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Abstract

ABSTRACT

Researchers from LamoeBioherty Earth Observatory {DEO) and Woods Hole Oceanographic
Institute (WHOI), with funding from the U.S. National Science Foundation (NSF), propose to canduct
high-energy seismic survey frothe Research Vessel (R/\MYlarcus G. LangsetiiLangseth along and
across the AleutiaAndreanofArc in Alaskaduring SeptembérOctober2020. The NSFownedLangseth
i s operated by QCEOEQuUnder am exidging @oeperativet Agréesnent. Pphaposed
two-dimensional (2D) seismic survey wouldag a towed array of up 85 airgurswith a discharge volume
of up to~6600 if. Thesurvey would take placgithin the U.S. Exclusive Economic Zone (EEZ), in water
~35t0 ~7100m deep.

NSF, as theesearci undi ng and action agency, has a missi
to advance the national heal t h, prosperpopoged and w
seignic survey would collect data in support of research whatld satsfy NSF program priories The
primary goal of this survey is image thebasic architecture of oceardec crust, to infer processes that
control chemical fractionation and lead to the creation of contiilentompositions

This Final EnvironmentalAssessmen{ E A) addr esses NSFthesNatiomagui r e me
Environmental Policy Act (NEPA) for the proposed NSF federal action withiPAthekanEEZ. As
operator oR/V LangsethL-DEO, on behalf of itselfyWHOI, andNSF, requestdanincidental Harassment
Authorization (IHA) from the U.S. National Marine Fisheries Service (NMFS) to authorize the incidental
(i.e., not intentionglharassment of small numbers of marine mammals should this occur during the seismic
survey The analysis irthis document supports the IHA application process and proadésional
information on marine species that are not addressed by the IHA application, including sea turtles, seabirds,
fish, and invetielrates that are listed under the U.S. Endangered Species Act (ESA), including candidate
species. As analysis on endangered/threatened species was intladehft EAwasused to support
ESA Section 7 consultations with NMFS aheé U.S. Fish and Wildlg Service JSFWS. Alternatives
addressed in this EA consisttbe Proposed Actioniiih issuance of an associated IHA andweAction
alternative, with no IHA and no seismic survey. This document tiers to the Programmatic Environmental
Impact StatemdrOverseas Environmental Impact Statement for Marine Seismic Research Funded by the
National Science Foundation or Conducted by the U.S. Geological Survey (June 2011) and Record of
Decision (June 2012), referred to hereintlasPEIS. This document alsaers toan EA prepared for a
similar seismic survey conducted by R/8ngsethin 2019 titled, Enftironmental Assessment olMarine
Geophysical Survey by the RMarcus G. Langseti the Gulf of Alaska2019".

Numerous species of marine mammals inhabitleetian Islandstudy area.Several of these are
listed asendangeredunder the ESA, including North Pacific right, sperm, sei, fin, and blue whales, the
Western North PacifiDistinct Population SegmenDPS) of gray whals and humpback whaleand the
Western DPS of Steller sea I@nSpecies that are listed #geatenedunder the ESA that could occur
within the study area include tiMexico DPS of humpback whabnd the Suthwest Alaska DPS of sea
otters. Critical habitat fothe Steller sea liomnd sea ottds found withinthe sudyarea. Other ESAisted
species that could occur in the area arestidargeredshorttailed albatross, thitareatenedSt el | er 6 s e i
thethreatenedspectacled eideandthe endangeredeatherback turtle The northern sea otter is the one
marine mammal species mentioned in this document that, in the U.S., is managed by the USFWS; all others
are managed by NMFSAfter discussions with BFWS, the original survey design was adjusted to avoid
take of sea otters.

Potential impacts of theroposedseismic survey on the environment would be primarily a result of
the operation of the airgun array. A multibeam echosounder arabstaion profiler would also be operated
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Abstract

during the survey. Impactsom the Proposed Actiowould be associated with incssd underwater
anthropogenic soungdwhich could result in avoidance behavior by marine mammals, sea turtles, seabirds,
and fish, and other forms of disturbance. An integral part of the planned survey is a monitoring and
mitigation pr@ram designed to mimize potential impacts of the proposed agggibn marine animals
present during the proposedrvey and to documenas much as possibléhe nature and extent of any
effects. Injurious impacts to marine mammals, sea turtles, and seabirds haaennatdven to occur near
airgun array®r the other types of sound sources to be used. eMenya precautionary approach would be
taken and the planned monitoring and mitigation measures would reduce the possibility of any effects.

Proposed mtection neasures designed to mitigate the potential environmental impacts to marine
mammals sea turtlesand seabirdmiclude the following: ramp upsypically two (but a minimum of one)
dedicated observers maintaining a visual watch during all daytime airguatiops; two observers
maintaining a visual watdefore and during ramp ups; no start ups during poor visibili& oight unless
the exclusion zoné=Z) and passive acoustic monitoring (PABf)stemhave been monitored for 30 min
with no detections PAM via towed hydrophones during both day and night to complement visual
monitoring; and shut downs when marine mammailssea turtlesire detected in or about to entke
designatedZs. The acoustic source would be shut ddanNorth Paciic Right whales observed at any
distance from the vesseThe acoustic source would also be powetedn (or if necessarghut down in
the event an ESAisted seabirdwere tobe observed diving or foraging within the designatess.
Observerswould alsowatch for any impacts the acoustic sources may havdistn L-DEO and its
contractorswould be committed to applying these measures in order to minimize effects on marine
mammals sea turtlesseabirdsandfish, and otherpotentialenvironmental impactsUltimately, sirvey
operations would be conducted incamlance with all applicablé).S. federal and stateregulations,
including IHA and Incidental Take StateméghitS) requirements.

With the planned monitoring and mitigation measures, unavoidable impacts to each species of marine
mammal and sea turtle that could be encountered would be expebidmited to shorterm, localized
changes in behavior and distribution near the seismic vessel. At most, effects on marine naaldals
beanticipateda s f al |l ing within the MMPA definition of AL
by NMFS. No longterm or significant effectareexpected on individual marine mammals, sea turtles,
seabirds.or fish, the populations to which they belong, or their habita@snsistent with past similar
proposed actions, NSF has followtte National Ocanic and Atmospheric Administration (NOAA)
Technical Guidance for Assessing the Effects of Anthropogenic Sound on Marine Mammal féearing
estimating Level A takes. Although NMFS may issue Level A takes, based on the Proposed Action NSF
believes Level Aakes would be unlikelyNo significant impactareexpected on the populations of those
species for which a Level A take is permitted.
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I. Purpose and Need

| PURPOSE ANDNEED

This Final EnvironmentalAssessmern(EA) was prepard under the National Environmental Policy
Act (NEPA). TheFinal EA tiers to the Final ProgrammatiEnvironmental Impact Statement (PEIS)/
Overseas Environmental Impact Statement (OEIS) for Marine Seismic Research funded by the National
Science Foundation or Conducted by the U.S. Geological Survey (NSF and USGS 2011) and Record of
Decision (NSF 2012), ferred to herein as the PEIShis documentlsotiers toan EA prepared for a
similar seismic survey conducted by R/sinhgsetlin 2019t i t Erwidbnmerital Assessment of a Marine
Geophysical Survey by the RMarcus G. Langsetin the Gulf of Alaska, @196 and associated Finding
of No Significant Impact (FONSI) This Final EA evaluats the specific geographic location aedergy
source level and configuratiassociatedvith the proposedsurvey The purpose of thifinal EA is to
provide the information needed to assess the potential environmental impacts associated with the Proposed
Action, including the use of an airgun array during the proposed seismic survey.

TheFinal EA provides details of the Proposed Action at thespicific level and addresses potential
impacts of the proposed seismic survey on marine mammals, sea turtles, seabirds, fish, and invertebrates. The
Draft EAwasused in support of an application fam Incidental HarassmeAtthorization (IHA) from the
National Marine Fisheries Service (NMFS) and Section 7 consultations under the Endangered Species Act
(ESA). The IHA would allow the notintentional, noA nj ur i ous At ake by hdir ass me
marine mammatsd ur i ng the proposed sei smic shohetyeBarthby Col
Observatory (EDEO) of the Aleutiais Arcduring2020. Consistent with past similar proposed actions, NSF
has followed the National Oceanic and Atmospghédministration (NOAA) Technical Guidance for
Assessing the Effects of Anthropogenic Sound on Marine Mammal Héariestimating Level A takes.
Although NMFS may issuéevel A takesfor the remote possibility of lowevel physiological effects
because of the characteristics of the Proposed Action and proposed monitoring and mitigation measures, in
addition to the general avoidance by marine mammals of loud sounds, Level vidaldbeunlikely. After
discussions witlihe U.S. Fish and Wildéf Service YSFWS9, the original survey design was adjusted to
avoid take of sea otters and, accordingly, an IH&mot sought.

1.1  Mission of NSF

The National Science Foundation (NSF) was established by Congress witlatibeal Science
Foundation Acbf 1950 (Public Law 810507, as amended) and is the only federal agency dedicated to the
support of fundamental research and education in all scientific and engineering disciplines. Further details
on the mission of NSF are described in 8§ 1.2 of the PEIS.

1.2 Purpose of and Need for the Proposed Action

As noted in the PEIS, § 1.3, NSF has a continuing need to fund seismic surveysliascientists
to collect data essential to understanding the complex Earth processes beneath the oc&éha flogpose
of the proposed studyg toimage thebasic architecture of oceardtc crust, to infer processes that control
chemical fractionation and lead to the creation of contilik@tcompositions. The proposed activities
would collect data in support of a research proposal that has been revievugghtthe NSF merit review

1 EA and FONSI available on the NSF website (https://www.nsf.gov/geo/oce/envcomp/index.jsp).

2Tobeel i gi bl e for an | HA under the MMPA, the proposed 0l
cause serious physical injury or death of marine mammals, must have negligible impacts on the species and stocks,
must fitakeo no moofteosetsgeceas or stoslks)ahd musi mothave an unmitigable adverse impact
on the availabilityof the species or stocks for legitimate subsistence uses.
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I. Purpose and Need

process and have been identified as NSF program p
understanding of Earth processes.

1.3 Background of NSFfunded Marine Seismic Research
The background of NSfunded marineseismic research is described in § 1.5 of the PEIS.

1.4 Regulatory Setting

The regulatory setting of this EA is described in § 1.8 of the PEIS, including the

1 National Environmental Protection Act (NEPA);

1 Marine Mammal Protection Act (MMPA);

1 Endangered Szies Act (ESA);

1 MagnusorStevens Fishery Conservation and Management Bssential Fish Habitat (EFH).

Il ALTERNATIVES INCLUDING PROPOSEDACTION

In thisFinal EA, two alternatives are evaluated: (1) the proposed seismic survey and issuance of an
asso@ted IHA and (2) No Action alternative. Additionally, two alternatives were considered but were
eliminated from further analysis. A summary of the Proposed Action, the alternative, and alternatives
eliminated from further analysis is provided at the eftthis section.

2.1 Proposed Action

The Proposed Action, including project objectives and context, activities, and monitoring/mitigation
measures for the proposed seismic survey, is described in the following subsections.

2.1.1 Project Objectives and Conext

Researchers from Woods Hole Oceanographic Institute (Wided) L-DEO have proposed to
conducta seismic survey using the Research Vessel (Rl&ficus G. LangsetfLangseth of the Aleutian
AndreanofArc in the Northeast Pacific Ocean (Fig. 1The objectives of the proposed study are to
seismically image the structure of the crust along and across the Andreanof segment of theA¥igutian
an intact arc segment with a simple and well known history stifgi geochemical analyses of igneous
rocks from this segment suggest an alsagment trend in crustatale fractionation processes. Seismic
velocity provides strong constraints on bulk composition, and so seismic images will reveal the
constructional echitecture, vertical fractionation patterns, and alangtrends in both of those things.
Together with existing observations from surface rocks (e.g., bulk composition, volatile content) and
forcing parameters (e.g., slab geometry, sediment inputyndafioninferred stress regime), hypotheses
related to controls on ocearacc crustal construction and fractionation can be tested and refined.

Crustatscale imaging of an active volcanic areiseptionally challenging. In the alo@agc (strike)
direction, the underlying crust is locally hot and melt rich, resulting in an attenuating environment for
seismic wave propagation. In the acrass (dip) direction, the target of interest (iteezone of accretion)
is relatively narrow. The survey paths in both directions are disrupted by volcanoes and volcanic platforms.
Large seismic sources are required to penetrate the crust, and large apertures are required to image both
impedance contraséd bulk velocity structureThe mainobjectiveof the proposedeismic programns to
image thebasic architecture of ocearacc crust along and across the Aleutian Bstgseismic airguns.
To achieve the project ggalthe Principal Investigator (PI) Dr. D. Lizarralde (WHOI) aaot-PI Dr. D.
Shillington (L-DEO) propose to collect-R seismic reflection/refraction data along and across the
Andreanof segment of the Aleuti&mc.
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Il. Alternatives Intuding Proposed Action

2.1.2 Proposed Activities

2.1.2.1 Location of the Survey Activities

The proposedurvey would occur withithe area 0f49i 53.5°N, ~172.51 179.5°W, in the EEZ of
Alaska All proposed activities would occur outside of 3 n.mi. from shiorgyater depths ranging from
~35 to ~7100 m. Representative survey tracklines are shown in Figure 1. As described further in this
document, however, deviation in actual track linedpiging order of survey operations, could be necessary
for reasons such as science drivers, poor data quality, inclement weatbgr,por mechanical issues with
the research vessel and/or equipment. Thitkjn the constraints of any federal authoti@as issued for
the activity,tracklinesmay shift from those shown aeduld occur anywhere within the coordinates noted
above and illustrated by the box in the inset map on Figure 1.

2.1.2.2 Description of Activities

The procedures to be used fbe proposed marine geophysical survey would be similar to those
used during previous surveys bylDEO and would use conventional seismic methodoloblye survey
would involve one source vessBlV Langseth R/V Langsethwouldtow an array olup to36 arguns at
a depth oB m as an energy source with a volumeipfto~6600in°. The receiving system would consist
of ocean bottom seismomete@RS9 andatowed hydrophone streameith a nominal length of 8 km
As the airgun arraig towed along theurvey lines, the OBSs would receive and store the returning acoustic
signals internally for later analysis, and the hydrophone streamer would transfer the data tbhddel on
processing systenmThe airguns would fire at a shot interval2# sduring muti-channel seismic (MCS)
with the hydrophone streamer and d2é-s interval during refraction survayg to OBSs

Thestudyconsistof one eastweststrike-line transect (~31 km), two north-southdip-line transects
(~420 km and~280 km), connectingMCS transectg~479 km), andsurvey ofthe Amlia Fracture Zone
(~28km). Therepresentativeacklinesareshown in Figure have a total length 98 km. The strike
and dipline transects would first be acquired using OBSs, which would be deployed along one line at a
time, the line would then be surveyed, and the OBSs would then be recovered, before moving o not the next
line. After all refraction datare acquired, the strike and dip lines would then be acquired a second time
usingMCS. The MCS transect lines and Amlia Fracture Zomesect lines would be acquired only once
using MCS. Thus, thetotal line km to be acquired is expected to be 28Rm. A total of 10% of this
survey would use an i&@rgun array, and the remainder would employ the fulliB§un array. There
could be additional seismic operations associated with turns, airgun testing, and repeat coverage of any
areas where initial datguality is substandard. Irthe calculations for our analygisee § 4.1.1.5), 25%f
effort has been adddd the proposed line km to be surveyed. During the surdég,oftheline km would
take place in shallowvater(<100 m),26% would occur in intenediatewater depthg10G' 1000 m), and
therest {73%) would occur in deewater(>1000 m).

In addition to the operations of the airgun array, a multibeam echosounder (MBEShatteub
profiler (SBP), and aicoustic DoppleiCurrentProfiler (ADCP) would be operated froR/V Langseth
continuouslyduring the seismic survey, but not during transit to and from the surveyfapsager would
be used to retrieve the deployed OBSSI planned gephysical data acquisition activities wdube
conducted by tDEO with ortboard assistance by the scientists who have proposed tie $hel vessel
would be seHcontained, and the crew would live aboard the vegsdjlustments to the survey procedures
and plangiescribed in this and other secis may bedeterminechecessargluring operation$or reasons
such as science drivers, poor data quality, inclement wea#fety,or mechanical issues with the research
vessel and/or equipment.
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2.1.2.3 Schedule

The cruise is proposed f&eptembérOctober 2020, but cruise dates have not been confirmed at the
time of writing. The survey is expected to consist of ~16 days of seismic operafiatag;slof OBS and
MCS equipment deployment/retrieval, 6 days of transits between seismictsaskys of transiting to and
from port, and 5 days of contingency (e.g., weather, etc.).LRAgsethwould leave from and return to port
in Dutch Harbor.

As R/V Langsethis a national asset, NSF aneDIEO strive to schedule its operations in the tmos
efficient manner possible; schedule efficiencies are achieved when regionally occurring research projects are
scheduled consecutively and rgperational transits are minimized. Because of the nature of the NSF merit
review process and the long timebr@ssociated with the ESA Section 7 consultation and IHA processes, not
all research projects or vessel logistidh have beemdentified at the time the consultation documents are
submitted to federal regulators; typically, however, these types ofsdetach as port arrival/departure
locations, are not a substantive component of the consultations. Seasonality of the proposed survey operations
doesnot affect the ensuing analysis (including take estimates), because the best available species densities
for any time of the year have been used.

2.1.2.4 Vessel Specifications

R/V Langseths described in § 2.2.2.1 of the PEIS. The vessel speed @dlirsgjsmic operations
would be 4.5 kts (~8.3 km/h).

2.1.2.5 Airgun Description

For the majority othe survey(90% of line km) R/V Langsethwould tow the full array, consisting
of four strihngs with 36airguns (plus 4 sparesjith a total volume of ~6600 #n In certain locations (Fig.
1), only half the array (18 airguns) would be operated, with a total volume of #3300 order to reduce
sound exposureThe airgun arrayaredescribed in § 2.2.3.1 of the PEEhd the airgun configuration is
illustrated in Figure®-11 to 212 of the FEIS. The array would be towed at a depth9afh. Theshot
interval would bes0 m (22 9§ during MCS with the hydrophone streamer &1@ m (420 s) during
refraction surveing to OBSs.

2.1.2.6 OBS Description

The seismometers would consist aftotal of 50 shortperiod OBSsfrom Scripps Institubn of
Oceanography (SIO)The SIO L-Cheapo OBSs have a height of ~0.9 m and a maximum diameter of 97
cm. The anchors are 36 iron grates with dimensions 7 x 91 x 91.5 c®BSs would be deployed and
subsequently retrieved by RMNangsethprior to MCS surveyingWhenan OBS is ready to be retrieved,
an acoustic release transpondgginger) interrogates the instrument at a frequency~&2 kHz, and a
response is received tte samdrequency The hurn-wire release assembly is then activated, and the
instrument is released from the anchor to float to the surface.

2.1.27 Additional Acoustical Data Acquisition Systems

Along with the airgun operations, three additional acoustical data acquisitiomsyateMBES,
SBP, and ADCPyvould be operated frofR/V Langsettduring the proposed survdyut not during transits
to/from the survey site and porthe ocean floor would be mapped wétKongsberg EM 122 MBES and
a Knudsen Chirp 3260 SBP. Peledyne RDI 75 kHz Ocean Survey®DCP would be used to measure
water current velocities. These sources are described.ih31 of the PEIS.

To retrieve the OBSs from the sea floor, an acoust@ase transponder (pinger) transmits a signal
to the instrument at fiequency of 12 kHz (1 kHz) and a response is received at the same frequency to
activate and release the instrument. The transmitting beam pattetpnas&$he sound source levet33
dB referenced to one microbar at one yaifde pulseduration is 2 milliseconds (%) and the pulse
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repetition rate is one per second (x50 microseconds).
2.1.3 Monitoring and Mitigation Measures

Standard monitoring and mitigation measures for seismic surveys are described in § 2.4.1.1 and
§2.4.2 of the PEIS andiould occur in two phases: pi@uise planning and operations. The following
sections describe the efforts during both stages for thygoped activities.Numerous papers have been
published recently with recommendations on how to redudlropogenic soundcithe ocear(e.g.,
Simmonds e&l. 2014; Wright 2014; Dolman and Jasny 201%ome of those recommendations have been
takeninto account here.

2.1.3.1 Planning Phase

As discussed i 2.4.1.1 ofthe PEIS, mitigation of potential impacts from the proposed desBvit
begirs during the planning phase. Several factors were considered during the planning phase of the
proposed actities,including

Energy Soure.d0 Part of the considerations for the proposed marine seismic suagip evaluate
whether the research objectives could be met with a smaller energy. sbhecscientific objectives for
the proposedsurvey could not benet using smaller soursé most of the survey areasimaging active
volcanicarc crustal structure is challenging. Td@al is topenetrate the crust, and large apertures are
required to image both impedance contrasts and bulk velocity strutueeombination for 3&km thick
crust, the presence of seismically attenuative melt, and wavefront expansion across the great water depths
of deepsea trenches together requine energy sourctevelfrom the full 36airgun array However after
discussionwith USFWS,a smaller airgun array (18 airguns) is proposed for use on several transect lines
(Fig. 1) occurring near sea otter critical habitatorder to reduce sound exposure anoid takes by
harassment.

SurveyTiming and Location—Whenconsidering pantial times to carry out theroposedurvey
key factorstaken into consideration includezhvironmentalconditions (i.e., the seasonal presence of
marine mammals, sea turtles, and seabirds), weather conditions, equipment, and optigdbtiother
proposed seismic survey usiRgV Langseth Many marine mammal species occuttlie area garround
however, baleen whalpresencen the areas highest on a seasonal baarsd during the time of the
proposed survefSeptembérOctobe}.

The Andreanof segment of the Aleutian Arc is the lmesttionin the world to study the fundamental
processes that form oceasic crust. The crustt the survey locatiois not terriblyold (~40 m.y.), it is
intact (i.e., it has not been rifted, collided with, or subjected to discernable subduction erosion), the surface
geochemistry is well studied, and an akangs trend in fractionation is observed. There is no other place
where thiscombination of attributes can be found.

Mitigation Zones—During the planning phase, mitigation zones for the proposed marine seismic
survey were calculated based on both modeling-BYED for the Level A and Level B (160 dB 1uPans)
threshold and usingmpirical measurements from Crone et al. (2014) from the Cascadia Marga.
background information and methodology for this are provided in Appendix A.

The proposed survey would acquire data with the airgun array at a maximum tow dépth of
L-DEO model results are used to determine thedEgs radius for thel8 and36-airgun array at 8m
tow depth in deep water (>1000 mpwn to a maximum depthf @000 m, as animals are generally not
anticipated to dive below 2000 m (Costa and Williams 1986j.the 36&airgun array, radii for intermediate
water depths (10@.000 m) and shallow water (<100 m) are derived from empirical data from Crone et al.
(2014 (see Appedix A). For the 18airgun arrayscaling factordrom the empirical data collected by
Crone et al. (2014) were used to determine the radii in intermediate and shallow water.
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Table 1 shows the distances at which thedB@e 1uPa.ssound levis are expected to be received
for the 18- and 36-airgun arrayand the40 ir? airgun to be used during power downs of the larger array
(mitigation airgur). The 166dB level is the behavioral disturbance criterion (Level B) that is used by
NMFS to estimateanticipated takes for marine mammalgable 1 also shows the distances at which the
175dB re 1pPassound level is expected to be received forliBreand36-airgun array and a single airgun;
this level is used by NMFS, as well as the.DoN (2017), to determine behavioral disturbancesta
turtles. In this analysis, we have used the sound levels for tkarg§an array for all take calculations, as
the majority of the survey (90%) wouldheloy tre full airgun array for data acquisition.

The thresholds for permanent threshold shift (PTS) onset or Level A Harassment (injury) for marine
mammals for impulsive sounds use dual metrics of cumulative sound exposure leveh SEt 24 hours)
andpeak sound pressure levels (SBPLNMFS 2016a, 2018) Different thresholds are provided for the
various hearing groups, including leequency (LF) cetaceans (e.g., baleen whales);fragiency (MF)
cetaceans (e.g., most delphinids), kigdguency(HF) cetaceans (e.g., harbor porpoise Kodia spp.),
phocids underwater (PW), and otariids/sea otters underwater (Q¥@nsistent withthe Technical
Guidance for Assessing the Effects of Anthropogenic Sound on Marine Mammal HEMiRE 2016a,
2018),the largest distance of the dual criteria (S&lor Peak SPis) was used to calculate takes and
Level A threshold distanceddere, SELumis used for LF cetaceamasd turtlesfPeak SPL is used for all
other hearing groups (Table.2)

This document has been prepared in accordance with the diatimal Oceanic and Atmospheric
Administration NOAA) acoustic practices, and the monitoring and mitigation procedures are based on best
practices noted by Pierson et al. (1998), Weir and Dolman (2007), Nowacek et al. (2013a), Wright (2014),
Wright and Cosentino (2015), and Acosta et(2017). For other @nt highenergy seismic surveys
conducted by tDEO, NMFS required protected species observers (PSOs) to establish and monitor a 500
m exclusion zone (EZjor power downs and to monitor an additional 38®uffer zone beyond the EZ.

A power down requirethe reduction of the full array to a single-#dairgun; a 10am EZ was established

and monitored for shut downs of the single airgdowever, based on recent direction from NMFS, power
downs would not be allowable under the IHghut downswvould be implemented for marine mammals
within the desighated EZHowever, a power down would be implemented for sea turtles or diving ESA
listed seabirds.Enforcement of mitigation zones via power and shut downs would be implemented as
described below

2.1.3.2 Operational Phase

Marine mammals and sea turtles are known to occur in the proposed survey area. However, the
number of individual animals expected to be approached closely during the proposed activities is expected
to be relatively small in relation to regal population sizes. To minimize the likedod that potential
impacts could occur to the species and stocks, monitoring and mitigation measures proposed for use during
the operational phase of the proposed activities, which are consistent withlgharfeEpast IHA and
incidental take statement (ITS) requirements, include:

1. monitoring byPSOdor marine mammals, sea turtles, and H#fed seabirds diving near

the vessel, and observing for potential impacts of acoustic sources on fish;
2. passive acoustimonitoring (PAM);
PSO data collection and documentation; and
4. mitigation during operationspeed or course alteratigggpwerdown, shutdown, and

rampup procedures; and special mitigation measures for rare species, species
concentrations, and sensitivatiitats).

w

Final EnvironmentalAssessmeribr L-DEO Aleutians 2020 Page7



Il. Alternatives Including Proposed Action

TaBLE 1. Level B. Predicted distances to which sound levels 2 160-dB and 2175-dB re 1 yPams could be
received during the proposed survey of the Aleutian Arc. The 160-dB criterion applies to all hearing groups
of marine mammals and the 175-dB criterion applies to sea turtles.

Source and Tow Water Depth Rredicted distances Eredicted distances
Volume Depth (m) (m) (in m) to the 160-dB (in m) to the 175-dB
Received Sound Level Received Sound Level
_ . >1000 m 388! 6614
Single 4|3()oi|;3 irgun, 9 100-1000 m 5822 9924
<100 m 9383 1453
2 strings, >1000 m 3,562! 7751
18 airguns, 9 100-1000 m 3,939 1,0575
3300 in® <100 m 5,2635 1,633
4 strings, >1000 m 5,6291 1,618
36 airguns, 9 100-1000 m 8,233¢ 2,2106
6600 in® <100 m 11,0006 3,4126

! Distance based on L-DEO model results. 2 Distance based on L-DEO model results with a 1.5 x correction factor between deep
and intermediate water. 3 Distance based on empirically derived measurements in the Gulf of Mexico (GoM) with scaling applied to
account for differences in tow depth. * An exclusion zone (EZ) of 100 m would be used as the shut-down distance for sea turtles in
all water depths. ° Based on empirical data from Crone et al. (2014) with scaling factor based on deep-water modeling applied to
account for differences in array size; see Appendix A for details. ¢ Based on empirical data from Crone et al. (2014); see Appendix
A for details.

TABLE 2. Level A threshold distances for different hearing groups for the 18- and 36-airgun array and a
shot interval of 50 m!. Consistent with NMFS (2016a, 2018), the largest distance (in bold) of the dual
criteria (SELcum or Peak SPL1at) was used to calculate Level A takes and threshold distances.

Level A Threshold Distances (m) for Various Hearing Groups
LF MF HF Phocid Otariid

Cetaceans Cetaceans Cetaceans Pinnipeds  Pinnipeds/Otters Sea Turtles
18 airguns
PTS SELcum 54.8 0 0.2 2.1 0 5.0
PTS Peak 23.3 11.2 119.0 25.2 9.9 9.9
36 airguns
PTS SELcum 376.0 0 0.9 9.9 0 12.8
PTS Peak 38.8 13.8 229.2 42.1 10.9 10.9

1 Using the 50-m shot interval provides more conservative distances than the 278-m shot interval. Also, Level A thresholds for the
36-airgun array are used here as a conservative measure for all airgun operations.
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Five independently contracted PSOs would be on board the survey vessel with rotating shifts to allow
two observers to monitor for marine species during daylight hours, and one obgaulctbe aboardo
conduct PAM during dayand nighttime seismic operations. The proposed operational mitigation
measures are standard for all higfergy seismic cruises, per the PEIS, and are described in the IHA
application, and therefore are not discussed further here. Special mitigation measuressidsreddor
this cruise. Concentrations of large whales may be encountered within thdB &bplethif aggregations
of food are presenif aggregations of feeding whales are encountered, they would be avditedirgun
array would be shut down ifidorth Pacificright whalewere to beobserved at any distance frdihe vessel
and if a sea otter were to be seen within thedB0adius

With the proposed monitoring and mitigation provisions, potential effects on most, if not all,
individuals would be expected to be limited to minor behavioral diatwre. Those potential effects would
be expected to have negligible impacts both on individual marine mapsealturtles, and seabir@sd
on the associated species and stocksm@tely, survey operations would be conducted aoatance with
all applicableU.S. federal regulations, including IHA and ITS requirements.

2.2 Alternative 1: No Action Alternative

An alternative to conduct i ng tdarnhtiee,iferdo pobisseedn Act i O
IHA and do not condudhe research operatiofiBable3). Under t he ANo Actiond al t e
notsupporttDEO t o conduct the proposed research operat.

obligationtog ant or deny permit applications under the N
denying the application for an IHA. If NMFS were to deny the applicatiddEzD would not be authorized
to incidentally take marine mammal$the researchwasnotonduct e d, t h eativeWNauld Act i on

result in no disturbance to marine mammals attributable to the Proposed Action. AlthoughAtiioNo
Alternative is not considered a reasonable alternative because it does not meet the purpose artdeneed for
Proposed Action, it is included and carried forward for analysistii3 8

2.3 Alternatives Considered but Eliminated from Further Analysis

Table 3 provides a summary of the Proposed Action, alternative, and alternatives eliminated from
furtheranalysis.

2.3.1 Alternative E1: Alternative Location

The Andreanof segment of the Aleutian Arc is the best location in the world to study the fundamental
processes that form oceatdirc crust. The crust here is not terribly old (~40 m.y.), it is irftaet it has
not been rifted, collided with, or subjected to discernable subduction erosion), the surface geochemistry is
well studied, and an aloraxis trend in fractionation is observed. There is no other place where this
combination of attributes carefound.

2.3.2 Alternative E2: Use of Alternative Technologies

As described in § 2.6 of the PEIS, alternative technologies to the use of airguns were investigated to
conduct higkenergy seismic surveys. At this time, these technologies are still sidilée@ommercially
viable, or appropriate to meet the Purpose and Need. Additional details about these technologies are given
in the Final USGS EA (RPS 2014a).
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TABLE 3. Summary of Proposed Action, Alternative Considered, and Alternatives Eliminated.

Proposed Action Description

Proposed Action: Under this action, research activities are proposed to study Earth processes and would
Conduct marine involve a 2D seismic survey. Active seismic portions of the survey would be expected to
geophysical survey take ~16 days. Additional operational days would be expected for transit; equipment
and associated deployment, maintenance, and retrieval, weather; marine mammal activity; and other
activities contingencies. The affected environment, environmental consequences, and cumulative

impacts of the proposed activities are described in § lll and IV. The standard monitoring and
mitigation measures identified in the PEIS would apply, along with any additional
requirements identified by regulating agencies in the U.S. All necessary permits and
authorizations, including an IHA, would be requested from regulatory bodies.

Alternatives Description
Alternative 1: No Under this Alternative, no proposed activities would be conducted and seismic data would
Action not be collected. While this alternative would avoid impacts to marine resources, it would

not meet the purpose and need for the Proposed Action. Geological data of scientific value
and relevance, increasing our understanding of the fundamental processes that form
oceanic-arc crust would not be collected. The crust created in volcanic arcs are the building
blocks for continental crust. The growth and accretion of this crust replenishes the mass lost
through weathering and erosion, maintaining both subaerial land mass and, consequently,
robust biogeochemical cycles that enable a living planet. Despite the importance of these
processes, we know surprisingly little about them. In addition, geological data adding to the
comprehensive assessment of geohazards for the Alaska region would not be collected. The
collection of new data, interpretation of these data, introduction of new results into the
greater scientific community, and application of these data to other similar settings would not
be achieved. No permits and authorizations, including an IHA, would be needed from
regulatory bodies, as the Proposed Action would not be conducted.

Alternatives Description
Eliminated from
Further Analysis

Alternative E1: The Andreanof segment of the Aleutian Arc is the best location in the world to study the
Alternative Location | fundamental processes that form oceanic-arc crust. The crust in the location is not terribly
old (~40 m.y.), itis intact (i.e., it has not been rifted, collided with, or subjected to discernable
subduction erosion), the surface geochemistry is well studied, and an along-axis trend in
fractionation is observed. There is no other place where this combination of attributes can
be found. The data that would be collected would also add to the comprehensive
assessment of geohazards for this region, and could not reasonably be collected elsewhere.
The proposed science would meet NSF program priorities.

Alternative E2: Under this alternative, L-DEO would use alternative survey techniques, such as marine
Use of Alternative vibroseis, that could potentially reduce impacts on the marine environment. Alternative
Technologies technologies were evaluated in the PEIS, § 2.6. At this time, however, these technologies

are still not feasible, commercially viable, or appropriate to meet the Purpose and Need.
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[l AFFECTED ENVIRONMENT

As described in the PEIS, Chapter 3, the description of the affected environment focuses only on
those resourcegotentially subject to impacts. Accordingly, the discussion of the affected environment
(and associated analyses) focuses mainly on those related to marine biological resources, as the proposed
shortterm activity has the potential to impact marine biaabresources within the project area. These
resources are identified in § Ill, and the potential impacts to these resources are discussed in § IV. Initial
review and analysis of the proposed Project activity determined that the following resouraticareds
require further analysis in this EA:

9 Air Quality/Greenhouse Gas&@#roject vessel emissions would result from the proposed
activities however, these sherm emissions would not result in any exceedance of
Federal Clean Air standards. Emissiarsild be expected to have a negligible impact on
the air quality within the proposed survey area;

1 Land Usé All activities are proposed to occur in the marine environment. Thehamges
to current land uses or activities in the proposed survey andd vesult from théProposed
Action;

9 Safety and Hazardous Materials and Manage@®dédd hazardous materials would be
generated or used during the proposed activities. pjectrelated wastes would be
disposed of in accordance with U.S. state and fedegairements;

1 Geological Resources (Topography, Geology and &aitle ProposedAction would result
in very minor disturbance to seafloor sediments from OBS deployments during the survey;
small anchors would not be recovered. PreposedAction would not significantly impact
geologic resources;

1 Water ResourcésNo discharges to the marinevironment that would adversely affect
marine water quality are expected in gtedyarea. Therefore, there would be no impacts
to water resources resulting from the proposed aetiyit

1 Terrestrial Biological ResourcésThe proposed Projeétction would occur in the marine
environment and would not impact terrestrial biological resources;

1 Visual ResourcésNo visual resources would be expected to be negatively impacted as the
ProposedAction would involve a continually mamg vesselandwould be shorterm a
large part of the activitiewould occur outside of the viewshed from the coastt

1 Socioeconomic and Environmental Jusdiémplementation of th€roposedAction would
not affect, beneficially or adversely, socioecaioresources, environmental justice, or the
protection of children. No changes in the population or additional need for housing or
schools would occur. Activities in the survey area could include commercial fishing,
subsistence fishing and hunting, lted recreational diving, and other vessel traffic. These
activities and potential impacts on them from the proposed survey are described in further
detail in § lll and8 IV. No other socioeconomic impacts would be expectemirasult of
the proposed aieities.
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3.1 Oceanography

The Aleutian Islands are volcanic islands surrounded by the Bering Sea to the north and the Pacific
Ocean to the south. The Aleutian Trench extends from the northernmost point in the GOA west to the
KamchatkaPeninsula, south of the Aleutian Islands; it has water depths >7000 m. The Aleutian Basin is
located north of the Aleutian Islands, with water depths up to 3600 m (Stabeno et al. 1999).

Oceanic conditions in the northwest Pacific are dynamic; the Kurdshicent and Kuroshio
Extension, flowing north and eastward from Japan, and the Oyashio Current, flowing south from the Bering
Sea and the Sea of Okhotsk, converge there (Pickard and Emery 1990). Because of the complex topography
(including steep slopesd seamounts) and currents in the area, frequent eddies are formed in this area
(Bush et al. 1996)The Aleutian Low is a lowpressure system along the Aleutian Island chain (Stabeno et
al. 1999). During the summer, with long daylight periods and higplation, the Aleutian Low is weak
(Stabeno et al. 1999). During winter, the Aleutian Low intensifies and dominates weather over the North
Pacific and Bering Sea (Stabeno et al. 1999). During the winter, an averagestdréns per month move
eastward lmng the Aleutian Islands (Stabeno et al. 1999). The general climate istehaeatby high
winds, overcast skies, and frequent cyclonic storms (Armstrong 1971). Warm water from the Japanese
current moderates the temperature.

The Bering Sea to the ribris a deep basin with depths >1000 m. In the Bering38sem, there is
a cyclonic gyre, with the southwaflbwing Kamchatka Current in the west and the northwkraing
Bering Slope Current in the east (Stabeno et al. 1999). Circulation in thg Begris strongly influenced
by the Alaska Stream, which enters the sea through the passes in the Aleutian Arc (Stabeno et al. 1999).
The Alaska Stream flows west along the southern side of the Alaska Peninsula and Aleutiaratslands
brings fresh surfae water and warm sedurface water into the Bering Sea (Stabeno et al. 198@er
flowing through the Amchitka and Amukta passes is the source of the Aleutian North Slope Current (Reed
and Stabeno 1999), which flows eastward alongtrthernarc (Stakeno et al. 1999).

There is extensive flow from the North Pacific through the 14 main passes in the Aleutian Arc into
the Bering SeéStabeno et al. 19995amalga Pass appears to be a division between shallow shelf passes
in the east and deeper passethe west (Ladd et al. 2004, 2005). Unimak Pass is <80 m deep and ~30 km
wide; it allows water from the laska Coastal Current C) to flow into the Bering Sea (Stabeno et al.
1999). Akutan pass <120 m deepand Amukta, Seguam, and Tanaga passesl&@ m deegStabeno
et al. 1999) Only three of the passes (Amchitka Pass, Near Strait, and Kamchatka Strait) are >700 m deep
(Stabeno et al. 1999)The ACC extends 1000 km along the GOA, from southern Alaska to Unimak Pass
(Stabeno et al. 1999). Tkeamchatka Strait is the major area of outflow of the Bering Sea; it is >2000 m
deep (Stabeno et al. 1999).

Strong tidal currents and the topography of the Aleutian passes result in frontal regions between
vertically-mixed and stratified areas. The condtion of nutrientich slope water and high summer solar
radiation in the Bering and Chukchi seas create high productivity (Walsh et al. 1989). A bloom often starts
on the shelf; the annual primary productivity varies from >200 ¢ ©¥rer the southeasteshelf to >800
g C/n? north of St. Lawrence Island (Arzhanova et al. 1@8Stabeno et al. 1999Ray et al. (2014poted
aproductivity of 150200 g C/m per year along the Aleutian IslandBhe postbloom production appears
to be higher in the eastepasses than in the central passes (Mordy et al. 2004). Because of strong currents,
there is strong vertical mixing of nutrienth water in the passes, which in turn accounts for the high
primary productivity in the Bering Sea (Stabeno et al. 2008t productivity supports marine mammal,
seabird, and fish populations.

Coyle et al. (1998) noted that a front divides the Bering Sea water mass from the mixed water in the
pass and the Alaska Stream water to the south, and that chlorophyll cormes&ratl biomass were higher
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on the Bering Sea side of the frorieeman (2004) showed that there was a decline in productivity from
the east to the west in the Aleutian Islantis2002, Unimak and Akutan passes had a primary production

of 2.8 and 3.9 €m?d?, whereas passes to the welsbwed valuesanging from 0.04 to 1.6 g Cfd?
(Zeeman 2004).Surface waters were warmer and fresher, and nutrient concentrations were lower, to the
east of Samalga Pass than those to the west of the pass (Ladd et al. 2004 1#0688&%tern Aleutian shelf

is dominated by the euphausilthysanoessa inermand shdl copepods (Coyle 2005). However, those
species are rare or absent in the central Aleutians, where oceanic copepods and the ebiphhassth
pacificadominate (Coyle 2005). Eddies and fronts generated by tides appear to be mechanisms through
which zmplankton are concentrated in the passes, particularly in the middle Aleutian passes. Overall
zooplankton densities are higher in the central #d@s, but euphausiid species densities are lower there
than in the east (Coyle 2005).

3.2 Protected Areas
3.2.1Critical Habitat for ESA -listed Species

Severallocationswithin or near the proposed survey area have been specifically identified as
importantto ESArlisted species, including critical habitat for three species of marine mammals (Fig. 1).

3.2.1.1 North Pacific Right Whale Critical Habitat

Critical feedingseason habitat has been designated by NMFS for the North Pacific right whale in the
western @A and in the southeasn Bering SeaSEBS 71 FR 382776 July 200$. The bulk of the
critical habitat lies in the Bering Sea with a small portion in the GOA located southeast of Kodiak Island.
The closest critical habitat to the proposed survey ar&aatedo the northeasn the Bering Seanore
than 400 kmaway None of the proposed transect lines enter the critical habitat, and the survey would
occur far enough away from the critical habitat area that received sound levels within thenuafhitabt
exceed 160mdB re 1 egPa

3.2.1.2 Steller Sea Lion Critical Habitat

Critical habitat for Steller sea lions is defined in detail in the Code of Federal Regulations (50 CFR
226.202). This species is divided into Western and Eastern DPSs with a boundary at 144°W. The survey
area lies within the range of teadargeredWestern DP&nd includes critical habitat (Fig..1The Eastern
DPS was formerly listed as threatened but was delisted in 2013 (78 FR 66139, 4 November 2013).
Designated critical habitat currently includes terrestrial, aquatic, and air zonestémat 8000 ft (0.9 km)
landward, seaward, and above each major rookery and major haulout in Alaska. For the Western DPS, the
aquatic zone extends further, out 20 n.mi. (37 km) seaward of major rookeries and haulouts west of 144°W
(50 CFR 226.202).In addtion to major rookeries and haulouts, critical habitat foraging draas been
desigratedin Seguam Pass, Bogoslof area, and Shelikof Strait. Of the foraging algaSegnam Pass
overlaps the proposed survey area (Fig. 1). The Bogoslof foraginig dweated to the east of the survey
area, and Shidof Strait isin thewestern GOA.l n addi ti on, Aino approacho bu
sites of the Western DPS of Steller sea lions are identified in the Code of Federal Regulations (50 CFR
223.202).iNo0 approacho zones are restricted areas whel
km) of listed rookeriessome of these are adjacent to the survey(&igal) The proposed transect lines
were adjusted tavoidexposing the area within 3000 ft (0.9 km)nadjor rookeriesand haulouts to sound
|l evel s 0160 dB.

3.2.1.3 Sea Otter Critical Habitat

Critical habitat for the Southwest Alaska DPS of the northern sea otter was designated in November
2009 (74 FR 51988, 8 Qober 2009. The critical habitat primarily consists of shallewater areas <20 m
deep and nearshore water within 100 m of the mean tide Asenone of the proposed seismic transects
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would enteror ensoniy sea otter critical habitab sound levels >80-dB during seismic operationgo

takes are being requested for sea att&snoted earlier, some transect lines would be acquired using the
18-airgun array in order to avoid exposing sea ot critical habitato sound levels >160 dBThis
apprachwas discussed with USFW#Bd an IHA application originally submitted for the proposed survey

was withdrawn after adjustments were made to the survey design to avoid takes of sea otters and impacts
to critical habitat

3.2.2 Other Protected Areas

The Aleutian Islands and theurroundingwaters(totaling 279,415 k) have been designated as a
Habitat Conservation Arday the North Pacific Fishery Management Council (NPFM@hin which no
bottom trawling can occur (Warrenchuk et al. 2013gveral arearear the proposed survey area have
been designated as Habitat Areas of Particular Concern (HAPCs) within &lassential fish habitat
(EFH). However, there are no HAPCs in the proposed survey area; the nearest HAPC to the survey area is
Bowers Ridge Habitat Conservation Ze+i0 kn to the northwest (Fig. 1)HAPCs are considered high
priority areas for conservation because they are rardtigensr provide important ecosystem functions.
HAPCs are discussed furtherSaction 3.7 below.

The Aleutian Islands Coral Habitat Protection Aredssignated by NPFMGQnclude six areas
totaling 111 kmthat do not allow bottom contact gear or analge; these sites are located in Adak Canyon
and off Great Sitkin Island, Bobrof Island, Cape Moffett Island, Semisopochnoi Island, and Ulak Island
(Warrenchuk et al. 2017). Although some of these sites are located within the overall proposed survey area,
no anchorage or bottom contact with gear would occur at these specific locatio®BSs would be
deployed in these areas, and none of the proposed transect lines would pass through these areas.

The nearshore portisrof the proposed survapay ke plae within he Alaska Maritime National
Wildlife Refuge whichi ncl udes fii sl ands, i sl ets, headl ands, r
(Pippins 2012) and covers >4.8 million acres (19,425 lextending from Forrester Island to the Aleutian
Chain and northward along the coastline to near Barrow (USFWS 2019a). The Alaska Maritime Wildlife
Refuge was established to ficonserve marine mammal
resources upon which they esesenti(adSFnashi2t0alt9 afyor Q
(~80% of all breeding seabirds that migrate to Alaska), representing >30 species and including endemic
subspecies and raasiatic migrants (USFWS 2019a). It also protects theeBtah lion, sea otter, fur dea
and salmon streams (USFWS 2019a). Permitted activities include wildlife and bird viewing, and sport
fishing in accordance with Alaska Fish and Game regulations (USFWS 2019a). A conservation plan for
the refuge provides direction for permitting submise use by residents and scientific research of marine
resources (USFWS 2019bheAleutian Islands Wildernesghich extends ~1100 nris part of this refug
and includes terrestrial areem Amak Island on the east to Attu Island in the west (Pippins 2012).

Several inportant birdareas(IBAs) occur within the proposed study araad aim to protect and
manae sites that are imp@ant for the longerm viability of bird populationgirdlife International 2020a).
They include sites for breeding, foraging, staging, molting, and migratitge designated as marine IBA,
the site must support a high bird concentration, or providétdt for rare, threatened species, or species
with a restricted range (8th 2017. In Alaska, most IBAs are globally significant, includialy of those
in the study area in thisleutians, as they include at least 1% of the world population of seaiatiseast
1% of the North American population of waterfowl and shorebirds (Smith 2@vér 10 million birds
nest in the Aleutians during summer, including fulmars, puffins, auklets, cormorants, gulls, storm petrels,
terns, kittiwakes, guillemots, mues and murrelets (Pippins 2012Ylarine IBAs within the study area
include Seguam Island Marine, Fenimore Pass & Atka Island Marine, and KulukGBagioi Island
Marine BIA is located just west of the proposed survey area (Smith 26&R)more Pass &tka Island
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Marinetypically supportdl.1 million nesting birds (Smith 2017 he Unimak and Akutan Passes BIA to
the east of the survey area has the greatest abundance of birds, with an estimated 7 million birds (Smith
2017). Colony IBAs occur & Koniuji-Atka Island within the study area, and the westat Gareloi Island

(Smith 2017). Biologically important areas (BIA) for cetaceans also occur near the proposed study area.
These are discussed below.

