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Executive Summary

Passive acoustic monitoring was conducted in the Gulf of Alaska Temporary Maritimei@ésthiéa
(GATMAA) from May to September 201&nd from April to September 2017 to rectind low-
frequencyambient soundscape addtectmarine mammal and anthropogesoundsiuring times of

naval exercises in the arddigh-frequency Acoustic Recording Packages (HARPS) recorded sounds
between 10 Hz and 100 kHz at three locations: a continental slope site in deep water (900 m depth, site
CB), a deep watesite (ydroptone was placed 4200 mat a location where depth was approximately

4000 m site AB), anda deep offshore site at Quinn Seamount (900 m depth, site QN

Ambient soundevels were highest at site CB in 2015, likely due to strumming of the hydrophone
suppat cable.Peaks in spectrumevelsoccurred at all sites during September aralrelated to the
seasonally increased presentélue and fin whaleghough peaks were higher overall in 2017

For marine mammal and anthropogenic sounds, data analysistedrd detecting sounds by analyst
visualscans of longerm spectral averages (LTSAs) and spectrograms, and by automated computer
algorithm detection when possible. The data were divided into three frequency bands and each band was
analyzed for marine ammal and anthropogenic sounds.

Fourbaleen whale sries were recorded: blue, fgray, and humpback whales. No Northdie right
whaleup calls were notedlue whales anfin whaleswere the most commonly detected baleen whales
in these recording8lue whale B calls werthe most commorblue whale call type detected and peaked
in August and September 2017 at all sites. Blue whale D calls were highest at site QN and lowest at site
CB. Central Pacific tonal calls were the least common blue whalgypalbut were detected at all three
sites, peaking in August. The fin whale acoustic index (representative of 20 Hz calls) was low
throughout the summer and began to increase in August at all sites. Meanwhile, fin whale 40 Hz calls
were seen througlut the recordings at all sitewith highest calling in June 2017 at site QN and lowest
calling at site ABHumpback whales were detected at sites CB and QN, with peaks in calling during
spring 2015 at site QN and spring 2017 at site CB. Gray whale M3 cafigletected in low numbers

and occurred onlgt sites CB and QN in 2015.

Signals from three known odontocete species wer
andpresumabl&&t ej ne ger 6 s Spgeenavkatedlicks bcaurred shroughout thenmer at all

sites, but were most common at site @R015 and sitesCBand QN in20C7uvi er 6 s beaked
were detectechost commonly at site AB in spring 2017, were detected only iori2@15 at site QN

and were never detected at site CB. Stejrieger beaked whal es wer e detect e
most detections occurring at site CB and the least at site QN.

Threeanthropogenic signals were detectedd-frequency activeNIFA) sonar, lowfrequency active

(LFA) sonar, and explosionMIFA sonar was detected in June 2015 and in May 2017 at all sites, while
LFA sonar was only detected in June 20MBese detectiacorresponded with knowraval training
exercisesSite CBhad the most MFA sonar packet detections normalized peiry2845 and, along

with site AB, had théighest cumulative sound exposigeels In 2017, site QNhad the lowest

maximum received levelsumulative sound exposure levasd the least amount of MFA sonar packet
detectionsExplosions were detected ioWl numbers at all sites, although there wereetections at

site CB in 2017. Explosionedections peaked in early spring in 2015 and occurred more sporadically in
2017.



Project Background

The Navyds Gulf of Al aska T AnMAS)risam ayea dparoximatelyne Ac
300 nautical miles (nm) long by 150 nm wide, situated south of Prince William Sound and east of

Kodiak Island Figurel). It extends fom the shallow shelf region, over the shelf kread into deep

offshore watersThe region has a subarctic climate and is a highly productive marine ecosystem as a
result of upwelling linked to the counterclockwise gyre of the Alaska current.

A diverse aray of marine mammals is found here, including baleen whales, beaked whale, other toothed
whales, and pinnipeds. Endangered marine mammals that are knowaki this area arglue

(Balaenoptera musculysfin (B. physaluy humpback Megaptera novaeatiae), North Pacific right
(Eubalaena japonica and sperm whale®fiysetemacrocephalug North Pacific right whles are of
particular interesas their current abundance estimate is only a few tens of animals, making them the
most endangered marine mammalcépein U.S. waters. Based wisual sighting in 20042006 a

North Pacific Right Whale Critical Habitat was defined on the shelf alengdhbtheastern coast of

Kodiak Island, bordering the GATMAA.
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Figure 1. Locations of current (black circles) and previous (white circlesHigh-frequency Acoustic
Recording PackaggHARP) deployment sitesin the GATMAA (gray line) . Only sites CBand QN were
monitored from May to September 2015; whereas CB, AB, and QN were monitored from April to
September 2017

Darker color indicatesdeeperdepth.



In July 2011, an acoustic monitoring effort was initiated at two sites (CA Bnd@blel) within the

boundaries of the GATMAA with support from the Pacific Fleet under contract to the Naval

Postgraduate School. The goal of this effort was &aitierize the sounds produced by marine mammal
species present in the area, determine their seasonal patterns, and evaluate the potential for impact from
naval operationslhe lowfrequency ambient soundscape and anthropogenic sounds were also analyzed.
Additional monitoring sites were added to this effeith PTin 2012 KO and QN in2013, andAB in

2017 {Tablel). This reprt will cover only sites CB, AB, and QMs monitoring effort was suspended

for sites CA, KO, and PT in 2014 2017 site AB was added to examine a d@afer site that is not

located at a seamount.

Table 1. Locations for HARP deployment sites in GATMAA.

