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1 INTRODUCTION

Section 7(a)(2) of the Endangered Species Act (ESA; 16 U.S.C. 1531 et seq.) requires that each
federal agency insure that any action authorized, funded, or carried out by such agency is not
likely to jeopardize the continued existence of any endangered or threatened species or result in
the destruction or adverse modification of critical habitat of such species. When the action of a
federal agency “may affect” an ESA-listed species or critical habitat designated for it, that
agency is required to consult with National Oceanic Atmospheric Administration’s (NOAA)
National Marine Fisheries Service (NMFS) or the U.S. Fish and Wildlife Service, depending
upon the ESA-listed resources that may be affected. For the activities described in this document,
the Federal action agencies are the United States Geological Survey (USGS), National Science
Foundation (NSF), and NMFS’s Permits and Conservation Division.

The NSF proposes to allow the use of its research vessel, Marcus G. Langseth (Langseth), which
is operated by the Lamont-Doherty Earth Observatory (L-DEO), to conduct seismic surveys off
the U.S. East Coast from August to September of 2014 and sometime between April and August
2015, in support of an NSF-funded collaborative research project led by the USGS. The NMFS’s
Permits and Conservation Division is also a Federal action agency as it is proposing to issue an
incidental harassment authorization for non-lethal “takes” of marine mammals incidental to the
planned seismic surveys, pursuant to Section 101 (a)(5)(D) of the Marine Mammal Protection
Act (MMPA,; 16 U.S.C. 1371 (a)(5)(D)). The consulting agency is the NMFS’s Office of
Protected Resources, ESA Interagency Cooperation Division.

This document represents NMFS’s ESA Interagency Cooperation Division’s biological opinion
(Opinion) of the effects of the proposed actions on endangered and threatened species as well as
designated critical habitat and has been prepared in accordance with section 7 of the ESA. This
Opinion is based on information provided in the MMPA incidental harassment authorization
application, draft public notice of proposed incidental harassment authorization, an
environmental assessment prepared pursuant to the National Environmental Policy Act (NEPA),
monitoring reports from similar activities, published and unpublished scientific information on
endangered and threatened species and their surrogates, scientific and commercial information
such as reports from government agencies and the peer-reviewed literature, biological opinions
on similar activities, and other sources of information.

1.1 Consultation History

On November 4, 2013, the NMFS’s ESA Interagency Cooperation Division received a request
from the NMFS’s Permits and Conservation Division for technical discussions on the proposed
seismic survey. On Thursday, November 7, 2013, we met with the USGS, and its contractor
responsible for USGS’s environmental assessment, to discuss the proposed action. This initiated
technical assistance on the action. Phone conversations among the entities continued on a regular
basis here after.

On March 21, 2014, the NMFS’s ESA Interagency Cooperation Division received a request for
formal consultation from the USGS to incidentally harass marine mammal and sea turtle species
during seismic surveys; information was not sufficient to initiate consultation with the USGS on
this date. On the same date, the NMFS’s Permits and Conservation Division received an



application from the L-DEO to incidentally harass marine mammal species during the proposed
seismic survey.

On April 25, 2014, the NSF, USGS, and NMFS’s ESA Interagency Cooperation Division
discussed issues that were preventing initiation via teleconference.

On May 16, 2014, the USGS provided the NMFS’s ESA Interagency Cooperation Division with
an updated environmental assessment that, along with information that was previously provided,
met ESA section 7 formal consultation initiation requirements. Remaining issues pertinent to
assessing the effects of the action were resolved during other dates of the consultation.

On June 12, 2014, the NMFS’s ESA Interagency Cooperation Division received a request for
formal consultation from the NMFS’s Permits and Conservation Division. Information was
sufficient to initiate consultation with the Permits and Conservation Division on this date.

On June 23, 2014, the NMFS’s Permits and Conservation Division sent the application for the
proposed seismic surveys out to reviewers and published a notice in the Federal Register
soliciting public comment on their intent to issue an incidental harassment authorization.

On August 15, 2014, the NMFS’s ESA Interagency Cooperation Division received the final
environmental assessment from the USGS.

2 DESCRIPTION OF THE PROPOSED ACTIONS

The NSF proposes to allow the use of its research vessel, Marcus G. Langseth (Langseth), which
is operated by the L-DEO, to conduct a seismic survey off the U.S. East Coast during an
approximate 21-day period in mid-August to September, 2014 and again during an unidentified
three-week period from April to August 2015 in support of a USGS-funded and USGS-led
research project. An array of 36 airguns will be deployed as an energy source. In addition, a
multibeam echosounder and sub-bottom profiler (SBP) will continuously operate from the
Langseth, except during transits to and from the survey site. An eight-kilometer-long hydrophone
streamer will also be deployed as well as a towed magnetometer, 24 sonobuoys with suspended
filament cable, and expendable bathythermographs (24 deployments). NMFS’s Permits and
Conservation Division proposes to issue an incidental harassment authorization for Level B
harassment (behavioral disturbance) of marine mammals that would occur incidental to these
studies, pursuant to Section 101(a)(5)(D) of the MMPA.

The purpose of the proposed activities is to 1) establish the outer limits of the U.S. continental
shelf, also referred to as the Extended Continental Shelf , as defined by Article 76 of the
Convention of the Law of the Sea and 2) study the sudden mass transport of sediments down the
continental shelf as submarine landslides that pose potential tsunamigenic hazards to the Atlantic
and Caribbean coastal communities. The proposed survey is part of a larger, multi-agency effort
chaired by the U.S. Department of State and co-vice-chaired by Department of Interior and
NOAA to determine the U.S. entitlement to sovereign rights in the area beyond 200 nautical
miles according to established methods of measuring sediment thickness according to guidelines
established by the Commission on the Limits of the Continental Shelf.

2.1 Schedule

The NSF proposes to allow the use of the Langseth by L-DEO in support of the USGS-led
extended continental shelf activities for roughly 36-42 days of seismic operations, divided
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between roughly equal operating periods in 2014 and 2015. Some minor deviation from the
proposed dates is possible in 2014 and dates in 2015 have not yet been identified, although a
definite period has been (April to August), depending on logistics and weather conditions. It is
anticipated that portions of seismic lines may be reshot in the event of substandard data
collection, but no additional line-kilometers of shooting would be added. This is because the
reshooting effort would come at the expense of planned trackline being shot. During an
approximate 21-day period in mid-August to September 2014 and again in April to August 2015,
corresponding to an effective incidental harassment authorization, the Langseth would survey the
action area. The Langseth would depart from Brooklyn, New York and return to Norfolk,
Virginia. Therefore, NMFS’s Permits and Conservation Division proposes to issue an
authorization that is effective from August 15, 2014 to August 14, 2015. However, take would
only be authorized during the period of August to September in 2014 and for a contiguous period
of roughly 21 days between April and August 2015.

2.2 Source Vessel Specifications

The Langseth will tow the airgun array along predetermined lines (see Figure 1). The Langseth’s
design is that of a seismic research vessel, with a particularly quiet propulsion system to avoid
interference with the seismic signals. The operating speed during seismic acquisition is typically
7.8-8.3 km/h (4.2-4.5 knots). When not towing seismic survey gear, the Langseth typically
cruises at 20-24 km/h (11-12 knots).

The Langseth will also serve as the platform from which protected species visual observers
(observers) would watch for animals.

2.3 Airgun Description

The airgun array will consist of 40 airguns (including four spare airguns), with a total operational
volume of up to 6,600 in®. However, only 36 of these airguns will be operational and total
discharge volume will be limited to 6,600 in®. The airgun configuration includes four identical
linear arrays or “strings” (Figure 1). Each string will have ten airguns. Nine airguns in each of
four strings would fire at any one time. The four airgun strings will be towed behind the vessel.
The tow depth of the array will be 9 m. The airgun array will fire roughly every 22-23 seconds.
During firing, a brief (approximately 0.1 s) pulse of sound will be emitted, followed by silence
during the intervening listening. This signal attenuates as it moves away from the source,
decreasing in amplitude, but also increasing in signal duration. Airguns will operate continually
during the survey period except for unscheduled shut-downs.



