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Executive Summary

Passive acoustic monitoring was conducted in the Gulf of Alaska Temporary Maritime Activitirerairea
May 2012 to June 2013 to detect tipeesence of marine mammal and anthropogenic sounds. -High
frequency Acoustic Recording Packages (HARPS) recorded setnmvden 10 Hz and 100 kHzashallow
shelf site offshor&Kenai Peninsul00 m depthsite CA), a slope site in deep water as thetic@mtal shelf
drops off (000 m depthgsite CB), and deep offshoresite at Pratt SeamounfLp00 m depthsite PT).At
site CAthere were259daysof recordings Site CB ha@86 daysof recordingswhile site PT recorded for
275days. Recordings atites CA and CBere ona duty cycle of 10 minutes every 12 minutes whiile site
PT HARP recorded continuously.

Data analysis consisted of detection of sounds by analyst scans delomgpectral averages and
spectrograms, and by automated computer aifum detection when possible. Representative sounds are
presented in this report, as Mleas details of the computer algorithms used to detect them.

Three baleen whale species were detected: blue whales, fin whales, and humpback Vidtaéeshale
detedions peaked in late fall 2012Z'here were more blue whale detectioasthe deepwater sites CB and
PT tharat the shallow site CAFin whales wer¢ghe most commonhdetected their calls were detected
throughout the yeart each sitewith a peak in detections between September and December 2012.
Humpback whale acoustic encountescurred primarily in September 2012 through Magd1.3.
Humpbacks were detected at all three sitddo North Pacific right whale ugalls were detectedtaeither
site during this monitoring period.

G tSrad aSoSy alLlSO0OASa 27T 2 ReKlérissEim widsNS. RENB O& S

beaked whaleZ / dz@A SNX&sZ 0 1 § 8RS 8 & NDahd uniSdntifiedl RorpoigellikesDd f Q a
porpoise).¢ KSNBE 6SNB OSNE FTS¢6 wAraazQa R2fLKAY RSGSOlGAzy
detections occurred sporadically throughout the deployments with a peak in detections in July and August

2012. Most killer whale detections oaced at site CB. Similarly, site CB had more sperm whale detections

than the other sites.Sperm whales were the most frequently detected odontocete speciégir calls

were detected yearound, but withleastdetections in January and February 20BB.A NRQ& o06SI { SR ¢
and{ 6 S2ySaASNNa o6SF1SR gKIfS gSNBE (KS .¥Y2ANR QENIDISIzY ySiRE
detections occurredteboth deepwater sites CB and PWwith a peak in detections at CB in November 2012

and a peak in detectiorstt ¢ Ay hO:G206SNJ HAMH® {GSeyS3aISNna o6SI |
aAGS /. YR LISIFTSR AY hOG20SNI HAMHO® /| dz&A SNDa oSl
occurred primarily at site PTRorpoise clicks werencounteredprimarily at he shallow site CA, with peaks

in detections in September 2012 and January 2013.

Broadband ship noise was more frequerntigordedat sites CB and PT than CA. Echosounder pings,
consisting of a variety of frequencies, wen®re common at sites CA and @& site PT. Very few
explosions were recordeat any of thethree sites throughout the monitoring period. These explosions are
likely related to fisheries activity rather than naval exercises. NeRviduency Active (MFA) sonar events
were detectedthroughout therecordings



Project Background
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nautical miles (nm) long by 150 nm wide, situated south of Prince William Sound and east of Kodiak Island
(Figurel). It reaches from the shallow shelf region over the shelf break into deep offshore waters. The
region has subarctic climate andaibighly productive marine ecosystem owing to the upwelliimked to

the counterclockwise gyre of the Alaska Current. A diverse array of marine maisfoatsd here,

including baleen whales, beaked whales, other toothed whales, and pinnipeds. Endangered marine
mammals that are known to inhabit this area irséublue, fin, humpbagiNorth Pacific rightand sperm

whales. The North Pacifigight whalesare of particular consideratiopastheir current abundance estimate
isonlya few tens of animals, making them the most endangered marine mammal specieswaté:S.

Based on a recent visual sighting, a North Pacific Right Whale Critical Habitat was defined on the shelf along
the southeastern coast of Kodiak Island, bordering the GATMAA.