Site Latitude Longitude Depth (m) | Years Monitored
CA 59°0.5N 148 54.1 W 200 2011- 2014
CB 58°40.26 N 148 01.45W 900 201171 2017
PT 56° 14.6 N 142 45.46 W 1000 20127 2014
KO 57°20.0N 150° 40.1 W 200 2013i 2014
QN 56° 20.48 N 145> 10.99 W 900 2013- 2017
AB 57°30.82 N 146> 30.05 W 1200 2017

This report documents the analysis of data recorded by thredidigiency Acoustic Recording
Packages (HARPSs) that were deployed within the GATMAA in May 2015Aanitl 2017 Figurel).

The three sites include a continental slope site in deep water (site CB), a deep offshore site at Quinn
Seamount (site QN@and a deepvatersite between sites CB and Qite AB) (Tablel). Data from site

CB was analyzed for May t8eptember 2018nd again from April to September 20Table2). Data

from siteAB were analyzed from April to September 20Tal§le2). Data from site QN were analyzed

for May to August 2015 and again from April to September 20able?2).



Table 2. GATMAA acoustic monitoring since July 2011. Deployment periods analyzed in this report are
shown in bold.

Results through early 2015 are described in BaumanRickering et al. (2012) Debich et al.(2013) Debich
et al. (2014) and Rice et al(2015)

Deployment Nam¢g  Deployment Period | Duration (days) | Duration (hrs) | Sample Rate (kHz)
CA01 7/13/20111 12/17/2011 157.97 3791.3 200
CB01 7/13/2011 2/19/2011 221.83 5323.97 200
CA02 5/3/2012i 1/16/2013 343.94 8254.45 200
CB02 5/3/2012i 2/12/2013 285.98 6863.63 200
PTO1 9/9/2012i 6/10/2013 274.63 6591.08 200
CAO03 6/6/2013i 6/17/2013 11.43 274.45 320
CB03 6/6/2013i 9/5/2013 90.37 2168.85 200
KOO01 6/9/2013i 6/26/2013 18.09 434.05 200
PTO02 6/11/2013 8/20/2013 70.02 1680.52 200
QNO1 6/10/2013 9/11/2013 93.28 2238.80 320
CA04 9/6/2013i 4/28/2014 234.74 5633.85 200
CB04 9/5/2013i 4/28/2014 235.59 5654.27 200
KO02 9/8/2013i 5/1/2014 234.91 5637.85 200
PTO3 9/3/2013i 3/21/2014 198.95 4774.73 200
QNO02 9/11/2013 4/16/2014 217.03 5208.85 200
QNO3 4/30/2014i 5/24/2014 23.74 569.69 200
CAO05 4/29/2014 9/9/2014 133.05 3193.18 200
CB05 4/29/2014 9/9/2014 133.19 3196.61 200
KO03 5/1/2014i 9/11/2014 133.34 3200.07 200
PTO4 4/30/2014 9/10/2014 133.27 3198.41 200
CB06 9/9/2014i 5/1/2015 233.64 5607.44 200
QNO04 9/10/2014i 5/2/2015 233.37 5600.99 200
CBO7 5/1/2015i 9/6/2015 128.18 3076.35 200
QNO5 5/2/2015i 8/18/2015 108.51 2604.29 200
ABO1 4/29/2017 9/13/2017 136.6 3278.36 200
CB08 4/30/2017 9/12/2017 135.13 3243 200
QNO6 4/30/2017 9/13/2017 136.64 3279.39 200

Methods

High-frequency Acoustic Recording Package (HARP)

HARPswere used to recotthe lowfrequency ambient soundscape as wethasnemammal and
anthromgenic sounds the GATMAA. HARPs carautonomouslyecordunderwater sounds from 10
Hz up to 160 kHz and are capable of approximately 398 dhcontinuous data storagheTHARPS
weredeployedn a seafloor mooring configuration withé hydrophones suspendideastlO m above
the seafloorEach HARPhydrophmeis calibrated in the laboratory to provide a quantitative arsbyfsi
the received sound fielRepresentative data loggers and hydrophones wereadismated at the
Navyobés Tr ansdu c dacilitygovarifydhe taboratary calibratibr@\iggins and
Hildebrand, 2007)



Data Collected

Acoustic data have been collectgithin the GATMAA using autonomous HARPs since July 2011
(Table2). Each HARP sampled continudysit 200 kHz except for deployments CA03 and QNO1,
which were sampled at 320 kHEable2). The sites analyzed in this report are designated sitéBB,
and QN(Tablel). A total of15,481hours, covering45days of acoustic data wemecorded in the
deployments analyzed in this repd@ata from site CB was analyzed for May 1 to Septer6b2015,
with a gap from~July 207 August 10 in the low and miftequency due tbard drive failuresand again
from April 30to Septembet2,2017(Table2). Data from site AB were analyzed from April 29 to
September 13, 201T4ble2). Data from site QN weranalyzed for Mag to Augustl18,2015 and
again from April30to Septembet3,2017 [Table?2).

Data Analysis

Long-Term Spectral Averages (LTSAsereexamined fomarine mammal and anthropogenic sounds.
Data were analyzed by visually scanning LTSAs in segpazific frequency bands and, when
appropriate, using automatic detection algorithms (described below). During visual analysis, when a
sound of interest vaidentified in the LTSA but & origin was unclear, the wavefoandbr

spectrogam wereexamined to further classify the sounds to speciesuwrcsoSignal classifications
werecarried out by comparison to knawspeciesspecific spectral and temporal chaeaistics.