Figure 1. One linear airgun array or string with ten airguns.
36-airgun array specifications

Energy source 36- 1,950 psi Bolt airguns of 40-360 in®
each, in four strings of nine operating
airguns per string

Source output (downward)-36 airgun array 0-pk is 259 dB re 1 pPa-m (84 bar-m);
pk-pk is 265 dB re 1 uPa-m (177 bar-m)

Air discharge volume ~6,600 in®

Dominant frequency components 2-188 Hz

Because the actual source originates from 36 airguns rather than a single point source, the
highest sound levels measurable at any location in the water is less than the nominal source level.
In addition, the effective source level for sound propagating in near-horizontal directions will be
substantially lower than the nominal source level applicable to downward propagation because of
the directional nature of the sound from the airgun array.

2.4 Multibeam Echosounder and Sub-bottom Profiler

Along with airgun operations, two additional acoustical data acquisition systems will operate
during the surveys from the Langseth. The multibeam echosounder and sub-bottom profiler
systems will map the ocean floor during the surveys. These sound sources will operate from the
Langseth simultaneously with the airgun array.

The multibeam echosounder is a hull-mounted system operating at 10.5-13 kHz. The beamwidth
is 1 or 2° fore—aft and 150° perpendicular to the ship’s line of travel. The maximum source level
is 242 dB re 1 uPa-myms. FoOr deepwater operation, each “ping” consists of eight successive fan-
shaped transmissions, each 2 to 15 ms in duration and each ensonifying a sector that extends 1°
fore—aft. The eight successive transmissions span an overall cross-track angular extent of about
150°, with 2 ms gaps between the pulses for successive sectors (Maritime 2005).

The Knudsen Chirp 3260 SBP is normally operated to provide information about the
sedimentary features and the bottom topography that is being mapped simultaneously by the
MBES. The SBP is capable of reaching depths of 10,000 m. The beam is transmitted as a 27°
cone, which is directed downward by a 3.5-kHz transducer in the hull of the Langseth. The
nominal power output is 10 kW, but the actual maximum radiated power is 3 KW or 222 dB re 1
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uPa-m. The ping duration is up to 64 ms, and the ping interval is 1 s. A common mode of
operation is to broadcast five pings at 1-s intervals.

Langseth sub-bottom profiler specifications

e Maximum/normal source output (downward) 222 dBre 1 uPa-m

e Dominant frequency component 3.5 kHz, up to 210 kHz

e Nominal beam width 27°

e Ping duration <64 ms

e Bandwidth 1.0 kHz with pulse duration 4 ms

0.5 kHz with pulse duration 2 ms
0.25 kHz with pulse duration 1 ms
e Pulse duration 1,2,0r4ms

2.5 Proposed Exclusion Zones

The L-DEO will implement exclusion zones around the Langseth to minimize any potential
adverse effects of airgun sound on MMPA and ESA-listed species. These zones are areas where
seismic airguns would be powered down or shut-down to reduce exposure of marine mammals
and sea turtles to sound levels expected to produce potential fitness consequences. These
exclusion zones are based upon modeled sound levels at various distances from the Langseth,
described below.

Predicted Sound Levels vs. Distance and Depth. The L-DEO has predicted received sound
levels in deep water (free-field model), in relation to distance and direction from the 36-airgun
array (Figure 2) as well as a 40-in® single 1900LLX airgun used during power-downs (Figure 3).
Empirical data concerning 180 and 160 dB re 1 pPays distances were acquired during the
acoustic calibration study of the Langseth’s 36-airgun 6,600 in® array in the Gulf of Mexico
(Diebold et al. 2010). However, the tow depth was different in the Gulf of Mexico calibration
study (6 m tow depth) than in the proposed survey (9 m tow depth). Maximum radii were
established at the maximum diving depth for listed species (2,000 m). As several species do not
dive to this depth and, for those that do, we expect that individuals will rarely be found at this
depth, the isopleth distance from the source array is likely to overestimate the exposure ESA-
listed individuals are expected to experience.
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Figure 2. Modeled SEL contour distances for the 36-airgun array at nine meter tow depth in
deep water.
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Figure 3. Modeled SEL contour distances for the 40 in® mitigation gun at nine meter tow depth
in deep water.

Table 1 shows the distances at which three rms (root mean squared) sound levels are expected to
be received from the 36-airgun array and a single airgun. The 180 dB re 1 pPays distance is the
safety criteria as specified by NMFS (1995) as applicable to cetaceans under the MMPA. This
will be used as the exclusion zone for marine mammals, as required by NMFS during most other
recent L-DEO seismic projects (Cameron et al. 2013; Holst and Beland 2008; Holst and Smultea
2008b; Holst et al. 2005a; Holt 2008; L-DEO 2012; Smultea et al. 2004). The 180 dB isopleth
would also be the exclusion zone boundary for sea turtles. The 166 dB isopleth represents our
best understanding of the threshold at which sea turtles exhibit behavioral responses to seismic
airguns. The 160 dB re 1 uPams distance is the distance at which MMPA take, by Level B
harassment, is expected to occur.

Table 1. Predicted distances to which sound levels of 180, 166, and 160 dB re 1 pPayy,s could be
received from the 36-airgun arrays as well as the 40 in® airgun in water depths greater than 100
m.

Predicted RMS radii (m)

Source, volume, and tow depth

180 dB 166 dB 160 dB
36-airgun array 6,600 in*@ 9 m 927 3,740 5,780
100 185 388

Single Bolt airgun, 40 in®* @ 6 m




2.6 Magnetometer, sonobuoys, and expendable bathythermographs

Several additional devices will be used during the proposed activities. A one-meter-long
magnetometer will be deployed roughly 100 m behind the Langseth alongside the towed
streamer. Twenty-four sonobuoys will be deployed from the side of the Langseth. These one-
meter-long by 10 cm wide devices will float from the surface and drop a hydrophone 30 to 60
meters below the surface tethered by a filament cable. Deployments will last roughly eight hours
before the sonobuoy sinks. Several dozen expendable bathythermographs will also be deployed
from the side of the Langseth, deploying filaments to depths of several hundred to 1,000 m.
Filament wire is relatively fragile and easily broken.

3 INCIDENTAL HARASSMENT AUTHORIZATION

The NMFS’s Permits and Conservation Division is proposing to issue an incidental harassment
authorization authorizing non-lethal “takes” by Level B harassment of marine mammals
incidental to the planned seismic survey. The incidental harassment authorization will be valid
from August 15, 2014 through August 14, 2015, and will authorize the incidental harassment of
the following endangered species (among other species): blue whales (Balaenoptera musculus),
fin whales (Balaenoptera physalus), sei whales (Balaenoptera borealis), humpback whales
(Megaptera novaeangliae), North Atlantic right whale (Eubalaena glacialis), sperm whales
(Physeter macrocephalus), and other non-listed marine mammals. Take would only be
authorized from August to September 2014 and April to August 2015. The proposed incidental
harassment authorization identifies the following requirements that L-DEO must comply with as
part of its authorization.

A. Establish an exclusion zone* corresponding to the anticipated 180 dB re 1 pPayms isopleth
for full (6,600 in®) and single (40 in®) airgun operations as well as a 160 dB re 1 pPayms buffer
zone.

B. Use two, NMFS-approved, vessel-based observers to watch for and monitor marine
mammal species near the seismic source vessel during daytime airgun operations, start-ups of
airguns at night, and while the seismic array and streamers are being deployed and retrieved.
Vessel crew will also assist in detecting marine mammals, when practical. Observers will have
access to reticle binoculars (7 X 50 Fujinon), big-eye binoculars (25 X 150), optical range
finders, and night vision devices. Observers shifts will last no longer than 4 hours at a time.
Observers will also observe during daytime periods when the seismic system is not operating for
comparisons of animal abundance and behavior, when feasible.

C. Record the following information when a marine mammal is sighted:

I. Species, group size, age/size/sex categories (if determinable), behavior when first
sighted and after initial sighting, heading (if consistent), bearing and distance from
seismic vessel, sighting cue, apparent reaction to the airguns or vessel (e. g., none,
avoidance, approach, paralleling, etc., and including responses to ramp-up), and

1 The “exclusion zone” refers to a region around the seismic airgun source where mitigation would be undertaken to
avoid or minimize the impacts of the airguns if marine mammals or sea turtles are observed within it.



behavioral pace.

ii. Time, location, heading, speed, activity of the vessel (including number of airguns
operating and whether in state of ramp-up or power-down), Beaufort sea state and
wind force, visibility, cloud cover, and sun glare.

iii. The data listed under ii. would also be recorded at the start and end of each
observation watch and during a watch whenever there is a change in one or more of the
variables.