3.3 Marine Mammals

The marine mammals that occur in the proposed survey area belong to four taxonomic groups:
odontocetes (toothed cetaceans, such as dolphins), mysticetes (baleen whales), pinnipeds ¢esals
lions), and fissipeds (sea otteffrighteencetacean specigsix pinniped speciesand the northern sea otter
are known to or could occur in thoposedAleutian Arc survey aregTable 4). Several of these
species/populations are listed under the ES@mnakmngeredincluding the North Pacific right, sperfin,
sei,and blue whales, th&/estern North Pacific DPSs of humpback and gray whales, and the Western DPS
of Steller sea liom ThethreatenedMexico DPS of humpback whalend the ®uthwest Alaska DPS of
sea otters could also occur in the region

Several other North Pacific cetacean species are not included here because they do not typically
occur as far north Brydes whale; pygmy and dwarf sperm whales; Blain@i)egingketoothed, and
Longmaris beaked whales; pygmy and false killer whadésit-finned pilot whalemelonheaded whale;
common Fraseés, pantropical spottedstriped spinner roughtoothed andcommon bottlenose dolptsn
In addition, he bowhead whale, beluga whale, walrus, bearded seal, and ringed seal are typically found
farther to the north, especially during the sumpagidare not discussed furtheCetaceans and pinnipeds
are the subject of the IHA application to NMFS; the sea otter is under USFWS jurisdigtiustments
were made to the survey design to avoid takessafotters and impacts to critical habitat.

General information on the taxonomy, ecology, distribution and movements, and acoustic
capabilities of marine mammals are given in 8 3.6.1, § 3.7.1, and § 3.8.1 of tlalFEGS PEIS. The
general distributios of marine mammals in the western North Pacific Ocean is discus§Ri62.4,
§3.7.2.4,8.8.2.4, and 8.9.2.3 othe PEIS for the western GOA. The rest of this section deals specifically
with marine mammal distribution within the proposealvey area. Infonation on the occurrence near the
proposed survey area, habitat, population size, and conservation status for each of the marine mammal
species that could occur in the area is presented in Zable

3.3.1 Mysticetes
3.3.1.1 North Pacific Right Whale (Eubalaena japonic

North Pacific right whales summer in the northern North Pacific, primarily in the Okhotsk Sea
(Brownell et al. 2001) and Bering Sea (Shelden et al. 2005; Wade et al. 2006). This species is divided into
western and easteidorth Pacific stocks. The eastern North Pacific stock that occurs in U.S. waters
numbers only ~31 individuals (Wade et al. 2011b), and critical habitat has been designat€&sEBShe
and GOA, south of Kodiak Island VA 2008. Wintering and breeding eas are unknown, but have
been suggested to include the Hawaiian Islands, Ryukyu Islands, and Sea of Japan (Allen 1942; Banfield
1974; Gilmore 1978; Reeves et al. 1978; Herman et al. 1980; Omura 1986).

Since the 1960s, North Pacific right whale sightings have been relatively rare (e.g., Clapham et al.
2004; Shelden et al. 2005). Shelden et al. (2005) reported that the slope and abyssal plain in the western
GOA were important areas for right whales uttig¢ late 1960s. In March 1979, a group of four right
whales was seen in Yakutat Bay (Waite et al. 2003), but there were no further reports of right whale
sightings in the GOA until July 1998, when a single whale was seen southeast of Kodiak Islan@t(\Waite
al. 2003). Right whale acoustic detections were made south of the Alaska Peninsula and to the east of
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TABLE 4. The habitat, abundance, and conservation status of marine mammals that could occur in or near
the proposed seismic survey area in the Aleutian Arc, North Pacific Ocean.

Occurrence Abundance Aisgg);na(ie
Species Habitat in Study (Alaska) (North ESA! [IUCN?|CITES®
Area* i
Pacific)
Mysticetes
North Pacific right whale Coastal, shelf Rare 28-314 400-500° EN CR%® |
6
Gray whale Mainly coastal Rare N.A. 2623870 EN/DL® | EN®C |
9
Humpback whale Coastal, banks | Uncommon 1(1)11%7310 21,0631 EN/;';/DL LC I
Common minke whale Coastal, shelf Common 123313 20,0004 NL LC |
Sei whale Pelagic Uncommon N.A. 27,1975 EN EN |
Fin whale Pelagic Uncommon | 165213 1183282(?16 EN vuU I
Blue whale Pelagic, shelf, Uncommon N.A. 164717 EN EN |
coastal
Odontocetes
Sperm whale Pelagic Common 15918 26,300%° EN VU |
Cuvier's beaked whale Pelagic Uncommon N.A. 3274%° NL LC Il
269720
Baird’s beaked whale Pelagic Uncommon N.A. 502921 NL DD I
10,190%
Sato’s beaked whale Pelagic Rare N.A. N.A. NL NL |
Stejneger’s beaked whale Likely pelagic | Uncommon N.A 30442023 NL DD Il
Pacific white-sided dolphin Pe'ig'gégl‘e”' Uncommon | 26,8802 | 988,333% NL LC I
Northern right whale dolphin| Slope, pelagic Rare N.A 26,556%° NL LC Il
Risso’s dolphin Pelagic, shefl, | Rare N.A. 838,000% | NL | Lc |
Pelagic, shelf 234777
Killer whale cgas’,tal ’ Common 58728 50002° NL31 DD Il
300%°
32
Harbor porpoise Coastal Common g?gigss N.A. NL LC Il
Dall's porpoise Pelagic, shelf Common 83,400%* | 1,186,000% NL LC [
Pinnipeds
Northern fur seal Pelagic, breeds | -, mon | 620,660% | 1.1 million” | NL | VU | NL
coastally
. 43,2018 0 o
Steller sea lion Coastal, offshore| Common 53 62439 N.A. EN/DL*? [ EN NL
Harbor seal Coastal Common 55884 205,09042 NL LC NL
Northern elephant seal Coastal, offshore| Uncommon N.A. 22313(?88‘{3 NL LC NL
Ribbon seal Mostly pelagic, |\, ommon | 184,697 N.A. NL | L | AL
ice-associated
Spotted seal Pelagic, coastal, | - o 461,625 N.A. NL Lc | N
ice-associated
Fissipeds
54,7714
Northern Sea Otter Coastal Common 25,7126 N.A. T8 EN Il
18,2974
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N.A. = not available. NL = Not listed.

* Occurrence in area at the time of the survey; based on LGL professional opinion and available data.

1U.S. Endangered Species Act (ESA): EN = Endangered; T = Threatened; DL = Delisted;

2 Classification from the International Union for the Conservation of Nature (IUCN) Red List of Threatened Species (IUCN 2019); CR
= Critically Endangered; EN = Endangered; VU = Vulnerable; LC = Least Concern; NT = Near Threatened; DD = Data Deficient.
8 Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES; UNEP-WCMC 2017):
Appendix | = Threatened with extinction; Appendix Il = not necessarily now threatened with extinction but may become so unless
trade is closely controlled.

4 Bering Sea/Aleutian Islands (Wade et al. 2011b).

5 North Pacific (Jefferson et al. 2015).

5 Eastern North Pacific stock (Carretta et al. 2019).

" Western North Pacific stock (Carretta et al. 2019).

8Western stock is endangered; eastern stock was delisted (Carretta et al. 2019).

9Western North Pacific stock (Muto et al. 2019a).

10 Central North Pacific stock (Muto et al. 2019a).

1 North Pacific, 2004—2006 (Barlow et al. 2011).

2Wwestern North Pacific DPS is listed as endangered and Mexico DPS is threatened; the Hawaii DPS was delisted in 2016.
13 Western GOA and eastern Aleutians (Zerbini et al. 2006).

14 Northwest Pacific and Okhotsk Sea (IWC 2019).

15 Central and Eastern North Pacific (Hakamada and Matsuoka 2015).

16 North Pacific (Ohsumi and Wada 1974).

17 Eastern North Pacific stock (Calambokidis and Barlow 2013).

18 Northern GOA and Aleutians (Zerbini et al. 2004).

19 Northeast Temperate Pacific; estimate based on visual sightings (Barlow and Taylor 2005).

20 California/Oregon/Washington stock (Carretta et al. 2019).

21 pacific coast of Japan (Thewissen 2018).

22\Western Pacific Ocean (Okamura et al. 2012).

2 All mesoplodont whales (Carretta et al. 2019).

24U.S. North Pacific stock (Muto et al. 2019a).

2 North Pacific Ocean (Miyashita 1993b).

2 Western North Pacific Ocean (Miyashita 1993a).

27 Eastern North Pacific Alaska Resident stock (Muto et al. 2019a).

28 Eastern North Pacific Gulf of Alaska, Aleutian Islands, and Bering Sea Transient stock (Muto et al. 2019a).

2% Eastern North Pacific Offshore stock (Carretta et al. 2019).

30 Northeastern Pacific Ocean, from Aleutians to California (Ford 2018).

31 0Only the southern resident DPS is listed as endangered, but it does not occur in the Aleutian Islands.

32 Bering Sea stock (Muto et al. 2019a).

33 GOA stock (Muto et al. 2019a).

34 Alaska stock, but estimate more than 8 years old (Muto et al. 2019a).

35 North Pacific Ocean and Bering Sea (Houck and Jefferson 1999).

36 Eastern Pacific stock (Muto et al. 2019a).

87 North Pacific (Jefferson et al. 2015).

38 Eastern U.S. stock (Muto et al. 2019a).

3% Western U.S. stock (Muto et al. 2019a).

4 The Western DPS is listed as endangered; the Eastern DPS was delisted in 2013.

41 Aleutian Island stock (Muto et al. 2019a).

42 Alaska statewide (Muto et al. 2019a).

4 U.S. and Mexico (Lowry et al. 2014).

44 Alaska (Muto et al. 2019a).

4 Southwest Alaska DPS (Muto et al. 2019b).

46 Southeast Alaska DPS (Muto et al. 2019b).

47 Southcentral Alaska DPS (Muto et al. 2019b).

48 Southwest Alaska DPS is threatened; others are not listed.

4% Northeast Pacific subpopulation is critically endangered; globally, the North Pacific right whale is considered endangered.
50 Globally considered as least concern; western population listed as endangered.

51 Globally considered as near threatened; western population listed as endangered.
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Kodiak Island in 2000 during August and September (Waite et al. 2003; Mellinger et al. 2004b), but no
acoustic detections were made from April to August 2003 (Munger et al. 2008) or in April 2009 (Rone et

al. 2010). Three sightings and one acoustic detedf right whales were made in Barnabas Trough south

of Kodiak Island during NOAA surveys in 2004 to 2006 in areas with high densities of zooplankton (Wade

et al. 2011a). Those authors also report a fourth opportunistic sighting by a commercialfistgethat

time in the same area. Another three right whales were acoustically detected in the Barnabas Trench area
during a toweePAM survey of the U.S. Navy training area east of Kodiak in the summer of 2013, but none
were observed visually (Rone et2014). Right whales were not detected acoustically in any yeari(2011

2015) of the fixed PAM monitoringast of Kodiak Island (Bauma+iickering et al. 2012; Debich et al.

2013; Rice et al. 2015), and no right whales were visually observed during threeof/surveys (2009,

2013, and 2015) to the east and south of Kodiak Island (Rone et al. 2017). However, a right whale was
detected acoustically on a recorder in the GOA (!
2015). A single North Pacific right whale was seen durinPIEO6s sei smi c survey in
in summer 2011 (RPS 2011). A feeding BIA has been identified east of the Kodiak Archipelago,
encompassing the GOA critical habitat and extending south of 56°Mattd of 58°N and beyond the

shelf edge (Ferguson et al. 2015a).

In the eastern North Pacific, south of 50°N, only 29 reliable sightings were recorded from 1900 to
1994 (Scarff 1986, 1991; Carretta et al. 1994). Starting in 1996, right whales hav@dteed regularly
in the SEBS including calves in some years (Goddard and Rugh 1998; LeDuc et al. 2001; Moore et al.
2000, 2002b; Wade et al. 2006; Zerbini et al. 2009; Friday et al. 2012); they have also been detected
acoustically when sonobuoys wemptbyed (McDonald and Moore 2002; Munger et al. 2003; 2005, 2008;
Berchok et al. 2009; Crance et al. 2017; Wright et al. 2017). Right whales are known to occ8EB$he
from May to December (e.g., Tynan et al. 2001; Hildebrand and Munger 2005; Muag&tG95, 2008).
Call frequencies tend to be higher in J@gtober than from Maylune or Novembébecember (Munger
et al. 2008). Right whales seem to pass through the rrstiéléareas, without remaining there longer than
a few days (Munger et al. @8). Besides being a critical habitat area, this region has also been identified
as a BIA for right whale feeding (Ferguson et al. 2015b). In addition, calls have also been detected north
of St. Matthew Island (61.6°N) during summer 2016 and within UkiR&ss in the eastern Aleutian Islands
during all months of the year (Wright et al. 2018, 2019). Single sigghtiave also been reported just north
of Unimak Pass (Zerbini et al. 2015) and in the northern Bering Sea, at Chukotka (Filatova et al. 2019).
One right whale was sighted in the Aleutian Islands south of Unimak Pass in September 2004 (Wade et al.
2011b). Matsuoka et al. (2018)Isoreported a sighting to the south of the Aleutian Isldrd&°N, 1803,
along with numerous other sightings to gmthwest of the Aleutian Islands and in the Sea of Okhotsk
during 19822014 likely from the western stocKt is possible although unlikely that a right whale could
be seen during the proposed survey.

3.3.1.2 Gray Whale (Eschrichtius robustu}

Two seprate populations of gray whales have been recognized in the North Pacific (LeDuc et
al. 2002)i the eastern North Pacific and western North Pacific (or Ke@drotsk) stocks. However, the
distinction between these two populations has been recentlyededaing to evidence that whales from
the western feeding area also travel to breeding areas in the eastern North Pacific (‘Alefédf 2013;

Mate et al. 2015). Thus, it is possible that whales from botartiangered/NVestern North Pacific and the
delisted Eastern North Pacific DPS could occur in the propaksedian Islandsurvey area.

Gray whale populations were severely reduced by whaling, but the eastern North Pacific population
is considered to have recovereth 2009, Punt and Wade (2@} estimated the eastern North Pacific
population to be at 85% of its carrying capacity. The eastern North Pacific gray whale breeds and winters
in Baja, G\, and migrates north to summer feeding grounds in the northern Bering, Chukchi, and western
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Beaufortseas (Rice and Wolman 1971; Rice 199fferson eal. 2015. Most of the eastern Pacific
population makes a rourtdp annual migration 0$18000 km. From late May to early October, the
majority of the population concentrates in the nortlard western Beringnd Chukchiseas. However,

some individuals spend the summer months scattered along the coasts of southeast Alaska, B.C.,
Washington, Oregon, and northern California (Rice and Wolman 1971; Nerini 1984; Darling et al. 1998;
Dunham and Diflus 2001, 2002; Calambokidis et al. 2002). Gray whales are found primarily in shallow
water (Braham 1984).

It is difficult to determine precisely when the southbound migration begins; whales near Barrow were
moving predominantly south in August (Mahet609Braham 1984). Gray whales leave the Bering Sea
through Unimak Pass from late October through January (Braham 1984). From October to January, the
main part of the population moves down the west coast of North America. Rugh et al. (2001) analyzed data
collected from two sites in California to estimate the timing of the gray whale southward migtta¢ion
median date for the migration was 1 December in the central Bering Sea (a nominal starting point), 12
December at Unimak Pass, 18 December at Kodiakd, and 5 January for Washington.

By January and February, most of the whales are concentrdsggbions along the Pacific coast of
the Baja Peninsula, Mexico. From late February to June, the population migrates northward to arctic and
subarctic sea(Rice and Wolman 1971). The peaktaf northward migration in the GOA occurs in mid
April (Braham 1984). Most gray whales follow the coast during migration and stay within 2 km of the
shoreline, except when crossing major bays, straits, and inletssrotheast Alaska to the eastern Bering
Sea (Braham 1984). Gray whales use the nearshore areas of the Alaska Peninsula during the spring and
fall migrations, and are often found within the bays and lagoons, primarily north of the peninsula, during
the summer (Brueggeman et al. 1989 Waite et al. 1999). However, gray whales are known to move
farther offshore between the entrance to Prince William Sound (PWS) and Kodiak Island and between
Kodiak Island and the southern part of the Alaska Peninsula (@ienisét al. 1982). During MayOctober,
primary occurrence exten@8 kmseaward.

In summer, gray whales are seerthia Bering Sea (Moore et al. 2002Briday et al. 2012, 20}3
and in the GOA, including around Kodiak Island (e.g., Wade et al. 20@&mbokidis et al. 2004;
Calambokidis 2007; Moore et al. 2007). In fact, gray whales have been seen feeding off southeast Kodiak
Island, in particular near Ugak Bay, ygaund (Moore et al. 2007). One feeding aggregation in July
consisted of 353400 anmals, clustered in groups of il¥0 animals, from the mouth of Ugak Bay to 100
km southeast ofJgak Island (Moore et al. 2007Rone et al. (2017) sighted gray whales off Ugak Island,
Kodiak, in all three years (2009, 2013, and 2015) of surveys east iikKIsthnd. Gray whales were
detected acoustically throughout the summer and fall at fixed hydrophones on the shelf off Kenai Peninsula
and near Kodiak Island in the military training area in a 28045 study (Rice et al. 2015). During aerial
surveys irnthe northwestern GOA arSEBSin 1985, Brueggeman et al. (1987) sighted most gray whales
during the migration periods in April and Novemitdeecember; only a few whales were seen in the area
during summer.

BIAs for feeding for gray whales have been idegdifin the waters east of the Kodiak Archipelago
(greatest densities from June through August; Ferguson et a. 2015a), and along the northern Alaska
Peninsula, where the greatest densities occur from April to July (Ferguson et al. 2015b). Additionally,
migratory corridor BIAs have been identified: (1) from Unimak Pass in the western GOA to the Canadian
border in the eastern GOA, as gray whales occur in this area in high densities during November through
January (southbound) and March through May (northbp8iifrom Unimak Pass to Nunivak Island for
the northbound migration; and (3) Unimak Pass during the southbound migration (Ferguson et al. 2015a,b).
Gray whales are considered common in the nearshore waters of the eastern Aleutian Islands, but are not
likely to occur in the study area farther to the west. Twamtygray whale sightings of 123 individuals
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were seen during summer (Juhugust) surveys in 2002003 from the Kenai Peninsula to the central
Aleutian Islands (Wade et al. 2003). In June 2@0group of ~30 killer whales was seen feeding on a gray
whale carcass in Unimak Pass (Wade et al. 20B68)wever, gray whales are unlikely to occur in the
proposed Aleutiadrc study area.

3.3.1.3 Humpback Whale (Megaptera novaeanglige

The humpback whalis found in all ocean basins (Clapham 20&8h genetic evidence suggesting
three separate subspecies: North Pacific, North Atlantic, and Southern Hemisphere (Jackson et al. 2014).
Nonetheless, genetic analyses suggest some gene flow (either paseat)petween the North and South
Pacific (e.g., Jackson et al. 2014; Bettridge et al. 2015). Although considered to be mainly a coastal species,
the humpback whale often traverses deep pelagic areas while migrating (e.g., Mate et al. 1999; Garrigue et
al. 2015). North Pacific humpback whales migrate between summer feeding grounds along the Pacific Rim
and the Bering and Okhotsk seas and winter calving and breeding areas in subtropical and tropical waters
(Pike and MacAskie 1969; Rice 1978; Winn anddRigy 1985; Calambokidis et al. 2000, 2001, 2008).

In the North Pacific, humpbacks winter four different breeding areas: (1) along the coast of
Mexico; (2) along the coast of Central America; (3) around the Main Hawaiian Islands; and (4) in the
western Pacific, particularly around the Ogasawara and Ryukyu islands in southern Japan atigethe no
Philippines (Calambokidis et al. 2008; Fleming and Jackson 2011; Bettridge et al. 2015). These breeding
areas are recognized as the Mexico, Central America, Hawaii, and Wékiein Pacific DPSs
respectivel(NMFS 2016b). Hawaii is the primaryintering area for whales from summer feeding areas
in the GOA (Calambokidis et al. 2008However, ndividuals from the Hawaii, WesteNorth Pacific, and
Mexico DPSs could occur in the propogddutian Arc survey area to feg@.g.,Calambokidis et aR008
Titova et al. 2018

There is potential for mixing of the western and eastern North Pacific humptusds o their
summer feeding grounds (Muto et al. 28H). NMFS is currently reviewing the global humpback whale
stock structure in light of threvision to their ESA listing and identification of 14 DPEMES 2016H.

NMFS recognize two stocks of humpback whal@s Alaskan waters the Central North Pacifistock

occurs from southeast Alaska to the Alaska Peninaoththe Western North Pacistock occurs from the
Aleutians to the Bering Sea and Russia. These two stocks overlap on feeding grounds in the eastern Bering
Sea and the westeBOA (Muto et al. 2018,0. Given the stock boundaries, orihe Western North

Pacific stock is likely to occur within the proposed Aleutiene studyarea BIAs for humpback whale

feeding have beedentified (1) along the eastern Aleutian Islands and Bristol Bay (highest densities June
through September); (2) 8imagin Islands (highest densities from July through Augustyr@@indkodiak

Island (highest densities from July through Septenbanyl (4) PWS (high densities from September to
December)Ferguson et al. 20153.

Waite et al. (1999) identified 12rdividualsin the western GOA and eastern Aleutian Islandsfr
1991 to 1994most sightings occurred around Kodiak Island, but sightings were also made in the Shumagin
Islands, off Akutan Island, ang280 km south of the Shumagin Islandsuring July 20@, two killer
whales were seen harassing a humpback whale mother and calf east of the Shumagin Islands (Wade et al.
2003). Waite (2003) reported that 117 humpbacks were seen in 41 groups during their surveys in the
wesern GOA in 2003, with aggregationd$f northeast Kodiak IslandSightings of humpbacks around
Kodiak Island were made most frequently in the fall, and aggregations were seen off Shuyak and Sitkalidak
islands (Wynne and Witteveen 2005), as well as in Marmot and Chiniak bays (Baraf08bal S2ghtings
have been reportexbuth anakast of Kodiakslandduring surveys bjRone et al(2017), and peak acoustic
detections were made theU.S.Navytraining area in th&OA during late fall through early winter, with
detections at all shel§lope, and seamount sites (Baum&ickering et al. 2012; Debich et al. 2013; Rice
et al. 2015). In the western GOA, Umpbackwhales were the most frequently sighted cetacean during
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L-DEOG seismic surveyn summer 2011RPS 2011)but only two sightings were made durind)LE O 6 s
seismic survey idune2019 (RPS 2018).

Humpback whales are considered common in nearshore waters of the eastern Aleutian Islands.
Forney and Brownell (1996) made 57 sightings during their sus@ythof the eastern Aleutian Islands
and western GOAn 1994; hey were the secondost frequentlyencountered cetacean and the most
commonlyseen large whaleln the eastern Aleutiantheywere mostly seen in offshore waters over the
Aleutian Trench or théleutian Abyssal PlaiffForney and Brownell 1996)Waite et al. (1999) identified
seven whalesaar Akutan Islanih 1991 During summer surveys from the Kenai FjordAtmchitka Pass
in the central Aleutian Islanda 2001 2003, 407 sightings of 773 hulmgcks were made (Wade et al.
2003) They were most abundant near Kodiak Island, Shumagin Islands, and UnimakvBasksemost
westerly gghting at Umnak Island; abundance in #reawas estimated at 264with a density of 0.0012
whales/knd (Zerbini et al. 2006)Humpbacks that were tagged near Unalaska Bay during the summer spent
the majority of time on the Bering Sea shelf and slope individual traveled as far west as the Island of
Four Mountains, just west of Samalga Pass, and andthepbacktraveled all the way to Chukotka,
Russia, before traveling east again to Navarin Canyon (Kennedy et al. 2014).

During surveys in the centrahsterrBering Sea (CEBS) and SEB8impbacks have been primarily
sightedsouthwest of St. Lawrendsland in Bristol Bay, and along the Alaska Peninsi{Moore et al.
2002h Friday et al. 2012, 2013 The dundance estimafer 2010 fortheU.S. portion of thBering Sea
was 675with a density of @006/kn¥ (Friday et al. 2018 Sightings were alsmade in the eastern Aleutian
Islands,including north of Unimak and Unalaska Islands, and in Unimak PMesre et al. 20020bFriday
et al. 2012, 2013 During the Splash 2004 Cruise from 12 to 25 August, nine humpback whales were seen
in the Aleutian Islands (Barlow 2004a,b)During an LDEO cruise along the Aleutian Islands during
summer 2005, humpback whales were only seen along northern Unalaska Island (Ireland et aTh005).
speciescould be encountered duritige proposed survey.

3.3.1.4 Common Minke Whale Balaenoptera acutorostraja

The common minke whale has a cosmopolitan distribution ranging from the tropics and subtropics
to the ice edge in both hemispheres (Jefferson et al. 2015). In the Northern Hemisphere, minke whales are
usually seen in coastal areas, but can atswirin pelagic waters during northward migrations in spring
and summer, and southward mation in autumn (Stewart and Leatherwood 1985). In the North Pacific,
the summer range extends to the Chukchi Sea; in the winter, minke whales move further south2& within
of the Equator (Perriat al.2018). The International Whaling Commission (IWC) recognizes three stocks
in the North Pacific: the Sea of Japan/East China Sea, the rest of the western Pacific west of 180°, and the
remainder of the Pacific (Donovan 199Minke whales are relatively common in the Bering and Chukchi
seas and in the inshore waters of the GOA (Mizroch 1992)ey are als@onsidered common in the
Aleutian Islandsbut they are not abundant in any other part of the eastern Pacific (Bmeggeal. 1990).

Sightings in the GOA, near Kodiak Island, were made by Rone et al. (2017) as well as by RPS (2011)
during the 1-DEO seismic survey conducted in the summer of 204dditionally, Waite (2003) sighted
four minke whales in three groupsrohg surveys in the western GOA in 2003, south of the Kenai Peninsula
and south of PWS. Baraff et al. (2005) reported a single sighting near Kodiak Island in Juliv2002.
et al. (2002b) reported a minke whale sighting south of the Sanak Islar&f301, three killer whales were
observed attacking a minke whale near the Shumagin Islands (Wade et al. 2003).

Minke whales have been seen throughout the Bering8eare et al. 2002b; Friday et al. 2012,
2013) The dundanceestimate for the U.Sortion of the Bering Sea for 2010 was 20@ales with a
density of 0.0009km? (Friday et al. 2018 Sightings were also made in the eastern Aleutian Islands,
including north of Unimak and Unalaska islands (Moore et al. 20B2tay et al. 2012, 20)3 Moore
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(2001) noted the occurrence of resident minke whales in Akutan Pasxal of 96 sightings of single
minke whales were made during surveys in summer 23 extending from the Kenai Fjord to the
central Aleutian IslandéWade et al. 2003) Minke whales occurred primarily in the Aleutians, with
numerous sightings in the proposed survey area, including in Seguam Pasf$ Aantila, Atka, Adak,
Kanaga, and Tanaga islandsundance in the survey region was estimated at 42B3als with a dengiy

of 0.006 whales/ki(Zerbini et al. 2006).

During the Splash 2004 Cruise from 12 to 25 August, five minke whales were seen in the Aleutian
Islands (Barlow 2004a). Forney and Brownell (1996) also noted five sightings of minke whales during
surveyssouth of the Aleutian IslandsDuring an l-DEO cruise along the Aleutian Islands during summer
2005, minke whales were sighted just east of the proposed surveyatkaast of Seguam Island
(=52.7°N, 171.7°W one whalg north of Seguam Isind (~536°N, 172.4°W two sightings of three
whaleg, north of Amlia Island(~535°N, 173.2°W; three individualg andone individualsouthwest of
Kiska Island (Ireland et al. 2005)Thus, minke whizs are likely to be common in the proposed survey
area.

3.3.1.5 SeiWhale (Balaenopteraborealis)

The sei whale occurs in all ocean basins (Horwod@Put appears to prefer midtitude temperate
waters (Jefferson et al. 2015). It undertakes seasonal migrations to feed in subpolar latitudes during summer
and returns tdower latitudes during winter to calve (Horwood13D The sei whale is pelagic and
generally not found in coastal waters (Harwood and Wilson 2001). It occurs in deeper waters characteristic
of the continental shelf edge region (Hain et al. 1985) anthier regions of steep bathymetric relief such
as semounts and canyons (Kenney and Winn 1987; Gregr and Trites 2001). On feeding grounds, sei
whales associate with oceanic frontal systems (Horwood 1987) such as the cold eastern currents in the
North Padfic (Perry et al. 1999a).

In the U.S. Pacific, an Eastern North Pacific and a Hawaii stock are recognized (Carretta 6}.al. 201
During summer in the North Pacific, the sei whale can be found from the Bering Sea to the northern GOA
and south to Califmia, and in the western Pacific from Japan to Korea. Its winter distibis
concentrated at20°N, and sightings have been made between southern Baja California and Islas Revilla
Gigedo (Rice 1998). No breeding grounds have been identified fohakis; however, calving is thought
to occur from September to March.

Sei whales are considered uncommon in the Aleutian Islands (Sobolevsky and Mathisen 1996).
Sightings during summer have been reported for the eastern Bering Sea and south of tHeeAlaskia
during surveys from 1999 through 20{doore et al. 2002b; Friday et al. 2012nd in the eastern
Aleutians (Friday et al. 2013)Rone et al. (2017) reported a single sei whale in Z@ifh ofKodiak
Island One sighting of two sei whalegas reportediuring L-DEOS seismic surveyn the western GOA
in summer 2011 (RPS 2011). Sei wisalee likely to be uncommon in the proposed survey area.

3.3.1.6 Fin Whale (Balaenoptera physalys

The fin whale is widely disr i but ed i n all the worl dbés oceans
abundant in temperate and cold waters (Aguilar and G¥eriaet 2018). Nonethelesss overall range
and distribution is not well known (Jefferson et al. 2015). Fin whales most@oimoccur offshore, but
can also be found in coastal areas (Jefferson et al. 2015). Most populations migrate seasonally between
temperate waters where mating and calving occur in winter, and polar waters where feeding occurs in the
summer; they are known use the shelf edge as a migration route (Evans 1987). However, some animals
may remain at high latitudes in winter or low latitudes in summer (Edwards et al. 2015).

Sergeant (1977) suggested that fin whales tend to follow steep sldpersoritier because they
detect them readily or because the contours are areas of high biologicatipitydudowever, fin whale
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movements have been reported to be complex and not all populations follow this simple pattern (Jefferson
et al. 2015). The northeand southern fin whale populations likely do not interact owing to their alternate
seasonal migration; the resulting genetic isolation has led to the recognition of two subBp@tigsalus
quoyiandB. p. physalusn the Southern and Northern hemisggse respectively (Anguilar and Garcia
Vernet 2018).

North Pacific fin whales summer from the Chukchi Sea to California and winter from California
southwards (Gabell 1985). In the U.S., three stocks are recognized in the North Pacific: California/
Oregm/Washington, Hawaii, and Alaska (Northeast Pacific) (Carretta et &).20@fformation about the
seasonal distribution of fin whales in the North Pacific has been obtained from the detection of fin whale
calls by bottoramounted, offshore hydrophone arsaalong the U.S. Pacific coast, in the central North
Pacific, and in the western Aleutian Islands (Moore et al. 1998, 2006; Watkin2@0@h,b; Stafford et
al. 2007, 2009). Fin whale calls are recorded in the North Pacifiergead (e.g., Moore etl. 2006;
Stafford et al. 2007, 2009; Edwards et al. 2015). In the central North Pacific, GOA, and Aleutian Islands,
call rates peak duringummer and fa(Moore et al. 1998, 2006; Watkins et al. 2000a,b; Stafford et al.
2009) Stafford et al. (2009) noted that searface temperature is a good predictor variable for fin whale
call detections in the North Pacific.

A BIA for fin whale feeding habeen identified in the GOAsouh of the Kenai Peninsujénshore
of the Kodiak Achipelagg and along the Alaska Peninsulacludingthe Semidi Islandand Shelikof
Strait (Ferguson et al. 208k Fin whales have been sighted around Kodiak Island-npeard, but most
sightings were made in the spring and summer (Wynne and Witte266Bh Numerous sightings of fin
whales weranadebetween the Semidi Islands and Kodiak Island during surveys by Waite (2003)
Moore (2001) reported fin whale sightings near Semidi Island and Shumagin Islands during June 2001.
Rone et al. (2017) repeed numerous fin whale sightings south and east of Kodiak Islanghfles were
also frequently detected acoustically throughout the year in the central GOA (BaBmkerng et al.
2012; Debich et al. 2013; Rice et al. 2015). Fin whales were thefmrgsently sighted cetacean during
LDEOG6s seismic survey in the wesd, anrdrnhe €&Ad nbstr i ng
frequently sighted cetacean duringlE O6s sei smi ¢ survey in the region

Another BIA for fin whalefeeding have been identified in the eastern Bering S¢amerous
sightings have been reportedrithg surveys in the CEBS and SEB&m 1999 through 201(Moore et al.
2002h Fridayet al. 2012, 2018 Fin whale abundance for the U.S. portion offBleeing Sea was estimated
at 1061whalesin 2010, with adensityof 0.00L0/km? (Friday et al. 2013)Moore et al. (2002b) noted that
sighting rates were more than twice as high in water >100 m deep than in Wdied B0deep; no sightings
occurred in wate<50 m deep.Sightings were also made in the eastern Aleutian Islands, including north
of Unalaska Island (Moore et al. 20Q0Hsiday et al. 2012, 20}.3

Sightings have been reported in the eastern Aleutian Islandsoyewat, but sightings in the proged
survey area appear to be restricted to summeri(duigeist) (Edwards et al. 2015puring summer surveys
from the Kenai Fjord té\mchitka Pass ithe central Aleutian Islands in 202003, 276 sightings totaling
580 fin whales were made (Wade et2003). Sightings were concentrated along the Alaska Peninsula,
with additional sightings around Kodiak Island and the eastern Aleutian Islands; the wessesightings
were north of the Islands of Four Mountains, east of the proposed survey areanaeuindthe survey
region was estimated at 165#ith a density of 0.007 whaldésh? (Zerbini et al. 2006).

Forney and Brownell (1996) reported four sightings of fin whales in slope and shelf sattrof
the Aleutian Islands. During the Splash 2@dise from 12 to 25 August the Aleutian Islanddour fin
whales were seen (Barlow 2004Hpuring an LDEO cruise along the Aleutian Islands during summer
2005, sightings of fin whales were maukear the proposed survey arewluding north of Atkalsland
(=53.4°N, 174.5°Wone individual and north of Amlia Island~53.5°N, 173.0°W three individuals
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(Ireland et al. 2005)During an L-DEO cruiseatthe Emperor Seamouchain south of the western Aleutian
Islandsduring spring two fin whale sightings were made (RPS 20196n whalescould be encountered
in the proposed survey area.

3.3.1.7 Blue Whale Balaenoptera musculus

The blue whale has a cosmopolitan distribution and tends to be pelagic, only coming nearshore to
feed and possibly to breed (Jefferson et al. 20B&)e whale migration is less well defined than for some
other rorquals, anils movements tend to be masi®sely linked to areas of high primary productivity, and
hence prey, to meds high energetic demands (Branch et al. 20@@gnerally, blue whales are seasonal
migrants between high latitudes in the summer, where they feed, and low latitudes mtehentiere they
mate and give birth (Lockyer and Brown 1981). Some individuals may stay in low or high latitudes
throughout the year (Reilly and Thayer 1990; Watkins et al. 2000b).

Although it has been suggested that there are at least five subpomuiliatihe North Pacific (Reeves
et al. 1998), analysis of calls monitored from the U.S. Navy Sound Surveillance System (SOSUS) and other
offshore hydrophones (e.g., Stafford et al. 1999, 2001, 2007; Watkins et al. 2000a; Stafford 2003) suggests
that thereare two separate populations: one in the eastern and one in the central North Pacific (Carretta et
al.2019). The Eastern North Pacifisock includes whales that feed primarily off California from
Juné November and winter off Central America (Calambdakigt al. 1990; Mate et al. 1999). The Central
North Pacific Stock feeds off Kamchatka, south of the Aleutians and B@#eduring summer (Stafford
2003; Watkins et al. 2000b) and migrates to the western and central Pacific (including Hawaii) ta breed i
winter (Stafford et al. 2001; Carretta et al. 201 The status of these two populations could differ
substantially, as little is known about the population size in the western North Pacific (Btahch016).

In the North Pacific, blue whale cslbre detected yeanund (Stafford et al. 2001, 2009; Moore et
al. 2002, 2006; Monnahan et al. 2014). Stafford et al. (2009) reported thatifaae temperature is a
good predictor variable for blue whale call detections in the North Pacific. IB@# no detections of
blue whales had been made since the late 1960s (NOAA/A20a8tmbokidis et al. 2009) until blue whale
calls were recorded in the area during 12982 (Stafford 2003; Stafford and Moore 2005; Moore et al.
2006; Stafford et al. 2007)Call types from both northeastern and northwestern Pacific blue whales were
recorded from July through December in the GOA, suggesting that two stocks used the area at that time
(Stafford 2003; Stafford et al. 2007Moore et al. (2006) noted thell rates peakeduring August More
recent acoustic studies using fixed PAM have confirmed the presence of blue whales from both the Central
and Northeast Pacific stocks in tB®A concurrently (BaumanrRickering et al. 2012; Debich et al. 2013;
Rice et al2015). Blue whale calls were recorded in all moydihsll shelf, slope, and seamount sitesl
during all years (201 2015) of those studies.

In July 2004, three blue whales were sighted in the GOA, the first blue whale was seen on 14 July
~185 kmsoutheast of PWS. Two more blue whales were seen ~275 km southeast of PWS (NC&A 2004
Calambokidis et al. 2009). These whales were thought to be part of the California feeding population
(Calambokidis et al. 2009)Three blue whales were seen in midyJ2004 at a location 20@50 km
southeast of PWS at a water depth of ~3000 m, and 15 were seen fraia&ige Ewingin August 2004
near Dixon Entrance (MacLean and Koski 2008yestern blue whales are more likely to occur in the
western portion of th&OA, southwest of Kodiak, where their calls have been detected (Stafford 2003).
Rone et al. (2017) reported blue whale sightings east of Kéglaid Sightings of blue whales were made
within the study area (south of the Aleutian Islands) and in tha @@®ing surveys conducted in 2010
2014(Branch et al. 2016).

Blue whale distribution in the Northwest Pacific appears to be associated with the Emperor
Seamounts (south of the Aleutian Islanaisithe steep continental slope off the Kamchatka Peniresudh,
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thewesternAleutian Islands (Moore et al. 2002a). In the summer, concentrations of blue whale calls were
evident in the waters between the seamounts anddbternAleutian Islandsin the spring, blue whale
locations were associated with high cblainyll a concentrations (Moore et al. 2002a). During the Splash
2004 Cruise from 12 to 25 August, two blue whales were seen in the Aleutian |slamdgs seen at the

far western end of the Aleutian archipelago, and the other ~130 km-smutieast offanaga Island
(Barlow 2004b). Two blue whale sightings were also made in the Aleutians in August 8084f these

was made just to the west of the proposed survey(BRaazin et al. 2006Calambokidis et al. 2009)in
addition, blue whales were detedtacousticallyalong the southernl@utian Islands during August 2004
(Rankin et al. 2006)ncluding within the proposed survey area. Thus, blbales could be encountered
during the proposed survey.

3.3.2 Odontocetes

3.3.2.1 Sperm Whale Physeter macrocephaljis

The sperm whale is widely distributed, occurring from the edge of the polar pack ice to the Equator
in both hemispheres, with the sexes occupying different distributions (Whitehead 2018). In general, it is
distributed over large teperate and tropical areas that have high secondary productivity and steep
underwater topography, such as volcanic islands (Jaquet and Whitehead 1996). Its distribution and relative
abundance can vary in response to prey availability, most notably stagdef and Gendron 2002).
Females generally inhabit waters >1000 m deep at latitudes <40° where sea surface temperatures are <15°C;
adult males move to higher latitudes as they grow older and larger in size, returning teatarinreeding
grounds accolidg to an unknown schedule (Whitehead 2018ales may migrate north in the summer to
feed in the GOA, Bering Sea, and waters around the Aleutian Islithde €t al. 2018,0); an unusual
sighting ofa group of female and immature sperm whales was sdbpe tentral Aleutian Islands during
winter (February) 2008~earnbach et al. 2012)

Sperm whales are commonly sightatt detected acousticaily the Aleutians and the central and
western GOA (e.g., Forney and Brownell 1996; Moore 2001; Waite 2003 Wtaad. 2003; Zerbini et al.
2004; Barlow and Henry 2005; Ireland et al. 2005; Straley et al.; 20@are et al. 2006Rone et al. 2010,
2014, 2017; BaumanrRickering et al. 2012; Debich et al. 2013; Rice et al. 20Tbere ardewer reports
on the occrrence of sperm whales in the eastern GOA (e.g., Rice and Wolman 1982; Mellinger et al. 2004a;
MacLean and Koski 2005During surveysouth ofthe Aleutian Islands in 1996, the sperm whale was the
second most commubnsightedlarge whale 12 sightings wee made, most in deep (40G@D00 m) water
over the Aleutian Abyssal Plain and Aleutian Trench (Forney and Brownell 1996). During summer surveys
extending from the Kenai Fjord to the central Aleutian Islands iniZ03, 37 sightings of 44 sperm
whales wee made (Wade et al. 2003). During a survey in the eastern Aleutian lisidode 2001, Moore
(2001) noted that sperm whales were common north of Seguam Island and in Seguam Pass. During the
Splash 2004 Cruise from 12 to 25 August, 18 sperm whales sgerethroughout the Aleutian Islands
(Barlow 2004a,b). Zerbini et al. (2004) estimated the abundance of sperm whales in the northern GOA and
easterrAleutian Islands at 159During an l-DEO cruise along the Aleutian Islands during summer 2005,
72 groupdgotaling 78 individuals were seen, includigsightingsjust west (~51.7°N, 179.3°W), northeast
of Seguam Island (~52.6°N, 172.1°W), amithin (52.6°N, 172.6°W}the proposed survey arearth of
Seguam Islandas well as in the western Aleutifineland et al. 2005).During an L-DEO cruise at the
Emperor Seamount chain south of the western Aleutian Islands during spring, one sperm whale was sighted
(RPS 2019b).Sperm whales could be encountered during the proposed survey.

3.322 Cuvi er 6d3WhdedZiphkies cavirostrig

Cuvierds beaked whale is probably the most wide
it is not found in higHatitude polar waters (Heyning 1989; Baird 2018). It is rarely observed at sea and is
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known mostly from sandings; it strands more commonly than any other beaked whale (Heyning 1989).
Cuvierds beaked whal e i socdawandaVer and nedréhe gontineatal slape i n
(Baird 2018).

Cuvi er 6s b e alsfar nonthadlaska andheCgnemander Islands (Rice 1986, 1998).
Most reported sightings have been in the Aleutian Islands (e.g., Leatherwood et al. 1983; Forney and

Brownell 1996; Brueggeman et al. 198M.e at her wood et al . (1983) not ed

beaked whalem the eastern Aleutian Islands and summarized sightings there. One sighting was made
during surveysouth ofthe Aleutians in 1994 in deep (40@D0O0 m) water (Forney and Brownell 1996)
Theyhave been detected acoustically near Kiska Island duringsurfBaumantPickering et al. 2013,

2014) They have also been sightd&tjeggeman et al. 198Waite 2003 Rone et al. 20179nd detected

acoustically (Rone et al. 201Rjce et al. 2015)n the GOA near Kodiak IslandCu vi er 6 s beaked

could be eoountered during the proposed survey.
3.3.23 St ej ne ge hae (\Besoplédendstejnegeri

Stejnegeré6és beaked whale occurs in subarctic

(Mead1989). Most records are from Alaskan waters, and the Aleutian Islands appear to be its center of
distribution (Mead 1989; Wade et al. 2008gatherwood eal. (1983) summarized sightings in the eastern
Aleutians. BaumannrPickering et al. (2013) reported that a mass stranding occurs Aldbgan Islands

every three yearsnost of which have occurred on Adak Islard the past, groups offid 5 St ej neger

beaked whales have been sighted on occasion near the central Aleutian Islands (Ric& di@@@ng of

two unidentified beaked whal es, possibly Stejene:q

Unalaska Island during surveys in 2002 (Wade e2@D3). Muto et al. (201B) reported one sighting

within the westerrmost portion of the proposed survey arddore recentlythey have been detected
acoustically in the Aleutian Islands during summer, fall, and winter (Bawaering et al. 2014pnd
theywere detected yeaound at deepvater siteeast of Kodialksland (BaumannPickering et al. 2012;

Debich et al. 2013Rone et al. 2014Rice et al. 201p St ej neger 6 s beaked whal e
during the proposed survey.

3.3.24 Bai rBdabesl Whale Berardius bairdii
Bairddés beaked whale has a fairly extensive

r
k

strandings have occurred as far north as the Pri

whaleswererecognizedurtil recentlyi the common slatgray form and a smaller, rare black form (Morin

et al.2017). The gray form is seen off Japan, the Aleutians, and on the west coast of North America,

whereas the black from has been reported for northern Japan and tlen&l@dorin et al. 2017). Recent

genetic studiekavenowshown thathe black forms a separate specigs. mimimugYamadaet al. 209).
Bairdés beaked whale is currently divided into

BeringSea'/ast ern North Pacific (Balcomb 1989; Reyes 19

close to shore, but their primary habitat is over or near the continental slope and oceanic seamounts in
waters 10003000m deep (Jefferson et al. 1993; Kasuya amduni 1984;Thewissen 2008Bai r d 6 s
beaked whale is migratory, arriving in the Bering Sea in the spring, and remaining there throughout the
summer; the winter distribution is unknown. There are numerous sighting records from the central GOA
to theAleutian Islands and the southern Bering Sea (Leatherwood et al. 1983; Kasuya and Ohsumi 1984;
Forney and Brownell 1996; Brueggeman et al. 1987; Moore et al. 2002b; Waite 2003; Wade et al. 2003

Friday et al. 20122013. I n the GOA, Biave beeh&ighteth (Ren& et al. 2014, 017D s
and detected acoustically (Baumdrickering et al. 2012; Debich et al. 2013; Rice et al. 2015) east of
Kodiak | sl and. Brueggeman et al . (1987) noted

surveysin 1985 in the northwestern GOA.
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Leat herwood et al. (1983) reported a sighting
summarized previous sightings in the aréatotal ofeights i ght i ngs of 86 Bairdos
made during summer surveys extending from the Kenai Fjdhetoentral Aleutian Islands in 2002003;
one group was seen on the north side of Tanaga Island (Wade et al. 2003). Forney and Brownell (1996)
made one sighting of Baiaodgdhe sobte side ef thdewtiaina ih ¥994dnu r i n g
deep(4000 5000 m) water. Baunmann-Pickering et al. (2014) reported acoustic detections at a recorder
deployed at Buldir IslandAccording to Muto et al. (201, there have been several sightings within the
proposed survey areaxtending from Seguam PassAmchitka PassT h u s , Heakédrwbade £ould
be encountered during the proposed survey.

3.3.25 Satdd s B e analee@Eerardius minimus)

Satd s b e a k evas reeently Idescribed as a new species by Yamada et al. (2019), who

distinguished it fronB. bairdii as being smalleand darker in color This speciegunnamed at the time)

was previouslydescribed by Morin et al. (2017). It occilinsthe North Pacificwhere ndividuals have

been reported for bkkaidq Japarand the eastern Aleutian Islandiofin et al. 2017Yamada et al. 2019).

In the eastern Aleutian Islands, fle specimens were reported between 162° and 170 onerecord

near St. George Island, two near the Fox Islammis north of the Fox Islandsnd one nedeembek Lagoon

at the southern end of Alaska PeninsMorin et al. 2017).Sat o0 6 s b eisstHowhtto behaaeloe

at leastnot tofrequent continental slopes or canyons, where it might be obserwedreadily(Morin et

al. 2017).Although there are no recordéthin the central Aleutian survey aréaa t ledked whale could

be encountered during the proposed survey.