Recording over a broad frequencyga of 10 Hz 100 kHz allows monitoringf the lov-frequency

ambient soundscape and detectiobaleen whales (mysticetes), toothed whales (odontocetes), and
anthropogenic sounds. The presence of acoustialsifrom multiple marine mammal species and
anthropogenisources was evaluated in the recordifgsdocument the data analysis process, we
describe the major classes of marine mammal calls and anthropogenic sound in the GATMAA, and the
procedures used detect them. For effective analysis, the data were divided into three frequency bands:

(1) Low-frequency, between 10500 Hz
(2) Mid-frequency, between 105,000 Hz
(3) High-frequency, betweeni1100 kHz

Each band was analyzed for the sounds of an appropubset of species or sources. Blue, fin, gray,
and North Pacific right whales, as well as {bwquency active sonar soundsre classified as low
frequencyHumpback whalesxplosions, and miffequency active sonar sounds were classified as
mid-frequerty. Beaked whale and sperm whales were classified adreighency. For the analysis of
mid-frequency recordings, data were decimated by a factor of 20. Analysis-&flguency recordings
required decimation by a factor of 100. The LTSAs were creaiad as s time average with 100 Hz
frequency resolution for higlrequency analysis, 10 Hz resolution for Afidquency analysis, and 1 Hz
resolution for lowfrequency analysis.

We summarize results of the acoustic analysisecardingsetween May 201%&nd September 20k

sites CB and QN, and between April and September 2017 C#&B, and QN We discuss seasonal
occurrence and relativéoandance of calls fa@pecies and anthropogenic sounds that were consistently
identified in the data.



Low-Frequency Ambient Soundscape

Ocean ambient sound pressure levels tend to decrease as frequency ifMfease$962) While

baleen whales and anthropogenic sources, such as fepgeasd airguns, often domindke ambient
soundscape below 100 KlzGi rebaV, 2004; McDonalcet al, 2006a; Wiggint al, 2016) wind

causes increased sound pressure levels from 200 Hz to 2&Khkbidsenet al, 1948) In the absence of
wind, ambient sound pressure levels are low and difficult to measinegiuencieabove~10 kHz
Therefore, to analyze the ambient soundscape, data were decimated by a factor of 100 to provide an
effective bandwidth of 10 Hz to 1 kHETSAs were then constructed with 1 Hz frequency and 5 s
temporal resolutionTo determindow-frequencyambient sound leve]daily spetra were computed by
averaging five5 s sound pressure spectrum levels calculated from each 75 s acoustic record. System
selfnoise was excluded from these averageklitionally, daily averaged sound pressure spectrum
levels n 1-Hz bins were concatenated to produce {argn spectrograms for each site.

Low-Frequency Marine Mammals

The Gulf of Alaska is inhabited, for kast a portion of the year, bjue whales, fin whales, gray

whales, and North Pacific right whald$e hourly presence of Northeast Pacific blue whale B calls and

D calls, Central Pacific tonal blue whale calls, fin whale 40 Hz calls, gray whale M3 calls, and North
Pacific right whale up calls was determined by manual scrutiny ofreguency LTSAs and

spectrograms in the custom software progfaiton. The same LTSA and spectrogram parameters were
used for the manual detection of all calls typgdse LTSA frequency was set to display betwee30Q

Hz with a Xhour plot length. To observe individual lsalthe spectrogram window was typically set to

display 2200 Hz with a 60 s plot length. The FFT was generally set between 1500 and 2000 data points,
yielding about a 1 Hz frequency resolution, with a 90% overlap. When a call of interest was identified in
the LTSA or spectrogram, itds presence during t
detected automatically using the energy detection method described below for all depleyrdemnts
reported as a daily avec aige(dGitréea,d18) t he 6fin wh

Blue Whales

Blue whales produce a variety of calls worldw{tcDonaldet al, 2006b) Blue whale calls recorde

in the Gulf of Alaska include the Northeastdffic blue whale B calfFigure2) and the Central Pacific
tonal call Figure3). These geographically distinct calls are possibly associated with mating functions
(McDonaldet al, 2006b; Olesoet al, 2007) They ae lowfrequency ( <20 Hz), have long duration,
andoften are regularly repeatellso detected were blue whale D calldyich are downswept in
frequency (approximately 10400 Hz) withaduration of several secondadqure4). These calls are

similar worldwide and are associated with feeding animals; they may be produceecasicgt call
between multiple animal®©lesonet al, 2007)
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Northeast Pacific blue whale B calls
Northeast Pacific blue whale B caflsigure2) were detected via manual scanning of the LTSA and
subsequent verification from a spectrogram of the frequency and temporal characteristics of the calls.
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Figure 2. Northeast Pacific blue whale B calls (just below 50 Hz) in Lonterm Spectral Average (LTSA;
top) and an individual call shown in a spectrogram (bottompreviously recorded at site CB.

Central Pacific tonal blue whale calls
Central Pacific tonal blue vette calls(Figure3) were detected via manual scanning of the LTSA and
subsequent verification from a spectrogram of the frequency and temporal characteristicalts.the
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Figure 3. Central Pacific tonal calk (just below 20 Hz) in an LTSA (top) and an individual call shown in a
spectrogram (bottom) previously recorded at site CB.
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Blue whale D calls
Blue whale D callsKigure4) were detected via manual scanning of the LTSA and subsequent

verification from a spectrogram of the frequency and temporal characteristics of the calls.
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Figure 4. Blue whale D calls (around 50 Hz) in an LTSA (top) and two individual calls shown in a
spectrogram (bottom) previously recorded at site CB.
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Fin Whales

Fin whales produce two types of short (approximately 1 s durationfrémuency calls: downsweeps
in frequency from 3@5 Hz, called 20 Hz call@Vatkins, 1981Figure5), and downsweeps from Z&
Hz, called 40 Hz call6 Gi rebaV, R013 Figure6). The 20 Hz calls can occur at regular intervals as
song(Thompsoret al, 1992) or irregularly as call countexalls among multiple, traveling animals
(McDonaldet al, 1995) The 40 Hz cks most often occur in irregular patterns.