D. Visually observe the entire extent of the exclusion zone using observers, for at least 30
min prior to starting the airgun (day or night). If observers find a marine mammal within the
exclusion zone, USGS must delay the seismic survey until the marine mammal has left the area.
If the observer sees a marine mammal that surfaces, then dives below the surface, the observer
shall wait 30 minutes. If the observer sees no marine mammals during that time, they should
assume that the animal has moved beyond the exclusion zone. If for any reason the entire radius
cannot be seen for the entire 30 min (e. g., rough seas, fog, darkness), or if marine mammals are
near, approaching or in the exclusion zone, the airguns may not be started up. If one airgun is
already running at a source level of at least 180 dB re 1 pPams, L-DEO may start subsequent
guns without observing the entire exclusion zone for 30 min prior, provided no marine mammals
are known to be near the safety radius. While it is considered unlikely, in the event a North
Atlantic right whale (Eubalaena glacialis) is visually sighted, the airgun array will be shut-down
regardless of the distance of the animal(s) to the sound source. The array will not resume firing
until 30 min after the last documented whale visual sighting. Concentrations (greater than or
equal to three individuals that do not appear to be traveling) of humpback, sei, fin, blue, and/or
sperm whales will be avoided if possible (i.e., exposing concentrations of animals to 160 dB),
and the array will be powered-down if necessary.

E. Use the passive acoustic monitoring system (PAM) to detect marine mammals around the
Langseth during all airgun operations and during most periods when airguns are not operating.
One observer and/or bioacoustician will monitor the PAM at all times in shifts of 1-6 h. A
bioacoustician shall design and set up the PAM system and be present to operate or oversee
PAM, and be available if technical issues occur during the survey.

F. Record the following when an animal is detected by the PAM:
i. Contact the observer immediately (and initiate power or shut-down, if required);

ii. Enter the information regarding the vocalization into a database. The data to be
entered include an acoustic encounter identification number, whether it was linked
with a visual sighting, date, time when first and last heard and whenever any additional
information was recorded, position and water depth when first detected, bearing if
determinable, species or species group, types and nature of sounds heard (e. g., clicks,
continuous, sporadic, whistles, creaks, burst pulses, strength of signal, etc.), and any
other notable information.

G. Apply a “ramp-up” procedure when starting up at the beginning of seismic operations or
any time after the entire array has been shut-down for more than 8 min, which means start the
smallest gun first and add airguns in a sequence such that the source level of the array will
increase in steps not exceeding approximately 6 dB per 5-min period. During ramp-up, the
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observers will monitor the 180 dB re 1 pPayy,s exclusion zone, and if marine mammals are
sighted, a course/speed alteration, power-down, or shut-down will occur as though the full array
were operational.

H. Alter speed or course during seismic operations if a marine mammal, based on its
position and relative motion, appears likely to enter the exclusion zone. If speed or course
alteration is not safe or practical, or if after alteration the marine mammal still appears likely to
enter the exclusion zone, further mitigation measures, such as power-down or shut-down, will be
taken.

l. Shut-down or power-down the airguns upon marine mammal detection within,
approaching, or entering the exclusion zone. A power-down means shutting down one or more
airguns and reducing the buffer and exclusion zones to the degree that the animal is outside of
one or both. Following a power-down, if the marine mammal approaches the smaller designated
exclusion zone, the airguns must be completely shut down. Airgun activity will not resume until
the marine mammal has cleared the exclusion zone, which means it was visually observed to
have left the exclusion zone, or has not been seen within the exclusion zone for 15 min (small
odontocetes) or 30 min (mysticetes and large odontocetes). The Langseth may operate a small-
volume airgun (i.e., mitigation airgun) during turns and short maintenance periods (less than
three hours) at approximately one shot per minute. During turns or brief transits between seismic
tracklines, one mitigation airgun would continue to operate.

J. Marine seismic operations may continue into night and low-light hours if such segment(s)
of the survey is initiated when the entire exclusion zone is visible and can be effectively
monitored. No initiation of airgun array operations is permitted from a shut-down position at
night or during low-light hours (such as in dense fog or heavy rain) when the entire exclusion
zone cannot be effectively monitored by the observer(s) on duty.

L. In the unanticipated event that the specified activity clearly causes any cases of marine
mammal injury or mortality are judged to result from these activities (e. g., ship-strike, gear
interaction, and/or entanglement), USGS will cease operating seismic airguns and report the
incident to NMFS’s Office of Protected Resources at 301-427-8401, and the NMFS Greater
Atlantic Region Marine Mammal Stranding Network (866-755-6622) and/or by email to the
NMFS Greater Atlantic Regional Stranding Coordinator (Mendy. Garron@noaa. gov), and the
NMFS Southeast Region Marine Mammal Stranding Network (877-433-8299) and/or by e-mail
to the Southeast Regional Stranding Coordinator (Blair. Mase@noaa. gov) and Southeast
Regional Stranding Program Administrator (Erin. Fourgeres@noaa. gov) immediately. Airgun
operation will then be postponed until NMFS is able to review the circumstances and work with
USGS to determine whether modifications in the activities are appropriate and necessary. If the
lead observer judged that the injury or mortality is not a result of the authorized activities,
operations may continue.

M. In the event that USGS discovers an injured or dead marine mammal, and the lead observer
determines that the cause of the injury or death is unknown and the death is relatively recent (i.e.,
in less than a moderate state of decomposition as described in the next paragraph), USGS will
immediately report the incident to the Chief of the Permits and Conservation Division, Office of
Protected Resources, NMFS, at 301-427-8401, and/or by email to Jolie.Harrison@noaa.gov and
Howard.Goldstein@noaa.gov, and the NMFS Greater Atlantic Region Marine Mammal
Stranding Network (866-755-6622) and/or by email to the NMFS Greater Atlantic Regional

10



mailto:Mendy.Garron@noaa.gov
mailto:Blair.Mase@noaa.gov
mailto:Erin.FOurgeres@noaa.gov
mailto:Jolie.Harrison@noaa.gov
mailto:Howard.Goldstein@noaa.gov

Stranding Coordinator (Mendy.Garron@noaa.gov), and the NMFS Southeast Region Marine
Mammal Stranding Network (877-433-8299) and/or by e-mail to the Southeast Regional
Stranding Coordinator (Blair.Mase@noaa.gov) and Southeast Regional Stranding Program
Administrator (Erin.Fourgeres@noaa.gov). Activities may continue while NMFS reviews the
circumstances of the incident. NMFS will work with USGS to determine whether modifications
in the activities are appropriate.

N. In the event that USGS discovers an injured or dead marine mammal, and the lead PSO
determines that the injury or death is not associated with or related to the activities authorized in
Condition 2 of this Authorization (e. g., previously wounded animal, carcass with moderate to
advanced decomposition, or scavenger damage), USGS shall report the incident to the Chief of
the Permits and Conservation Division, Office of Protected Resources, NMFS, at 301-427-8401,
and/or by email to Jolie.Harrison@noaa.gov and Howard.Goldstein@noaa.gov, and the NMFS
Greater Atlantic Marine Mammal Stranding Network (866-755-622), and/or by e-mail to the
Greater Atlantic Regional Stranding Coordinator (Mendy.Garron@noaa.gov), and the NMFS
Southeast Regional Stranding Network (877-433-8299), and/or by e-mail to the Southeast
Stranding Coordinator (Blair.Mase@noaa.gov) and Southeast Regional Stranding Program
Administrator (Erin.Fourgeres@noaa.gov), within 24 hours of the discovery. USGS shall
provide photographs or video footage (if available) or other documentation of the stranded
animal sighting to NMFS and the Marine Mammal Stranding Network. Activities may continue
while NMFS reviews the circumstances of the incident.

0. L-DEO is required to comply with the Terms and Conditions of this Opinion’s Incidental
Take Statement issued to both the NSF and the NMFS’s Office of Protected Resources.

