sustained
swim speeds for bottlenose dolphins range between 2.2 and 10.8 kt (4 and 20 kph) and may reach
speeds as high as 29 kt (54 kph) (Lockyer and Morris, 1987).

Bottlenose dolphins hear underwater sounds in the range of 150 Hz to 135 kHz (Johnson, 1967;
Ljungblad et al., 1982). Their best underwater hearing occurs between 15 to 110 kHz, where the
threshold level range is 42 to 52 dB RL (Au, 1993). The range of highest sensitivity occurs between 25
and 70 kHz, with peaks in sensitivity at 25 and 50 kHz (Nachtigall et al., 2000). Bottlenose dolphins also
have good sound location abilities and are most sensitive when sounds arrive directly towards the head
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(Richardson et al., 1995). Bottlenose dolphins are able to voluntarily reduce their hearing sensitivity to
loud sounds (Nachtigall and Supin, 2015).

Bottlenose dolphins produce sounds as low as 50 Hz and as high as 150 kHz with dominant frequencies
at 0.3 to 14.5 kHz, 25 to 30 kHz, and 95 to 130 kHz (Croll et al., 1999; dos Santos et al., 1990; Johnson,
1967; McCowan and Reiss, 1995; Oswald et al., 2003; Popper, 1980; Schultz et al., 1995). The maximum
SL reported is 228 dB (Croll et al., 1999). Bottlenose dolphins produce a variety of whistles, echolocation
clicks, low-frequency narrow, “bray” and burst-pulse sounds. Echolocation clicks with peak frequencies
from 40 to 130 kHz are hypothesized to be used in navigation, foraging, and predator detection (Au,
1993; Houser et al., 1999; Jones and Sayigh, 2002). According to Au (1993), sonar clicks are broadband,
ranging in frequency from a few kilohertz to more than 150 kHz, with a 3 dB bandwidth of 30 to 60 kHz
(Croll et al., 1999). The echolocation signals usually have a 50 to 100 msec duration with peak
frequencies ranging from 30 to 100 kHz and fractional bandwidths between 10 and 90 percent of the
peak frequency (Houser et al., 1999). Burst-pulses, or squawks, are commonly produced during social
interactions. These sounds are broadband vocalizations that consist of rapid sequences of clicks. Inter-
click intervals (ICls) vary to form different types of click patterns such as 1) low-frequency clicks that
have no regular repeating interval; 2) train clicks (ICl = 35-143 msec); 3) Packed clicks (ICI = 2-6 msec);
and 4) Burst, with an ICl of 1.7 to 4.9 msec, with more clicks than a packed click train (Buscaino et al.,
2015). Burst-pulse sounds are typically used during escalations of aggression (Croll et al., 1999). Whistles
range in frequency from 1.5 to 23 kHz and have durations up to 4 seconds (Diaz Lépez, 2011; Gridley et
al., 2015). Each individual bottlenose dolphin has a fixed, unique FM pattern, or contour whistle called a
signature whistle. These signal types have been well studied and are used for recognition, but may have
other social contexts (Janik et al., 2013; Jones and Sayigh, 2002; Kuczaj et al., 2015). Signature whistles
have a narrow-band sound with the frequency commonly between 4 and 20 kHz, duration between 0.1
and 3.6 seconds, and an SL of 125 to 140 dB (Croll et al., 1999).

4.2.3 Common Dolphin (Delphinus delphis delphis) and Indo-Pacific Common Dolphin (Delphinus
delphis tropicalis)

SMM (2017) has recently resolved and revised the complex taxonomy of the common dolphin, which it
had formerly divided into multiple subspecies. Although the Indo-Pacific common dolphin is retained as
a subspecies, the SMM no longer recognizes the long-beaked and short-beaked subspecies of common
dolphins—these species are now simply the common dolphin. Thus, in this SEIS/SOEIS, we include two
species of common dolphins: the common dolphin and the Indo-Pacific common dolphin. The Indo-
Pacific common dolphin is essentially a long-beaked variant that occurs in the Indian Ocean (SMM,
2017). However, the characterizations that define the two species are difficult to assess at sea, and until
recently, at-sea observations only reported “common” dolphins generically. Since little information is
known to the species level, information that follows refers to both subspecies of common dolphins.

The common dolphin is classified as a least concern (lower risk) species by the IUCN. The global
population for all common dolphin species is unknown. In the WNP stock, 3,286,163 common dolphins
are estimated (Ferguson and Barlow, 2001 and 2003), while 1,819,882 common and Indo-Pacific
common dolphins are estimated to occur in the Indian Ocean (Wade and Gerrodette, 1993).

Common dolphins are widely distributed worldwide in temperate, tropical, and subtropical oceans,
primarily in neritic waters of the continental shelf and steep bank regions where upwelling occurs
(Jefferson et al. 2015; Perrin, 2009b). These dolphins seem to be most common in the coastal waters of
the Pacific Ocean, often occurring within 97.2 nmi (180 km) of land (Jefferson et al., 2015
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Dive depths range between 30 and 656 ft (9 and 200 m), with a majority of dives 30 to 164 ft (9 to 50 m)
(Evans, 1994). The deepest dive recorded for these species was 850 ft (260 m) (Evans, 1971). The
maximum dive duration has been documented at 5 min (Heyning and Perrin, 1994). Swim speeds for
Delphinus spp. have been measured at 3.1 kt (5.8 kph) with maximum speeds of 8.7 kt (16.2 kph); but in
other studies, common dolphins have been recorded swimming up to 20 kt (37.1 kph) (Croll et al., 1999;
Hui, 1987). Off California, common dolphins averaged speeds of 29 kt (9 kph) (Wiggins, 2013).

Very little is known about hearing in common dolphins. Popov and Klishin (1998) measured the hearing
threshold of a common dolphin by auditory brainstem response and discovered an U-shaped audiogram
with a steeper high-frequency branch and an auditory range from 10 to 150 kHz, with greatest
sensitivity between 60 and 70 kHz; it should be noted that the dolphin was ill, died while in captivity,
and testing appears to have been conducted on the dead animal. Aroyan (2001) modeled three-
dimensional hearing in the common dolphin to elucidate the hearing processes and reported tissue-
borne sound reception channels in the head of the common dolphin with the suggestion that the lower
jaw exhibits strongly directional reception. Common dolphins produce sounds as low as 0.2 kHz and as
high as 150 kHz, with dominant frequencies at 0.5 to 18 kHz and 30 to 60 kHz (Au, 1993; Moore and
Ridgway, 1995; Popper, 1980]; Watkins, 1967). Signal types consist of clicks, squeals, whistles, and
creaks (Evans, 1994). Whistles of short-beaked common dolphins range between 3.5 and 23.5 kHz
(Ansmann et al., 2007), while the whistles of long-beaked common dolphins ranges from 7.7 to 15.5 kHz
(Oswald et al., 2003). Most of the energy of echolocation clicks is concentrated between 15 and 100 kHz
(Croll et al., 1999). The maximum peak-to-peak SL of common dolphins is 180 dB. In the North Atlantic,
the mean SL was approximately 143 dB with a maximum of 154 (Croll et al., 1999). There are no
available data regarding seasonal or geographical variation in the sound production of common
dolphins.

4.2.4 Cuvier's Beaked Whale (Ziphius cavirostris)

Cuvier’s beaked whale is currently classified as a least concern (lower risk) species by the IUCN Red List
of Threatened Specie (Taylor et al., 2008b). No global population estimate for this species is known.
Abundances of Cuvier’s beaked whales are estimated as 90,725 whales in the WNP stock (Ferguson and
Barlow, 2001 and 2003) and as 723 individuals (CV=0.69) for the Hawaii stock (Bradford et al., 2017). The
population of Cuvier’s beaked whales in the Southern Hemisphere is estimated as 76,500 individuals
(Dalebout et al., 2005), of which27,222 individuals are estimated to occur in the northern Indian Ocean
(Wade and Gerrodette, 1993).

