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Executive Summary

Passive acoustic monitoring was conducted in t
November 2018 May 20200 detect marine mammal aadthropogenic soundsligh-frequency

Acoustic Recordig PackagesHARPS) recorded soundstieen 10 Hz and 100 kHz at four

locations:two west of San Clemente Island (@Bm depth, site E artd0o00 m depth, site Hind

two souhwest of San Clemente IslandZ80 m depth, site Mnd1,200m depth, site U).

While a typical suthern California marine mammal assemblage is consigiggttbcted in these
recordinggHildebrandet al, 2012) only a select subet ofspecies including blue arfith whales,
Il i st edaag edndbdaked whakewere analyzed for this reppoThe lowfrequency
ambient soundscapndthe preence of MidFrequency Active (MFA) sonar and explosiare
also repored

Ambient sound levels were highegor frequencies greater than ~200 &tzsiteE and lowest asite
H, likely related to local windPeaks in sounigvels atall sitesduring the fall and winter are related
to the seasonally increased presence of blue whales and fin whales, respectively.

For marinemammal and anthropogersounds data analysis was performed using automated
computer algorithmsCalls of two baleen whale species were detected: blue whale B calls and fin
whale 20 Hz calls. Both spies were present at all sitekie whaleB callswerehighest at site E

and he fin whale acoustic inderepresentative of 20 Hz callwashighest at sitde andlowest at

site U. Blue whale B cd detections peakeith August 201%nd againn October2019 atsitesH

and N Very fewblue whaleB callswere detected after Januai2®. The in whale acostic index
was higlestfrom October 2019 to April 2020

Frequency modul ated (FM) echolocatiwaly pul ses f
detected aall sites,but weredetected in much higher numbers atsiieand H.At site E,

detectionsvere highest ilDecember 2019vhile at site H they peaked August2019and again

from February to May 2020 henew beaked wHa FM pulse type, BW37\{previously referred to

as BW35; Riceet al, 2019; Riceet al, 2020) thoughttob@ r oduced by Hubbsd bes
(Griffiths et al,, 2018) was detectednly in Januar®020 at site Ein December 2019 anthnuary

2020 at site H, andn only one dayn March 2020atsite N TheFM pulse type, BW43hought to
beproduced by Per r(BanndagrPitkeriagetald20iMwead detecte

intermittently throughout the reating periodat sites N and U No other beaked whale signal types

were detected.

Two anthropogenipulsedsignals weraletected: MFAsonar and explosionsFA sonar was
detected at all sitesith pealsin February August andNovember 2019Site N had thenost MFA
sonar packet detections normalized per yeattlamdighest cumulative sound exposure levels,
including events concurrent with a majovabexercise duringlovember2018 Site Ehad the
lowest number of sonar packet detectionsile site H hadhe lowestmaximumcumulative sound
exposure level.



Explosions were detected at all sitest Wwerehighestin October and November 2019 and February
2020at site H At site H, emporal and spectral parametstgygesprimarily association with
fishing, gecifically with the use of seal bombs.



Project Background

The Navyo6s So uSOGALYRang€CGomplei is loqatedan ti{ie Southern California
Bight andthe adjacent deep waters to twest.This region has a highlyrpductive marine
ecosystem dum the souttvard flowing California Currerdnd assoated coastal current systeA.
diverse array of marine mammals is found here, including baleen whales, beaked aviobdeiser
toothed whales and pinnipeds.

In January 2009, an acoustic mtomning dfort was initiated withithe SOCAL Range Complex

with support from the &. Pacific FleetThe goal of this effort was to characterize the vocalizations
of marine mammadpecies present in the ardatermingheir seasonal presence, aluate the
potential for impact from naval trainindn this curreneffort, the goal was to explotke seasonal
presence of a subset of species of particular interest, includingbéles, fin whales, and beaked
whales. In addition, the Iodrequency ambient soundsee, as well as the presence of Mid
Frequency Active (MFA) sonar and explosions were analyzed.

