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DEPARTMENT OF THE NAVY

OFFICE OF THE ASSISTANT SECRETARY
(INSTALLATIONS AND ENVIRONMENT)
1000 NAVY PENTAGON
WASHINGTON DC 20350-1000

November 14, 2008

MEMORANDUM FOR THE DEPUTY CHIEF OF NAVAL OPERATIONS FOR

INTEGRATION OF CAPABILITIES AND RESOURCES (N8)

SUBJECT: SURTASS LFA Sonar Supplemental Eis/Supplemental OEIS

I previously reviewed the Final Supplemental Environmental Impact Statement
(Final SEIS) for the Surveillance Towed Array Sensor System Low Frequency Active
(SURTASS LFA) Sonar and the August 15, 2007 Record of Decision (ROD) concerning
the continued employment of SURTASS LFA sonar systems. I found that the analysis of
the Final SEIS took the requisite “hard look™ at the environmental consequences of the
decision to employ SURTASS LFA sonar systems and that the ROD adequately
addressed issues raised.

Due to recent concerns raised during litigation over employment of the SURTASS
LFA Sonar system, and to support issuance of a new Final Rule under the Marine
Mammal Protection Act (MMPA) for employment of SURTASS LFA sonar systems, I
have determined that the purposes of the National Environmental Policy Act (NEPA) and
Executive Order 12114 (Environmental Effects Abroad of Major Federal Actions) would
be furthered by the preparation of additional supplemental analysis related to the
employment of the system. This analysis should take the form of a new SEIS /
supplemental overseas environmental impact statement (SOEIS).

Based on discussions with the Department of Justice, the new SEIS/SOEIS must
provide further analysis of potential additional offshore (greater than 12 nm) biologically
important areas (OBIAs) in regions of the world where the Navy intends to use the
SURTASS LFA sonar systems for routine training, testing, and military operations. The
phrase “military operations” does not include use of SURTASS LFA in armed conflict or
direct combat support operations nor to use of SURTASS LFA during periods of
heightened threat conditions as determined by the National Command Authorities. The
new SEIS/SOEIS also must include further analysis of whether using a larger coastal
standoff distance is practicable where the continental shelf extends further than the
current standoff distance, and further analysis of cumulative impacts involving other
active sonar sources. Once completed, information developed from these analyses will be
used to assist the Navy in determining how to employ SURTASS LFA sonar, including
the selection of operating areas that the Navy requires for routine training, testing, and
military operations in requests for MMPA Letters of Authorization (LOAs) submitted to
the National Marine Fisheries Service.

August 2011

SURTASS LFA

A-3




Please ensure that the supplemental analysis as discussed above complies with
both the NEPA and Executive Order 12114. My point of contact for this supplemental
analysis is Captain Dean Leech, JAGC, USN. He can be reached at (703) 614-3137 or

dean.leech@navy.mil.
. ‘ ) 4

DONALD R. SCHREGARDUS
Deputy Assistant Sectetary of the Navy
(Environment)
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DEPARTMENT OF THE NAVY
OFFICE OF THE CHIEF OF NAVAL OPERATIONS
2000 NAVY PENTAGON
WASHINGTON, DC 20350 IN REPLY REFER TO
9462
Ser N872A/8U179097

24 November 08

From: Chief of Naval Operations
Head, Undersea Surveillance Branch (N872A)
To:  Director, Office of Protected Resources
National Marine Fisheries Service
National Oceanic and Atmospheric Administration
1315 East-West Highway
Silver Spring, Maryland 20910

Subj: COOPERATING AGENCY REQUEST FOR SURTASS LFA SONAR
SUPPLEMENTAL ENVIRONMENTAL IMPACT STATEMENT/OVERSEAS
ENVIRONMENTAL IMPACT STATEMENT

Ref: (a) Deputy Assistant Secretary of the Navy (Environment) Memorandum for the Deputy
Chief of Naval Operations for Integration of Capabilities and Resources (N8)
SURTASS LFA Sonar Supplemental EIS/Supplemental OEIS, 14 November 2008

1. In reference (a), the Deputy Assistant Secretary of the Navy for Environment directed the
Navy to prepare a supplemental environmental impact statement (SEIS)/supplemental overseas
environmental impact statement (SOEIS) for the employment of the Surveillance Towed Array
Sensor System Low Frequency Active (SURTASS LFA) sonar to address concerns raised by the
court in recent litigation and to support a new 5-Year Final Rule under the Marine Mammal
Protection Act (MMPA) for employment of SURTASS LFA sonar.

2. In preparation for the important work ahead in developing the SEIS/SOEIS, the Navy
requests that the National Marine Fisheries Service (NMFS) serve as a cooperating agency in
accordance with National Environmental Policy Act (NEPA) regulations (40 CFR 1501.6) and
the Council on Environmental Quality Cooperating Agency guidance issued on January 30,
2002.

3. The Navy will be responsible for overseeing preparation of the SEIS/SOEIS, which
includes but is not limited to:

e Gathering all necessary background information and preparing the SEIS/SOEIS and all
necessary permit applications associated with the employment of the SURTASS LFA
sonar.

e Working with NMFS personnel in determining and applying the best available science in
the analyses in the SEIS/SOEIS.

Responding to NMFS requests for information in a timely manner.

Circulating the NEPA/Executive Order 12114 documentation to the general public and
any other interested parties.
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Subj: COOPERATING AGENCY REQUEST FOR SURTASS LFA SONAR
SUPPLEMENTAL ENVIRONMENTAL IMPACT STATEMENT/OVERSEAS
ENVIRONMENTAL IMPACT STATEMENT

e Maintaining the SEIS/SOEIS schedule and supervising meetings held in support of the
NEPA/Executive Order 12114 process.
e Compiling and drafting responses to comments received on the Draft SEIS/SOEIS.

4. As a cooperating agency, the Navy requests that NMFS provide the following support:

e Provide timely comments on working drafts of the SEIS/SOEIS.

e Coordinate closely with the Navy to identify potential additional offshore (greater than 12
nm) biologically important areas (OBIAs) in regions of the world where the Navy
anticipates the potential use of SURTASS LFA sonar for routine training, testing, and
military operations.

Respond to Navy requests for information in a timely manner.

Coordinate, to the maximum extent practicable, any public comment periods that are
necessary in the permitting process under the MMPA for the new 5-Year Final Rule with
the NEPA comment period on the SEIS/SOEIS.

Assist the Navy in responding to public comments.

Participate in meetings hosted by the Navy for discussions of the SEIS/SOEIS and
permitting related issues.

e Adhere, to the maximum extent possible, to the overall project schedule as agreed upon
by the Navy and NMFS.

5. The Navy views this agreement as important to the successful completion of the
SURTASS LFA Sonar SEIS/SOEIS. It is the Navy’s goal to complete the analysis as
expeditiously as possible, while using the best scientific information available. NMFS
participation as a cooperating agency is greatly desired and will be invaluable in this endeavor. A
formal, written response is requested.

6. We look forward to a continuation of the past positive and productive interactions
between personnel from my office and the NMFS Office of Protected Resources. This
cooperation has been largely responsible for the timely completion of complex NEPA documents
and the issuance of required permits that have allowed the Navy to test, train and operate
underwater surveillance systems critical to our national security.

T The CNO point of contact is LCDR Neil Smith (N872A), who can be reached at 703-
604-6333, E-mail: neil.t.smith@navy.mil.
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Nationasl Oceanic and Atmospharic Adminiatration
NATIONAL MARINE FISHERIES SERVICE

1315 East-Wast Highway

Siver Spring, Marylend 20810

THE DIRECTDR

f %\ UNITED STATES DEPARTMENT OF COMMERCE
x’ﬁm * j

FEB 06 2009
Captain J.S. Currer )
Head, Undersea Surveillance Branch (N872A)
Office of the Chief of Naval Operations
2000 Navy Pentagon
Washington, D.C. 20350-2000

Dear Captain Currer:

Thank you for your letter (Ser N872A/8U179097) requesting that NOAA’s National Marine
Fisheries Service (NMFS) participate as a cooperating agency in the preparation ofa
Supplemental Environmental Impact Statement/Overseas Environmental Impact Statement
(Supplemental EIS/OEIS) for the operational deployment of the Surface Towed Array
Surveillance System Low Frequency Active (SURTASS LFA) Sonar. The Final EIS/OEIS for
SURTASS LFA sonar was completed in 2001 (65 FR 8788) and a Supplemental Final EIS/OEIS
was completed and made available to the public on May 4, 2007 (72 FR 25302). NMFS
supports the Navy's decision to prepare an additional Supplemental EIS/OEIS to analyze
specific aspects of the proposed SURTASS LFA sonar activity, and agrees to be a cooperating
agency, due, in part, to our responsibilities under section 101(a)(5)(A) of the Marine Mammal
Protection Act and section 7 of the Endangered Species Act.