The Cuvier’s beaked whale is the most cosmopolitan of all beaked whale species. Except for the high
Arctic and Antarctic waters, Cuvier’s beaked whales are widely distributed in tropical to polar oceanic
waters of all oceans and major seas, including the Gulf of Mexico, Gulf of California, Caribbean Sea,
Mediterranean Sea, Sea of Japan, and Sea of Okhotsk (Heyning and Mead, 2009; Jefferson et al., 2008;
Omura et al., 1955). No data on breeding and calving grounds are available.

Dive durations range between 20 and 87 min with an average dive time near 30 min (Baird et al., 2004;
Heyning, 1989; Jefferson et al., 1993). This species is a deep diving species) (Heyning and Mead, 2009).
Schorr et al. (2014) reported a maximum dive depth of 9,816 ft (2,992 m) that lasted 137.5 min. In the
Caribbean Sea, Cuvier’s beaked whales performed dives to a mean depth of 3,868 ft (1,179 m) and mean
dive duration of 65.4 min, with non-foraging dives as deep as ~ 1,640 ft (500 m) over 40 min, and
foraging dives ranging between 2,297 to 6,234 ft (700 and 1900 m) over 3- to 100 min (Joyce et al.,
2017). Joyce et al. (2017) also reported that Cuvier’s beaked whales exhibited long recovery times (or
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inter-dive intervals) with a median of 68 min at the surface between dive bouts (Joyce et al. 2017).
Shallow and deep dive times for Cuvier’s beaked whales in the waters of southern California waters
were reported to have durations of ~ 20 min and ~ 60 min, respectively (Falcone et al., 2017). Swim
speeds of Cuvier’s beaked whale have been recorded between 2.7 and 3.3 kt (5 and 6 kph) (Houston,
1991).

Hearing sensitivity of Cuvier’s beaked whales has not been measured (Ketten, 2000; Thewissen, 2002).
Cuvier’s beaked whales were recorded producing HF clicks between 13 and 17 kHz; since these sounds
were recorded during diving activity, the clicks were assumed to be associated with echolocation
(Frantzis et al., 2002). Johnson et al. (2004) recorded frequencies of Cuvier’s clicks ranging from about
12 to 40 kHz with associated SLs of 200 to 220 dB re 1 pPa @ 1 m (peak-to-peak). Johnson et al. (2004)
also found that Cuvier’s beaked whales do not vocalize when within 656 ft (200 m) of the surface and
only started clicking at an average depth of 1,558 ft (475 m) and stopped clicking on the ascent at an
average depth of 2,789 ft (850 m) with click intervals of approximately 0.4 sec. Zimmer et al. (2005a)
also studied the echolocation clicks of Cuvier’s beaked whales and recorded a SLof 214 dBre 1 yPa @ 1
m (peak-to-peak). There are no available data regarding seasonal or geographical variation in the sound
production of Cuvier’s beaked whales.

4.2.5 Dall’s Porpoise (Phocoenoides dalli)

Dall's porpoises are separated taxonomically into two subspecies: the truei-type and the dalli-type, with
both subspecies occurring in the study area for SURTASS LFA sonar. Dall’s porpoise is considered least
concern under the IUCN. The total population of Dall’s porpoise is estimated at 1.2 million (Jefferson et
al., 2015). The population of the WNP truei subspecies of the Dall’s porpoise is estimated as 178,157
individuals (Kasuya and Perrin, 2017; Miyashita, 2007), while the Sea of Japan and WNP dalli populations
are estimated to include 173,638 porpoises (IWC, 2008) and 162,000 porpoises (Kasuya and Perrin,
2017; Miyashita, 2007), respectively.

The Dall’s porpoise is found exclusively in the North Pacific Ocean and adjacent seas (Bering Sea,
Okhotsk Sea, and Sea of Japan) from about Baja California to Japan in the south and Bering Sea to the
north (Jefferson et al., 2015). Although this oceanic species is primarily found in deep oceanic waters
from 30°N to 62°N or in areas where deepwater occurs close to shore, it has been observed in the
inshore waters of Washington, British Columbia, and Alaska (Jefferson et al., 2015). Distribution in most
areas is very poorly defined (Jefferson, 2009a).

Dall’s porpoises are relatively deep divers, diving to 900 ft (275 m) for as long as 8 min (Hanson et al.,
1998; Ridgway, 1986). Thought to be one of the fastest swimming of the small cetaceans (Croll et al.,
1999; Jefferson, 2009b), Dall’s porpoise’s average swim speeds between 1.3 and 11.7 kt (2.4 and 21.6
kph). Swim speeds are dependent on the type of swimming behavior (slow rolling, fast rolling, or
rooster-tailing) (Croll et al., 1999), but Dall’s porpoises may reach speeds of 29.7 kt (55 kph) for quick
bursts (Leatherwood and Reeves, 1983).

There is no direct measurement of the hearing sensitivity of Dall’s porpoises (Ketten, 2000; Thewissen,
2002). It has been estimated that the reaction threshold of Dall’s porpoise for pulses at 20 to 100 kHz is
about 116 to 130 dB RL, but higher for pulses shorter than one millisecond or for pulses higher than 100
kHz (Hatakeyama et al., 1994).

Dall’s porpoises produce sounds as low as 40 Hz and as high as 160 kHz (Awbrey et al., 1979; Evans and
Awbrey, 1984; Evans and Maderson, 1973; Hatakeyama et al., 1994; Hatakeyama and Soeda, 1990;
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Ridgway, 1966) and can emit LF clicks in the range of 40 Hz to 12 kHz (Awbrey et al., 1979; Evans, 1973).
Narrow band high frequency clicks are also produced with energy concentrated around 120 to 141 kHz
with a duration of 35 to 251 psec (Au, 1993; Kyhn et al., 2013). Their maximum peak-to-peak SL is 175
dB (Evans, 1973; Evans and Awbrey, 1984). Dall’s porpoise do not whistle very often.

4.2.6 Dwarf Sperm Whale (Kogia sima) and Pygmy Sperm Whale (Kogia breviceps)

Both the pygmy sperm whale and dwarf sperm whale are listed as data deficient under the IUCN Red
List of Threatened Species (Taylor et al., 2012 and 2013). Abundance estimates of the global population
sizes for these species are unknown. Population estimation by species is difficult as due to difficulty in
distinguishing these species at sea, data for both species are typically combined. Where possible,
population data by species are presented herein. The population of both species (Kogia spp.) combined
and individually in the WNP stocks has been estimated as 350,553 whales (Ferguson and Barlow, 2001
and 2003). The Hawaii stocks of the dwarf sperm whale and pygmy sperm whale are estimated as
17,519 individuals and 7,138 individuals, respectively (Barlow, 2006; Carretta et al., 2014). The Indian
Ocean stocks of pygmy and dwarf sperm whales are estimated to number 10,541 individuals (Wade and
Gerrodette, 1993).

Pygmy and dwarf sperm whales are distributed worldwide, primarily in temperate to tropical deep
waters, and are especially common in waters along continental shelf breaks (Evans, 1987; Jefferson et
al., 2008). Dwarf sperm whales seem to prefer warmer water than the pygmy sperm whale (Caldwell
and Caldwell, 1989). Little evidence exists for seasonal movements in either species (McAlpine, 2009).