In July 2011, an acoustic monitoring effort was initiaé¢dwo siteswithin the boundaries of the GATMAA

with support from the Pacific Fleet under contract to the Naval fasiuate School. The goal of this effort
was to characterize the vocalizations of marine mammal species present in the area, to determine their
yearround seasonal presence, and to evaluate the potential for impact from naval operatin212, a

new instrument was added to this efforfhis report documents the analysis of data recorded by three
Highfrequency Acoustic Recording Packages (HARPsy#atdeployed within the GATMAA, one in

shallow water on the shelf (site CA), one in deep water on the slope (site CB), and one on Pratt Seamount
(site PTFigurel) during the tine period May 2012, April 2013(Tablel).
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Figurel. Locations of Higfrequency Acoustic Recording Packa@@a, CB, and PT) in the GATMAA (
line). Color is bathymetridepth (scale bar at right in meteysvith contour lines every 500 m



Methods

High-frequency Acoustic Recording Packages

Highfrequency Acoustic Recording Packages, HARRgins & Hildebrand 20QWere used to detect

marine mammal species and characterize ambient noise in the GATMAA. HARPSs record underwater sounds
from 10 Hz to 100 kHz and are capable of approximately 300 dagsitiriwous data storage. For the

GATMAA deployments, the HARRere in a seafloor mooring configuration with the hydroph@ne

suspended about 30 m above the seaflo&iach HARP is calibrated in the laboratory to provide a

guantitative analysis of theeceived sound field. Representative data loggers and hydrophones have also
0SSy OFftAONIGSR G GKS blrgeQa ¢w! b{59/ FlIOAtAGE (2

Data Collected to Date

Acoustic data have been collected within the GATMAA using autonohhaR$s sampling at 200 kHz since
July 2011 The sites are designated CA (59° 0.51N, 148° 54.50W, depth 200 m), CB (58° 38.74N, 148°
04.13W, depth 1000 m), and PT (5@°6lLN, 142° 45.44W, depth O@) (Tablel).

Tablel. GATMAA acoustic monitoring periods since July 2011. Periods of deployment analyzed in t
report are shown in boldDatesmarked with *indicate time period when some ofhe data quality was
compromisedand could have resulted imaskingof biological signals.

Designation Deployment Period Duration (days)
7/13/2011¢ 7/31/2011
CAO01 153*
8/1/2011¢ 12/17/2011*

CB01 7/13/2011¢ 2/19/2012 221
PTO1 9/9/2012 ¢ 6/10/2013 275
5/3/2012 ¢ 9/17/2012
CAO02 259
9/17/2012 ¢ 1/16/2013*

5/3/2012 ¢ 6/13/2012
CB02 286"
6/13/2012 ¢ 2/12/2013*




Data Quality

Hardwareissueghat were discovered upon recovery of HARPs at sites CA and CB complicated data
analysis. These sipecificcomplicationsare described below. The HARP data from site PT were in good
condition upon recovery.

Site CA

Upon recovery of the HARP at the shallow siteHD¥RP techniciansoticed that the electrical contacts
between the hydrophone and the cable that runs to the data logger were corroded and broken. This
suggessthat the seal at the hydrophonandcable connection had been comprised, allowing saltwater to
intrude and crete a shortcircuitbetween the power and hydrophone signal lines. Since site CAis in
shallow water and because the data show large amounts of strumming (likely from strong tidalsémwvs
Figure 2, it is reasonable to assume that the strumming causeddonnector seal failure and hence the
loss of data signalThe failure caused broadbasgikesthat occurred increasingly over time as the wire
corroded. The tidal strumminaffectedprimarilythe low- and midfrequency data analysisThe
broadbandspikeswere affecting all frequenciesData from site CA were divided into quality categories:

G 32 BIRES R AR OINYBR whetd@dNdata were acceptable in quality and mediocre data contained
high-intensity strummingas well as broadbanspikesthat over time increasinghaffected detection
probabiities for marine mammal vocalizations. I § S32 NB & LJ2 2 NdequéricyhianalysisSMRereh y K A |
data was increasingly compromised by broadbapikesbut somesignals were still detectable.

Strumming causethasking in large parts of lofiequency data, and thus hampered our analysis effort.

Percent of data without strumming is reported in low frequency plots, as additional measure of overall

possible effort. Broadbandspikesadditionally compromised the ovall possible effort, which increasingly

occurred startingn mid-September as can be seen in nequency plots as continuously decreasing

effort. By November 17, strummirand hydrophone failurelegraded lowfrequency data quality beyond

the point whee analysis was feasibl&or mid and highfrequency bands, ata at site CAvere considered

G 3 2 &dréMay 3¢ September 17, 201D 5FGF 6SNB O2yaiRSNBdhighi 2 6S aYS
frequency analysis from September 17, 2@1Bnuary 16, 201@igure3). Data after January 16 were

considered too degraded fanid-frequencyanalysis Data n highfrequencyanalysisvere considered

a LJ2 anhlBpril 11, 2013vith some detectability of signa(figured).
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Site CB

There were no obvious physical signs of failure for the hydrophone at site CB, arahddekoratory tests
of this hydrophone il not show any indications of poor performanceowever, the longerm recordings
from this deployment show data quality degradatigtarting about six weeks into the deploymeiihe

hydrophone has since been removed from use and is currently under investigation as to its poor
performance.