This cooperating agency role is entered in accordance with the Council on Environmental
Quality’s National Environmental Policy Act implementing regulations (specifically,

40 CFR 1501.6). We agree with the list of responsibilities for the Navy and NMFS identified in
your letter, to ensure successful and timely completion of the subject Supplemental EIS/OEIS.

My staff looks forward to meeting with you soon to develop the cooperating agency
responsibilities and schedules in more detail. In the meantime, should you need any additional
information, please contact Kenneth Hollingshead or Jeannine Cody (301/713-2289, ext 128 or
.113), who will be the NMFS points of contact for this Supplemental EIS/OEIS.

Sincerely,

James W. Balsiger, Ph.D.

Acting Assistant Administrator
for Fisheries

f o,
THE ASSISTANT ADMINISTRATOR _ (\@!}
FOR FISHERIES B,
Ny

@ Printed on Recycled Paper
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Table B-1. Representative marine and freshwater fish taxa (by Order) and their hearing capabilities.

The horn shark, Heterodontus francisci, reportedly hears from 20
to 160 Hz (Kelly and Nelson, 1975).? Casper and Mann (2007)

Heterodontiformes Bullhead Sharks Demersal showed detection from 20 to around 400 Hz in this species and
provided particle motion data.
The nurse shark Ginglymostoma cirratum is able to detect sounds
to above 1 kHz with best sensitivity below about 400 Hz (Casper
Orectolobiformes Carpet Sharks Demersal and Mann, 2006). Casper and Mann (2007) measured hearing in

white-spotted bamboo shark, Chiloscyllium plagiosum, and
determined particle motion thresholds from about 20 Hz to 400 Hz,
with best sensitivity at the lower frequencies.

It is suggested that whereas the hearing bandwidth and general sensitivity trends are generally valid, the “details” of the specific bandwidth and hearing sensitivity must be viewed
with some caution in all species reported. In particular, the data reported here were obtained using a wide range of methods and so some of the differences among species may
reflect the experimental approach more than real differences. For example, while the lowest frequency detectable is given, careful analysis of the original papers will show that the
lower frequency is often related to the methods used to produce sounds. Thus, a lower limit of 50 or 100 Hz may reflect that the sound sources used in the experiments could not
produce sounds below that frequency, whereas if a different sound system were used the fish may have actually been able to respond to lower frequencies. This is less of a
problem with the upper frequency limits for hearing since sound systems used in most studies often could produce much higher frequencies than tested. The other caveat in these
data is the actual threshold (lowest detectable sound). The “threshold” is defined as the signal that is detectable only a certain percent of the time (e.g., often 50 percent).
Moreover, thresholds may vary within an individual based upon motivation and other factors. Finally, and significantly, many of the earlier studies were done with less than ideal
acoustics and whereas the thresholds reported may have been based upon pressure signals, the fish themselves may have been responding to the particle displacement
component of the sound field.

Data for sharks and rays and for a number of bony fish have only been obtained for a few specimens. Future research is needed to replicate these results on both threshold and
bandwidth.
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Table B-1.

Lamniformes

Representative marine and freshwater fish taxa (by Order) and their hearing capabilities.

Pelagic Sharks

Pelagic

Hearing range for the bull shark, Carcharhinus leucas, reportedly
is 100 to 1400 Hz (Kritzler and Wood, 1961), the lemon,
Negaprion brevirostris, hears from 10 to 640 Hz (Banner, 1967;
Nelson, 1967; Banner, 1972), and the hammerhead shark,
Sphyrna lewini, from 250 to 750 Hz (Olla, 1962). Data from shark
attraction experiments suggest hearing up to 1500 Hz in a number
of species, although these data are not quantified and should be
repeated.?

Rajiformes

Skates and Rays

Demersal

The little skate, Raja erinacea, hears from 100 to 800 Hz, with best
hearing at 200 Hz at approximately 122 dB re 1 pPa @ 1 m
threshold (Casper et al., 2003). The yellow stingray, Urobatis
jamaicensis, detects sounds to about 1 kHz with best sensitivity
below 400 Hz (Casper and Mann, 2006).

Anguilliformes

Eels

Demersal

The upper audible limit of Anguilla anguilla hearing is reported to
be about 600 Hz with best hearing at about 100 Hz at 95 dB re 1
pPa @ 1 m threshold (Jerkg et al., 1989). There is some evidence
that Anguilla can detect infrasound (signals below about 30 Hz)
but only when the source is within a few body lengths of the fish
(Sand et al., 2000).

Albuleiformes

Bonefish

Pelagic and
Demersal

The bonefish (Albula vulpes) detects sounds from 50 to 700 Hz
(Tavolga, 1974).
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Table B-1. Representative marine and freshwater fish taxa (by Order) and their hearing capabilities.

Clupeiformes

Herrings/Shads/Sardines/Anchovies

Pelagic

Maximum hearing sensitivity for Pacific herring (Clupea harengus
pallasi) is reportedly 125 to 500 Hz (reviewed in Croll et al., 1999),
Pacific sardine (Sardinops sagax) best sensitivity is reported to be
from 63 to 500 Hz (Sonalysts, 1995—unpublished “gray” literature).
Spotlined sardines (Sardinops melanostictus) are reported to hear
from 256 to 2048 Hz, with maximum sensitivity near 1 kHz
(Akamatsu et al., 2003). Maximum sensitivity for spotted shad
(Clupanodon punctatus) is 125 to 500 Hz (Sorokin et al., 1988). All
of these data are highly suspect, and most clupeiforms appear to
detect sounds to over 3 kHz (Mann et al., 2001 and 2005) and
some species in the genus Alosa can detect sounds to over 180
kHz (Mann et al., 1998 and 2001). There is a report that the twaite
shad (Alosa fallax) avoided 200 kHz sound pulses (Gregory and
Clabburn, 2003).

Salmoniformes

Salmons/Trout/Chars

Pelagic

Some species (e.g. Salmo salar) are able to detect sounds from
30 Hz to about 600 Hz (Hawkins and Johnstone, 1978; Knudsen
et al, 1992). Recent studies show that rainbow trout
(Oncorhynchus mykiss) appear to be able to detect sounds to over
800 Hz (Popper et al., 2007; Wysocki et al., 2007). A similar
hearing range is detectable by the broad whitefish (Coregonus
nasus) (Popper et al., 2005b).
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Table B-1.

Gadiformes

Representative marine and freshwater fish taxa (by Order) and their hearing capabilities.

Cods/Hakes/Haddock/Pollock

Pelagic and
demersal

Hearing range of the cod (Gadus morhua) is 10 to 500 Hz
(Chapman and Hawkins, 1973), while that of the haddock
(Melanogrammus aeglefinus) range from 30 to 470 Hz (Chapman,
1973). Pollack (Pollachius polachius) hear about the same range
of sounds (Chapman, 1973). Walleye pollock (Theragra
chalcogramma) are reported to be able to detect sounds from 60
to 1000 Hz, with best hearing at 120 to 200 Hz (Park et al., 1995),
although Mann et al., (2009) more recently demonstrated that
upper hearing was more likely limited to 450 Hz. The ling (Molva
molva) reportedly detects sounds from 40 to 550 Hz (Chapman,
1973). There is evidence that the burbot, Lota lota, can detect
sounds to over 1,500 Hz (Mann et al., 2007).

Pleuronectiformes

Flounders/Sole/Halibut

Demersal

Pleuronectes platessa and Limanda limanda reportedly detect
sounds up to 200 Hz (Chapman and Sand, 1974), while
Pleuronectes is able to detect sounds as low as 30 or 40 Hz
(Karlsen, 1992a). Paralichthys olivaceous detects sounds from 70
to 500 Hz, with best hearing at 100 Hz (Fujieda et al., 1996).
Pleuronectes yokohamae is able to detect sounds from 60 to 1000
Hz, with best hearing at 100 Hz (Zhang et al., 1998).

Beryciformes

Squirrelfish (Holocentridae)

Pelagic and
demersal

One species of squirrelfish (Myripriste kuntee) can detect sounds
between 100 to 3,000 Hz with best sensitivity between 300 to
2,000 Hz, while another species (Adioryx xantherythrus) can only
detect from about 100 to 1000 Hz (Coombs and Popper, 1979).
The squirrelfishes (Holocentrus vexillaris and Holocentrus
ascensionis) can detect sounds from 100 to 1200 Hz (Tavolga and
Wodinsky, 1963; Wodinsky and Tavolga, 1964). Large variability in
hearing capabilities exists within this group of fish.
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Table B-1. Representative marine and freshwater fish taxa (by Order) and their hearing capabilities.

Batrachoidiformes

Toadfish (Batrachoididae)

Demersal

Oyster toadfish (Opsanus tau) reportedly detect sounds from 40 to
700 Hz, with best sensitivity between 40 to 200 Hz (Fish and
Offutt, 1972), which has been confirmed from neurophysiological
studies (Fay and Edds-Walton, 1997). Measures of hearing using
auditory brainstem response show a similar hearing range in the
Lusitanian toadfish, Halobatrachus didactylus (Vasconcelos et al.,
2007).

