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Executive Summary

Passive acoustic monitoring was conducted in the Gulf of Alaska Temporary Maritime Activities Area
(GATMAA) from September 2017 tdune 2018 and from April t8eptember 201&® record the low
frequency ambient soundscape and detect marine mammal and anthropogenic sounds during times of
naval exercises in the area. Hifyjequency Acoustic Recording Packages (HARPS) recorded sounds
between 10 Hz and 100 kHz at tlezations: a continental slope site in deegier 900i 1,000m

depth site CB) and aeepwatersite off Kodiak Island<£1,000 m depth, site KOA).

The lowfrequency ambient soundscape showed spectrum lea&bat bothsites duringvinter and
fall, related to the seasonally increagedsence of blue and fin whales

For marine mammal and anthropogenic sounds, data analysis consisted of detecting sounds by analyst
visual scans of lonterm spectral averages (LTSAs) and spectrograms, and by automagaderom
algorithm detection when possible. The data were divided into three frequencyIbanasid, and

high frequencypand each band was analyzed for marine mammal and anthropogenic sounds.

Threebaleen whale species were recordéde bfin,and humpbek whales. Nayray whale M3 calls or
North Pacific right whale up calls were noted. Blue whales and fin whales were the most commonly
detected baleen whales in these recordings. Blue whale B calls were the most common blualwhale c
type detected and pezdkduring the fall at botlsites. Blue whale D calls were highdsiring the spring

and summerCentral Pacific tonal calls were the least common blue whhlgyea but were detected at
bothsites, peaking in August. The fin whale acoustic index (reptatee 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 throughout the recordings at all sites, with highest catllgitg CB Humpback whalewere
detected only at & CBduring the winter and early spring

Signals from fouknownodontocete species are reportetler whaless per m whal es, Cuvi
whal es, and pr esumabl KileSnhaepusedcalls dceurrda thugleodtthevh a | e
recordings at both sites but were highest at site CB during the suBweem whale clicks occurred

throughout theecordings at both sites but were highest at site CB during summer addall.i er 6 s
beakel whales were detectedly at site CB inthewinte6t ej neger 6s beaked whal
bothsitesbut were more common at site CB

Three anthropogenic signals were detected:fm@iguency active (MFA) sonar, lefrequency active
(LFA) sonar, anexplosions. MFA sonar was detectaay in May 2019 at botkites,which overlapped
with a known naval training exercise {23 May 2019)Site CB had the most MFA sonar packet
detections normalized per year in 2019 and had the highesiiative sound>gosure levelsA tonal

LFA sonarwasdetectednly at site CB in April and May 201%he Navy confirmed that no LF sources
from the Navy were used during this tink&plosions were detected in high numbers at site KOA and
peaked in AugusiThe Navy confimed that no asea explosives were used by the Navy during tlie 13
24 May 2019 training exercise.



Project Background

The Navyds Gulf of Alaska Temporary Mariti me
300 nautical miles (nm) long by 150 imde, situated south of Prince William Sound and east of
Kodiak Island Figurel). It extends from the shallow shelf region, over the shelfikoaed into deep
offshore watersThe region has a subarctic climate and is a highly productive marine ecosystem as a
result of ypwelling linked to the counterclockwise gyre of the Alaska current.

A diverse array of marine mammals is found here, including baleen whales, beakes] ethate

toothed whales, and pinnipeds. Endangered marine mammals that are kndvabitcthis areareblue
(Balaenoptera musculysfin (B. physaluy humpback Megaptera novaeanglideNorth Pacific right
(Eubalaena japonica and spernfPhysetemacrocephaluywhales North Pacific right whles are of
particular interesas their current abundancgtienate is only a few tens of animals, making them the
most endangered marine mammalcpein U.S. waters. Based wisual sighting in 20042006 a

North Pacific Right Whale Critical Habitat was defined on the shelf along the southeastern 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) .
Color indicates bathymetric depth with darker colors being deeper.



In July 2011, an acoustic monitoring effort was initiated at two sites (CA and&ie 1) within the

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

Postgraduate School. The goal of this effort was to characterize the sounds produced by marine mammal
species present in the area, determine their seasonal patterns, artg évalpatential for impact from

naval operationslhe lowfrequency ambient soundscape and anthropogenic sounds were also analyzed.
Additional monitoring sites were added to this effeith PTin 2012andKO and QN in2013 Tablel).