5raGF 4G aArAdsS /. 66SNB QauyeRd RGNG Ricid Bighftdluency aiayyis. a | &
The lowfrequency data at site CBwe@2 y a A RS NB R d 3@Jank £3, ZD1gRgiie5 éop).2 Data
between June 13, 2012 and February 12, 2013 were considerediocre for low-frequency analysis

(Figure5 bottom). For mid and highfrequency bands ata were consideredpoore for analysis from June

20¢ July 6, 2012Figure6, Figure7). Data from July 6, 2012 through February 12, 2013 were considered

G YSRA 2 ONE ¢ of mi@ &ndl Higifftequéndyands. Data after Februds, 2013 were considered
too degraded foany analyses
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Data Analysis

Tovisualizethe acoustic data, frequency spectra were calculated for all data using a time average of 5
seconds and variabkizefrequency bins (1, 10, and 100 Hz). These data, calledTeong Spectral

Averages (LTSAs) were then examined both for characteri$tigalient noise and as a means to detect
marine mammal and anthropogenic sounds in the data set. Recording a broad frequency range up to 100
kHz allows detection of baleen whales (mysticetes), toothed whales (odontocetes) and seal/sea lion
(pinniped) speds. The presence of sounds from marine mammal species was analyzed, along with the
presence of anthropogenic noise such as sonar, explosions, and shipping. Data were analyzed by visually
scanning LTSAssourcespecificfrequency bandsind, when appropéte, using automatic detection
algorithms(described in detail below)

Duringvisualanalysis, laen a sound of interest was identified in the L BBAIts origin was uncleathe
waveform or spectrograrf the soundwas examined to further classifiye sounds to species or source.
Acoustic classification was carried out from comparisoknown speciesspecific spectraand temporal
characteristics

To document the data analysis process, we describe the marine mammal calls and anthropogenic sounds in
the Gulf of Alaska region, and the procedures used to detect them in the HARP data. For effective analysis,
the data were divided into three frequency bands and each band was analyzed for the sounds of an
appropriate subset of species or sources. The tlireguency bandsvere as follows:

(1) lowfrequengy, between 10; 500 Hz,
(2) midfrequency between 50Q; 5000 Hz, and
(3) highfrequency between 1¢ 100 kHz.

Blue, fin, and grey whale sounds were classified asfleguency; humpback, minke, pinrgg, nearby
shipping, explosions, and mitequency active sonar were classified as+fn@tjuency; while the remaining
odontocete and sonar sounds were considered Higiguency.

Blue whale B calls and fin whal@ Bz calls were detected using automaticnputer algorithms (described

in detail below). Likewise, odontocete echolocation clicks were detected using a Teager energy detector
(Roch et al. 2011 Beaked whale frequeneyodulated pulses werdetectedboth manually and

automatically andhe resuls werecompared (see detailed description below).

We describe the calls and procedures separately for each frequency band.

12



Low-Frequency Marine Mammals

The Gulf of Alaska is inhabitatlleast for a portion of the yedry blue whalesRalaenopteranusculug, fin
whales B. physalug gray whalesHEschrichtius robustiisand North Pacific right whaleBybalaena
japonicg producing low frequency callgor the low frequency data analysis, the 200 kHz sampled raw
data were decimated by a factor of @@or an effective bandwidth of 1 kHz. Letegm spectral averages
(LTSAS) of these data were created using a time average of 5 seconds and frequency binsToiel Hz.
Central Pacific tonal blue whale calls, blue whale D calls, fin whale 40 Hz cajjssyanthale M3 calls were
detected manually by logging presence of calls in hourly bAmalysis effort was also kept for North Pacific
right whale upcalls. For manual detection, the LTSA frequency was set to digpkayb00 Hz.To observe
individual calls, spectrogramindow sizesvere typically set to 120 seconds by 200 Hhefast Fourier
transform EFJwindowwas generally set between 1500 and 2000 data points (yielding about 1 Hz
resolution), with an 8®5%window overlap. At site PT, Brtheast Pacific blue whale B calls and fin whale
20 Hz callsvere detected automatically (described below}.site CBonly fin whale 20 Hz calls were
detected automatically and the Northeast Pacific blue whale B calls were detected ryailiaetectiors
weremanual at site CA.