Scorpaeniformes

Searobins (Triglidae)

Demersal

Slender searobin (Prionotus scitulus) detects sounds from 100 to
600 Hz, with best sensitivity from 200 to 400 Hz (Tavolga and
Wodinsky, 1963).

Perciformes

(This is such a diverse group
of fish that they are broken
down by taxonomic family)

Tunas (Scombridae)

Pelagic and
Demersal

Yellowfin tuna (Thunnus albacares) hearing ranges from 50 to
1,100 Hz, with most sensitive hearing between 300 and 500 Hz
(Ilverson, 1967). This species has much better sensitivity than
another tuna, the kawakawa (Euthynnus affinis), which has the
same hearing range (lverson, 1967).

Damselfish (Pomacentridae)

Demersal

Various species in this family (genus Eupomacentrus) can detect
sounds from 100 to 1200 Hz, with best hearing from 300 to 600 Hz
(Myrberg and Spires, 1980).

Wrasses (Labridae)

Pelagic and
Demersal

Very diverse group and not likely that data for limited number of
species represent variation in hearing likely to be found. However,
blue-head wrasse (Thalassoma bifasciatum) can detect sounds
from 100 to 1200 Hz, with best sensitivity from 200 to 600 Hz
(Tavolga and Wodinsky, 1963).

Sea basses (Serranidae)

Pelagic and
Demersal

Only data are for the red hind (Epinephelus guttatus) report
hearing from 100 to 1,000 Hz, with best sensitivity from 200 to 400
Hz (Tavolga and Wodinsky, 1963).

Snappers (Lutjanidae)

Pelagic and
Demersal

Schoolmaster (Lutjanus apodus) hears from 100 to 1000 Hz, with
best sensitivity from 200 to 600 Hz. (Tavolga and Wodinsky,
1963).
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Perciformes

(Continued)

Table B-1. Representative marine and freshwater fish taxa (by Order) and their hearing capabilities.

Drums (croakers) (Sciaenidae)

Pelagic and
Demersal

There is broad diversity in ear structure and in hearing in this
group (Ramcharitar et al.,, 2001 and 2004; Ramcharitar and
Popper, 2004). Several species can detect sounds to over 2,000
Hz, while others can only detect sounds to 800 Hz. Many
sciaenids use sound for communication as well.

Grunts (Haemulidae)

Demersal

Blue-striped grunt (Haemulon sciurus) hears from 50 to 1,000 Hz,
with best hearing from 50 to 500 Hz (Tavolga and Wodinsky 1963
and 1965).

Breams and Porgies (Sparidae)

Pelagic

Ringed sea-bream (Sargus annularis) reportedly hears from
400 to 1,200 Hz, with best hearing from 400 to 800 Hz
(Dijkgraaf, 1952). Red sea-bream (Pagrus major) hears from
50 to 1500 Hz, with best hearing at 200 Hz (Ishioka et al.,
1988; Iwashita et al., 1999). Pinfish (Lagodon rhomboides)
hears from 100 to 1000 Hz, with best sensitivity at 300 Hz
(Tavolga, 1974).

Jacks and mackerels (Carangidae)

Pelagic

Horse mackerel (Trachurus japonicus) hears 70 to 3,000 Hz,
with best hearing at 1,000 to 1,500 Hz (Chung et al., 1995).

Sleeper gobies (Eleotridae)

Demersal

Sleeper goby (Dormitator latifrons) detects frequencies from 50
to 400 Hz (Lu and Xu, 2002).

Goatfish (Mullidae)

Dermersal

Hearing ability in Mullus has greatest sensitivity occurring at 450 to
900 Hz (Maliukina, 1960).

Mullet (Mugilidae)

Pelagic

Hearing ability in Mugil has an upper frequency limit of 1,600 to
2,500 Hz, with greatest sensitivity occurring at 640 Hz (Maliukina,
1960).

August 2011

SURTASS LFA B-8




Table B-1. Representative marine and freshwater fish taxa (by Order) and their hearing capabilities.

Gobies (Gobiidae) Demersal He:aring ability in Gobius has an upper frequency limit of 800 Hz,
(Dijkgraaf, 1952).
Marine catfish (Arius felis) hears from 50 to 1,000 Hz, with best
I . hearing from 100 to 400 Hz (Popper and Tavolga, 1981).
Siluriformes Catfish Demersal Amiurus nebulosus hears from 60 to 10,000 Hz with best
hearing at 400 to 1,500 Hz (Poggendorf, 1952).
August 2011 SURTASS LFA B-9
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C-1.0 INTRODUCTION

As previously discussed in Chapter 4 of this SEIS/SOEIS, the types of potential effects on marine
mammals from SURTASS LFA sonar operations include: 1) non-auditory injury; 2) permanent loss of
hearing; 3) temporary loss of hearing; 4) behavioral change; and 5) masking. Richardson et al. (1995b)
provided the most comprehensive review of contemporary knowledge on the sources and effects of
anthropogenic noise on marine mammals, and Nowacek et al. (2007) provide a more recent review of the
effects of anthropogenic noise on cetaceans. Nowacek et al. (2007) included an update on the
documented behavioral, acoustic, and some physiological responses of cetaceans to man-made noise,
and focused on literature that reported quantitatively on the sound field and some indicator of response.
Southall et al. (2007) reported on the results from a panel of acoustic research experts in the behavioral,
physiological, and physical disciplines. The panel’s purpose was to review the expanding literature on
marine mammal hearing, as well as physiological and behavioral responses to anthropogenic sound with
the objective of proposing exposure criteria for certain effects.

References to Underwater Sound Levels

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

e In this SEIS/SOEIS, underwater sound exposure level (SEL) is a measure of energy, specifically
the squared instantaneous pressure integrated over time and expressed as an equivalent one-
second in duration signal, unless otherwise stated; the appropriate units for SEL are dB re 1
pnPaz-sec (Urick, 1983; ANSI, 2006; Southall et al., 2007).

e The term “Single Ping Equivalent” (SPE) (as defined in Chapter 4 and Appendix C of this
SEIS/SOEIS) is an intermediate calculation for input to the risk continuum used in this
document. SPE accounts for the energy of all the LFA acoustic transmissions that a modeled
animal receives during an entire LFA mission (modeled for operations from 7 to 20 days).
Calculating the potential risk from SURTASS LFA is a complex process and the reader is
referred to Appendix C for details. As discussed in Appendix C, SPE is a function of SPL, not
SEL. SPE levels will be expressed as “dB SPE” in this document, as they have been in the
SURTASS LFA sonar FOEIS/FEIS and FSEIS documents (DoN, 2001 and 2007a).

The first two potential effects from SURTASS LFA sonar listed above (i.e., non-auditory physical effects
and permanent loss of hearing) are typically grouped together and constitute “injury effects” or Level A
harassments as defined under the MMPA. As previously discussed, Southall et al. (2007) proposed a
dual injury criteria for individual low frequency (LF)/mid-frequency (MF)/high frequency (HF) marine
mammal groups exposed to non-pulsed sound type, which included discrete acoustic exposures from
SURTASS LFA sonar, and consists of an SPL and an SEL criteria. Due to the long duration of the LFA
signal (i.e., nominally 60 sec), the SEL criterion from Southall et al. (2007) is always the dominant of the
dual criteria identified there. Thus, the proposed injury criteria, which are based on onset of PTS, for
LF/MF/HF cetaceans are a sound exposure level (SEL) of 215 dB re 1 pPa2-sec and for pinnipeds in
water an SEL of 203 dB re 1 pPa?-sec. The current and historic SURTASS LFA sonar acoustic analyses
have established and maintained a threshold of injury, or Level A harassment, to occur for an SPE
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received level (RL) 2180 dB SPE. A comparison of the Southall et al. (2007) PTS SEL criterion and the
180 dB SPE can be made by adjusting the Southall et al. (2007) criterion for the longer LFA signal
(nominally 60 sec), using 10 Log (T/Ti) where T is 60 sec and Ti is 1 sec. Thus, an 18-dB adjustment is
made to the Southall et al. (2007) criterion, resulting in an SEL injury criterion for SURTASS LFA sonar of
197 dB re 1 pPaz-sec RL for cetaceans. For pinnipeds in water, this adjusted value would be an SEL of
185 dB re 1 pPa?-sec RL. The SURTASS LFA sonar injury criterion for all marine mammals of 180 dB
SPE is conservative when compared to the adjusted Southall et al. (2007) SEL values above and it would
be even more conservative if compared to the Southall et al. (2007) SPL criteria of 230 and 218 dB SPL
for cetaceans and pinnipeds, respectively. An additional potential effect, masking, has been addressed in
Chapter 4.