In 2017 site AB was added to examine a deeger site thiis not located at a seamouamdin 2019,

site KOA was added to monitor an area near the North Pacific right whale chisbat(Tablel). This

report will cover only sites CB and KOAas monitoring effort was suspended for sites CA, KO, and PT

in 2014 QN in 2017, and AB in 2017

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 2011 2019
PT 56° 14.6 N 142 45.46 W 1000 2012 2014
KO 57°20.0N 150° 40.1 W 200 2013 2014
QN 56° 20.48 N 145> 10.99 W 900 2013 2017
AB 57°30.82 N 146° 30.05 W 1200 2017
KOA 57°13.44 N 150° 31.70 W 1000 2019

This report documentheanalysisof data recorded by twidigh-frequency Acoustic Recording
Packages (HARPSs) that were de@dywithin the GATMAAfrom September 2017 thune 2018 and
April to September 201@igurel). The wo sites include a continental sklgite in deep water (site
CB) and a deepvatersite off Kodiak Island(site KOA) (Tablel). Data from site CB waanalyzed for
Sepenmber 20170 June 2018 and April tBeptember 2010rable2). Data from site KOA was analyzed
from April to September 201@ able?2).



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

Resultsfrom previous reporting periods are described in BaumannaPickering et al. (2012) Debich et al.
(2013) Debich et al.(2014) and Rice et al(2015)and Rice et al.(2018)

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
CBO07 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
CB09 9/14/2017 6/16/2018 275.13 6603 200
KOAl 4/24/2019 9/27/2019 155.95 3742 200
CB10 4/25/2019 9/27/2019 154.79 3715 200

Methods

High-frequency Acoustic Recording Package (HARP)

HARPswere used to recotthie lowfrequency ambient soundscape as wethasnemammal and
anthromgenic sounds theGATMAA. HARPs carautonomouslyecord underwater sounds from 10
Hz up to 160 kHz and amapable ofip to approximatelpne year of continuous data storagiee
HARPs weredeployedn a seafloor mooring configuration withe hydrophones suspendetdeastlO

m above the seafloodEach HARPhydrophonas calibrated in the laboratory to provide a quantitative
analyss of the received sound fielRepresentative data loggers and hydrophones wereaismated
at the Navyods Tr aerfadlity o eerify tkevaddratogy taliboatior(8€Ziggimd 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 thisport are designated sites CB and
KOA (Tablel). A total of14,060hours, covering85days of acoustic data were recorded in the
deployments analyzed in this repd@ata fran site CB was analyzed for September 14, 2017 to June 16,
2018 and from April 2%0 Septembe?7, 2019(Table2). Data from site KOAwvere analyzed frm April

24 to September 27, 20{Bable?2).

Data Analysis

Long-Term Spectral Averages (LTSAsereexamined for marine 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 iterest wa identified in the LTSAbut its origin was unclear, the wavefoandbr

spectrogam wereexamined to further classify the sounds to speciesuwcsoSignal classifications
werecarried out by comparison to knowspeciesspecific spectral and temporal characteristics.

Recording over a broad frequencyge of 10 Hz100 kHz allows monitoringf the lav-frequency

ambient soundscape and detectiobaleEen whales (mysticetes), toothed whales (odontocetes), and
anthiopogenic sounds. The presence of acoustic signals from 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 anthropogemicis the GATMAA, and the
procedures used to detect them. For effective analysis, the data were divided into three frequency bands:

(1) Low-frequency, between 10 ad¢gD00 Hz
(2) Mid-frequency, between 18nd5,000 Hz
(3) High-frequency, between 1 ad®0 kHz

Eachband was analyzed for the sounds of an appropriate subset of species or sources. Blue, fin, gray,
and North Pacific right whales, as well as {bwquency active sonar soundsre classified as low
frequencyHumpback whaleiller whale pulsed callexplosions, and midrequency active sonar

sounds were classified as rfrequency. Beaked whale and sperm whales were classified as high
frequencyAnalysis of lowfrequency recordings required decimation by a factor of EOOthe

analysis of midfrequeng recordings, data were decimated by a factor of 20. The LTSAs were created
using a 5 s time average wittHE frequency resolution for higlnequency analysis, 10 Hz resolution

for mid-frequency analysis, andQHz resolution for lowfrequency analysis.