20 Hz calls

Fin whale 20Hz calls Figure5) were detected automatically ngian energy detection methpdGi r o v i |
et al, 2015) The method usesdifference in acoustic energy between signal and noise, calculated fr

a longterm spectral average (LTSA) calculated over 5 s with 1 Hz frequency resolti®ifrequency

at 22 Hz was used as the signal frequeidigukirketal, 2 0 1 2 et alG20t5pwhile hoise was
calculated as the averageergy bet ween 10 and 34 Hz. The resul
index6 and i s r e pAllcalcdationsavwere perfatnaed dnya logantiemic acgle. .

150
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Figure 5. Fin whale 20 Hz calls in an LTSA (top) and three individual calls shown in a spectrogram
(bottom) previously recorded at site CB.
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40 Hz calls
Fin whale 40 Hz callsHigure6) were detected via manual scanning of the LTSA and subsequent

verification from a spectrogram of the frequency and temporal characteristics of the calls.
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Figure 6. Fin whale 40 Hz calls in an LTSA (top) and an individal call shown in a spectrogram (bottom)
previously recorded at site CB.
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Gray Whales

Gray whales pduce a variety of calls thaften have lower source levels than most other baleen whale
calls and thus ppmagate over shorter distanc&@geonly gray whale call type for which there was
detection effort during our study was the M3 call, which is afil@guency, short moan with most

energy around 50 HF{gure7), andis the most common call produced by migrating gray whales
(Crane and Lashkari, 1996)

0 0.1 02 0.3 04 05 0.6 07 ) 08 08 1
000612014 170005 Time hours]

0810612014 17:40:25.500.000 Time [seconds]

Figure 7. Gray Whale M3 calls in an LTSA (top) and an individual call shown in agectrogram (bottom)
previously recorded at site KO.
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North Pacific Right Whales

North Pacific right whales are a highly endangered species that was plentiful in the Gulf of Alaska prior
to intensecommercialwhaling efforts(Scarff, 1986; Brownelet al, 2001) These whales make a

variety of soundshie most common of which is tlup call (Figure8). The up caltypically sweeps

from about 90 to 150 Hz or as high as 200 Hz, and has a duration of approximatelyClosald and

Moore, 2002) There were no right whale up caflstectedluring this reporting period.

Frequency [Hz]

oM 255
0 0.1 5 g . g
08/03/2013 18:00:00 Time [hours]

08/03/2013 18:38:25 Time [seconds]

Figure 8. North Pacific right whale up call in an LTSA (top) and an individual call shown in a spectrogram
(bottom) previously recorded at site QN.

Mid -Frequency Marine Mammals

Humpback whales were the only marine mammal species @utief Alaska with calls in the mid
frequency range monitored for this rep&/e detected humpbaekhalecalls using an automatic
detection algorithm based on the generalized powe(HBlbleet al, 2012)for deployments CB07 an
QNO5. The detections were subsequently verifieddoezuracy by a trained analygtigure9).
Humpbackwhalepresenceavas determined by manual scrutiny of Afidquency LTSAs and
spectrograms in the custom software progfaiton for all other deploymentsThe LTSA frequency

was set to display between-5M00 Hz with a dhour plot length. To observe individual calls, the
spectrogram window was typically set to display31000 Hz with a 30 s plot length. The FFT was
generally set between 1000 and 18@fa points, yielding about aH¥ frequency resolution, with a

90% overlap. When humpback calls were identified in thBA®r spectrogranthey were logged
according to the start time and end time of the encounter. An encounter was consider to end when there
were no calls for 30 minthe encountedurations were added to estimate cumulative hourly presence.
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Humpback Whales

Humpback whales produ@mth song and nesong call{song shown ifrigure9). The song is
categorized by the repetition of units, phrases, and themesakty of calls as dmed by Payne &
McVay (1971) Non-song vocalizations such as social and feeding soundsstohsgidividual units that
can last from 0.15 to 2.5 secor(@unlop et al, 2007; Stimperet al, 2011) Most humpback whale
vocalizations are pduced between 10,000 Hz.There was no effort to separate song andsuwny

4 = s o Al | S r » 4y e} 2, - 4 ol
75 ] i ars j 675 12 7
597 % completed 14-May-2014 08:4547

0 375
14-May-2014 08:31:48
Figure 9. Humpback whale song shown in the analyst verification stage of the detector previously recorded
at site KO.

High-Frequency Marine Mammals

Marine mammal species in the Gulf of Alaska with sounds in the-frigfluency range monitored for

this report include sperm whald®hfyseter macrocephaluyss, Cuvi er 0 s Ziphesa k ed wh al
cavirostrig , and St e ne gMesapledorbstejackézifcbr preimavhates, individual

clicks were detected and their durations summed to determine a weekly average of the number of hours
of clicks per day. For beaked whaldss start and end of each catlsession was logged and their

durations were added to estim@&umulative hourly presence.
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High-Frequency Call Types

Odontocete sounds can be categorized as echolocatig, dlurst pulses, or whistldscholocation
clicks are broadband impulses with peak energy between 5 and ¥58dgp&ndent upon the species.
Buzz or burst pulses are rapidly repeated clicks that have a creak dikieustzund quality; they are
generally lower in fregency than echolocation clickiBolphin whistles are tonal calls predominantly
between 1 and 20 kiHthat vary in frequency content, their degree of frequenaulation, as well as
duration.These signals are easily detectable in an LTSA as well as the spectrbgyaral0).
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Figure 10. LTSA (top) and spectrogram (bottom) demonstrating odontocete signal types.