Additionally, based on simple spherical spreading (i.e., a transmission loss [TL] based on 20xLogl10
[range in meters]) and assuming that the LFA array is a point source, a cetacean would need to approach
and remain within approximately 33 m (108 ft) of the LFA source array (while a pinniped would need to be
within 130 m [427 ft] of the array, which is approximately 76 m [250 ft] deep) for the complete 60 sec of
the transmission, without detection, in order to exceed the Southall et al. (2007) injury thresholds. Based
on the mitigation enacted during LFA transmission operations, the chances of this occurring are negligible
and therefore will not be further discussed in this appendix. In addition, since the array is not a point
source, these very short ranges (i.e., 33 and 130 m) are actually conservative values because at these
ranges, the animal would still be in the near-field of the array (i.e., where the individual source elements
are still affecting each others’ signal and the theoretical source level calculated for a point source with a
beam pattern over-predicts the actual source levels observed).

The next two potential effects listed above (i.e., temporary loss of hearing and behavioral change) are
also typically grouped together and constitute “non-injury or harassment effects” or Level B harassments
as defined in the MMPA. In the 2002 and 2007 SURTASS LFA Sonar Final Rules (NOAA, 2002a and
2007c), NMFS stated that TTS is not an injury. The underlying scientific studies and reports that have
been detailed in Chapter 4 of this document show the potential impacts to marine mammal hearing varies
not only from species to species but also from animal to animal within a species. Thus the utilization of a
risk continuum to attempt to capture the variability of acoustic impacts to a species, as was first done for
U.S. Navy environmental compliance documents in the SURTASS LFA sonar FOEIS/EIS (DoN, 2001),
has become the standard approach for the U.S. Navy. This appendix is designed to document the details
of that analysis effort for this SEIS/SOEIS.

A description and application of the risk continuum used in the analysis for this document is included in
this appendix. The original application of a risk continuum in Navy documents occurred with the first
SURTASS LFA FOEIS/EIS (DoN, 2001), which has been incorporated into this document by reference.
The Navy, however, has since expanded the use of risk continuums to other documents. The current
Navy standards as specified by CNO (N45) for assessing acoustic impacts requires the use of a risk
continuum function (as was done in the SURTASS LFA Sonar FOEIS/EIS, Hawaii Range Complex (HRC)
FEIS/OEIS, the Southern California Range Complex (SOCAL) FEIS/OEIS, and Atlantic Fleet Active
Sonar Training (AFAST) FEIS/OEIS [(DoN, 2001, 2008a, b, c)] to calculate the potential impacts from
acoustic sources. However, the Navy standard risk continuum and its implementation as used for the Mid-
Frequency Active (MFA) systems in these three FOEIS/OEISs differs from the LFA risk continuum and
subsequent take calculations in several ways including: a) the use of an SPL (MFA) vice an SPE (LFA) as
a starting argument into the risk function; b) the period of time integrated for each entry into the risk
continuum; and c) the details of the criteria for the categories of potential impact. In general, the LFA risk
continuum function is a means of predicting the potential behavioral impacts associated with underwater
acoustic operations on marine mammal species near the operational area of sonar systems. The inputs to
the LFA risk continuum are typically the amount of acoustic exposure an animal is likely to receive during
the proposed operation (energy is integrated over all exposures received during a 7 to 20 day mission).
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To determine the likely acoustic exposure, the movement of animals in the area is modeled along with the
acoustic field generated by the sonar system(s). This appendix addresses the acoustic modeling
performed for the additional 19 potential LFA operating areas documented in the SEIS/SOEIS.

C-2.0 ACOUSTIC IMPACT MODELING

For convenience, the details of the modeling conducted for this SEIS/SOEIS are provided in Subsections
C-2.1 through C-2.4. Subsections C-2.5 through C-2.8 provide the historical and scientific data supporting
the general use and development of the LFA risk continuum. These later subsections primarily consist of
an updated and expanded version of the technical analysis methodology, which can be found in Chapter
4 of the original LFA FOEIS/EIS (DoN, 2001). Finally, this appendix presents a summary of the analysis in
Section C-3.0.

For this SEIS/SOEIS, the Acoustic Integration Model® (AIM) was used to simulate the sound field
produced by the SURTASS LFA sonar source operations and the correct marine mammal disposition and
movement for all of the species present in the 19 different modeled oceanic areas (in addition to the 31
areas that were modeled in the original LFA FOEIS/EIS [DoN, 2001]). AIM integrates these results to
ascertain the potential acoustic impacts to each of the marine mammal species present at each site. The
sound fields produced by the LFA source in the different areas were modeled based on the system’s
specifications provided in Chapter 2 of this SEIS/SOEIS (i.e., source level, frequency, source depths,
beam pattern, and location of the sonar system). Details of the physical acoustic environment as well as
details of marine species’ presence and their movement come from numerous sources (described below).
The AIM modeling process includes both AIM modeling operations and post-AIM calculations. During the
internal AIM modeling, AIM convolves sound field data generated by an embedded acoustic model with
animal movement data generated from AIM’s animal movement engine. The result data are stored in files
and consist of an exposure history for each simulated animal (“animat”). These data are a sequential
history as if each animat was fitted with an “acoustic dosimeter” and the resulting received levels from the
LFA source were recorded. These exposure data for individual modeled animats are then scaled and
summed to predict the risk of harassment for each animal species.

C-2.1 INTRODUCTION TO AIM

AIM is a Monte Carlo-method statistical model. AIM grew out of two earlier models; a whale movement
and tracking model developed for the census of the bowhead whale, Balaena mysticetus (Ellison et al.,
1987), and an underwater acoustic back-scattering model for a moving sound source in an under-ice
Arctic environment (Bishop et al., 1987). Since its initial use in a National Environmental Policy Act
(NEPA) document in 2001 (DoN, 2001), AIM has had several expansions of underlying databases and
models, and the programming code has been improved to allow more detailed and larger simulations. In
2007 the Center for Regulatory Effectiveness (CRE) requested and the National Marine Fisheries Service
(NMFS) sponsored a review of AIM by the Center for Independent Experts (CIE). The CIE report found
that AIM was fully capable of assessing potential impacts on marine animals.

The exact positions of animals relative to sound sources cannot be known. Multiple runs of realistic
predictions are therefore used to provide statistical power for the estimated effects. The movement of
sources and receivers (animals) are modeled based on measured or defined data. Each source and
receiver is modeled via the animat concept. Animats are computationally simulated animals or objects.
When an animat represents an object, such as an acoustic source, the speed, direction, and depth is
usually specified. When an animat represents an animal, movement is defined by specifying behavioral
variables, such as dive parameters, swimming speed, and course changes (see below). The results are
realistic representations of animal movements such as diving patterns that mimic the real-world diving
patterns of that species. The movement of an animat can also be programmed to respond to
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environmental factors (e.g., water depth at the position of the animat). In this way, marine species that
normally inhabit a particular environment can be constrained to stay within a specified habitat.

Once the behavior of the animats has been programmed, the simulation is “seeded” with an appropriate
number of animats and the model is run. A model run consists of a user-specified number of steps
forward in time. During each time step, each animat is moved according to the programmed rules
describing its behavior. For each time step, the received sound level at each receiver animat is
calculated. At the end of each time step, each animat evaluates its environment including its three-
dimensional (3D) location. If an environmental variable has exceeded the user-specified boundary value
(e.g., the animat has moved into water that is too shallow), then the animat will alter its course to react to
the environment. These responses to the environment are called “aversions.” There are many aversion
variables that can be used to specify an animat’s reactions and to obtain realistic behavior (e.g.,
bathymetry, geographic boundaries, water temperature, density of prey species, and level of pollution).

C-2.2 MARINE MAMMAL OCCURRENCE IN NINETEEN POTENTIAL OPERATION
AREAS

To estimate the risk to marine mammals in each of the additional 19 potential SURTASS LFA sonar
operation areas, a list of marine mammals likely to be encountered in each region must be developed and
abundance and density estimates calculated for each species at each model site. The primary resource
for generating a list of marine mammals potentially occurring at each model site was AquaMaps
(Kaschner et al,. 2008; http://www.aquamaps.org/search.php). This list was verified with additional
published literature specific to each model site. Once the species at a site were determined, they were
modeled in AIM at densities higher than those found in the real world in order to sufficiently capture the
statistical distribution of potential exposure conditions. Post-processing of the AIM results scaled the
modeled densities to the real-world density estimates and divided by the abundance of the population to
determine the overall percentage of potential risk to the population.