In addition, the proposed incidental harassment authorization requires L-DEO to adhere to the
following reporting requirements:

A. The Holder of this Authorization is required to submit a report on all activities and
monitoring results to the Office of Protected Resources, NMFS, within 90 days after the
completion of 2014 activities and again after the completion of 2015 activities. The
report would describe the proposed operations that were conducted and sightings of
marine mammals within the vicinity of the operations. The report would provide full
documentation of methods, results, and interpretation pertaining to all monitoring. The
90-day report would summarize the dates and locations of seismic operations, and all
marine mammal sightings (i.e., dates, times, locations, activities, associated seismic
survey activities, and associated PAM detections). This report must also contain and
summarize the following information:

1. Summaries of monitoring effort — total hours, total distances, and distribution of
marine mammals through the study period accounting for Beaufort sea state and
wind force, and other factors affecting visibility and detectability of marine
mammals;

2. Analyses of the effects of various factors influencing detectability of marine
mammals including Beaufort sea state and wind force, number of observers, and
fog/glare;

3. Species composition, occurrence, and distribution of marine mammals sightings
including date, water depth, numbers, age/size/gender, and group sizes; and
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analyses of the effects of seismic operations;

4. Sighting rates of marine mammals during periods with and without airgun
activities (and other variables that could affect detectability);

Initial sighting distances versus airgun activity state;

Closest point of approach versus airgun activity state;

Observed behaviors and types of movements versus airgun activity state;
Numbers of sightings/individuals seen versus airgun activity state; and

© ®©® N o o

Distribution around the source vessel versus airgun activity state.

10.  The report would also include estimates of the number and nature of exposures
that could be used to further analyze and consider whether these were “takes” of
marine mammals by harassment or in other ways.

4 APPROACH TO THE ASSESSMENT

The NMFS approaches its section 7 analyses of agency actions through a series of steps. The
first step identifies those aspects of proposed actions that are likely to have direct and indirect
physical, chemical, and biotic effects on ESA-listed species or on the physical, chemical, and
biotic environment of an action area. As part of this step, we identify the spatial extent of these
direct and indirect effects, including changes in that spatial extent over time. The result of this
step includes defining the Action Area for the consultation. The second step of our analyses
identifies the ESA-listed resources that are likely to co-occur with these effects in space and time
and the nature of that co-occurrence (these represent our Exposure Analyses). In this step of our
analyses, we try to identify the number, age (or life stage), and gender of the individuals that are
likely to be exposed to an action’s effects and the populations or subpopulations those
individuals represent. Once we identify which ESA-listed resources are likely to be exposed to
an action’s effects and the nature of that exposure, we examine the scientific and commercial
data available to determine whether and how those ESA-listed resources are likely to respond
given their exposure (these represent our Response Analyses).

The final steps of our analyses — establishing the risks those responses pose to ESA-listed
resources — are different for ESA-listed species and designated critical habitat (these represent
our Risk Analyses). Our jeopardy determinations must be based on an action’s effects on the
continued existence of threatened or endangered species as those “species” have been listed,
which can include true biological species, subspecies, or distinct population segments of
vertebrate species. The continued existence of these “species” depends on the fate of the
populations that comprise them. Similarly, the continued existence of populations are determined
by the fate of the individuals that comprise them — populations grow or decline as the individuals
that comprise the population live, die, grow, mature, migrate, and reproduce (or fail to do so).

Our risk analyses reflect these relationships between ESA-listed species, the populations that
comprise that species, and the individuals that comprise those populations. Our risk analyses
begin by identifying the probable risks actions pose to ESA-listed individuals that are likely to be
exposed to an action’s effects. Our analyses then integrate those individual risks to identify
consequences to the populations those individuals represent. Our analyses conclude by
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determining the consequences of those population-level risks to the species those populations
comprise.

We measure risks to ESA-listed individuals using the individuals’ “fitness,” or the individual’s
growth, survival, annual reproductive success, and lifetime reproductive success. In particular,
we examine the scientific and commercial data available to determine if an individual’s probable
lethal, sub-lethal, or behavioral responses to an action’s effect on the environment (which we
identify during our response analyses) are likely to have consequences for the individual’s
fitness.

When an individual is expected to experience reductions in fitness in response to an action’s
effects, those fitness reductions may reduce the abundance, reproduction, or growth rates (or
increase the variance in these measures) of the populations those individuals represent (see
Stearns 1992). Reductions in at least one of these variables (or one of the variables we derive
from them) is a necessary condition for reductions in a population’s viability, which is itself a
necessary condition for reductions in a species’ viability. As a result, when ESA-listed plants or
animals exposed to an action’s effects are not expected to experience reductions in fitness, we
would not expect the action to have adverse consequences on the viability of the populations
those individuals represent or the species those populations comprise (e.g., Anderson 2000;
Brandon 1978; Mills and Beatty 1979; Stearns 1992). As a result, if we conclude that ESA-listed
plants or animals are not likely to experience reductions in their fitness, we would conclude our
assessment.

Although reductions in fitness of individuals is a necessary condition for reductions in a
population’s viability, reducing the fitness of individuals in a population is not always sufficient
to reduce the viability of the population(s) those individuals represent. Therefore, if we conclude
that ESA-listed plants or animals are likely to experience reductions in their fitness, we
determine whether those fitness reductions are likely to reduce the viability of the populations
the individuals represent (measured using changes in the populations’ abundance, reproduction,
spatial structure and connectivity, growth rates, variance in these measures, or measures of
extinction risk). In this step of our analyses, we use the population’s base condition (established
in the Environmental Baseline and Status of Listed Resources sections of this Opinion) as our
point of reference. If we conclude that reductions in individual fitness are not likely to reduce the
viability of the populations those individuals represent, we would conclude our assessment.

Reducing the viability of a population is not always sufficient to reduce the viability of the
species those populations comprise. Therefore, in the final step of our analyses, we determine if
reductions in a population’s viability are likely to reduce the viability of the species those
populations comprise using changes in a species’ reproduction, numbers, distribution, estimates
of extinction risk, or probability of being conserved. In this step of our analyses, we use the
species’ status (established in the Status of Listed Resources section of this Opinion) as our point
of reference. Our final determinations are based on whether threatened or endangered species are
likely to experience reductions in their viability and whether such reductions are likely to be
appreciable.

To conduct these analyses, we rely on all of the best scientific and commercial evidence
available to us. This evidence consists of the environmental assessment submitted by the NSF,
monitoring reports submitted by past and present seismic survey operators, reports from NMFS
Science Centers; reports prepared by natural resource agencies in states and other countries,
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reports from non-governmental organizations involved in marine conservation issues, the
information provided by NMFS’s Permits and Conservation Division when it initiates formal
consultation, the general scientific literature, and our expert opinion.

We supplement this evidence with reports and other documents — environmental assessments,
environmental impact statements, and monitoring reports — prepared by other federal and state
agencies like the Bureau of Ocean Energy Management, U.S. Coast Guard, and U.S. Navy
whose operations extend into the marine environment.

During the consultation, we conducted electronic searches of the general scientific literature
using search engines, including Agricola, Ingenta Connect, Aquatic Sciences and Fisheries
Abstracts, JSTOR, Conference Papers Index, First Search (Article First, ECO, WorldCat), Web
of Science, Oceanic Abstracts, Google Scholar, and Science Direct. We also referred to an
internal electronic library that represents a major repository on the biology of ESA-listed species
under the NMFS’s jurisdiction.

We supplemented these searches with electronic searches of doctoral dissertations and master’s
theses. These searches specifically tried to identify data or other information that supports a
particular conclusion (for example, a study that suggests whales will exhibit a particular response
to acoustic exposure or close vessel approach) as well as data that do not support that conclusion.
When data are equivocal or when faced with substantial uncertainty, our decisions are designed
to avoid the risks of incorrectly concluding that an action would not have an adverse effect on
ESA-listed species when, in fact, such adverse effects are likely (i.e., Type Il error).