Blue Whale Northeast Pacific B Call Detector

Blue whale Northeast Pacific B calls were detected automatically using spectrogram cori@fitiomger

& Clark, 200D The kernefor automatic detection was made of four segmeriisst three 1.5 s andhe last
one 5.5 s long, for a total 10 s duratiohhe frequency ranged over those time periods fré@&03to 47.28
47.28t0 46.75 46.75t0 46.45 and46.45t0 45.98Hz. The kernel bandwidth was 2 HZhe performance of
the detector was tested againdb days of manual houripresencepicks of blue whale B callshovember
and10days inJanuary We found that average hourly false alarm and missed detection rates 4/éeo
and5.82%, respectively, though they varied across seas#wsomatic detections during January and
February, when blue whales are not common in this area, were manually reviewed and false alarms were
removed from further analysisDetections were mned into 1 hour bins for consistent reporting with other
detections. The automatic detector was only run on data from $fE data from site CAnd CBvere
analyzed manually.

Fin Whale 20 Hz Call Detector

Finwhale 20 Hz calls were detected automatigalshg an energy detectorWWe used a difference in
acoustic energy between signal and noise at different frequencies, calculated from 5 s LTSA with 1 Hz
resolutionas an indicator of the presence of 20 Hz callke frequencyin at 20 Hz was usetbr the signal
energy while noiseenergywas calculated as the averagéthe acoustic energies & and 2 Hz. All energy
calculations were performed on the logarithmic scaléeoptimal threshold was determined by
comparing the performancef the detector against days inDecember and Marcbf manual hourly
presencepicks of fin whale 20 Hz call§he average rate of false positives and missed detections were
10.7%%and 9.55%, respectivelyDetections were binned into 1 hour bins for sistent reporting with
other detections. The automatic detector wasin on data from sgésPTand CBdata from site CAvere
analyzed manually.

13



Low-Frequency Call Types

Blue Whale Calls

Blue whale calls recorded in the Gulf of Alaska included the RasttPacific blue whale B cg@ligure8)

and the Central Pacific tonal cdfigure9), which are geographically distinct calls possibly @ased with
mating functions¥icDonald et al. 20Q8Jleson et al. 2007). They are lmgquency (fundamental
frequency <20 Hz), have long duration, and ofse@regularly repeated. Also detected were blue whale D
calls Figurel0), which have been recorded across regiofsode et al. 2000, Rankin et al. 2005). They are
produced by blue whale males and females and are likely assdeidtte foraging animals (Olesaat al.

2007).
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Figure8. Spectrogram of three Northeast Pacific blue whale B calls (@&00FFT, 95% overlap, Hannin
window) recorded at site CB. The third harmonic seen here is often the most energetic component it
call type. Pure tones at 50 Hz are related to electronic (disk) noise.
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Figure9. Spectrogram of two Central Pacific blue whale tonal calls (b0 FFT, 95% overlap, Hannin
window) recorded at site CB.
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FigurelO. Spectrogram of multiple blue whale D calls (3;p00t FFT, 95% overlap, Hanning window
recorded at site CB.
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Fin Whale Calls

Two types of fin whale calls were recorded in the Gulf of Alaska: the ZBbdtdzgl1) and the 40 Hz calls
(Figurel2). Both call types are shagptlses(~1 s duration)but they cover different frequency bands
(Watkins et al19872 ~ A NR2013520 Biicalls dretusually regularly repeated, and 40 Hz calls occur
more irregularlyWhen fin whale 20 Hz calls are produced by a large number of anitneyscan create
Gol yRa¢ 27F -3aMiran§ewhiofiis dftérSseem m the Gulf of Alaska rediéigurel3).

Frequency [Hz]

07/28/2011 18:27:13.500.000 Time [seconds]

Figurell. Spectrogram of fin whale 20 Hz calls (3;806ht FFT, 99% overlap, Hanning window) recorde
at site CB.
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Figurel2. Spectrogram of fin whale 40 Hz sél,00Gpoint FFT, 95% overlap, Hanning window) recorde
at site CB.
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from more distant calls (4,0600int FFT, 99% overlap, Hanning window) recorded at site CB.
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Gray Whale

Gray whales mduce a variety of calls, which are often lower source levels than most other baleen whale
calls and thus propagate over shorter distances. The only call type for which there was detection effort
during our study was the M3 call, whiha lowfrequency shortmoanwith most energy around 50 Hz
(Figureld), and the mostommon calproduced by migrating animal€fane & Lashkari 1986No gray

whale M3 calls were detected at any of the sites.
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Figurel4. Spectrogram of gray whale M3 calls (3;p@int FFT, 99% overlap, Hannimigndow) recorded
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North Pacific Right Whale
North Pacific right whales are a highly endangered cetaspanieghat wasplentiful in the Gulf of Alaska

prior to intense whaling effds (Scarff 1986, Brownell et al. 2001). These whales make a variety of sounds