C-2.2.1 MARINE MAMMAL DENSITY

The distribution of many marine mammal species is irregular and highly dependent upon geography,
oceanography, and seasonality. Density and abundance estimates are critical components needed to
analytically estimate risk to marine mammal populations from activities occurring in the marine
environment. The process for developing density and abundance estimates for every species at the 19
potential operation areas was a multi-step procedure that utilized data with the highest degree of fidelity
first. Direct estimates from line-transect surveys that occurred in or near each of the 19 model sites were
utilized first (e.g., Barlow, 2006). For the majority of species, abundance estimates were available for
each of the 19 model sites (Table C-1). However, density estimates require more sophisticated sampling
and analysis and were not always available for each species at all sites. When density estimates were not
available from a survey in the operation area, then density estimates from a region with similar
oceanographic characteristics were extrapolated to the operation 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). 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 pilot
whales and beaked whales, as well as the pygmy and dwarf sperm whales. Density estimates are
available for these species groups rather than the individual species (Table C-1). References for density
and abundance estimates for each species at each modeled site are provided in Table C-1.

August 2011 SURTASS LFA C-6
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Table C-1. Marine mammal species and stocks, abundance estimates, density estimates, as well as associated references for each
SURTASS LFA sonar operating area.

SITE 1: EAST OF JAPAN
Blue whale NP 9,250 1,2,3 0.0002 1,2,3
Fin whale NP 9,250 1,2,3 0.0002 1,2,3
Sei whale NP 8,600 1 0.0006 1,2
Bryde’s whale WNP 20,501 4 0.0006 3
Minke whale WNP “O” Stock 25,049 5 0.0022 5
North Pacific right whale (spring, fall) WNP 922 6 <0.00001
Sperm whale NP 102,112 7 0.0010 8
Kogia spp. NP 350,553 9,10 0.0031 9,10
Baird's beaked whale WNP 8,000 11 0.0029 11
Cuvier's beaked whale NP 90,725 10 0.0054 10
Ginkgo-toothed beaked whale NP 22,799 9,10 0.0005 9,10
Hubbs’ beaked whale NP 22,799 9,10 0.0005 9,10
False killer whale WNP 16,668 12 0.0036 12
Pygmy killer whale WNP 30,214 10 0.0021 10
Short-finned pilot whale WNP 53,608 12 0.0128 12
Risso's dolphin WNP 83,289 12 0.0097 12
Common dolphin WNP 3,286,163 9,10 0.0761 9,10

®  NP=North Pacific; WNP=Western North Pacific; ENP=Eastern North Pacific; CNP=Central North Pacific; IA=Inshore Archipelago; SOJ=Sea of
Japan; ECS=East China Sea; CA/OR/WA=California, Oregon, and Washington; WNA=Western North Atlantic; ENA=Eastern North Atlantic;
MED=Mediterranean; WMED=Western Mediterranean; IND=Indian Ocean; XAR=Stock X/Arabian Sea; ETP=Eastern Tropical Pacific;
NEOP=Northeastern Offshore Pacific; WSP=Western South Pacific; GVEA=Group V East Australia

See end of this appendix table for literature references associated with the numerical values listed in table.
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Table C-1. Marine mammal species and stocks, abundance estimates, density estimates, as well as associated references for each
SURTASS LFA sonar operating area.

Fraser's dolphin WNP 220,789 9,10 0.0040 9,10
Bottlenose dolphin WNP 168,791 12 0.0171 12
Pantropical spotted dolphin WNP 438,064 12 0.0259 12
Striped dolphin WNP 570,038 12 0.0111 12
Spinner dolphin WNP 1,015,059 9,10 0.0005 9,10
Pacific white-sided dolphin WNP 931,000 9,10 0.0082 9,10
Rough-toothed dolphin WNP 145,729 9,10 0.0059 9,10
SITE 2: NORTH PHILIPPINE SEA

Bryde's whale WNP 20,501 4 0.0006 3
Minke whale WNP “O” Stock 25,049 5 0.0044 5
gl;r:;hg;:’amflc right whale (fall to WNP 922 6 <0.00001

Sperm whale NP 102,112 14 0.0028 15
Kogia spp. NP 350,553 9,10 0.0031 9,10
Cuvier's beaked whale NP 90,725 10 0.0054 10
Blainville's beaked whale NP 8,032 9,10 0.0005 9,10
Ginkgo-toothed beaked whale NP 22,799 9,10 0.0005 9,10
Killer whale NP 12,256 9,10 0.0004 9,10
False killer whale WNP 16,668 12 0.0029 12
Pygmy killer whale WNP 30,214 10 0.0021 10
Melon-headed whale WNP 36,770 9,10 0.0012 15
Short-finned pilot whale WNP 53,608 12 0.0153 12
Risso's dolphin WNP 83,289 12 0.0106 12
Common dolphin WNP 3,286,163 9,10 0.0562 9,10
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Table C-1. Marine mammal species and stocks, abundance estimates, density estimates, as well as associated references for each
SURTASS LFA sonar operating area.

Fraser’s dolphin WNP 220,789 9,10 0.0040 9,10
Bottlenose dolphin WNP 168,791 12 0.0146 12
Pantropical spotted dolphin WNP 438,064 12 0.0137 12
Striped dolphin WNP 570,038 12 0.0329 12
Spinner dolphin WNP 1,015,059 9,10 0.0005 9,10
Pacific white-sided dolphin WNP 931,000 9,10 0.0119 9,10
Rough-toothed dolphin WNP 145,729 9,10 0.0059 9,10
SITE 3: WEST PHILIPPINE SEA
Fin whale NP 9,250 2,3,4 0.0002 2,3,4
Bryde's whale WNP 20,501 4 0.0006 3
Minke whale WNP “O” Stock 25,049 5 0.0033 5
Humpback whale (winter only) WNP 1,107 16 0.0008 17
Sperm whale NP 102,112 7 0.0010 8
Kogia spp. NP 350,553 9 0.0017 10
Cuvier's beaked whale NP 90,725 10 0.0003 10
Blainville's beaked whale NP 8,032 9,10 0.0005 9,10
Ginkgo-toothed beaked whale NP 22,799 9,10 0.0005 9,10
False killer whale WNP 16,668 12 0.0029 12
Pygmy killer whale WNP 30,214 10 0.0021 10
Melon-headed whale WNP 36,770 9,10 0.0012 15
Short-finned pilot whale WNP 53,608 12 0.0076 12
Risso's dolphin WNP 83,289 12 0.0106 12
Common dolphin WNP 3,286,163 9,10 0.0562 9,10
Fraser's dolphin WNP 220,789 9,10 0.0040 9,10
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Table C-1. Marine mammal species and stocks, abundance estimates, density estimates, as well as associated references for each
SURTASS LFA sonar operating area.

Bottlenose dolphin WNP 168,791 12 0.0146 12
Pantropical spotted dolphin WNP 438,064 12 0.0137 12
Striped dolphin WNP 570,038 12 0.0164 12
Spinner dolphin WNP 1,015,059 9,10 0.0005 9,10
Pacific white-sided dolphin WNP 931,000 9,10 0.0245 9,10
Rough-toothed dolphin WNP 145,729 9,10 0.0059 9,10
SITE 4: OFFSHORE GUAM
Blue whale ENP 2,842 18 0.0001 9,10
Fin whale ENP 9,250 10 0.0003 10
Sei whale NP 8,600 1 0.0003 19
Bryde's whale WNP 20,501 4 0.0004 19
Minke whale WNP “O” Stock 25,049 5 0.0003 9,10
;I:I?)pback whale (October to May CNP 10,103 16 0.0069 9,10
Sperm whale NP 102,112 7 0.0012 19
Kogia spp. NP 350,553 10 0.0101 15
Cuvier's beaked whale NP 90,725 10 0.0062 15
Blainville's beaked whale NP 8,032 10 0.0012 15
Ginkgo-toothed beaked whale NP 22,799 9,10 0.0005 9, 10
Longman’s beaked whale CNP 1,007 15 0.0004 15
Killer whale CNP 349 15 0.0001 15
False killer whale WNP 16,668 12 0.0011 19
Pygmy killer whale WNP 30,214 10 0.0001 19
Melon-headed whale WNP 36,770 10 0.0043 19
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Table C-1. Marine mammal species and stocks, abundance estimates, density estimates, as well as associated references for each
SURTASS LFA sonar operating area.

Short-finned pilot whale WNP 53,608 12 0.0016 19
Risso's dolphin WNP 83289 12 0.0010 15
Common dolphin WNP 3,286,163 9,10 0.0021 9,10
Fraser’s dolphin CNP 10,226 15 0.0042 15
Bottlenose dolphin WNP 168,791 12 0.0002 19
Pantropical spotted dolphin WNP 438,064 12 0.0226 19
Striped dolphin WNP 570,038 12 0.0062 19
Spinner dolphin WNP 1,015,059 10 0.0031 19
Rough-toothed dolphin WNP 145,729 10 0.0003 19
SITE 5: SEA OF JAPAN

Fin whale NP 9,250 1,2,3 0.0009 9,10
Bryde's whale WNP 20,501 4 0.0001 10
Minke whale WNP “O” Stock 25,049 5 0.0004 10
Minke whale WNP “J” Stock 893 20 0.0002 20
gl;r:;hg;:’amflc right whale (fall to WNP 922 6 <0.00001

Gray whale WNP 121 4 <0.00001

Sperm whale NP 102,112 7 0.0008 10
Stejneger's beaked whale NP 8,000 11 0.0014 10
Baird's beaked whale WNP 8,000 11 0.0003 9,10
Cuvier's beaked whale NP 90,725 10 0.0043 10
Ginkgo-toothed beaked whale NP 22,799 9,10 0.0005 9,10
False killer whale 1A 9,777 12 0.0027 10
Melon-headed whale WNP 36,770 10 0.00001 10
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Table C-1. Marine mammal species and stocks, abundance estimates, density estimates, as well as associated references for each
SURTASS LFA sonar operating area.