In this particular assessment, we identified the stressors associated with the action and
determined which had a significant possibility of occurring based upon previous seismic surveys.
Of the probable stressors, we identified the species that are expected to co-occur with the effects
of the action, particularly the acoustic isopleths of the airgun and other sound sources. Utilizing
survey data from previous years and predictive environmental factors, density estimates per unit
area of ESA-listed whales were multiplied by the area to be ensonified where effects were
expected. Our primary concerns in this consultation revolve around exposure of listed
individuals to anthropogenic sound sources, which can have a variety of effects that can have
fitness consequences (Francis and Barber 2013; Nowacek and Tyack 2013) (Figure 4).
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Figure 4. Conceptual framework of how anthropogenic noise impacts individuals and how those
impacts can lead to fitness consequences. Figure taken from Francis et al. (2013). Original
supporting literature (A. et al. 2007; Baker et al. 2007; Blickley et al. 2012; Blickley and
Patricelli 2012; Bonier et al. 2009; Chan et al. 2010; D. et al. 2011; Gavin and Komers 2006;
Habib et al. 2007; Halfwerk et al. 2011a; Halfwerk et al. 2011b; Kight and Swaddle 2011a;
Leonard and Horn 2012; Miksis-Olds et al. 2007; Quinn et al. 2006; Schaub et al. 2008; Siemers
and Schaub 2011).

In the process of this assessment, we were required to make several assumptions where data were
insufficient to support conclusions regarding the specific species and actions at hand. These
included:

e Baleen whales can generally hear low-frequency sound (Southall et al. 2007a) better than
high frequencies (Southall et al. 2007a), as the former is primarily the range in which
they vocalize. Humpback whales frequently vocalize with mid-frequency sound (Southall
et al. 2007a) and are likely to hear at these frequencies as well. Because of this, we can
partition baleen whales into two groups: those that are specialists at hearing low
frequencies (e. g., blue, fin, and sei whales) and those that hear at low- to mid-frequencies
(humpback whales). Toothed whales (such as sperm whales) are better adapted to hear
mid- and high-frequency sound for the same reason (although this species also responds
to low-frequency sound and is considered to hear at low-, mid-, and high frequencies; i.e.,
vocalization, as is assumed for baleen whales). Sperm whales are also assumed to have
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similar hearing qualities as other, better studied, toothed whales. Hearing in sea turtles is
generally similar within the taxa, with data from loggerhead and green sea turtles being
representative of the taxa as a whole.

e Species for which little or no information on response to sound will respond similarly to
their close taxonomic or ecological relatives (i.e., baleen whales respond similarly to each
other; same for sea turtles).

5 ACTION AREA

The seismic survey is proposed to be conducted along a broad stretch of the U.S. East Coast
(Figure 5), outside of state waters, and both within the U.S. Exclusive Economic Zone (EEZ)
(10-20% of trackline) as well as outside of it (80-90%). The region in which the seismic survey
will occur is between 29.2° and 39.2° N and 61.7° and 75.9° W. The region encompasses water
depths from 1,450-5,400 m along roughly 1,707 km of trackline in 2014 and 1,682 km of
trackline in 2015, respectively, including turns and other seismic operations. The applicant did
not request an increase in trackline due to equipment failures, a need to reshoot some areas, or
other logistical impacts. Responses to seismic sound sources by ESA-listed marine mammals
occur within the 160 dB isopleths (modeled to be up to 5.780 km from the Langseth), increasing
the area ensonified along the trackline to roughly 35,587 km? in 2014 and 2015, respectively.
Responses to seismic sound sources by ESA-listed sea turtles occur within the 166 dB isopleths
(modeled to be up to 3.740 km from the Langseth), increasing the area ensonified along the
trackline to 12,768 km?in 2014 and 12,581 km?in 2015 (25,349 km? total). The transect lines are
generally not close to one another, meaning that very few areas will be re-ensonified at high
levels multiple times. We also assessed the transit to and from port for potential effects.
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exclusion zone (area where mitigation would be undertaken if protected species are observed,
not the U.S. EEZ) is not visible but occurs roughly one kilometer to either side of the trackline.

6 STATUS OF LISTED RESOURCES

The actions considered in this Opinion may affect species listed in Table 2, which are provided
protection under the ESA.

Table 2. ESA-listed species in the action area that may experience adverse effects as a result of
the proposed actions.

Common Name Scientific Name Status
Cetaceans
Blue whale Balaenoptera musculus Endangered
Fin whale Balaenoptera physalus Endangered
Humpback whale Megaptera novaeangliae Endangered
North Atlantic right whale Eubalaena glacialis Endangered
Sei whale Balaenoptera borealis Endangered
Sperm whale Physeter macrocephalus Endangered
Marine Turtles
Green sea turtle Chelonia mydas Threatened
Hawksbill sea turtle Eretmochelys imbricata Endangered
Kemp’s ridley sea turtle Lepidochelys kempii Endangered
Leatherback sea turtle Dermochelys coriacea Endangered
Log%ighniz(rj]tsea turtle — Northwest Atlantic distinct population Caretta caretta Endangered

Although the area in which the seismic survey is proposed to occur is relatively close to shore,
we do not believe that ESA-listed sturgeons are likely to be present in the action area. Both
Atlantic and shortnose sturgeon occur in nearshore marine waters along the mid-Atlantic, but
tagging studies have not found them to occur as far offshore as the proposed action area. We also
do not expect Atlantic salmon to occur in the action area during the seismic survey. Thus, NMFS
does not anticipate that the proposed seismic survey would incidentally take any ESA-listed
sturgeons or Atlantic salmon. The action area also co-occurs with designated critical habitat of
Northwestern Atlantic Distinct Population Segment (DPS) loggerhead sea turtles, specifically
Sargassum habitat. The primary constituent elements of the critical habitat include: 1)
convergence zones, surface-water downwelling areas, and other locations where there are
concentrated components of the Sargassum community in water temperatures suitable for the
optimal growth of Sargassum and inhabitance of loggerheads, 2) Sargassum in concentrations
that support adequate prey abundance and cover, 3) available prey and other material associated
with Sargassum habitat such as, but not limited to, plants and cyanobacteria and animals
endemic to the Sargassum community such as hydroids and copepods, and 4) sufficient water
depth (greater than 10 m) and proximity to available currents to ensure offshore transport, and
foraging and cover requirements by Sargassum for post-hatchling loggerheads. We do not expect
any stressors associated with the proposed actions to alter oceanographic or bathymetry features
of the action area, impact the way in which Sargassum concentrates, or alter plant,
cyanobacteria, or prey animals of loggerheads. Therefore, we do not expect any of the stressors
of the proposed actions to impact the primary constituent elements of loggerhead critical habitat
and, therefore, do not consider the critical habitat any further.
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The biology and ecology of species with anticipated exposure below informs the effects analysis
for this Opinion. Summaries of the global status and trends of each species presented provide a
foundation for the analysis of species as a whole.

6.1 Blue whale

Subspecies. Several blue whale subspecies have been characterized from morphological and
geographical variability, but the validity of blue whale subspecies designations remains uncertain
(McDonald et al. 2006). The largest, the Antarctic or true blue whale (Balaenoptera musculus
intermedia), occurs in the highest Southern Hemisphere latitudes (Gilpatrick and Perryman.
2009). During austral summers, “true” blue whales occur close to Antarctic ice. A slightly
smaller blue whale, B. musculus musculus, inhabits the Northern Hemisphere (Gilpatrick and
Perryman. 2009). The pygmy blue whale (B. musculus brevicauda), may be geographically
distinct from B. m. musculus (Kato et al. 1995). Pygmy blue whales occur north of the Antarctic
Convergence (60°-80° E and 66°-70° S), while true blue whales are found south of the
Convergence (58° S) in the austral summer (Kasamatsu et al. 1996; Kato et al. 1995). A fourth
subspecies, B. musculus indica, may exist in the northern Indian Ocean (McDonald et al. 2006),
although these whales are frequently referred to as B. m. brevicauda (Anderson et al. 2012).
Inbreeding between B. m. intermedia and B. m. brevicauda does occur (Attard et al. 2012).

Population structure. Little is known about population and stock structure? of blue whales.
Studies suggest a wide range of alternative population and stock scenarios based on movement,
feeding, and acoustic data. Some suggest that as many as 10 global populations may exist, while
other studies suggest that the species is composed of a single panmictic population (Gambell
1979; Gilpatrick and Perryman. 2009; Reeves et al. 1998). For management purposes, the
International Whaling Commission (IWC) considers all Pacific blue whales to be a single stock,
whereas under the MMPA, the NMFS recognizes four stocks of blue whales: western North
Pacific Ocean, eastern North Pacific Ocean, Northern Indian Ocean, and Southern Hemisphere.