We summarize results of the acoustic analgsid discusseasonal occurrence and relatiberedance
of calls forspecies and anthropogenic sounds that were ¢ensisidentified in the data.

Low-Frequency Ambient Soundscape

Ocean ambient sound pressievels tend to decrease as frequency incrésgesz, 1962) While
baleen whales and anthropogenic sources, such as fepgeasd airguns, often domindke ambient
soundscape below 100 KizG i reba¥, R004; McDonaldt al, 2006a; Wiggingt al, 2016) wind
causes increased sound pressure levels from 200 Hz to 2&Kktidseret al, 1948) In the absence of
wind, ambient sound pressure levels are low and difficult to measinegiuenciesabove ~10 kHz
Therefore, to analyze the ambient soundscape, data were decimated by a factoo prddde an



effective bandwidth of 10 Hz to 1 kHETSAs were then constructed with 1 Hz frequency and 5 s
temporal resolutionTo determindow-frequencyambient sound levelsiaily spedra 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 in 2Hz bins were concatenated to produce lgTgn spectrogranmi®r each site.

Low-Frequency Marine Mammals

The Gulf of Alaska is inhabited, for k#ast a portion of the year, bjue whales, fin whales, gray
whales, and North Pacific right whald$e hourly presence of Northeast Pacifiue whale B calls
CentralPacific 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 offtequency LTSAs and spectrograms in
the custom software prografmiton. The same LTSA and spectragn parameters were used foe t
manual detection of all calypes.The LTSA frequency was set to displaetween 1 an800 Hz with a
1-h plot length. To observe individual calls, the spectrogram windag/typically set to displayi 200

Hz with a 60 s plblength. 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 spectrogramits presence during that hour was logd#élde whale Dcalls were detected
automatically using the automatic detection method described laeldare reported ahetotal

number of detections per wedkn whale 20 Hz pulses weatsodetected automatically using the

energy detection method described bebowd are reported as a daily avi
acoust i(dGiirebal,a616)
Blue Whales

Blue whales produce a variety of calls worldw{tcDonaldet al, 2006b) Blue whale calls recorded
in the Gulf of Alaska include the Northeastddic blue whale B calfFigure2) and the Central Pacific
tonal call Figure3). These geographically distinct calls are possibly @ased with mating functions
(McDonaldet al, 2006b; Olesomet al, 2007) They are lowfrequency € 20 Hz), havealong duration,
andoften are regularly repeatedllso detected were blue whale D callidyich are downsweph
frequency (approximately 16@0 Hz) witha duration of several secondsigure4). These calls are
similar worldwide and are associated with feeding animals; they may be produceecasicgt call
between multiple animal®©lesonet al, 2007)

Northeast Pacific blue whale B calls
Northeast Pacific blue whale B c{Figure2) were detected via manual scanning of the LTSA and
subsequent verification from a spectrogram of the frequency and temporal characteristics of the calls.

10



Frequency [Hz]

0971572014 23:29:27.500.000 Time [seconds]

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 whalealls
Central Pacific tonal blue whale caflsigure3) were detected via manual scanning of the LTSA and
subsequent verification from a spectrogram of the frequandytemporal characteristics of the calls.
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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 detectedsing anautomatic algorithm based organeralized poer
law (Helbleet al, 2012) This algorithm was adapted for ttetection of D calls by modifying detection
parameters that included the frequency space over which théoteteerates. A trained analyst
subsequently verified thdetections Eigure4).
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Figure 4. Blue whale D callsrom site CB in the analyst verification stage of the detector.
Green along the bottom evaluation line indicates true detections and red indicates false detections

Fin Whales
Fin whales produce two types of short (approximately 1 s durationfrémuency calls: downsweeps
in frequency from 30 td.5 Hz, called 20 Hz cali@Vatkins, 1981)and downsweeps from 7540 Hz,
called 40 Hz call§ Gi reba¥, R013) The 20 Hz calls can occur at regular intervals as song
(Thompsoret al, 1992) or irregularly as dacountercalls among multipléraveling animals
(McDonaldet al, 1995) The 40 Hz calls 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 from

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

at 22 Hz was used as the signal frequehigukirketal, 2 0 1 2 :et al(320t5pwhiie ihoise was
calculated as the averageergy bet ween 10 and 34 Hz. The resul

ndex6

and

S

r e pAll calcdationsaveere perfalet bl ayogaaithingicrsealg.e .
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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.