In the Gulf of California, Kogia spp. have been recorded with an average dive time of 8.6 min, whereas
dwarf sperm whales in the Gulf of California exhibited a maximum dive time of 43 min (Breese and
Tershy, 1993). Swim speeds vary and were found to reach up to 5.9 kt (11 kph) (Scott et al., 2001).

Sparse data exist on the hearing sensitivity of pygmy sperm whales and no data on the hearing
sensitivity of the dwarf sperm whale have been measured. An auditory brainstem response study on a
rehabilitating pygmy sperm whale indicated an underwater hearing range with greatest sensitive
between 90 and 150 kHz (Carder et al., 1995; Ridgway and Carder, 2001).

Recordings of captive pygmy sperm whales show they produce sounds between 60 and 200 kHz with
peak frequencies at 120 to 130 kHz (Carder et al., 1995; Ridgway and Carder, 2001; Santoro et al., 1989).
Echolocation pulses of pygmy sperm whales were documented with peak frequencies at 125 to 130 kHz
(Ridgway and Carder, 2001). Thomas et al. (1990a) recorded an LF swept signal between 1.3 to 1.5 kHz
from a captive pygmy sperm whale in Hawaii. Jérémie et al. (2006) reported frequencies ranging from 13
to 33 kHz for dwarf sperm whale clicks with durations of 0.3 to 0.5 sec. Merkens et al. (2018) recently
reported that the sounds produced by captive and free-ranging dwarf sperm whales were very similar to
those of pygmy sperm whales, and were characterized as narrow-band, HF clicks with mean frequencies
from 127 to 129 kHz and inter-click intervals of 110 to 164 msec.

4.2.7 False Killer Whale (Pseudorca crassidens)

False killer whales are classified as least concern (lower risk) by the IUCN. Three populations of false
killer whales have been identified in Hawaiian waters, but only the Main Hawaiian Island Insular DPS of
false killer whales is listed under the ESA as endangered and depleted under the MMPA (NOAA, 2012b).
The populations of false killer whales occurring in the insular waters of the Hawaiian Islands have been
shown to be genetically and behaviorally distinct from false killer whales found in oceanic or offshore
waters (Chivers et al., 2010; Martien et al., 2011; NOAA, 2012b). The boundaries between the Hawaiian
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Island populations of false killer whales are complex and overlapping. The areal extent of the Main
Hawaiian Island Insular DPS of false killer whales is a 39-nmi (72-km) radius around the Main Hawaiian
Islands, with the offshore extent of the DPS’ outer boundary connected on the leeward sides of Hawaii
Island and Niihau to encompass the offshore movements of Main Hawaiian Islands Insular DPS false
killer whales within that region (Carretta et al., 2015). In comparison to other populations of false killer
whales, the Main Hawaiian Islands Insular DPS is characterized by a very low abundance and very high
density, suggesting that either the nearshore habitat used by these whales is highly productive or these
whales employ an unique habitat-use strategy that supports a high density of false killer whales (Oleson
et al., 2010; Wearmouth and Sims, 2008).

Critical habitat has been proposed for the Main Hawaiian Island Insular DPS of the false killer whale
(NOAA, 2017). The proposed critical habitat for the Main Hawaiian Islands DPS of false killer whales
includes waters from the 148- to 10,499-ft (45-to 3,200-m) depth contours around the Main Hawaiian
Islands from Niihau east to Hawaii; some Navy and other federal agency areas, such as the Pacific Missile
Range Facility offshore ranges, are excluded from the proposed critical habitat designation (NOAA,
2017).

The global population for the false killer whale is unknown. Estimates of 16,668 whales have been
documented in the northwestern Pacific (Miyashita, 1993) and 9,777 whales have been estimated in the
Inshore Archipelago stock of the Asian continental seas (Miyashita, 1986). In Hawaiian waters, false killer
whale populations have been estimated as 1,540 whales (CV=0.66) in the Hawaii pelagic population, 617
whales (CV=1.11) in the Northwestern Hawaiian Islands DPS, and 167 whales in the Main Hawaiian
Islands Insular DPS (Bradford et al., in review; Muto et al., 2018). The population of false killer whales in
the Indian Ocean has been estimated as 144,188 whales (Wade and Gerrodette, 1993).

False killer whales are found worldwide in tropical to warm temperate zones in deep (> 3,300 ft (1,000
m) waters (Baird, 2009a; Odell and McClune, 1999; Stacey et al., 1994). Although typically a pelagic
species, they approach close to the shores of oceanic islands and regularly mass strand (Baird, 2009a). In
the North Pacific Ocean, false killer whales are well documented in the waters of southern Japan,
Hawaii, ETP, and off the U.S. West Coast. Off the Hawaiian Archipelago, false killer whales occur in
nearshore (Baird et al. 2008, 2013) and pelagic waters, including waters surrounding Palmyra and
Johnston Atolls (Barlow et al., 2008, Bradford and Forney, 2013). False killer whales have a poorly known
ecology. Breeding grounds and seasonality in breeding are unknown; however, one population does
have a breeding peak in late winter (Jefferson et al., 2015). These whales do not have specific feeding
grounds but feed opportunistically (Jefferson et al., 2015).

False killer whales tagged in the western North Pacific performed both shallow and deep dives. Shallow
dives had a mean duration of 103 sec and a mean maximum depth of 56 ft (17 m). Deep Dives had a
mean duration of 269 sec (SD = 189) and a mean maximum depth of 424 ft (129 m) (SD = 185)
(Minamikawa et al., 2013). The longest dives lasted 15 min and the deepest went to 2,133 ft (650 m).
Dives were deeper during the day, suggesting that the whales are feeding on the deep scattering layer
during the day (Minamikawa et al., 2013). False killer whales have an approximate swim speed of 1.6 kt
(3 kph), although a maximum swim speed has been documented at 14.5 kt (26.9 kph) (Brown et al.,
1966; Rohr et al., 2002).

False killer whales hear underwater sounds in the range of less than 1 to 115 kHz (Au, 1993; Johnson,
1967). Their best underwater hearing occurs at 17 kHz, where the threshold level ranges between 39 to
49 dB RL. In a study by Yuen et al. (2005), false killer whales’ hearing was measured using both
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behavioral and auditory evoked potential (AEP) audiograms. The behavioral data show that this species
is most sensitive between 16 and 24 kHz, with peak sensitivity at 20 kHz. The AEP data show that this
species best hearing sensitivity is from 16 to 22.5 kHz, with peak sensitivity at 22.5 kHz. Au et al. (1997)
studied the effects of the Acoustic Thermometry of Ocean Climate (ATOC) program on false killer
whales. The ATOC source transmitted 75-Hz, 195 dB SL signals. The hearing thresholds for false killer
whales were 140.7 dB RL £+ 1.2 dB for the 75-Hz pure tone and 139.0 dB RL £1.1 dB for the ATOC signal.
False killer whales have the ability to reduce their hearing sensitivity in response to loud sounds
(Nachtigall and Supin, 2013).

False killer whales produce a wide variety of sounds from 4 to 130 kHz, with dominant frequencies
between 25 to 30 kHz and 95 to 130 kHz (Busnel and Dziedzic, 1968; Kamminga and Van Velden, 1987;
Murray et al., 1998; Thomas and Turl, 1990). Most signal types vary among whistles, burst-pulse sounds
and click trains (Murray et al. 1998). Whistles generally range between 4.7 and 6.1 kHz. Echolocation
clicks of false killer whales are highly directional and range between 20 and 60 kHz and 100 and 130 kHz
(Kamminga and van Velden, 1987; Madsen et al., 2004a; Thomas and Turl, 1990). There are no available
data regarding seasonal or geographical variation in the sound production of false killer whales.
Estimated peak-to-peak SL of captive animal clicks is near 228 dB re 1 uPa @ 1 m (Madsen et al., 2004a;
Thomas and Turl, 1990).