2T 6 KAOK (KS Y2 adil G20Y2yt & e IA Gildeld @ a6SSLJA FNRY
has a duration of approximately one second (McDonald & Moore PEOGurel5). No North Pacific right

whale upcalls were detected at any of the sites.
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Mid -Frequency Marine Mammals

Marine mammal speciesith soundsin the midfrequency range expected in the Gulf of Alaska are
humpback whalesMegaptera novaeanglide minke whalesRalaenoptera acutorostrajakillerwhales
(Orcinus orcg and a number of pinnipeds. For niffdquency data analysis, the 200 kHz HARP data were
decimated by a factor of 20 for an effective bandwidth of 5 kHz. The LTSAs fioequiency analysigere
created using a time average of 5 eads, and a frequency bin size of 10 Hz. The presence or absence of
each call type was determined in onginute bins for each mifkequency dataset.

Effort was expnded to find midfrequency sounds including: humpback whale, minke whale, killer whale,
pinniped, mid-frequency activesonar(MFA) explosions, and broadband ship noise. The LTSA parameters
used tomanually search foeach sound are given rable2. Humphkack whale sounds wemetected
automatically.

Table2. Midfrequency LTSA search parameters including plot length and frequency range

LTSA Search Parameters
Species or Anthropogenic Sourg Plot Length Frequency Range
(Hr) (Hz)
Minke Whale 0.50 1000¢ 2000
Pinniped 0.75 200¢ 700
Killer Whale 0.75 200¢ 5000
MFA Sonar 0.75 1000¢ 5000
Broadband Ship Noise 3.00 0¢ 5000
Explosions 0.75 0¢ 2000

Humpback Whale Detector

Humpback whale song is categorized by the repetition of units, phrases, and themes as descrbgdey
& McVay (1971) Nonsong vocalizations such as social and feeding sounds consist of individual units
(Dunlop et al. 200,/Stimpert et al. 2011) Allhumpback whale soundsan last from 0.15 to 2.5 seconds
Most humpback whale vocalizations are produced between3@I0 Hzigurel6). For this report we

detectedhumpback calls using a computer algorithm based on the gerealized power law detector (Helble et

al. 2012) The validity of the detected signals was subsequentdyified by a trained analyst.
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Figurel6. Example of humpback whale song from site PT in analyst verification stage of detector.
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Minke Whale

aAylS 6KIfS ao2Ay3aég O2yaraid 2F w LINIaz o0S3aAyyAy3
energy band just below 1400 Hzigurel?). Boings are divided geographically into an eastern and a central

Pacific variant, with a dividing line at about 135°W. Eastern boings have an average durattoseacb8ds

and a pulse repetition rate of 92*§Rankin & Barlov2005). Boing sounds recently reported from the

Chukchi Sea have measurements that match the central Pacific sddeldsue & Martin 2018 No minke

whale boings were detected at any of thites.
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Figurel7. Minke whale boing in theTSAtop) andspectrogrambottom) from southern California.
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Pinnipeds

Pinnipeds known to occur in the Gulf of Alaska aretedla lion Eumetopias jubatys Northern fur seal
(Callorhinus ursingsharbor sealfhoco vitulin Northern elephant seaMirounga angustirostrig and
possibly California sea liongajophus californian(is These species produce a variety of sounds with most
of their dominant energy below 1000 Hzdd-igurel8). Pinniped vocalization bouts can continue for up to
several hoursNo pinniped calls were detectext any of the sites.
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) W

0 10 15 20 25
Time [seconds]

Figurel8. California sea lion barks recorded June 2011 in California.
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High-Frequency Marine Mammals

Marine mammal species with sounds in the RIEINBS |j dzSy 0 NI y3S SELISOGSR Ay (K
dolphins Grampus griseysPacific whitesided dolphinsl{agenorhynchus obliquidensiller whales, sperm

whales Physeter macrocephaliss . I A NR Q& Beér&diub ISaidii B K tz84 SBNa o6SIH {1 SR ¢
(Ziphius cavirostris = { (i S2y S 3 S NNasopiodh geh&erid& If Q& a LBRdddelbilles S 0

dalli) and harbor porpoiseRhocoea phocoena For the highfrequency data analysis, spectra were

calculated for the full effective bandwidth of 100 kHz. The LTSAs were created using a time average of 5
seconds and a frequendin size of 100 Hz. The presence of call types was determined-miante bins.