3.3.26  Pacific White-sided Dolphin (Lagenorhynchus obliquidens

The Pacific whitesided dolphin is found throughout the temperate North Pdmficeen20°N and
61°N (Waite and Shelden 20181t is common both on the high seas and along the continental margins
(Leatherwood et al. 1984; Dahlheim and Towell 1994; Ferrero and Walker 1996). Pacifisidédite
dolphins were seen throughout the Nor#tiRc during surveys conducted during 198390 (Buckland
et al. 1993; Miyashita 1993b). During winter, this species is most abundant in California slope and offshore
areas; as northern marine waters begin to warm in the spring, it appears to motesiopi and offshore
waters off Oregon/Washington (Green et al. 1992, 1993; Forney 1994; Forney et al. 1995; Buchanan et al.
2001; Barlow 2003). During the summer, Pacific wAsided dolphins occur north into the GOA and west
to Amchitka in the Aleutiafslands as well as into the Bering S@duto et al. 201B).

Sightings have been reported in the western GOA (Waite 2003; Rone et al. 2010, 2017), as well as
in the Bering Sea along the Alaska Peninsula (Moore et al. 2002b; Friday et al. 2012; Waite and Shelden
2018), and the Aleutians (Friday et al. 2013; Waite 8hdlden 2018). They have also been detected
acoustically in the Bering and Chukchi seas between 2007 and 2017 (Seger andDMi&&819). Neither
Buckland et al. (1993) nor Miyashita (1993b) reported sightings near the Aleutian Islands. Wade et al.
(2003) reported one sighting of eight individuals during summeri(Bulyust) surveys in 2002003 from
the Kenai Peninsula to the central Aleutian Islands. Waite and Shelden (2018) reported several sightings
within the proposed survey area (off Atka Islaand north of Amlia Island), during summer, autumn, and
winter. Pacific whitesided dolphins could be encountered during the proposed survey.

3.3.2.7 Northern Right Whale Dolphin (Lissodelphis borealis

The northern right whale dolphin is found in cdaemperate and stdrctic waters of the North
Pacific, ranging from-30°N to 50°N {efferson et al. 20)5 In the eastern North Pacific Ocedris one
of the most common marine mammal species, occurring primarily in shelf and slope waters ~100 to >2000
m deep (Green a. 1993; Barlow 2003). The northern right whale dolphin comes closer to shore where
there is deep water, such as over submarine canyeifier§on et al. 2015 Northern right whale dolphins

Final EnvironmentalAssessmeribr L-DEO Aleutians 2020 Page27



I1l. Affected Enviroment

typically do not occur as far north as Alaskat there have been acoustic detections north of 55°N (Seger
and MiksisOlds 2019), extralimital sightings along the Aleutian Islands and GOA (Jefferson et al. 2015)
and seeral sightingsorth of 50°N in Canadian wate(Baird and Stacey 1991)Northean right whale
dolphinsare unlikely to be esountered in the proposed survey area.

3.328 Ri s s 00 s Gmdupghseus (

Ri ssob6s dol phin i s dtempdrateiatduropea oceansr(Hrutenat al. 4999).n  mi
although it shows a preferenéar mid-temperate waters of the shelf and slope betweenaBf 45
(Jefferson eal. 2014). Although it occurs from coastal to deep water (H2@D0 m depth), it shows a
strong preference for migtmperate waters of upper continental slopes and stezipedige areas
(Hartman2018). In the Northeast Pacifitpm California to Washington, the distribution and abundance
of Rissobdbs dol phins are highly variabl e, presumahb
both annual and seasonal timalss (Forney and Barlow 1998; Buchanan et al. 2001; Becker 2007). Water
temperature appears to be an important factor affecting their distribution (Kruse et al. 1999; see also Becker
2007) . Ri ssobd6s dol phi n -soghnmowrkentseelatedto water tamaekature,s e a s 0
spending colder winter months off California and moving north to waters off Oregon/Washington during
the spring and summer as northern waters begin to warm (Green et al. 1992, 1993; Buchanan et al. 2001;
Barlow 2003; Beckr 2007).Ri ssob6s dol phi ns Alasks but thesyhave beemsightedl r ar e
near Chirikof Island (southwest of Kodiak Island) and offshore in the GOA (Consiglieri et al. 1980; Braham
1983). They were detected acoustically once, in January B@as,Pratt Seamount during fix€d\M
studies from 20112015 in the U.S. Navy training area (Debich et al. 20T8y have also been detected
acoustically in the Beringnd Chukchi sedsetween 2007 and 2017 (Seger and Mi3lids 2019).1t is
possible although unlikely, that Rissobs dol phin

3.3.29 Killer Whale (Orcinus orcg

The killer whale is cosmopolitan and globally abundant; itbesen observed in all oceans of the
world (Ford 2018). It is very common in temperate waters but also occurs in tropical waters (Heyning and
Dahlheim 1988) and inhabits coastal and offshore regions (Budylenko 19igh)densities of the species
occur inhigh latitudes, especially in areas where prey is abundant. Killer whale movements generally
appear to follow the distribution @ prey, which includes marine mammals, fish, and squid.

Of eight killer whale stocks currently recognized in the Patiffs., six occur in Alaskan waters: (1)
the Eastern North Pacific Alaska Resident Stock, from southeast Alaska to the Aleutians and Bering Sea,
(2) the Eastern North Pacific Northern Resident Stock, from B.C. through parts of southeast Alaska, (3) the
Easern North Pacific Gulf of Alaska, Aleutian Islands, and Bering Sea Transient Stock, from PWS through
to the Aleutians and Bering Sea, (4) the AT1 Transient Stock, from PWS through the Kenai Fjords, (5) the
West Coast Transient Stock, from California thiosgutheast Alaska, and (6) the Offshore Stock, from
California through Alaska. Movements of resident groups between different geographic areas have also
been documentea (q.,Leatherwood et al. 1990; Dahlheim et al. 199Killer whales occur troughou
Alaska, including the Aleutian Islands (Wade et al. 20D@rban et al. 2000 Bering SegdMoore et al.
2002k Friday et al. 2012, 20)3western GOA (RPS 2011, 2G4, Rone et al. 2017), and central GOA
(BaumannrPickering et al. 2012; Debich et al. B)Rone et al. 2014, 2017).

All three ecotypes of killer whaldgave beeseen in the Aleutian Islands (Wade et al. 2008)he
proposed study area, individuals frohe Eastern North Pacific Alaska ResidgNbrth Pacific Offshorg
and Eastern North Pacific Gulf of Alaska, Aleutian Islands, and Bering Sea Trassieks could be
encountered during the sungyDuring surveys from the Kenai Fjords Aonchitka Pass inthe central
Aleutian Islands, 59 groups totaling 1038 individualseveeen, including 39 (66%) residents, 14 (24%)
transients, 2 (3%) offshore, and 4 (7%) unknown (Wade et al. 20@@)sient killer whale densities were
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higher south of the Alaska Peninsula between the Shumagin Islands and the eastern Aleutian$éran in ot
areas (Wade et al. 2003; Zerbini et al. 2007). Resident killer whales were most abundant near Kodiak
Island, around Umnak and Unalaskénds in the eastern Aleutians, and in Seguam Pass in the central
Aleutians (Wade et al. 2003; Zerbini et al. 2D0Transient and resident killer whales were sighted as far
west as Amchitka Pass (Wade et al. 20@)rban et al. (2010) also reportedrisientsn the western and

eastern portions of the proposatheey areaduring 2001 to 2003 Only two sightings 6 offshore killer

whales were made, one northeast of Unalaska Island and another one south of Kodiak Island near the Trinity
Islands (Wade et al. 2003; Zerbini et al. 2007). As the groups sighted were large, it suggests the number of
offshore killer whale in the area is relatively high (Zerbini et al. 200¥yade et al. (2003) noted that
offshore killer whales had the greatest mean group size (50), followed by residerasd22ansients (5).
Dahlheim et al. (2008b) encountered groups df6BOkiller whales in western Alaska; offshore killer
whales encountered near Kodiak Island and the eastern Aleutians were also sighted in southeast Alaska and
California. A group of at least 54 offshore killer whales was sighted in July 2003 during a survey in the
eastern Aleutian Islands (Matkin et al. 2007).

Moore (2001) noted concentrations of killer whales southwest of Unimak Pass and north of Seguam
Island. During the Splash 2004 cruise from 12 to 25 August, a total of 18 killer whales were seen in the
Aleutian Islands; the majority were thought to be resident whales, and a small percentage were assumed to
be transients (Barlow 2004a, b) . Three of the kildl
(Barlow 2004b).Forney and Brownell (1996) alsnade sightings (16) of killer whales during surveys just
south of the Aleutian Islands in 1994; they were mainly seen in deep waters over the Aleutian Trench and
Aleutian Abyssal Plain. Zerbini et al. (ZD@stimated the abundance of killer whaled@riorthern GOA
from the Kenai Peninsula, to Amchitka PasshmAleutian Islands 8991

During an L:DEO cruise along the Aleutian Islands during summer 2005, a grotwodfiller
whales was sighted just east of the proposed survey area northeast of Seguam RBl@nN E2.0°W),
one individual was seen just north of Atka Island (~52.2°1%.1°W), a group of 11 was seen just north of
Adak Island (~52.2°N, 176.2°W), two individuals were seen farther north of Adak Island (~53.4°N,
175.2°W),and a group of five was seen north of Unalaska Iqlaatind et al. 2005)A white killer whale
likely a resident typeayas sighted off northern Adak Island during August 2000 (Renner and Bell 2008).
During an -:DEO cruise at the Emperor Seamount chain south of the western Aleutian Islands during
spring, one killer whale was seen (RPS 201%iler whales are expected to be common in the proposed
survey area.

3.3.210 Dal | 6 s Phocognaidesdali (

Dall 6s porpoise is only found in the North Paci
the North Pacific over the continental shaatd slope waters and over deep (>2500 m) oceanic waters (Hall
1979), ranging from ~3®2°N (Jefferson et al. 2015). In general, this species is common throughout its
range (Buckland et al . 1993) . Dal |l 6sntgapsipoi se
distribution in Alaskan waters south of the Bering Strait are for upper Cook Inlet and the Bering Sea shelf.

Numerous studies have documented the occurrenc
western GOA (Forney and Brownell 1998pore 2001 Moore et al. 2002B/ade et al. 2003; Waite 2003;
Baraff et al. 2005; Ireland et al. 2005) as well as in the Bering Sea (Moore et al, 2A3ap et al. 2012,
2013. Dal | 6s porpoise was one of the mseisnicslrvegsiqnuent |y
the GOA (RPS 2011, 20&%) and southeast Alaska (MacLean and Koski 2005; Hauser and Holst 2009).
Rone et al. (2014) also reported sightings and acoustic detections in the central GOA, and Rone et al. (2017)
reported sightings soutmd east of Kodiak Island. Thaundance for the U.S. portion of the Bering Sea
in 2010 was estimated at 11,143, with a densit9.af03km? (Friday et al. 2013) Zerbini et al. (2004)
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provided amabundancestimaten the northern GOA andleutian Islandsof 30,248. However, Turnock
and Quinn (1991) suggested that the tendency of this species to approach vessels has resulted in inflated
abundance estimates, perhaps by as mufilieaimes.

Dall 6s porpoi ses ar e eacshom svatedseof tieedAleutian islmmnand weret h e
the most frequently encountered cetacean during sujusysouth ofthe Aleutians in 1994with 151
sightings(Forney and Brownell 1996) During summer surveys extending from the Kenai Fjord to the
centra Aleutian Islands in 2002 0 0 3, 592 sightings of 2072 Dall 6s
2003). During surveys of the central Aleutian Islands, Moore (2001) noted that they were particularly
common near Samalga Pagauring an L-DEO cruise along #Aleutian Islands during summer 20Q8,
groups totaling 99 individuals were seen, includightings within the proposed survey area northwest of
Seguam Island, north of Amlia Islarehd just to the west (~51.7°N, 179.6°W) of the survey area, as well

as in the western Aleutian Islands (Ireland etal. 20@bp | | 6 s por poi se are expecte

proposed survey area.
3.3.211 Harbor Porpoise (Phocoena phocoena

The harbor porpoise inhabits temperate, subarctic, and arctic waters. itadyyfpund in shallow
water (<100 m) nearshore but is occasionally sighted in deeper offshore water (Jeffals@0Es);
abundance declines linearly as depth increases (Barlow 1988)he eastern North Pacific, its range
extends from Point BarrowAlaska, to Point Conception,alifornia. In Alaska, there are three stocks of
harbor porpoise: Southeast Alaska, GOA, and Bering Sea. The Southeast Alaska Stock occurs from
northern B.C. to Cape Suckling, the GOA Stock ranges from Cape Suckling takJpassand the Bering
Sea stock occurs in the Bering Sea and Aleutian Islands. Only the Bering Sea stock is likely to occur in the
proposed survey area

Harbor porpoise aralsoseen regularly in the western GOA and Aleutian Islands (e.g., Wadle et
2003; Waite 2003; Baraff et al. 2005; Ireland et al. 2005) and Bering Sea (Moore et aj.RRtifi3bet al.
2012, 2013 The abundance in the U.S. portion of the Bering Sea was estimated at 833 in 2010, with a
density of0.0008km? (Friday et al. 203). Harbor porpoisefave also beesighted in the eastern and
central GOA and southeast Alaska (Dahlheim et al. 2000, 2008a; MacLean and Koski 2005; Rone et al.
201Q 2017%. During summer surveys extending from the Kenai Fjord to the central Aleul@amidsin
2001 2003, 19 sightings of 34 harbor porpoises were made (Wade et al. ZD0®)g an LDEO cruise
along the Aleutian Islands durimgimmer2005,two groups of harbor porpois€l4 individuals)wereseen
within the proposed survey arearth of Adak Island, an@ne individual waseen southwest of Kiska
Islandduring Augus{Ireland et al. 2005)The harbor porpoise is expected to be common in the nearshore
waters of the proposed survey area.

3.3.3 Pinnipeds

3.3.3.1 Northern Fur Seal (Callorhinus ursinug

The northern fur seal is endemic to the North Pacific Ocean and occurs from southern California to
the Bering Sea, Okhotsk Sea, and Honshu Island, Japan (Muto et9al,li20During the breeding season,
most of the worldwidgopulation of northern fur seals inhabits the Pribilof Islands in the southern Bering
Sea (Lee et al. 2014; Muto et al. 2a1H. The rest of the population occurs at rookeries on Bogoslof Island
in the Bering Sea, in Russia (Commander Islands, Robkamd|dKuril Islands), on San Miguel Island in
southern California (NMFS 1993; Lee et al. 2014), and on the Farallon Islands off central California (Muto
etal. 20Pa,b. Inthe U.S.,wo stocks are recogniz&dhe Eastern Pacific and the California stodlsito
et al. 209a,b. The Eastern Pacific stock ranges from the Pribilof Islands and Bogoslof Island in the Bering
Sea during summer to California during winter (Muto et al. 9a(4.
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When not on rookery islands, northern fur seals are primarily pdbagioccasionally haul out on
rocky shorelines (Muto et al. 204,b. During the breeding season, adult males usually come ashore in
Mayi August and may sometimes be present until November; adult females are found ashore from
Juné November (Carretta et #2019; Muto et al. 209a,b). After reproduction, northern fur seals spend
the next 78 months feeding at sea (Roppel 198Rupsand juvenilegravel through the Aleutian passes
and spend the first twio threeyears at sea before returning to theimdof origin. Animals may migrate
to the GOA, off Japan, and the west coast of the U.S. (Muto et &a 1

In November, adult females and pups leave the Pribilof Islands and migrate into the North Pacific
Ocean to areas including offshore Oregod Wrashington (Ream et al. 2005). Males usually migrate only
as far south as the GOA (Kajimura 1984). Ream et al. (2005) showed that migrating females moved over
the continental shelf as they migrated southeasterly. Instead of following depth comeursavel
corresponded with movements of the Alaska Gyre and the North Pacific Current (Ream et al. 2005). Their
foraging areas were associated with eddies, the subantiiopical transition region, and coastal mixing
(Ream et al. 2005; Alford et &005). Some juveniles and npregnant females may remain in the GOA
throughout the summer (Calkins 1986).

Robson et al. (2004) reported that female fur seals from St. Paul and St. George islands traveled in
different directions. They also observed tabieparation among breeding sites on the same island
(Robson et al. 2004). Lactating females from the same breeding site share a foraging area, whereas females
from different sites tend to forage in different areas (Robson et al. 2004). Females thorsldmuls
traveled for similar durations and maximum distances (Robson et al. 2004).

Northern fur seals were seen throughout the North Pacific during surveys conducted during
1987 1990 (Buckland et al. 1993). Tracked adult male fur seals that wereltagg. Paul Island in the
Bering Sea in October 2009, wintered in the Bering Sea or northern North Pacific Ocean; females migrated
to the GOA and the California Current (Sterling et al. 2014). A total of 42 northern fur seals was seen
during 3767 km o§hipboard surveys in the northwestern GOA during idiulg 1987 (Brueggeman et al.
1988). Rone et al. (2014) reported 78 northern fur seal sightings (83 animals) in 2013 east of Kodiak.
There were seven sightings during thBEO seismic survey in the wiern GOA conducted in the summer
of 2011 (RPS 2011), and one sighting during summer 2019 (RP&)2019

Leatherwood et al. (1983) reported 14 sightings of 34 northern fur seals away from the breeding
islands in the southeast Bering Sea during asuialeys in 1982, mostly during July and August. None of
the 42 female northern fur seals tagged o®&ul Island between Augii€ctober 2007 and 2008 traveled
south of the Aleutian Islands (Kuhn et al. 201During an L-DEO cruise along the Aleutiaslands during
summer 2005jve fur seal sightingsotaling nine individials were madef and west of Umnak Island, east
of the survey area (Ireland et al. 200Buring an L-DEO cruise at the Emperor Seamount chain south of
the western Aleutian Islandsudng spring, one northern fur seal was sighted (RPS 2019b). Fin whales
could be encountered in the proposed survey axeathern fur seals are expected to be common in the
proposed survey area.

3.3.3.2 Steller Sea Lion Eumetopias jubatu}s

Steller sea liosoccur along the North Pacific Rim from northern Japan to California (Loughdin et
1984). They are distributed around the coasts to the outer shelf from northersaatbaio Cafornia,
including the Aleutian IslandsBering Seaand southern AlaskaMuto et al. 2019a)o There are two
stocks, or DPSs, of Steller sea ligrthe Western and Eastern DPSs, which are divided at #ghgitude
(Muto et al. 2019a)o The Western DPS is listed esdangeredand includes animals that oecdn Japan
and Russia (Muto et al. 284,b); the Eastern DPS was delisted frdmeatenedn 2013 (NMFS 2013a).

Critical habitat for Steller sea lions has been identified in the Code of Federal Regulations (50 CFR 226.202)
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and described above. In tideutian Islands, e critical habitat includeg6 sites 26 rookeries and 40
haulout sitesand foraging areas in Seguam P@gghin the proposed survey area) and thg&sbof area
(east of the survey arefig. 1).

Rookeries ofSteller sea lions frorthe Western DPS are located on the Aleutian Islands and along
the GOA, as well as the east coast of Kamchatka, Commander Islands, and Kuril Islands (Burkanov and
Loughlin 2005; Fritz et al. 2016; Muto &t 201%,0). Breeding adults occupy rookeries fréate-May to
early-July (NMFS 2008). Noibreeding adults use haulouts or occupy sites at the periphery of rookeries
during the breeding season (NMFS 2008). Pupping occurs frorviajdo midJuly (Pitcher and Calkins
1981) and peaks in June (PitchealeR002; Kuhn et al. 2017). Territorial males fast and remain on land
during the breeding season (NMFS 2008). Females with pups generally stay wkiro8¢he rookeries
in shallow (30120 m) water when feeding (NMFS 2008). Tagged juvenile sea diomsed localized
movements near shore (Briggsaét 2005). Loughlin etal. (2003) reported that most (88%)sa&a
movements of juvenile Steller sea lions in the Aleutian Islands were short (<15 km) foraging trips. The
mean distance of juvenile sea libips at sea was 16.6 km, and the maximum trip distance recorded was
447 km. Longrange trips represented 6% of all trips at sea, and trip distance and duration increase with
age (Loughlin eal. 2003; Call etal. 2007). Although Steller sea lions are wonsidered migratory,
foraging animals can travel long distances outside of the breeding season (Loughl2088; Raum
Suryan etal. 2002). Steller sea lions are present in Alaska year rouhelemetry studies showed that
during summer, 90.5% ddteller sea lion locations occurred within critical habitatd most locations
occurred on the shelf in water <200(bander et al. 2013).

Only individuals from the Western DPS are expected to occur in the proposed sunatyttzdane
of the survey However, individuals from the Eastern DPS have also been sighteddéadtezrAleutian
Islands (e.g.,déison et al. 201,32019; oneindividual wasrecorded as far west as Seguam Islafbe
population size of th Western DP8rasticallydeclined from the late 1970s to 2000, but the abundance has
been increasing since 2003, with great regional variation in the trend (Burkanov and Loughlin 2005; Fritz
et al. 208, 2016). In the central and western Aleutian Islaniti® decline may have sied in the 1990s
(Trites and Larkin 1996), but according tarent @unts of Steller sea lions, numbéesve continued to
declinewest of Samalga PagSweeney et al. 2@ Rand et al. 2019)During aerial sirveys of the central
Aleutian Islands in Juriduly 208, the highest number of sea lions for the islands surveyed occurred on
Seguam Island, Kasatochi, and Amlia islai8s/eeney et al. 2@). Population trends in the eastern
Aleutians appear to have stabilized (Muto et al. 203 Rand et al. 2019 It is possible that the variability
in distribution and availability of fish prey sources within the Aleutian Islaftéct population trends
(Fritz et al. 2019Rand et al. 2019); however, Hui et al. (2015) suggested that availabititivadry prey
items such as pollock, cod, and Atka mackerel was unlikely to have limited sea lion populations from 2000
to 2008. Similarly, Maschner et al. (2DInoted that availability of fish alone does not explain population
trends in Steller sea lion$Steller sea lions are expected to be common in the proposed survey area.

3.3.3.3 Northern Elephant Seal Mirounga angustirostrig

The northern elephant seal breeds in California and Baja California, primarily on offshore islands,
from Cedros off the wescoast of Baja California, north to the Farallons in Central California
(Stewartetal. 1994). Adult elephant seals engage in two long northward migrations per year, one following
the breeding season, and another following the annual molt (Stewart bodgDE995). Between the two
foraging periods, they return to land to molt, with females returning earlier than malesi(Aaniths.

Julyi August). After the molt, adults then return to their northern feeding areas until the next winter
breeding seasonBreeding occurs from Decembéfarch (Stewart and Huber 1993). Females arrive in
late December or January and give birth within ~1 week of their arrival. Juvenile elephant seals typically
leave the rookeries in April or May and head north, travelingvarage of 9001000 km. Most elephant
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seals return to their natal rookeries when they start breeding (Hualerl891). When not breeding,
elephant seals feed at sea far from the rookerfsdult females and juveniles forage in the California
current df California to B.C. (Le Boeuf etl. 1986, 1993, 2000). Males may feed as far north as the eastern
Aleutian Islands and the GOA, whereas females feed south of 45°Blofig etal. 1993; Stewart and
Huber 1993).

Rone et al. (2014) reported 16 sighsn(16 animals) in a Juhduly 2013 survey east of Kodiak
Island in the GOA. Someeals thatwere satellitdagged in California and tcied for no more than 224
days traveled distance< 0,000 km (Le Beouf et al. 2000). oNhern elephant seals that wegellite
tagged at a California rookemaveledas far west as ~166.572.5E and as far north as the Aleutian Islands
(Le Boeuf et al. 2000; Robinson et al. 2012; Robinson #00®&IS 2@0; Costa 201,/2018in OBIS 2@0).
Postmolting seals travelddnger and farther than pesteeding seals (Robinson et al. 20IT)ey occurred
in the Aleutian Islands from spring through fall (Le Boeuf et al. 2000; Robinson et al. 2012) anebeeted
within the proposed survey area during August and November (OBIS 2820gral focal foraging areas
were used by male elephant seals within the proposed study area during spring and fall (Le Boeuf et al. 2000).
Thus, northern elephant seals could bevantered in the proposedrseyarea.

3.3.34 Harbor Seal (Phoca vitulinarichardsi)

The harbor seal is distributed in the North Atlantic and North Pacific. Two subspecies occur in the
Pacific: P.v. stejnegerin the northwest Pacific Ocean aRdv. richadii in the eastern Pacific Ocean.
Eastern Pacific harbor seals occur in nearshore, coastal, and estuarine areas ranging from Baja California,
Mexico, north to the Pribilof Islands in Alaskacluding the Aleutian Islandduto et al. 209a,b). Harbor
seals inhabit estuarine and coastal waters, hauling out on rocks, reefs, beaches, and glacial ice flows. They
are generally nomigratory, but move locally with the tides, weather, season, food availability, and
reproduction (Scheffer and Slipp 1944; Fish852; Bigg 1969, 1981). Twelve stocks of harbor seals are
recognized in Alaska (Muto et al. 28d,b); the proposed survey would take place within the rangkeof
Aleutian Islands stockThis stock decreased from the late 1970s to late 1990s (Sraall2808) and is
still thought to be decreasing (Muto et al. 28,82

Female harbor seals give birth to a single pup while hauled out on shore or on glacial ice flows; pups
are born from May to miduly. The mother and pup remain together until weaniogrs at 86 weeks
(Bishop 1967; Bigg 1969). When molting, which occurs primarily in late August, seals spend the majority
of the time hauled out on shore, glacial ice, or other substrates. Juvenile harbor seals can travel significant
distances (525 kmijo forage or disperse, whereas adults were generally found within 190 km of their
tagging location in ®/S (Lowry etal. 2001). The smaller home range used by adults is suggestive of a
strong site fidelity (Pitcher and Calkins 1979; Pitcher and McAIlE#81 ; Lowry efal. 2001). Pups tagged
in the GOA most commonly undertook multiple return trips of more thamvfom natal areas, followed
by movements of <25 km from the natal area (Smadl.e2005). Pups tagged iW\F5 traveled a mean
maximum distaoe of 43.2 km from their tagging location, whereas those tagged in the GOA moved a mean
maximum distance of 86.6 km (Smallagt 2005).

During surveys of the Anreanof Islands in the central Aleutians ini19B82, the greatest number
of seals were counted at Adak Island (639), Tanaga Islands (521), Tagalak Island (187), Kanaga Island
(171), and Amlia Island (110). In 1999, the higleesints were again made at Kanaga Island (212), Amlia
Island (206 seals), Adak Island (107), and Tanaga Island (98), but counts were much lower than during the
initial surveys (Small et al. 2008 arbor seals that were tagged at Adak Isldadng Septembe2014
made localized movements to the north and east of the island during the year (Dahle et aH2ai5).
sealsare expected to be common in nearshore watdhegiroposed survey area.
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3.3.3.5 Ribbon Seal Histriophoca fasciata

Ribbon seals occunithe North Pacific and adjacent Arctic Ocean. In Alaska, ribbon seals generally
are found in the open sea and on pack ice (Kelly 1988). They range from Bristol Bay into the Chukchi and
western Beaufort seas. Ribbon seals inhabit the Bering Sea it&drariate March to early May and are
abundant in the northern parts of the ice front in the central and western parts of the Bering Sea (Burns
1970; Burns 1981b). In May to mid July, when the ice recedes, some of the seals move farther north (Burns
1970 Burns. 1981c) to the Chukchi Sea (Kelly 1988c). However, most likely remain in the Bering Sea
during the opefwater season, and some occur on the Pacific Ocean side of the Aleutian Islands (Burns
1994) Boveng et al. (2013) reported that 10 ribbonsstadged off Kamchatka during sprig@05 spent
the summer and fall within the Bering Sea and the Aleutian Islands, including the proposed study area
When72 seals were tagged in the central Bering Sea during 2000, 29% moved northward with the
recedng ice but others moved throughout the Bering Sea and Aleutian IglBodeng et al. 2013)Moore
et al. (2012) reported acoustic detections of ribbon seals in the Chukchi Sea duringdidierwood et al.

(1983) reporteda ribbon seal just north ddnalaska Island during aerial surveys in 1982. This species
could be encountered in the proposed survey area.

3.3.3.6 Spotted Seal Phoca larghg

Spotted seals occur in the Beaufort, Chukchi, Bering and Okhotsk seas, and south to the northern
Yellow Seaand western Sea of Japan (Shaughnessy and Fay T& Joreeding stocks are grouped into
DPSs:Bering SedDPS OkhotskSea DPSand Southern DPS in the Yellow Sea and Sea of Japan (Boveng
et al. 2013). The Alaska stock consists of the Bering Sea DPS that occurs in U.S. waters (Muto et al. 2019b).
Spotted sealsiigrate south from the Chukchi Sea and through the Bering SeaoineD@ owry et al. 1998).
Theyoverwinter in the Bering Sea and inhabit the southern margin of the ice during spring (Shaughnessy and
Fay 1977). In the summer and fall, spotted seals are known to occur around the Pribilof Islands, Bristol Bay,
and easter Aleutian IslandsNluto et al. 201B). Satellite telemetry evidence suggests that they may range
much more widely in summer than suspected from conventional observations (Lowry et al. 1998, 2000).

3.3.4 Marine Fissiped
3.3.4.1 Northern Sea Otter Enhydra lutris)

There are two subspecies of sea otters in U.S. waters. The southern s&a btteréi3 is found
in Californig and the northern sea ottér. (. kenyonjican be found in Washington and Alaska. Sea otters
generally occur in shallowk@5 m), nearshore waters in areas with sandy or rocky bottoms, where they
feed on a wide variety of sessile and simeving benthic invertebrates (Rotterman and Shdackson
1988). Sea otters in Alaska are generally not migratory and do not disperkeg\wdistances. However,
individual sea otters are capable of latigtance movements of >100 km (Garshelis and Garshelis 1984),
although movements are likely limited by geographic barriers, high energy requirements of animals, and
social behavior. Befe commercial exploitation, the worldwide populat@freea otters was estimated to
be between 150,000 (Kenyon 1969) and 300,000 (Johnson, 1882hen deceased as low as 2000
(Kenyon 1969).Sea otters occupied coastal areas from Hokkaido, Japamdatze North Pacific Rim to
central Baja California (Rotterman and Simiactkson 1988). In 1911, sea otters received protection under
the North Pacific Fur Seal Convention, and populations recovered quickly (Kenyon 1969).

Three stock¢DPSs)of sea otters are recognized in Alaska: Southeast Alaska, from Dixon Entrance
to Cape Yakataga;, Southcentral Alaska, from Cape Yakataga to Cook Inlet, including PWS, Kenai
Peninsula, and Kachemak Bay; and Southwest AJdska the Alaska Peninsula and BdkBay coasts,
and the Aleutian, Barren, Kodiak, and Pribilsiands (USFWS 2014). The Southwest Alaska Détars
in the proposed study area. This DPS had declined by more than 50% since-1@80sidvhen it was
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listed aghreatenedn 2005 (USFWS 203). In the Aleutian Islandshe populatiorhas @clined by >90%
which canlikely beattributed to killer whale predatidavis et al. 2019). The populatioow appears to

be stable (i.e., growth rate ~@ppulations numbers in the Kodiak Archipelago, the Alaska Peninsula, and
Kamishak Bayalsoappear to be stable anthy beincreasing (USFWS 2014However, densities in the
western Aleutians are still extremely low (Davis et al. 2013)a otters show s&icted habitat utilization

in the Aleutian Islands, which is likely based on physical habitat requirements to afford protection against
killer whale predation (Stewart at 205). Critical habitat for the Southwest Alaska DPS was designated
in Novemler 2009 (USFWS 2009). The critical habitat primarily consists of shallater areas <20 m
deep and nearshore water within 100 m of the mean tideNore of he proposed survey lines encroach
on sea otter critical habitat (Fig. I the Aleutian $lands, the highest sea otter aerial survey counts in 2000
were around Attu (282nimal3, Tanaga (187), Adak (470), Atka (171), and Unalaska (including its very
small neighbor, Sedanka) (374) islands (Doroff et al. 2003). Densities of otters calcalatadrial surveys

in 2000 ranged from 0.2/km surveyed at Kagalaska Island (east of Adak) to 1.72/km at AdakDsland.
vesselbased sea otter surveys in the Aleutian Islands in 2000, sea otter encounter rates e /kidil
(Doroff et al. 2003).Koltun (2014) reported on sea otter hotspots in the Aleutian Isle®ez.otters are
likely to be common irthe nearshore waters of thteutian Islands Adjustments were made to the survey
designto avoid takes of sea otters and impactitical habitat.

3.4 Sea Turtles

Only onespecies of sea turtléhe endangeredeatherback turtlecould occur within the proposed
Aleutian Islands study area. h@ olive ridley turtle Ilepidochelys olivacgaloggerhead turtleGaretta
carettg, and gren turtle Chelonia mydgshave also been recorded in Alaska waténst they are
considered extralimital and are not discussed furtAery sea turtles occurring iAlaska would be non
nesting individuals. General information on the taxonomy, ecologigtribution and movements, and
acoustic capabilities of sea turtles are given 381 of the PEIS. General distribution of sea turtles in the
GOA is discussed in § 3.4.2.4 of the PEIS. The rest of this section deals specifically with their distributio
within the proposed survey area.

3.4.1 Leatherback Turtle (Dermochelys coriacea

The leatherback turtle is the most widely distributed sea turtle, ranging far from its tropical and
subtropical breeding grounds to feed (Plotkin 2003). It is fdumd 71°N to 47°S, and nesting occurs
from 38°N to 34°S (Eckert et al. 2012)n the eastern Pacific, leatherbacks nest along the west coast of
Mexico and Central America (Marquez 1990); critical habitat le@s lWesignated off the U.S. west coast
(NOAA 20203. After nesting, female leatherbacks typically migrate from tropical waters to temperate
areasto feed orjellyfish (Eckert et al. 2012 Leatherbacks tend to feed in areas of high productivity, such
as current fronts and upwelling areas, alonginental margins, and in archipelagic waters (Morreale et
al. 1994; Lutcavage 1996).

Hatchling leatherbacks are pelagic, but nothing is known about their distribution for the first four
years (Musick and Limpus 1997). Leatherbacks are highly pelagiar@nkinown to swim more than
11,000 km each year (Eckert 1998). Theyaare of the deepest divers in the ocean, with dives deeper than
4000 m (Spotila 2004). he leatherback dives continually and spends short periods of time on the surface
betveen dive (Eckert et al. 1986)During migrations or long distance mawents, leatherbacks maximize
swimming efficiency by traveling within B of the surface (Eckert 2002Adult leatherbacks appear to
migrate along bathymetric contours from RBB00 m (Morrale et al. 1994). They appear to use the
Kuroshio Extension during migrations from Indonesia to the high seas and the eastern Pacific (Benson et
al. 2008). It is not known whether most leatherbacks in the central Pacific Ocean come from eastern or
westen Pacific nesting sites, but individuals from both nesting areas occur in Hawaiian waters (Dutton et
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al. 1998; 2000a,b).

After analyzing some 363 records of sea turtles sighted along the Pacific coast of North America,
Stinson (1984) concluded that teatherback was the most common sea turtle in U.S. waters north of Mexico
six sightings were made in AlaskAccording tothe Alaska Department of Fish and GaBFG 202@),
19 sightings have been reported in Alaska between 1960 and 3@§htings andncidental capture data
indicate that leatherbacks are found in Alaska as far north as 60°N, 145°W, and as far west as the Aleutian
Islands, and documented encounters extend southward through the waters of B.C., Washington, Oregon, and
California (NMFS andJSFWS 1998).Some aerial surveys of California, Oregon, and Washington waters
suggest that most leatherbacks occur in continental slope waters and fewer occur over the continental shelf.
Leatherbacks occur north of central California during the sumnaefiadl, when sea surface temperatures are
highest (Dohl et al. 1983; Brueggeman 1991).

3.5 Seabirds

Three ESAlistedseabird species could occurinfiieposeds ur v ey ar e aandspedidtled St el |
eides arelisted aghreatenedand ould occurin the area irvery low densities duringgeptember/October.
The endangered shorttailed albatross may occur as a seasonal visitor to the projectdariem
September/OctobeThelUCN (2019) | i st s t he al baiwunhealesandthe dpectlezil | er 06 ¢
eider amear threatenedGeneral information on the taxonomy, ecology, distribution and movements, and
acoustic capabilities of seabird families is given ;1% 1 of the PEIS.

3.51 Short-tailed Albatross (Phoebastriaalbatrus)

Historically, millions of shortailed albatrosses bred in the western North Pacific Ocean on islands
off the coast of JapanHistorically, his species was the most abundant albatross in the North Pacific.
However, the entire population wasanlg extirpated during the last century by feather hunters at Japanese
breeding colonies. In addition, the breeding grounds of the remaining birds were threatened by volcanic
eruptions in the 1930s; this species was believed to be extinct in 1949 watd iediscovered in 1951
(BirdLife International 2@0b). However, this population is increasing, and the most recent population
estimate is 4200 individuals (Birdlife International®B). Its marine range occurs throughout therth
Pacific Ocean, buhe highest densities are found in upwelling areas off Japan, eBst&sia, and Alaska,
including the Aleutians (Piaét al.2006; Suryaret al.2007). Its range has been expandiimgrecent
decades and now includes the northeastern Bering Sea (Kaletiz 2020). Current threats to this
population include volcanic activity on Torishima, commercial fisheries, and pollutants (USFWS 2008).

Currently, nearly all shoitailed albatrosses breed on two islands off the coast of Japan: Torishima
and Minamikojima (UWFWS 2008; BirdLife International 20b). Single nests have been found in recent
years on other islands, including kiajima, Senkaku; Yomejima Island; and Midway Island, Hawaii;
however, nesting attempts in Hawaii have not been successf(82B08). During the breeding season
(DecembeirMay), the highest densities are found around Japan (BirdLife Internatio®@b)20Parents
forage primarily off the east coast of Honshu Island, where the warm Kuroshio and the cold Oyashio
currents meet (USNS 2008). However, albatrosses have been seen as far sofi) @3 the
Northwestern Hawaiian Islands between November and April (USFWS 2008).

After the breeding season, shtailed albatrosses roam much of the North Pacific Ocean; females
spend mordime offshore from Japan and Russia, while males and juveniles spend more time around the
Aleutian Islands and Bering Sea (Suryan et al. 280%/an and Kuletz 20).8A tracking study suggests that
a large proportion of fledglings reach the Bering S&ind the summer of their fledging year (Orben et al.
2018). Postbreeding dispersal occurs from April through November (Suryan et al. 2007; USWES 2008
Orben et al. 2018)Shorttailedalbatross areonsidered a continental shelfige specialist (Piadt al. 2006)

Final EnvironmentalAssessmeribr L-DEO Aleutians 2020 Page36



I1l. Affected Enviroment

they occur in the highest densities along the stleffe region, which is nearshore in the Aleutian Arc
(Suryan and Kuletz 2018However, Suryan et al. (2007) reported that stadled albatrosses occasionally
transit the northern boundary of the Kuroshio Extension in May while en route to the Aleutians and Bering
Sea, but that they do not spend much time in the &karttrailed albatrosses, particularly juveniles, start
appearing in the Aleutian Islands as early as June (USFWS 2008), but most birds travel to the Aleutians in
late summer andarlyfall (Suryan et al. 200007 USWFS 2008bSuryan and Kuletz 2018&rben et b

2018. HoweverO6 Connor ( 2thafindrature l@rgecaurtvithid the sirveyarea throughout the

year, and that they sometimes occur in association with fishing vessels in the Aleutian I8l&ardscket

al. (2017) reported the proposed syraeea to have concentrated albatross use.

352 St el | e r(Rolystickistdllen

There are three breeding popul ations of Steller
Alaska. The largest population breeds across coastal eastern Siberia and may number >128,000 (Hodges
and Eldridge 2001). Smaller numbers breed in we®Ressia and on the Arctic Coastal Plain of Alaska.

Stell er 8s e ithdeatenedwndes thel EISA ih &ulg 1987sbecause of a reduction in the number

of breeding birds and suspected reduction in the breeding range in Alaska (USFWSTI#OUSFWS

has established Stell e«Kbdtarestingarea, therKuskakvina $hoals,cahdiatt a t i
the Seal Island, Nelson Lagoon, and Izembek Lagoon units on the Alaska Peninsula (USFWS 2004), but
none of these areas occur within the proposegey area. Strategies for recovery of the Alaska breeding

popul ation of Stellerds eiders are discussed in d

Al t hough Stellerds eiders wer eKuskoawinm@-K)IDglta,c o mmo n
numbers there declined drastically, and only a small subpopulation breeds there now (Kertell 1991; Flint
and Herzog 199M%MS 2004 Birdlife International 2@0c). St el | er 6 s ei der density
Plain is low, with the highest densities reported near Barrow (Ritchie and King 2001in208FWS
2002) . Mal |l ek et al. (2006) reported | ower than :
Slope of Alaska for the period 20@005. Larned et al. (2009) also reported a decreasing population
growth rate for Stellerés eiders during breeding
historical and recent data, Quakenbush et24l02) suggested that a reduction in both occurrence and
breeding frequency of Stellerds eiders had occurr
Barrow area. Larned (2005) also reported a declining trend during annual spring surveysforiSer 6 s ei d
in the Bristol Bay area during migration.

Causes for the decline of the Stelleroés eider
increased predation pressure on the North Slope aldDélta breeding grounds, subsistence harvest,
ingestion of lead shot, and contaminants (Quakenbush and Sbgder1993). Flint et al. (2000)
suggested that a decrease in adult survival may have brought on therlondecline in the population.

Bustnes and Systad (2001) also suggested that Stellere i der s may have special i z
may | imit the availability of winter foraging hab
regime shifts that cause changes in prey communities.

In the spring, the majority of the wdrpopulation migrates along the Bristol Bay coast of the Alaska
Peninsula, crosses Bristol Bay toward Cape Pierce, and continues northward along the Bering Sea coast
(Larned 2003). n Al aska, Stellerds eider s npolggonalgmound undr a
both near the coast and at inland locations (e.g., Quakenbush et al. 2004); nests have been found as far
inandas9&k m ( USFWS 2002) . The young ASttelrl érrés déindgjer s
eiders move to nearshore mmrihabitats (Fredrickson 2001), using lagoon systems and coastal bays from
Barrow to Cape Lisburne, the northeast Chukotka coast, and numerous locations in southwest Alaska
(USFWS 2002) . Stellerés eiders ar daklsiarmwhesoutbo occ u|
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side of the Alaska Peninsula, and the eastern Aleutian Islands to lower Cook Inlet, with stragglers occurring
south to B.C. during the ndereeding season.

Male departure from the breeding grounds begins in late June or earlyRirhales that fail in
breeding attempts may remain in the Barrow area into late summer. Females and fledged young depart the
breeding grounds in early to mgeptember. The molting period occurs from late July to late October
(USFWS 2002). Molting ocea througlout southwest Alaska, but is concentrated at four areas along the
north side of the Alaska Peninsaad Kuskokwim Shoalsnolting areas tend to be shallow with eelgrass
beds and intertidal sand flats and mudflats (USFWS;2@@®inetal. 20l Fol | owi ng t he mol t
eiders disperse to wintering sites throughout the Aleutian Islands, Alaskan Peninsula, and western GOA
(USFWS 2018). During the molt, winter, and spring migration, the Alaska breeding population mixes
with the RussiaiPaific population in the waters of southwest Alaska (USFWS 2002).

There are four locations along the north coast of the Alaska Peninsula that are particularly important
for molting and staging Steller 6s eendapdSgallslandse | z er
(e.g.,Larned 2012; Williams et al. 20165t el | er 6 s ei der LOAie lgte Auguster ar r i v
Septemberhowever, they arenost common in the area during winter and spring; they amsidered
uncommon during the falMacIntosh 1998) It is possiblealthough unlikelythatSt el | e rwdéudd ei der
occur in thestudy area durin@eptember/OctoberDistributional maps irGoldmanet al. (2017) do not
show the range to include the proposed survey, d@nethe eastern Alewth, the range is depicted as
occurring as far west as Umnak Island

3.53 Spectacled Eider(Somateria fischen

The spectacled eider is a medigired sea duck that breeds along coastal areas of western and northern
Alaska and eastern Russia, and winiarthe Bering Sea (Petersen et al. 2000). Three breeding populations
have been described: one in the Yulkarskokwim (Y-K) delta in western Alaska, a second on the North
Slope of Alaska, and the third in arctic Russia. The spectacled eider wass|atte@atenedspecies because
of declines in the breeding population in th&\delta (Stehn et al. 1993; Ely et al. 1994). The North Slope
spectacled eider population seems to be s{phtaed et al. 2003). The largest breeding populatilocéed
in arctic Russiathe population there has been estimated at >140,000 (Petersen et al. 2000; Hodges and
Eldridge 2001). The majority of the spectacled eider world population winters in the Bering Sea south of St.
Lawrence Island (Petersen et &9%). Based on counts and photography from aerial surveys, this population
may number ~360,00875,000 (Larned and Tiplady 1999). There are a few scattered winter records for
spectacled eiders at Izembek Lagoon, Katchemak Bay, and Kodiak Island (Petteds@000), and a few
records from Attu Island during birding tours. The spectacled eider probably occurs only as a straggler in the
study area.

The reasons behind declines in spectacled eider breeding populations are unknown but may be related
to acombination of factors including ingestion of lead shot (Franson et al. 1995; Flint et al. 1997; Flint and
Grand 1997; Franson et al. 1998; Grand et al. 1998; Flint 1998; Flint et al. 2000), predation (Eberhardt et
al. 1982 Day 1998), subsistence harvestposure to contaminants (Stout 1998; Stout et al. 2002; Trust et
al. 2000), and the potential effects of global climate change that may affect food chains (Merrick 1997;
Mantua et al. 1997; Benson and Trites 2002; Lovvorn et al. 2003gcadveryplan for spectacled eiders
was published to delineate reasonable actions that are believed to be required to provide for recovery and/or
protection of the specidb)SFWS 1996) Critical habitat has been designated in molting areas in Norton
Sound and Ledyard Babreeding areas in central and southeild Pelta, and the wintering area in waters
south of St. Lawrence Island. A total of ~101,006 lswlesignated as critical habitat for spectacled eiders;
none of thisoccurs inthe poposedstudy area.Goldmanet al. (2017) e not include the proposed survey
area as part of this speciesd distributional rang
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3.6 Corals

There are 137 distinct taxa of corals that occur throughout Alaskan waters, including octocorals (89
taxa), hydrocorals (24 taxa), antipathasd12 taxa), and scleractinian corals (12 taxa) (Stone and Cairns
2017). The Aleutian Islands region supports the highest abundance and diversity of corals in Alaska with
96 taxa recorded (Heifetz 2000; Stone and Cairns 2017). Coral diversity is tosemp water, although
corals may be found at depth4700 m (Alaska Science Outreach 2004; Stone and Shotwell 2007). The
most diverse communities occur at B8B0 m and continue to a lesser degree down to 800 m (Alaska
Science Outreach 2004These ecalgically important coral communities provide structure and refuge for
fish and invertebrates, especially juveniles (Stone and Shotwell ;2@0tHe central Aleutian Islands,
84.7% of commercial fish and crab species were associated with corals ancpiteethé invertebrate
structures (Stone 2006). Several areas in the GOA with coral communities have been desigiAdR€ as
for fish; however, none occur within tlseirveyarea

3.7 Fish, Essential Fish Habitat, and Habitat Areas of ParticularConcern
3.7.1 ESA-Listed Fish Species

There are no ESAisted fish speciem Alaska. However, there are several Elsted fish species
that spawn on the West Coast of the Lower 48 United States and may occur in Alaskan waters during the
marine phased their life cycles.Species listed amdangerednclude the sockeye salmo@iicorhynchus
nerka Snake River Evolutionarily Significant Unit [ESU]) and chinook salm@ndorhynchus
tshawytschaUpper Columbia River springun ESU). Species listed #isreatenedinclude the green
sturgeon Acipenser medirostrisSouthern DPS), chum salmddr(corhynchus ketddood Canal summer
run ESU), coho salmonOfcorhynchus kisutchLower Columbia River ESU), steelhead trout
(Oncorhynchus mykisS$nake River Basin DP8pper Willamette River DPS, and Lower, Middle, Upper
Columbia River DPSs), and chinook salm@n¢orhynchus tshawytschihower Columbia River ESU,
Upper Willamette River ESU, Puget Sound ESU, Snake RiveralESU, Snake River spring/summer
run ESU) (NDAA 2020b). The Alaskan populations of these species, which are more likely to be
encountered near tipgoposedsurvey area, are not listed under the ESA.