4.2.8 Fraser’s Dolphin (Lagenodelphis hosei)

Fraser’s dolphin is classified as a data deficient species by the IUCN. The global population for this
species is unknown. Abundances or densities of Fraser’s dolphins only exist for a limited number of
regions. In the WNP stock, 220,789 Fraser’s dolphins are estimated; while in the Central North Pacific
stock, which includes Hawaii, 51,491 dolphins (CV=0.66) have been estimated (Bradford et al., 2017).
The Indian Ocean population is estimated to include 151,554 dolphins (Wade and Gerrodette, 1993).

Fraser’s dolphins occur primarily in tropical and subtropical waters of the Atlantic, Pacific, and Indian
Oceans (Croll et al., 1999; Dolar, 2009). This oceanic species is most commonly found in deep waters
(4,921 to 6,562 ft [1,500 to 2,000 m ]) usually 8.1 to 11 nmi (15 to 20 km) from shore or where
deepwater approaches the shore, such as in the Philippines, Taiwan, some Caribbean islands, and the
Indonesian-Malay archipelago (Jefferson et al., 2015). Breeding areas and seasonal movements of this
species have not been confirmed. However, in Japan, calving appears to peak in the spring and fall.
There is some evidence that calving occurs in the summer in South Africa (Dolar, 2009).

Little information on the diving ability of the Fraser’s dolpin is available. Based on prey composition, it is
believed that Fraser’s dolphins feed at two depth horizons in the ETP: the shallowest depth in this region
is no less than 820 ft (250 m) and the deepest is no less than 1,640 ft (500 m). In the Sulu Sea, these
dolphins appear to feed from near the surface to at least 1,968 ft (600 m). Off South Africa and in the
Caribbean Sea, Fraser’s dolphins were observed feeding near the surface (Dolar et al., 2003). According
to Watkins et al. (1994), Fraser’s dolphins herd when they feed, swimming rapidly to an area, diving for
15 sec or more, surfacing and splashing in a coordinated effort to surround the school of fish. Swim
speeds of Fraser’s dolphin have been recorded between 2.2 and 3.8 kt (4 and 7 kph) with swim speeds
up to 15 kt (28 kph) when escaping predators (Croll et al., 1999).

Hearing sensitivity of Fraser’s dolphins has not been measured (Ketten, 2000; Thewissen, 2002). Fraser’s
dolphins produce sounds ranging from 4.3 to over 40 kHz (Leatherwood et al., 1993; Watkins et al.,
1994). Echolocation clicks are described as short broadband sounds without emphasis at frequencies
below 40 kHz, while whistles were frequency-modulated tones concentrated between 4.3 and 24 kHz.
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Whistles have been suggested as communicative signals during social activity (Watkins et al., 1994).
There are no available data regarding seasonal or geographical variation in the sound production of
Fraser’s dolphins. Source levels were not available.

4.2.9 Harbor Porpoise (Phocoena phocoena)

Harbor porpoises are classified overall as least concern under IUCN. Three major residential isolated
populations exist: 1) the North Pacific; 2) North Atlantic; and 3) the Black Sea (Bjorge and Tolley, 2009;
Jefferson et al., 2008). However, morphological and genetic data indicate different populations exist
within these three regions (Jefferson et al., 2015). The global population for the harbor porpoise
estimated to be at least 675,000 (Jefferson et al., 2015). The WNP population of harbor porpoises
consists of an estimated 31,046 individuals (Allen and Angliss, 2014; Hobbs and Waite, 2010).

Harbor porpoises are found in cold temperate and sub-arctic neritic waters of the Northern hemisphere
(Bjgrge and Tolley, 2009; Gaskin, 1992; Jefferson, 1993). They are typically found in waters of about 41
to 61° F (5 to 16° C) with only a small percentage appearing in more polar waters (32° to 39° F [0° to 4°
C]) (Gaskin, 1992). Harbor porpoises are most frequently found in coastal waters, but do occur in
adjacent offshore shallows and, at times, in deep water (Croll et al., 1999; Gaskin, 1992). Harbor
porpoises show seasonal movement in northwestern Europe waters that may be related to
oceanographic changes seasonally (Gaskin, 1992; Heimlich-Boarn et al., 1998; Read and Westgate,
1997). Although migration patterns have been inferred for the harbor porpoise, data suggest that
seasonal movements of individuals are discrete and not temporally coordinated migrations (Gaskin,
1992; Read and Westgate, 1997).

Dive times of harbor porpoises range between 0.7 and 1.7 min with a maximum dive duration of 9 min
(Westgate et al., 1995). Recently, van Beest et al. (2018) reported mean dive durations of tagged harbor
porpoises of 53 sec and mean dive depths of 50.9 ft (15.5 m). The majority of dives range in depth from
65.6 to 426.5 ft (20 to 130 m), although the maximum dive depth recorded is 741.5 ft (226 m) (Westgate
et al., 1995). Three tagged porpoises in shallow Danish waters had an average dive rate of 45 dives per
hour, with maximum dive depth of 82 ft (25 m) (Linnenschmidt et al., 2013). Maximum swim speeds for
harbor porpoises range from 9.0 to 12.0 kt (16.6 and 22.2 kph) (Gaskin et al., 1974). A mean
horizontal/surface swim speed of 1.26 kt (2.3 kph) was reported for free-ranging harbor porpoises (van
Beest et al., 2018).

Harbor porpoises can hear frequencies in the range of 100 Hz to 140 kHz (Kastelein et al., 2002;
Kastelein et al., 2015; Villadsgaard et al., 2007). Kastelein et al. (2002) determined the best range of
hearing for a two-year-old male was 16 to 140 kHz; this harbor porpoise also demonstrated the highest
upper frequency hearing of all odontocetes presently known (Kastelein et al., 2002). In a series of
experiments designed to investigate harbor porpoise hearing with respect to naval sonar, the hearing
threshold for 1 to 2 kHz FM signals was 75 dB, without the presence of harmonics. When harmonics
were present, the threshold dropped to 59 dB (Kastelein et al., 2011). The thresholds for LF sonars were
higher than for MF sonars; the measured threshold for 6-7 kHz signals was 67 dB.

Harbor porpoises produce click and whistle vocalizations that cover a wide frequency range, from 40 Hz
to at least 150 kHz (Verboom and Kastelein, 1995). The click vocalizations consist of four major
frequency components: lower frequency component (1.4 to 2.5 kHz) of high amplitude that are may be
used for long-range detection; two middle frequency components consisting of a low amplitude (30 to
60 kHz) and a broadband component (10 to 100 kHz); and a higher frequency component (110 to 150
kHz) that is used for bearing and classification of objects (Verboom and Kastelein, 1995). Vocalization
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peak frequencies are similar for wild and captive harbor porpoises, with the peak frequencies reported
to range from 129 to 145 kHz and 128 to 135 kHz, respectively (Villadsgaard et al., 2007). Maximum SLs
vary, apparently, between captive and wild dolphins, with maximum SLs of 172 dBre 1 pPaat 1 min
captive dolphins but range from 178 to 205 dB re 1 pPa at 1 m in wild dolphins (Villadsgaard et al.,
2007). Variations in click trains apparently represent different functions based on the frequency ranges
associated with each activity.

4.2.10 Indo-Pacific Bottlenose Dolphin (Tursiops aduncus)

Only recently has this species’ taxonomy been clearly differentiated from that of the common
bottlenose dolphin. Indo-Pacific bottlenose dolphins are considered data deficient by the IUCN. No
global abundance estimates exist for the species and even regional abundance estimates are few, even
though it is the most commonly observed marine mammal species in some coastal regions of the world.
Estimates of Indo-Pacific bottlenose dolphins include 218 animals in Japanese waters and 1,634 to 1,934
dolphins in Australian waters (Wang and Yang, 2009). The population includes more than 24 dolphins off
Taiwan and 44 dolphins in the northeast Philippines (Jefferson et al., 2015). In the Indian Ocean, the
population has been numbered at 7,850 dolphins (Wade and Gerrodette, 1993).