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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0741472014 151423 Time [hours]

15
07414/2014 151536, 500,000 Time [seconds]

Figure 6. Fin whale 40 Hz calls in an LTSA (top) and an individual 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 mokeotaleen whale
calls and thus prmgate over shorter distanc&be only gray whale call type for which there was
detection effort during our study was the M3 call, which is afi@guency, short moan with most
energy around 50 HF{gure7), andis the most common call produced by migrating gray whales
(Crane and Lashkari, 199Gjhere were no gray whale M3 calls detedeadng the reporting period.

0 041 02 03 04 05 08 07 08 09 B
0062014 17:00:05 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 a spectrogram (bottom)
previously recorded at site KO.

North Pacific Right Whales

North Pacific right whales are a highly endangered species that was plentiful in the Gulf of Alaska prior
to intensecommerciawhaling efforts(Scarff, 1986; Brownelkt al, 200]). 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 approximafelyClosald and

Moore, 2002) There were no right whale up caflstectedluring this reporting period.
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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 whaleand killer whalegOrcinus orcg were the only marine mammal species in the Gulf of
Alaska with calls in the midrequency range monitored for this repde detected humpbaekhale

calls using an automataetection algorithm based omganeralized power la@elbleet al, 2012) The
detections were subsequentbrified foraccuracy by a trained analygigure9). Killer whale pulsed
calls(Figure10) weredetected by manual scrutiny IoT SAs and spectrograms in the custom software
programTriton. The LTSAswere created using a time average of 5 s and a frequency bin size af 10 Hz
The LTSA frequency was set to display between 1 and 5,000 Hz with pldt length. To observe
individual signals, the spectrogram window was typically set to display@0 Hz with a 30 s plot

length. The FFT was generally set at 1000 data points with a 98 p¥Whenhumpbackand killer
whalecalls were identifiedthey were logged according to the start time and end time of the encounter.
An encounter was consiagtto end when there were no calls for 30 nfihe encountedurations were
added to estimateumulative hourly presence.

Humpback Whales

Humpback whales produ@mth song and nesong call{song shown ifrigure9). The song is

categorized by the repetition of units, phrases, and themes of a variety of cafise ldePayne &

McVay (1971) Non-song vocalizations such as social and feeding sounds consist of individual units that
can last from 0.15 to 2.5 secor(@inlopet al, 2007; Stimperet al, 2011) Most humpback whale

vocalizations are pduced between 100 aB¢D00 Hz.There was no effort to separate song and non
song calls.
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Figure 9. Humpback whale song shown in the analyst verificationtage of the detector recorded at site CB
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Killer Whales

Killer whales are known to produce four call types: pulsed calls;finegfuency modulated (HFM)

signals, echolocation clicks, and low frequemdystles(Ford, 1989; Samarmt al, 2010) Killer whale

pulsed calls are well domented and are the best described of all killer whale call {fmed and

Fisher, 1983)The primary energy of pulsed calls is between 1 and 6 kHz, with high frequency
components occasionally >30 kHz and duration primarily between 0.5 and 1.5 sgamdd4989)We

primarily use pulsed call$-(gure10) for killer whale specieglentification. Echolocation clicks and
low-frequency whistles are used to a lesser extent for the classification of killer whale signals as these
call types are not as easily distinguishable fr
beakedwvhales, pilot whales)

Frequency [Hz]

0 0.1 0.2 03 0.4 05 0.6 07 0.8 09 1
06/05/2018 21:00:42 Time [hours]

5000
4500
4000

z

jon}
[ai}
e}
o

3000
2500
2000
1500
1000

500

Frequency [Hz]

0B/05/2018 21:36:47.780.000 15 20
Time [seconds]

Figure 10. Killer whale pulsed callsshownin an LTSA (top) and spectrogram (bottom)recorded at site CB.
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High-Frequency Marine Mammals

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

this report include sperm whaldé3hyseter macrocephaluys, Cuvi er 6 sZjphesak ed whal
cavirostrig , and St e ne gMesapledorbstejackezikbr speimanihates angeaked

whalesthe start and end of each catlsession was logged and their durations were added to estimate
cumulative hourly presence.