High-Frequency Call Types
Odontocetesounds can be categorized as either: echolocation clicks, burst pulses, or whistles. Echolocation

clicks are broadband impulses with the peak energy between 5 and 150 kHz, dependent on species. Burst
pulses are rapidly repeated clicks that have a credhuazlike sound quality; they are generally lower in
frequency than the echolocation clicks. Dolphin whistles are tonal calls predominantly between 1 and 20
kHz that vary in frequency content, their degree of frequency modulasiewell as durationThese

signals are easily detectable in an LTSA as well as the spectrétganel9).
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Figurel9. LTSA (top) and spectrogram (bottom) destoating the odontocete signal types.
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Unidentified Odontocete

Several dolphin speciese not yet distinguishable based on the character of their clicks, burst pulses, or
whistles Goldevilla et al. 200&och et al. 2011)Suchdetectionswere clasffied as unidentified
odontocetesin this report.

2 E O @blghi®

wWAdazQa R2fLIKAY SOK2t20FGA2y Of A Obandingpayfernd S ARSY (AT
observable in the LTSRigure200 ® WAAd4a2Q8 R2fLIKAY SOK2t20F0A2y Of A
39 kHz $oldevilla et aR008. The peaks in the Gulf of Alaska have a slightly differing peak structure of 22,

25, 29, and 32 kHz indicating possible population level differences.
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Figure20d wdblghiéh 2cQustic encounter (LTSA) recorded in the Northwest Training Range Comg
Note a distinctive banding pattern typical for this region.
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Pacific White -Sded Dolphin

Pacific whitesided dolphin echolocation clicks can also be identifieshiecies by their distinctive banding

patterns figure2l). Pacific whitesided dolphin echolocation clicks (Type A) have energy peaks at 22, 26,
and 37 kHzSoldevia et al. 201}

100

Frequency (kHz)

0 0.4 0.8 12 16 2.0
Time (hours)

Figure21l. Pacific whitesided dolphin type A echolocation clicks in the LTSA.

26



Killer Whale

Killer whales are known to produce four call typestsed calls, higfrequency modulated (HFM) signals,

echolocation clicksandlow frequency whistlesHord 1989Samarra et al. 2030Killer whale pulsed calls

are well documented and the best described of their call tygeslzt 8 SR OF f £ aQ LINA YLl NBE Sy

and 6 kHz, with high frequency components occasionally >30 kHz and duration primarily between 0.5 and

1.5 secondg¢Ford, 198% HFM signals have only recently been attributed to killer whales in both the

NortheastAtlantic Samarra et al. 2010) and Northeast PadiSimonis et al. 201 Filatova et al. 2012

Thesesignals have fundamental frequencies between 17 and 75 kHz, the highest of any known delphinid

tonal calls. We primarily usaulsed callg§Figure22) and HFM signal§igure23) for killer whale species

identification. Echolcation clicksandlow-frequency whistles are used to a lesser extent for the

classification of killer whale signals as these call types are not as easily distinguishable from other

2R2y(120S3GS OftA01a YR ¢gKAaAGESa oS®ad . FANRQa o06SI 1S
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Figure22. Killer whale echolocation clicks in the LTSA (top), whistles and pulsed calls in the spectroc
(bottom).
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Figure23. Killer whale higlfirequency modulated (HFM) signal in the LTSA @op)spectrogram (bottom)
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Sperm Whale

Sperm whale clicks contain energy froR2@kHz, with peak energy between-18 kHz ghl et al.2003).
Regular clicks, observed during foraging dives, have a uniformdint&rinterval of about one second
(Goold &Jonesl995 Madsenet al.2002 Mghl et al.2003. Short bursts of closely spaced cljaddled
buzzesare observed during foraging dives and are believed to indicate a predation at{gviapivood et
al. 200§. Sperm whales emit regular clicksdabuzzes during dives typically lasting about 45 minutes,
followed by a quiet period of about 9 minutes while the whales are at the surtéetwood et al. 200B
Multiple foraging dives and rest periods are often observed over a long period of tithe LT SARigure
24).

Frequency [kHz]

Time [hour]

Frequency [kHz]

Time [sec]

Figure24. Echolocation clicks of sperm whales in the LTSA (top) and spectrogram (bottom).