Until recently, blue whale population structure had not been tested using molecular or nuclear
genetic analyses (Reeves et al. 1998). A recent study by Conway (2005) suggested that the
global population could be divided into four major subdivisions, which roughly correspond to
major ocean basins: eastern North and tropical Pacific Ocean, Southern Indian Ocean, Southern
Ocean, and western North Atlantic Ocean. The eastern North/tropical Pacific Ocean
subpopulation includes California, western Mexico, western Costa Rica, and Ecuador (Conway
2005). Genetic studies of blue whales occupying a foraging area south of Australia (most likely
pygmy blue whales) have been found to belong to a single population (Attard et al. 2010).
Herein, blue whales are treated as four distinct populations as outlined by Conway (2005).

“Populations” herein are a group of individual organisms that live in a given area and share a common genetic
heritage. While genetic exchange may occur with neighboring populations, the rate of exchange is greater between
individuals of the same population than among populations---a population is driven more by internal dynamics, birth
and death processes, than by immigration or emigration of individuals. To differentiate populations, NMFS
considers geographic distribution and spatial separation, life history, behavioral and morphological traits, as well as
genetic differentiation, where it has been examined. In many cases, the behavioral and morphological differences
may evolve and be detected before genetic variation occurs. In some cases, the term “stock” is synonymous with this
definition of “population” while other usages of “stock” are not.
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North Atlantic. Blue whales are found from the Arctic to at least mid-latitude waters,
and typically inhabit the open ocean with occasional occurrences in the U.S. EEZ (Gagnon and
Clark 1993; Wenzel et al. 1988; Yochem and Leatherwood 1985). Yochem and Leatherwood
(1985) summarized records suggesting winter range extends south to Florida and the Gulf of
Mexico. The U.S. Navy’s Sound Surveillance System acoustic system has detected blue whales
in much of the North Atlantic, including subtropical waters north of the West Indies and deep
waters east of the U.S. EEZ (Clark 1995). Blue whales are rare in the shelf waters of the eastern
U.S. In the western North Atlantic, blue whales are most frequently sighted from the Gulf of St.
Lawrence and eastern Nova Scotia and in waters off Newfoundland, during the winter (Sears et
al. 1987). In the eastern North Atlantic, blue whales have been observed off the Azores, although
Reiner et al. (1993) did not consider them common in that area. Observations of feeding have
recently occurred over Ireland’s western continental slope (Wall et al. 2009). A single sighting
was made in the study area 55 years ago, but several have been made in the region nearby to the
northwest, particularly over the continental shelf break (Belford et al. 2014).

Age distribution. Blue whales may reach 70-80 years of age (COSEWIC 2002; Yochem and
Leatherwood 1985).

Reproduction. Gestation takes 10-12 months, followed by a 6-7 month nursing period. Sexual
maturity occurs at 5-15 years of age and calves are born at 2-3 year intervals (COSEWIC 2002;
NMFS 1998b; Yochem and Leatherwood 1985). Recent data from illegal Russian whaling for
Antarctic and pygmy blue whales support sexual maturity at 23 m and 19-20 m, respectively
(Branch and Mikhalev 2008). The mean intercalving interval in the Gulf of California is roughly
two and half years (Sears et al. 2014). Once mature, females return to the same areas where they
were born to give birth themselves (Sears et al. 2014).

Movement. Satellite tagging indicates that, for blue whales tagged off Southern California,
movement is more linear and faster (3.7 km/h) while traveling versus while foraging (1.7
km/h)(Bailey et al. 2009). Residency times in what are likely prey patches averages 21 days and
constituted 29% of an individual’s time overall, although foraging could apparently occur at any
time of year for tagged individuals (Bailey et al. 2009). Broad scale movements also varied
greatly, likely in response to oceanographic conditions influencing prey abundance and
distribution (Bailey et al. 2009). Blue whales along Southern California were found to be
traveling 85% of the time and milling 11% (Bacon et al. 2011). Blue whales are highly mobile,
and their migratory patterns are not well known (Perry et al. 1999; Reeves et al. 2004). Blue
whales migrate toward the warmer waters of the subtropics in fall to reduce energy costs, avoid
ice entrapment, and reproduce (NMFS 1998a). In the eastern Central Atlantic, blue whales
appear to migrate from areas along Greenland and Iceland to the Azores over and east of the
Mid-Atlantic Ridge, apparently engaging in some random movement along the way (Anil et al.
2013).

Feeding. Data indicate that some summer feeding takes place at low latitudes in upwelling-
modified waters, and that some whales remain year-round at either low or high latitudes (Clarke
and Charif 1998b; Hucke-Gaete et al. 2004; Reilly and Thayer 1990; Yochem and Leatherwood
1985). Prey availability likely dictates blue whale distribution for most of the year (Burtenshaw
et al. 2004; Clapham et al. 1999; Sears 2002 as cited in NMFS 2006a). The large size of blue
whales requires higher energy requirements than smaller whales and potentially prohibits fasting
Mate et al. (1999). Blue whales typically occur alone or in groups of up to five animals, although
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larger foraging aggregations of up to 50 have been reported including aggregations mixed with
other rorquals such as fin whales (Corkeron et al. 1999; Shirihai 2002). While feeding, blue
whales show slowed and less obvious avoidance behavior then when not feeding (Sears et al.
1983 as cited in NMFS 2005b).

Diving. Blue whales spend greater than 94% of their time underwater (Lagerquist et al. 2000).
Generally, blue whales dive 5-20 times at 12-20 sec intervals before a deep dive of 3-30 min
(Croll et al. 1999; Leatherwood et al. 1976; Mackintosh 1965; Maser et al. 1981; Strong 1990;
Yochem and Leatherwood 1985). Average foraging dives are 140 m deep and last for 7.8 min
(Croll et al. 2001). Non-foraging dives are shallower and shorter, averaging 68 m and 4.9 min
(Croll et al. 2001). However, dives of up to 300 m are known (Calambokidis et al. 2003).
Nighttime dives are generally shallower (50 m). Blue whales near Sri Lanka averaged 18 sec
between breaths during surfacing dives, but went an average of 640 sec during deep dives (de
Vos et al. 2013).

Blue whales occur singly or in groups of two or three (Aguayo 1974; Mackintosh 1965; Nemoto
1964; Pike and MacAskie 1969; Ruud 1956; Slijper 1962). However, larger foraging
aggregations, even with other species such as fin whales, are regularly reported (Fiedler et al.
1998; Schoenherr 1991).

Vocalization and hearing. Blue whales produce prolonged low-frequency vocalizations that
include moans in the range from 12.5-400 Hz, with dominant frequencies from 16-25 Hz, and
songs that span frequencies from 16-60 Hz that last up to 36 sec repeated every 1 to 2 min (see
Cummings and Thompson 1971; Cummings and Thompson 1977; Edds-Walton 1997b; Edds
1982; McDonald et al. 1995a; Thompson and Friedl 1982). Berchok et al. (2006) examined
vocalizations of St. Lawrence blue whales and found mean peak frequencies ranging from 17.0-
78.7 Hz. Reported source levels are 180-188 dB re 1uPa, but may reach 195 dB re 1uPa (Aburto
et al. 1997; Clark and Ellison 2004; Ketten 1998b; McDonald et al. 2001). Samaran et al. (2010)
estimated Antarctic blue whale calls in the Indian Ocean at 179 £ 5 dB re 1 pPams in the 17-30
Hz range and pygmy blue whale calls at 175+ 1 dB re 1 pyPayys in the 17-50 Hz range.

In temperate waters, intense bouts of long patterned sounds are very common from fall through
spring, but these also occur to a lesser extent during the summer in high latitude feeding areas.
Short sequences of rapid calls in the 30-90 Hz band are associated with animals in social groups.
The seasonality and structure of long patterned sounds suggest that these sounds are male
displays for attracting females, competing with other males, or both. The context for the 30-90
Hz calls suggests that they are communicative but not related to a reproductive function.
Vocalizations attributed to blue whales have been recorded in presumed foraging areas, along
migration routes, and during the presumed breeding season (Beamish and Mitchell 1971;
Cummings et al. 1972; Cummings and Thompson 1971; Cummings and Thompson 1977;
Cummings and Thompson 1994; Rivers 1997; Thompson et al. 1996).