Sperm Whales

Sperm whale clicks generally contain energy fre0RHz, withthe majority of energy between-16

kHz (Mghl et al, 2003 Figure11). Regular clicks, observed during foraging dives, demonstrate a
uniform interclick interval from 0.252 second¢$Goold and Jones, 1995; Madsstral, 2002) Short

bursts of closely spaced clicks called creaks are observed during foraging dives and are believed to
indicate a predation attemfWatwoodet al, 2006) Slow clicks are used only by males and are more
intense than regular clicks with losgnter-click intervals(Madsenret al, 2002) Codas are stereotyped
sequences of clicks which are less intense and contain lower peak frequencies than regular clicks
(Watkins and Scheuvill, 1977)

For deployments in 2015 (CB07 and QNO5) sperm whale clicks were logged after manual scrutiny of
LTSAs and spectrograms in the custom software progigion. For deployments in 2017 (CB08,

ABO1, and QNO06) sperm whale clicks were detected using the autanmethod described below.
Therefore, plots of sperm whale clicks give cumulative hourly presence per week in 2015 and give
weekly average of the number of hoursnafividual clicks per dayor 2017.

The automatic detection of sperm whale clicks imedItwo stages of detection. In the fiasialysis

stage a ship detector based on spdgt@aver and received levels was used to detect time periods that
containedshipping noiseas most false detections classified as sperm whales are cavitation pulses o
ship motorslt is therefore not feasible to identify sperm whale clicks when ship noise is pr&ient.
automaticship detections were reviewed ayrained analysiime periodsthat contained shipping
sounds were removed from furtharalysisand wee considered p#&ods of no effort.
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In the second analysis stageajiindual sperm whalecholocation clicks were automatically detected
with a Teager energyetector(Soldevillaet al, 2008; Roclet al, 2011b) Acoustic encounters were
defined as clicks separated by at least 30 Milsperm whale eoustic encounters were scrutinized to
remove false detecins andccorrect misidentified sperm whale cliciks described below. Since the
detector operated on a running average noise flaamnsistent detection threshdidsed on received
levels was appliedEncounters of less than 75s duration were discardetinionize the number of false
detectionsTheremaining acoustic encounters waranually reviewed using comparative panels
showing longterm spectral average, received levels, peak frequency, angitgerinterval of
individual clicks over time, as weds spectral and waveform plots of selected individual signals.

Within each encounter, periods with false detections werevedby manual editinfghen the detections
were identifed as being from vessels, sqrarguns, delphinids or beaked whalesjng to inappropriate
spectral amplitude, ICI, or waveform.
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Figure 11. Sperm whaleecholocationclicks in an LTSA (top) and spectrogram (bottom)recorded at site
CB.

Beaked Whales
Beaked whales can be identified acousticajlyteir echolocation signa{8aumannrPickeringet al,

2014) These signals are frequentypduated (FM) upsweppulses, which appear to be species specific
andaredistinguishable by their spectral and temporal featuresitifiable signals are known for

B a i r(Berardius bairddi), Bl a i(Mesdplbdoredérnsirostiis Cu v i dkelpSt, e jamealger 0 s
beaked whale@BaumannrPickeringet al, 2013b)

Beaked whale FM pulsegere detected witan automated metkl. Beaked whalsignal types searched
forincludeldlCuvi er 6s and St e j(BasgreRiokesingdt al.s2R180)Afterhlla | e s
echolocation signals were idemtifi with a Teager Kaiser energy dete¢®oldevillaet al, 2008; Roch
et al, 2011b) an expé system discriminated betwedalphinid clicks and beaked whale FM pulses
based on the parameters described béRwochet al, 2011hb)

A decision about peence or absence of beakeldale signals was based on detections within a 75

second segmen@nly segments with more than sedstections were used further analysis. All

echolocation signalsith a peak and center frequertmgiow 32 and 25 kHz, respectively, a duration

| ess t h adasWéeprate o less thankt®/ms were deleted. If more than 13% of all initially
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detected ecHocation sgnals remained aftepplying these criteria, the segment was classified to have
beaked whale FM pulseshis threshold was chosen to obtain the best balance between missed and false
detectionsA third classification step, based on computer assisted rhdaoc@ions bya trained analyst,
labeled theautomatically detected segments to pulse type anctedjéalse detection®aumann

Pickeringet al, 2013a) The rate of missed segments was appnaxely 5% The start and endf @ach

segment containing beaked whale sigmas logged and their durations were editb estimate

cumulative weeklyresence.

Only Cuvieros and Signalgwere detectal slurirng ¢his keeonlingrpariad aad their
signals are described below in more detail.

Cuvierds Beaked Whal es

Cu v i akédsvhalecholocation signals are well differentiated frometr s peci esd acou
as polycyclic, with a&haracteristic FM pulse upsweep, peak frequency around 40 kHz, and uniform
inter-pulse interval of about 0#40.5 s(Johnsoret al, 2004; Zimmeeet al, 2005 Figure12). An
additional feature that helps with t hcearactetfiggiot i f i

spedral peaks around 17 and 23 kHz
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Figure 12. Echolocation sequencedtuvi er 6s beaked whale in an LTSA (1t

a spectrogram (middle) and timeseries (bottom) previously recorded at site PT.
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Stejneger6s Beaked Whal es

Presume®6t ej neger 6s beaked whal es ar e edlbeakedswhaleanal | vy
the Aleutian Islands chaifBaumannrPickeringet al, 2013b) however, they have been rarely

encountered at s€boughlinet al, 1982; Mead, 1989; Walker and Hanson, 1984) their distribution

has been inferred from stranded aninfAlien and Angliss, 2010)Their echolocation signals are easily
distinguishedo m ot her speciesdé acoustic signals; they
structure and FM pulse upsweep with a peak frequency around 50 kHz and uniforpulseanterval

around 90 m¢BaumannPickeringet al, 2013a; BaumanPRickeringet al, 2013h Figure13).
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Figure 13. Echol ocation sequence of Stejnegerds beaked w
spectrogram (middle) and timeseries (bottom) previously remrded at site QN.