3.7.2 Important Fish Resources

Alaska supports substantial finfish resources, including groundfisitage fish, rockfish, and
salmonids, that are important to the area both biologically and economically. Additionally, there are
important shellfish and invertebrate resources.

3.7.2.1 Groundfish

Walleye pollock Theragra chalcogrammas the most aburaiht species of groundfish targeted in
the commercial fisheries of the North Pacific Ocean. Pollock is a target species in the Bering Sea, although
some are caught incidentally in the Aleutian Islands. Walbejleck occupy demersal habitats along the
outer contirental shelf (OCS) and slope during wint@hey migrate into shallower waters and aggregate
for spawning in late winter and spring along the Aleutian Basin, Bering Sea, and GOA. Pollock usually
grow to commercial size within three yeéidorm et al. 2007).

Pacific cod (Gadus macrocephalyfas been an important commercial species in Alaska since 1882
(Rigby 1984). Pacific cod inhabit waters of the continental shelf and upper continental slope waters (100
250 m deep) in the winter (Hart 1978nd move to water <100 m deep in the summer (NOAA 2004
They are moderately fast growing and short lived compared to many other Alaskan groundfish. Spawning
generally occurs from January to April in water§ #90 m deep (Klovach et al. 1995). Eggsl avinter
concentrations of adults have been found to be associated with coarse sand and cobble bottom types, and it
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has been inferred that this is optimal speagrhabitat (Palsson 1990). Larvae and juveniles are pelagic,
and there is some evidence tbhath larvae and juveniles are transported to nursery habitats by currents
(Garrison and Miller 1982). Nursery habitats are associated with shallow water and intertidal areas with a
sandy bottom and kelp or eel grass (Miller et. al. 1976). It has bggestad that, with increasing size

and age, juveniles move into deeper water (Brodeur et al. 18jiwning areas are located within the
study area, including around Tanaga, Adak, Atka, and Amlia islands (Zaleski and Mecum 2017).

Atka mackerel Pleurogramnmus monopterygiuds a semidemersal species, mainly fished with
bottom trawl gear at depths <200 m. The center
particularly from Buldir Island to $rlam Pass The eastern Aleutians show locatizéense aggregatisn
of Atka mackerel (Rand et al. 201%)is also pronment in the Delarof Islands at the western edge of the
survey area (Bryan et al. 201%tka mackerel migrate from the shelf edge to shallow coastal waters (5
30 m deep) to spawrSpawning begins in late spring in the Aleutian Islands and males guard the egg nests
through late fall. Spawning sites are located within nearshore waters of the proposed surv@abasd
and Mecum 2017).

Sablefish Anoplopoma fimbrigpinhabit the northeastern Pacific Ocean from northern Mexico to the
GOA, westward to the Aleutian Islands, and into the Bering Sea (Wolotira et al. 1993). Adult sablefish
occur along the continental slope, shelf gullies, and in deep fjords, genedgipthe>200 m. Sablefish
observed from a manned submersible were found on or within 1 m of the bottom (Krieger 1997). In contrast
to their adult distribution, juvenile sablefish (<40 cm long) spend their first two to three years on the
continental shelf.Sablefish are highly migratory for at least part of their life (Heifetz and Fujioka 1991;
Maloney and Heifetz 1997; Kimura et al. 1998) and are assessed as a single population in Alaskan waters
(Hanselman et al. 2007a).

The arrowtooth flounderAtherestles stomigsranges from central California to the Bering Sea in
water 2o 800 mdeep it is the most abundant groundfish species in the GBIthoudh itsstock structure
and migratory patterns are poorly understoibctloes appear to move to deeper water as they grow
(Zimmerman and Goddard 1996), but recent research suggests juveniles may be more ubiquitous across
depths than previously thought (Doyle et al. 2018).

Pacific halibufHippoglossus stenolepispawn during thevinter, primarily from December through
February, off the edge of the continental shelf in waters 580 m deep (IPHC 1998). Males reach
maturity at ~7 years of age and females at ~8 years. Females are highly fecund, laying two to three million
eggs anually. Younger halibut, <10 years of age, are highly migratory. Older halibut tend to be much less
migratory; they often use both shallow and deep waters over the annual cycle, but they do not travel as
much as the younger fish (IPHC 1998).

Alaska plaie (Pleuronectes quadrituberculaflis a shallowwater flatfish that occurs in water <200
m deep Katta 2012. In the eastern Pacific Ocean, it inhabits the northern GOA, Bering Sea, and Chukchi
Sea but is primarily found on the Eastern Bering Sea sloglfy small numbers occur in the Aleutian
Islands (Wilderbuer and Nichol 2019)

Other groundfish that are found in the waters of shevey area include lingcodQphiodon
elongatu$, yellowfin sole Limanda asperq starry flounder Rlatichthys stellatus and other flatfish,
greenlings, sdpins, poachers, and pricklebacks, which inhabit the Kodiak and southern Aleutian Peninsula
region (NPFMC 2015; Mecklenburg et al. 2002)hese species generally are in the same habitats as the
previously discussed guadfish species and are often food sources for other fish, birds, and mammals.

3.7.2.4 Forage Fish

Pacific herring Clupea pallasi is an abundant and widespread forage ifiisihlaska. They are
critical prey for a variety of fishes, mammals, dnds. Herring migrate in large schools and generally
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spawn in the spring. After spawning, most adults leave inshore waters and move seaward to feed primarily
on zooplankton such as copepods and other crustac@&mey. are seasonal feeders and accumuktt
reserves for periods of relative inactivity. Herring schools often demonstrate a diel vertical migration,
spending daylight hours near the seafloor and moving upward during the evening to feed (ADF&G 2015).
Other forage fish that amitical food sources to marine mammals, seabirds, and larger fish species include
eulachon (Thaleichthys pacifics capelin Mallotus villosu3, and Pacific sandlanceAfhmodytes
hexapterup (Ormseth and Vollenweider 2018).here are capelin spawning asewithin thesurveyarea

around Atka Islandspawning areas from May to Augygaleski and Mecum 2017).

3.7.2.5 Salmonids

Pacific salmon ©@ncahynchusspp.) rear in the GOA and are managed in three regions based on
freshwater drainage areas: southeaattral (Cook Inlet, PWS, and Bristol Bay), and westward (Alaska
Peninsula, Chignik, and Kodiak). Although some Pacific salmon species are listed under the ESA in parts
of their range, they are not listed in Alaska. All salmon except chinook generafig #pe majority of
their ocean life in offshore pelagic waters, bounded by brief periods of migration through coastal areas as
juveniles and returning adults. Chinook salmon migrate through coastal areas as juveniles and returning
adults, whereas adulbinook salmon undergo extensive migrations and can be found inshore and offshore
throughout the North Pacific (Morrow 1980%taging areas are located in nearshore waters ofithieys
area (Zaleski and Mecum 2018almon are not targeted in high saskdries, but are targeted in nearshore
waters with troll, gillnet, and seine gear.

3.7.2.6 Rockfish

Rockfishes $ebastespp.) range from southern California to the Bering, 8ed are prominent in
the Aleutian Islands (Bryan et al. Z0)1 At least 30 ockfish species inhabit Alaskan waters, with Pacific
ocean perchS. alutu$ being the most common. Pacific ocean perch are slow growing, bear live young,
and reach a maximum age of ~30 years (Hart 1973). Males grow more slowly and have shorteslife span
than do females. Rockfishes are internal fertilizers, with females releasing larvae. Pacific ocean perch
release their larvae in winter. Larvae and juveniles are pelagic until joining adults in demersal habitats after
two or three years. Adults areund primarily on the OCS and the upper continental slope in depths 150
420 m. In the summer, adults inhabit shallower depths, especiall3d®0n; in the fall, they migrate
farther offshore to depths of ~30f20 m. They stay at these deeper depth$ aintiut May, when they
return to their shallower summer depths (Love et al. 2002; Hanselman et al. 2007b).

3.7.2.7 Shellfish

Crab, shrimp, other crustaceans, and mollusks are harvested from Alaskan waters. All these species,
grouped in this document akellfish, inhabit benthic regions as adults, but can occupy pelagic waters as
larvae. Three species of king crab (rBdralithodes camtschaticublue, P. platypus golden,Lithodes
aequispinuy Tanner crab@hionoecetes bairjliandsnowcrab C. opilio) occur in Alaska Geoduck clam
(Panopea genero3and Weathervane scallopdtinopectertaurinug are important shellfish resourdes
the Aleutian islands

3.7.3 Essential Fish Habitat

Under the 1978Magnuson Fisheries Conservation and Managet Act(renamedMagnuson
Stevens Fisheries Conservation and ManagemenhA®&96), Essential Fish Habitat (EFH) is defined as

ifthose waters and substrate necessary to fish fo
AWat er s 0 i macehdswnddaheimagsociated physical, chemical, and biological properties that are
used by fish. ASubstrated includes sedi ment, har

biological communities (NOAA 201.
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EFH is identified for on} those species managed under a federal Fishery Management Plan (FMP),
which in the GOA includes groundfish, Pacific cod, sablefish, rockfish, scallops, and Pacific salmon. As
the entire GOA has been designated as EFH, the proposed survey would beecbindaretas designated
as EFH. TheMagnusorStevens Fishery Conservation and Mgeanent Act(16 U.S.C. §1801.882)
established Regional Fishery Management Councils and mandated that FMPs be developed to manage
exploited fish and invertebrate speciepmesibly in federal waters of the U.S. When Congress reauth
orized the actin 1996 as the Sustainable Fisheries Act, several reforms and changes were made. One change
was to charge NMFS with designating and conserving EFH for species managed unadey EMBS; this
mandate was intended to minimize, to the extent practicable, any adverse effects on habitat caused by
fishing or nonfishing activities, and to identify other actions to eneoer the conservation and
enhancement of such habitat. EFH hasnbdesignated for groundfish species or species assemblages,
salmonids, and invertebrates in different development seagesunding the Aleutian Islan@§able5).

3.7.4 Habitat Areas of Particular Concern

A Habitat Area of Particular Concern (HAP®)d subset of EFH that provides important ecological
functions, is especially voerable to degradation, or includes habitat that is rare (NOAA 2018b). There
are several HAPCs near the Aleutian Islands, including Bowers Ridge Habitat ConservationdZamaan
of Skate Egg Concentration Monitoring in the Bering Sea, and the GOA Slope Habitat Conservation Areas.
However, none occur within the proposadveyarea Bowers Ridge is the closest HAPC to the study
area; it covers an area of 5286 hand islocated ~100 km to the northwest (Fig. 1). Bottom trawling and
dredging are prohibited in this HAPC (Witherell and Woodby 2005).

3.8 Fisheries
3.8.1 Commercial Fisheries

Commercial fisheries for the Aleutian Islands are managed as a comporehtafs k a6s West we

Region, which also includes the Kodiak Archipelago and portions of the Alaska Peninsula (ADFG 2020b).

The eastern portion of the proposed survey area is also within the Aleutian Pribilof Island Community
Development Association Communifyevelopment Quota (CDQ) Region (NOAA 2019a). The CDQ

Program provides residents of western Alaska villages with investment opportunities for fisheries in the
Bering Sea/Aleutian Islands Management Area and is a means of supporting local economicabnd soci
development (NOAA 2019a). Under the Program, a portion of all groundfish, prohibited species, halibut, and

crab from the Bering Sea/Aleutian Island quotas are allocated to eligible communities (NOAA 2019a).

In terms of cat ch erdishigglportis Dutthédarlmog locatédrinthie sleupan e mi
Islands northeast of the proposed survey area (ADFG 2020b). Excluding salmon harvests, which included all
Alaskan catches combined, the total commercial fisheries catch for the Aleutian IslamoisAdaatian
Islands/Bering Sea area during 2017 and 2018 was ovemill@® tons per year (Table 6). During 2017
and 2018, most of the commercial fisheries catch weight in the Bering Sea/Aleutian Islands was comprised
of halibut and yellowfin sole, fldwed by Atka mackerel, herring, Pacific ocean perch, rock sole, Alaska
plaice, and Pacific cod (Table 6).

In subarctic Alaskan waters, Pacific halibut are harvested using longlines and caught as bycatch in
bottom trawl, pot, jig, and other hoakd-line fisheries (SAU 2016; NOAA 2019b). The proposed survey
area is within the International Pacific Halibut Commission (IPHC) Regulatory Area 4B (NOAA 2020c).
The IPHC manages the Pacific halibut stock in accordance with the GdradRacific Halibt Treaty,
with quota allocations and regulation development/enforcement determined in the U.S. by the North Pacific
Fishery Management Council (NPFMC) and NMFS, respectively (ADFG 2020d). The Alaskan
commercial halibut fishery is managed under an Ind&idrisheries QuotdFQ) system, which includes
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TABLE 5. Species with Essential Fish Habitat (EFH) for the Aleutian Islands.

Early Late
Species Eggs Larvae Juvenile Juvenile Adult

Walleye pollock \'% \% \)
Pacific cod - \
Greenland halibut (turbot) - -
Arrowtooth flounder - \
Kamchatka flounder - -
Northern rock sole - \%
Southern rock sole - -
Rex sole \ -
Dover sole - -
Flathead sole \ -
Sablefish - -
Pacific ocean perch - \%
Shortraker rockfish - -
Blackspotted rockfish - -
Rougheye rockfish - -
Northern rockfish - -
Shortspine thornyhead rockfish - -
Dusky rockfish - -
Atka mackerel \Y - -
Bigmouth sculpin - - -
Great sculpin - - -
Yellow lIrish lord - - -
Alaska skate - - \"/
Aleutian skate - - \"/

\

\

KK <K<K <K<K <

<K <K<K<K<K<K KL

Bering skate - -

Mud skate - -

Octopus - - -

Chinook salmon* - - \)

Chum salmon* - - \

Coho salmon* - - \%
\"
\"

K K<K<K<K<K<LK<K<LK<K<LK<LK<LK<LK<LK<LK<LK<LK<LK<LK<LK<K<K<KKLKKL

Pink salmon* - -

Sockeye salmon* - -
Weathervane scallop - - -
Blue king crab \

Golden king crab \'

Red king crab \ - -
Snow crab \

Tanner crab \

- Information currently unavailable.
* Salmon egg and larval life stages not included because they occur in freshwater.
Source: NPFMC (2011, 2014, 2018a,b).

K K<K<K<K<K<LK<K<LK<LK<LK<LK<LK<LK<LK<LK<LK<LK<LKKLK<LKKLKKLK<LK<LK<LK<LK<LK<LK<LK<LK<LK<LK<K<K<KKLK KL

K K<K<K<K<K<K<K<K<LK KL
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TABLE 6. Total commercial catches for the Aleutian Islands in 2017 and 2018.

Commercial Catch (t)

Species 2017 2018
Pacific cod 15,204 19,558
Alaska plaice 16,4912 23,3432
Arrowtooth flounder 6,519 2 7,0032
Kamchatka flounder 4,504 2 3,1082
Atka mackerel 64,451 & 70,3932
Herring 68,416 " 45,707°
Rougheye rockfish 2052 2372
Flathead sole 9,1462 11,0612
Yellowfin sole 132,2972 146,5002
Rock sole 35,2722 28,2762
Bering flounder 3@ 5a
Greenland halibut (turbot) 2,8342 1,8342
Halibut 833,417 ¢ 826,707 ©
Northern rockfish 4,6992 5,7662
Octopus 35 142
Dusky rockfish 404 463
Shortspine thornyhead rockfish 101 91
Harlequin rockfish 48 92
Yelloweye rockfish 0.2 ~1
Redbanded rockfish 2 ~1
Redstripe rockfish 5 0
Black rockfish ~1 0.3
Silvergray rockfish 0.1 0
Shortraker rockfish 1612 2504
Unspecified thornyheads ~1 0.5
Unspecified rockfish 10 15
Pacific ocean perch 32,5432 34,750 @
Pollock 1,507 1,778
Sablefish 590 474
Sculpin 5,3402 5,1092
Chinook salmon 3,154° 2,794°0
Chum salmon 191,662° 158,659 P
Coho salmon 32,811° 27,365°
Pink salmon 515,241°b 149,534b
Sockeye salmon 290,907 b 259,375°P
Shark 142 94
Skate 1,420 1,657
Squid 43 35
Golden king crab 2,829 2,942
Red king crab <1 <1
Commercial Catch (t)
2014 2015
“Other” flatfish ¢ 13,936 17,978

- Data unavailable.

2 Total catch for the Bering Sea and Aleutian Islands combined.

b Total catch for Alaska combined.

¢ Total catch for International Pacific Halibut Commission regulatory area 4B.

4 “Other” flatfish includes dover sole, longhead dab, rex sole, Sakhalin sole, starry flounder,
deepsea sole, and butter sole.

Sources: AFSC (2019); ADFG (2020c); NOAA (2020f); NPFMC (2020a).
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annual, daily bag, and possession limits (ADFG 2020d). The commercial fishery for halibut in Area 4B
occurs during mieMarch to midNovember and had a total allowable catch (TAC) of ~549 t during 2019
(IPHC 2019). Directed longline halibdishing may occur within the proposed survey area during
September and October.

Yellowfin sole are targeted in bottom trawl fisheries in the Bering Sea/Aleutian Islands and taken as
bycatch in hand line, pelagic trawl, and pot/trap fisheries in sub&dei&an waters (SAU 2016; NPFMC
2018a). The majority of the Bering Sea/Aleutian Islands stock inhabits the continental shelf; a relatively
negligible portion of its abundance is in the Aleutian Islands (NPFMC 2018a). Overall, the stock has been
in declne since the mid980s; recent total catch weights from the Aleutian Islands have been ~100,000 t
per year (NPFMC 2018a). The TAC for the Bering Sea/Aleutian Islands is 166,425 t for 2020 (NPFMC
2018c). As the directed yellowfin sole fishery generaliyuos from winter through fall in the Bering Sea/
Aleutian Islands (AFSC 2019), a relatively limited commercial fishery for yellowfin sole may occur within
the proposed survey area durfdgptember and Octoherlthough it is anticipated that most of thehiry
would occur in the Bering Sea, north of the survey area.

In the Aleutian Islands region, Atka mackerel spawn from-Jatg to midOctober, with peak
spawning during earigeptember (AFSC 2019). Territorial, mature males brood the eggs until they ha
between October and January, although most hatching occurs-Molaeenber (AFSC 2019). Prior to
2011, the Atka mackerel fishery was closed during-Apdl to early-September to avoid the spawning
and early to mid-brooding seasons; this avoidanetipd was removed as of 2QEhd the Atka mackerel
trawl fishery has been open in the Aleutian Islands fromJateiary to the end of December since 2014
(AFSC 2019). Some bycatch occurs in the Bering Sdautian Islands Pacific cod and rockfish fisker
(AFSC 2019). The proposed survey area is within the Eastern Aleutian Islands fishery management region.
Atka mackerel TACs within theegionincreased from 2013 to 2018 but decreased thereafter, with a limit
of 36,500 t and 24,535 t during 2018 af2@, respectively (AFSC 2019; NOAA 2090 The fishery may
occur within the proposed survey area dut@egptember and October.

The nearest active statewide commercial herring fishery port to the proposed survey area is Dutch
Harbor, for sac roe and fooad bait use (ADFG 2020c). In the Adak District of the Alaska Peninsula
Aleutian Islands Area, the herring sac roe fishery may occur fromAmid to late-June, and the food and
bait fishery by gillnet from latdune to latd-ebruary and by purse seinesm earlyJuly to lateFebruary
(ADFG 2019a). During 2012021, up to 500 t per year may be harvested using seines or gillnets in the
Adak District (ADFG 2019a). Purse seines and gillnets are the only lawful gear permitted for commercial
herring fisheris in the area, although herring are incidentally taken in bottom and pelagic trawls (SAU
2016; ADFG 2019a). Food and bait herring fisheries may occur within the proposed survey area during
September and October.

The Aleutians Islands stock is one of f®acific ocean perch stocks, which also include the eastern
Pacific (British Columbia), Gulf of Alaska, and Bering Sea stocks (AFSC 2019). Aleutian Island Pacific
ocean perch are targeted using bottom trawls, but they have also been caught in pelagltaimavihes,
pots/traps, and longlines in subarctic Alaskan waters (SAU 2016). The TAC for the Eastern Aleutian
Islands increased from 9000 t in 2018 to 11,4462020 (AFSC 2019; NOAA 202). During 2019,
Pacific ocean perch harvests occurred inEhstern Aleutian Islands during ApMlovember anctould
occur within the proposed survey area du@sgptember and Octob@OAA 202().

Rock sole are harvested using trawls and have been incidentally caught using hand lines or pots/traps
in subarctic Alaskan waters (SAU 2016). They are commonly caught as bycatch in the targeted yellowfin
sole, pollock, flathead sole, and Pacific cod fisheries in the Beringl8aetan Islands area (AFSC 2019).

The TAC for rock sole in the Bering Sédeutian Islands increased from 47,100 t in 2019 to 57,100 t in
2020 (NOAA 202@). Rock sole were harvestalllyear within the Bering Séaleutian Islands area during
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2019 the fishery may occur within or near the proposed survey area @epigmber and Odier(NOAA
2020).

Alaska plaice are harvested using bottom tragwinaily in the easter®Bering Sea, but have been
caught as bycatch using pelagic trawls and hand lines within subarctic Alaskan waters (SAU 2016). The
TAC for Alaska plaice in the Berin§edAleutian Islands has remained at 18,000 t since 2019 (NOAA
202@®). Alaska plaice were caugtitroughout the yean 2019 in the Bering Séaleutian Islandsthis
trawl fishery may occur within the proposed survey area dstngnerandfall (NOAA 202().

Pacific cod in the Bering Shsleutian Islands are caught in targeted fisheries using bottom and
pelagic trawls, handlines/longlines, and pots/traps, and are occasionally caught incidentally by purse seines
or shrimp trawls in subarctic Alaskan wat¢®AU 2016). The Bering SAdeutian Islands catcher
processor and catcheessel hoolandline and trawl Pacific cod fisheries occurred yeaund during
2019, except for December for trawl fisheries (NOAA 2020'he 2019 catchasrocessor/catcheressé
pot fishery occurred during January and September, and mixeeblnddike/pot fisheries during January
February and ApriDecember within the Bering Sédeutian Islands (NOAA 20Z). All Bering Sea
Aleutian Island Pacific cod fisherieguld ke active during the proposesdirveymonths of September and
October and the fishery is likely to occur within and/or near the proposed survey area. The TAC for Pacific
cod in the Aleutian Islands has been set at 14,214 t for 2019 and 2020 (NOA&). 2020

King crab are only permitted to be retained using king craly poistaken incidentally by other
fishing gear must be returned to the water unharmed (ADFG 2017). King Crab Registration Area O consists
of the Aleutian Islands area, including the proposed suavea which is in the king crab Adak District
(ADFG 2017). Due to low stock abundance, the commercial fishery for red king crab in the Aleutian
Islands area was closed during the 2@IH8.6 season, although it has since reopened (Leon et al. 2017).
The Aeutian Islands golden king crab fishery is unique for western Alaskan king crab fisheries, in that it
has never been closed due to low stock abundance and is the only such fishery for which longline pot gear
is the sole lawful gear type (Leon et al. 201During the 200i72015 seasons, five vessels participated in
the Aleutian Islands golden king crab fishery, for a combined average annual catch weight of 0.002 t (Leon
et al. 2017). During the 2019/2020 season, the Aleutian Islands IFQ and Adak Com#tlocyion
(ACA) TACs west of 174°W for golden king crab are ~1172 t and 130 t, respectively (\Vlrexemiand
Rabung 2019). During 2012019, unless otherwise specified by emergency order, male red king crab
were set to be har heddak Ridrictlfrom Auges te milebruatypadddtheimale t
golden king crab season was set to open fromAuigust to midMay in Area O (ADFG 2017). King crab
pot fisheries may occur within or near the proposed survey area @ajrtgmber and October

In the Aleutian Islands, the 2012021 commercial salmon fishery season is open froduly0to 30
Septembergear types may include purse, hand purse, and beach seines (ADFG 2019b). During 2018, the
combined commercial salmon harvest in the Alaska Pelainsleutian Islands, and Atkamlia Islands
management areas included ~20,000 Chinook, 3,696,000 sockeye, 368,000 Coho, 794,000 pink, and
1,154,000 chum salmon (Brenner et al. 2019). Harvests of all five species were régatiedSouth
Peninsula and\leutian Islands during 2018, with catches mainly consisting of sockeye, chum, and pink
salmon (Brenneet al. 2019). Commercial fisheries for salmon may occur within the proposed survey area
from July throughSeptembebut the season auld be closed diing the October portion of the survey.
Commercial diving fishing activities are not anticipated to occur within the survey area.

3.8.2 Recreational Fisheries

Recreational fisheries iAlaska are worldenowned and economically important, with the charter
sector generating >$165 million annually in Southern Alaska during recent years (NOAA).2019
Recreational fisheries for all five Pacific salmon species, dolly varden and steelhead/rainbow trout are
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popular in freshwaters of the Alaska Peninsula and meuslands, while halibut, lingcod, and rockfishes

are commonly caught recreationally in marine waters (ADFG €020he State of Alaska is responsible

for monitoring recreational fisheries and collect harvest data via mail surveys, logbooks from charter
vessels, and esite sampling (ADFG 202{). Alaska Peninsula and Aleutian Islands recreational fisheries
are open yearound for salmon, rainbow/steelhead trout, dolly varden, Arctic grayling, and other finfish,
with the exception of a Janudgduly seaswo for king salmon (ADFG 2030 During 2018, 1586 anglers
fishedatotal of 8668 angledays in saltwater and 8355 anglers fished 33,597 adgles in freshwater in

the Alaska Peninsula/Aleutian Islands Area (ADFG 20)20n order of decreasing catch numbers, species
caught in the Areads unagr2D18 ecludee cockish (1970),nsaah Cohoi s her i ¢
salmon (1335), Pacific halibut (1148), Pacific cod (1141), pink salmon (978), sockeye salmon (801), sea
run Chinook salmon (359), dolly varden/Arctic char (212), sablefish/black cod (101), lingcod (40), and
chum salmon (14) (ADFC 2020h). Species caught recreationally in freshwater during 2018 included sea
run Coho salmon (14,835), pink salmon (3031);rseeChinook salmon (2736), varden/Arctic char (1736),
sockeye salmon (801), Arctic grayling (98), chuainson (96), dolly rainbow trout (89), lake trout (25),

and northern pike (9) (ADFG 2080 No shellfish have been reported in the recreational fishery in
Southcentral Alaska since at least 2009 (ADFG 2020

3.9 SCUBA Dive Sitesand Shipwrecks

Shipwreckand obstruction site | ocations are maintai
and Obstructions database, including the Electronic Navigational Chart (ENC) and Automated Wreck and
Obstructions Information System (AWOIS) datasets (NOAA 2D18hereare ~15 shipwreck sites within
or near the proposed survey ailiealuding neaproposed survey lirgFig. 2; NOAA 2018&). At least 12
of the shipwrecks are nearshore and may be recreational SCUBA diving sites in the proposed survey area.
Charter vesds operating out of Dutch Harbor, such ashiss Alyssaoffer guided SCUBA dives within
the Aleutian Islands, and may host recreational diving activities within or near the proposed survey area
(TMA 2019).

In September 2019, U.S. Navy divers clearedrantbved a sunken, abandoned fishing vessel, F/V
Heritage fr om Adakds harbor because it blocked acces
boat ramp (Handley 2019). It is not clear whether this vessel was included in the ENC or AWOIS datasets.
The U.S. Navy divers also conducted a ewthther training exercise off Adak Island during September
2019, the AArctic Expeditionary Capabilities Exe
location and deepvater port, the U.S. Navy may camie to periodically conduct diving exercises off
Adak, reusing facilities at the naval military base on northern Adak Island that was abandoned in 1997
(Woody 2019). SCUBA diving may also occur for benthic ecological data collection within the Aleutian
Islands, including the proposed survey area, as part of the Alaska Monitoring and Assessment Program
(AKMAP) which has been ongoing since 2002 (Jewett et al. 2008; SOA 2020).

There are two sites with documented obstructions in the proposed aueaejocated ~4Km north
of Atka Island and in Kuluk Bay, Adak Island (FBJ.NOAA 201&). The obstructions site north of Atka
Island may contain unexploded munitions and submerged ruins of a pier. Obstructions within Kuluk Bay
include pierruins (44 nd piles (3) that are fivisible at high w
(4), pilings (5), breakwater ruins (1), an open metal frame, a concrete block, and a large rock (NOAA
201%).
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FIGURE 2. Map of the proposed 2020 seismic survey of the Aleutian Arc showing representative survey
lines, critical habitat, shipwrecks, and obstructions.

IV ENVIRONMENTAL CONSEQUENCES

4.1 Proposed Action
4.1.1 Direct Effects on Marine Mammals and Sea Turtles and Their gnificance

The material in this section includes a summary of the expected potential effects (or lack thereof) of
airgun sounds on marine mammals and sea turtles given in the PEIS, and refereecs licerature that
has become available since the Rlas released in 2011A more comprehensive review of the relevant
background information appears in § 3.4.4.3, 8 3.6.4.3, 8 3.7.4.3, § 3.8.4.3, andiRAjgpehthe PEIS.

Relevant background information on the hearing abilities of marine mamndadearurtles can also
be found in the PEIS. This section also includes estimates of the numbers of marine mammals that could
be affected by the proposed seismic survey. Arijjgisi on of the rationale for
numbers of individualsx@osed to received sound levels60dB re 1 uPansis also provided.
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4.1.1.1 Summary of Potential Effects of Airgun Sounds

As noted in the PEIS (§ 3.4.4.3, § 3.6.4.3, § 3.7.4.3, § 3.8.4.3), the effects of sounds from airguns
could include one or more ttfie following: tolerance, masking of natural sounds, behavioral disturbance,
and at least in theory, temporary or permanent hearing imeair or norauditory physical or
physiological effects (Richardson et al. 1995; Gordon et al. 2004; Nowacek@ gl Sdbuthall et al. 2007;

Erbe 2012; Peng et al. 2015; Erbe et al. 2@A.9 Kunc et al. 2016; National Academies of Sciences,
Engineering, and Medicine 2017; Weilgart 20B76ker 2019. In some cases, a behavioral response to a
sound can reduce the overall exposure to that sound (e.g., Finneran et al. 2015; Wensveen et al. 2015).

Permanent hearing impairmergegmanent threshold shifPTg), in the unlikely event that it
occurredwould constitute injury (Southall et al. 2007; Le Prell 201RPhysical damage to a mama | 6 s
hearing apparatus can occur if it is exposed to sound impulses that have very high peak pressures, especially
if the impulses have very short rise times (e.gordll et al. 2017).Although Hastie et al. (2019) reported
that the inpulsive nature of sound is randependent, becoming less harmful over distance from the source
Martin et al. (2020) noted that sound retains its impulsive character at SPLs ab@ffedtiee quiet
threshold, and therefore this is not relevant for assessing hearing dameagmorary threshold shift [1S)
is not considered an injury by some authors (Southall et al. 2007; Le Prell 2012). Rather, the onset of TTS
has been considered amicator that, if the animal is exposed to higher levels of that sound, physical
damage is ultimately a possibility. Nonetheless, research has shown that sound exposure can cause cochlear
neural degeneration, even when threshold shifts and hair cedlggaane reversible (Kujawa and Liberman
2009; Liberman 2016). These findings have raised some doubts as to whether TTS should continue to be
considered a nemjurious effect (Weilgart 2014; Tougaard et al. 2015, 2016). Although the possibility
cannot beentirely excluded, it is unlikely that the proposed sumveuld result in any cases of temporary
or permanent hearing impairment, or any sigaifit norauditory physical or physiological effects. If
marine mammals encounter a survey while it is undgrwome behavioral disturbance could result, but
this would be localized and shdaerm.

Tolerance—Numerous studies have shown that pulsed sounds from airguns are often readily
detectable in the water at distances of many kilometers (e.g., Nieukirk2éx1@). Several studies have
shown that marine mammals at distances more than a few kilometers from operating seismic vessels often
show no apparent response. That is often true even in cases when the pulsed sounds must be readily audible
to the animaldbased on measured received levels and the hearing sensitivity of that mammal group.
Although various baleen and toothed whales, and (less frequently) pinnipeds have been shown to react
behaviorally to airgun pulses under some conditions, at other tismsmals of all three types have shown
no overt reactions. The relative responsiveness of baleen and toothed whales are quite variable.

Masking—Masking effects of pulsed sounds (even from large arrays of airguns) on marine mammal
calls and other natural snds are expected to be limited, although there are few specific data on this.
Because of the intermittent nature and low duty cycle of seismic pulses, animals can emit and receive
sounds in the relatively quiet intervals between pulses. However, iptexed situations, reverberation
occurs for much or all of the interval between pulses (e.g., Simard et al. 2005; Clark and Gagnon 2006),
which could mask calls. Situations with prolonged strong reverberation are infrequent. However, it is
common for rgerberation to cause some lesser degree of elevation of thgrtaiclt level between airgun
pulses (e.g., Gedamke 2011; Guerra et al. 2011, 2016; Klinck et al. 2012; Guan et al. 2015), and this weaker
reverbeation presurmably reduces the detection rangf calls and other natural sounds to some degree.
Guerra et al. (2016) reported that ambient noise levels between seismic pulses were elevated as a result of
reverberation at ranges of 50 km from the seismic source. Based on mmeagsrm deep watelf the
Southern Ocean, Gedamke (2011) estimated that the slight elevation of background levels during intervals
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between pulses reduced blue and fin whale conration space by as much ag 86% when a seismic

survey was operating 46B800 km away. Baskeon preliminary modeling, Wittekind et al. (2016) reported

that airgun sounds could reduce the communication range of blue and fin whales 2000 km from the seismic
source. Nieukirk et al. (2012) and Blackwell et al. (2013) noted the potential for ma$iaots from

seismic surveys on large whales.

Some baleen and toothed whales are known to continue calling in the presence of seismic pulses,
and their calls usually can be heard between the pulses (e.g., Nieukirk et al. 2012; Thode et al. 2012; Broker
etal. 2013; Sciacca et al. 2016). Cerchio et al. (2014) suggested that the breeding display of humpback
whales off Angola could be disrupted by seismic sounds, as singing activity declined with increasing
received levels. In addition, some cetaceans aosvikrto change their calling rates, shift their peak
frequencies, or otherwise modify their vocal behavior in response to airgun sounds (e.g., Di lorio and Clark
2010; Castellote et al. 2012; Blackwell et al. 2013, 2015). The hearing systems of bale=n amhal
undoubtedly more sensitive to leinequency sounds than are the ears of the small odontocetes that have
been studied directly (e.g., MacGillivray et al. 2014). The sounds important to small odontocetes are
predoninantly at much higher frequencid¢isan are the dominant components of airgun sounds, thus
limiting the potential for masking. Ghoul and Reichmuth (2014) reported that sea otter hearing sensitivity
is greatly reduced underwater compared to pinnipeds and that they are primarily adapsechidbbrne
sounds. Their best underwater hearing occurs at frequencies of 2 to 26 kHz; these frequencies are outside
the mainly low frequencies produced by airguns. In general, masking effects of seismic pulses are expected
to be minor, given the norly intermittent nature of seismic pulses.

Disturbance Reactions—Disturbance includes a variety of effects, including subtle to conspicuous
changes in behavior, movement, and displacement. Based on NMFS (2001, p. 9293), National Research
Council (NRC2005), and Southall et al. (2007), we believe that simple exposure to sound, or brief reactions
that do not disrupt behavioral patterns in a potentially significant manner, do not constitute harassment or
itakingbo. By pot ent iamdnheythasnmigptrhavé deleteriaus effects & thenwed n ,
being of individual marinemama |l s or t heir popul ati onsé.

Behavioral reactions of marine marals to sound are difficult to predict in the absence of aitd
contextspecific data (Ellison et.a2018). Reactions to sound, if any, depend on species, state of maturity,
experience, current activity, reproductive state, time of day, and many other factors (Richardson et al. 1995;
Wartzok et al. 2004; Southall et al. 2007; Weilgart 2007; Elliscad.e2012 2016 Harding et al. 2019;
RakoGos pi | and )Pifa oarind mammaR dbds $eact briefly to an undéer sound by
changing its behavior or moving a small distance, the impacts of the change are unlikely to be significant
to theindividual, let alone the stock or population (e.g., New et al. 2018ajveverhumerous data gaps
remain regarding the consequencesaifavioraresponses (Elliott et al. 2019f.a sound source displaces
marine mammals from an important feeding @daling area for a prolonged period, impacts on individuals
and populations could be significant (Lusseau and Bejder 2007; Weilgart 2007; New et al. 2013b; Nowacek
et al. 2015Forney et al. 201)7 Kastelein et al. (20H) reported that if disturbance bpise would displace
harbor porpoises from a feeding area or otherwise impair foraging ability for a short period of time (e.g., 1
day), they would be able to compensate by increasing their food consumption following the disturbance.

Some studies have attpted modeling to assess consequences of effects from underwater noise at
the population level (e.g., King et al. 2015; Costa et al. 2016a,b; Ellison et al. 2016; Harwood et al. 2016;
Nowacek et al. 2016; Farmer et al. 801 Various authors have notedathsome marine mammals that
show no obvious avoidance or behavioral changes may still be adversely affected by sound
(e.g.,Weilgart2007; Wright etal. 2011; Gomez et al. 2016).
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Given the many uncertainties in predicting the quantity and types of isnpacoise on marine
manmals, it is common practice to estimate how many marine mammals would be present within a
particular distance of industrial activities and/or exposed to a particular level ofriabdssund. In most
cases, this approach likebyerestimates the numbers of marine mammals that would be affected in some
biologically important manner. The sound criteria used to estimate how many marine mammals could be
disturbed to some biologically important degree by a seismic program are basadyon behavioral
observations of a few species. Detailed studies have been done on humpback, gray, bowhead, and sperm
whales. Less detailed data are available for some other species of baleen whales and small toothed whales,
but for many speciedh¢re are no data on responses to marine seismic surveys.

Baleen Whales

Baleen whales generally tend to avoid operating airguns, but avoidance radii are quite variable.
Whales are often reported to show no overt reactions to pulses from large arragsirtd atrdistances
beyond a few kilometers, even though the airgun pulses remain well above ambient noise levels out to much
longer distances. However, baleen whales exposed to strong noise pulses from airguns often react by
deviating from their normal migtion route and/or interrupting their feeding and moving away. In the
cases of migrating gray and bowhead whales, the observed changes in behavior appeared to be of little or
no biological consequence to the animals. They simply avoided the sound Bputisplacing their
migration route to varying degrees, but within the natural boundaries of the migration corridors (Malme et
al. 1984; Malme and Miles 1985; Richardson et al. 1995).

Responses diumpback whale® seismic surveys have been studied dunrigration, on summer
feeding grounds, and on Angolan winter breeding grounds; there has also been discussion of effects on the
Brazilian wintering grounds. Off Western Australia, avoidanceti@a began ati® km from the array,
and those reactionsegt most pods 3 km from the operating seismic boat; there was localized
displacement during migration of 8 km by traveling pods and X2 km by more sensitive resting pods of
cow-calf pairs (McCauley et al. 1998, 2000However, some individual humptla whales, especially
males, approached within distances of i 4D m.

Dunlop et al. (2015) reported that migrating humpback whales in Australia responded to a vessel
operating a 20 thairgun by decreasing their dive time and speed of southward migratavever, the
same responses were obtained during control trials without an active airgun, suggesting that humpbacks
responded to the source vessel rather than the airgun. A ramp up was not superior to triggering humpbacks
to move away from the vessedrapared with a constant source at a higher level of 1%@lihough an
increase in distance from the airgun(s) was noted for both sources (Dunlop et al. 2016a). Avoidance was
also shown when no airguns were operational, indicating thatésence of the vessel itself had an effect
on the response (Dunlop et al. 2016a,b). Overall, the results showed that humpbacks were more likely to
avoid active small airgun sources (20 and 14Dwithin 3 km and received levels of at least 140 dB re 1
¢ P’as (Dunlop et al. 2017a). Responses to ramp up and use of a large 3aBayirelicited greater
behavioral changes in humpbacks when compared with small arrays (Dunlop et al. 200®@backs
reduced their southbound migration, or deviated ftbair path thereby avoiding the active array, when
they were within 4 km of the active | arge?sairgun
(Dunlop et al. 2017b, 2018). These results are consistent with earlier studies (e.g., McCHURS08).
However, some individuals did not show avoidance behaviors even at levels as high as 160to 170 dB re 1
¢ P?as (Dunlop et al. 2018)Dunlop et al. (2020) found that humpback whales were significantly less
likely to interact socially (e.g.pjning a group) in the presence of a vessel, whether it was towing an active
airgun array or notatgreater ranges and received sound levels lower than the recommended thresholds
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In the northwest Atlantic, sighting rates were significantly greatemgunionseismic periods
compared with periods when a full array was operating, and humpback whales were more likely to swim
away and less likely to swim towards a vessel during seismic vssaismic periods (Moulton and Holst
2010). In contrast, sightisgof humpback whales from seismic vessels off the U.K. duringi 28349
indicated that detection rates were similar during seismic angeiemic periods, although sample sizes
were small (Stone 2015). On their summer feeding grounds in southeast Aleskawas no clear
evidence of avoidance, despite the possibility of subtle effects, at received levels up to &2 @nlan
approximate rms basis (Malme et al. 198B)has been suggested that South Atlantic humpback whales
wintering off Brazil may be displaced or even strand upon exposure to seismic surveys (Engel et al. 2004),
but data from subsequent years indicated that there was no observable direct corréhatiem $ieandings
and seismic surveys (IWC 2007).

There are no data on reactionsight whalesto seismic surveys. However, Rolland et al. (2012)
suggested that ship noise causes increased stress in right whales; they showed that baseline ésgels of str
related faecal hormone metabolites decreased in North Atlantic right whales witlB alécrease in
underwater noise from vessels. Wright et al. (2011), Atkinson et al. (2015), Houser et al. (2016), and
Lyamin et al. (2016) also reported that soundidde a potential source of stress for marine mammals.

Bowhead whaleshow that their responsiveness can be quite variable depending on their activity
(migrating vs. feeding). Bowhead whales migrgtwest across the Alaskan Beaufort Sea in autumn, in
particular, are unusually responsive, with statial avoidance occurring out to distances of 20D km
from a mediurssized airgun source (Miller et al. 1999; Richardson et al. 1999). Subtle buicstifyis
significant changes in surfacinigespiraioni dive cycles were shown by traveling and socializing bowheads
exposed to airgun sounds in the Beaufort Sea, including shorter surfacings, shorter dives, and decreased
number of blows per surfacing (Robertson et al. 2013). More recent research on chovwiades
corroborates earlier evidence that, during the summer feeding season, bowheads are less responsive to
seismic sources (e.g., Miller et al. 2005; Robertson et al. 2013).

Bowhead whale calls detected in the presence and absence of airgun smentdsdmstudied
extensively in the Beaufort Sea. Bowheads continue to produce calls of the usual types when exposed to
airgun sounds on their summering grounds, although numbers of calls detected are significantly lower in
the presence than in the absentairgun pulses (Blackwell et al. 2013, 2015). Blackwell et al. (2013)
reported that calling rates in 2007 declined significantly where received SPLs from airgun sounds were
116129 dB re 1 pPa; at SPLs <108 dB re 1 pPa, calling rates were not affé¢texh data for 20Q7
2010 were analyzed, Blackwell et al. (2015) reported an initial increase in calling rates when airgun pulses
became detectable; however, calling rates leveled off at a received daaEtumulative SEL over a 10
min period) of ~94 dBe 1uP& - s, decreased at CSkkyin >127 dB re JuP& - s, and whales were nearly
silent at CSEkLomin >160 dB re JuP&-s. Thus, bowhead whales in the Beaufort Sea apparently decreased
their calling rates in response to seismic operations, althmugiement out of the area could also have
contributed to the lower call detection rate (Blackwell et al. 2013, 2015).

A multivariate analysis of factors affecting the distribution of calling bowhead whalegydbeir
fall migration in 2009 noted thalhe southern edge of the distribution of calling whales was significantly
closer to shore with increasing levels of airgun sound from a seismic survey a few hundred kilometers to
the east of the study area (i.e., behind the westmégcating whales; McDaald et al. 2010, 2011). It was
not known whethr this statistical effect represented a stronger tendency for quieting of the whales farther
offshore in deeper water upon exposure to airgun sound, or an actual inshore displacement of whales.

There was nandication thatwestern gray whalesxposed to seismic sound were displaced from
their overall feeding grounds near Sakhalin Island during seismic programs in 1997 (Wdrsig et al. 1999)
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and in 2001 (Johnson et al. 2007; Meier et al. 2007; Yazvenko e0@aR However, there were
indications of subtle behavioral effects among whales that remained in the areas exposed to airgun sounds
(Wursig et al. 1999; Gailey et al. 2007; Weller et al. 2006a) and localizettitmdion of some individuals

within the nearshore feeding ground so as to avoid close approaches by the seismic vessel (Weller et al.
2002, 2006b; Yazvenko et al. 2007a). Despite the evidence of subtle changes in some quantitative measures
of behavior and local redistribution of some individughere was no apparent change in the frequency of
feeding, as evident from mud plumes visible at the surfacevério et al. 2007b). Similarlyo large

changes in gray whale movement, respiration, or distribution patterns were observed duringnike se
programs conducted in 2010 (Broker et al. 2015; Gailey et al. 2016). Although sighting distances of gray
whales from shore increased slightly during\aek seismic survey, this result was not significant (Muir et

al. 2015). However, there may lealyeen a possible localized avoidance response to high sound levels in the
area (Muir et al. 2016)The lack of strong avoahce or other strong responses during the 2001 and 2010
programs was presumably in part a result of the comprehensive combifaté@htime monitoring and
mitigation measures designed to avoid exposing western gray whales to received SPLs above ~163 dB re
1 smP(dohnson et al. 2007; Nowacek et al. 2012, 2013b). In contrast, preliminary data collected during

a seismic programmi2015 showed some displacement of animals from the feeding area and responses to
lower sound levels than expected (Gailey et al. 2017; Sychenko et al. 2017).

Gray whales in British Columbia, Canada, exposed to seismic survey sound levels up to ~170 dB re
lePa did not appear to be strongly disturbed (Bain
moved away from the airguns but toward deeper water where sound levels were said to be higher due to
propagation effects (Bain and Williams 2006).

Various species dBalaenoptergblue, sei, fin, and minke whales) have occasionally been seen in
areas ensonified by airgun pulses. Sightings by observers on seismic vessels using large arrays off the U.K.
from 1994 2010 showed that the detection rate rfinke whales was significantly higher when airguns
were not operating; however, during surveys with small arrays, the detection rates for minke whales were
similar during seismic and neseismic periods (Stone 2015). Sighting rates for fin and sei wivales
similar when large arrays of airguns were operating vs. silent (Stone 2015). All baleen whales combined
tended to exhibit localized avoidance, remaining significantly farther (on average) from large arrays
(median closest point of approd@PA] of ~1.5 km) during seismic opdians compared with neseismic
periods (median CPA ~1.0 km; Stone 2015). In addition, fin and minke whales were more often oriented
away from the vessel while a large airgun array was active compared with periods of yn&stosie
2015). Singing fin whales in the Mediterranean moved away from an operating airgun array, and their song
notes had lower bandwidths during periods with vs. without airgun sounds (Castellote et al. 2012).