Indo-Pacific bottlenose dolphins occur in warm temperate to tropical waters of the Indian Ocean and
southwestern Pacific Ocean, from South Africa and the Red Sea and Persian Gulf to southern Japan,
Indonesia, Malaysia, and central Australia (Jefferson et al., 2015). Considered principally a coastal
species, the Indo-Pacific bottlenose dolphin occurs predominantly in continental shelf and insular shelf
waters, usually in shallow coastal and inshore waters (Cribb et al., 2013; Jefferson et al., 2015).
However, movements across deep, oceanic waters have been reported (Wang and Yang, 2009).

Little information is known about the diving ability of the Indo-Pacific bottlenose dolphin, but dive
depths and durations are thought be less than 656 ft (200 m) and from 5 to 10 min (Wang and Yang,
2009). Swimming speeds range from 0.8 to 2.2 kt (1.5 to 4.1 kph), but bursts of higher speeds can reach
8.6 to 10.3 kt (16 to 19 kph) (Wang and Yang, 2009).

Although much is known about hearing in the common bottlenose dolphin, specific hearing data are not
yet available for the Indo-Pacific bottlenose dolphin. These dolphins produce whistle and pulsed call
vocalizations. Whistles range in frequency from 4 to 12 kHz (Gridley et al., 2012; Morisaka et al., 2005a).
Morisaka et al. (2005a) found variations in whistles between populations of Indo-Pacific bottlenose
dolphins and determined that ambient noise levels were likely responsible for the whistle variability
(Morisaka et al., 2005b). Variability in whistle structure has been documented between both nearby and
distant groups, although a few whistle types were shared, suggesting that their repertoire is driven by
social functions such as group identity (Hawkins, 2010). Preliminary analyses suggest that Info-Pacific
bottlenose dolphins use signature whistles like the common bottlenose dolphin (Gridley et al., 2014).
Indo-Pacific bottlenose dolphin echolocation clicks have peak-to-peak source levels that range between
177-219 dB, with a duration of 8-48 usec, and peak frequencies that range from 45 to 141 kHz (de
Freitas et al., 2015; Wahlberg et al., 2011b).

4.2.11 Killer Whale (Orcinus orca)

The killer whale is classified as a data deficient species under the IUCN. In 2005, NMFS listed the
Southern Resident killer whale DPS as endangered under the ESA (NOAA, 2005c). Both the Southern
Resident and AT1 Transient stocks of killer whales are listed as depleted under the MMPA. Critical
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habitat has been designated for the Southern Resident killer whales in the inland marine waters of
Washington (Puget Sound, Strait of Juan de Fuca, and Haro Strait) (NOAA, 2006).

Generally, three major ecotypes of killer whales have been identified: the coastal (fish-eating) residents,
the coastal (mammal-eating) transients, and the offshore types of killer whales. The basic social unit for
all of these ecotypes is the matrilineal group (Ford, 2009). In resident killer whales, pods are formed
from multiple matrilines, and related pods form clans. Resident killer whales in the North Pacific consist
of the southern, northern, southern Alaska (which includes southeast Alaska and Prince William Sound
whales), western Alaska, and western North Pacific groups (NOAA, 2005c).

Although no current global population estimates are available, Jefferson et al. (2015) estimated the killer
whale worldwide abundance near 50,000 individuals. An abundance of 146 killer whales (CV=0.96) are
currently estimated in the Hawaii stock (Bradford et al., 2017; Carretta et al., 2014), while 12,256 whales
are estimated to occur in the WNP stock (Ferguson and Barlow, 2001 and 2003). In the Indian Ocean,
killer whales number 12,593 individuals (Wade and Gerrodette, 1993).

The killer whale is perhaps the most cosmopolitan of all marine mammals, found in all the world’s
oceans from about 80°N to 77°S, especially in areas of high productivity and in high latitude coastal
areas (Ford, 2009; Leatherwood and Dalheim, 1978). However, killer whales appear to be more common
within 430 nmi (800 km) of major continents in cold-temperate to subpolar waters (Mitchell, 1975).
Individual populations are known to migrate between high and low latitude waters (Dahlheim et al.,
2008; Durban and Pitman, 2012; Matthews et al., 2011).

The diving behavior of killer whales differs between fish-eating and mammal-eating types. Baird et al.
(2005) reported that southern resident (fish-eating) killer whales in Washington State had a mean
maximum dive depth of 463 ft (141 m [SD = 62 m]), with a maximum dive depth of 807 ft (246 m). Males
dove more often and remained submerged longer than females and more dives were reported during
the day than at night. Fish-eating killer whales in Antarctica had shallow dives that ranged to about 656
ft (200 m), while deep dives approached 2,625 ft (800 m) (Reisinger et al., 2015). These killer whales also
dove significantly deeper during the day than the night. Miller et al. (2010) reported on the diving
behavior of transient (mammal-eating) killer whales in Alaska. Dives were categorized as short and
shallow, or long and deep. Short dives lasted less than one minute and had dive depths of less than 16 ft
(5 m). Deep dives ranged between 39 to 164 ft (12 and 50 m) in depth and lasted from 4 to 6 min. The
mammal-easting killer whales dove much less deeply than the fish-eating whales, reflecting the
distribution of their prey. Swimming speeds usually range between 3.2 to 5.4 kt (6 to 10 kph), but top
speeds of up to 20 kt (37 kph) in short bursts have been reported (Lang, 1966; LeDuc, 2009).

Killer whales hear underwater sounds in the range of <500 Hz to 120 kHz (Bain et al., 1993; Szymanski et
al., 1999). Their best underwater hearing occurs between 15 and 42 kHz, where the threshold level is
near 34 to 36 dB RL (Hall and Johnson, 1972; Szymanski et al., 1999). Killer whales produce sounds as
low as 80 Hz and as high as 85 kHz with dominant frequencies at 1 to 20 kHz (Awbrey, 1982; Diercks et
al., 1973; Diercks et al., 1971; Evans, 1973; Ford, 1989; Ford and Fisher, 1982; Miller and Bain, 2000;
Schevill and Watkins, 1966). An average of 12 different call types (range 7 to 17)—mostly repetitive
discrete calls—exist for some pods of killer whales (Ford, 2009). Pulsed vocalizations tend to be in the
range between 500 Hz and 10 kHz and may be used for group cohesion and identity (Ford, 2009;
Frankel, 2009). Whistles range in frequency up to at least 75 kHz (Filatova et al., 2012; Samarra et al.,
2015; Simonis et al., 2012). Echolocation clicks are also included in killer whale repertoires, but are not a
dominant signal type in comparison to pulsed calls (Miller and Bain, 2000). Erbe (2002) recorded
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received broadband SPLs of killer whale’s burst-pulse calls ranging between 105 and 124 dB RL at an
estimated distance of 328 ft (100 m). Offshore killer whales tracked in the Southern California bight had
SLs for echolocation clicks of 170 to 205 dB re 1uPa @ 1 m (peak-peak) (Gassmann et al., 2013). Whistle
SLs ranged between 185 and 193 dB re 1 uPa @ 1 m. Pulse call SLs ranged between 146 and 158 dB re
1pPa @ 1 m. While the basic structure of killer whale vocalizations are similar within all populations,
geographic variation between populations does exist (Samarra et al., 2015).