As with other baleen whale vocalizations, blue whale vocalization function is unknown, although
numerous hypotheses exist (maintaining spacing between individuals, recognition, socialization,
navigation, contextual information transmission, and location of prey resources (Edds-Walton
1997a; Payne and Webb 1971; Thompson et al. 1992a). Intense bouts of long, patterned sounds
are common from fall through spring in low latitudes, but these also occur less frequently while
in summer high-latitude feeding areas. Short, rapid sequences of 30-90 Hz calls are associated
with socialization and may be displays by males based upon call seasonality and structure.
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Blue whale calls appear to vary between western and eastern North Pacific regions, suggesting
possible structuring in populations (Rivers 1997; Stafford et al. 2001).

Direct studies of blue whale hearing have not been conducted, but it is assumed that blue whales
can hear the same frequencies that they produce (low-frequency) and are likely most sensitive to
this frequency range (Ketten 1997; Richardson et al. 1995c).

Status and trends. Blue whales (including all subspecies) were originally listed as endangered
in 1970 (35 FR 18319), and this status continues since the inception of the ESA in 1973.

Table 3 contains historic and current estimates of blue whales. Globally, blue whale abundance
has been estimated at between 5,000-13,000 animals (COSEWIC 2002; Yochem and
Leatherwood 1985), a fraction of the 200,000 or more that are estimated to have populated the
oceans prior to whaling (Maser et al. 1981; U.S. Department of Commerce 1983). Consideration
of the status of populations outside of the action area is important under the present analysis to
determine the how the risk to the affected population(s) bears on the status of the species as a
whole.

Table 3. Summary of past and present blue whale abundance.

. Population,  Pre- 9500 cirrent 95%
Region stock, or exploitation . Source
. Cl estimate |
study area estimate
N __ 11,200- _ (DOC 1983; Maser
Global 200,000 13,000 etal. 1981)
5,000- _
~~ ~~ ~~ 12,000 (COSEWIC 2002)
North - L . (Braham 1991,
Atlantic Basinwide 1,100-1,500 100-555 Gambell 1976)
. 1,000- (Sigurjonsson
2,000 1995)
NMFS-western (Waring et al.
North Atlantic ~ ~~ ~~ 440 ~~ 2013)
stock
Central and
northeast ~~ ~~ 855 351-1,589 (Pike et al. 2009b)
Atlantic

*Note: Confidence Intervals (C. 1.) not provided by the authors were calculated from Coefficients of Variation
(C.V.) where available, using the computation from Gotelli and Ellison (2004).

North Atlantic. Commercial hunting had a severe effect on blue whales, such that they
remain rare in some formerly important habitats, notably in the northern and northeastern North
Atlantic (Sigurjonsson and Gunnlaugsson 1990). Sigurjonsson and Gunnlaugsson (1990)
estimated that at least 11,000 blue whales were harvested from all whaling areas from the late-
nineteenth to mid-twentieth centuries.

Current trends are unknown, although an increasing annual trend of 4.9% was reported for 1969—
1988 off western and southwestern Iceland (Sigurjonsson and Gunnlaugsson 1990). Sigurjénsson
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and Gunnlaugsson (1990) concluded that the blue whale population had been increasing since
the late 1950s. In the northeastern Atlantic, blue whales are most common west and south of
Iceland and may be the largest concentration of blue whales in the North Atlantic (Pike et al.
2009b). In this area, the population may be recovering at a rate of 4-5% (Pike et al. 2009b). Punt
(2010) estimated the rate of increase for blue whales in the central North Atlantic to be 9%
annually (3.83 SE) between 1987 and 2001.

Natural threats. As the world’s largest animals, blue whales are only occasionally known to be
killed by killer whales (Sears et al. 1990; Tarpy 1979). Blue whales engage in a flight response
to evade killer whales, which involves high energetic output, but show little resistance if
overtaken (Ford and Reeves 2008). Blue whales are known to become infected with the
nematode Carricauda boopis, which are believed to have caused mortality in fin whale due to
renal failure (Lambertsen 1986).

Anthropogenic threats. Blue whales have faced threats from several historical and current
sources. Blue whale populations have been severely depleted due to historical whaling activity.

Ship strike remains a major concern for blue whales (Figure 6). Additional mortality from ship
strikes probably goes unreported because the whales do not strand or, if they do, they do not
always have obvious signs of trauma. Studies have shown that blue whales respond to
approaching ships in a variety of ways, depending on the behavior of the animals at the time of
approach, and speed and direction of the approaching vessel. While feeding, blue whales react
less rapidly and with less obvious avoidance behavior than whales that are not feeding (Sears
1983).

Increasing noise in the ocean may impair blue whale behavior. Although available data do not
presently support traumatic injury from sonar, the general trend in increasing ambient low-
frequency noise in the deep oceans of the world, primarily from ship engines, could impair the
ability of blue whales to communicate or navigate through these vast expanses (Aburto et al.
1997; Clark 2006). Blue whales off California altered call levels and rates in association with
changes in local vessel traffic (McKenna 2011). Either due to ship strike, vessel noise, whale
watching, or a combination of these factors, displacement from preferred habitat may be
occurring off Sri Lanka (Ilangakoon 2012).

There is a paucity of contaminant data related to blue whales. Available information indicates
that organochlorines, including dichloro-diphenyl-trichloroethane (DDT), polychlorinated
biphenyls (PCB), benzene hexachloride, hexachlorobenzene, chlordane, dieldrin, methoxychlor,
and mirex have been isolated from blue whale blubber and liver samples (Gauthier et al. 1997c;
Metcalfe et al. 2004). Contaminant transfer between mother and calf occurs, meaning that young
often start life with concentrations of contaminants equal to their mothers, before accumulating
additional contaminant loads during life and passing higher loads to the next generation
(Gauthier et al. 1997b; Metcalfe et al. 2004). This is supported by ear plug data showing
maternal transfer of pesticides and flame retardants in the first year of life (Trumble et al. 2013).
These data also support pulses of mercury in body tissues of the male studied (Trumble et al.
2013).
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Figure 6. A near collision between a blue whale and a commercial cargo vessel in the Santa
Barbara Channel Traffic Separation Scheme. Photo credit: NOAA Channel Islands National
Marine Sanctuary, 2002 (Permit CINMS-2002-001).

Critical habitat. The NMFS has not designated critical habitat for blue whales.
6.2 Fin whale

Subspecies. There are two recognized subspecies of fin whales, Balaenoptera physalus physalus,
which occurs in the North Atlantic Ocean, and B. p. quoyi, which occurs in the Southern Ocean.
These subspecies and North Pacific fin whales appear to be organized into separate populations,
although there is a lack of consensus in the published literature as to population structure.

Population structure. Population structure has undergone only a rudimentary framing. Genetic
studies by Bérubé et al. (1998) indicate that there are significant genetic differences among fin
whales in differing geographic areas (Sea of Cortez, Gulf of St. Lawrence, and Gulf of Maine).
Further, individuals in the Sea of Cortez may represent an isolated population from other eastern
North Pacific fin whales (Berube et al. 2002). Even so, mark-recapture studies also demonstrate
that individual fin whales migrate between management units designated by the IWC (Mitchell
1974; Sigujonsson and Gunnlaugsson 1989).

North Atlantic. Fin whales are common off the Atlantic coast of the U.S. in waters
immediately off the coast seaward to the continental shelf (about the 1,800 m contour). Fin
whales occur during the summer from Baffin Bay to near Spitsbergen and the Barents Sea, south
to Cape Hatteras in North Carolina and off the coasts of Portugal and Spain (Rice 1998a). In
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areas north of Cape Hatteras, fin whales account for about 46% of the large whales observed in
1978-1982 surveys (CETAP 1982c). Little is known about the winter habitat of fin whales, but in
the western North Atlantic, the species has been found from Newfoundland south to the Gulf of
Mexico and Greater Antilles, and in the eastern North Atlantic their winter range extends from
the Faroes and Norway south to the Canary Islands. Fin whales in the eastern North Atlantic
have been found in highest densities in the Irminger Sea between Iceland and Greenland
(Vikingsson et al. 2009). The singing location of fin whales in the Davis Strait and Greenland
has been correlated with sea ice fronts; climate change may impact fin whale distribution and
movement by altering sea ice conditions (Simon et al. 2010). A general fall migration from the
Labrador and Newfoundland region, south past Bermuda, and into the West Indies has been
theorized (Clark 1995). Historically, fin whales were by far the most common large whale found
off Portugal (Brito et al. 2009).