Kavanagh et al. (2019) analyzed more tB890 hr of cetacean survey data in the northeastern
Atlantic Ocean to determine the effects of the seismic surveys on cetaceans. They found that sighting rates
of baleen whales weggnificantly lower during seismic surveys compared with control surnv@igting
ratesof baleen whales were als@nificantly lower during seismic operations compared with-sgamic
periodsduring seismic surveys in the northwest Atlar{fitoulton and Holst 2010). &een whales as a
group showed localized avoidance of the operating amdywee seen on average 200farther from the
vessel during airgun activities vs. nsaismic periodéMoulton and Holst 2010)These whales more often
swam away from the vesselhen seismic operations were underway compared with periods when no
airguns were operating (Moulton and Holst 2010). Blue whales were seen significantly farther from the
vessel during single airgun operations, ramp up, and all other airgun operationsacbwifanonseismic
periods (Moulton and Holst 2010). Similarly, fin whales were seen at significantly farther distances during
ramp up than during periods without airgun operations; there was also a trend for fin whales to be sighted
farther from the vesel during other airgun operations, but the difference was not significant (Moulton and
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Holst 2010). Minke whales were seen significantly farther from the vessel during periods with than without
seismicoperations (Moulton and Holst 2010). Minke whalese also more likely to swim away and less
likely to approach during seismic operations compavét periods when airguns were not operating
(Moulton and Holst 2010)In contrastMatos (2015) reported no change in sighting rates of minke whales

in Vedfjorden, Norway, during ongoing seismic surveys outside of the fjord. Vilela et al. (2016) cautioned
that environmental conditions should be taken into account when comparing sighting rates during seismic
surveys, as spatial modeling showed that diffeesnin sighting rates of rorquals (fin and minke whales)
during seismic periods and ngeismic periods during a survey in the Gulf of Cadiz could be explained by
environmental variables.

Data on shofterm reactions by cetaceans to impulsive noises dneegesarily indicative of long
term or biologically significant effects. It is not known whether impulsive sounds affect reproductive rate
or distribution and habitat use in subsequent days or years. However, gray whales have continued to migrate
annually along the west coast of North America with substantial increases in the population over recent
years, despite intermittent seismic exploration (and much ship traffic) in that area for decades. The western
Pacific gray whale population continued tedeoff Sakhalin Island every summer, despite seismic surveys
in the region. In addition, bowhead whales have continued to travel to the eastern Beaufort Sea each
summer, and their numbers have increased notably, despite seismic exploration in theirsgsuhamemn
range formany years. Pirotta et al. (2018) used a dynamic state model of behavior and physiology to assess
the consequences of disturbance (e.g., seismic surveys) on whales (in this case, blue whales). They found that
the impact of localized acute disturbance (e.g., seismic surwyvy
response, with whales that remained in the affected area having a greater risk of reduced reproductive success
than whales that avoided the disturbance. Chronic, but weakabdisce (e.g., vessel traffic) appeared to
have less effect on reproductive success.

Toothed Whales

Little systematic information is available about reactions of toothed whales to sound pulses.
However, there are recent systematic studies on spdrafes, and there is an increasing amount of
information about responses of various odoates to seismic surveys based on monitoring studies.
Seismic operators arRiSOs0n seismic vessels regularly see dolphins and other small toothed whales near
operding airgun arrays, but in general there is a tendency for most delphinids to show some avoidance of
operating seismic vessels (e.g., Stone and Tasker 2006; Moulton and Holst 2010; Barry et al. 2012; Wole
and Myade 2014; Stone 2015; Monaco et al. 28h6kaszi and Kelly 2019 In most cases, the avoidance
radii for delphinids appear to be small, on the order of 1 km or less, and some individuals show no apparent
avoidance.

Observations from seismic vessels using large arrays off the U.K. froni 219 irdicated that
detection rates were significantly higher for killer whales, whéaked dolphins, and Atlantic whisgdded
dolphins when airguns were not operating; detection rates during seismic \&eisioic periods were
similar during seismic surveyssing small arrays (Stone 2015). Detection rates for-fomged pilot
whal es, Ri ssods dol phi n<eaked emmoh dotplirs everedsomilap during s , ar
seismic (small or large array) vs. aseismic operations (Stone 2015). CPA distarfoe killer whales,
white-beaked dolphins, and Atlantic whisgded dolphins were significantly farther (>0.5 km) from large
airgun arrays during periods of airgun activity compared with periods of inactivity, with significantly more
animalstravelingawa f r om t he vessel during airgun operation
that fewer cetaceans were feeding and fewer delphinids were interacting with the survey vessel {e.g., bow
riding) during periods with airguns operating (Stone 2015).
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Similarly, for all delphinid species combined during surveys conducted Guli®f Mexico (GoM)
from 2002 through 2015, the CPA was significantly farther duringsfulirceseismic operations compared
to silent periods (Barkasand Kelly 2019).During ®ismic surveys in the northwest Atlantic, delphinids
as a group showed some localized avoidance of the operating array (Moulton and Holst 2010). The mean
initial detection distance was significantly farther 800 m) during seismic operations comparethw
periods when the seismic source was not active; however, there was no significant difference between
sighting rates (Moulton and Holst 2010). The same results were evident when offlphaagpilot whales
were considered.

Preliminary findings of a wnitoring study ofharwhalsin Melville Bay, Greenland, (summer and
fall 2012) showed no shetérm effects of seismic survey activity on narwhal distribution, abundance,
migration timing, and feeding habits (Heidergensen et al. 2013a). In addition, there were no reported
effecs on narwhal hunting. These findings do not seemingly support a suggestion byl #tgelesen et
al. (2013b) that seismic surveys in Baffin Bay may have delayed the migration timing of narwhals, thereby
increasing the risk of narwhals to ice entrapment.

The beluga, however, is a species that (at least at times) showdidtantce (10s of km) avoidance
of seismic vessels (e.g., Miller et al. 2005). Captive bottlenose dolphins and beluga whales exhibited
changes in behavior when exposed to strong pulsgadscsimilar in duration to those typically used in
seismic surveys, but the animals tolerated high received levels of sound before exhibiting aversive
behaviors (e.g., Finneran et al. 2000, 2002, 2005). Schlundt et al. (2016) also reported thatebottlenos
dolphins exposed to multiple airgun pulses exhibited some anticipatory behavior.

Most studies ofsperm whalesxposed to airgun sounds indicate that the sperm whale shows
considerable tolerance of airgun pulses; in most cases the whales do notshgw\atidance (e.g., Stone
and Tasker 2006; Moulton and Holst 20Barkaszi and Kelly 2029 Winsor et al. (2017) outfitted sperm
whales in the Gulf of Mexico with satellite tags to examine their spatial distribution in relation to seismic
surveys. Thejound no evidence of avoidance or changes in orientation by sperm whales to active seismic
vessels. Based on data collected by observers on seismic vessels off the U.K. frio201@9%detection
rates for sperm whales were similar when large arraysguires were operating vs. silent; however, during
surveys with small arrays, the detection rate was significantly higher when the airguns were not in operation
(Stone 2015). Foraging behavior can also be altered upon exposure to airgun souxidl€e.gt, al.
2009), which according to Farmer et al. (80Tould have significant consequences on individual fitness.
Preliminary data from the Gulf of Mexico show a correlation between reduced sperm whale acoustic
activity and periods with airgun operatiof&dorovskaia et al. 2014).

There are almost no specific data on the behavioral reactidreakéd whaleto seismic surveys.
Most beaked whales tend to avoid approaching vessels of other type§ViEsig et al. 1998) and/or
change their behavior iresponse to sounds from vessels (e.g., Pirotta et al. 2012). Thus, it is likely that
most beaked whales would also show strong avoidance of an approaching seismic vessel. Observations
from seismic vessels off the U.K. from 192910 indicated that detion rates of beaked whales were
significantly higher (§<0.05) when airguns were not operating vs. when a large array was in operation,
although sample sizes were small (Stone 2015). Some northern bottlenose whales remained in the general
area and contired to produce higfrequency clicks when exped to sound pulses from distant seismic
surveys (e.g., Simard et al. 2005).

The limited available data suggest therbor porpoisesshow stronger avoidance of seismic
operations t han Theapdaent teriddencydoo grgateri respamess in the harbor
porpoise is consistent with its relative resgiwaness to boat traffic and some other acoustic sources
(Richardson et al. 1995; Southall et al. 2007). Based on data collected by olmesassnic vessels off
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the U.K. from 19942010, detection rates of harbor porpoises were significantly higher when airguns were
silent vs. when large or small arrays were operating (Stone 2015). In addition, harbor porpoises were seen
farther away from th array when it was operating vs. silent, and were most often seen traveling away from
the airgun array when it was in operation (Stone 2015). Thompson et al. (2013b) reported decreased
densities and reduced acoustic detections of harbor porpoise ingesp@ seismic survey in Moray Firth,
Scotland, at ranges of 50 km (SPLs of 165172 dBre ke Pa, S E11s5 lo fd?B%)4d56t the same

survey, Pirotta et al. (2014) reported that the probability of recording a porpoise buzz decreased by 15% in
the ensonified area, and that the probability was positively related to the distance from the seismic ship; the
decreased buzzing occurrence may indicate reduced foraging efficiency. Nonetheless, animals returned to
the area within a few hours (Thompsonakt 2013b). In a captive facility, harbor porpoise showed
avoidance of a pool with elevated sound levels, but search time for prey within that pool was no different
than in a quieter pool (Kok et al. 2017).

Kastelein et al. (2013a) reported that a hapgmopoise showed no response to an impulse sound with
an SEL below 65 dB, but a 50% brief response rate was noted at an SEL of 92 dB and an SEB 0&122
1 pPapea However, Kastelein et al. (2012c) reported a 50% detection threshold at a SEL ot®@ dB
similar impulse sound; this difference is likely attributable to the different transducers used during the two
studies (Kastelein et al. 2013c). Van Beest et al. (2018) exposed five harbor porpoise to a sidgle 10 in
airgun for 1 min at 23 s intenals at ranges of 42690 m and levels of 133 4 7 d?Bs. ©rie @orpoise
moved away from the sound source but returned to natural movement patters within 8 h, and two porpoises
had shorter and shallower dives but returned to natural behaviors within 24

Odontocete reactions to large arrays of airguns are variable and, at least for delphinids, seem to be
confined to a smaller radius than has been observed for the more responsive of the mysticetes and some
other odontocetes. A170 dB disturbance criterion (rather thfab60dB) is considered apprapte for
delphinids, which tend to be less responsive than the more responsive cetaceans. NMFS is currently
developing new guidance for predicting behavioral effects (ScBalikome 2015). NMFS is developing
new guidance for predicting behavioral effects (Sch8lthlomer 2015).As behavioral responses are not
consistently associated with received levels, some authors have made recommendations on different
approaches to assess #&¢bral reactions (e.g., Gomez et al. 2016; Harris et al. 2017; Tyack and Thomas
2019).

Pinnipeds

Pinnipeds are not likely to show a strong avoidance reaction to an airgun array. Visual monitoring
from seismic vessels has shown only slight (if any) dawoce of airguns by pinnipeds and only slight (if
any) changes in behavior. However, telemetry work has suggested that avoidance and other behavioral
reactions may be stronger than evident to date from visual studies (Thompson et al. 1998). Observations
from seismic vessels operating large arrays off the U.K. fromiZ884€ showed that the detection rate for
gray seals was significantly higher when airguns were not operating; for surveys using small arrays, the
detection rates were similar during seismg nonseismic operations (Stone 2015). No significant
differences in detection rates were apparent for harbor seals during seismic-artnmoa periods (Stone
2015). There were no significant differences in CPA distances of grey or harbor sesjssdigiic vs.
nornseismic periods (Stone 2015). Lalas and McConnell (2015) made observations of New Zealand fur
seals from a seismic vessel operating a 3098iigun array in New Zealand during 2009. However, the
results from the study were incondlees in showing whether New Zealand fur seals respond to seismic
sounds. Reichmuth et al. (2016) exposed captive spotted and ringed seals to single airgun pulses; only mild
behavioral responses were observed.
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Sea Turtles

Several recent papers discuee morphology of the turtle ear (e.g., ChristerBatsgaard et al.
2012; Willis et al. 2013) and the hearing ability of sea turtles (e.g., Martin et al. 2012; Piniak et al. 2012a,b;
Lavender et al. 2014). The limitexvailable data indicate that sea lestwill hear airgun sounds and
sometimes exhibit localized avoidance (see PEIS, § 3.4.4.3). In additional, Nelms et al. (2016) suggest that
sea turtles could be excluded from critical habitats during seismic surveys.

DeRuiter and Doukara (2012) obseaftibat immediately following an airgun pulse, small numbers
of basking loggerhead turtles (6 of 86 turtles observed) exhibited an apparent startle response (sudden
raising of the head and splashing of flippers, occasionally accompanied by blowing brdrbldssf beak
and nostrils, followed by a short dive). Diving turtles (49 of 86 individuals) were observed at distances
from the center of the airgun array ranging froni &® m. The estimated sound level at the median
distance of 130 m was 191 dB rer®a,cac These observations were made during ~150 h of vbaset
monitoring from a seismic vessel operating an airgun array (13 airguns, 24dfd Algeria; there was no
corresponding observation effort during periods when the airgun array was inactive (DeRuiter and Doukara
2012). For all sea turtle speciesmbined during surveys conducted in the GoM from 2002 through 2015,
the CPA was signifiantly farther during fulsource seismic operations compared to silent periods
(Barkaszi and Kelly 2019).

Based on available data, it is likely that sea turtles will exhibit behavioral changes and/or avoidance
within an area of unknown size near a s@isyessel. To the extent that there are any impacts on sea turtles,
seismic operations in or near areas where turtles concentrate would likely have the greatest impact. There
are no specific data that denstrate the consequences to sea turtles if seigperations with large or
small arrays of airguns occur in impamt areas at biologically important times of the yédliott et al.

2019. However, a number of mitigation measures can, on aloasase basis, be considered for
application in areagnportant to sea turtles (e.g., Pendoley 1997; van der Wal et al. 2016).

Sea Otters

Information on potential effects of noise on sea otters are spaeebehavior of sea otters along
the California coast was monitored while they were exposed to a $0@ia® airgun and a 408 array
(Riedman 1983, 1984). No disturbance reactions were evident when the airgun array was as close as 0.9
km and sea otters did not respond noticeably to the single airgun. These results suggest that sea otters may
be les responsive to marine seismic survey pulses than other marine maespatsally given their poor
sensitvity for low frequencies (Ghoul and Reichmuth 201A)so, sea otters spend a great deal of time at
the surface feeding and grooming (Riedman 19884). While at the surface, the potential exposure of
sea otters to underwater sound would be much reduced by the pretsase effect at the surface (Greene
and Richardson 1988; Richardson et al. 1995).

Hearing Impairment and Other Physicdtffects—Temporary or permanent hearing impairment is
a possibility when marine mammals are exposed to very strong sounds. TTS has been demonstrated and
studied in certain captive odontocetes and pinnipeds exposed to strong sounds (reviewed by Sduthall et
2007, 2019 Finneran 2015). However, there has been no specific documentation of TTS let alone
permanent hearing damage, i.e., PTS, in-feeging marine mammals exposed to sequences of airgun
pulses during realistic field conditions.

Additional data are needed to determine the received sound levels at which small odontocetes would
start to incur TTS upon exposure to repeated:fleguency pulses of airgun sound with variable received
levels. To determine how close an airgun arraylvaeed to approach in order to elicit TTS, one would
(as a minimum) need to allow for the sequence of distances at which airgun pulses would occur, and for the
dependence of received SEL on distance in the region of the seismic operation (e.g., Bréigaklen
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2010; Laws 2012). At the present state of kieolge, it is also necessary to assume that the effect is directly
related to total received energy (SEL); however, assumption is likely an oveimplification (Finneran

2012). There is recergvidence that auditory effects in a given animal are not a simple function of received
acoustic energy (Finneran 2015). Frequency, duration of the exposure, and occurrence of gaps within the
exposure can also influence the auditory effect (Finneran dndrit 2010, 2011, 2013; Finneran et al.
2010a,b; Popov et al. 2011, 2013; Finneran 2012, 2015; Kastelein et al. 2012a,b; 2013b,c, 2014, 2015a,
2016a,b, 201,72018, 201B,c; Supin et al. 2016).

Studies have shown that the SEL required for TTS onset dor dncreases with intermittent
exposures, with some auditory recovery during silent periods between signals (Finneran et al. 2010b;
Finneran and Schlundt 2011). Studies on bottlenose dolphins by Finneran et al. (2015) indicate that the
potential for seisic surveys using airguns to cause auditory effects on dolphins could be lower than
previously thought. Based on behavioral tests, no measurable TTS was detected in three bottlenose
dolphins after exposure to 10 impulses from a seismic airgun with a aiveUSEL of up to ~198B re
1uP&-s (Finneran et al. 2015; Schlundt et al. 2016). However, auditory evoked po(AftR)
measurements were more variable; one dolphin showed a small (9 dB) threshold shift at 8 kHz (Finneran
et al. 2015; Schlundt el. 2016).

Studies have also shown that the SEL necessary to elicit TTS can depend substantially on frequency,
with susceptibility to TTS increasing with increasing frequency above 3 kHz (Finneran and Schlundt 2010,
2011; Finneran 2012). Whéreluga whies were exposed to fatiguing noise with sound levels of 165 dB
re 1 ¢Pa f d30mihatfrequencesnosll@0fkHzlthe highest TTS with the longest recovery
time was produced by the lower frequencies (11.2 and 22.5 kHz); TTS effects dlsallgriacreased with
prolonged exposure time (Popov et al. 2013). Additionally, Popov et al. (2015) demonstrated that the
impacts of TTS include deterioration of signal discrimination. Kastelein et al. (2015b, 2017) reported that
exposure to multiple pses with most energy at low frequencies can lead to TTS at higher frequencies in
some cetaceans, such as the harbor porpoise. When a porpoise was exposed to 10 and 20 consecutive shots
(mean shot interval ~17 s) from two airguns with a Sktf 188 andl91¢ P?as, respectively, significant
TTS occurred at a hearing frequency of 4 kHz and not at lower hearing frequencies that were tested, despite
the fact that most of the airgun energy was <1 kHz; recovery occurred within 12 min post exposure
(Kasteleinet al. 2017).

Popov et al. (2016) reported that TTS produced by exposure to a fatiguing noise was larger during
the first session (or naive subject state) with a beluga whale than TTS that resulted from the same sound in
subsequent sessions (experiensalject state). Similarly, several other studies have shown that some
marine mammals (e.g., bottlenose dolphins, false killer whales) can decrease their hearing sensitivity
change orientatiom order to mitigate the impacts of exposure to loud so(mds, Nachtigall and Supin
2013, 2014, 2015, 2016lachtigall et al2018; Kastelein et al. 2030

Previous information on TTS for odontocetes was primarily derived from studies on the bottlenose
dolphin and beluga, and that for pinnipeds has mostly bbtined from California sea lions and elephant
seals (see § 3.6.4.3, § 3.7.4.3, § 3.8.4.3 and Ajppé&nof the PEIS). Thus, it is inappropriate to assume
that onset of TTS occurs at similar received levels in all cetaceans or pinragp&isuthallet al. 2007).
Some cetaceans or pinnipeds could incur TTS at lower sound exposures than are necessary to elicit TTS in
the beluga and bottlenose dolphin or California sea lion and elephant seal, respectively.

Several studies on TTS in porpoises (e.gcKe et al. 2009; Popov et al. 2011; Kastelein et al. 20123,
2013a,b, 2014, 2015a) indicate that received levels that elicit onset of TTS are lower in porpoises than in
other odontocetes. Kastelein et al. (2012a) exposed a harbor porpoise to octaveidendntered at
4 kHz for extended periods. Ad@B TTS occurred with SELs of 163 dB and 172 dB for-iotensity
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sound and mediusimtensity sound, respectively; hightensity sound caused ad® TTS at a SEL of 175

dB (Kastelein et al. 2012a). Kastelait al. (2013b) exposed a harbor porpoise to a long, continucus 1.5
kHz tone, which induced a 48B TTS with a total SEL of 190 dB?opov et al. (2011) examined the effects

of fatiguing noise on the hearing threshold of Yangtze finless porpoises whesedxjp frequencies of
321128 kHz at 140160 dB re InPa for 130 min. They found that an exposure of higher level and shorter
duration produced a higher TTS than an exposure of equal SEL but of lower level and longer duration.
Popov et al. (2011) reported a TTS of 25 dB for a Yangtze finless porpoise that was exposed to high levels
of 3-min pulses of halbctave band noise centered at 45 kHz with an SEL of 163 dB.

For the harbor porpoise, Tougaard et al. (2015) have suggasegbosure limit for TTS as an SEL
of 100110 dB above the pure tone hearing threshold at a specific frequency; they also suggested an
exposure limit oleqrast(rms average over the duration of the pulse) of 45 dB above the hearing threshold
for behavoral responses (i.e., negative phonotaxis). In addition, according to Wensveen et al. (2014) and
Tougaard et al. (2015), Mreighting, as used by Southall et al. (2007), might not be appropriate for the
harbor porpoise. Thus, Wensveen et al. (2014) dpedisix auditory weighting functions for the harbor
porpoise that could be useful in predicting TTS onset. Mulsow et al. (2015) suggested that basing weighting
functions on equal latency/loudness contours may be more appropriate thamghting for marie
mammals. Simulation modeling to assess the risk of sound exposure to marine mammals (gray seal and
harbor porpoise) showed that SEL is most strongly influenced by the weighting function (Donovan et al.
2017). Houser et al. (201@hd Tougaard and Beenlm (2019)provide a review of the development and
application of auditory weighting functions, as well as recommendations for future work.

Initial evidence from exposures to npalses has also suggested that some pinnipeds (harbor seals
in particular)incur TTS at somewhat lower received levels than do most small agdesoexposed for
similar durations (Kastak et al. 1999, 2005, 2008; Ketten et al. 2001). Kastelein et al. (2012b) exposed two
harbor seals to octaxEand white noise centered at 4 kaizthree mean received SPLs of 124, 136, and
148 dBre 1 yPa; TTS >2.5 dB was induced at an SEL 08iBAQ36 dB SPL for 60 min), and the maximum
TTS of 10 dB occurred after a 1-p@in exposure to 148 dB re 1 pPa or an SEL of 187 dB. Kastelein et al.
(2013c) reported that a harbor seal unintentionally exposed to the same sound source with a mean received
SPL of 163 dBre 1 pPafor 1 hinduced a 44 dB TTS. For a harbor seal exposed thacthwhite noise
centered at 4 kHz for 60 min with mean SPLs24i 1148 re 1 pyPa, the onset of PTS would require a level
of at least 22 dB above the TTS onset (Kastelein et al. 2013c). Reichmuth et al. (2016) exposed captive
spotted and ringed seals to single airgun pulses with SELs b186%B and SPLs (peak to pgak 190
207 re 1 yPa; no loMrequency TTS was observed.

Sea otters appear to have poor hearing underwater, especially at lower frequencies (Ghoul and
Reichmuth 2014) and spend the majority of time with their ears above the water surface, wherelthey wou
not be exposed to airgun sounds. Thus, the potential for TTS and PTS is greatly reduced for sea otters.

Hermannsen et al. (2015) reported that there is little risk of hearing damage to harbor seals or harbor
porpoises when using single airguns in siwiwater. SPLs for impulsive sounds are generally lower just
below the water surfacand sealswimming near the surface are likely to be exposed to lower sound levels
than when swimming at depth (Kastelein et al. 2018). However, the underwater saring sensitivity
for seals is the same near the surface and at depth (Kastelein et al. RG&8)nlikely that a marine
mammal would remain close enough to a large airgun array for sufficiently long to incur TTS, let alone
PTS. However, Gedamke et £011), based on giminary simulation modeling that attempted to allow
for various uncertainties in assumptions and variability around population means, suggested that some
baleen whales whose CPA to a seismic vessel is 1 km or more could exp€&fi&nce
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There is no specific evidence that exposure to pulses of airgun sound can cause PTS in any marine
mammal, even with large arrays of airguns. However, given the possibility thatnsanmemammals
close to an airgun array might incur at least nmiillS, there has been further speculation about the
possibility that some individuals occurring very close to airguns might incur PTS (e.g., Richardson et al.
1995, p. 37#; Gedamke et al. 2011). In terrestrial animals, exposure to sounds sufficiemitytstedicit
a large TTS induces physiological and structural changes in the inner ear, and at some high level of sound
exposure, these phenomena becomeraoaverable (Le Prell 2012). At this level of sound exposure, TTS
grades into PTS. Single or ostanal occurrences of mild TTS are not indicative of permanent auditory
damage, but repeated or (in some cases) single exposures to a level well above that causing TTS onset
might elicit PTS (e.g., Kastak and Reichmuth 2007; Kastak et al; Raédé& muthet al. 2019.

The noise exposure criteria for marine mammals that reégasedy NMFS (2016a, 2018) account
for the newlyavailable scientific data on TTS, the expected offset between TTS and PTS thresholds,
differences in the acousticequencies to which different marine mammal groups are sensitive, and other
relevant factors. For impulsive sounds, such as airgun pulses, the thresholds use dual metrics of cumulative
SEL (SElumover 24 hours) anpeak SPkx. Onset of PTS is assumiedoel5 dB higher when considering
SEL.mand 6 dB higher when considering SRLDifferent thresholds are provided for the various hearing
groups, including LF cetaceans, MF cetaceans, HF cetaceans, phocids, and otariids/sésshtiald.be
recognized that there are a number of limitations and uncertainties associated with injury criteria (Southall
et al. 2007).Lucke et al. (2020) caution that sogrentthresholds may ndie able to accurately predict
hearing impairment and other injuryrizarine mammals due to noise.

Nowacek et al. (2013a) concluded that current scientific data indicate that seismic airguns have a
low probability of directly harming marine life, except at close range. Several aspects of the planned
monitoring and mitigatin measures for this project are designed to detect marine mammals occurring near
the airgun array, and to avoid expasthem to sound pulses that might, at least in theory, cause hearing
impairment. Also, many marine mammals and (to a limited degradugtes show some avoidance of
the area where received levels of airgun sound are high enough such that hearing impairment could
potentially occur. Inthose cases, the amnitk responses of the animals themselves would reduce or (most
likely) avoid ary possibility of hearing impairment.Aarts et al. (2016) noted that an understanding of
animal movement is necessary in order to estimate the impact of anthropogenic sound on cetaceans.

Non-auditory physical effects may also occur in marine mammals egpmsstrong underwater
pulsed sound. Possible types of raarditory physiological effects or injuries that might (in theory) occur
in mammals close to a strong sound source include stress, neurological effects, bubble formation, and other
types of organor tissue damage. Gray and Van Waerebeek (2011) have suggested -affeatise
relationship between a seismic survey off Liberia in 2009 and the erratic movement, postural instability,
and akinesia in a pantropical spotted dolphin based on spatiallyrapdrtly close association with the
airgun array. It is possible that some marine mammal species (i.e., beaked whales) are especially
susceptible to injury and/or stranding when exposed to strong transient sounds (e.g., Southall et al. 2007).
Ten cases focetacean strandings in the general area where a seismic survey was ongoing have led to
speculation concerning a possible link between seismic surveys and strandings (Castellote and Llorens
2016). An analysis of stranding data found that the numbemgffibned pilot whale strandirsggalong
Il relandds coast increased with seismic surveys op
is no definitive evidence that any of these effects occur even for marine mammals in close proximity to
large arays of airguns. Morell et al. (2017) examined the inner ears offiongd pilot whales after a
mass stranding in Scotland and reported damage to the cochlea compatible wikpogere from
underwater noise; however, no seismic surveys were occtumrthg vicinity in the days leading up to the

Final EnvironmentalAssessmeribr L-DEO Aleutians 2020 Page60



IV. Envirormertial Consequences

stranding. Morell et al. (2020) describe new methodology that visualizes scars in the cochlea to detect
hearing loss in stranded marine mammals.

Since 1991, there have bee® marine mammal Unusual Mortalitfevents (UME) in the U.S.
including a current one for Alaska ice se@NOAA 2019d). In a hearing to examine the Bureau of Ocean
Ener gy Man ag20@x@dsas an@ Gak Leasing Programtp//www.energy.senate.gov/
public/index.cfm/hearingandbusinessneetings?ID=110E5E8BA65-4BEC-9D255D843A0284D3), it
was Dr . Knappbébs (a geologi st from the University
evidence to suggest a correlation between UMEs and seismigysugiven the similar percentages of
UMEs in the Pacific, Atlantic, and Gulf of Mexico, and the greater activity of oil and gas exploration in the
Gulf of Mexico.

Non-auditory physicaleffects, if they occur at all, would presumably be limited to shetadces
and to activities that extend over a prolonged period. Marine mammals that show behavioral avoidance of
seismic vessels, incluty most baleen whales, some odontocetes, and some pinnipeds, are especially
unlikely to incur norauditory physical éécts. The brief duration of exposure of any giesimal the
deep water in the majority of the survey area, and the planned monitoring and mitigation measures would
further reduce the probability of exposure of marine mammals to sounds strong endjicéonon
auditory physical effects.

Sea Turtles

There is sustariial overlap in the frequencies that sea turtles detedthe frequencies in airgun
pulses. We are not aware of measurements of the absolute hearingdsresany sea turtle to waborne
sounds similar to airgun pulses. In the absence of relevant absolute threshold data, we cannot estimate how
far away an airgun array might be audible. Moein et al. (1994) and Lenhardt (2002) reported TTS for
loggerhead turtles exposed to mangair pulses (se® 3.4.4 of the PEIS)This suggests that sounds from
an airgun array might cause temporary hearing impairment in sea turtles if they do not avoid the (unknown)
radius where TTS occurs (see Nelms et al. 2016). However, exposure durdtigrtliiproposed survey
would be much less than during the aforementioned studies. sAl®@monitoring studies show that some
sea turtles do show localized movement away from approaching airguns. At short distances from the
source, received sound léwdiminishes rapidly with increasing distance. In that situation, even a-small
scale avoidance response could result in a significant reduction in sound exposure.

The U.S. Navy has proposed the following criteria for the onset of hearing impairmesd forttes:
232 dBrel pPa SPL (peak) a®i0 4 d B r e ch(weidghtadfdr BTS 8ridl P26 dB peak ariB9
dB weighted SEL for TTSHoN 2017). Although it is possible that exposure to airgun sounds could cause
mortality or mortal injuries in sea turtles close to the source, this has not been demonstrated and seems
highly unlikely (Popper et al. 2014), especially because sea turtles appearegiskent to explosives
(Ketten et al. 2005n Popper et al. 2014). Nonetheless, Popper et al. (2014) proposed sea turtle
mortality/mortal injury criteria of 210 dB SEL or >207 gRfor sounds from seismic airgurispwever,
these criteria were largely $&d on impacts of pHdriving sound on fish.

The PSOs stationed @YV Langsethwould watch for sea turtles, and airgun operations would be
shut down if a turtle enters the designated EZ.

4.1.1.2 Possible Effects of Other Acoustic Sources

The Kongsberg EM.22 MBES and Knudsen Chirp 3260 SBP would be operated from the source
vessel during the proposed survey. Information about this equipment was provided in § 2.2.3.1 of the PEIS.
A review of the expected potential effects (or lack thereofMBESs, SBPsand pingerson marine
mammals and sea turtles appears in § 3.4.433%.8.3, § 3.7.4.3, § 3.8.4.3, and ApgerE of the PEIS.
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There has been some attention given to the effects of MBES on marine mammals, as a result of a
report issued in September 204y an IWC independent scientific review panel linking the operation of an
MBES to a mass stranding of melbeaded whales off Madagascar (Southall et al. 2013). During May
June 2008, ~100 meldmeaded whales entered and stranded in the Loza Lagoomsiystgorthwest
Madagascar at the same time that &B2 MBES survey was being conducted ~65 km away off the coast.

In conducting a retrospective review of available information on the event, an independent scientific review
panel concluded that the Korgsg EM 120 MBES was the most plausible behavioral trigger for the
animals initially entering the lagoon systemd eventually stranding. The independent scientific review
panel, however, identified that an unequivocal conclusion on causality of thevaxgamdt possible because

of the lack of information about the event and a number of potentially contributing factors. Additionally,
the independent review panel report indicated that this incident was likely the result of a complicated
confluence of envonmental, social, and other factors that have a very low probability of occurring again
in the future, but recommended that the potential be considered in environmental planning. It should be
noted that this event is the first known marine mammal massdéng closely associated with the operation

of an MBES. Leading scientific experts knowledgeable about MBES expressed concerns about the
independent scientific review panel analyses and findings (Bernstein 2013).

Reference has also been méalevo beaked whales stranded in the Gulf of California in 26@2
were observed during a seismic survey in the region byERwg (Malakoff 2002, Cox et al. 200
PEIS:3136), which used a similar MBES system. As notethe PEIS, howeveii The | i nk bet wee
stranding and the seismic surveys was inconcl usi\
2002, Yoder 200th PEIS:3190).

Lurton (2016) modeled MBES radiation characteristics (pulse design, deusteand radiation
directivity pattern) applied to a lefvequency (1ZHz), 240dB sourcdevel system like that used &1V
Langseth Using Southall et al. (2007) thresholds, he found that injury impacts were possible only at very
short distances, @, at 5 m for maximum SPL and 12 m for cumulative SEL for cetaceans; corresponding
distances for behavioral response were 9 m armd 70 For pinnipeds, #dall range
of 46 (Lurton 2016:209) .

Therehasonly been orstudy that examied narine mammal behavioral response to MBES sounds
(Varghese et al. 2020but there is no information ea turtle responses to MBES systerfsiring a
recent study, group vocal periods (GVPs) were use
beaked whales during multibeam mapping in southern California (Varghese &Ql. Z@e study found
that there was no significant difference betwelgks perGVP, click rate, and duratiomluring multibeam
mapping and noexposure periods, but thember of GVPs was greatéuring andafter MBES exposure
than before MBES exposurelhe animals did not leave the area nor did they stop foraging during the
MBES surveys. During an analogous study assessiagal sonar (McCarthy et al. 2011), signifidgnt
fewer GVPs were recorded during sonar transmission (McCarthy et al. 2011).

Much of the literature on marine mammal response to sonars relates to the types of sonars used in
naval operations, including lefvequency, midrequency, and higfrequency ative sonars (see review
by Southall et al. 2016). However, MBES sounds are quite different from naval sonars. Ping duration of
the MBES is venghort relative to naval sonars. Also, at any given location, an individual marine mammal
would be in the bearof the MBES for much less time given the generally downward orientation of the
beam and its narrow foi&t beamwidth; naval sonars often use reaizontallydirected sound. In
addition, naval sonars have higher duty cycles. These factors wouldwerdhe sound energy received
from the MBES relative to that from naval sonars.
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In the fall of 2006, an Ocean Acoustic Waveguide Remote Sensing (OAWRS) experiment was
carried out in the Gulf of Maine (Gong et al. 2014); the OAWRS emitted three freqoettylated pulses
centered at frequencies of 415, 734, and 949 Hz (Risch et al. 2012). Risch et al. (2012) found a reduction
in humpback whale song in the Stellwagen Bank National Marine Sanctuary during OAWRS activities that
were carried out ~200 km awaneceived levels in the sanctuary weré BB dB re 1 pPa. In contrast,

Gong et al. (2014) reported no effect of the OAWRS signals on humpback whale vocalizations in the Gulf
of Maine. Range to the source, ambient noise, and/or behavioral state malffleaestially influenced
the behavioral responses of humpbacks in the two areas (Risch et al. 2014).

Deng et al. (2014) measured the spectral properties of pulses transmitted by thiddz 200
echosounders and found that they generated weaker sodretgiahcies below the center frequencyi (90
130kHz). These sounds are within the hearing range of some marine mammals, and the authors suggested
that they could be strong enough to elicit behavioral responses within close proximity to the sources,
althoudh they would be well below potentially harmful levels. Hastie et al. (2014) reported behavioral
responses by gray seals to echosounders with frequencies of 200 and 375 kHfinri&ubpilot whales
increased their heading variance in response to an E&@fsounder with a resonant frequency of 38 kHz
(Quick et al. 2017), and significantly fewer beaked whale vocalizations were detected while an EK60
echosounder was active vs. passive (Cholewiak et al. 2017).

Despite the aforementioned information tihats recently become available, tRimal EA is in
agreement with the assessment presented in § 3.4.7, 3.6.7, 3.7.7, and 3.8.7 of the PptSattat of
MBESs, SBPs, and pingers is not likely to impact marine mammals and is not expected to afietesea
(1) given the lower acoustic exposures relative to airguns and (2) because the intermittent and/or narrow
downwarddirected nature of these sounds would result in no more than one or two brief ping exposures of
any individual marine mammal or saatle given the movement and speed of the vessel. Also, for sea
turtles, the associated frequency ranges are above their known hearing range.

4.1.1.3 Other Possible Effects of Seismic Surveys

Other possible effects of seismic surveys on marine mammdlisraea turtles include masking by
vessel noise, disturbance by vessel presence or noise, and injury or mortality from collisions with vessels
or entanglement in seismic gear.

Vessel noise fromR/V Langsetltould affect marine animals in the proposed survey afeaghton
et al. (2015) proposed that vessel speed is the most important predictor of received noise levels, and Putland
et al. (208) also reported reduced sound levels with decreased vessel smattls produced by large
vessels generally dominate ambient noise at frequencies fro80@MHz (Richardson et al. 1995).
However, some energy is also produced at higher frequencies (Hermannsen et &yR20%5t al. 2019
low levels of highfrequeng sound from vessels have been shown to elicit responses in harbor porpoise
(Dyndo et al. 2015)Increased levels of ship noise also affect foraging by porpoise (Teilmann et al. 2015;
Wisniewska et al. 2018). Wisniewska et al. (2018) suggest that aasedneforaging success could have
long-term fithess consequences.

Ship noise, through masking, can reduce the effective communication distance of a marine mammal
if the frequency of the sound source is close to that used by the animal, and if the sesdrisfor a
significant fraction of time (e.g., Richardson et al. 1995; Clark et al. 2009; Jensen et al. 2009; Gervaise et
al. 2012; Hatch et al. 2012; Rice et al. 2014; Dunlop 2015; Erbe et &. Rflies et al. 201 Cholewiak
et al. 2018;Putland etal. 2018). In addition to the frequency and duration of the masking sound, the
strength, temporal pattern, and location of the introduced sound also play a role in the extent of the masking
(Branstetter et al. 2013, 2016; Finneran and Branstetter 20E3etSal. 2017). Branstetter et al. (2013)
reported that timelomain metrics are also important in describing and predicting maskingrder to
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compensate for increased ambient noise, some cetaceans are known to increase the source levels of their
cdls in the presence of elevated noise levels from shipping, shift their peak frequencies, or otherwise change
their vocal behavior (e.g., Parks et al. 2011, 2012, 2016a,b; Castellote et al. 2012; Melcén et al. 2012;
Azzara et al. 2013; Tyack and Janik 20l@is et al. 2014; Sairanen 2014; Papale et al. 2015; Bittencourt

et al. 2016Dahlheim and Castellote 2018;0 s prid Picciulin 2016; Gridley et al. 2016; Heiler et al. 2016;
O6Brien et al . 20186 Martinseehad 8048 Similarly, darbér saalk imcredsedlilte
minimum frequency and amplitude of their calls in response to vessel noise (Matthews 2017); however,
harp seals did not increase their call frequencies in environments with increasieddoancy sounds
(Terhune ad Bosker 2016).

Holt et al. (2015) reported that changes in vocal modifications can have increased energetic costs for
individual marine mammals. A negative correlation between the presence of some cetacean species and
the number of vessels in an arbas been demonstrated by several studies (e.g., Campana et al. 2015;
Culloch et al. 2016; Oakley et al. 2017). Based on modeling, Halliday et al. (2017) suggested that shipping
noise can be audible more than 100 km away and could affect the behavimrof@amammal at a distance
of 52 km in the case of tankers.

Baleen whales are thought to be more sensitive to sound at these low frequencies than are toothed
whales (e.g., MacGillivray et al. 2014), possibly causing localized avoidance of the preposadarea
during seismic operations. Reactions of gray and humpback whales to vessels have been studied, and there
is limited information available about the reactions of right whales and rorquals (fin, blue, and minke
whales). Reactions of humpbackalds to boats are variable, ranging from approach to avoidance (Payne
1978; Salden 1993). Baker et al. (1982, 1983) and Baker and Herman (1989) found humpbacks often move
away when vessels are within several kilometers. Hhatks seem less likely to meaovertly when
actively feeding than when resting or engaged in other activities (Krieger and Wing 1984 ,|a8&&sed
levels of ship noise have been shown to affect foraging by humpback whales (Blair et al Fx0¥6)ale
sightings in the westerWlediterranean were negatively correlated with the number of vessels in the area
(Campana et al. 2015). Minke whales and gray seals have shown slight displacement in response to
constructiorrelated vessel traffic (Anderwald et al. 2013).

Many odontoceteshow considerable tolerance of vessel traffic, although they sometimes react at
long distances if confined by ice or shallow water, if previously harassed by vesskethegrhave had
little or no recent exposure to ships (Richardson et al. 1995). hibslpf many species tolerate and
sometimes approach vessglsy., Anderwald et al. 201350me dolphin species approach moving vessels
to ride the bow or stern waves (Williams et al. 1992). Physical presence of vessels, not just ship noise, has
been sbwn to disturb the foraging activity of bottlenose dolphins (Pirotta et al. 2015) and blue whales
(Lesageetal. 20175i ghtings of striped dol phin, Rissobs dol
in the western Mediterranean were negatively etared with the number of vessels in theaar
(Campanatal. 2015).

There are few data on the behavioral reactions of beaked whales to vessel noise, though they seem
to avoid approaching vessels (e.g., Wirsig et al. 1998) or dive for an extendedybenioapproached by
a vessel (e.g., Kasuya 1986). Based on a single observation, Aguilar Soto et al. (2006) suggest foraging
efficiency of Cuviero6s beaked whales may be reduc
suggested that a juvenileegin sea turtle dove during vessel passes and remained still near the sea floor.

The PEIS concluded that project vessel sounds would not be at levels expected to cause anything
more than possible localized and temporary behavioral changes in marine lmammsea turtles, and
would not be expected to result in significant negative effects on individuals or at the population level. In
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addition, in all oceans of the world, large vessel traffic is currently so prevalent that it is commonly
considered a usbuaource of ambient sound.

Another concern with vessel traffic is the potential for striking marine mammals or sea turtles (e.g.,
Redfern et al. 2013). Information on vessel strikes is reviewed in § 3.4.4.4, § 3.6.4.4, and § 3.8.4.4 of the
PEIS. Wileyet al. (2016) concluded that reducing ship speed is one of the most reliable ways to avoid ship
strikes. Similarly, Currie et al. (2017) found a significant decrease in close encounters with humpback
whales in the Hawaiian Islands, and therefore redukelihiood of ship strike, when vessels speeds were
below 12.5 kts. However, McKenna et al. (2015) noted the potential absence of lateral avoidance
demonstrated by blue whales and perhaps other large whale species to vessels. The PEIS concluded that
the iisk of collision of seismic vessels or towed/deployed equipment with marine mammals or sea turtles
exists but is extremely unlikely, because of the relatively slow operating speed (typi€algn/h) of the
vessel during seismic operations, and the gégestaaightline movement of the seismic vessel. There has
been no history of marine mammal vessel strikes with RAWgseth or its predecessor, R/Maurice
Ewingover the last two decades.

Entanglement of sea turtles in seismic gear is also a coridelmg et al. 2016). There have been
reports of turtles being trapped and killed between the gaps-butajk offshore from West Africa (Weir
2007); however, these tailbuoys are significantly different than those usdy dlangseth In April 2011,
a cead olive ridley turtle was found in a deflector foil of the seismic geRf'\dh.angsettduring equipment
recovery at the conclusion of a survey off Costa Rica, where sea turtles were numerous. Such incidents are
possible, but that was the only casee# turtle entanglement in seismic gearRéW Langsethwhich has
been conducting seismic surveys since 2008, or for its predecessao¥jdrifite Ewing during 20038
2007. Towing the seismic equipment during the proposed survey is not expected tasityifiterfere
with sea turtle movements, including migration.

4.1.1.4 Mitigation Measures

Several mitigation measureguld bean integral part of the planned activitiProposedneasures
include the following: ramp up of the airgun array; typically thoywever a minimum of one dedicated
observer maitaining a visual watch during all daytime airgun operations; two observers for 30 min before
and during ramp ups; PAM during the day and night to complement visual monitoring (unless the system
and backup systems are damaged during operations); shut downs mvaenemammals are detected in
or about to enter designated;Endpower downs (or if necessary shut downs) wéeaturtles are detected
in or about to entethe EZ. These mitigation meases are described in § 2.4.4.1 of the PEIS and
summarized earlier in this doment, in 8ll (2.1.3). The fact that the airgun array, because of its design,
would direct the majoty of the energy downward, and less energy laterally, is also an inheregtioiti
measure.

As aresult of the very small population size of North Pacific right whales, a shutdown of all operating
airgunswould be implemented upon sighting of this sgscat any distance from the vessétditionally,
concentrations of feeding whale®uld be avoided, to the extent possible, and the ar@yldwbe shut
down if necessary.For this survey, shutdowns would be implemented at the Level Bfaoeea ottes.

Previous and subsequent analysis of the potential impacts take account of these planned mitigation
measures. It would not be meaningful to analyze the effects of the planned activity without mitigation, as
the mitigation (and associatedonitoring) measures are a basic part of the activiythough these
measures have been proposed by the action proponents, ultimateby, sperations would be conducted
in accordance with all applicable U.S. federal and state regulations, inclitdixgnd ITS requirements.
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4.1.1.5 Potential Numbers ofMarine Mammals Exposed to Received Sound Levetd 60 dB

Al l takes would be anticipated t o bleinviving el B n
temporary changes in behavioConsistent withpast similar proposed actions, NSF has followed the
NOAA Technical Guidance for Assessing the Effects of Anthropogenic Sound on Marine Mammal Hearing
for estimating and requesting Level A takddowever, gven thesmall EZ and the proposed mitigation
measures to be applied, injurious takes would not be expected. (However, as noted earlier and in the PEIS,
there is no specific information demonstrating ¢t
absenceof the planned mitigation measures.) In the sections below, we describe the methods used to
estimate the number of potential exposures to Level A and Level B threahdigresent estimates of the
numbers of marine mammals that could be affected dummgrioposed seismic survey. The estimates are
based on consideration of the number of marine mammals that could be disturbed aptedialil B
levels) by the seimic surveyof the Aleutian Arc. The main sources of distributional and numerical data
used in deriving the estimates are described in the next subsettieriakes have been revised from the
Draft EA to reflect changes in the ensonified areas due to adjustment of proposed transect lines to (1) avoid
sea otter takes, (2) avoid Steller §iea major rookeries, and (3) avoid Coral Habitat Protection Ar&as.
addition, the ensonified areas have changed slightly as part of the survey (10%) would be conducted with
a smaller array.

The Level B estimates are based on a consideratidre afumber of marine mammals that could be
within the area around the operating aliyPagsare arr ay
predicted to occur (see Table 1). The estimated numbers are based on the densities (individuals per unit
area) of marine mammals expected to occur in the survey area in the absamedsaoiic survey. To the
extent that marine mammals tend to move away from seismic sources before the sound level reaches the
criterion level and tend not to approach an operairgun array, these estimates likely overestimate the
numbers actually exposed to the specified level of sound. The overestimation is expected to be particularly
large when dealing with the higher sound level criteria, i.e., the PTS thresholds (Leaslaijmals are
more likely to move away when received levels are higher. Thus, they are less likely to approach within
the PTS threshold radii than they are to approach

For the proposed surveyge usal habitatbased stratified marine mammal densities developed by the
U.S. Navy for assessing potential impacts of training activities in the GOA (DoN R0 et al. 2004
Alternative density estimates available for species in this region arstratified by water depth and
therefore do not reflect the known variability in species distribution relative to habitat fedRares et al.
(20149 definedfour strata: Inshore: all waters <1000 m deep; Slope: from 1000 m water depth to the
Aleutian trenxch/subduction zone; Offshore: waters offshore of the Aleutian trench/subduction zone;
Seamount: waters within defined seamount ar&emsities corresponding to these strata were based on
data from several different sources, including Navy fundedtiamgsect surveys in the GOA as described
in Appendix B. Compared to the GOA study area (Rone et al. 2014), the proposed survey area does not
have a consistent gradual decrease in water depth
Trench,south of the Aleutian Islands. Instead, water depths initially decrease rapidly beyond tme 1000
isobath to ~4000 m, then rise again on Hawley Ridge before dropping in the Aleutian Trench. Additionally,
waters north of the Aleutian Islands and beyor@Olid drop rapidly to ~3000 m and remain at those depths
to the northern extent of the survey lines. For those reasons, and because the Rone et iasl{a04.4)
densities were for all waters <1000 m, the marine mammal densities for the Inshore regiosedeior
both shallow (<100 m) and intermediate (L0000 m) water depths, whitd#fshore densities were used
for all deep water >1000 m.
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The estimated numbers of individuals potentially exposed are based on td& i160le Pna
criterion for all marine mammals. It is assumed that marine mammals exposed to airgun soustosritpat
could change their behavior sufficiently to be congddr it aken by harassmento.
estimates shown in Table 7, estimates of the number of marine mathiadgbotentially could be exposed
t o O1 6 0s RiaRluringehe proposed seiic survey of the Aleutian Arc if no animals moved away
from the survey vessel are shown in Table 8. Rbguested Take Authorizatisngiven in the rightnost
column of Table 8. Forthdor t h Paci fic right whal e, IRdoplnods dol
we increasethe Requested Take Authorizatitmmean group size based on Shelden et al. (2005), Waite
et al . (2003) , and Wade et al . (2011a) for North
northern right whale dolphinand Satd be&ed whale In theabsence of density informatipfor ribbon
and spotted sealsje estimatedhe Requested Take Authorizatiasfive animals The calculations are
shown in Appenix C.