Anthropogenic Sounds

Several anthropogenic sounds occurring at low andfragliency ranges (<5 kHz) were monitored for
this report: mid frequency active (MFA) sonar, lefwequency actig (LFA) sonar, and explosions.

MFA sonar, and eXpsions were detected with automated routines, described separatelyfmow.

MFA, the start and end of each sound or session was logged and their durations were added to estimate
cumulative hourly presencEor explosions, the total number of detectipesweek are showhFA
sonarwas detected by manual scrutiny of Hnequency LTSAs and spectrograms in the custom
software progranTriton. The LTSA frequency was set to display betwednQDO Hz with a dhour plot
length. To observe individual signatee spectrogram window was typically set to disples00 Hz, or
500-1,000 Hz, with a 60 s plot length. The FFT was generally set between 1500 and 2000 data points,
yielding about a 1 Hz frequency resolution, with a 90% overlap. When a signal of intasasiewtified

in the LTSA or spectrograrmpresence during that hour was logged.
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Mid -Frequency Active Sonar

Saunds from MFA sonar vary in frequencyi(1.0 kHz) andare composed of pulses of both frequency
modulated (FM) sweeps and continuous wave (@Wgs grouped in packets with durations ranging
from less than 1 s to greater than 5 s. Packets can be composed of single or multiple pulses and are
transmitted repetitively as wave trains with irpaicketintervals typically greater than 20Bigure14).
While they can span frequencies from about 1 kHz to over 50tkidznost common MFA sonar

signals are between 2 and 5 kHz and are more gemeri|l v knowh @aenar3. 5 kHz
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Figure 14. Mid-frequency Active (MFA) sonar in an LTSA (top) and sgectrogram (bottom) recorded atsite
CB.
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MFA sonar was detected using a modified version oSiti@do detection systerfRochet al, 2011a)
originally designed for characterizing toothed whale whistles. Theitigoidentifies peaks in time
frequency distributions (e.gpectrogram) and determines wheaks should be linked intaggeaph
structure based on heuristic rules that include examiningdjeetiory of existing peak#;acking
intersections between tirfeequency trajectories, and allavg for brief signal drpouts orinterfering
signals. Detection graphs are then examined tatifigendividual tonal contourtooking at trajectories
from both sides of timérequency intersamn points. For MFA detectiomparameters were adjusted to
detect tonal contours at above 2 ki in data decimated to a 10 khample rate with timé&equency
peaks with signal to noise ratios of 5 dB or above and codtoations of at least 200 ms with a
frequency resolution of 100 Hz. The detector frequenitigered on noise produddy instrument disk
writes that occurredt&5 s intervals.

Over periodof several months, these disk write detections dominated thberwof detections and
could beeliminated using an outlier detection test. Histograms of the dmtestart times mado the

disk write period were constructed and outliers were discarded. Tha/egshsome valid detections that
occurred during disk writes, but as the disk writes and sonar sigealseorrelated this is expected
only have a minor impact on analysis the detector did not distinguish betwesonar andon
anthropogenic tonal signals within the operating band (ergpback whales), human analysts
examined detection output and accepted or rejected contigusus sletectionsStart and end time of
these cleaned sonar events were then created to be used in further processing.
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These start and end times were used to read segments of waveforms upon which a 2.4 to 4.5 kHz
bandpass filter and a simple time series energy detector was applied to deteetanck various
packet parameters after correcting for the instrument calibrated transfer fuli¢tgmins, 2015) For
each packet, maximum pe#dcpeak (pp) received level (RL), sound exposure level (SEL);maan
squargRMS) RL,anddate/time of packet occurrenaere measured and saved.

Typically (in the Southern California Range Complexgrious filters ee applied to the detections to

limit the MFA sonar detection range to ~20 km for-a%is sgnals from an AN/SQS3C source, which
resultsin a receivedevel detection threshold of 13B pp re 1 pPaHowever, in GATMAAa threshold

of 116 dB pp re 1 yPaas used, resulting in a detection range greater than ZWkygins, 2015)
Additionally, a shorter pulse lockout period (9 s) was used to account for MFA events with shorter
intervals between packetastrument maximum received leweas ~162 dB pp re 1 pPabove which
waveform clipping occurred?ackets were grouped into wave traseparated by more than 1 hour.

Packet received level and duration distributions were plotted along with the number of packets and
cumulative SEL (CSEL) in each wave train over the study peleent duration and the total duration

of detected pings wemdso calculated. Event (wavetrain) duration is the difference between the first and
last ping group detection. The total duration of detection pings for an event is the sum of the ping group
(packet) durations, which is measured as the period of the wavéiat is 0 to 10 dB less than the
maximum peako-peak received level of the ping group.

Low-frequency Active Sonar

Low-frequency active sonar indas military sonar up tb kHz (Figurel15). This longrange sonar uses

low frequencies to minimize absorption effects. Analysts manually scanned LTSAs for LFA sonar bout
start and end tingebetween 0 and 500 Hz and 500690 Hz.
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Figure 15. Low-frequency Active (LFA) sonar in an LTSA (top) and aspectrogram (bottom) recorded at
site CB.
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Explosions

Effort was directed toward finding explosive sounds in the data including military explosions, shots

from swb-seafloor exploration, and seal bomised by the fishing industrnfn explosion appears as a

vertical spike in the LTSA that, when expanded in the spectrogram, has a sharp onset with a reverberant
decay Figure16). Explosions were detected automatically for all deployments using a matched filter
detector on data decimated to 10 kHz sampling rate. Thesténes was filtered with a {®rder

Butterworth bandpass filter between 200 and 2000 Hz. Cross correlation was computed between 75
seconds of the envelope of the filtered tseeies and the envelope of a filtered example explosion (0.7

s, Hann windowed) as the matched filtersighah e cr oss correl ati on was s
explosion detections. A floating threshold was calculated by taking the median cross correlation value
over the current 75 seconds of data to account for detecting explosions within noise, sygbirag shi

cross correlation threshold 8k10° above the median was set. When the correlation coefficient reached
above threshold, the tinseries was inspected more closely.