Short-finned pilot whale WNP 53,608 12 0.0014 12
Risso's dolphin WNP 83,289 12 0.0073 12
Common dolphin WNP 3,286,163 9,10 0.0860 9,10
Bottlenose dolphin 1A 105,138 21 0.0009 10
Pantropical spotted dolphin WNP 219,032 12 0.0137 12
Spinner dolphin WNP 1,015,059 9,10 0.00001 9,10
Pacific white-sided dolphin WNP 931,000 9,10 0.0030 9,10
Dall's porpoise SO0J 76,720 10 0.0520 10
SITE 6: EAST CHINA SEA

Fin whale ECS 500 1,2,3 0.0002 1,2,3
Bryde's whale WNP 20,501 4 0.0006 3
Minke whale WNP “O” Stock 25,049 5 0.0044 5
Minke whale WNP “J” Stock 893 20 0.0018 20
North Pacific right whale (winter only) WNP 922 6 <0.00001

Gray whale (winter only) WNP 121 4 <0.00001

Sperm whale NP 102,112 7 0.0012 19
Kogia spp. NP 350,553 9 0.0031 10
Cuvier's beaked whale NP 90,725 10 0.0062 15
Blainville's beaked whale NP 8,032 9,10 0.0012 9,10
Ginkgo-toothed beaked whale NP 22,799 9,10 0.0005 9,10
False killer whale 1A 9,777 21 0.0011 19
Pygmy killer whale WNP 30,214 10 0.0001 19
Melon-headed whale WNP 36,770 10 0.0043 19
Short-finned pilot whale WNP 53,608 12 0.0016 19
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Table C-1. Marine mammal species and stocks, abundance estimates, density estimates, as well as associated references for each
SURTASS LFA sonar operating area.

Risso's dolphin WNP 83,289 12 0.0106 12
Common dolphin WNP 3,286,163 9,10 0.0461 9,10
Fraser’s dolphin WNP 220,789 9,10 0.0040 9,10
Bottlenose dolphin 1A 105,138 21 0.0146 12
Pantropical spotted dolphin WNP 219,032 12 0.0137 12
Striped dolphin WNP 570,038 12 0.0164 12
Spinner dolphin WNP 1,015,059 10 0.0031 19
Pacific white-sided dolphin WNP 931,000 9,10 0.0028 9,10
Rough-toothed dolphin WNP 145,729 10 0.0059 9,10
SITE 7:SOUTH CHINA SEA

Fin whale WNP 9,250 1,2,3 0.0002 1,2,3
Bryde's whale WNP 20,501 4 0.0006 3
Minke whale WNP “O” Stock 25,049 5 0.0033 5
North Pacific right whale (winter only) WNP 922 6 <0.00001

Gray whale (winter only) WNP 121 4 <0.0001

Sperm whale NP 102,112 7 0.0012 19
Kogia spp. NP 350,553 9 0.0017 10
Cuvier's beaked whale NP 90,725 10 0.0003 10
Blainville's beaked whale NP 8,032 9,10 0.0005 9,10
Ginkgo-toothed beaked whale NP 22,799 9,10 0.0005 9,10
False killer whale 1A 9,777 21 0.0011 19
Pygmy killer whale WNP 30,214 10 0.0001 19
Melon-headed whale WNP 36,770 10 0.0043 19
Short-finned pilot whale WNP 53,608 12 0.0016 19
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Table C-1. Marine mammal species and stocks, abundance estimates, density estimates, as well as associated references for each
SURTASS LFA sonar operating area.

Risso's dolphin WNP 83,289 12 0.0106 12
Common dolphin WNP 3,286,163 9,10 0.0461 9,10
Fraser's dolphin WNP 220,789 9,10 0.0040 9,10
Bottlenose dolphin 1A 105,138 21 0.0146 12
Pantropical spotted dolphin WNP 219,032 12 0.0137 12
Striped dolphin WNP 570,038 12 0.0164 12
Spinner dolphin WNP 1,015,059 10 0.3140 19
Rough-toothed dolphin WNP 145,729 9,10 0.0040 9,10
SITE 8: OFFSHORE JAPAN (25° to 40°N)
Blue whale NP 9,250 1 0.0003 1
Fin whale NP 9,250 1,2,3 0.0001 1,2,3
Sei whale NP 37,000 3 0.0003 19
Bryde's whale WNP 20,501 4 0.0004 19
Minke whale WNP “O” Stock 25,049 5 0.0003 5
Sperm whale NP 102,112 7 0.0003 9,10
Kogia spp. NP 350,553 9 0.0049 10
Baird's beaked whale WNP 8,000 11 0.0001 11
Cuvier's beaked whale NP 90,725 10 0.0017 10
Mesoplodon spp. NP 22,799 9,10 0.0005 9,10
False killer whale WNP 16,668 12 0.0036 12
Pygmy killer whale WNP 30,214 10 0.0001 19
Melon-headed whale WNP 36,770 10 0.0012 15
Short-finned pilot whale WNP 53,608 12 0.0001 10
Risso's dolphin WNP 83,289 12 0.0010 10
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Table C-1. Marine mammal species and stocks, abundance estimates, density estimates, as well as associated references for each
SURTASS LFA sonar operating area.

Common dolphin WNP 3,286,163 9,10 0.0863 9,10
Bottlenose dolphin WNP 168,791 12 0.0005 10
Pantropical spotted dolphin WNP 438,064 12 0.0181 9,10
Striped dolphin WNP 570,038 12 0.0500 9,10
Spinner dolphin WNP 1,015,059 9,10 0.00001 9,10
Pacific white-sided dolphin WNP 67,769 9,10 0.0048 9,10
Rough-toothed dolphin WNP 145,729 9,10 0.0003 19
Hawaiian monk seal Hawaii 1,129 18 <0.00001
SITE 9: OFFSHORE JAPAN (10° TO 25°N)

Bryde's whale WNP 20,501 4 0.0004 19
Sperm whale NP 102,112 22 0.0004 9,10
Kogia spp. NP 350,553 9 0.0009 10
Cuvier's beaked whale NP 90,725 10 0.0017 10
False killer whale WNP 16,668 12 0.0021 12
Melon-headed whale WNP 36,770 10 0.0012 15
Short-finned pilot whale WNP 53,608 12 0.0009 10
Risso's dolphin WNP 83,289 12 0.0026 10
Common dolphin WNP 3,286,163 9,10 0.0863 9,10
Bottlenose dolphin WNP 168,791 12 0.0007 10
Pantropical spotted dolphin WNP 438,064 12 0.0226 19
Striped dolphin WNP 570,038 12 0.0110 12
Spinner dolphin WNP 1,015,059 10 0.0031 19
Rough-toothed dolphin WNP 145,729 9,10 0.0003 19

SITE 10: HAWAII NORTH
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Table C-1. Marine mammal species and stocks, abundance estimates, density estimates, as well as associated references for each
SURTASS LFA sonar operating area.

Blue whale WNP 1,548 17 0.0002 9,10
Fin whale Hawalii 2,099 17 0.0007 9,10
Bryde’s whale Hawalii 469 15 0.0002 15
Minke whale WNP 25,000 5 0.0002 9,10
Humpback whale (summer) Hawaii 10,103 16 <0.0001 15
Sperm whale CNP 6,919 15 0.0028 15
Kogia spp Hawaii 24,657 15 0.0101 15
Cuvier’'s beaked whale Hawaii 15,242 15 0.0062 15
Blainville’s beaked whale Hawaii 2,872 15 0.0012 15
Longman’s beaked whale Hawaii 1,007 15 0.0004 15
Killer whale Hawaii 349 15 0.0001 15
False killer whale Hawaii Pelagic 484 61 0.0002 61
Pygmy killer whale Hawaii 956 15 0.0004 15
Melon-headed whale Hawaii 2,950 15 0.0012 15
Short-finned pilot whale Hawaii 8,870 15 0.0036 15
Risso’s dolphin Hawaii 2,372 15 0.0010 15
Fraser’s dolphin Hawaii 10,226 15 0.0042 15
Bottlenose dolphin Hawaii 3,215 15 0.0013 15
Pantropical spotted dolphin Hawaii 8,978 15 0.0037 15
Striped dolphin Hawaii 13,143 15 0.0054 15
Spinner dolphin Hawaii 3,351 15 0.0014 15
Rough-toothed dolphin Hawaii 8,709 15 0.0036 15
Hawaiian monk seal Hawaii 1,129 18 <0.0001

SITE 11: HAWAII SOUTH

August 2011

SURTASS LFA SONAR

C-16



Table C-1. Marine mammal species and stocks, abundance estimates, density estimates, as well as associated references for each
SURTASS LFA sonar operating area.