It should be noted that the exposure estimates assume that the proposed survey would be fully
completed; in fact, the calculated takesve been increased by 25%y assuming additional survey
operations would take place (see below).addition, theexposure estimates use the most conservative
threshold distances for the survey, i.e., th@Bgun array with a shot interval of 50 mhus, the following
estimates of the numbers of marine maenl s potenti al |l y dBxejpoBgalepreo soun
cautionary and probably overestimate the actual numbers of marine mammals that could be involved.
Consideration should be given to the hypothesis that delphinids are less responsive to airgun sounds than
are mysticetes, as referenced in the NSR#BGS PEIS. The 160B (rms) criterion currently applied by
NMFS, on which the Level B estimates are based, was developed primarily using data from gray and
bowhead whal es. The mertti dnad fe sd eolf p Mit reikdessiosarye htalr las
Available data suggest that the current use of adB5@riterion could be improved upon, as behavioral
response might not occur for some percentage of marine mammals exposed to received levels >160 dB,

whereas other individualsorgroups ght respond in a manner considere
dB (NMFS 2013b). It has become evident that the context of an exposure of a marine mammal to sound
can affect the animal bdés initial response to the s

The number of marenmammals that could be exposed to airgun sounds with received?|&@6ls
dBre 1pPams(Level B) on one or more occasions were estimated by calculating the marine anemltiat
be within the Level Bhreshold around theperating seismic sourcalongwith the expected density of
animals in the areal'he area expected to be ensonified on that day was determined by entering the planned
survey linesinoaMdpnf o GI' S, wusing GI'S to identify the rele
dB (Table } andPTS thresholduffers (Table 2) around each line. The ensonified areas, increased by
25%, were then multiplied by the number of survey days (16.3 days). This is equivalent to adding an
additional 25% to the proposed line km (Appendix D). The aggr@assumes that no marine mammals
would move away or toward the trackline in response to increasing sound levels before the levels reach the
specific thresholds as RMangsethapproaches

Consistent with past similar proposed actions, NSF has followed ehbnical Guidance for
Assessing the Effects of Anthropogenic Sound on Marine Mammal Héariestimating level A takes
for various hearing groups (see TableiRjhere were no mitigation measures (shut downs when PSOs
observed animalapproaching or inside the EZ) (Table 8). Those numbers likely overestimate actual
Level A takes because the predicted Lev8Zs are small and mitigation measuresuld further reduce
the chances of, if not eliminate, any such takes. In addition, most marine mammals would move away from
asound source before they are exposed to sound levels that could resultin a LevelDAdakd. 6 s por poi
could be more susceptible to exposure tangblevels that exceed the PTS threshold than other marine
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TaBLE 7. Densities of marine mammals (individuals/km?) that could be exposed to Level B and Level A
thresholds for NMFS defined hearing groups during the proposed survey of the Aleutian Arc (see Appendix
B for more details).

Shallow Water  Intermediate Water Deep Water
<100 m 100-1000 m >1000 m
LF Cetaceans
North Pacific right whale 0.00001 0.00001 0.00001
Humpback whale 0.12900 0.12900 0.00100
Blue whale 0.00050 0.00050 0.00050
Fin whale 0.07100 0.07100 0.02100
Sei whale 0.00010 0.00010 0.00010
Minke whale 0.00060 0.00060 0.00060
Gray whale 0.04857 0 0
MF Cetaceans
Sperm whale 0 0 0.00130
Killer whale 0.00500 0.00500 0.00200
Pacific white-sided dolphin 0.02080 0.02080 0.02080
Cuvier's beaked whale 0.00220 0.00220 0.00220
Baird's beaked whale 0.00050 0.00050 0.00050
Sato's beaked whale N.A. N.A. N.A.
Stejneger’'s beaked whale 0.00001 0.00001 0.00142
Northern right whale dolphin N.A. N.A. N.A.
Risso's dolphin 0.00001 0.00001 0.00001
HF Cetaceans
Harbor Porpoise 0.04730 0.04730 0.00000
Dall's porpoise 0.21800 0.21800 0.03700
Otariid Seals
Steller sea lion* 0.03920 0.03920 0.00980
Northern fur seal 0.01500 0.01500 0.01700
Phocid Seals
Northern elephant seal 0.00220 0.00220 0.00220
Harbor seal 0.01000 0.01000 0.00001
Spotted seal N.A. N.A. N.A.
Ribbon seal N.A. N.A. N.A.

N.A. means not available.
* Adjusted from Navy densities (see Appendix B).
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TABLE 8. Estimates of the possible numbers of marine mammals that could be exposed to Level B and
Level A thresholds for various hearing groups during the proposed survey of the Aleutian Arc.

Regional % of Pop.
Calculated Take Population  (Level B Requested Take
Species Level B! Level A? Size Takes)® Authorization”
LF Cetaceans
North Pacific right whale® 0 0 400 0.0 2
Humpback whale® 1,842 106 21,063 9.2 1,948
Blue whale 23 2 1,647 15 25
Fin whale 1,650 104 13,620 12.9 1,754
Sei whale 5 0 27,197 0.02 5
Minke whale 27 2 20,000 0.1 29
Gray whale’ 62 1 26,960 0.2 63
MF Cetaceans
Sperm whale 43 0 26,300 0.2 43
Killer whale 141 0 5,000 2.8 141
Pacific white-sided dolphin 1,000 2 988,333 0.1 1,002
Cuvier's beaked whale 106 0 3,274 3.2 106
Baird's beaked whale 24 0 2,697 0.9 24
Sato's beaked whale® N.A. N.A. N.A. N.A. 9
Stejneger's beaked whale 47 0 3,044 1.6 47
Northern right whale dolphin® N.A. N.A. 26,556 N.A. 58
Risso's dolphin8 1 0 838,000 <0.01 22
HF Cetaceans
Harbor Porpoise 679 23 79,261 0.9 702
Dall's porpoise 4,312 157 1,186,000 0.4 4,469
Otariid Seals
Steller sea lion 907 2 53,303 17 909
Northern fur seal 788 1 1,100,000 0.1 789
Phocid Seal
Northern elephant seal 105 1 210,000 0.1 106
Harbor seal 148 1 205,090 0.1 149
Spotted seal’ N.A. N.A. 461,625 N.A. 5
Ribbon seal® N.A. N.A. 184,697 N.A. 5

N.A. means not available.

! Level B takes, based on the 160-dB criterion, excluding exposures to sound levels equivalent to PTS (Level A) thresholds.

2 Level A takes if there were no mitigation measures.

3 Requested Level A and B takes expressed as % of population in the North Pacific; except for harbor porpoise and Steller sea lion
for which % population is based on Alaska population size (see Table 4).

4 Requested take authorization is Level A plus Level B calculated takes, except for those in bold. Columns do not necessarily sum
due to rounding.

5Requested take authorization is mean group size based on Shelden et al. (2005), Waite et al. (2003), Wade et al. (2011).

5Requested take includes ~41 individuals from the Western North Pacific DPS, and ~214 whales from the Mexico DPS; the remainder

are from the Hawaii DPS (see text).

"Requested take includes 1 individual from the Western North Pacific DPS (see text).

8 Requested take authorization is mean group size based on Barlow (2016); for Sato’s beaked whale, mean group size is based on

Baird’'s beaked whale.

%1n the absence of density information, requested take authorization was estimated.
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mammals, as this species is known to approach vessels to bolWodever, Level A takes are considered
highly unlikely for most marine mammal species that could be encountered in the proposed survey area, in
particularsea otters, which spend a substrgmount of time each day on the surface of the water.

The estimate of the number of marine mammals that could be exposed to seismic sounds with
recei ved | e v sduridylite AleutdaB AreueveylislO,358cetaceans arth53pinnipeds
(Table8). That totalincludes2082cetaceans listed #sreatenedor endangeredunder the ESA43 sperm
whales,5 sei whales1754fin whales 24 blue whalesfrepresenting @%, 0.2%, 12.9%, 1.5% of their
regional populationggespectivelyas well ad Western North Pacific gray whalé]l Western North Pacific
humpback whales, artd4humpbacks from the Mexico DP8 was assumethat 1.1% of gray whales that
occur inthe Bering Sea are from the Western North Pacific DPS (NpfScomm., based on Carretta et
al. 2019), and that 2.1%, 86.8%, and 11% of humpbacks in the Aleutian Islands are from the Western Pacific
DPS, Hawaii DPS, and Mexico DPS, respectively (Wade 20TH§ total also include808 endangered
Steller sea limsfrom the Western DP@hich represents.7% of the population.In addition,178 beaked
whalescould be exposedNearly half of all cetaceans potéally exposed would be porpoiseDallés
porpoise is expected to be the most common marine mammal species in the area, Wb 9@xposures
t o O16 0 PdalR0.4% ef thdirregonal population).Based on discussions with USFWS, batieve
there is less than a 50% probability of LeBdiarassment of singlesea otter based on the proposed transect
lines and array volumes.

4.1.1.6 Conclusions for Marine Mammals and Sea Turtles

The proposed seismic survey would involve towingaaaywith up to 36 airguns anddischarge
volume ofupto 6600 ir¥, which introduces pulsed sounds into the ocean. Routine vessel operations, other
than the proposed seismic operations, are conventionally assumed not to affect marine mammals
sufficiently to constitute Atakingo.

Marine Mammalsd In § 3.6.7, § 3.7.7, § 3.8.7, and § 3.9.7, the PEIS concluded that airgun
operations with implementation of the proposed monitoring and mitigation measures could result in a small
number of Level B behavioral effects in some mysticete, odontocete, pinnipeiissipeld speciesand
that Level A effects were highly unlikelfy o r mo st speci es, except. Dal |l 6:c¢
Consistent with past similar proposed actions, NSF has followertkttimical Guidance for Assessing the
Effects of Anthropogeni®m8nd on Marine Mammal Hearirfgr estimating Level A takes fahe Proposed
Action, howeverfollowing a different methodology than used in the PEIS and most previous analyses for
NSFfunded seismic surveyskor recent NSFunded seismic surveys, NMFS ugsl small numbers of
Level A take for some marine mammal spe¢ésl recently not for MF specidey the remote possibility
of low-level physiological effects; however, NMFS expected neither mortality nor serious injury of marine
mammals to result fronhé surveygNMFS 201@p).

In this analysis, estimates of the numbers of marine mammals that could be exposed to airgun sounds
during the proposed program have been presented,
estimated numbers of anials potentially exposed to sound levels sufficient to cause Level A and/or B
harassment are low percentages of the regional population sizes 8J.aflee proposed activities are
likely to adversely affect ESAsted species for which takes are beinguested (Tabl®8). However,for
the species that would be affectdug relatively shorterm exposures are unlikely to result in any long
term negative consequences for the individuals or their populations.

In decades of seismic surveys carried out by Bévigsethand its predecessor, REtving PSOs
and other crew menebs have seen no seismic souakhted marine mammal injuries or mortality. Also,
the actual numbers of animals potentially exposed to sound levels sufficient to cause disturbamiat(i.e.,
would be considered takes) have almost always been much lamahthpredicted and authorized takes.
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TABLE 9. ESA determination for marine mammals for the proposed survey of the Aleutian Arc during 2020.

ESA Determination

May Affect — May Affect —
Species No Effect Not Likely to Adversely Affect Likely to Adversely Affect
North Pacific Right Whale
Humpback Whale (Western North Pacific DPS)
Humpback Whale (Mexico DPS)
Gray Whale (Western North Pacific DPS)
Sei Whale
Fin Whale
Blue Whale
Sperm Whale
Killer Whale (Southern Resident DPS) \
Steller Sea Lion (Western DPS) R
Northern Sea Otter (Southwest Alaska DPS) R

2 2 2 2 2 2 2 2

For example, during an NSEnded, ~500&km, 2D seismic survey conducted by Ri¥ngsettoff
the coast oNorth Carolina in Septemldgdctober 2014, only 296 cetaceans were observed within the
predicted 16@B zone and potentially taken, representing <2% of the 15,498 takes authorized by NMFS
(RPS 2015). During a USGE8nded, ~2700 km,-B seismic survey condted by R/VLangsethalong
the U.S. east coast in AuguSeptember 2014, only 3 unidentified dolphins were observed within the
predicted 16a@B zone and potentially taken, representing <0.03% of the 11,367 authorized takes (RPS
2014b). During alNSFfunded ~3455 km, 2D seismic survey conducted by RNAngsethoff the coast
of Hawaii in 2018 no marine mammals were observed within the predicteedB68one and potentially
taken, representing 0% of the 11,068 takes authorized by NMFS (RPS 2019b). Fudhasmefined,
al | ani mals exposed to sound | evels >160 dB are
occurred. The Level B estimates are thought to be conservative; thus, not all animals detected within this
threshold distance would bepected to have been exposed to actual sound levels >160 dB.

Sea Turtles—In § 3.4.7, the PEIS concluded that with implementation of the proposed monitoring
and mitigation measures, no significant impacts of airgun operations are likely to sea turtléqopula
any of the analysis areas, and that any effects are likely to be limited taesholiehavioral disturbance
and shorterm localized avoidance of an area of unknown size near the active airguns. In decades of
seismic surveys carried out by RDMangsethand its predecessor, R/Ewing PSOs and other crew
members have seen no seismic seratdted sea turtle injuries or mortality. Given the proposed activities,
and the low potential for sea turtles to occur in the proposed survey area, impadtaetde anticipated
to be significant or likely to adversely affect sea turtles (Ta0)e

4.1.2 Direct Effects on Marine Invertebrates, Fish, and FisheriesEFH, and Their
Significance

Effects of seismic sound on marine invertebrates (crustacearcephdiopods), marine fish, and
their fisheries are discussed in § 3.2.4 and § 3.3.4 and Appendix D of the RE¢SarRnew studies on
the effects of sound on marine invertebrates, fish, and fisheries that have been published since the release of
the PEB are summarized belowAlthough research on the effects of exposure to airgun sound on marine
invertebrates and fishes is increasing, many data gaps remain (Hawkins et al. 2015; Carroll e&dlio017;
et al. 2019;Popper and Hawkins 2018lawkins ¢ al. 2020, including howparticle motion, rather than
sound pressure level, affects invertebrates and fishes that are exposed to sound (Hawkins and Popper 2017;
Popper and Hawkins 2018, 2019j}.is important to note that while all invertebrates anbdefgsare likely
sensitive to particle motion, no invertebrates and not all fishesqleagks) are sensitive to the sound pressure
component.
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TABLE 10. ESA determination for sea turtle species for the proposed survey of the Aleutian Arc during
2020.

ESA Determination

May Affect — May Affect —
Species No Effect Not Likely to Adversely Affect Likely to Adversely Affect
Leatherback Turtle \
Green Turtle N
Olive Ridley Turtle N
Loggerhead Turtle N

Substrate vibrations caused by sounds may also affect the epibenthos, but sensitivities are largely
unknown (Roberts and Elliott 2017). Nonetheless, several studies have found that sudrsteatération
and sound elicit behavioral responses inefaly., Roberts et al. 2QIoberts and Laidre 20L8nd mussels
(Roberts et al. 2015). Solan et al. (2016) also reported behavioral effects on sddielémy invertebrates
during sound exposureActivities directly contacting the seabed would dgected to have localized
impacts on invertebrates and fishes that use the benthic habitat. A risk assessment of the potential impacts
of airgun surveys on marine invertebrates and fish in Western Australia concluded that the greater the
intensity of sond and the shallower the water, the greater the risk to these animals (Webster et al. 2018).
In water >250 m deep, the impactsdismic surveying on fish and marine invertebrates was assessed as
acceptable, while in water <250 m deep, risk ranged frogligilele to severe, depending on depth,
resourcetype, and sound intensity (Webster et al. 2018). Immobile organisms, such as molluscs, were
deemed to be the invertebrates most at risk from seismic impacts.

41.2.1 Effects of Sound on Marinelnvertebrates

Effects of anthropogenic sounds on marine invertebrates are varied, ranging from no overt reactions
to behavioral/physiological responses, injuries, or mortalities (Aguilar de Soto 2016; Carroll et7al. 201
Edmonds et al. 2016; Weilga2018. The available information suggests that invertebrates, particularly
crustaceans, may be relatively resilient to airgun sounds (Day et al. 2016a,b). Fewtrell and McCauley
(2012) exposed captive squiigpioteuthis australjgo pulses from a single gun; the received sound
levels ranged from 120 8 4 d B r é&-s $EL.dIBcreas€san alarm responses were seen at SELs
>1471 51 d B 2rs;ghe §quid vieee seen to discharge ink or change their swimming pattern or vertical
position in the wateratumn.

Solé et al. (2013a,b) exposed four cephalopod species held in tanks-taetpvency (50400 Hz)
sinusoidal wave sweeps (with eslweep period for B) with received levels of 157 + 5 dBte Pand
peak levels up to 175 dB tee P. 8Besides exhibiting startle responses, all four species examined received
damage to the statocyst, which is the organ responsible for equilibrium and movement. The animals also
showed stressed behavior, decreased activity, and loss of muscle téret §6@013a). To examine the
contribution from neafield particle motion from the tank walls on the study,éSslal. (2017) exposed
common cuttlefish§epia officinaliy in cages in their natural habitat to 1/3 octave bands with frequencies
centered at B Hz and 400 Hz and levels ranging from 11B@l dB re InP&. The study animals still
incurred acoustic trauma and injury to statocysts, despite not being held in confined tanks with walls. A
later study from this research group showed that statocysagk was more severe in cephalopod
hatchlings than in adults, suggesting a developmental period of greater sensitiéit 3o2018).

When New Zealand scallopécten novaezelandiglarvae were exposed to recorded seismic pulses,
significant developrantal delays were reported, and 46% of the larvae exhibited body abnormalities; it was
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suggested that the malformations could be attributable to cumulative exposure (Aguilar de Soto et al. 2013).
Their experiment used larvae enclosed im@i0flasks suspeded in a 2n diameter by 1-3n water depth
tank and exposed to a playback of seismic sound at a distaricEOofr.

There have been seveiakitu studies that have examined the effects of seismic surveys on scallops.
Although most of these studiesosted no shorterm mortality in scallops (Harrington et al. 2010; Parry et
al. 2002; Przeslawski et al. 2016, 3)lone study (Day et al. 2016a,b, 2017) did show adverse effects
including an increase in mortality rates. Przeslawski et al. (2018) 2ddlied the potential impacts of an
industrial seismic survey on commercidtetten fumatysand doughboy Mimachlamys asperrima
scallops. In situ monitoring of scallops took place in tppsland BasinAustralia, using dredging and
autonomous underwateehicle deployment before the seismic survey, as well as two and ten months after
the survey. The airgun array used in the study was a single 2%86ayn made up of 16 airguns operating
at 2000 psi with a maximum SEL @#6 dB rel &€-RBat 51 m depth. Overall, there was little to no
detectable impact of the seismic survey on scallop health as measured by scallop shell size, adductor muscle
diameter, gonad size, or gonad stdyzéslawski et al. 201.6Noscallop mortality related tdrgun sounds
was detected two or ten months after the seismic survey (Przeslawski et al. 2816, 201

Day et al. (2016a,b, 2017) exposed scalldpsfgmatuy and egepearing female spiny lobsters
(Jasus edwardyiat a location 1012 m below the surfade airgun sounds. The airgun source was started
~1i 1.5 km from the study subjects and passed over the animals; thus, the scallops and lobsters were exposed
to airgun sounds as close &@85m away and up to 1.5 km from the source. Three different airgun
configurations were used in the field: 45,ih50 ir? (low pressure), and 150%thigh pressure), each with
maximum peako-peak source levels of 16213dB rele P a ; maxi mum cumul ative S
were 1891 9 9 d B 2rse ExposugeRoasseismsound was found to significantly increase mortality in
the scallops, especially over a chronic time scale (i.e., monthexyxmssure), although not beyond naturally
occurring rates of mortality (Day et al. 2017). Nethal effects were also recordedicluding changes in
reflex behavior time, other behavioral patterns, haemolymph chengsthyapparent damage to statocysts
(Day et al. 2016b, 2017)However, the scallops were reared in suspended lantern nets rather than their
natural environment, whictan result in higher mortality rates compavéth benthic populations (Yu et
al. 2010).The female lobsters were maintained until the eggs hatched; no significant differences were found
in the quality or quantity of larvae for control versus exposedestd)j indicating that the embryonic
development of spiny lobster was not adversely affected by airgun sounds (Day et al. 20Mi@a,b).
mortalities were reported for control or exposed lobsters (Day et al. 201&&/®n Day et al. (2019)
exposed rock lolter to the equivalent of a fuficale commercial seismic survey passing withini 500
m, lobsters exhibited impaired righting and damage to the sensory hairs of the statocyst.

Fitzgibbon et al. (2017) also examined the impact of airgun exposure onlaipatgr through a
companion study to the Day et al. (2016a,b, 2017) studies; the same study site, experimental treatment
methodologies, and airgun exposures were used. The objectives of the study were to examine the
haemolymph biochemistry and nutritidrendition of groups of lobsters over a period of up to 365 days
postairgun exposure. Overall, no mortalities were observed across both the experimental and control
groups; however, lobster total haemocyte count decreased 6§%3or all lobster groupup to 12@ays
postairgun exposure in the experimental group when compared to the control group. A lower haemocyte
count increases the risk of disease through a lower immunological response. The only other haemolyph
parameter that was significantlyf@dted by airgun exposure was the Brix index of haemolymph at 120 and
365 days posairgun exposure in one of the experiments involving-laggn females.Other studies
conducted in the field have shown no effects on Dungeness crab larvae or snow cyals éondeismic
sounds (Pearson et al. 1994; DFO 2004; Morris et al. 2018).
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Payne et al. (2015) undertook two pilot studies which (i) examined the effects of a seismic airgun
recording in the laboratory on lobstétqmerus americanyisnortality, gross phology, histopathology,
serum biochemistry, and feeding; and (ii) examined prolonged or delayed effects of seismic airgun pulses
in the laboratory on lobster mortality, gross pathology, histopathology, and serum biochemistry. For
experiment (i), lobstersere exposed to ped&-peak and roetmeansquared received sound levels of 180
dBrele Pa a rdHre 1 dPh respectively. Overall there was no mortality, loss of appendages, or
other signs of gross pathology observed in exposed lobstediffsi@nces were observed in haemolymph,
feeding, ovary histopathology, or glycogen accumulation in thettyggacreas. The only observed
differences were greater degrees of tubular vacuolation and tubular dilation in the hepatopancreas of the
exposed lobters. For experiment (i), lobsters were exposed to 20 airgun shots per day for five successive
days in a laboratory setting. The pdalpeak and roemeansquared received sound levels ranged from
~176200dBrele Pa a nld2dBrd BuPa. respetively. The lobsters were returned to their aquaria
and examined after six months. No differences in mortality, gross pathology, loss of appendages,
hepatopancreas/ovary histopathology, or glycogen accumulation in the hepatopancreas were observed
betwea exposed and control lobsters. The only observed difference was a slight statistically significant
difference for calciunprotein concentration in the haemolymph, with lobsters in the exposed group having
a lower concentration than the control group.

Cdi et al. (2013) exposed captive red swamp crayf@iogambarus clarkipto linear sweeps with
a frequency range of 0.25 kHz and a peak amplitude of 148 dB re 1.pfPa 12 kHz for 30 min. They
found that the noise exposure caused changes in the tosiemaunological parameters (indicating stress)
and reduced agonistic behaviors. Wale et al. (2013a,b) showed increased oxygen consumption and effects
on feeding and righting behavior of shore crabs when exposed to ship sound playbacks.

Fields et al. (209) conducted laboratory experiments to study effects of exposure to airgun sound
on the mortality, predator escape response, and gene expression of the Ggdapos finmarchicuand
concluded that the airgun sound had limited effects on the mortalityescape responses of copepods
exposed within 10 m of the airgun source but no measurable impact beyond that didizDasaley et al.

(2017) conducted a-@ay study to examine the potential effects of sound exposure of a®l&ifyim on
zooplankton df the coast of Tasmania; they concluded that exposure to airgun sound decreased
zooplankton abundance compared to control samples, and causedattweefold increase in adult and

larval zooplankton mortality. They observed impacts on the zooplaaktfan as 1.2 km from the exposure
locationi a much greater impact range than previously thought; however, there was no consistent decline
in the proportion of dead zooplankton as distance increased and received levels decreased. The conclusions
by McCauley et al. (2017) were based on a relatively small number of zooplankton samples, and more
replication is required to increase confidence in the study findings. Richardson et al. (2017) presented
results of a modeling exercise intended to investigatebact of exposure to airgun sound on zooplankton

over a much larger temporal and spatial scale than that employed by McCauley et al. (2017). The exercise
modeled a hypothetical survey over an area 80 km by 36 km duringlay3eriod. Richardson et al

(2017) postulated that the decrease in zooplankton abundance observed by McCauley et al. (2017) could
have been due to active avoidance behavior by larger zooplankton. The modeling results did indicate that
there would be substantial impact on the zanklon populations at a local spatial scale but not at a large
spatial scale; zooplankton biomass recovery within the exposure area and out to 15 km occurred 3 days
after completion of the seismic survey.

Leite et al. (2016) reported observing a dead giquid @ArchiteuthisduxX) while undertaking marine
mammal observation work aboard a seismic vessel conducting a seismic survey in offshorelBeazil.
seismic vessel was operating aal&yun array with a total volume of 5085.inAs no further informatin
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on the squid could be obtained, it is unknown whether the airgun sounds played a factor in the death of the
squid.

Heyward et al. (2018) monitored coraissitu before and after exposure to a 3D seismic survey; the
maximum SEL and SPi.«were 204 dBel & $and 226 dBre 1 pPa. No macroscopic effects on soft
tissues or the skeleton were noted days or months after the survey.

4.1.2.2 Effects of Sound on Fish

Popper et al. (2019a) recently reviewed the hearing ability of fishes, dadtipbimpacts of
exposure to airgun sound on marine fishes have been reviewed by Popper (2009)ambpfaestings
(2009a,b), Fay and Popper (2012), Weilda®tl8, Hawkins and Popp&R017), Popper et al. (2019b),
Popper and Hawkins (2019), aBthbbdoorn et al. (2019)they include pathological, physiological, and
behavioral effects. Radford et al. (2014) and Putland et al8)2@ted that masking of key environmental
sounds or social signals could also be a potential negative effect from Smpyer et al. (2014) presented
guidelines for seismic sound level thresholds related to potential effects on fish. The effect types discussed
include mortality, mortal injury, recoverable injuiyTS, masking, and behavioral effects. Seismic sound
levelthresholds were discussed in relation to fish without swim bladders, fish with swim bladders, and fish
eggs and larvaeHawkins and Popper (2017) cautioned that particle motion as well as sound pressure
should be considered when assessing the effectsdefwater sound on fishes.

Bruce et al. (2018) studied the potential behavioral impacts of a seismic survey in the Gippsland
Basin, Australia, on three shark species: tiger flathésbglatycephalus richardsgnigummy shark
(Mustelus antarcticys andswellshark Cephaloscylum laticeps Sharks were captured and tagged with
acoustic tags before the survey and monitored for movement via acoustic telemetry within the seismic area.
The energy source used in the study was a 2520may consisting of 16irguns with a maximum SEL of
146 dBrel &-Rat 51 m depth. Flathead and gummy sharks were observed to move in and around the
acoustic receivers while the airguns in the survey were active; however, most sharks left the study area
within 2 days obeing tagged. The authors of the study did not attribute this behavior to avoidance, possibly
because the study area was relatively small. Overall, there was little conclusive evidence of the seismic
survey impacting shark behavior, though flathead sthidrkhow increases in swim speed that was regarded
by the authors as a startle response to the airguns operating within the area.

Pefa et al. (2013) used an omnidirectional fisheries sonar to determine the effecld sésiBic
survey offVesteralen, northern Norway, on feeding herri@lyipea harengys They reported that herring
schools did not react to the seismic survey; no significant changes were detected in swimming speed, swim
direction, or school size when the drifting seismicse¢approached the fish from a distance of 27 km to
2 km over a éh period. Pefia et al. (2013) attributed the lack of response to strong motivation for feeding,
the slow approach of the seismic vessel, and an increased tolerance to airgun sounds.

Miller and Cripps (2013) used underwater visual census to examine the effect of a seismic survey on
a shallowwater coral reef fish community in Australia. The census took place at six sites on the reef before
and after the survey. When the census data cefledtiring the seismic program were combined with
historical data, the analyses showed that the seismic survey had no significant effect on the overall
abundance or species richness of reef fish. This was in part attributed to the design of the seeymic sur
(e.g., 2400 m buffer zone around reef), which reduced the impacts of seismic sounds on the fish
communities by exposing them t?cs).rel atively | ow SE
Fewtrell and McCauley (2012) exposed pink snapPag(us auratusand trevdy (Pseudocaranx
dente) to pulses from a single airgun; the received sound levels ranged froth 820 d B 2vs&SELL ¢ P a
Increases in alarm responses were seen in the fish at SELis1>347 d B 2f setheffish sviam faster
and formed more cohesi\groups in response to the airgun sounds.
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Hastings and Miksi®©lds (2012) measured the hearing sensitivity of caged reef fish following
exposure to a seismic survey in Australia. When thesAfid?e examined for fish that had been in cages
as close as 4% from the pass of the seismic vessel aralvaater depth of 5 m, there was no evidence of
TTS in any of the fish examined, even t?hmugh the

Davidsen et al. (2019) outfitted Atlantic cod and saithe waitbustic transmitters to monitor their
behaviors (i.e., swimming speed, movement in water column) in response to exposure to seismic airgun
sound. The study was conducted in Norway using a large sea cage with a 30 m diameter and 25 m depth.
Both sound pEssure and particle motion were measured within the sea cage. An airgun firing every 10 s
was towed toward the sea cage from an initial distance of 6.7 km from the cage to a minimum distance of
100 m from the cage. The SEkranged from 172175 dB re I P& Both the cod and saithe changed
swimming depth and horizontal position more frequently during exposure to the sound. The saithe became
more dispersed in response to elevated sound levels. Both species exhibited behavioral habituation to the
repated exposures to sound.

Radford et al. (2016) conducted experiments examining how repeated exposures of different sounds
to European seabad3i¢entrarchuslabrax can reduce the fishesbd respons
postlarval seabasstoplaydac r ecor di ngs of seismic surve¥ds)sound
in large indoor tanks containing underwater speakers. Their findings indicated thaeshakposure of
seismic sound increased the ventilation rate (i.e., opercular bediOBR]) of seabass that were not
previously exposed to seismic relative to seabass in controlled, ambient sound conditions. Fish that were
reared in tanks that were repeatedly exposed to seismic sound overcaKl Beriod exhibited a reduced
OBR responsto that sound type, but fish exposed over the same time perioddoiyiihg noise displayed
a reduced response to both seismic anddriléng noise. An increased ventilation rate is indicative of
greater stress in seabass; however, there was denee of mortality or effects on growth of the seabass
throughout the 1-2veek study period.

Popper et al. (2016) conducted a study that examined the effects of exposure to seismic airgun sound
on caged pallid sturgeorS¢aphirhynchus alblisand paddlefisPolyodon spathula the maximum
received peak SPL in this study was 224 dB re 1 pPa. Results of the study indicated no mortality, either
during or seven days after exposure, and no statistical differences in effects on body tissues between
exposed and exrol fish.

Andrews et al. (2014) conducted functional genomic studies on the inner ear of Atlantic salmon
(Salmo salarthat had been exposed to seismic airgun sound. The airguns had a maximum SPIdBf ~145
re 1 uP&Hz and the fish were exposed todicharges per trial. The results provided evidence that fish
exposed to seismic sound either increased or decreased their expressions of different genes, demonstrating
that seismic sound can affect fish on a genetic level.

SierraFlores et al(2015) examined broadcast sound as a gham stressor in Atlantic coéadus
morhug using cortisol as a biomarker. An underwater loudspeaker emitted SPLs ranging from
104i 110dB re 1 pPas Plasma cortisol levels of fish increased rapidly with saxmbsure, returning to
baseline levels 2@0 min postexposure. A second experiment examined the effects oftéwngsound
exposure on Atlantic cod spawning performance. Tanks were stocked with male and female cod and
exposed daily to six noise everggch lasting one hour. The noise exposure had a total SPL dB1&3
1 pPa. Cod eggs were collected daily and measured for egg quality parameters as well as egg cortisol
content. Total egg volume, floating fraction, egg diameter and egg weighttdigpear to be negatively
affected by sound exposure. However, fertilization rate and viable egg productivity were reduced by 40%
and 50%, respectively, compared with the control grddpan egg cortisol content was found to be 34%
greater in the exposegoup as comparegith the control groupElevated cortisol levels inhibit reproductive
physiology for males and can result in a greater frequency of larval deformities for spawning females.
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4.1.2.3 Effects of Sound on Fisheries

Handegard et al. (2013) examined different exposure metrics larexipe disturbance of seismic
surveys on fish. They applied metrics to two experiments in Norwegian waters, during which fish
distribution and fisheries were affected by airguns. Even though the disturbance for one experiment was
greater, the other appred to have the stronger SEL, based on a relatively complex propagation model.
Handegard et al. (2013) recommended that simple sound propagation models should be avoided and that
the use of sound energy metrics like SEL to interpret disturbance effextkl be done with caution. In
this case, the simplest model (exposures per area) best explained the disturbance effect.

Hovem et al. (2012) used a model to predict the effects of airgun sounds on fish populations.
Modeled SELs were compared with engal data and were then compared with startle response levels for
cod. This work suggested that in the future, particular acobdtiogical models could be useful in
designing and planning seismic surveys to minimize disturbance to fishiimgir preiminary analyses
indicated that seismic surveys should occur at a distanéd 0#dn from fishing areas, in order to minimize
potential effects on fishing.

In their introduction, Lakkeborg et al. (2012) described three studies in the 1990s that dfexted e
on fisheries. Results of a study off Norway in 2009 indicated that fishes reacted to airgun sound based on
observed changes in catch rates during seismic shooting; gillnet catches increased during the seismic
shooting, likely a result of increasatbvement of exposed fish, whereas longline catches decreased overall
(Lgkkeborg et al. 2012).

Streever et al. (2016) completed a Befafter/Controkimpact (BACI) study in the nearshore waters
of Prudhoe Bay, Alaska in 2014 which compared fish catas ritiring times with and without seismic
activity. The airgun arrays used in the geophysical survey had sound pressure [23é3Bxf e d,ge P a
243 dBre 1uPg, and 21 8, BddeivedsSPLieamyad from 107144 dBr e 1andrEcaived
SH.cmranged from 111141 dBr e  1-sfd? airgun pulses measured by sound recorders at four fyke net
locations. They determined that fyke nets closest to air gun activities showed decreases in catch per unit
effort (CPUE) while nets further away from thie gun source showed increases in CPUE.

Przeslawski et al. (2016) studied the potential impacts of an industrial seismic survey in the
Gippsland BasinAustralia, on catches in the Danish seine and gillnet fishing sectors for 15 fish species.
Catch daa were examined from 3 years before the seismic survey to six months after completion of the
survey in an area 13,000 knvhich encompassed survey area. Overall, no significant adverse impacts of
the seismic survey on catch rates were na&df the 15 species weactuallyfound to have increased
catch rates.

Paxton et al. (2017) examined the effects of seismic sounds on the distribution and behavior of fish
on a temperate reef during a seismic survey conducted in the Atlantic Ocearnmetlmntinental shelf
of North Carolina. Hydrophones were set up near the seismic vessel path to measure SPLs, and a video
camera was set up to observe fish abundances and beh&®eoeived SPLs were estimated at YZ(BD
dB re 1 pPa.Overall abundace of fish was lower when undergoing seismic activity as opposed to days
when no seismic occurre@nly one fish was observed to exhibit a startle response to the airgun&hets.
authors claim that although the study was based on limited data, iboted evidence that normal fish
use of reef ecosystems is reduced wihery are impacted by seismic sounds.

Morris et al. (2018) conducted a twear (20152016) BACI study examining the effects o2
seismic exploration on catch rates of snow c@hidnoecetes opilipalong the eastern continental slope
(Lilly Canyon and Carson Canyon) of the Grand Banks of Newfoundland, Canada. The airgun array used
was operated from a commercial seismic exploration vessel; it had a total volume of%88dizonal
zeroto-peak SPLo2 51 dB re 1 g Pa, a s THeElhsesbapproach 6f the Birvay e 1
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vessel to the treatment site in 2015 (year 1 of the study) was 1465 m during 5 days of seismic operations;
in 2016 (year 2), the vessel passed withd® m of the treatment site but the exposure lasted only 2 h.
Overall, the findings indicated that the sound from the commercial seismic survey did not significantly
reduce snow crab catch rates during days or weeks following exposure. Morris €1&) atftbuted the

natural temporal and spatial variations in the marine environment as a greater influence on observed
differences in catch rates between control and experimental sites than exposure to seismic survey sounds.

4.1.2.4 Conclusions for Invertebrates, Fish, Fisheriesand EFH

The newly available information does not affect the outcome of the effects assessment as presented in
the PEIS. The PEIS concluded that there could be changes in behavior and olkératoshorterm,
temporary impa&, andinjurious or mortal impacts on a small number of individuals within a few meters
of a highenergy acoustic source, but tilagre would be no significant impacts of Nfslhded marine
seismic research on populations. The PEIS also concluded thraicssurveys could cause temporary,
localized reduced fish catch to some species, but that effects on commercial and recreation fisheries would
not be significant.Interactions between the proposed survey and fishing operationssimikg area are
expected to be limited. Aere could be possible conflicwithR/VLangseth s t owed equi pment
with fishing gear.Fishing activities could occur within the proposed survey area; hoywmsasels actively
fishing would need to mainta a safe distace fromR/V Langsethand the towed seismic equipment.
Conflicts would be avoided through communication with the fishing community before and during the
survey. PSOs would also watch for impacts the acoustic sources may have duarfigithe survey.

Given the proposed activities, impacts would not be anticipated to be significant or likely to adversely
affect (including ESAisted) marine invertebrates, marine fish (Tablg, and their fisheries, including
commercial, recreational, andissistence fisheries. In decades of seismic surveys carried out by R/V
Langsethand its predecessor, RBwing PSOs and other crew members have not observed any seismic
soundrelated fish or invertebrate injuries or mortality. In addition, no advefsetefon EFH or HAPC
are expected given the shtetm nature of the study (~43 days) and minimal bottom disturbance.

4.1.3 Direct Effects on Seabirds and Their Significance

The underwater hearing of seabirds (including loons, scaups, gannets, and dsicksghtly been
investigated, and the peak hearing sensitivity was found to be between 1500 and 3000 Hz (Crowell 2016).
The best sensitivity of underwater hearing for great cormorants was foundt@ keiz, with a hearing
threshold o658/ 71 dB re InPams (Hansen et al. 201 TLarsen et al. 2090 Great cormorantand gentoo
penguinswere found to respond to underwater sounds and may have special adaptations for hearing
underwater (Johansen et al. 2016; Hansen et al, 2@t3en et al. 202Bgrensenteal. 2020Q. African
penguins outfitted with GPS loggers showed strong avoidance of preferred foraging areas and had to forage
further away and increase their foraging effort when a seismic survey was occurring within 100 km of the
breeding colony (Picheg et al. 2017). However, the birds resumed their normal behaviors when seismic
operations concluded.

Potential effects of seismic sound and other aspects of seismic operations (collisions, entanglement,
and ingestion) on seabirds are discussed in § 8f3ke PEIS. The PEIS concluded that there could be
transitory disturbance, but that there would be no significant impacts offiM8Ed marine seismic
research on seabirds or their populatiofilse acoustic source would be powered or shut down inverd e
an ESAlisted seabird were observed diving or foraging within the designated3#n the proposed
activities, impacts would not be anticipated to be significant or likely to adversely affedidERseabirds
(Table12). In decades of seismicrgays carried out by R/\/angsethand its predecessor, the REWing
PSOs and other crew members have seen no seismicietatedl seabird injuries or mortality.
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TABLE 11. ESA determination for fish for the proposed survey of the Aleutian Arc during 2020.

ESA Determination

May Affect — May Affect —
Species No Effect Not Likely to Adversely Affect Likely to Adversely Affect
Steelhead Trout (Various DPSs) R
Chinook Salmon (Various ESUs) R
Chum Salmon (Hood Canal summer-run ESU) \
Coho Salmon (Lower Columbia River ESU) R
Sockeye Salmon (Snake River ESU) v
Green Sturgeon (Southern DPS) R

TABLE 12. ESA determination for seabird species for the proposed survey of the Aleutian Arc during 2020.

ESA Determination

May Affect — May Affect —
Species No Effect Not Likely to Adversely Affect Likely to Adversely Affect
Short-tailed Albatross R
Steller's Eider R
Spectacled Eider R

4.1.4 Indirect Effects on Marine Mammals, Sea Turtles, Seabirdsand Fish and Their
Significance

The proposed seismic operations would not result in any permanent impact on habitats used by
marine mammals, sea turtles, seabirds, or fish, including EFH, or to the food sources they use. The main
impact issue associated with the poeed activity would be temporarily elevated anthropogenic sound
levels and the associated direct effects ordlspecies, as discussed above.

During the proposed seismic survey, only a small fraction of the available habitat would be
ensonified at any given time. Disturbance to fish species and invertebrates would fershanhd fish
would return to their ge-disturbance behavior once the seismic activity ceased. Thus, the proposed survey
would have little impact on the abilities of marine mammals or sea turtles to feed in the area where seismic
work is planned. No significant indirect impacts on marinenmals, sea turtles, seabirds, or fish would
be expected.

4.1.5 Possible Effects on Subsistence Hunting and Fishing

Subsistence hunting and fishing feature prominently in the housetmttmies and social welfare
of some Alaskan residents, particularly among those living in small, rural villages (Wolfe and Walker
1987). Subsistence remains the basis for Alaska Native culture and community. In rural Alaska,
subsistence activities aréen central to many aspects of human existence from patterns of family life to
artistic expression and community religious and celebratory activities.

Marine mammalsare hunted legally in Alaskan waters by coastal Alaska Nativdanting
communities inthe Aleutians include Adak and Atka located within the propasedeyarea, as well as
Akutan, Nikolski, and Unalaska (Wolfe et al. 201&teller sea lions, harbor seals, sea otters, and small
numbers of spotted and ringed seals are hunted (ADFG 1892D08, it was estimated that 1462 harbor
seals were taken throughout Alaska with the majority of takes in southeast Alaska; 3.4% were taken in the
Aleutian Islandsmostly in Akutan and AdaVolfe et al. 2009).The seasonal distribution of harborlsea
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takes by Al aska Natives typically shows two dist.i
fall and early winter; however, seals are taken in all months (Wolfe et al. 2012). In general, the months of
highest harvest are September through Béer, with a smaller peak in Februaarch (Wolfe et al.

2012). Harvests are traditionally low from May through August, when harbor seals are raising pups and
molting.

The most recent-gear period with data available (206@008) shows an annual aveeagatch of
172 Steller sea liongrom the Western stodor all areas in Alaska combined, except the Pribilof Islands
in the Bering Sea where the annual catch v2a2 8/uto et al. 201B). In 2008,the majority of sea lions
were taken in the Aleutian Isids (45.8 with 35 of those in AtKa followed by the Pribilof Islands (29.3)
(Wolfe et al. 2009).Most sea lions are harvestedate summefall and spring (Wolfe et al. 2009)The
harvest of spotted and ringed seals in Alaska was highest in 2011, with at least 518 spotted seals and 1286
ringed seals takehpweverMuto et al. (201B) did not report any harvest for the Aleutian Islan@sged
seals would not occur in the pmsed study area durirf@eptember/Octobgas they move north with the
receding ice.

The proposedurveycould potentially impact the availability of marine mammals for harvest in a
small area immediately aroulV Langseth and for a very short time ped during seismic operations.
Considering the limited time¢hat theplanned seismic survewould take placeclose tothe hunting
communities of Adak and Atk#he proposedurveyis not expected to have any significant impacts to the
availability ofmaiine mammaldgor the subsistence harvest.

Subsistence fisherieare open to participation by all Alaskan residents (ADFG BP20n the
Aleutian Islands, important subsistence fisheries occur for all five salmon species, halibut, and shellfish
within five management districts Akutan, Unalaska, Umnak, Atkémlia Islands, and Adak (ADFG
202(). The proposed survey aregludesthe Adak District. Subsistence fisheries may occur within or
near the proposed survey area duBegptember/Octobgparticdarly nearshore.

The ADFG Division of Commercial Fisheries manages subsistence salmon fisheries in the Adak
District, for which subsistence permits are required (ADFG Bp28almon may be caught for subsistence
purposes at any time of year in the Adakutan, AtkaAmlia, and Umnak districts (ADFG 2019c).

Salmon subsistence fisheries in the Aleutian Islands and Adak District mainly consist of sockeye and Coho
salmon, mostly caught using nroommercial gillnets and rod and reel (ADFG 2019c, 2)20Most
subsistence salmon fisheries in the Adak District occurs at Hidden Bay on Adak Island and Quail Bay and
Galas Point on Kagalaska Island, with some pink and Coho salmon also harvested off northern Adak Island
(ADFG 2020). For 20192020, the Alaska Boardfo Fi sher i es detiZ3000isamod t hat

are reasonably necessary for subsistence uses in
District, no subsistence salmon fisheriesrdmay occ
of a stream terminuso for Adak and Kagalaska 1|sl a

Subsistence fisheries for halibut are open to rural Alaska residents or members of an Alaskan native
tribe, managed by the NMFS, and require a Subsistence Halibut Registration @&i(8ldARC) (ARO
2019; ADFG 202h). Eligible Alaska communities and Native Tribes may also obtain special permits for
community harvest, ceremonial, or educational purposes (NPFMC 20PBb)State of Alaska monitors
subsistence halibut harvests usingmbination of a maibased survey and communication with personal
contacts (ADFG 20af). Fishing gear for subsistence halibut harvests may only include a single handheld
line with up to two hooks (ADFG 2019c). Other than halibut, there are no harvgsirpsofor groundfish
subsistence fisheries in the Aleutian Islands, which variably occur for Pacific cod, sablefish, Atka mackerel,
and rockfishes, particularly nearshore subsistence fisheries for black and dusky rockfishes (AD#G 2020
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The AlaskaBoard f Fi sher i es di830,000 usabte poartds ofifiaf@0oth€ thdh salmon are
reasonably necessary for subsi st eii2020 (ADBG2819d).n t he 7

In the Alaska Peninsula/Aleutian Islands Area, subsistencerfigfgemits are required from the
ADFG for king and tanner crab west of Scotch Cap Light and east of 168°W (ADF&)2020ing 1999
2015, an average 222 subsistence harvest permits were issued per year for red king crab, with an annual
average harvest dfo80 crabs in the Bering Sédeutian Islands (Leon et al. 2017). Subsistence harvest
for king crab decreased by the end of this period, with only ~145 crabs caught during 2015 (Leon et al.
2017). Most king crab caught in subsistence fisheries in thad8edAleutian Islands are taken using
pots, although some of the harvest is acquired by SCUBA divers (Leon et al. 2017). A patrtially limited
subsistence shrimp fishery occurs within the Alaska Peninsula/Aleutian Islands Area, which requires a
subsistene fishing permit and limits fishers to no more than 0.23 t of shrimp on board registered shrimp
fishing vessels during/within a closed commercial shrimp season/area (ADFG 2019c). There are otherwise
no closed seasons or bag/possession limits for sulisessarimp fishers in the Area (ADFG 2019c). The
Alaska Board of Fisheries determined that for Z@D20, 12007400 king crab, 420Q.6,200 tanner crab,
and 22,0006 8, 000 | bs of MAusable weight of Dungeness <cr
necessary for subsistence purposes in the Alaska Perksuaut i an | sl and Aread an
(ADFG 2019c).