Fin whales are also endemic to the Mediterranean Sea, where (at least in the western
Mediterranean), individuals tend to aggregate during summer and disperse in winter over large
spatial scales (Cotte et al. 2009), although this seasonal trend is reversed in the Bonifacio Strait
(Arcangeli et al. 2013a). Mediterranean fin whales are genetically distinct from fin whales in the
rest of the North Atlantic at the population level (Berube et al. 1999). However, some fin whales
from the northeastern North Atlantic have been tracked into the Mediterranean during winter and
overlap in time and space with the Mediterranean population may exist (Castellote et al. 2010).
Individuals also tend to associate with colder, saltier water, where steep changes in temperature,
and where higher northern krill densities would be expected (Cotte et al. 2009). A genetically
distinct population resides year-round in the Ligurian Sea (IWC 2006). Fin whales seem to track
areas of high productivity in the Mediterranean, particularly along coastal areas of France,
northern Italy, and the southern and middle Adriatic (Druon et al. 2012). Several sightings have
been within the study area, particularly in the northwestern sector, but also over the continental
slope and abyssal plain (Belford et al. 2014). However, sightings are very common near the
continental shelf break and over the continental shelf (Belford et al. 2014).

Age distribution. Aguilar and Lockyer (1987) suggested annual natural mortality rates in
northeast Atlantic fin whales may range from 0.04 to 0.06. Fin whales live 70-80 years (Kjeld et
al. 2006).

Reproduction. Fin whales reach sexual maturity between 5-15 years of age (COSEWIC 2005;
Gambell 1985a; Lockyer 1972). Mating and calving occurs primarily from October-January,
gestation lasts ~11 months, and nursing occurs for 6-11 months (Boyd et al. 1999; Hain et al.
1992). The average calving interval in the North Atlantic is estimated at about 2-3 years (Agler
et al. 1993; Christensen et al. 1992a). The location of winter breeding grounds is uncertain but
mating is assumed to occur in pelagic mid-latitude waters (Perry et al. 1999). This was recently
contradicted by acoustic surveys in the Davis Strait and off Greenland, where singing by fin
whales peaked in November through December; the authors suggested that mating may occur
prior to southbound migration (Simon et al. 2010). Although seasonal migration occurs between
presumed foraging and breeding locations, fin whales have been acoustically detected throughout
the North Atlantic Ocean and Mediterranean Sea year-round, implying that not all individuals
follow a set migratory pattern (Notarbartolo-Di-Sciara et al. 1999; Simon et al. 2010).
Reductions in pregnancy rates appear correlated with reduced blubber thickness and prey
availability (Williams et al. 2013).
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Movement. In the eastern Central Atlantic, fin whales appear to migrate from areas along
Iceland to the Azores east of the Mid-Atlantic Ridge, apparently traveling directly without
random movement patterns in between (Anil et al. 2013).

Behavior. Fin whales along Southern California were found to be traveling 87% of the time and
milling 5% in groups that averaged 1.7 individuals (Bacon et al. 2011). Fin whales tend to avoid
tropical and pack-ice waters, with the high-Ilatitude limit of their range set by ice and the lower-
latitude limit by warm water of approximately 15° C (Sergeant 1977). Fin whale concentrations
generally form along frontal boundaries or mixing zones between coastal and oceanic waters,
which corresponds roughly to the 200 m isobath (the continental shelf edge (Cotte et al. 2009;
Nasu 1974)).

Feeding. Fin whales in the North Atlantic eat pelagic crustaceans (mainly krill and schooling
fish such as capelin, herring, and sand lance (Borobia and Béland 1995; Christensen et al. 1992a;
Hjort and Ruud 1929; Ingebrigtsen 1929; Jonsgard 1966; Mitchell 1974; Overholtz and Nicolas
1979; Sergeant 1977; Shirihai 2002; Watkins et al. 1984)). Fin whales frequently forage along
cold eastern current boundaries (Perry et al. 1999). Feeding may occur in waters as shallow as 10
m when prey are at the surface, but most foraging is observed in high-productivity, upwelling, or
thermal front marine waters (Gaskin 1972; Nature Conservancy Council 1979 as cited in ONR
2001; Panigada et al. 2008; Sergeant 1977). While foraging, fin whales in the Mediterranean Sea
have been found to move through restricted territories in a convoluted manner (Lafortuna et al.
1999). Fin whales in the central Tyrrhenian Sea appear to ephemerally exploit the area for
foraging during summer, particularly areas of high primary productivity (Arcangeli et al. 2013b).

Diving. The amount of time fin whales spend at the surface varies. Some authors have reported
that fin whales make 5-20 shallow dives, each of 13-20 sec duration, followed by a deep dive of
1.5-15 min (Gambell 1985a; Lafortuna et al. 2003; Stone et al. 1992). Other authors have
reported that the fin whale’s most common dives last 2-6 min (Hain et al. 1992; Watkins 1981).
The most recent data support average dives of 98 m and 6.3 min for foraging fin whales, while
non-foraging dives are 59 m and 4.2 min (Croll et al. 2001). Foraging dives in excess of 150 m
are known (Panigada et al. 1999). In waters off the U.S. Atlantic Coast, individuals or duos
represented about 75% of sightings (Hain et al. 1992). Individuals or groups of less than five
individuals represented about 90% of observations.

Vocalization and hearing. Fin whales produce a variety of low-frequency sounds in the 10-200
Hz range (Edds 1988; Thompson et al. 1992a; Watkins 1981; Watkins et al. 1987b). Typical
vocalizations are long, patterned pulses of short duration (0.5-2 s) in the 18-35 Hz range, but
only males are known to produce these (Croll et al. 2002; Patterson and Hamilton 1964).
Richardson et al. (1995b) reported the most common sound as a 1 sec vocalization of about 20
Hz, occurring in short series during spring, summer, and fall, and in repeated stereotyped
patterns during winter. Au (2000b) reported moans of 14-118 Hz, with a dominant frequency of
20 Hz, tonal vocalizations of 34-150 Hz, and songs of 17-25 Hz (Cummings and Thompson
1994; Edds 1988; Watkins 1981). Source levels for fin whale vocalizations are 140-200 dB re
1uPa-m (Clark and Ellison. 2004; Erbe 2002b). The source depth of calling fin whales has been
reported to be about 50 m (Watkins et al. 1987b). In temperate waters, intense bouts of long
patterned sounds are very common from fall through spring, but also occur to a lesser extent
during the summer in high latitude feeding areas (Clarke and Charif 1998a). Short sequences of
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rapid pulses in the 20-70 Hz band are associated with animals in social groups (McDonald et al.
1995b). Each pulse lasts on the order of one second and contains twenty cycles (Tyack 1999).

Although their function is still debated, low-frequency fin whale vocalizations travel over long
distances and may aid in long-distance communication (Edds-Walton 1997a; Payne and Webb
1971). During the breeding season, fin whales produce pulses in a regular repeating pattern,
which have been proposed to be mating displays similar to those of humpbacks (Croll et al.
2002). These vocal bouts last for a day or longer (Tyack 1999). The seasonality and stereotype of
the bouts of patterned sounds suggest that these sounds are male reproductive displays (Watkins
et al. 1987a), while the individual counter-calling data of McDonald et al. (1995b) suggest that
the more variable calls are contact calls. Some authors feel there are geographic differences in
the frequency, duration and repetition of the pulses (Thompson et al. 1992b).

Direct studies of fin whale hearing have not been conducted, but it is assumed that fin whales can
hear the same frequencies that they produce (low) and are likely most sensitive to this frequency
range (Ketten 1997; Richardson et al. 1995c).

Status and trends. Fin whales were originally listed as endangered in 1970 (35 FR 18319), and
this status continues since the inception of the ESA in 1973. Although fin whale population
structure remains unclear, various abundance estimates are available (Table 4). Consideration of
the status of populations outside of the action area is important under the present analysis to
determine the how the risk to the affected population(s) bears on the status of the species as a
whole. Historically, worldwide populations were severely depleted by commercial whaling, with
more than 700,000 whales harvested in the twentieth century (Cherfas 1989a