High-Frequency Call Types

Odontocete sounds can be categorized as echolocatis, dlurst pulses, or whistldscholocation
clicks are broadband impulses wibak energy between 5 and 15Qzkdependent upon the species.
Buzz or burst pulses are rapidly repeated clicks that have a creak dikeuszund quality; they are
generally lower in fregency than echolocation clickBolphin whistles are tonal callsgdominantly
between 1 and 20 kHz that vary in frequency content, their degree of frequethahation, as well as
duration.These signals are easily detectable in an LTSA as well as the spectrbgyaral1).
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50
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Figure 11. LTSA (top) and spectrogram (bottom) demonstrating odontocete signal types.

Sperm Whales

Sperm whale clickéFigure12) generally contain energy from 2 20 kHz, with the majority of energy

between 10 antl5 kHz(Mghl et al, 2003) Regular clicks, observed during foraging dives, demonstrate

a uniforminter-click interval from 0.25 t@ second¢Goold and Jones, 1995; Madsstral, 2002)

Short bursts of closely spaced clicks called creaks are observed during foraging dives and are believed tc
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 thaaliggula

(Watkins and Schevilll977) Sperm whale clicks were detected using the automaticadetbscribed

below.

The automatic detection of sperm whale clicks involved two stages of detection. In thediysis

stage a ship detector based on spdgb@ver and receivelgvels was used to detect time periods that
containedshipping noiseas most false detections classified as sperm whales are cavitation pulses of
ship motorslt is therefore not feasible to identify sperm whale clicks when ship noise is pr&isent.
autanaticship detections were reviewed ayrained analysiTime periodsthat contained shipping
sounds were removed from furtreralysisand wee considered pmds of no effort.
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In the second analysis stageajiindual sperm whalecholocation clicks werautomatically 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 clicis described below. Since the
detector operated on a running average noise flaamnsistent detection threshdidsed on received
levels was appliedEncounters of less than 85uration were discarded to minimize 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 well as spectral and waveform plots of selected individual signals.

Within each encounter, periods with false detections werevethby manual editingghen the

detections were identéd as being from vessels, sqrarguns, delpinids or beaked whales, owing to
inappropriate speat amplitude, ICI, or waveformAlthough individual sperm whale clicks were
detected, they are reported according to the start time and end time of encounters. An encounter was
considered to endlven tlere were no atksfor 15 min.The encountedurations were acdxl to estimate
cumulative weeklyresence.
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Figure 12. Sperm whaleecholocationclicks in an LTSA (top) and spectrogram (bottom)recorded at site
CB.

Beaked Whales

Beaked whales can be identified acoustically by their echolocation s{@aaishanAPickeringet al,

2014) These signals are frequentypduated (FM) upsweppulses, which appear to be species specific
andaredistinguishale by their spectral and temporal features. Identifiable sigrmasibly occurring in
thisregionar e k n o wn (Berardius Baaddiy, d @1 v i dékelp $t, e jamsdgkedrwhbates
(BaumannrPickeringet al, 2013b)

Beaked whale FM pulsegere detected withnautomated metid. Beaked whale signal types searched
forincludeldlCuvi er 6s and St e j(Basgrelickesingdt al.a2R18b)Afterhlla | e s
echolocation signals were idemi with a Teager Kaiser energy dete¢®oldevillaet al, 2008; Roch

et al, 2011b) an exp# system discriminated betweeelphinid clicks and beaked whale FM pulses
based on the parameters described béRochet al, 2011b)
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A decision about peence or lasence of beakadhale signals was based detections withina 75 s
segmentOnly segments with more than sewdstections were used in further analysis. All echolocation
signals vith a peak and center frequenmglow 32 and 25 kHz, respectivelydaur at i on | ess t
and a sweep rate of less thank¥®/ms were deleted. If more than 13% of all initially detected
echdocation signals remained aft@pplying these criteria, the segment was classified to have beaked
whale FM pulsesThis threshtdl was chosen to obtain the best balance between missed and false
detectionsA third classification step, based on computer assisted manual decisiansabned analyst,
labeled theautomatically detected segments to pulse type anceéjéalse deteiins (Baumann
Pickeringet al, 2013a) The rate of missed segmefus this approachsitypically approximately 5%

The start and endf @ach segment containing beaked whale sigmatslogged and their durations were
adced to estimate cumulative weelgdyesence.

BothCuvi er s and St esignasgvere detected duank this recagipariodeand their
signals are described below in more detail.