Seismic surveys can, at times, cause changes in the catchability of fish (see subsection 4.1.5, above).
L-DEO would minimize the potential taegatively impact the subsistence fish harvest by avoiding areas
where subsistence fishers adivelyfishing, if requested or viewed necessary. Additiongtlg,Plswvould
conduct outreackvith communities near the plannedrveyarea to identify and avoid areas of potential
conflict, including for marine subsistence activities (mammals and fisheries).

4.1.6 Direct Effects onCultural Resources and Their Significance

The coast and nearshore areas are of cultural importance to indigenous peoples for fishing, hunting,
gathering, and ceremonial purposes. As noted above in Section 4riigadts would not be anticipated
to be significant or likely to adversely affect rime invertebrates, marine fish, and their fisheries, including
subsistence harvestnteractions between the proposed suswayd fishing operations in theirvey area
are expected to baf limited duration Although fishing would not be precluded irethurvey area, a safe
distance would need to be kept from Righgsethand the towed seismic equipme@onflicts would be
avoided through communication with subsistence fishers during the survey.

There are numerous shipwrecks within or near the propssely area. bwever, the proposed
activities are ofrelative short duration (43 day9, and most of the shipwrecks (and dive sites)rate
expected to occur right along the proposed transect IMesetheless,anflicts would be avoided through
communication with dive operators during the survéurthermore, OBSs would be deployed to avoid
shipwrecks and would only cause minimal seafloor disturbances. Therefore, no adverse impacts to cultural
resources are dnipated.

4.17 Direct Effects onSCUBA Diving and Their Significance

Most of the proposed survey area occunsater deeper than 100 m, where limited diving activities,
if any, are expected to occusignificant impacts on, or conflicts with, divensdiving activities in shallow
waters would be avoided through communication with the diving community during the survey.

4.1.8 Cumulative Effects

Cumulative effects refer to the impacts on the environment that result from a combination of past,
existing,and reasonably foreseeable projects and human activities. Cumulative effects can result from
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multiple causes, multiple effects, effects of activities in more than one locale, and recurring events. Human
activities, when conducted separately or in coratiim with other activities, could affect marine animals

in the study area. However, understanding cumul at
habitat ranges, and the difficulty in monitoring populations and determining the levgdaétsithat may

result from certain activities. According to Nowacek et al. (2015), cumulative impacts have a high potential

of disturbing marine mammals. Wright and Kyhn (2014) proposed practical management steps to limit
cumulative impacts, including mimizing exposure by reducing exposure rates and levels. The results of

the cumulative impacts analysis in the PEIS indicated that there would not be any significant cumulative
effects to marine resources from the proposed-NiBBed marine seismic resehyincluding the combined

use of airguns with MBES, SBP, and acoustic ping
detailed, cruisespecific cumulative effects analysis would be conducted at the time of the preparation of

the cruisespecific EAs,allowing for the identification of other potential activities in the areas of the
proposed seismic survey that may result in cumul at
on activities (e.g., research, vessel traffic, and fisheries)cthatl impact animals specifically in the

proposed survey area.

4.1.8.1 Past and Future Research Activities

During 1970, a singlkehannel 2D seismic survey occurred from M/Bartlett that included 128
tracklines within the Aleutian Islands, Aleutian Basind Bering Sea; ~20 of these tracklines were within
or near the western and eastern portions of the proposed survey area (USGS 2020). Tochammelt2D
seismic surveys were conducted within the proposed survey areaMifdénSamuel Phillips Le€uring
1980 and 1981; most of the effort occurred in the southern and eastern portions of the proposed survey area
(USGS 2020).Another multichannel 2D seismic survey was conducted northeast of the proposed survey
area during 1982 for oil and gas exploratidSGS 2020). During September 1986, M/¥arnella
conduced a singlechannel 2D seismic survey off the northern portion of the Aleutian Islands from
Unimak Island to Bowers Ridge; part of this survey ovedaithe proposed survey area (USGS 2020). A
single-channel 2D seismic survey was conducted by MPdrnella south of the central/western Aleutian
Islands during AugusBeptember 1987, some of which occurred within or near the southern portion of the
proposed survey area (USGS 2020). Marnellawas dso used to complete a singthannel 2D seismic
survey off the southern Aleutian Islands during Junéy 1988, including within the southern portion of
the proposed survey area (USGS 20203S (2020)collected well data during an unspecified date iwith
the proposed survey area, in southeastern Kuluk Bay, Adak Island, at ~51.86°N, 176.47°W; the well site is
adjacent to the westemost part of the proposed survey area.

During 1994, seismic data were acquired by two vesselsiVRiyfice Ewingand R/VAlpha Helix
to determine the velocity structure and crustal composition of the Aleutian island arc in Seguam Pass, within
and/or east of the proposed survey area between Seguam and Amlia Islands (Holbrook et al. 1999). The
Seguam Pass data wearalected using a 28lement airgun array, muithannel streamer, hydrophones
and seismometers deployed on the seabed, and portable seismometers that were deployed on various
Aleutian Islands (Holbrook et al. 1999yhe most relevant data regarding thegmsed study are from the
NSFfunded 1997 Aleutian seismic experiment (Aleut); what was learned from that study motivated the
current project. The most relevant Aleut lines are A1 and A4 was an acrosarc transect that crossed
the arc at Seguam Pagust east of the proposed survey area. Seguam Pass exists at the intersection of two
distinct arc segments, and so the structure at that intersection is not representative of typrcat arc
formation. A2 was an alorgrc transect that was very sgally instrumented, with an OBS spacing of ~100
km. During 2005,an NSFfundedL-DEO seismic surveyook place in théAleutian Arc spanning from
Unalaska to Attu islandsy the R/VThomas G. ThompsoiThe study used a generator injector (GlI) airgun
as wel as rock dredging to examine the apparent systematic westward decreases in the rate of subduction
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and sediment delivery to the Aleutian trench, and to locate sites of seafloor volfagiand et al. 2005)
In addition,L-DEO conducted academic seisrsigveys in the western GOA during 2001 (RPS 2011) and
2019 (RPS 2018).

As part of an ecological recovery effort following the 2008 volcanic eruption of Kasatochi Island,
located between Adak and Atka islands and within the central portion of the proposey area, a
geological survey of the Kasatochi volcano was completed duringlume to lateAugust 20092013
which included mapping, higresolution photographs, and the collection of rock samples for elemental
analyses (Nye et al. 2017). A team &f @eoscientists from 11 different institutions studied volcanoes
along the Aleutian Arc during summer 2015 as a componentdff8@ Geody nami ¢ Pr oces s e
and Subducting Margins (GeoPRISMS) program (NSF 2015). Two research Vdssiig)e Maid and
Sikuliag were used to collect offshore and onshore geochemical and seismic data, surface deformation
information, and electrical conductivity data for volcanoes within the Aleutian Islands (NSF 2015).

An autonomous underwater vehicle (AUV) surveyswanducted fo6IO during 1989 by Project
Recover and U.S. Navy members of submerged World War Il battlefield sites in Kiska Harbor, west of the
proposed survey area. The survey included the collection of side scan sonar, multibeam, and magnetometer
data camera footage, and benthic physical oceanographic data, and the discovery of a missing section of
the sunken U.S. Navy destroyer, USBner Readthat was lost in 1943 (NOAA 2080 An expedition
led by the University of New Hampshire collected higholution mapping data of the seabed on Bowers
Ridge and the Beringian Margin in the Bering Sea, northwest of the survey area. The survey was a
component of the Extended Continerilelf (ECS) Project and was conducted during 2003 using R/V
Davidson(NOAA 201%).

Scientific research surveys may occur in the future within or near the survey area to assess fish stocks
for fisheries management purposes. The AFSC regularly conductsl§stuirawl surveys in the Aleutian
Islands to aid in stock assessments and biomass modelling (AFSC 2019). The IPHC monitors halibut
abundance, population structure, ecology, and movements via annual longline surveys which are used to
inform stock asses®ents and management strategies (ADFG 2020b). The abundance and movement rates
of Atka mackerel are similarly monitored via ongoing tagging studies by the NMFS (AFSC 2019).

4.1.8.3 Vessel Traffic

Vessel trafficnearthe proposedwsvey area vould consistof fishing vessels, as well as other
commercial (cargo) vesselbowever, most vessels appear to transit outside of uheysarea(e.g.,
MarineTraffic 2020) Sullender eal. (2017) show transit corridors for cargo vessels and tankers to the
north and euth of the proposed survey areath fishing vessels concentrated along the northern coasts of
Adak, Atka, and Amlia islands, and in southern Seguam RdEsGOA is a busy shipping routnd here
is also substantial traffic to the north asmuth of the Aleutian IslandsA total of41.2 million tons of
waterborne cargo were handled at Alaskan ports in 2017, including domestic and foreign exports and
imports, and intrastate shipments (WCSC 2018). Six Alaskan portgravéeed among the busiteU.S.
ports by cargo tonnage in 2D{AAPA 2018): Valdez, NikishkaKivilina, Anchorage Ketchikan, and
Unalaska Island.

The Alaska Marine Highway System (AMHS) provides yeamd service to over 30 communities
in Alaska,as far west as Unalaskahd AMHS currently operates eleven vessels, and the busiest months
in Southwest Alaska are June and July (AMHS 2015). In 2015, the AMHS carried a total of 288,133
passengers and 100,547 vehicles (AMHS 2015). The bulk of tiisSsutheast Alaska, with 65,133
passengers and 26,148 vehicles carried in Southwest Alaska in 2015 (AMHS 2015). In 2015, AMHS
vessels travelled >200,000 km Bouthwest Alaska (AMHS 2015)The totaldistance of~7600 km
(including 3224 km of seismic stvey effortplustransitg to be traveledy R/V Langsethwould be small
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relative to totatransit length for vessels operating in the general region around the proposed survey area.
Thus, the addition of the seismic source vessel traffic to existing shipping and fishing operations (see below)
is expected to result in a only a minor increaseverall ship traffic.

4.1.8.4 Fisheries Interactions

The commercial fisheries in the general area of the proposed survey are described in § Ill. The
primary contributions of fishing to potential cumulative impacts on marine mammals and sea turtkes invo
noise, potential entanglement, and removal of prey items (e.g., Reeves et alExi@3ylement in fishing
gear can lead to serious injury or mortality of some marine mammatiors&18 of the MMPA requires
all commercial fisheries to be placed ane of three categories based on the level of incidental take of
marine mammals relative to the Potential Biological Removal (PBR) for each marine mammal stock.
Category |, Il, and lll fisheries are those for which the combined tak®&0%0, 1% 50%, and<1%,
respectively, of PBR for a particular stock. In 20fmost fisheriesn the Alaska Bering Sea/Aleutian
Islands were listed as Category jlhowever,the Alaska Bering Sea/Aleutian Islands trawl fishery for
flatfish, pollock, and rockfish were listeds Category Il, as well as the Alaska Bering Sea/tileuslands
Pacific cod longline fishery (NOAA 20fp In addition, theAlaska Peninsula/Aleutian Islands salmon
gilinet fisheries were listed &3ategory Il because of bycatoh porpoise, pinnipedsand otters (NOAA
2019). Lewison et al. (2014) reported bycatch of marine mammals in the longline and trawl fisheries for
the proposed survey area.

The highest annual mortality rate of any cetacean in Alaska attributable to commercial figiseries
repated by Muto et al. (2018 is the harbor porpoise-arbor porpoises of the GOA stock hadaamnual
mortality rate of 2ani mal s ; i nci dent alwastlsokigls witb37 anibvald thkéns por p
annually (Muto et al. 2@b). The highest minimum mean annual mortality rate for baleen whales in Alaska
fisheries was reported for the humpback wh8levhaleg; sperm whaleg4.4), killer whales(2), andfin
whaleg(0.2)also succumbdto commercial fisheries annually (Muto et al. 201 For 20122016, Helker
et al. (2019) reported that the Steller sea lion had the highest total {fvansed serious injuries and
mortalities (due to fisheries, hunting, entanglements, etc.) in Alaskawéal by humpback whales,
northern fur seal, and the harbor s&2f.the pinniped species, the highest incidental mean annual mortality
rates attributable to commercial fisheries have been reported for the Western Stock of Steller séa lions (3
animald and PWS ofharbor seal$24 animas); other harbor seal stocks $2.ribbon seal (1.1)spotted
seals (0.9)andnorthern fur sealf.2)also had mortalitie@Muto et al. 209b). RaumSuryan et al. (2009)
reported that Steller sea lions gettangled in and ingest fishing gear; packing and rubber bands were the
most common neck entanglements, followed by rope, nets, and monofilament line. Ingested fishing gear
consisted mainly of salmon fishery flashers, longline gear, hook and line, spémoens, and bait hogks
the incidence of entanglement was determined to be O(R&UmSuryan et al. 2009).

Lewison et al. (2004) estimated t/28t000 to40,000 katherbackweretaken as bycatch in longlines
in 2000 in the Pacifichowever, none othiese appear to have occurred in Alaska (Lewison et al. 2014).
Entanglement of sea turtles in seismic gear is also a concern; there have been reports of turtles being trapped
and killed between the gaps in thiloys offshore of West Africa (Weir 2007). h& probability of
entanglements @uld be a function of turtle density in the study area, which is expected to be low. Towing
of hydrophone streamers or other equipment is not expected to significantly interfere with sea turtle
movements, including migratn, unless they were to become entrapped as indicated above.

Entanglement in fishing gear and hooking can also lead to mortality of seaBindsisands of
seabirds are bycaught annually in Alaska fisheries. Krieger et al. (2018) reported that 3ailsHort
albatross were taken as bycatch in Alaskan fisheries from 2010 to 2014, but there were no takes from 2015
to 2018. In the Aleutian Islands, 291 seabird mortalities are reported annually, most of which were northern
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fulmars; no shortailed albatrossvere reported (Krieger et al. 2018)he implementation of scaring lines

has greatly reduced bycatch of albatross (Suryan and Kuletz 2Byi@tch of marbled murrelet in Alaska
gillnet fisheries may be substantial, on the order of hundreisdsf annuail and was listed as the second
most important human cause for this spaxiesline in its 2006 Alaska status review (Piatt et al. 2007).
Although Lewison et al. (2014) did not report any bycatch of seabirds for the proposed survey ai@a, byca
in longline and gillnet fisheries were reported for the Alaskan Peninsula and the western Aleutian Islands.
According to Krieger et al. (2018), 291 seabirds are taken-aatiols annually in fisheries in the Aleutian
Islands; the majority are northefitimars, followed by Laysarlbatross, shearwaters, and gulls.

There might also be some localized avoidance by marine mammals of fishing vessels near the
proposed seismic survey area. The propagemtations in the survey area would beitit (~43 days),
and the addition of the proposed survey to existing commercial fishing operations is expected to result in
only a negligible increase in overall disturbance effects on marine mammals and sea turtles. The addition
of R/V Langsetldh s o0 p e r a ting bshirsy ogeratiores woulsl tesult in no increase in serious injuries
or mortalityto marine mammals or sea turtles.

4.1.8.5 Subsistence Hunting

Marine mammals are legally hunted in Alaskan waters by coastal Alaska Natives. In the Aleutian
Islands, Steller sea lions, harbor seals, sea otters, and small numbers of spotted and ringed seals are hunted
(ADFG 1997). The hunt is described in § 4.1.%oxe. In addition to the species taken at the Aleutian
Islands bearded sealsipbon sealsnorthern fur sealsyalrus,bowhead whalegndbelugaare alschunted
in Alaska The hunting communities in the Aleutian Islands includald Akutan, Atka, Nilolski, and
Unalaska Islands (Wolfe et al. Z0)0 The planned project (unlike subsistence hunting activities) would not
result in directed or lethal takes of marine mammdibus, the combined effects of the project and of
subsistence on marine mamnsticks will not differ from that of subsistent®rvestingalone.

4.1.9 Unavoidable Impacts

Unavoidable impacts to thlepecies of marine mammals and turtles occurring in the proposed survey
area would be limited to shetgrm, localized changes in behavior of individuals. For marine mammals,
some of the changes in behavior may be considered to fall within the MMPA idedimit o f ALevel
Harassmento (behavioral disturbance; no serious i
does not involve injury, and if it were to occur, it would be limited to a few individuals and is unlikely to
have longterm consequeas for the few individuals involved. No lotgrm or significant impacts would
be expected on any of these individual marine mammals or turtles, or on thatipoguo which they
belong. Effects on recruitment or survival would be expected to beo&i) negligible.

4.1.10 Coordination with Other Agencies and Processes

ThisFinal EA has been prepared by LGL on behalf @DEO and NSF pursuant to NEPA. Potential
impacts to marine mammals, endangered species, and critical habitatlbaveeen assessed in the
document The Draft EA wasised to support the ESA Section 7 consultation process with NMFS and
USFWS and other regulatory processes, such as dfdultation The Draft EA wasalso used as
supporting documentation for an IHA@jzation submitted by IDEO, on behalf of itself, NSF and the
other Proposing Institutions o NMFS, wunder the U.S. MMPA, for At ak
small numbers of marine mammals, for the proposed seismic suN®¥. coordinated with MFS to
compl ete the Final EA prior to issuance of an | HA
need to adopt NS Rhe NMHASINBPAIprocess asaosiaten with issuiogf authorizations.
NSF had enhanced coordination with NMFS throughthe IHA and ESA consultation processes to
facilitate this streamlined approachAlthough an IHA application was submitted tdSFWS, after
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discussions wittUSFWS staff, the project was adjustechtmid take of sea otteand the IHA application
was withdrawn In addition to federal environmental regulatory requirements, NSE-&1H80 coordinated
with fishers to avoid spaegse conflicts. For security matters related to equipment use, activities were
coordinated with th&lavy.

NSF posted the Draft EA on the NSF website for-a@@ publiccomment period frord9 June2020
to 28 July202Q and emailed project information and notice of availability to commeeinterested parties
in the survey area. dnmentswerereceivedfrom three entitiegi.e., Groundfish Forum, Aleutian King
Crab Research FoundatiofiyiFS Alaska Region Habitat Conservation Divisiand are addressed herein
(see AppendiXE). NSF anticipatedimited spaceuse conflict withthe fishing industry nonethelesghe
vessel would communicate with other ocean users via Notice to Mariners and radio communigdtigns
operations NSF also contacted organizations regarding subsistanéssues with the proposed seismic
surveyswi t h respect to subsi st en.clepawacnlaretheAlews Marihet t o
Mammal Commision notedthey hadhoissues with the survey.

(a) Endangered Species Act (ESA)

The Draft EA was used dumg the ESA Section 7 consultation process with NMFS and USFWS. On
23 April 2020, NSF submitted letter of concurrence request to USFWS that the propastdty may
affect but was ot likely to adversely affect thendangeredshorttailedalbatrossthethreatenedSt eI, | er 6 s
andspectacled eider On 11 June 2020, the concurrence letter was modified to intie@®outhwest DPS
of northern sea otteand their critical habitatOn26 June2020, USFWS provided a letter of concurrence
(Apperdix F) thatthe proposedgbrojectactivities werenot likely to adversely affecany listed speciesr
their designated critical habitaMitigation measures for these species would inckideédowns for sea
otters angower downs/shut downs for diving or foraging Eisted seabirds within the EZn 27 March
2020 NSF submitted a formal ESA Section 7 consultation request, including the Draft EA, to NMFS for
the proposed activity. As previously noted, NSF had enhaocertdination with NMFS during the
consultatiorprocess. Based on this enhanced coordination, NSF anticipates that a Biological Opinion and
I' TS wil |l be i ssued for the proposed activity with
threatened and endangered species. As part of its decig&img process for the Proposed Action, NSF
will take into consideration the Biological Opinion and ITS issued by NMFS and the results of the entire
environmental review process.

(b) Marine Mammal Protection Act (MMPA)

The Draft EA was also used as supporting documentation for an IHA application submigtéd on
March 2020by L-DEO on behalf of itself, NSF, and the researchersIMFS, under the U.S. MMPA, for
ftaki ng by har as s malinnunibery of inasirie manbmeala dueny fr@pbsedssemsmic
survey. 0Or28 July 2020NMFSissued in the Federal Registenatice of intent to issue an IHA for the
survey and a 3@ay public comment period. NMRA&Il consider the commentsceivedand will provide
responses as required per the IHA process. previously noted, NSF had enhanced coordination with
NMFS during the IHA application process. Based os émhanced coordination, NSF anticipates that an
IHA will be issued for the proposed activity. As part of its decisiwking process for the Proposed
Action, NSF will take intoconsideration the IHA issued by NMFS and the results of the entire
environmetal review process.
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(c) Essential Fish Habitat (EFH)

EFH was identified to occur within the proposed survey area,HARCs are >100 km away.
Although NSF anticipated no significant impacts to EFH and HAR@gccordance withhe Magnuson
Stevens Fishery Conservation and Management Act, NSF requested consultation with NM&Esen
2020. On30 July2020,NOAA notedinresponseé h at t foésuestwahdhe survey as documeated
As such, NMFS did not provide additional conservation recommendations for Proposed Action, thus
satisfyingthe requirements dboth sections 305(b)(2)(A) and sections 305(b)(2)(B) of the Magruson
Stevens Act.

4.2 No Action Alternative

An alternative to conducting the proposed ac
an I HA and do not conduct the operations. I f t
would resllt in no disturbance to marine mammals or sea turtles attributable to the proposed activity;
however, valuable data about the marine environment and an opportunity for international scientific
collaboration would be lost. Research that would contrituteut understanding of the architectuife
oceaniearc crust, to infer processes that control chemical fractionation and lead to the creation of eontinent
like compositions and that would add to the comprehensive assessment of geohazardsAlaskiae
region, such as earthquake and tsunami hazards, would not be conducted. The No Action Alternative would
not meet the purpose and need for the proposed activity.

ti
he
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Appendix A

APPENDIX A: DETERMINATION OF MITIGATION ZONES

During the planning phase, mitigation zones for the proposed marine seismic survey were calculated
based on both modeling byDEO for the Level A and Level B (160 di®8 1pPa.s) threshold and using
empiricalmeasurements from Crone et al. (2014) from the Cascadia M&gireived sound levels have
been predicted by DEOGs model (Diebold et al. 2010, provide
of distance from th&8 and36-airgun array and for single 1900LL 4€in® airgun, which would be used
during power down$or sea turtles anBSA-listed diving seabirdsall models used a® tow depth. This
LDEO modeling approach uses ray tracing for the direct wave traveling from the array to the sewkiver
its associated source ghost (reflection at thevater interface in the vicinity of the array), in a constant
velocity halfspace (infinite homogeneous ocean layer, unbounded by a seafloor). In addition, propagation
measurements of pulses from th&eBrgun array at a tow depth oin® have been reported in deep water
(~1600 m), intermediate water depth on the slope (FB0DO0 m), and shallow water (~50 m) in the Gulf
of Mexico (GoM) in 20072008 (Tolstoy et al. 2009; Diebold et al. 2010).

Typically, for deep and intermediateater cases, the field measurements cannot be used readily to
derive mitigation radii, as at those GoM sites the calibration hydrophone was located at a roughly constant
depth of 350500 m, which may not intersect all the soundsgure level (SPL) isopleths at their widest
point from the sea surface down to the maximum relevant water depth for marine mammals of ~2000 m
(Costa and Williams 1999). Figures 2 and 3 in Appendix H of the PEIS show how the values along the
maximum SPLihe that connects the points where the isopleths attain their maximum width (providing the
maximum distance associated with each sound level) may differ from values obtained along a constant
depth line. At short ranges, where the direct arrivals domaratehe effects of seafloor interactions are
minimal, the data recorded at the deep and slope sites are suitable for comparison with modeled levels at
the depth of the calibration hydrophone. At longer ranges, the comparison with the mitigatiod model
congructed from the maximum SPL through the entire water column at varying distances from the airgun
arrayd is the most relevant. ThelDEO modeling results are summarized below.

In deep and intermediateater depths, comparisons at short ranges between watsl for direct
arrivals recorded by the calibration hydrophone and model results for the same array tow depth are in good
agreement (Fig. 12 and 14 in Appendix H of the PEIS). Consequently, isopleths falling within this domain
can be predicted religbby the LDEO model, although they may be imperfectly sampled by measurements
recorded at a single depth. At greater distances, the calibration data show that-sefidtded and sub
seafloofrefracted arrivals dominate, whereas the direct arrivalerhe weak and/or incoherent (Fig. 11,
12, and 16 in Appendix H of the PEIS). Aside from local topography effects, the region around the critical
distance (~5 km in Fig. 11 and 12, and ~4 km in Fig. 16 in Appendix H of the PEIS) is where the observed
levels rise closest to the mitigation model curve. However, the observed sound levels are found to fall
almost entirely below the mitigation model curve (Fig. 11, 12, and 16 in Appendix H of the PEIS). Thus,
analysis of the GoM calibration measuremeatgmongrates that although simple, theDEO model is a
robust tool for conservatively estimating mitigation radin shallow water (<100 m), the depth of the
calibration hydrophone (18 m) used during the GoM calibration survey was appropriate to sample the
maximum sound level in the water column, and the field measurements reported in Table 1 of Tolstoy et
al. (2009) for the 3@irgun array at a tow depth of 6hrave beenisedfor previous EAdo derive mitigation
radii.

However,L-DEO collected a multichanneeismic (MCS) data set from RMangsethon an 8 km
streamer in 2012 on the shelf of the Cascadia Margin in water up to 200 m deep that allowed Crone et al.
(2014) to analyze the hydrophone streamer (>1100 individual shots). These empirical datawere the
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analyzed to determine in situ sound levels for shallow and upper intermediate water depths to provide
mitigation radii.

This analysis is summarized in the Addendum at the end of this Appendix. Similarly, data collected
by Crone et al. (2017) duringsarvey off New Jersey in 2014 and 2015 confirmedithsitumeasurements
and estimates of the 168nd 186dB distances collected by RMNangsetthydrophone streamer werée2
times smaller than the predicted operational mitigation radii. In fact,dparate comparisons conducted
of the -DEO model within situ received levefshave confirmed that the-DEO model generated
conservative threshold distances, resulting in significantly larger mitigation zones than reqtietio sl
Oceanic and Atmospheric Administrationdés (NOAA)

For theproposed survein deep water (>1000 m), we use the degper radii obtained from-DEO
model results down to a maximum water depth of 20@6rrthe 36-airgun (Fig. A1) and18-airgun(Fig.
A-2) arrays(Table A1). For the 3@&irgun array,le radus(8233 m) for intermediatevater depths (100
1000 m)is taken from Crone et al. (2014T.heintermediate radisfrom the L.DEO model derived from
the deepwvater ones by applying a correction factor (multiplication) ofid duite consistent (estimated at
8444 m), such that observed levels at very near offsets fall below the corrected mitigation curve (Fig. 16 in
Appendix H ofthe PEIS).The shallowwater radiisat 160 dBfor the 36airgun array i®btained directly
from the empirical data from Crone et al. (2014) at 11 Kable A1; see Addendum). Likewiséel75
dB radii for intermediate and shallow watesve been caldated from tle empirical datafrom Crone et al.
(2014)for the 36airgun arrayand are provided in Table-A

For the 18airgun array,he radi for shallow andntermediatewvater depthare taken from Crone et
al. (2014) and scaled to account for thiéedénce in airgun volumeThe proposed survey would acquire
data withan 18airgun array fia tow depth of 9 m while the data collected in 2012 were acquired with a
36-airgun arrayat a tow depth of 9 mTo account for the differences amrayvolume we calculated a
scaling factor using the deeyater modeling.The 150 dBSEL corresponds to deapater maximum radii
of 9149 m for the6-airgun arrayand 4391 m for th&8-airgun array, yielding acaling ictor of 2.09
When this is applied to the 14iB radius in shallow water (11 km) from Crone et al. (2014), it results in a
shallowwater radius of 5263 m for the “H¥rgun array; when applied to the intermediatger radius
(8233 m) from Crone et al. @24), it results in a radius of 3939 m for thedi®yun array. Similarlythe
175-dB radii for intermediate and shallow wateve been calculated frometlampirical datafrom Crone
et al. (2014), using the scaling factdable A1).

Measurements havet been reported for the single-#d airgun. L-DEO model results are used to
determine the 16@B radius for the 4(n® airgun at a 9n tow depth in deep water (Fig-3. For
intermediatevater depths, a correction factor of 1.5 was applied to ¢egwater model results. For
shallow water, a scaling of the GoM field measurements (Fi4) ébtained for the 3@irgun array was
used.

3 L-DEO surveys off the Yucatan Peninsula in 2004 (Barton et al. 2006; Diebold et al. 2006), irf thieN@axico
in 2008 {Tolstoy et al. 2009; Diebold et al. 2010ff Washington and Oregon in 201Qrpne et al. 2014 and off
New Jersey in 2014 and 20(Grone et al. 2017
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TABLE A-1. Level B. Predicted distances to which sound levels 2160-dB and 2 175-dB re 1 pPams could be
received during the proposed survey of the Aleutian Arc. The 160-dB criterion applies to all hearing groups
of marine mammals and the 175-dB criterion applies to sea turtles.

Source and Tow Water Depth Predicted distances Predicted distances
Volume Depth (m) ™ P (in m) to the 160-dB (in m) to the 175-dB
P Received Sound Level Received Sound Level
Single Bolt ai >1000 m 388! 6614
ingle Bolt airgun,
T e 9 100-1000 m 5822 9924
<100 m 9383 1453
2 strings, >1000 m 3,5621 7751
18 airguns, 9 100-1000 m 3,9395 1,0575
in3
3300 in <100 m 5,263° 1,6335
4 strings, >1000 m 5,629! 1,618!
36 airguns, 9 100-1000 m 8,2336 2,210°
6600 in3 <100 m 11,0006 3,4126

! Distance based on L-DEO model results. 2 Distance based on L-DEO model results with a 1.5 x correction factor between deep
and intermediate water. 3 Distance based on empirically derived measurements in the GOM with scaling applied to account for
differences in tow depth. 4 An EZ of 100 m would be used as the shut-down distance for sea turtles in all water depths. ® Based on
empirical data from Crone et al. (2014) with scaling factor based on deep-water modeling applied to account for differences in array
size; see Appendix A for details. ¢ Based on empirical data from Crone et al. (2014); see Appendix A for details.

In July 2016, NMFS released technical guidance for assessing the effects of anthropogenic sound on
marine mammal hearing (NMFS 2016, 2018). The guidance established nsholtisefor permanent
threshold shift (PTS) onset or Level A Harassment (injury), for marine mammal species. The new noise
exposure criteria for marine mammals account for the nawdylable scientific data on temporary
threshold shifts (TTS), the expedteffset between TTS and PTS thresholds, differences in the acoustic
frequencies to which different marine mammal groups are sensitive, and other relevant factors, as
summarized by Finneran (2016). For impulsive sources, onset of PTS was assumeddB loe 6%IB
higher when considering SEkand SPka, respectively. The new guidance incorporates marine mammal
auditory weighting functions (Fig.-8) and dual metrics of cumulative sound exposure level {GBler
24 hours) and peak sound pressurele(SPL.). Different thresholds are provided for the various hearing
groups, including lowfrequency (LF) cetaceans (e.g., baleen whales)fmagliency (MF) cetaceans (e.g.,
most delphinids), higffrequency (HF) cetaceans (e.qg., porpoisekaglaspp.), phocids underwater (PW),
and otariids/sea otters underwater (OV/he largest distance of the dual criteria (Sklor Peak SPia)
was used to calculate takes and Level A threshold distances. The dual criteria for sea turtles (DoN 2017)
were alsaised hereThe NMFS guidance did not alter the currdmeshold, 160 dBe 1pPaxs, for Level
B harassment (behaviorSouthall et al. (2019) provided updated scientific recommendations regarding
noise exposure criteria which are similar to thpesented by NMFS (2016, 2018), but include all marine
mammals (including sirenians), and ectassification of hearing groups.
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SEL 185, 170, 180 and 185 dB contours {Inline), 4 strings new geom @ 9 m tow depth RC=-0.96
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FIGURE A-1. Modeled deep-water received sound exposure levels (SELs) from the 36-airgun array at a 9-
m tow depth planned for use during the proposed survey of the Aleutian Arc. Received rms levels (SPLs)
are expected to be ~10 dB higher. For example, the radius to the 150-dB SEL isopleth is a proxy for the
160-dB rms isopleth. The upper plot is a zoomed-in version of the lower plot.
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SEL 170, 180 and 185 dB contours (Inline), 2 strings @ 9 m tow depth RC=-0.86
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FIGURE A-2. Modeled deep-water received sound exposure levels (SELs) from the 18-airgun array at a 9-
m tow depth planned for use during the proposed survey of the Aleutian Arc. Received rms levels (SPLs)
are expected to be ~10 dB higher. For example, the radius to the 150-dB SEL isopleth is a proxy for the
160-dB rms isopleth. The upper plot is a zoomed-in version of the lower plot.
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one_40cube_1900LL.control airgun array SEL, dB
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FIGURE A-3. Modeled deep-water received SELs from a single 40-in® airgun towed at a 9-m depth, which
is planned for use as a mitigation airgun for sea turtles and ESA-listed diving seabirds during the proposed
survey of the Aleutian Arc. Received rms levels (SPLs) are expected to be ~10 dB higher. For example,
the radius to the 150-dB SEL isopleth is a proxy for the 160-dB rms isopleth. The upper plot is a zoomed-

in version of the lower plot.
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4string_6m airgun array SEL, dB

<== Aft - meters- Forward ==>
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FIGURE A-4. Modeled deep-water received sound exposure levels (SELs) from the 36-airgun array at a 6-m
tow depth used during the GoM calibration survey. Received rms levels (SPLs) are expected to be
~10 dB higher. For example, the radius to the 150 dB SEL isopleth is a proxy for the 160-dB rms isopleth.

The upper plot is a zoomed-in version of the lower plot.
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The SElLumfor R/V Langsetharray is derived from calculating the modified farfield signature. The
farfield signature is often used as a theoretical representation of the source level. To configtiteldhe
signature, the source level is estimated at a large distance directly below the array (e.g., 9 km), and this
l evel i's back projected mathematically to a notio
However, it has been recogniz#ltht the source level from the theoretical farfield signature is never
physically achieved at the source when the source is an array of multiple airguns separated in space (Tolstoy
et al. 2009). Near the source (at short ranges, distances <1 km),dbe gusound pressure from each
individual airgun in the source array do not stack constructively as they do for the theoretical farfield
signature. The pulses from the different airguns spread out in time such that the source levels observed or
modeled ee the result of the summation of pulses from a few airguns, not the full array (Tolstoy et al.
2009). At larger distances, away from the source array center, sound pressure of all the airguns in the array
stack coherently, but not within one time sampésulting in smaller source levels (a few dB) than the
source level derived from the farfield signature. Because the farfield signature does not take into account
the large array effect near the source and is calculated as a point source, the fanflolesis not an
appropriate measure of the sound source level for large arrays.

To estimate SELm and Peak SPL, we used the acoustic modeling develope®BOL(same as
used for Level B takes) with a small grid step in both the inline and depth a@ir®ctiThe propagation
modeling takes into account all airgun interactions at short distances from the source including interactions
between subarrays which we do using the NUCLEUS software to estimate the notional signature and the
MATLAB software to calclate the pressure signal at each mesh point of a grid.

PTS onset acoustic thresholds estimated in the NMFS User Spreadsheet rely on overriding the default
values and calculating individual adjustment factors (dB) based on the modified farfield anddothesi
difference between levels with and without weighting functions for each of the five categories of hearing
groups. The adjustment factors in the spreadsheet allow for the calculation of BBpleths in the
spreadsheet and account for the accatian (Safe Distance Methodology) using the source characteristics
(source velocity and duty) after Sivle et al. (2014). A source velocity of 2.315 m/s and repetition rate of
21.598 s were used as inputs to the NMFS User Spreadsheet for calculatistatieedito the SElPTS
thresholds (Level A) for th&8- and36-airgun arrag and the single 4{h® mitigation airgun.

For the LF cetaceans during operations with th&iBfun arraywe estimated an adjustment value
by computing the distance from theogeetrical center of the source to where the 183 dB.&H$opleth
is the largest. We first ran the modeling for a single shot without applying any weighting function; we then
ran the modeling for a single shot with the LF cetacean weighting functioiedpplthe full spectrum.
The difference between these values provides an adjustment factdrd® dB assuming a propagation of
20logio(Radial distance)Table A2).

However, for MF and HF cetaceans, and OW and PW pinnipeds, the modelirgiigiesshot with
the weighted function applied leads toldisopleths; the adjustment factors thus cannot be derived the same
way as for LF cetaceans. Hence, for MF and HF cetaceans, and OW and PW pinnipeds, the difference
between weighted and unweightggkctral source levels at each frequency up to 3 kHz was integrated to
actually calculate these adjustment factors in dB. These calculations also account for the accumulation
(Safe Distance Methodology) using the source characteristics (duty cycle aa after Sivle et al.
(2014).
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TABLE A-2. Results for single SEL source level modeling for the 36-airgun array with and without applying
weighting functions to the five marine mammal hearing groups and sea turtles. The modified farfield
signature is estimated using the distance from the source array geometrical center to where the SELcum
threshold is the largest.

LF MF HF PW OW/Otters Turtles
SELcum Threshold 183 185 155 185 203 204
Radial Distance (m) 307.1047  241.9511 7789 2419511  25.3278 225598

(no weighting function)
Modified Farfield SEL* 232.7457 232.6746 232.8296 232.6746 231.0719 231.0667

Radial Distance (m)

(with weighting function) 77.331 N.A. N.A. N.A. N.A. N.A.

Adjustment (dB) -11.98 N.A. N.A. N.A. N.A. N.A.

* A propagation of 20 log;o (Radial distance) is used to estimate the modified farfield SEL. N.A. means not applicable.

For the 36airgun array, the results for single shot SEL source level modeling are shown in Table
A-2. The weighting function calculatisnthresholds for SELm and the distances to the PTS thresholds
for the 36airgun array are shown in Table3A Figure A5 shows the impact of weighting functions by
hearing group. Figurd-6 shows the mdeled amplitude spectral density of thea®@un array farfield
signature. Figure&-7i A-9 show the modeled received sound levels for single shot SEL without applying
auditory weighting functions for various hearing groups. FiguiAhows the modeled received sound
levels for single shot SEL wittveighting for LF cetaceans. The thresholds for Peaki5fl the 36
airgun array, as well as the distances to the PTS thresholds, are shown in-flabiegiires Alli A-13
show the modeled received sound levels to the Peat:$fesholds, for a sgle shot. A summary of the
Level A threshold distances are shown in Tablg. A

For the 18airgun array, the results for single shot SEL source level modeling are shown in Table
A-6. The weighting function calculations, thresholds for S&land the disnces to the PTS thresholds
for the 18airgun array are shown in Table7A Figure Al14 shows the mdeled amplitude spectral density
of the 36airgun array farfield signature. Figur&sl5i A-17 show the modeled received sound levels for
single shot SElwithout applying auditory weighting functions for various hearing groups. Figwk® A
shows the modeled received sound levels for single shot SEL with weighting for LF cetaceans. The
thresholds for Peak Skifor thel8-airgun array, as well as thigstances to the PTS thresholds, are shown
in Table A8. Figures AL9 A-21 show the modeled received sound levels to the Peals 8RrEsholds,
for a single shot. A summary of the Level A threshold distances are shown in Table A

For the single 40 fmitigation airgun, the results for single shot SEL source level modeling are
shown in Table ALO. The weighting function calculations, thresholds for @kland the distances to the
PTS thresholds for the 4C%iairgun are shown in Table-Al. FigureA-22 shows the impact of weighting
functions by hearing group for the single mitigation airgun. Figur28i/A-24show the modeled received
sound levels for single shot SEL without applying auditory weighting functions for various hearing groups.
FigureA-25shows the modeled received sound levels for single shot SEL with weighting for LF cetaceans.
The thresholds for Peak SRLfor the 40 ifairgun, as well as the distances to the PTS thresholds, are
shown in Table Al2. Figures A26i A-27 show the mdeled received sound levels to the Peaka@PL
thresholds, for a single shot.
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TABLE A-3. Results for modified farfield SEL source level modeling for the 36-airgun array with weighting
function calculations for the SELcum criteria, as well as resulting isopleths to thresholds for various hearing
groups.

STEP 1: GENERAL PROJECT INFORMATION

PROJECT TITLE R/V Marcus G. Langseth

PROJECT/SOURCE
INFORMATION 4 strings, 6600 cu.in, 36 element airgun source array @ a 9 m tow depth
Please include any assumptions

PROJECT CONTACT

STEP 2: WEIGHTING FACTOR ADJUSTMENT Specify if relying on source-specific WFA, alternative weighting/dB adjustment, or if using default value

Weighting Factor Adjustment (kHz)* NA

¥ - Override WFA: Using LDEO modeling
Broadband: 95% frequency contour percentile (kHz) OR Narrowi

frequency (kHz); For appropriate default WFA: See INTRODUCT]|
tab

A If a user relies on alternative wei
(source-specific or default), they may override the Adjustment (dB) (row 62), and €
new value directly. However, they must provide additional support and documente
supporting this modification.

STEP 3: SOURCE-SPECIFIC INFORMATION

NOTE : Choose either FDR F2 method to calculate isopleths (not required to fill in sage boxes for both) NOTE : LDEO modeling relies on Method F2

SELcum

|Source Velocity | 2.315 * 4.5 knots

|1/Repe(iti0n rate” (seconds) | 21.5982 |* 50 m spacing

AMet hodol ogy assumes propagation of 20 log R; Activity duration (time) independent

“Time between onset of successive pulses.

[ Modified farfield SEL | 232.75 | 23267 | 23083 | 23267 | 23107 | 2310867 |
| Source Factor | 8.72132E+21 | 8.56214E+21| 8.88347E+21 | 8.56214E+21| 5.92356E+21]  5.91006E+21 |
RESULTANT ISOPLETHS* *Impulsive sounds have dual metric thresholds (SELcum & PK). Metric producing largest isopleth should be used.
. Low-Frequency | Mid-Frequency| High-Frequency Phocid Otariid
Hearing Group Cetaceans Cetaceans Cetaceans Pinnipeds Pinnipeds Sea Turtles
SELcym Threshold 183 185 155 185 203 204
PTS SEI Isopleth tof
Leun [50p) 376.0 0.0 0.9 9.9 0.0 12.8

threshold (meters)

WEIGHTING FUNCTION CALCULATIONS

Weighting Function | Low-Frequency | Mid-Frequency| High-Frequency Phocid Otariid
P

P Cetaceans Cetaceans Cetaceans Pinnipeds Pinnipeds Sea Turtles
a 1 1.6 1.8 1 2 1.4
b 2 2 2 2 2 2
fi 0.2 8.8 12 1.9 0.94 0.077
fa 19 110 140 30 25 0.44
C 0.13 1.2 1.36 0.75 0.64 2.35
Adjustment (dBY -11.98 -56.84 -66.22 -25.70 -32.77 -3.98 OVERIDE Using LDEO Modeling

TFor LF cetaceans, the adjustment factor (dB) is derived by estimating the radial distance of the 183-dB isopleth without applying the
weighting function and a second time with applying the weighting function. Adjustment was derived using a propagation of 20*logio
(Radial distance) and the modified farfield signature. For MF and HF cetaceans and pinnipeds, the difference between weighted—
unweighted spectral source levels at each frequency was integrated to calculate adjustment factors (see spectrum levels in Fig. A-6).
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Auditory weighting functions for the 5 marine mammal hearing groups
(Low, Mid, High Frequency cetaceans in black, magenta and bius respectively and the Phocid and Otasiid pinnipeds in greean and cyan, respecivaly)
T TTr] T LI R L LI R N | 4 LI B R B B N | T LI B N

weighting function amplitude (dB)

0.001 0.01 0.1 1 10 100
Frequency (kHz)

FIGURE A-5. Auditory weighting functions for five marine mammal hearing groups from the NMFS Technical
Guidance.

Amplitude spectral density from Farfield slgnalure and effect of audltory weighting for the 6 hearing groups, R/V Langseth 6600 cu.in array @ 9 m tow depth
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FIGURE A-6. Modeled amplitude spectral density of the 36-airgun array farfield signature. Amplitude
spectral density before (black) and after (colors) applying the auditory weighting functions for LF, MF, and
HF cetaceans, Phocid Pinnipeds (PP), and Otariid Pinnipeds (OP). Modeled spectral levels are used to
calculate the difference between the unweighted and weighted source level at each frequency and to derive
the adjustment factors for the hearing groups as inputs into the NMFS User Spreadsheet.
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Depth (m)

Appendix A

Modeled one single shot SEL, 4 strings Langseth new config @ 9 m tow depth

/A

-3000

4000

-9000

-6000 -4000 -2000 0 2000 4000 6000
Fore — Distance (m) - Aft SEL (dB re: 1 Pa’s)

FIGURE A-7. Modeled received sound levels (SELs) in deep water from the 36-airgun array. The plot
provides the radial distance from the geometrical center of the source array to the 155-dB SEL isopleth
(7789 m). Radial distance allows us to determine the modified farfield SEL using a propagation of
20logao(radial distance).

Depth (m)

Modeled one single shot SEL, R/V Langseth 4 strings 6600 cu.in @ 9 m tow depth

Radial dist
241.95m

Slance =

-300 ~200 -100 0 100 200 300
Fore —— Distance (m) —— Aft SEL (dBre: 1 Pa’s)

FIGURE A-8. Modeled received sound levels (SELs) in deep water from the 36-airgun array. The plot
provides the radial distance from the geometrical center of the source array to the 183-185-dB SEL
isopleths (307.1 and 242.0 m, respectively).
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Modeled one single shot SEL, R/V Langseth 4 strings 6600 cu.in @ 9 m tow depth
= radial dis
2

[ 206

- 1204

Depth (m)

= 1202

-40 -30 -20 -10 0 10 20 30 40
Fore —— Distance (m) —— Aft SEL (dBre: 1 Paz.s)

FIGURE A-9. Modeled received sound levels (SELs) in deep water from the 36-airgun array. The plot
provides the radial distance from the geometrical center of the source array to the 203-dB SEL isopleth
(25.3 m) and 204-dB SEL isopleth (22.6 m).

Cumulative SEL 183 dB contour (Inline) for Low-frequency cetaceans v2, R/V Langseth 4 strings 6600 cu.in @ 9 m tow depth RC=-0.96

|
| 200
=20
NN I 195
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-40 L 77.33m
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FIGURE A-10. Modeled received sound exposure levels (SELs) from the 36-airgun array at a 9-m tow depth,
after applying the auditory weighting function for the LF cetaceans hearing group following the NMFS
Technical Guidance. The plot provides the radial distance to the 183-dB SELum isopleth for one shot. The
difference in radial distances between Fig. A-7 and this figure allows us to estimate the adjustment in dB.
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TABLE A-4. NMFS Level A acoustic thresholds (Peak SPLiat) for impulsive sources for marine mammals
and predicted distances to Level A thresholds for various marine mammal hearing groups and sea turtles
that could be received from the 36-airgun array during the proposed survey of the Aleutian Arc.