This report documents thealgsis of data recorded yigh-frequency Acoustic Recording
Packages (HARPSs) that were deplogtdoursiteswithin the SOCAL Rame Complex and
collected data betweeNovember 201&nd May2020(Tablel; Table2; Table3; Table4). The
four recording sites include twio thewest (sies E and H)andtwo to the soutl{sitesN and U of
San Clemente Islan@Figurel; Figure2).

Table 1. SOCAL Range Complex acoustic monitoring asite E since January 2009.
Periods of instrument deployment analyzed in this report are shown in bold.

Deployment #| Monitoring Period # Hours
31 1/13/091 3/9/09 1302
32 3/13/09i 5/7/09 1302
33 5/19/09i 7/12/09 | 1302
34 7/24/091 9/1609 | 1302
61 3/5/171 7/10/17 | 3063
62 7/11/177 2/10/18 | 5148
63 3/15/18i 7/11/18 | 2843
64 7/12/181 11/28/18| 3356
65 11/29/18i 5/7/19 | 3838
66 - -
67 11/9/191 5/8/20 4362




Table 2. SOCAL Range Complex acoustic monitoringat site Hsince Jaauary 2009
Periods of instrument deployment analyzed in this report are shown in bold.

Deployment # | Monitoring Period # Hours
31 1/13/091 3/8/09 1320
32 3/14/091 5/7/09 1320
33 5/19/09i 6/13/09 600
34 7/23/091 9/15/09 | 1296
35 9/25/091 11/18/09| 1320
36 12/6/09i1 1/29/10 | 1296
37 1/30/10i 3/22/10 | 1248
38 4/10/101 7/22/10 | 2472
40 7/23/101 11/8/10 | 2592
41 12/6/10i 4/17/11 | 3192
44 5/11/117 10/12/11| 2952
45 10/16/117 3/5/12 | 3024
46 3/25/12i 7/21/12 | 2856
47 8/10/12i 12/20/12| 3192
48 12/21/127 4/30/13| 3140
49 - -
50 9/10/13i 1/6/14 2843
51 1/7/147 4/3/14 2082
52 4/4/147 7/30/14 2814
53 7/30/147 11/5/14 | 2340
54 11/5/147 2/4/15 2198
55 2/5/151 6/1/15 2800
56 6/2/151 10/3/15 2952
57 - -
58 11/21/15 4/25/16| 3734
59 7/6/167 11/9/16 3011
60 - -
61 21221177 6/6/17 2518
62 6/7/171 10/4/17 2879
63 10/5/171 11/3/17 707
65 7/9/1871 11/28/18 | 3413
66 11/29/18i 5/5/19 | 3784
67 6/1/197 12/8/19 | 4557
68 12/8197 5/8/20 3644




Table 3. SOCAL Range Complex acoustic monitoring at site N since January 2009.
Periods of instrument deployment analyzed in this report are shown inddd. Dates in italics were only
used for high frequency analysis.

Deployment # | Monitoring Period # Hours
31 1/14/091 3/9/09 1296
32 3/14/091 5/7/09 1320
33 5/19/09i 7/12/09 | 1296
34 7/22/09i 9/15/09 | 1320
35 9/26/091 11/19/09| 1296
36 12/6/091 1/26/10 | 1224
37 1/31/10i 3/26/10 | 1296
38 4/11/101 7/18/10 | 2352
40 7/23/101 11/8/10 | 2592
41 12/7/101 4/9/11 2952
44 5/12/107 9/23/11 | 3216
45 10/16/111 2/13/12| 2904
46 3/25/12i 8/5/12 3216
47 8/10/12i 12/6/12 | 2856
48 12/20/127 5/1/13 | 3155
49 5/2/131 9/11/13 3156
50 - -
51 1/7/147 2/16/14 956
52 4/4/147 7/30/14 2817
53 7/30/14i1 11/5/14 | 2342
54 11/4/14-2/5A5 2196
55 2/5/151 2/23/15 433
56 6/2/151 10/3/15 2966
57 10/3/151 11/21/15| 1168
58 11/21/15 4/18/16| 3578
59 7/7/161 11/8/16 2999
60 11/9/161 2/21/17 | 2457
61 2/21/171 6/7/17 2528
62 6/7/177 12/21/17 | 4723
63 2/4/1871 7/9/18 3722
64 7/9/187 11/28/18 | 3417
65 11/29/18i 5/5/19 | 3768
66 5/5/191 11/7/19 | 4481
67 11/8/191 4/29/20 | 4148