Blue whale WNP 1,548 17 0.0002 9,10
Fin whale Hawalii 2,099 17 0.0007 9,10
Bryde’s whale Hawalii 469 15 0.0002 15
Minke whale Hawalii 25,000 5 0.0002 9,10
Humpback whale (fall through spring) Hawaii 10,103 16 0.0008 17
Sperm whale CNP 6,919 15 0.0028 15
Kogia spp. Hawaii 24,657 15 0.0101 15
Cuvier’s beaked whale Hawaii 15,242 15 0.0062 15
Blainville’s beaked whale Hawaii 2,872 15 0.0012 15
Longman’s beaked whale Hawaii 1,007 15 0.0004 15
Killer whale Hawaii 349 15 0.0001 15
False killer whale Hawaii Pelagic 484 61 0.0002 61
Pygmy killer whale Hawaii 956 15 0.0004 15
Melon-headed whale Hawaii 2,950 15 0.0012 15
Short-finned pilot whale Hawaii 8,870 15 0.0036 15
Risso’s dolphin Hawaii 2,372 15 0.0010 15
Fraser’s dolphin Hawaii 10,226 15 0.0042 15
Bottlenose dolphin Hawaii 3,215 15 0.0013 15
Pantropical spotted dolphin Hawaii 8,978 15 0.0037 15
Striped dolphin Hawaii 13,143 15 0.0054 15
Spinner dolphin Hawaii 3,351 15 0.0014 15
Rough-toothed dolphin Hawaii 8,709 15 0.0036 15
Hawaiian monk seal Hawaii 1,129 18 <0.0001

SITE 12: OFFSHORE SOUTHERN CALIFORNIA (IN SOCAL OPAREA)
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Table C-1. Marine mammal species and stocks, abundance estimates, density estimates, as well as associated references for each
SURTASS LFA sonar operating area.

Blue whale ENP 2,842 18 0.0014 17
Fin whale CA/OR/WA 2,099 17 0.0018 17
Sei whale ENP 98 17 0.0001 17
Bryde’s whale ENP 13,000 24 0.00001 24
Northern minke whale CA/OR/WA 823 17 0.0007 17
Humpback whale CA/OR/WA 942 17 0.0008 17
Gray whale ENP 18,813 14 0.051 25
Sperm whale CA/OR/WA 1,934 17 0.0017 17
Pygmy sperm whale CA/OR/WA 1,237 17 0.0011 17
Stejneger's beaked whale CA/OR/WA 1,177 17 0.0010 17
Baird’s beaked whale CA/OR/WA 1,005 17 0.0009 17
Cuvier's beaked whale CA/OR/WA 4,342 17 0.0038 17
Blainville's beaked whale CA/OR/WA 1,177 17 0.0010 17
Ginkgo-toothed beaked whale CA/OR/WA 1,177 17 0.0010 17
Hubb’s beaked whale CA/OR/WA 1,177 17 0.0010 17
Longman’s beaked whale Hawaii 1,177 17 0.0010 17
Perrin's beaked whale CA/OR/WA 1,177 17 0.0010 17
Pygmy beaked whale CA/OR/WA 1,177 17 0.0010 17
Killer whale ENP Offshore 810 17 0.0007 17
Short-finned pilot whale CA/OR/WA 350 17 0.0003 17
Risso’s dolphin CA/OR/WA 11,910 17 0.0105 17
Long-beaked common dolphin CA/OR/WA 21,902 17 0.0192 17
Short-beaked common dolphin CA/OR/WA 352,069 17 0.3094 17
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Table C-1. Marine mammal species and stocks, abundance estimates, density estimates, as well as associated references for each
SURTASS LFA sonar operating area.

Bottlenose dolphin CA/OR/WA 2,026 17 0.0018 17
offshore
Striped dolphin CA/OR/WA 18,976 17 0.0167 17
Pacific white-sided dolphin CA/OR/WA 23,817 17 0.0209 17
Northern right whale dolphin CA/OR/WA 11,097 17 0.0098 17
Dall’s porpoise CA/OR/WA 85,955 17 0.0753 17
Guadalupe fur seal Mexico 7,408 18 0.007 25
Northern fur seal San Miguel Island 9,424 18 0 25
California sea lion (on shelf) California 238,000 18 0.54 25
California sea lion (offshore) California 238,000 18 0 25
Harbor seal California 34,233 18 0.0095 25
Northern elephant seal (on shelf) California 124,000 18 0.0045 25
Breeding
Northern elephant seal (offshore) Callfor_nla 124,000 18 0 25
Breeding
SITE 13: NORTHWESTERN ATLANTIC OFF FLORIDA (IN JAX OPAREA)
Humpback whale WNA 11,570 27 0.0006 26
North Atlantic right whale (on shelf;
ter e spring%my) e (on shef WNA 438 28 0.0012 26
Sperm whale (on shelf) WNA 4,804 29 0 26
Sperm whale (off shelf) WNA 4,804 29 0.0005 26
Kogia spp. WNA 580 30 0.0010 26
Beaked whales (on shelf) WNA 3,513 29 0 26
Beaked whales (off shelf) WNA 3,513 29 0.0006 26
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Table C-1. Marine mammal species and stocks, abundance estimates, density estimates, as well as associated references for each
SURTASS LFA sonar operating area.

Cuvier's beaked whale WNA 3,513 29 0.0006 26
Blainville’s beaked whale WNA 3,513 29 0.0006 26
Gervais’ beaked whale WNA 3,513 29 0.0006 26
Sowerby’s beaked whale WNA 3,513 29 0.0006 26
True’s beaked whale WNA 3,513 29 0.0006 26
Short-finned pilot whale (on shelf) WNA 31,139 29 0.00004 26
Short-finned pilot whale (off shelf) WNA 31,139 29 0.0271 26
Risso’s dolphin (on shelf) WNA 20,479 29 0.0009 26
Risso’s dolphin (off shelf) WNA 20,479 29 0.0181 26
Common dolphin WNA 120,743 29 0.00002 26
Bottlenose dolphin (on shelf) WNA 81,588 29 0.2132 26
Bottlenose dolphin (off shelf) WNA 81,588 29 0.1163 26
Pantropical spotted dolphin WNA 12,747 30 0.0223 26
Striped dolphin WNA 94,462 29 0.00003 26
Atlantic spotted dolphin (on shelf) WNA 50,978 29 0.4435 26
Atlantic spotted dolphin (off shelf) WNA 50,978 29 0.0041 26
Clymene dolphin WNA 6,086 29 0.0106 26
Rough-toothed dolphin WNA 274 30 0.0005 26
SITE 14: NORTHEASTERN ATLANTIC OFF UNITED KINGDOM
Blue whale ENA 100 31,32 0.00001 32
Fin whale ENA 10,369 32 0.0031 32
Sei whale ENA 14,152 33,34 0.0113 33
Northern minke whale ENA 107,205 35 0.0068 36
Humpback whale ENA 4,695 32 0.0019 32
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Table C-1. Marine mammal species and stocks, abundance estimates, density estimates, as well as associated references for each
SURTASS LFA sonar operating area.

Sperm whale ENA 6,375 32 0.0049 32
Kogia spp. ENA 580 30 0.0001 30
Cuvier's beaked whale ENA 3,513 29 0.0013 26
Blainville’s beaked whale ENA 3,513 29 0.0013 26
Sowerby’s beaked whale ENA 3,513 29 0.0013 26
Northern bottlenose whale ENA 5,827 38 0.0003 37
Killer whale ENA 6,618 38 0.0001 37
False killer whale ENA 484 18 0.0001 37
Long-finned pilot whale ENA 778,000 39 0.0121 26
Risso’s dolphin ENA 20,479 29 0.0063 26
Common dolphin ENA 273,150 40 0.238 31
Bottlenose dolphin ENA 81,588 29 0.0094 26
Striped dolphin ENA 94,462 29 0.0765 26
Atlantic white-sided dolphin ENA 11,760 36 0.0027 36
White-beaked dolphin ENA 11,760 36 0.0027 36
Harbor porpoise ENA 341,366 36 0.2299 36
Harbor seal Ireland / Scotland 23,500 41 0.0230 26
Gray seal ENA 113,300 42 0.027 26
SITE 15: WESTERN MEDITERRANEAN SEA—LIGURIAN SEA
Fin whale MED 3,583 44 0.004 43, 44, 45
Sperm whale WMED 6,375 32 0.0049 32
Cuvier's beaked whale ENA 3,513 29 0.0013 26
Long-finned pilot whale ENA 778,000 39 0.0121 26
Risso’s dolphin WMED 5,320 46, 47 0.0075 46
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Table C-1. Marine mammal species and stocks, abundance estimates, density estimates, as well as associated references for each
SURTASS LFA sonar operating area.