All pods within a clan have similar dialects of pulsed calls and whistles. Killer whales engaged in different
activities produce different proportion of calls, suggesting that high-frequency and biphonic calls are
used for long range communication, and LF monophonic calls are used for intra-pod signaling (Filatova
et al., 2013). Intense LF pulsed calls (683 Hz, 169 to 192 dB re 1 pPa @ 1 m (peak-peak) appear to be
used to manipulate herring prey, increasing foraging efficiency (Simon et al., 2006).

4.2.12 Longman’s Beaked Whale (Indopacetus pacificus)

Longman’s beaked whale, also known as the Indo-Pacific beaked whale, is currently classified as data
deficient by IUCN. Very few population data are available for this little known beaked whale. No global
abundance estimate of this species is available, but 7,619 Longman’s beaked whales (CV=0.66) are
estimated to occur in the Hawaii and WNP stocks (Bradford et al., 2017), while 16,867 whales are
estimated to occur in the Indian Ocean stock (Wade and Gerrodette, 1993).

The distribution of this rarely occurring beaked whale is oceanic tropical waters of the Indo-Pacific
oceans (Leatherwood and Reeves, 1983; Jefferson et al., 2008; Pitman, 2018). Longman’s beaked whales
appear to be rare in the eastern Pacific and Indian oceans but occur more commonly in the western
Pacific and western Indian oceans, suggesting to Pitman (2018) that this species prefers the warmer
waters typically found in western ocean basins. Nothing is known about possible seasonal movements of
this beaked whale.

Only a small number of dive times have been recorded for the Longman’s beaked whale. Two dive
duration periods were reported by Anderson et al. (2006) for Longman’s beaked whales: short durations
lasting from 11 to 18 min and long durations ranging from 20 to 33 min, although one beaked whale
possibly was submerged as long as 45 min. No data are available on swim speeds.

No direct measurements of hearing sensitivity are available for the Longman’s beaked whales (Ketten,
2000; Thewissen, 2002). Longman’s beaked whales produce burst-pulse, echolocation click, and pulse
vocaliations. Echolocation clicks have a frequency range between 15 and 25 kHz, while pulses exhibit a
25 kHz FM upswept frequency signal, and burst-pulses are a long sequence of clicks lasting ~ 0.5 seconds
(Rankin et al., 2011).

4.2.13 Melon-headed Whale (Peponocephala electra)

Melon-headed whales are classified as a lower risk (least concern) species by the IUCN. The global
population for this species is unknown. Kanaji et al. (2018) estimated the population of the WNP to
include 56, 213 individuals. Two populations have been documented in Hawaiian waters: the Hawaiian
Islands stock with an estimated 8,666 whales (CV=1.00) (Bradford et al., 2017), and the Kohala resident
population with an estimated 447 whales (CV=0.12) (Aschettino, 2010; Carretta et al., 2014; Oleson et
al., 2013). In the Indian Ocean, the melon-headed whale population has been estimated as 64,600
whales (Wade and Gerrodette, 1993).
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The melon-headed whale occurs in pelagic tropical and subtropical waters worldwide (Jefferson and
Barros, 1997). Breeding areas and seasonal movements of this species have not been confirmed.

Few data are available on diving or swim speed for the melon-headed whale. Melon-headed whales
feed on mesopelagic squid found down to 4,920 ft (1,500 m) deep, so they appear to feed deep in the
water column (Jefferson and Barros, 1997). Mooney et al. (2012) reported in preliminary research
findings that a tagged melon-headed whale in Hawaiian waters dove deeply to near the seafloor, >984 ft
(300 m), at night but stayed near the sea surface during the day, with no dives >67 ft (20 m). Melon-
headed whales in the Caribbean appeared to have two modes of foraging diving; a small percentage of
dives to depths less than 328 ft (100 m) while most dives were to water depths between 492 to 1,640 ft
(150 and 500 m) (Joyce et al., 2017). Swim speeds for this species are not available.

There is no direct measurement of hearing sensitivity for melon-headed whales (Ketten, 2000;
Thewissen, 2002). The first confirmed description of melon-headed whale vocalizations was reported by
Frankel and Yin (2010). Melon-headed whale’s clicks have frequency emphases beginning at 13 kHz and
extending to at least 100 kHz (Baumann-Pickering et al., 2015a; Frankel and Yin, 2010). Dominant
frequencies of whistles are 1 to 24 kHz, with both upsweeps and downsweeps in frequency modulation.
Burst-pulse sounds had a mean duration of 586 msec. No available data exist regarding seasonal or
geographical variation in the sound production of this species. Changes in vocalization activity patterns
suggest that melon-headed whales may forage at night and rest during the day (Baumann-Pickering et
al., 2015a).

4.2.14 Mesoplodon Species

Six species of Mesoplodon beaked whales may occur in the SURTASS LFA sonar study area. These species
include: Blainville’s, Deraniyagala’s, ginkgo-toothed, Hubbs’, spade-toothed, and Stejneger’s beaked
whales (Table 3-1). The Mesoplodon species are not well known, are difficult to identify to the species at
sea, and so little about their behavior has been documented that much of the available characterization
for beaked whales is to genus level only; for this reason, information on the Mesoplodon beaked whale
species is presented together.

Species in the genus Mesoplodon are currently classified with a data deficient status by IUCN. The
worldwide population sizes for all species of Mesoplodon spp. are unknown. The population of
Blainville’s beaked whales in the Hawaii stock was reported as 2,105 whales (CV=1.13) (Bradford et al.,
2017), while 8,032 Blainville’s beaked whales have been estimated for the WNP stock (Carretta et al.,
2011; Ferguson and Barlow, 2001 and 2003; LGL, 2011). In the North Pacific stocks, populations of
22,799 whales have been estimated for Deraniyagala, ginkgo-toothed, and Hubbs’ beaked whales
(Ferguson and Barlow, 2001 and 2003). In the Indian Ocean stock, populations each of 16,687 whales
are estimated for Blainville’s, Deraniyagala, ginkgo-toothed, and spade-toothed beaked whales (Wade
and Gerrodette, 1993). The population of Stejneger’s beaked whales was estimated to include 8,000
individuals in the WNP stock (Kasuya, 1986).

With the exception of cold, polar waters, Mesoplodon beaked whales are distributed in all of the world’s
oceans in deep (>6,562 ft [2,000 m]) pelagic waters. The distribution of ginkgo-toothed beaked whales is
restricted to the tropical and warm-temperate waters of the North Pacific and Indian oceans. In the
North Pacific Ocecan, Stejneger’s beaked whales occur in temperate to subarctic waters, while Hubbs’
beaked whale occurs only in temperate waters (Olson, 2018). Spade-toothed beaked whales have a very
restricted range in the southern Pacific Ocean and the southeastern most Indian Ocean, from Australia
and New Zealand to Chile. Blainville’s beaked whales are the most cosmopolitan of the beaked whales
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and can be found in the Atlantic, Pacific, and Indian oceans in warm temperate and tropical waters
(Pitman, 2009b). The little known Deraniyagala beaked whale ranges throughout the tropical waters of
the equatorial Indo-Pacific (Dalebout et al., 2014).

Dives of Blainville’s beaked whales average 7.5 min during social interactions (Baird et al., 2004). Dives
over 45 min have been recorded for some species in this genus (Jefferson et al., 1993). Dive depths are
variable among Mesoplodon species and are not well documented. In Hawaii, a Blainville’s beaked whale
was observed to dive to a maximum water depth of 4,619 ft (1,408 m), with the dive duration ranging
from 48 to 68 min (Pitman, 2009b). Blainville’s beaked whales in the Caribbean Sea performed dives
with a mean depth of 3,704 ft (1,129 m) and mean duration of 46.1 min, with the whale’s non-foraging
dives reaching ~1,148 ft (350 m) and lasting 40 min, while foraging dives ranged between 1,969 to 6,234
ft (600 and 1,900 m) with a duration between 30 and 70 min (Joyce et al., 2017). Few swim speed data
are available for any beaked whale species. Schorr et al. (2009) reported a horizontal swim speed of 0.4
to 0.8 kt (0.8 to 1.5 kph) for a Blainville’s beaked whales in Hawaii with a maximum rate of 4.4 kt (8.1
kph).