Cuvierods Beaked Whal es

Cu v i makédsvhalecholocation signal@-igurel3)ar e wel | di fferenti ated
acoustic signals as polycyclic, wittcharacteristic FM pulse upsweep, peak frequency around 40 kHz,

and uniform inte-pulse interval of about &.0.5 s(Johnsoret al, 2004; Zimmeeet al, 2005) An
additional feature that helps with t hcearactetiggiot i f i
spedral peaks around 17 and 23 kHz
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Figure 13. Echol ocati on sheaked ehaleia andTSA Gophandeam example FM pulse in
a spectrogram (middle) andtimeseries (bottom)recorded atsite CB.

Stejneger6s Beaked Whal es

Presume®t ej neger 6s beaked whales are acoustically
the Aleutian Islands chaiBaumannrPickeringet al, 2013b) however, they have been rarely

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

has been inferred from stranded aninfallien and Angliss, 2010)Their echolocation signa(§igure

14)are easily distinguished from other specieso
polycyclic structure and FM pulse upsweep with a peak frequency aroltdz=hd uniform inter

pulse interval around 90 nBaumannrPickeringet al, 2013a; BaumanRickeringet al, 2013b)
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Figure 14. Echolocation sequence of Stejnegerds beaked
spectrogram (middle) andtimeseries (bottom)recorded atsite CB.

Anthropogenic Sounds

Several anthropogenic sounds occurring at low andfregliency ranges (5 kHz) weremonitored for
this report: midfrequency active (MFA) sonar, lefrequency actie (LFA) sonar, and explosionSIFA
sonar, and explosions were detected with automatethesytlescribed separately beldwor MFA

sonar 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 detections per week are sh&wn.
sonarwas detected by manual scrutiny of nequency LTSAs and spectrograms in the custom
software prograntriton. The LTSA frequeay was set to display between 1 and 1,000 Hz wittha 1

plot length. To observe individual signals, the spectrogram winvdaswtypically set to display 1500

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 interest was
identified n the LTSA orspectrogrampresence during that hour was logged.

Mid -Frequency Active Sonar

Saunds from MFA sonar vary in frequen¢li 10 kHz) andare composed of pulses of both frequency
modulated (FM) sweeps and continuous wave (CW) tones grouped in packets witindueatging

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 inparcketintervals typically greater than 20Bigurel15).

While they can span frequencies from about 1 kHz to over 50tkldanost common MFA sonar

signals are between 2 and 5 kHz and are more gemekil| v known as 63.5 kHzé6

20

W

C
<



5000
4000
3000
2000

Frequency [Hz]

2
o
o
o

4 ;
0 0.1 0.2 03 0.4 05 08 07 08 0.9 1
05/10/2017 01:20:30 Time [hours]

5000
—. 4000
3000
2000

Frequency [Hz

—_
o
o
o

o

i 5 S
T I I

10 20 30 40 50
05/10/2017 01:35:02.500.000 Fiiie [sacarite]

Figure 15. Mid-frequency Active (MFA) sonarwavetrain in an LTSA (top) and an MFA sonar packet in a
spectrogram (bottom) recorded atsite CB.

In the first stage dFA sonardetection, we used modified version of th8ilbidodetection system
(Rochet al, 2011a)originally designed for characterizing toothed whale whistles. Theitigo
identifies peaks in timdrequency distributions (e.gpectrogram) and determines whjgeaks should
be linked into araph structure based on heuristic rules that include examiningbetory of existing
peakstracking intersections between tiffrequency trajectoriesnd allowing for brief signal dropouts
or interfering signals. Detection graphs are then examined mbifigl@dividual tonal contoursooking
at trajectories from both sides of tifrequency intersdion points. For MFAsonardetection,
parameters weredgusted to detect tonal contours at or above 2 kiHlata decimated to a 10 kHz
sample rate with timérequency peaks with signal to noise ratios of 5 dB or above and cali@iions
of at least 200 ms with a frequency resolution of 100 Hz. The deteajientlytriggered on noise
produced by instrument disk writes that occurred=as intervals.

Over periodof several months, these disk write detections dominated thberwf detections and

could beeliminated using an outlier detection tddistograms of the detaon start times that remained
once disk write periods were remowsdre constructed and outliers were discardBus renoved

some valid detections thatcurred during disk writes, but as the disk writes and sonar sigeals ar
uncarelated this is expectad only have a minor impact on analysis. As the detector did not distinguish
betwea sonar andion-anthropogenic tonal signals within the operating band, fmgpback whales),
human analystexamined detection output and accdpte rejected contiguoustseof detectionsStart

and end timgof these cleaned sonar events were then created to be used in further processing.