Common dolphin WMED 19,428 48 0.0144 48

Bottlenose dolphin WMED 23,304 46, 49, 50 0.041 46

Striped dolphin WMED 117,880 51 0.24 51

SITE 16: NORTHERN ARABIAN SEA

Bryde’s whale IND 9,176 24 0.0001 52,53
Humpback whale XAR 200 54, 55, 56 0.0004 9,10
Sperm whale IND 24,446 24 0.0125 52, 53
Dwarf sperm whale IND 10,541 24 0.0145 52, 53
Cuvier’'s beaked whale IND 27,272 24 0.0001 52, 53
Blainville’s beaked whale IND 16,867 24 0.0016 52, 53
Gingko-toothed beaked whale IND 16,867 24 0.0016 52,53
Longman’s beaked whale IND 16,867 24 0.0016 52, 53
False killer whale IND 144,188 24 0.0003 52, 53
Pygmy killer whale IND 22,029 24 0.0026 52, 53
Melon-headed whale IND 64,600 24 0.0661 52,53
Short-finned pilot whale IND 268,751 24 0.0034 52, 53
Risso’s dolphin IND 452,125 24 0.0125 52, 53
Common dolphin IND 1,819,882 24 0.0265 52, 53
Bottlenose dolphin IND 785,585 24 0.0164 52, 53
Pantropical spotted dolphin IND 736,575 24 0.0127 52, 53
Striped dolphin IND 674,578 24 0.0706 52, 53
Spinner dolphin IND 634,108 24 0.01 52,53
Rough-toothed dolphin IND 156,690 24 0.0081 52,53

SITE 17: ANDAMAN SEA (OFF MYANMAR)
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Table C-1. Marine mammal species and stocks, abundance estimates, density estimates, as well as associated references for each
SURTASS LFA sonar operating area.

Bryde’s whale IND 9,176 24 0.0001 52,53
Sperm whale IND 24,446 24 0.0125 52, 53
Dwarf sperm whale IND 10,541 24 0.0145 52,53
Cuvier's beaked whale IND 27,272 24 0.0001 52, 53
Blainville’s beaked whale IND 16,867 24 0.0016 52, 53
Gingko-toothed beaked whale IND 16,867 24 0.0016 52,53
Longman’s beaked whale IND 16,867 24 0.0016 52, 53
Killer whale IND 12,593 24 0.0001 52,53
False killer whale IND 144,188 24 0.0003 52, 53
Pygmy killer whale IND 22,029 24 0.0026 52, 53
Melon-headed whale IND 64,600 24 0.0661 52,53
Short-finned pilot whale IND 268,751 24 0.0034 52, 53
Risso’s dolphin IND 452,125 24 0.0125 52, 53
Common dolphin IND 1,819,882 24 0.0265 52, 53
Bottlenose dolphin IND 785,585 24 0.0164 52,53
Pantropical spotted dolphin IND 736,575 24 0.0127 52, 53
Striped dolphin IND 674,578 24 0.0706 52, 53
Spinner dolphin IND 634,108 24 0.01 52,53
Rough-toothed dolphin IND 156,690 24 0.0081 52,53
SITE 18: PANAMA CANAL—WEST APPROACH
Blue whale ENP 2,842 18 0.0001 9,10
Bryde’s whale ETP 13,000 24 0.0003 9,10
Humpback whale ENP 1,391 18 0.0004 9,10
Sperm whale ETP 22,700 24 0.0047 9,10
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Table C-1. Marine mammal species and stocks, abundance estimates, density estimates, as well as associated references for each
SURTASS LFA sonar operating area.

Dwarf sperm whale ETP 11,200 24 0.0145 9,10
Cuvier's beaked whale ETP 20,000 24 0.0025 9,10
Blainville’s beaked whale ETP 25,300 24 0.0013 9,10
Gingko-toothed beaked whale ETP 25,300 24 0.0016 9,10
Longman’s beaked whale ETP 25,300 24 0.0003 9,10
Pygmy beaked whale ETP 25,300 24 0.0016 9,10
Killer whale ETP 8,500 24 0.0002 9,10
False killer whale ETP 39,800 24 0.0004 9,10
Pygmy killer whale ETP 38,900 24 0.0014 9,10
Melon-headed whale ETP 45,400 24 0.0174 9,10
Short-finned pilot whale ETP 160,200 24 0.0058 9,10
Risso’s dolphin ETP 110,457 57 0.0161 9,10
Common dolphin ETP 3,127,203 57 0.049 9,10
Fraser’s dolphin ETP 289,300 24 0.001 9,10
Bottlenose dolphin ETP 335,834 57 0.0157 9,10
Pantropical spotted dolphin NEOP 640,000 58 0.0669 9,10
Striped dolphin ETP 964,362 57 0.1199 9,10
Spinner dolphin Eastern 450,000 58 0.007 9,10
Rough-toothed dolphin ETP 107,633 57 0.0146 9,10
SITE 19: NORTHEASTERN AUSTRALIA COAST

Blue whale WSP 9,250 1,2,3 0.0002 1,2,3
Fin whale WSP 9,250 1,2,3 0.0002 1,2,3
Bryde’s whale WSP 22,000 4 0.0006 3

Northern minke whale WSP 25,000 5 0.0044 5
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Table C-1. Marine mammal species and stocks, abundance estimates, density estimates, as well as associated references for each
SURTASS LFA sonar operating area.

Humpback whale GVEA 3,500 59 0.0143 59
Sperm whale WSP 102,112 14 0.0029 14
Kogia spp. WSP 350,553 9,10 0.0031 9,10
Cuvier's beaked whale WSP 90,725 10 0.0054 10
Blainville’s beaked whale WSP 8,032 9,10 0.0005 9,10
Amoux’s beaked whale WSP 22,799 9,10 0.0005 9,10
Gingko-toothed beaked whale WSP 22,799 9,10 0.0005 9,10
Longman’s beaked whale WSP 22,799 9,10 0.0005 9,10
Southern bottlenose whale WSP 22,799 9,10 0.0005 9,10
Killer whale WSP 12,256 9,10 0.0004 9,10
False killer whale WSP 16,668 12 0.0029 12
Pygmy killer whale WSP 30,214 10 0.0021 10
Melon-headed whale WSP 36,770 9,10 0.0012 15
Globicephala spp. WSP 53,608 12 0.0153 12
Risso’s dolphin WSP 83,289 12 0.0106 12
Common dolphin WSP 3,286,163 9,10 0.0562 9,10
Fraser’s dolphin WSP 220,789 9,10 0.004 9,10
Bottlenose dolphin WSP 168,791 12 0.0146 12
Pantropical spotted dolphin WSP 438,064 12 0.0137 12
Striped dolphin WSP 570,038 12 0.0329 12
Spinner dolphin WSP 1,015,059 9,10 0.0005 9,10
Dusky dolphin WSP 12,626 60 0.0002 9,10
Rough-toothed dolphin WSP 145,729 9,10 0.0059 9,10

August 2011

SURTASS LFA SONAR

C-25



APPENDIX TABLE C-1 LITERATURE CITED®

1. Tillman, 1977 33. Macleod et al., 2006

2. Masaki, 1977 34. Heide-Jgrgensen et al., 2007
3. Ohsumi, 1977 35. Skaug et al., 2004

4. IWC, 2009 36. Hammond et al., 2002

5. Buckland et al., 1992 37. Barlow et al., 2006

6. Bestetal., 2001 38. Gunnlaugsson and Sigurjénsson, 1990
7. Kato and Miyashita, 1998 39. Buckland et al., 1993

8. Mobley et al., 2000 40. Cafadas et al., 2004

9. Ferguson and Barlow, 2001 41. North Atlantic Marine Mammal Commission, 2006
10. Ferguson and Barlow, 2003 42. Gerondeau et al., 2007

11. Kasuya, 1986 43. Forcada et al., 1995

12. Miyashita, 1993 44, Forcada et al., 1996

13. Buckland et al., 1993 45. Gannier, 1997

14. Allen and Angliss, 2010 46. GOmez de Segura et al., 2006
15. Barlow, 2006 47. Airoldi et al., 2005

16. Calamboikidis et al., 2008 48. Cafadas, 2006

17. Barlow and Forney, 2007 49. Forcada et al., 2004

18. Caretta et al. 2010 50. Cafadas and Hammond, 2006
19. DoN, 2007a 51. Forcada and Hammon, 1998
20. Pastene and Goto, 1998 52. Ballance and Pitman, 1998
21