The hearing sensitivity of a stranded Blainville’s beaked whale was measured at 5.6 and 160 kHz, with
the best hearing response ranging between 40 and 50 kHz, with AEP thresholds less than 50 dB re 1 pPa
(Pacini et al., 2011). In a study of echolocation clicks in Blainville’s beaked whales, Johnson et al. (2006)
found that the whales make various types of clicks while foraging. The whales have a distinct search click
that is in the form of an FM upsweep with a minus 10 dB bandwidth from 26 to 51 kHz (Johnson et al.,
2006). Blainville’s beaked whales also produce a buzz click during the final stage of prey capture, and
they have no FM structure with a minus 10 dB bandwidth from 25 to 80 kHz or higher (Johnson et al.,
2006).

Johnson et al. (2004) studied Blainville’s beaked whales and concluded that no vocalizations were
detected from any tagged beaked whales when they were within 656 ft (200 m) of the surface. The
Blainville’s beaked whale started clicking at an average depth of 1,312 ft (400 m), ranging from 200 to
570 m (656 to 1,870 ft), and stopped clicking when they started their ascent at an average depth of
2,362 ft (720 m), with a range of 1,640 to 2,591 ft (500 to 790 m). The intervals between regular clicks
were approximately 0.4 second. Trains of clicks often end in a buzz. The Blainville’s beaked whale has a
somewhat flat spectrum that was accurately sampled between 30 and 48 kHz, with a slight decrease in
the spectrum above 40 kHz, but the 96 kHz sampling rate was not sufficient to sample the full frequency
range of clicks from either of the species (Johnson et al., 2004).

4.2.15 Northern Right Whale Dolphin (Lissodelphis borealis)

The northern right whale dolphin is classified as a least concern (lower risk) species by the IUCN. The
global population in the North Pacific Ocean of the northern right whale dolphin is estimated as 68,000
animals (Jefferson et al., 2015).

This oceanic species is only found in temperate to subarctic regions of the North Pacific from roughly 34°
to 54° N and 118° to 145° W (Jefferson et al., 2015; Lipsky, 2009). This range extends from the Kuril
Islands (Russia) south to Japan and from the Gulf of Alaska to southern California. Northern right whale
dolphins have been most often observed in waters ranging in temperature from 46.4 to 66.2°F (8 and
19°C) (Leatherwood and Walker, 1979). Northern right whale dolphins can occur near to shore when
submarine canyons or other such topographic features cause deep water to be located close to the
coast. Seasonally the northern right whale dolphin exhibits inshore-offshore movements in some areas,
such as off southern California (Lipsky, 2009).
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The maximum recorded dive duration for northern right whale dolphins is 6.25 min with a maximum
dive depth of 656 ft (200 m) (Fitch and Brownell, 1968; Leatherwood and Walker, 1979). Swim speeds
for northern right whale dolphins can reach 18.3 to 21.6 kt (34 to 40 kph) (Leatherwood and Reeves,
1983; Leatherwood and Walker, 1979).

There is no direct measurement of the hearing sensitivity of the northern right whale dolphin (Ketten,
2000; Thewissen, 2002). They produce sounds as low as 1 kHz and as high as 40 kHz or more, with
dominant frequencies at 1.8 and 3 kHz (Fish and Turl, 1976; Leatherwood and Walker, 1979).
Echolocation clicks have peak frequencies that range from 23 to 41 kHz (Rankin et al., 2007). The
maximum known peak-to-peak SL of northern right whale dolphins is 170 dB (Fish and Turl, 1976).
Northern right whale dolphins also produce burst-pulse sounds that are lower in frequency and shorter
in duration than echolocation click sequences. The peak frequencies of burst-pulses signals range from 6
to 37 kHz with durations from 1 to 178 msec (Rankin et al., 2007). Northern right whale dolphins do not
produce whistles (Oswald et al., 2008).

4.2.16 Pacific White-sided Dolphin (Lagenorhynchus obliquidens)

Pacific white-sided dolphins are listed as least concern under the IUCN. In the North Pacific Ocean, an
abundance of 931,000 Pacific white-sided dolphins has been estimated (Buckland et al., 1993; Jefferson
et al., 2015).

Pacific white-sided dolphins are mostly pelagic and have a primarily cold temperate distribution across
the North Pacific; in the western North Pacific, this species occurs from Taiwan north to the Commander
and Kuril Islands while in the eastern North Pacific, it occurs from southern Gulf of California to the
Aleutian Islands (Black, 2009; Jefferson et al., 2015). Pacific white-sided dolphins are distributed in
continental shelf and slope waters generally within 100 nmi (185 km) of shore and often move into
coastal and even inshore waters. No breeding grounds are known for this species.

From studies of the ecology of their prey, Pacific white-sided dolphins are presumed to dive from 393.7
to 656 ft (120 to 200 m), with most of their foraging dives lasting a mean of 27 sec (Black, 1994). Captive
Pacific white-sided dolphins were recorded swimming as fast as 15.0 kt (27.7 kph) for 2 sec intervals
(Fish and Hui, 1991) with a mean travel speed of 4.1 kt (7.6 kph) (Black, 1994).

Pacific white-sided dolphins hear in the frequency range of 2 to 125 kHz when the sounds are equal to
or softer than 90 dB RL (Tremel et al., 1998). This species is not sensitive to LF sounds (i.e., 100 Hzto 1
kHz) (Tremel et al., 1998). Pacific white-sided dolphins produce broad-band clicks in the frequency range
of 60 to 80 kHz and that have a SL at 180 dBre 1 uPa @ 1 m (Richardson et al., 1995). These clicks have
spectral peaks at 22.2, 26.6, 33.7, and 37.3 kHz with spectral notches at 19.0, 24.5, and 29.7 kHz. These
spectral characteristics can be used to identify the species from recordings (Soldevilla et al., 2008).
There are no available data regarding seasonal or geographical variation in the sound production of
Lagenorhynchus dolphins.

4.2.17 Pantropical Spotted Dolphin (Stenella attenuata)

The pantropical spotted dolphin is one of the most abundant dolphin species in the world. This species is
listed as a least concern (lower risk) species by the IUCN. The WNP population of pantropical spotted
dolphins is estimated to include 130,002 individuals (Kanaji et al., 2018). Pantropical dolphins in the
Central North Pacific stock, which encompasses the Hawaiian Islands, are comprised of four stocks: the
pelagic stock, estimated as 55,795 dolphins (CV=0.55) (Bradford et al., 2017), as well as the Hawaii
Island, Oahu, and 4-Islands stocks, which have each been estimated to include 220 individuals (Courbis
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et al., 2014). As many as 736,575 pantropical spotted dolphins have been estimated to occur in the
Indian Ocean (Wade and Gerrodette, 1993).

Pantropical spotted dolphins occur throughout tropical and sub-tropical waters from roughly 40°N to
40°S in the Atlantic, Pacific, and Indian Oceans (Perrin, 2009c). These dolphins typically are oceanic but
are found close to shore in areas where deep water approaches the coast, as occurs in Taiwan, Hawaii,
and the western coast of Central America (Jefferson et al., 2015). Pantropical spotted dolphins also
occur in the Persian Gulf and Red Sea.