In the second stage of MFA sonar detectibasé start and end times were used to read segments of
waveformsupon which a 2.4 to 4.5 kHz bandpass filter and a simple time series energy detector was
applied to detect and measure various packet parameters after correcting for the instrument calibrated
transfer functio(Wiggins, 2015) For each packet, maximum pe@akpeak (pp) received level (RL),

sound exposure level (SEL), remieansquare (RMS) RLanddate/time of packet occurrenaere

measured and saved.
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Typically (in the Southern California Range Complexdrious filters se applied to the detections to

limit the MFA sonar detection range to ~20 km for-afis sgnals from an AN/SQS 53C source, which
resultsin a receivedevel detection threshold of 13B pp re 1 pPaHowever, in GATMAAa threshold

of 116 dB pp re 1 yPaasused, resulting in a detection range greater than 20\iggins, 2015)
Additionally, a shorter pulse lockout period (9 s) was used to account for MFA events with shorter
intervals between packetastrument maximum recedd levelwas~165dB pp re 1 pPaabove which
waveform clipping occurred?ackets were grouped into waversaseparated by more than.lPacket
received level and duration distributions were plotted along with the number of packets and cumulative
SEL (CSEL) in each wave train over the study periedent duration and the total duration of detected
pings were also calculated. Event (wanzen) duration is the difference between the first and last ping
group detection. The total duration of detection pifagg an event is the sum of the ping group (packet)
durations, which is measured as the period of the waveform that is 0 to 10 dB less than the maximum
peakto-peak received level of the ping group.

Low-frequency Active Sonar

Low-frequency activéLFA) sonar incldescivilian (seismic surveys) amilitary sonar up td. kHz
(Figurel6). This longrange sonar uses low frequencies to minimize absorption effectysémal
manually scanned LTSASs for LFA sonar bout start and endstbraveen 0 and 500 Hz and 500 to
1000 Hz.
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Figure 16. A tonal Low-frequency Active (LFA) sonar in an LTSA (top), spectrogram (middle), and
timeseries (bottom)recorded at site CB.
A narrow band pass filter (830 850 Hz) was used for the spectrogram and timeseries to better

show the character of the received signal.
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Explosions

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

from subseafloor 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 Figurel?7). Explosions were detected automatically for all deployments using a matched filter
detector on data decimated to 10 kHz sampling rate. Thesénes was filtered with a Y{®rde

Butterworth bandpass filter between 200 and 2000 Hz. Cross correlatsocomputed between 79f

the envelope of the filtered tinseries and the envelope of a filtered example explosion (0.7 s, Hann
windowed) as the matched filter signal. Thecrasscr el at i on was squared to
explosion detections. A floating threshold was calculated by taking the median cross corralagon v
over the current 75 data to account for detecting explosions within noise, such as shipping. A cross
correlation threshold 03x10° above the median was set. When the correlation coefficient reached
above threshold, the tinseries was inspected more closely.

Consecutive explosions were required to haverannum time distance of 0.5te be detected. A®-

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 ceived levels (RLyvere 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 deietethé dB difference pp and RMS
between signal and time AFTER the detection was less than 4 dB or 1.5 dB, respeditithedydB

difference pp and RMBetween signal and time BEFORE signal was less than 3 dB or 1 dB,
respectively; an@) the detection was shorter tha3 or longer thaf.55 s The 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 have energy as
low as 10 Hz and ofterx&end up to 2,000 Hz or higher, lasting for a few seconds including the
reverberation.
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Figure 17. Explosion in an LTSA (top) and a spectrogram (bottom) recorded at site CB

23



Results
The results of acousttata analysis at g6 CBand KOAfrom September 201# June 2018 and from

April to SeptembeR019are summarized below. We describe the-frequency ambient soundscape
andthe seasonal occurrence and relative abundance of marine mammal acoustic signals and

anthropogenic sands of interest.