29



" A E BAaked Whale

BaA NRQa o0SIF{SR ¢6KIFfS Aa GKS YvYzald O2YyYzyfe °XoaSNUSR
North Pacific Ocean and adjacent seas), probably since they are relatively large and travel in groups of up to
several dozen individual&fen & Anglis€011). .  ANRQa SOK2ft20F A2y &aiadaylrta |
aLISOASaQ | OBRegadeindnSraté thedyyital baaeed whale polycyéleguency modulatedRM)

upsweep but additionally use a delphidile echolocation click. These FM pulsed alicks are identifiabl

due to theircomparablylow-frequency content. Spectral peaks are notable around 15a13@ 5660 kHz
(BaumannPickeringet al. 2018, BaumanrPickering et al. 20134Figure25). Unlike other beaked whales

Ay GKS INBFXZ . FANRQ&a o0SIF{1SR 6KIFfSa AyO2NLERNI(GS 6KA
(Dawson et al. 1998)
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peaks at about 15, 30, and &0 kHz.
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# O O EHeakédiVvhale

/| dz@A SND&a o6SF{SR 6KIES A& dzyO02YY2y AY VvieKS Ddz F 2F !
RATFSNBYGAIFIGSR FNRY 2 Thkss dlitksdrdépaycysliE, Withla EhardefelisicBM & A Iy | €
upsweep, peak frequency around 40 kIRig(re26) and uniform intetpulse interval of about 400 ms

(Johnson et al. 2004, Zimmer et al. 20BaumanrPickering et al. 2013a
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Figure26. Echolocation sequence of @& SNRa o06SIF 1SR 6KFIES FTNRBRY { 2dz
example FM pulse igpectrogram (bottom).
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3 0AET Baked\dnale

{ iS22y S3aISNDa oabdusticalighe mést condnionlyenbdaBntered beaked whale in the Aleutian
Islands chainhowever, they have been rarely encountered at sea otherviidead 1989 Walker & Hanson
1999 Loughlin et al1982 and their distribution has been inferred from stranded animalbef & Angliss
2011). They produce a FM pul€aumannPickering et al. 20138aumannPickering et al013) as their

echolocation signal in a regularly spaced interiz@gire27). Their dominant energy is tibuted between

45 and 75 kHz, with a peak frequency around 50 kHz. Their miatkaspulse interval is 80 m8&umann
Pickering et al. 2013&aumannPickering et a013).
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spectrogram (bottom).
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Unidentified Porpoise i } A
5Fff Qa LJ2 NLJ2 A & SardkyoRrn t&dcdwibir2tieIG uliMhlalkka ragitarbor porpoisetend

G2 AYKFOAG Y2NB O2Fadltf NBFra 6AGK LINBTSNNBR
more widely distributed, using shallow as well as deep, oceanic watbes (& Angliss 2031 Both harbor
L2 NLJI2A &S I a ¢S produde a sinfilar,indrrawband JRidgidglzeici ésholocation click
(Bassett et al. 2009, Villadsgaard et al. 2007), with dominant energy between 120 and 150 kHz.
Acoustically, we have not yet determined a classification scheme to differentiate betweenttiese
species.However,§ @Sy GKSANI RAAGNROdziA2Y YR KA &asdil 6 dzy RIy
the HARP deploymentallen & Angliss 2011), we would expect mdfstiot all porpoise detections at all

GKNBES aAriasSa G2 0S 51ffQa LRNLRA&ASO

(SN
[@=N
(p))
-

TheHARP only recordgcoustic energy up to 100 kHz, so the peak energy of the porpoiseiskdi®s/e the
upper frequency band recorded by the HARRswever, the HARP ardlias filter will allow some spectral
leakage from energy above 100 kHz, resultim$j2G140 kHz energy appearing at-80 kHz Figure28).
Detection of porpoise clicks is therefore possible when the animals aretodise HARF< ~1 kmjand
their received levels are high.
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Figure28. Example LTSA (top) and spectrogram (bottom), presumably produced by spectral aliasing
5FffQa L}2(MDIA30KE fréytiehod todtent)
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Anthropogenic Noise

Broadband Ship Noise

Broadband ship noise occurs when a ship passes relatively close to the hydro@iopeoise can occur
for many hours at a time, but broadband shipise typically lasts from 10 minutes up to 3 hours. Ship
noise has a characteristic interferam pattern in the LTS@McKenna et al. 2012)Combinationof direct
paths and surface reflected paths produce constructive and destructive interference (bright and dark
bands) in the spectrogram that varies by frequency and distance between the shiheareteiver (red
arrows inFigure29). Noise can extend to above 10 kHz, though it typically falls off above a few kHz.
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Figure29. Broadband ship noise (arrows) in the LTSA (top) and spectrogram (bottom).
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Mid-frequency Active Sonar