Pantropical spotted dolphins dive to at least 557.7 ft (170 m), with most of their dives to between 164
and 328 ft (50 and 100 m) for 2 to 4 min, and most foraging occurs at night (Stewart, 2009). Off Hawaii,
pantropical spotted dolphins have been recorded to dive to a maximum depth of 400 ft (122 m) during
the day and 700 ft (213 m) during the night (Baird et al., 2001). The average dive duration for the
pantropical spotted dolphins is 1.95 min to water depths as deep as 328 ft (100 m) (Scott et al., 1993).
Dives of up to 3.4 min have been recorded (Perrin, 2009c). Pantropical spotted dolphins have been
recorded swimming at speeds of 2.2 to 10.3 kt (4 to 19 kph), with bursts up to 12 kt (22 kph) (Perrin,
2009c).

Greenhow et al. (2016) studied the hearing thresholds of a pantropical spotted dolphn using AEP and
behavioral methods, and found the peak hearing sensitivity at 10 kHz, with a cutoff frequency between
14 and 20 kHz. Pantropical spotted dolphins produce whistles with a frequency range of 3.1 to 21.4 kHz
(Richardson et al., 1995). They also produce click sounds that are typically bimodal in frequency with
peaks at 40 to 60 kHz and 120 to 140 kHz with SLs up to 220 dB re 1 puPa (Schotten et al., 2004).

4.2.18 Pygmy Killer Whale (Feresa attenuata)

Pygmy killer whales are one of the least known cetacean species. They are classified as data deficient by
the IUCN. The global population for this species is unknown. Estimates of the Hawaiian population
include 10,640 whales (CV=0.53) (Bradford et al., 2017), and 30,214 whales are included in the WNP
population (Ferguson and Barlow, 2001 and 2003). An estimated 22,029 pygmy killer whales have been
estimated in the Indian Ocean (Wade and Gerrodette, 1993).

Pygmy killer whales have been recorded in oceanic tropical and subtropical waters of all oceans
(Caldwell, 1971; Donahue and Perryman, 2009). These whales are sighted relatively frequently in the
ETP, the Hawaiian archipelago, and off Japan (Donahue and Perryman, 2009; Leatherwood et al., 1988).
The population in Hawaiian waters shows high site fidelity and is considered to represent a resident
population (McSweeney et al., 2009). No data are available to confirm seasonal migration patterns for
pygmy killer whales. No data on breeding and calving grounds are available.

No dive data are available. Baird et al. (2011) reported that tagged pygmy killer whales in Hawaiian
waters swam at speeds from 1.5 to 1.7 kt (2.7 to 3.1 kph).

Little information is available on the hearing sensitivity of pygmy killer whales. Recently, AEP-derived
audiograms were obtained on two live-stranded pygmy killer whales during rehabilitation. The U-shaped
audiograms of these pygmy killer whales showed that best hearing sensitivity occurred at 40 kHz with
lowest hearing thresholds having occurred between 20 and 60 kHz (Montie et al., 2011). These stranded
animals did not hear well at higher frequencies (90 and 96 dB at 100 kHz) (Montie et al., 2011). The peak
frequencies of wild pygmy killer whale clicks ranged from 45 to 117 kHz, with peak-to-peak source levels
that ranged from 197 to 223 dB (Madsen et al., 2004b). Pryor et al. (1965) describes pygmy killer whales
producing LF “grow!” sounds.
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4.2.19 Risso’s Dolphin (Grampus griseus)

Risso’s dolphins are classified as a least concern (lower risk) species by the IUCN. No global population
abundance exists for the Risso’s dolphin. The WNP and Inshore Archipelago stocks of Risso’s dolphins
are each estimated to include 143,374 individuals (Kanaji et al. 2018); the Inshore Archipelago stock
occurs in the Asian continental seas. In the Hawaii stock, 11,613 Risso’s dolphins (CV=0.43) have been
estimated (Bradford et al., 2017). The population of Risso’s dolphins in the Indian Ocean is estimated to
include 452,125 individuals (Wade and Gerrodette, 1993).

Risso’s dolphin inhabits deep oceanic and continental slope waters from the tropics through the
temperate regions (Baird, 2009b; Jefferson et al., 1993; Leatherwood et al., 1980). They occur
predominantly in steep shelf-edge habitats, in waters 1,300 and 3,281 ft (400 and 1,000 m)deep and
water temperatures commonly ranging from59° to 68° F (15° and 20° C) and rarely below 50° F (10° C)
(Baird, 2009b). Seasonal migrations for Risso’s dolphins in Japanese and North Atlantic populations have
been apparent, although seasonal variation in their movement patterns elsewhere have not been
studied (Kasuya, 1971; Mitchell 1975). No data on breeding grounds are available, and Risso’s dolphins
have been known to calve year round, but peak breeding times differ by habitat. In the North Atlantic,
breeding peaks in the summer, while in Japan breeding peaks in summer-fall, and in California, breeding
peaks in fall-winter (Jefferson et al., 2015).

Dive times up to 30 min have been reported for Risso’s dolphins (Jefferson et al. 2015). Arranz et al.
(2018) reported that Risso’s dolphins spend 1 to 3 min at the surface between foraging dives; echolocate
throughout foraging dives, a behavior atypical of deep-diving odontocetes; and often continue to forage
during ascent. Out of 37 foraging dives observed from tagged Risso’s dolphins, 57 percent were to
shallow water depths (<295 ft [90 m]) while only 12 percent were to deep water depths (1,148 to 1,476
ft [350 to 450 m]) (Arranz et al., 2018). Typical Risso’s dolphin swimming speeds are 3.2 to 3.8 kt (6 to 7
kph) (Kruse et al., 1999). Risso’s dolphins studied in the Ligurian Sea also swam at speeds from 3.2 to 3.8
kt (6 to 7 kph), remained at the surface for about 7 to 15 sec between dives that lasted 5 to 7 min and
occasionally longer (Bearzi et al., 2011). Swim speeds from Risso’s dolphins were recorded at 1.1 to 6.5
kt (2 to 12 kph) off Santa Catalina Island (Shane, 1995a). Tag data from a rehabilitated and released
Risso’s dolphin in the Gulf of Mexico indicate that the Risso’s dolphin swam on average at 3.9 kt (7.19
kph) and the majority (95 percent) of the dives were within 50 m of the sea surface, with the deepest to
1,312 to 1,640 ft (400 to 500 m) (Wells et al., 2009).

Audiograms for Risso’s dolphins indicate that their hearing RLs equal to or less than approximately 125
dB in frequencies ranging from 1.6 to 110 kHz (Nachtigall et al., 1995). Philips et al. (2003) reported that
Risso’s dolphins are capable of hearing frequencies up to 80 kHz. Optimal underwater hearing occurs
between 4 and 80 kHz, with hearing threshold levels from 63.6 to 74.3 dB RL. Other audiograms
obtained on Risso’s dolphin (Au et al., 1997) confirm previous measurements and demonstrate hearing
thresholds of 140 dB RL for a 1-second 75 Hz signal (Croll et al., 1999). Au et al. (1997) estimated the
effects of the ATOC source on false killer whales and on Risso’s dolphins. The ATOC source transmitted
75-Hz, 195 dB SL acoustic signal to study ocean temperatures. The hearing sensitivity was measured for
Risso’s dolphins and their thresholds were found to be 142.2 dB RL + 1.7 dB for the 75 Hz pure tone
signal and 140.8 dB RL £+ 1.1 dB for the ATOC signal (Au et al., 1997). Another individual had best hearing
at 11 kHz, and between 40 and 80 kHz, a response threshold of about 60 dB re 1puPa (Mooney et