Consecutive explosions were required to have a minimum time distance of (8sstcbe detected. A
300-point (0.03 s) floating average energy across the detection was computed. The start and end of the
detection above threshold was determined when the energy rose by more than 2 dB above the median
energy across the detsn. Peako-peak (pp) and RMS received levels (Rigre computed over the
potential detection period and a tiseries of the length of the explosion template before and after the
detection. The potential detection was classified as false and deleteth# dBdifference pp and RMS
between signal and time AFTER the detection was less than 4 dB or 1.5 dB, resp&jtihel\B

difference pp and RMBetween signal and time BEFORE signal was less than 3 dB or 1 dB,
respectively; an@) the detection was shortéran 0.03 or longer than 0.55 seconid®e thresholds were
evaluated based on the distribution of histograms of manually verified true and false detections. A
trained analyst subsequently verified the remaining detections for accuracy. Explosions havasnerg
low as 10 Hz and often extend up to 2,000 Hz or higher, lasting for a few seconds including the
reverberation.

0 3 1 1 1 0 5 4 1 54 57 60
04-Jun-2014 01:40.24 298 % completed 05Jun2014 02.20.59

Figure 16. Explosions in the analyst verification stage of the detector previously recorded at site PT.
Green inthe bottom evaluation line indicates true and red indicates false detections.
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Results

The results of acoustaata analysis at sites GBid QN from Mayto Septembe?2015and sites CB, AB,

and QN from Aprilto September 2017 are summarized below.dé&cribe the lovirequency ambient
soundscape, the seasonal occurrence and relative abundance of marine mammal acoustic signals and
anthropogenic sounds of interest.

Low-Frequency Ambient Soundscape

T

T

=

In 2015 site CBhad overall elevatesound pressurgpectrum levelsbelow 20 Hz, compared to
other deploymentdikely due b strumming of the hydrophone support l{Régurel7).

Elevated spectrum levels from 185 Hzin September 2017 at each siteratated to the

seasonal increase imfwhale20 Hz callg(Figurel7).

The prominent peak from 40 Hz in September at all sites is related to the seasonal presence
of blue whale B callsthough this peak was much greater in 2(Higure17).

Overall levels from 300 Hz at QN were about2dB higher in 2017 than in 201B6igurel17).

The peak arounti50 Hz visible atites AB and QNin April 2017is likely due tonearby vessel
noise(Figurel?).
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Mysticetes

Four baleen whale species were recorded from td&eptember 2015 and from April $&&ptember
2017: blue whales, fin whales, gray whales, and humpback whales. There were nondetédtmrth
Pacific right whale up callduring this monitoring period. Relative hourly calling abundance varied
among species. More details of each species presence at each site are given below.

Blue whales
Blue whale calls were detected at all sited were most prevalent during late summer

1 Northeast (NE) Pacific bk whale B calls typically started being detectedune and July and
peaked in August and September. Detections were highest in 2017 at site AB, although similar
numbers of detections occurred at all three sites in ZBifjdre18). Detections were overall
higher in 2017 than in the same months in 2@A8ugh recordings in 2015 likely did not capture
peak calling presence

1 In August 2017 site AB there were more NE Pacific blue whale B calls detected at night,
though overallltere was neleardiel pattermat any sit§Figure19).

1 Central Pacific toal calls occurred mainly in August and September at all sites but occurred in
relatively low numbers overall, compared to other blue whale call {fjgsre20).

1 There was no diel pattern for Central Pacific tonal catigire21).

1 Blue whale D calls occurred throughout the summer at all sites and peaked in July at sites AB
andQN (Figure2?2). Detections were lowest overall at site @&d highest at QXFigure22).

1 There was a diel pattefor blue whale D calls with increased calling around sunset and sunrise,
most obvious at sites AB and QRigure23).

1 These results are consistent witlevious mortbring periodsat these site@BaumannPickering
et al, 2012; Debiclet al, 2013; Debiclet al, 2014; Ricest al, 2015)
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Figure 21. Diel presence of Central Pacific tonal blue whale calls, indicated by blue doits,one hour bins at
sites CB (left), AB (middle), and QN (right).
Gray vertical shading denotes nighttime and gray horizontal shading denotes absence of acoustic data.
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Figure 23. Diel presence of blue whale D calls, indicated by blue dots, in one hour bins at sites CB (left), AB
(middle), and QN (right).
Gray vertical shading denotes nighttime and gray horizontal shading denotes absence of acoustic data.
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Fin whales
Fin whales were detected throughout the recordings at all sites

1 The highest values of the fin whale acoustic index (representdt®@Hz calls) were measured
at site CB, though the index peaked in August and September 2017 at aRigitesZ4).

1 The fin whale acoustic index wagenerally bw in 2015 Figure24).

1 Inthe eastern North Pacific, fin whale 20 Hz calls are generally detected from October through
April (Watkinset al, 2000) which explains the very low values of the fin whale acoustic index
for most of the recording perio&igure24).