. . Otariid
. Low- Mid- High- Phocid Pinnipeds/Sea
Hearing Group Frequency Frequency Frequency o
Pinnipeds Otters/Sea
Cetaceans Cetaceans Cetaceans

Turtles

Peak Threshold 219 230 202 218 232

Radial Distance to

Threshold (m) 38.78 13.75 235.43 42.17 10.87

PTS Peak Isopleth (Radius) 38.78 13.75 229.15 42.12 10.87

to Threshold (m)

Peak 202 dB contour (Inline), no filter, R/V Langseth 4 strings 6600 cu.in @ 9 m tow depth RC=-0.96

1 Radius =
229.15m

-100+

—200

—300

Depth (m)

400

=500

-600 T T
-300 -200 -100

T 1
100 200 300
Fore — Distance (m) —— Aft

FIGURE A-11. Modeled deep-water received Peak SPL from the 36-airgun array at a 9-m tow depth. The
plot provides the distance to the 202-dB Peak isopleth (229.15).
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Peak 218, 219 dB contour (Inline), no filter, R/V Langseth 4 strings 6600 cu.in @ 9 m tow depth RC=-0.96
0

radius = 38.78 m
:radius=42.12m

-20—

—40—

Depth (m)

80— e

=100~

20— - -

T T
=80 =60 =40 =20 0 20 40 60 80
Fore —- Distance (m) —— Aft

FIGURE A-12. Modeled deep-water received Peak SPL from the 36-airgun array at a 9-m tow depth. The
plot provides the distances to the 218- and 219-dB Peak isopleths (42.2 m and 38.9 m, respectively).

Peak 230, 232 dB contour (Inline), no filter, R/V Langseth 4 strings 6600 cu.in @ 9 m tow depth RC=-0.96

07 radius = 13.7 m

radius = 10.9 m

=10+

=15+

Depth (m)

-25

-30 I . 5
=30 -20 -10 0 10 20 30
Fore — Distance (m) —— Aft

FIGURE A-13. Modeled deep-water received Peak SPL from the 36-airgun array at a 9-m tow depth. The
plot provides the distances to the 230- and 232-dB Peak isopleths.
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TABLE A-5. Level A threshold distances for different hearing groups for the 36-airgun array and a shot
interval of 50 m!. As required by NMFS (2016a, 2018), the largest distance (in bold) of the dual criteria
(SELcum or Peak SPL#at) was used to calculate Level A takes and threshold distances.

Level A Threshold Distances (m) for Various Hearing Groups

MF Phocid Otariid
LF Cetaceans Cetaceans HF Cetaceans Pinnipeds Pinnipeds/Otters SeaTurtles
PTS SELcum 376.0 0 0.9 9.9 0 12.8
PTS Peak 38.8 13.8 229.2 42.1 10.9 10.9

TABLE A-6. Results for single shot SEL source level modeling for the 18-airgun array with and without
applying weighting function to the five marine mammal hearing groups and sea turtles. The modified farfield
signature is estimated using the distance from the source array geometrical center to where the SELcum
threshold is the largest.

LF MF HF PW OWI/Otters Turtles
SELeum Threshold 183 185 155 185 203 204
Radial Distance (m) 144.8528 113.9293  3869.7  113.9293  15.6619 14.6698

(no weighting function)
Modified Farfield SEL* 226.2185 226.1327  226.7535 226.1327 226.8969 227.3238

Radial Distance (m)
(with weighting function)

Adjustment (dB) -13.81 N.A. N.A. N.A. N.A. N.A.

29.536 N.A. N.A. N.A. N.A. N.A.

* A propagation of 20 log;o (Radial distance) is used to estimate the modified farfield SEL. N.A. means not applicable.

Amplitude spectral density from Farfield signature and effect of auditory weighting for the 6 hearing groups, R/ Langseth 3300 cu.in array @ 8 m tow depth
T T T T T T T T T T T T

I
220 |~ —
— - e T —
e N e N —
Vs N N T
200 e .y
7 W
/ W
A I
5 |
T 180~ I
B |
g | N
2 _ / \
g - ”‘
) - !
£ 160 ) i .;1‘ \\ |
i ya < i
g - I
= 140 . L .
g J Al u |4
2 e o I Wi W | ”.‘ -
e VA P T [ : i f i \
2 S/ - i i IR ‘\I \
8 120 : Pl e - | ”"VVW’ \‘
& S g li | !
@ o : - : : ! : |
3 - |
= e : . : : ‘ | Unweighted source level
E 100 s S
- A : | LF weighted source level
R e : : : : PP weighted source level
80— Pt : . . —— OP weighted source level i 1
MF weighted source level
—— HF weighted source level
o0l— o / |
Sea Turtles weighted source level
L L 1 L
10" 10" 10 10 10

Frequency (Hz)
FIGURE A-14. Modeled amplitude spectral density of the 18-airgun array farfield signature. Amplitude

spectral density before (black) and after (colors) applying the auditory weighting functions for LF, MF, and
HF cetaceans, Phocid Pinnipeds (PP), Otariid Pinnipeds (OP), and sea turtles.
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TABLE A-7. Results for modified farfield SEL source level modeling for the 18-airgun array with weighting
function calculations for the SELcum criteria, as well as resulting isopleths to thresholds for various hearing
groups.

STEP 1: GENERAL PROJECT INFORMATION
PROJECT TITLE R/V Langseth

PROJECT/SOURCE
INFORMATION R/V Langseth - 2 strings 3300 cu.in 18 airgun array @ a 9 m tow depth
Please include any assumptions

PROJECT CONTACT

STEP 2: WEIGHTING FACTOR ADJUSTMENT Specify if relying on source-specific WFA, alternative weighting/dB adjustment, or if using default value

Weighting Factor Adjustment (kHz)* NA

M - Override WFA: Using LDEO modeling
Broadband: 95% frequency contour percentile (kHz) OR Narrowl

frequency (kHz); For appropriate default WFA: See INTRODUCTI
tab

A If a user relies on alternative wei
(source-specific or default), they may override the Adjustment (dB) (row 62), and €
new value directly. However, they must provide additional support and documente
supporting this modification.

STEP 3: SOURCE-SPECIFIC INFORMATION

NOTE : Choose either FDR F2 method to calculate isopleths (not required to fill in sage boxes for both) NOTE : LDEO modeling relies on Method F2
F2: ALTERNATIVE METHOD *TO CALCULATE PK and SEL,n(SINGLE STRIKE/SHOT/PULSE EQUIVALENT)
SELeum
[Source Velocity (meters/second) | 2315 |
[:IJRepetition rate” (seconds) | 21.5982 |
AMet hodol ogy assumes propagation of 20 log R; Activity duration (time) independent
"Time between onset of successive pulses.
| Modified farfield SEL | 226.2185 | 226.1327 | 226.7535 | 226.1327 | 226.8969 | 227.3238 |
Source Factor | 1.93835E+21 | 1.90043E+21| 2.19246E+21 | 1.90043E+21] 2.26607E+21]  2.50013E+21 |
RESULTANT ISOPLETHS* *Impulsive sounds have dual metric thresholds (SELcum & PK). Metric producing largest isopleth should be used.
Low-Frequency | Mid-Frequency| High-Frequency Phocid Otariid
Hearing Group Cetaceans Cetaceans Cetaceans Pinnipeds Pinnipeds Sea Turtles
SEL¢ym Threshold 183 185 155 185 203 204
PTS SELeum Isopleth tof
threshold (meters) R © vz 2 © a0

WEIGHTING FUNCTION CALCULATIONS

Weighting Function | Low-Frequency | Mid-Frequency| High-Frequency Phocid Otariid
- - Sea Turtles
Parameters Cetaceans Cetaceans Cetaceans Pinnipeds Pinnipeds
a i 1.6 1.8 1 2 1.4
b 2 2 2 2 2 2
f1 0.2 8.8 12 18 0.94 0.077
f, 19 110 140 30 25 0.44
C 0.13 .2 1.36 0.75 0.64 2.35
Adjustment (dB) -13.81 -56.94 -66.30 -25.89 -32.85 -4.31 OVERIDE Using LDEO Modeling

TFor LF cetaceans, the adjustment factor (dB) is derived by estimating the radial distance of the 183-dB isopleth without
applying the weighting function and a second time with applying the weighting function. Adjustment was derived using
a propagation of 20*logio (Radial distance) and the modified farfield signature. For MF and HF cetaceans and
pinnipeds, the difference between weighted—unweighted spectral source levels at each frequency was integrated to
calculate adjustment factors (see spectrum levels in Figure A-14).
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Modeled one single shot SEL, R/V Langseth 2 strings 3300 cu.in @ 9 m tow depth
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Appendix A

FIGURE A-15. Modeled received sound levels (SELs) in deep water from the 18-airgun array. The plot
provides the distance from the geometrical center of the source array to the 155-dB SEL isopleth

(3970 m).

Modeled one single shot SEL, R/V Langseth 2 strings 3300 cu.in @ 9 m tow depth
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FIGURE A-16. Modeled received sound levels (SELs) in deep water from the 18-airgun array. The plot
provides the distance from the geometrical center of the source array to the 183-185-dB SEL isopleths
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Modeled one single shot SEL, R/V Langseth 2 strings 3300 cu.in @ 9 m tow depth

= {200
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Fore —- Distance (m) -~ Aft SEL (dBre: 1 Pa“s)

FIGURE A-17. Modeled received sound levels (SELs) in deep water from the 18-airgun array. The plot
provides the distance from the geometrical center of the source array to the 203-dB SEL isopleth.

SELcum 183 dB contour (Inline) for Low—frequency cetaceans v2, R/V Langseth 2 strings 3300 cu.in @ 9 m tow depth RC=-0.96
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FIGURE A-18. Modeled received sound exposure levels (SELs) from the 18-airgun array at a 9-m tow depth,
after applying the auditory weighting function for the LF cetaceans hearing group following to the NMFS
Technical Guidance. The plot provides the radius to the 183-dB SELcumisopleth for one shot.
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TABLE A-8. NMFS Level A acoustic thresholds (Peak SPLiat) for impulsive sources for marine mammals
and predicted distances to Level A thresholds for various marine mammal hearing groups and sea turtles
that could be received from the 18-airgun array during the proposed survey of the Aleutian Arc.

Low- Mid- High- . Otariid
. Phocid Pinnipeds/
Hearing Group Frequency Frequency Frequency o
Pinnipeds Sea Otters/
Cetaceans Cetaceans Cetaceans
Sea Turtles
Peak Threshold 219 230 202 218 232
PTS Peak Isopleth (radius) 23.268 11.198 118.955 25.217 9.919
to threshold (m)
Modified Farfield Peak 246.335 250.983 243.641 246.034 251.929

Peak 202 dB contour (Inline), no filter, R/V Langseth 2 strings 3300 cu.in @ 9 m tow depth RC=-0.96

Radius =
11895 m
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FIGURE A-19. Modeled deep-water received Peak SPL from the 18-airgun array at a 9-m tow depth. The
plot provides the distance to the 202-dB Peak isopleth.
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Peak 218, 219 dB contour (Inling), no filter, R/V Langseth 2 strings 3300 cu.in @ 9 m tow depth RC=-0.96
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FIGURE A-20. Modeled deep-water received Peak SPL from the 18-airgun array at a 9-m tow depth. The
plot provides the distances to the 218- and 219-dB Peak isopleths.

Peak 230, 232 dB contour (Inline), no filter, R/V Langseth 2 strings 3300 cu.in @ 9 m tow depth RC=-0.96
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FIGURE A-21. Modeled deep-water received Peak SPL from the 18-airgun array at a 9-m tow depth. The
plot provides the distances to the 230- and 232-dB Peak isopleths.
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TABLE A-9. Level A threshold distances for different hearing groups for the 18-airgun array and a shot
interval of 50 m!. As required by NMFS (2016a, 2018), the largest distance (in bold) of the dual criteria
(SELcum or Peak SPL#at) was used to calculate Level A takes and threshold distances.

Level A Threshold Distances (m) for Various Hearing Groups

MF Phocid Otariid

LF Cetaceans Cetaceans HF Cetaceans Pinnipeds Pinnipeds/Otters SeaTurtles
PTS SELcum 54.8 0 0.2 2.1 0 5.0
PTS Peak 23.3 11.2 119.0 25.2 9.9 9.9

TABLE A-10. Results for single shot SEL source level modeling for the 40 in2 airgun with and without
applying weighting function to the various hearing groups. The modified farfield signature is estimated
using the distance from the source array geometrical center to where the SELcum threshold is the largest.

LF MF HF PW OW/Otters Turtles

SELcum Threshold 183 185 155 185 203 204
Radial Distance (m) 9.253 7.374 254579 7.374 0.956 0.852
(no weighting function)
Modified Farfield SEL* 202.9907 202.8948 204.3680 202.8948  202.3491  202.3491
Radial Distance (m) 2.292 N.A. N.A. N.A. NA. N.A.
(with weighting function)
Adjustment (dB) 12,12 N.A. N.A. N.A. N.A. N.A.

* A propagation of 20 log;o (Radial distance) is used to estimate the modified farfield SEL. N.A. means not applicable.
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TABLE A-11. Results for modified farfield SEL source level modeling for the single 40-in® mitigation airgun
with weighting function calculations for the SELcum criteria, as well as resulting isopleths to thresholds for
various hearing groups.

STEP 1: GENERAL PROJECT INFORMATION

PROJECT TITLE R/V Langseth mitigation gun
PROJECT/SOURCE
INFORMATION one 40 cu.in 1900LL airgun @ a 9 m tow depth
Please include any assumptions

|PROJECT CONTACT

STEP 2: WEIGHTING FACTOR ADJUSTMENT Specify if relying on source-specific WFA, alternative weighting/dB adjustment, or if using default value

Weighting Factor Adjustment (kHz)* NA

¥ - Override WFA: Using LDEO modeling
Broadband: 95% frequency contour percentile (kHz) OR Narrowl

frequency (kHz); For appropriate default WFA: See INTRODUCTI
tab

A If a user relies on alternative weli
(source-specific or default), they may override the Adjustment (dB) (row 62), and €
new value directly. However, they must provide additional support and documente
supporting this modification.

STEP 1: GENERAL PROJECT INFORMATION

PROJECT TITLE R/V Langseth mitigation gun
PROJECT/SOURCE
INFORMATION one 40 cu.in 1900LL airgun @ a 9 m tow depth
Please include any assumptions
PROJECT CONTACT

STEP 2: WEIGHTING FACTOR ADJUSTMENT Specify if relying on source-specific WFA, alternative weighting/dB adjustment, or if using default value

Weighting Factor Adjustment (kHz)* NA

¥ Override WFA: Using LDEO modeling
Broadband: 95% frequency contour percentile (kHz) OR Narrowl

frequency (kHz); For appropriate default WFA: See INTRODUCT]
tab

A I'f a user relies on alternative wei
(source-specific or default), they may override the Adjustment (dB) (row 62), and €
new value directly. However, they must provide additional support and documente
supporting this modification.

* BROADBAND Sources: Cannot use WFA higher than maximum applicable frequency (SE&®AY tab for more information on WFA applicable frequencies)

STEP 3: SOURCE-SPECIFIC INFORMATION

NOTE : Choose either FDR F2 method to calculate isopleths (not required to fill in sage boxes for both) NOTE : LDEO modeling relies on Method F2
F2: ALTERNATIVE METHOD “TO CALCULATE PK and SELcym (SINGLE STRIKE/SHOT/PULSE EQUIVALENT)
SELeum
[Source Velocity (meters/second) | 2315 |
ll/Repelition rate” (seconds) | 21.5982 |
AMet hodol ogy assumes propagation of 20 log R; Activity duration (time) independent
"Time between onset of successive pulses.
[ Modified farfield SEL | 202.3257 | 2023541 | 2031165 | 2023541 | 202.6002 | 202.6088 |
| source Factor | 7.90956E+18 | 7.96145E+18| 9.48926E+18 | 7.96145E+18| 8.44311E+1d  8.44233E+18 |
RESULTANT ISOPLETHS* *Impulsive sounds have dual metric thresholds (SELcum & PK). Metric producing largest isopleth should be used.
Low-Frequency | Mid-Frequency| High-Frequency Phocid Otariid
Hearing Group Cetaceans Cetaceans Cetaceans Pinnipeds Pinnipeds Sea Turtles
SEL¢ym Threshold 183 185 155 185 203 204
PTS SEleum Isopleth tof
threshold (meters) o 0w oe 0w oo oo
WEIGHTING FUNCTION CALCULATIONS
Weighting Function | Low-Frequency | Mid-Frequency| High-Frequency Phocid Otariid
Sea Turtles
Parameters Cetaceans Cetaceans Cetaceans Pinnipeds Pinnipeds
a 1 1.6 1.8 1 2 1.4
b 2 2 2 2 2 2
f1 0.2 8.8 12 {88 0.94 0.077
fa 19 110 140 30 25 0.44
(¢} 0.13 1.2 1.36 0.75 0.64 2.35
Adjustment (dB) -12.12 -59.95 -69.09 -29.31 -35.78 -7.43 OVERIDE Using LDEO Modeling

TFor LF cetaceans, the adjustment factor (dB) is derived by estimating the radial distance of the 183-dB isopleth without applying the
weighting function and a second time with applying the weighting function. Adjustment was derived using a propagation of 20*logio
(Radial distance) and the modified farfield signature. For MF and HF cetaceans and pinnipeds, the difference between weighted—
unweighted spectral source levels at each frequency was integrated to calculate adjustment factors (see spectrum levels in Fig. A-
22).
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Amplitude spectral density from Farfield signature and effect of auditory weighting for the 6 hearing groups, one 40 cu.in 1900 LL airgun @ 9 m tow depth
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FIGURE A-22. Modeled amplitude spectral density of the 40-in3 airgun farfield signature. Amplitude spectral
density before (black) and after (colors) applying the auditory weighting functions for LF, MF, and HF
cetaceans, Phocid Pinnipeds (PP), and Otariid Pinnipeds (OP). Modeled spectral levels are used to
calculate the difference between the unweighted and weighted source level at each frequency and to derive
the adjustment factors for the hearing groups as inputs into the NMFS User Spreadsheet.

Modeled one single shot SEL, 1 x 1900LL 40 cu.in @ 9 m tow depth
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FIGURE A-23. Modeled received sound levels (SELs) in deep water from one 40-in® airgun at a 9-m tow
depth. The plot provides the distance from the geometrical center of the source array to the 155-dB SEL
isopleth (254.6 m).
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Modeled one single shot SEL, one 40 cu.in 1900 LL airgun @ 9 m tow depth
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FIGURE A-24. Modeled received sound levels (SELs) in deep water from one 40-in® airgun at a 9-m tow
depth. The plot provides the distance from the geometrical center of the source array to the 183-185 dB
and 203 dB SEL isopleths.

Cumulative SEL 183 dB contour (Inline) for Low-frequency cetaceans v2, one 40 cu.in 1900 LL airgun @ 9 m tow depth RC=-0.96

nde = 229m

Depth (m)

-10 -5 0 5 10
Fore — Distance (m) — Aft SEL (dBre: 1 Pa’s)

FIGURE A-25. Modeled received sound exposure levels (SELs) from one 40-in® mitigation at a 9-m tow
depth, after applying the auditory weighting function for the LF cetaceans hearing group following the NMFS
Technical Guidance. The plot provides the radial distance to the 183-dB SELcum isopleth for one shot. The
difference in radial distances between Fig. A-15 and this figure allows us to estimate the adjustment in dB.
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Peak 202 dB contour (Inline), no filter, one 40 cu.in 1900 LL airgun @& 9 m tow depth RC=-0.96

radial distance = radius = 12.59 m
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FIGURE A-26. Modeled deep-water received Peak SPL from one 40 in®airgun at a 9-m tow depth. The plot
provides the radial distance from the source geometrical center to the 202-dB Peak isopleth (12.59).

Peak 218, 219, 230, 232 dB contour (Inline), no filter, one 40 cu.in 1900 LL airgun @ 9 m tow depth RC=-0.96
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FIGURE A-27. Modeled deep-water received Peak SPL from one 40 in3 airgun at a 9-m tow depth. The plot
provides the radial distances from the source geometrical center to the 218-232-dB Peak isopleths.
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TABLE A-12. NMFS Level A acoustic thresholds (Peak SPL+at) for impulsive sources for marine mammals
and predicted distances to Level A thresholds for various marine mammal hearing groups that could be
received from the 40-in® airgun during the proposed seismic survey of the Aleutian Arc.

Low- Mid- High- . Otariid
. Phocid Pinnipeds/
Hearing Group Frequency Frequency Frequency o
Pinnipeds Sea Otters/
Cetaceans Cetaceans Cetaceans

Sea Turtle

Peak Threshold 219 230 202 218 232

Radial Distance to
Threshold (m) 1.78 0.57 12.59 2.01 0.54
PTS Peak Isopleth (Radius) 178 057 1259 201 054

to Threshold (m)
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ADDENDUM

Using Empirical Data for Estimation of Level B Radii

Based on Crone et al. (201Bstimating shallow water sound power levels and mitigation radii for
the R/V Marcus G. Langseth using akr8 long MCS streamgrempirical data collected on the Cascadia
Margin in 2012 during the COAST Survey support the use of the multichannel seismic (MCS) streamer
data and the use &ound Exposure LeveSEL) as the appropriate measure to use for thegbied of
mitigation radii for the proposed survey. In addition, this peerewed paper showed that the method
developed for this purpose is most appropriate for shallow water depths, up to ~200 m deep.

To estimate Level B (behavioral disturbance aahament) radii in shallow and intermediate water
depths, we used the received levels from MCS data collected biaR@sethduring the COAST survey
(Crone et al. 2014). Streamer data in shallow water collected in 2012 have the advantage of including the
effects of local and complex subsurface geology, seafloor topography, and water column properties and
thus allow us to establish mitigation radii more confidently than by using the datac&idmation
experiments in the Gulf of Mexico (Tolstoy et al020 2009; Diebold et al. 2010).

As shown by Madsen et al. (2005), Southall et al. (2007), and Crone et al. (2014), the use of the root
mean square (RMS) pressure levels to calculate received levels of an impulsive source leads to undesirable
variability in levels due to the effects of signal length, potentially without significant changes in exposure
level. All these studies recommend the use of SEL to establish impulsive source thresholds used for
mitigation.

Here we provide both the actual measured @BQus and 160 dBg. to demonstrate that for
determining mitigation radii in shallow water and intermediate, both would be significantly less than the
modeled data for this region.

As the 6600 cu.in source is 18m wide (actoss direction) and 16m long (alodme direction),
this quasisymmetric source is also able to capture azimuthal variations.

Kkkkkkkk

Extracted from Crone et al. 2014Section 4.1

4. Discussion

4.1. RMSVersus SELnN his paper,Madsen[2005] makes a compelling argument against the use of RMS (equation (3)) for

the determination of safe exposure levels and mitigation radii for marine protected species, partially on the grounds that

this measure does nott&8 A ET OT AAAI 01 6 OEA Of OAI AAT OOOEA Al Aocu OEAO A
Madsen[2005] recommended the use of SEL as well as measures of peak pressure to establish impulsive source thresholds

used for mitigation. Southall et al [2007] came to similar conclusions.

Our work should provide further motivation for a regulatory move away from RMS power levels for marine protected
species mitigation purposes. In shallow waters especially, interactions between direct, reflected, and refractdivals of
acoustic energy from the array can result in large variations in signal length ¢J), and commensurate large variations in
RMS without necessarily significant changes in exposure level. The use of SEL, which accounts for signal length, sheuld b
preferred for mitigation purposes in shallow water.

*kkkkkkkk

Final EnvironmentalAssessmeribr L-DEO Aleutians 2020 PageA-28



Appendix A

The entire 16 Od&k. level data are within the length of the streamer and are well behaved throughout
this depth profile. The measured sound level data in this area suggest fiidHes mitigation radius
distance would be well defined at a maximum of 8192 m, but that the X&QwBuld be close to ~11 km
(Fig. 1). For a few shots along this profile, the 16@miBs just beyond the end of the streamer (8 km).
For these shotgxtrapolation was necessary. Crone et al. (2014) could only extrapolate therl80 dB
levels up to a distance of ~11 km (~133% of the length of the streaimewever, the stable 160 d8
levels across this interval would support an extrapolated véloetanuch more than 11 km for the 160
dBruslevel given that the 160 diis and160 dBseL levels track consistently along the profile (Fig. 1)

160 dB Radius (m)

| | | | | | |

38300 33400 33500 33600 33700 33800 33900 34000
Shot Number

FIGURE 1. Measured radius distances to the 160 dB radii for both SEL and RMS along line A/T collected in

2012 at Cascadia with R/V Langseth 6600 in2 airgun array towed at a depth of 9 m (Fig. 12 from Crone et

al. 2014). This line extends across the shelf from ~50m water depth (Shot 33,300), 100m water depth (Shot

# 33,675) out ~to the shelf break at 200m water depth (~Shot # 34000).

As noted in Table 2 of Crone et al. (2014). the full range of 1&QgiBeasured radii for intermediate
waters is 4291m to 8233 m.hd& maximum 160 dis measured radii, 8233 (represented by a single
shot at ~33750 from Figure 1), was selected for the 1@dgBeasured radii in Table 1. Only 2 shots in
water depths >100 have rathiat exceed 8000 m, and there were over 1100 indivishots analyzed in
the data; thus, the use of 8233 m is conservative.

Summary

The empirical data collected during the COAST Survey on Cascadia Margin and measured 160
dBrms and 160 dBg, values demonstrate that the modeled predictions are quite caingebyaa factor of
up to ~2 to 2.5 times less than modeled predictions for the 2020 Cascadia project. While we have sought
to err on the conservative side for our activities, being overly conservative can dramatically overestimate
potential and perceivetnpacts of a given activity. We understand that the 16&ue& the current
threshold, and have highlighted that here as the standard metric to be used. However, evidence from
multiple publications including Crone et al. (2014) have argued that S&Enre appropriate metric for
mitigation radii calculations. However, it is important to note that use of either measured SEL or RMS
metrics yields significantly smaller radii in shallow water than model predictions.
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TABLE 1. Comparison of modeled mitigation radii with empirically-derived radii from the Cascadia Margin
during the 2012 COAST survey for the 36 airgun array.

Radii using L -
Array Water L-DEO Modeling Radii using Empirical Data (Crone et al. 2014)
Depth (m) Distance (m) to 160-dBms | Distance (m)to 160-dBsg. at | Distance (m) to 160-dBms
at 9 m tow depth 9 m tow depth at 9 m tow depth
4 strings <100 22,102 8,192 11,000*
36 airguns
6600 in3 100-1000 8,444 5,487 8,233

*This value is extrapolated from end of 8-km streamer. Based on stable SEL values at same shot values. RMS extrapolated
value is reasonable approximation.

When evaluating the empirical and modeled distances, all the other considerations and aspects of the
airgun arraystill apply including:
9 the airgun array is actually a distributed source and the predicted farfield level is never actually
fully achieved
9 the downward directionality of the airguns means that the majority of energy is directed
downwards and not horizotita
1 animals observed at the surface benefit from Lloyds mirror effect

1 there is only one source vessel and the entire survey area is not ensonified all at one time, but
rather the much smaller area around the vessel.

For these reasons, we believe the more scientifically appropriate approach for the proposed survey
is to use Level B threshold distances based on the empirical data for shallow and intermediate water depths.
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APPENDIX B: MARINE MAMMAL DENSITIES

For the proposed survey, we used hatliteted stratified marine mammal densities developed by the
U.S. Navy for assessing potential impacts of training activities in the GOA (DoN 2014; Rone et al. 2014).
Alternative density estimates available for spgdie this region are not stratified by water depth and
therefore do not reflect the known variability in species distribution relative to habitat fedRares et al.
(2014) defined four strata: Inshore: all waters <1000 m deep; Slope: from 1000 mde@tterto the
Aleutian trench/subduction zone; Offshore: waters offshore of the Aleutian trench/subduction zone;
Seamount: waters within defined seamount areas. Densities corresponding to these strata were based on
data from several different sources, imtihg Navy funded lindransect surveys in the GOA as described
below. Compared to the GOA study area (Rone et al. 2014), the proposed survey area does not have a
consistent gradual decrease i n water AldudapTrénch( A sl o p e
south of the Aleutian Islands. Instead, water depths initially decrease rapidly beyond tme is00@th
to ~4000 m, then rise again on Hawley Ridge before dropping in the Aleutian Trench. Additionally, waters
north of the Aleutian Iskads and beyond 1000 m drop rapidly to ~3000 m and remain at those depths to the
northern extent of the survey lines. For those reasons, and because the Rone et al. (2014) inshore densities
were for all waters <1000 m, the marine mammal densities fonshele region were used for both shallow
(<100 m) and intermediate (10000 m) water depths, while offshore densities were used for all deep
water areas >1000 m.

To develop densitiespecific to the GOAthe Navy conducted two comprehensive marine mdmma
surveys in the Temporary Marine Activities Area (TMAA) in the GOA prior to 2014. The first survey was
conducted from 10 to 20 April 2009 and the second was from 23 June to 18 July 2013. Both surveys used
systematic lindransect survey protocols incind visual and acoustic detection methods (Rone et al. 2010,
2014). The data were collected in four strata that were designed to encompass the four distinct habitats
within the TMAA and greater GOA. Rone et al. (2014) provided stratifieetlaresect desity estimates
used in this analysis for fin, humpback, blue, sperm, and killer whales, as well as northern fur seals (Table
B-1). Data from a subsequent survey in 2015 were used to calculate alternative density estimates for several
species (Rone et &017); however, the reported densities for blue, fin and humpback whales were not
prorated for unidentified large whale sightings so the densities from Rone et al. (2014) were maintained.
The density estimates f or Desbniedhatlagerthandhose im Roneet Ro n e
al. (2014), so the larger densities were used as a cautionary approach.

There were insufficient sightings data from the 2009, 2013 and 201fsdim&ect surveys to calculate
reliable density estimates for othernna mammal species in the GOA. DoN (2014) derived gray whale
densities in two zones, nearshoreZ@5 n.mi from shore) and offshore (from 2.28 n.mi. from shore).

In our calculations, the nearshore density was used to represent shallow water (¢&6p)rand the
offshore density was used for intermediate and deep water. Harbor porpoise densities in DoN (2014) were
derived from Hobbs and Waite (2010) which included additional shallow water depth strata. The density
estimate from the 10@00 m depttstrata was used for both shallow and intermediatgth water in this
analysis. Similarly, &rbor seals typically remain close to shoremseimal estimates for deep water and a

one thousand fold increase of the minimal density was used for shallomtandediate waters (DoN
(2014).

Densities for minke whale, Pacific whisidded dolfpi n , and Cuvierb6s and Bai |
were based on Waite (2008Do N 2009) . Al t hough sei whale sight
acoustic detections were mrded during the Navy funded GOA surveys, data were insufficient to calculate
densities for these species, so predictions from a global model of marine mammal densities were used
(Kaschner et al. 201id DoN 2014). Steller sea lion and northern elephaat densities were calculated
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using shorébased population estimates divided by the area of the GOA Large Marine Ecosystem (DoN
2014) Here we have adjusted the Steller sea lion densities in water <1000 m to more accurately reflect the
densities expected occur in the nearshore waters of the proposed surveysaedMFS 2019}hus,the

correction factor applied by DoN (2014) wasremovE@ch e Nort h Paci fic right wha
are only rarely observed in or near the survey area, so miniemgities were used to represent their

potential presence (DoN 2014).

All densities were corrected for perceptibias f(0)] but only harbor porpoise densities were
corrected for availability biagy(0)], as described by the respective authdFhere issome uncertainty
related to the estimated density data and the assumptions used in their calculations, as with all density data
estimates. However, the approach used here is based on the best available data that are stratified by the
water depth (habitagones present within the survey area. Alternative density estimates available for
species in this region are not stratified by water depth and therefore do not reflect the known variability in
species distribution relative to habitat features. The lzaku exposures that are based on these densities
are best estimates for the proposed surve
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TABLE B-1. Densities of marine mammals in the GOA that were used for the proposed survey of the Aleutian Arc.

Estimated Density (#/1000 km?)

Slope Offshore Seamount
(1000 m to (Offshore of (In Defined
Inshore Aleutian Aleutian Seamount
Species <1000 m Trench) Trench) Areas) Source
LF Cetaceans
North Pacific right whale 0.01 0.01 0.01 0.01 DoN (2014)
Humpback whale 129.00 0.20 1.00 1.00 Rone et al. (2014)
Blue whale 0.50 0.50 0.50 2.00 Rone et al. (2014)
Fin whale 71.00 14.00 21.00 5.00 Rone et al. (2014)
Sei whale 0.10 0.10 0.10 0.10 DoN (2014)
Minke whale 0.60 0.60 0.60 0.60 Waite (2003) in DoN (2009)
Gray whale 48.57 2.43 0.00 0.00 DoN (2014)
MF Cetaceans
Sperm whale 0.00 3.30 1.30 0.36 DoN (2014)
Killer whale 5.00 20.00 2.00 2.00 Rone et al. (2014)
Pacific white-sided dolphin 20.80 20.80 20.80 20.80 Waite (2003) in DoN (2009)
Cuvier's beaked whale 2.20 2.20 2.20 2.20 Waite (2003) in DoN (2009)
Baird's beaked whale 0.50 0.50 0.50 0.50 Waite (2003) in DoN (2009)
Stejneger's beaked whale 0.01 1.42 1.42 1.42 DoN (2014)
Risso's dolphin 0.01 0.01 0.01 0.01 DoN (2014)
HF Cetaceans
Harbor Porpoise 47.30 0.00 0.00 0.00 Hobbs and Waite (2010) in DoN (2014)
Dall's porpoise 218.00 196.00 37.00 24.00 Rone et al. (2017)
Otariid Seals
Steller sea lion* 39.20 9.80 9.80 9.80 DoN (2014)
California sea lion 0.01 0.01 0.01 0.01 DoN (2014)
Northern fur seal 15.00 4.00 17.00 6.00 Rone et al. (2014)
Phocid Seal
Northern elephant seal 2.20 2.20 2.20 2.20 DoN (2014)
Harbor seal 10.00 0.01 0.01 0.01 DoN (2014)

* Correction factor used by DoN (2014) removed for water <1000 m deep.
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APPENDIX C: MARINE MAMMAL TAKE CALCULATIONS

TABLE C-1. Densities of marine mammals and areas ensonified above threshold levels used to calculate potential takes for the proposed survey of
the Aleutian Arc.

Estimated Density (#/km?)

Level B (160 dB) Daily Ensonified

Area (km?)

Level A Daily Ensonified Area (km?)

% of Pop.
Regional (Level B+  Requested
Shallow <100 Intermediate Deep >1000 Population Shallow Intermediate Deep Shallow Intermediate Deep Survey LevelA LevelB Level A Take
Species m 100-1000 m m Size <100 m  100-1000m >1000m <100m  100-1000m >1000 m Days Takes Takes Takes) Authorization®
LF Cetaceans
North Pacific right whale 0.0000100 0.0000100 0.0000100 400 79.6 831.5 2,046.5 15 47.9 136.9 16.3 0 0 0 2
Humpback whale 0.1290000 0.1290000 0.0010000 21,063 79.6 8315 2,046.5 15 47.9 136.9 16.3 106 1,842 9.2 1,948
Blue whale 0.0005000 0.0005000 0.0005000 1,647 79.6 8315 2,046.5 15 47.9 136.9 16.3 2 23 15 25
Fin whale 0.0710000 0.0710000 0.0210000 13,620 79.6 831.5 2,046.5 15 47.9 136.9 16.3 104 1,650 12.9 1,754
Sei whale 0.0001000 0.0001000 0.0001000 27,197 79.6 8315 2,046.5 15 47.9 136.9 16.3 0 5 0.0 5
Minke whale 0.0006000 0.0006000 0.0006000 20,000 79.6 8315 2,046.5 15 47.9 136.9 16.3 2 27 0.1 29
Gray whale 0.0485700 0 0 26,960 79.6 8315 2,046.5 15 47.9 136.9 16.3 1 62 0.2 63
MF Cetaceans
Sperm whale 0 0 0.0013000 26,300 79.6 8315 2,046.5 0.1 18 5.0 16.3 0 43 0.2 43
Killer whale 0.0050000 0.0050000 0.0020000 5,000 79.6 8315 2,046.5 0.1 18 5.0 16.3 0 141 2.8 141
Pacific white-sided dolphin 0.0208000 0.0208000 0.0208000 988,333 79.6 831.5 2,046.5 0.1 1.8 5.0 16.3 2 1,000 0.1 1,002
Cuvier's beaked whale 0.0022000 0.0022000 0.0022000 3,274 79.6 8315 2,046.5 0.1 1.8 5.0 16.3 0 106 3.2 106
Baird's beaked whale 0.0005000 0.0005000 0.0005000 2,697 79.6 8315 2,046.5 0.1 18 5.0 16.3 0 24 0.9 24
Sato's bekaed whale N.A. N.A. N.A. N.A. 79.6 831.5 2,046.5 0.1 1.8 5.0 16.3 N.A. N.A. N.A. 9
Stejneger's beaked whale 0.0000100 0.0000100 0.0014200 3,044 79.6 831.5 2,046.5 0.1 1.8 5.0 16.3 0 47 1.6 47
Northern right whale dolphin N.A. N.A. N.A. 26,556 79.6 831.5 2,046.5 0.1 18 5.0 16.3 N.A. N.A. N.A. 58
Risso's dolphin 0.0000100 0.0000100 0.0000100 838,000 79.6 8315 2,046.5 0.1 18 5.0 16.3 0 0 0.0001 22
HF Cetaceans
Harbor Porpoise 0.0473000 0.0473000 0.0000000 79,261 79.6 8315 2,046.5 0.9 29.2 83.5 16.3 23 679 0.9 702
Dall's porpoise 0.2180000 0.2180000 0.0370000 1,186,000 79.6 8315 2,046.5 0.9 29.2 83.5 16.3 157 4,312 0.4 4,469
Otariid Seals
Steller sea lion 0.0392000 0.0392000 0.0098000 53,303 79.6 8315 2,046.5 0.04 14 4.0 16.3 2 907 17 909
Northern fur seal 0.0150000 0.0150000 0.0170000 1,100,000 79.6 8315 2,046.5 0.04 14 4.0 16.3 788 0.1 789
Phocid Seal
Northern elephant seal 0.0022000 0.0022000 0.0022000 210,000 79.6 8315 2,046.5 0.2 5.4 15.3 16.3 1 105 0.1 106
Harbor seal 0.0100000 0.0100000 0.0000100 205,090 79.6 8315 2,046.5 0.2 5.4 15.3 16.3 1 148 0.1 149
Spotted seal N.A. N.A. N.A. 461,625 79.6 831.5 2,046.5 0.2 5.4 15.3 16.3 N.A. N.A. N.A. 5
Ribbon seal N.A. N.A. N.A. 184,697 79.6 8315 2,046.5 0.2 5.4 15.3 16.3 N.A. N.A. N.A. 5

1 Takes in bold adjusted to mean group size.
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APPENDIX D: ENSONIFIED AREAS FORMARINE MAMMAL TAKE CALCULATIONS

TABLE D-1. Areas ensonified above threshold levels used to calculate potential takes for the proposed
survey of the Aleutian Arc.

All Lines - 1 Pass 2nd Pass for Dip/Strike Lines

Daily Total Total Relevant
Ensonified Survey Daily Ensonified Total Survey 25% Ensonified Isopleth
Survey Zone Criteria Area (km?) Days Area (km?) Days Increase  Area (km?) (m)
Shallow (<100 m) 160 dB 53.8 10.1 79.5 6.2 1.25 1,296.0 11,000
Intermediate (100-1000 m) 160 dB 596.8 10.1 775.4 6.2 1.25 13,544.6 8,233
Deep (>1000 m) 160 dB 1,695.6 10.1 1,543.1 6.2 1.25 33,337.9 5,629
Overall 160 dB 2,346.2 10.1 2,398.0 6.2 1.25 48,178.6
All zones LF Cetacean 149.4 10.1 148.5 6.2 1.25 3,035.1 376.0
All zones MF Cetacean 55 10.1 55 6.2 1.25 111.4 13.8
All zones HF Cetacean 91.1 10.1 90.5 6.2 1.25 1,850.1 229.2
All zones Otariid 4.3 10.1 4.3 6.2 1.25 88.0 10.9
All zones Phocid 16.7 10.1 16.6 6.2 1.25 339.8 42.1
All zones Sea Turtle 5.1 10.1 5.1 6.2 1.25 103.3 12.8
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APPENDIX E: NEPA COMMENTS

TABLE E-1. Comments received during the NEPA public comment period.

Commenter Comment Summary NSF Response
Ground Fish Forum

Ground Fish Forum noted concern that the propose We appreciate the comments received from Ground Fish Forum.
survey timing overlaps with the typical timing of consulted with NMFS for the project pursuant to the MMPA, ESA
significant fishing efforts. They expressed concern and EFH. Due to COVID-19, there would be limited opportunity f
about potential impacts of seismic air guns on advance coordination, but to avoid potential conflict, LDEO woulc
schooling target species, reduced populations, and coordinate with fishers in the survey area via ship radio and Notic
negative impacts on fishing activities. They offered Mariners. As part of NEPA and other regulatory processes, NSF
provide additional information on regulatory reach out to various organizations including NMFS, North Pacific
constraints for fishing with a goal of coordination, ar Fishery Management Council, and the State of Alaska. NSF
to avoid conflicts and inconveniencing the proposec acknowledges the significant regulatory constraints for fishing in
survey and fishing activities. They requested NSF survey area. Based on the illustrative charts provided highlightin
coordinate with their association and member some of these constraints, a significant portion of the proposed
companies before and during research activities to survey would occur outside of viable fishing areas, reducing char
avoid conflicts with fisheries, and, with NMFS, Nort for time/space overlap. Given the seismic survey portion of the
Pacific Fishery Management Council, and the State Proposed Action would only take approximately 16 days the chai
Alaska. for interaction with fishing vessels would be limited further. The R
Langseth, would move continuously during the survey, making tv
passes along the proposed survey tracks, spending approximate
hours in any particular area at a time, and 4 hours in total. For th
areas where there could be overlap with fishing vessels, we woul:
work to avoid time/space overlap through communication with
fishers in the area. Any impacts on fish species in specific areas
would be anticipated to be limited, very brief and temporary in
nature.

NMFS Alaska Region Habita The NMFS Alaska Region Habitat Conservation Div NSF included information relevant to an EFH consultation in its C
Conservation Division (AKR (AKR HCD) requested an Essential Fish Habitat (Ef EA. NSF submitted an EFH consultation request to the NOAA E
HCD) Assessment for the Proposed Action. In particular, 1 Alaska Regional Office. NOAA concurred with our assessment.
noted the Proposed Action: would occur within area Survey tracklines and OBSs were adjusted slighlty to entirely avc
of EFH; overlaps with Aleutian Islands Coral Habita overlap AICHPA; AICHPA was included in Figure 1 of the Final E
Protection Areas (AICHPA); may overlap and have
impacts with Atka Mackerel.

Aleutian King Crab Researct The Aleutian King Crab Research Foundation (AKC We appreciate the concerns expressed by AKCRF. Any impacts

Foundation (AKCRF) noted concern about potential time/space overlap w species in specific areas would be anticipated to be limited. The
the Proposed Action and the golden king crab resot seismic survey portion of the Proposed Action would only take
and fishery which begins August 1, noting their approximately 16 days. The survey vessel, R/V Langseth, would
membership would have all gear and vessels fully continuously during the survey, making two passes along the
deployed through the SEP-OCT period. In addition, proposed survey tracks, spending approximately 2 hours in any
they expressed concerns about negative impacts th particular area at time, and 4 hours in total. For these reasons, ¢
could be to golden king crab at different life stages impacts, especially catch rates, would be anticipated to be very b
(adults, juveniles, and larvae) from exposure to seis and temporary in nature. The NSF researchers would be willing t
research as proposed. AKCRF will closely monitor work with AKCRF and their collaborating partners to help with
catches before, during, and after the seismic resear accurate record keeping and reporting. The action proponents ar¢
noting the proximity to actively fishing AIGKC pot giwilling to coordinate directly with the AIGKC stakeholders and
and requested that NSF researchers work with then resource managers to avoid direct gear interaction and
and their collaborating partners to help with accurat entanglement.
record keeping and reporting. While the AKCRF wol
not anticipate difficulties that may arise from a direc
gear interaction or conflict (entanglement with lines)
they would be willing to share information to avoid
any problems. AKCRF requested the action propon:
coordinate directly with the AIGKC stakeholders ant
resource managers.
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APPENDIX F: USFWSLETTER OF CONCURRENCE

LeL
FESH & WILIHIFE
SENYICE

United States Department of the Interior

1.5, FISH AND WILDLIFE SERVICE
Anchorage Fish and Wildhfe Conservation Office
4700 BLM Eoad
Anchorage, Alaska 99507

In Reply Refer to:
FWS/RIL/AFWCO

June 26, 2020

Ms. Helly Smith

Environmental Compliance Officer
Mational Science Foundation

2415 Eisenhower Avenue
Alexandna, Virginia 22314

Subject: NSF Marine Geophysical Survey by research vessel Marcus G. Langseth
Aleutian Andreanof Arc in Alaska, 2020 (Consultation mumber
07CAAN00-2020-1-0211)

Dear Ms. Smith-

Thank you for requesting consultation with the U 5. Fish and Wildlife Service (Service),
pursuant to section 7 of the Endangered Species Act of 1973 (16 U.S.C. 1531 et seq., as
amended; ESA) by correspondence received Apnl 23, 2020, and June 11, 2020. The
National Science Foundation (N5F) has proposed to conduct a high-energy marine
geophysical survey in the Gulf of Alaska within the U.S. Exclusive Economic Zone (EZ).
The proposed seismic survey would be conducted on the research vessel (VW) Marcus G.
Langseth (Langseth), owned by NSF and operated by Columbia University’s Lamont-
Doherty Earth Observatory (L-DEQ). The N5F has determined the activities may affect,
but are not likely to adversely affect, the federally endangered short-tailed albatross
(Phoebastria albatrus), threatened spectacled eider (Somarteria fischert), threatened Steller’s
eider (Polysticta stelleri), and threatened southwest distinct population segment of the
northem sea otter (Enhydra lufris kenyoni) or its critical habitat.

The proposed survey would collect two dimensional (2-D) manne seismic data with an amray
of 36 airguns deployed as an energy source and total discharge volume of approximately
6,600 cubic inches. The receiving system for the retuming acoustic signals would be by
hydrophone streamer and ocean bottom seismometers. The airguns would direct the majonty
of the energy downward, rather than laterally. The potential effects of the proposed activity
include direct collisions with vessels and increased underwater anthropogenic sounds
associated with the airgun array impacts.

INTERIOR REGION 11 - ALASKA
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Ms. Holly Smith (07CAANO0Q-2020-I-02113

[ B ]

The NSF has proposed the fnllowing avoldance and minimization measures to reduce
potential impacts on ESA-histed manne mammals and seabirds. They have worked with the
Service’s marine mammal biologists to modified survey lines in sea otter critical habitat to
avoid enscnification above 160 decibels in these areas. The NSF will require use of
dedicated protected species observers to maintain visual watch during all daytime airgun
operations, and passive acoustic monitoring systems will be used at night to detect sea otters.
Power down and shut down procedures will be initiated when ESA-listed species are
detected in or about to enter designated exclusion zones. The NSF will require deck lighting
to be directed downward to aveid attracting seabirds and reduce risk of collision.

The Service agrees that the propesed avoidance and minimization measures should reduce
potential effects to listed species, with all remaining effacts expected to be either
insignificant or discountable. Therefore, the Service concurs with N5F's determination that
proposed project activities are not likely to adversely affect any listed species or their
designated eritical habitats. Based en your request and our response. requirements of section
T of the ESA have been satisfied However, if new information reveals project impacts that
may affect listed species or crtical habitat in a manner o1 to an extent not previously
considered, or if this action is subseguently modified in a manner which was not considered
in this assessment, or if a new species 1s listed or crifical habitat designated that may be
affected by the propesed action, section 7 consultation must be reinitiated.

This letter relates only to federally listed or proposed species and/or designated or proposed
critical habitat under junisdiction of the Service. It does not address species under the
jurisdiction of the National Marine Fishenies Service, or other legislation or responsibilities
under the Fish and Wildhife Coordination Act. Migratory Bird Treaty Act, Marine Mammal
Protection Act, Clean Water Act, National Environmental Policy Act. or Bald and Geolden
Eagle Protection Act.

Thank you for your coordination in meeting our joint responsibilities under the ESA. If
you have any questions regarding Service endangered species requirements relative to this
project, please contact Ms_ Jennifer Spegon at 907-271-2768 or at

jenmifer j spegonafws.gov.

Sincerely,
DOUGLASS E'ggé’:sgwdbrmuss
COOPER I:;;:ﬂmmza 144816

Douglass M. Cooper
Branch Chief, Ecological Services
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