Low-Frequency Ambient Soundscape
1 Elevated spectrum levels from 15 to 35 Hz during fall and wiatdyothsites arerelated to the

seasonal increase imfwhale20 Hz callgFigure18).
1 The prominent peak from 40 & Hz infall at bothsites is related to the seasonal presence of

blue whale B callgFigurel18).
1 Overall, spectrum levels were similar at the two sites for spring and summer 2019 when there

was recording effort at both sites.
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Mysticetes

Threebaleen whad species were recorded from September 200dne 201&nd from April to
September 201 ®dlue whaks, fin whales, andumpbackvhales. There were no detectsoofgray

whale M3 calls oNorth Pacific right whale up caltburing this monitoring period. More details of each
species presence at each site are given below.

Blue whales
Blue whale calls were detected at bsites ad were most prevalent during late summer

T

T

Northeast (NE) Pacific bk whale B calls were detected from July to January wige&during
the fall. Detections were highat both site CB and KOg&Figure19).

Calling was almost constant throughout the fall at both sites atieiowas naleardiel
patternat eithersite (Figure20).

Central Pacific tonal calls occurred mainly in Augaissite CBandin August and September at
site KOA. There were more Central Pacific tonal calls detected at site(RKiQére21).

There was naleardiel pattern for Central Pacific tonal caledure22).

Blue whale D calls occurred throughout thigring and summer at basites D callspeakedn

May andJuneat site CB and during May and June as wellldg andAugust at site KOA
(Figure23). This bimodality in peak D call occurrence has been observed previ@edlichet
al., 2014; Riceet al, 2015; Riceet al, 2018)and may be relatkto the presence of two different
blue whale populations in the Gulf of Alaska.

There was a diel pattefar blue whale D calls with increased calling around sunset and sunrise,
most obviousluring the springFigure24).

Overall, hese results are consistent witievious monitoring periods these site@Baumann
Pickeringet al, 2012; Debictet al, 2013; Debiclet al, 2014; Riceet al, 2015; Riceet al,

2018)
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Figure 19. Weekly presence of NE Pacifiblue whale B calk from September 2017 to June 2018 and April
to September2019at sites CB (top) and KOA(bottom).

Gray dots represent the percent of effort per week in weeks with less than 1008cording 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 22. Diel presence of Central Pacific tonal blue whale callfdicated by blue dots, in me-hour bins
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Figure 24. Diel presence of blue whale D calls, indicatkby blue dots, in fiveminute bins at sites CB (left)
and KOA (right).

Gray vertical shading denotes nighttime and transparenblue horizontal shading denotes absence of
acoustic data.

Fin whales
Fin whales were detectaldroughout the recordings at batites

1 Fin whale 20 Hz calls were detected thromgiithe recording periodt both sites but were
highest from September to Januariie highest values of the fin whale acoustic index
(representative of 20 Hz calls) were measured at site CB, though the index peaakddlirat
bothsites Figure25).

1 Fin whale 40 Hz calls were recorded throughout the recording period at all sites bhigkere
at site CB. Calling fluctuated throughout the year but fewer calls were recorded during the winter
(Figure26).

1 There was no discernable diel pattern fonfimale 40 Hz callsKigure27).

1 These results are consistent watievious monitoring periodst these site@BaumannPickering
et al, 2012; Debictet al, 2013; Debictet al, 2014; Riceet al, 2015; Riceet al,, 2018)
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Figure 25. Weekly presence of fin whale acoustic index (prgxfor 20 Hz calls)from September 2017 to
June 2018 and April to September 2019 at sites CB (top) and KOA (bottom).
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Figure 26. Weekly presence of finrwhale 40 Hz call§rom September2017 to June 2018 and April to
September 2019 at sites CB (top) and KOA (bottom).
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effort occurred for the entire week.
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Figure 27. Diel presence of fin whale 40 Hz calls, indicated by blue dots, im&hour bins at sites CB (left)
and KOA (right).

Gray vertical shading denotes nighttime andransparent blue horizontal shading denotes absence of
acoustic data.

Humpback Whales
Humpback whale calls were detectedy at site CB

1 Humpback whalg were detected sporadically only during the winteresartly spring at site CB
(Figure28).

1 There were not enough humpback whale detections to determine if a diel pattern was present
(Figure29).

1 The low number of calls during summer months is consistent with previoagoring periods
at these siteowever, thaletections during winter montkgere the lowest since monitoring
beaan in 2011(BaumannPickeringet al, 2012; Debictet al, 2013; Debiclet al, 2014; Ricest
al., 2015; Riceet al, 2018)
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