1 Fin whale 40 Hz calls were recorded throughout the recording period at all sites but were lowest
at site AB and peaked spring 2017 at site QNF{gure25).

1 There was no discernable diel pattern for fin whale 40 Hz dalisie26).

1 Differences in the timing gbeak calling presence per call type may indicate distinct behavioral
functions associated with these call type& i rebal, R013)

1 These results are consistent witlevious monitoring periodst these site@BaumannPickering
et al, 2012; Debictet al, 2013; Debiclet al, 2014; Ricest al, 2015)
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Figure 24. Weekly presence of fin whale acoustic index (prgxfor 20 Hz calls)from May to September
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shading represents periods Wh no recording effort. Where gray dots or shading are absent, full recording
effort occurred for the entire week.
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Figure 26. Diel presence of fin whale 40 Hz calls, indicated by blue dots, in one hour bins at sites CB (left),

AB (middle), and QN (right).

Gray vertical shading denotes nighttime and gray horizontal shading denotes absence of acoustic data.
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Gray Whales
Gray whale M3 calls were detected in low numb&rere were no M3 calls at any site in 2017.

1 Gray whale M3 calls were detectedsdaes CB and QN in 201%igure27). There were no M3
calls at any site in 2017.

1 Calls occured during July at both sitesdduring August at site CBRigure27).

1 There were too few gray whale M3 calls detected to determine a diel patteaugh all
detected calls occurred during dayti(fégure28).

1 Gray whale M3 call detections are most common on the continenta(Bkéithet al, 2014;
Riceet al, 2015)ard have been detectedly oncepreviouslyat site CB(BaumannPickeringet

al., 2012)
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Figure 27. Weekly presence of gray whale M3 callsetween May2015 and SeptembeR017 at sites CB

(top) and QN (bottom). There were no M3 calls at any site ir2017.

Gray dots represent the percent of effort per week in weeks with less than 100% recording effort, and gray
shading represents periods with no recording effort. Where gray dots or shading are absent, full recording
effort occurred for the entire week.
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Figure 28. Diel presence of gray whale M3 calls, indicated by blue dots, in one hour bins at sites CB (left)
and QN (right) in 2015 There were no M3 detections at any site in 2017.
Gray vertical shading denotes nighttime and gray horizontal shading denotes absence of acoustic data.
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Humpback Whales
Humpback whale calls were detected in low numbers at sites CB anth@Nwere not detected at site
AB in 2017.Calls were detected automatically in 2015 and manually in 2017.

1 In 2015, umpback whale detections werighest at site QN buwterevery low at site CB
occurring on just two days for a very short time pe(idure29; Figure 30).

1 In 2017, humpbactwhaledetections were highest at site CB but were overall very Fogu(e
29).

1 There was no consistent diel pattern for humpback whale detections but the calls in July and
August 2015 at site QN occurred predominantly at nigbivever in 2017 they occurred only
during the dayFigure 30).

1 The low number of calls during summer months is consistent with previoagoring periods
at these siteBaumannPickeringet al, 2012; Debictet al, 2013; Debictet al, 2014; Riceet

al., 2015
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Figure 29. Weekly presence of hmpback whale callsfrom May to September 2015 and April to September
2017at sites CB (top)and QN (bottom). Detections in 2015 at site CB were very short and are difficult to see
in the plot. An automatic detector was used for analysis in 2015 while calls were logged manually in 2017.
There were no detections of humpback calls at site AB in 2017.
Gray dots represent the percent of effort per week in weeks with less than 100% recording effort, and gray
shading represents periods with no recording effort. Where gray dots or shading are absent, full recording
effort occurred for the entire week.
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Figure 30. Diel presence of humpback whale calls, indicated by blue dots, in one minute bins at sites CB
(left) and QN (right). There were no detections of humpbackvhale calls at site AB in 2017.
Gray vertical shading denotes nigltime and gray horizontal shading denotes absence of acoustic data.
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Odontocetes

Three odontocete species were detefritmd May to September 2017 and from April to September

2004 Sperm whales, Cuvierodos beaked dehidslofeach and S
species presence at each site is given below.

Sperm Whales

Sperm whale echolocation clicks were detected at each site. In 2015, clickegge@ manuallyas
encountersvhile in 2017 arautomated detector was run on the datdetect indvidual clicks

Therefore, results are not necessarily comparable across years without further analysis and verification.

1 In 2015, perm whale click were most prevalent at site Glith high numbers ofletections
occurring throughout the summ@rigure31).

1 In 2017, sperm whale clicks were highest at site CB and QN, though clicks occurred throughout
the summer at all site&igure32).

1 There wereno discernable diel patterns for sperm whale clicks at anyFsgerg33).

1 These results are consistent with previous monitoring pefBdsmannPickeringet al, 2012;
Debichet al, 2013; Debictlet al, 2014; Riceet al, 2015)
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Figure 31. Weekly presence of sperm wHa clicks between May andSeptember2015 at sites CB (top) and

QN (bottom).
Gray dots represent the percent of effort per week in weeks with less than 100% recording effort, and gray

shading represents periods with no recording effort. Where gray dots or shading are absent, frdicording
effort occurred for the entire week.
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Figure 32. Weekly average of the hours of sperm hale clicks each day between Apriand September 2017
at sites CB (top), AB (middle), and QN (bottom).

Gray dots represent the pecent of effort per week in weeks withéss than 100% recording effort. Where
gray dotsare absent, full recording effort occurred for the entire week.

41



Figure 33. Diel presence of sperm whale clicks, indicated by blue dots, @me minute bins at site CB (left),

AB (middle), and QN (right).
Detections in 2015 were logged as encounters in 2015 and individual clicks in 20&iay vertical shading

denotes nighttime and gray horizontal shading destes absence of acoustic data.
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