There are multipleypes of active sonarThese span frequencies from about 1 kHz to over 50 kHz and
include short duration pings, frequency modulated (FM) sweapd short and long duration constant
frequency (CF) tones. One common type of sonar used during naval trainingfisauiehcy actie (MFA)

sonar for antisubmarine warfare (ASW) exercises. Sounds from MFA sonar vary in frequency and duration
and can be used in a combination of FM sweeps and CF tones; however, many of these are between 2 and
p 11T FyR I NB Y2 NBbp3 Syl S Niheti \geye &NV A/0Rtéctiomslaky ofthe sites.
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Echosounders

Echosounding sonars transmit short pulses or frequency sweeps, typically in tfieequidncy (812 kHz)

or high frequency (3000 kHz) bandrigure30). These sonars may be used for sea bottom mapping, fish
detection or other ocean sensing. Many large and small vessels are equipped with echosounding sonar for
water depth determinationtypically these echosounders are operated much of the time a ship is at sea, as
an aid for navigation. Echosounders were detected by analysts using the LTSA plots at battd igh
frequency.
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Figure30. Example of anchosounder from sit®Tin the LTSA (top) and spectrogram (bottom).

36



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

subseafloor exploration, and seal bombs used by the fishing ingug\n explosion appears as a vertical
spike in the LTSA that, when expanded in the spectrogram, has a sharp onset with a reverberant decay
(Figure3l, Figure32). These sounds have peak energy as lotadz and often extend up to 2000 Hz or
higher, lasting for a few seconds including the reverberation.
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Figure31. Two explosions are shown with rapid onset and extended reverberation.
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Figure32. Five explosion events are shown at lower received levels (LTSA, top) and one example ex
(spectrogram, bottom). This explosion type shows a slower onset in comparison to the exanfijesen
31, suggesting a more distant source.
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Results
We describe ambiemoise, the seasonal occurrence and relative abundance of marine mammal species,

and anthropogenic sounds. For clarity of presentatahmarine mammal and anthropogenic sound source
occurrencswill be displayed as weekly averages.

Ambient Noise
Underwater ambient noise at sites CA, CB, and PT has spectral shapes with higher levels at low frequencies

(Figure33). For site CA, the high noise levels experienced below a@etizlated tothe strong tidal
currents and strumming of the hydrophone mooringt site PT, there is evidence lohgrangeship noise
at frequencies below 100 HHEi{debrand 2009 At all three sites, noise levelgere generallylowerin the
summer relative to the fall and winter, probably duedecreased noise from wind and wavelominent
seasonapeals in noise wer@bseved atfrequency bandl5-30 Hz ad also at 4745 Hz, related to the
presence of blue and fin whale cadissites CB and PT.
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Figure33. Monthly ambient noise in site Gop), CB(middle) and PTbottom).
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Mysticetes

Three baleen species were recorded between May 2012 and June 2013 at sites CA, CH)laadvRdles,

fin whales, and humpback whaleklo calls were detected for gray whal3 calls)or North Pacific right
whales(up-calls) In general, fewer baleen whale vocalizations were detected at site CA than at CB or PT.

While that is likely a rediction of the distribution of the species, it may also be confounded by a decreased
effective effort due to strumminga 2 N3 RSGFAf & 2F SIFOK aLISOASaQ LINBaSy

Blue Whale

Blue whale calls were detected in the Gulf of Alas&enfMay 2012 through June 201®ith a brief gap
from late February until late Mardffrigure34). Whales from both the central Pacific, as well as the
population fourd off the U.S. west coast, are found in this area.

1 Pealsin overall calling occurred betweekugustand November 2012Hgure34), with some
variability across sitesThis isconsistent with recordings collected further south in the Gulf of
AlaskaWatkins et al. 2000

1 Northeast Pacific B calls were the most abundant blue whale call detected with the highest number
of hours with callsn Augustand again OctoberNovember2012at site B, andpeak detections at
site PTfrom September to Decemb@012 Figure35).

1 Central Pacific tonal calls were substantially less common than the Northeast Pacific B and D calls.
These calls werdetected at siteCB inJulyand Augus012and at site PT in Septemband early
October 2012Kigure36). No Central Pacific tonal calls were detected at site CA.

1 Blue whale D calls peaked earlier in the yiban B callstheir peak @curred May and June 2052
site CBand then again i\pril andMay 2013at site PT(Figure37).

1 There was no diel pattern inlue whale B and Central Pacific tboalls(Figure38, Figure39). D
calls however, generallpccurred more during daylight houvgth additional peaks at sunset
(Figure40).
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Figure38. Blue whale B calls in hourly bins at sites CA (top left), CB (top right), and PT (bottom). Gr:
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