Table 4. SOCAL Range Complex acoustic monitoring at site U since November 2018.

Deployment # | Monitoring Period # Hours
01 11/18/187 6/11/19| 4936
02 11/6/197 1/16/20 | 1689
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Figure 1. Locations of High-frequency Acoustic Recording Package (HARP) deployment sites E,
N, and U (circles) in the SOCAL study area from November 2018 through May 2020.
Color indicates bathymetric depth. Contour lines represent 500 m depth increments.



Figure 2. Locations of High-frequency Acoustic Recording Package (HARP) deployments in the
SOCAL study area (colored circles) andJS Naval Operation Areas(white boxes).

Methods

High-frequency Acoustic Recording Package (HARP)

HARPswere used to recoithe lowfrequency ambient soundscape as wethasnemammaland
anthrompgenic sounds) the SOCAL areaHARPSs carmautonomouslyecord underwater sounds

from 10 Hz up to 160 kHz and are capableiptoapproximatelyone yeaof continuous data
storageThe HARPs weréeployedn a seafloor mooring configuration withe hydrophones
suspendedt leastLlO m above the seaflodEach HARPhydrophonas calibratel in the laboratory

to provide a quantitative analgsbf the received sound fielRepresentative data loggers and
hydrophoneswerealsad i br at ed at t he Nayvy ofacilityito eenfystreeu c e r
laboratory calibrationWiggins and Hildebrand, 2007)

Data Collected

Acoustic recordingbave beemollectedwithin the SOCAL Range Compleear San Clemente
Island since2009 {Table2; Table2; Table3) usingHARPs sampling at 200 kHZhe sites
analyzed in this report adesignatedsite E(32° 39 5 M, 419° 28.76W, depth 1,80 m) site H
(32° 5Q764N, 119° 10.58W, depth 1000 m), site N (32° 22.8N, 118° 33.86W, depth 1,28
m), and site U31° 5116N, 118°2907%6 W, dé@mi h 1, 20

E



Site E recorded frolovember 9, 2019 to May 8, 202@ata from earlier in 2019 was not usable as
some of the mooring floats imploded during deployment, causing the cards Wéldatalogger to
become unseatedjite H recorded from June 1, 20bMay 8, 2020 site Nrecorded from May 5,
2019to April 29, 202Q and site Uecorded from November 12018 to June 12019(although

there was a gap from November 18 to Novemben2Be low and midrequency data due to a bad
connection between the datalogger and batteatyresulted in lowrequency noisg and again from
November 6, 2019 to January 16, 2@20s deployment was cut short due to a bad port on the
battery case)for all four sites, a totabf 27,817h (1,159day9 of acoustic data were recorded in the
deployments analyzed in this report.

Data Analysis

Recording over a broad frequency range of 1@dH00 kHz allowsquantificationof the low-
frequencyambient sounstapedetection obaleen whales (mysticetes), toothed whales
(odontocets),and anthropogenic soundsnalyses were conducted usiagpropriateautomated
detectors for whale arehthropogenic sound sourcésalysis was focused on the following
speciesblue whalesBalaenoptera musculisfin whales B. physalus, and Cuvi er 6s
whales Ziphius cavirostri}. In addition,the data were screenedfi gnal s from Bl ai
(Mesoplodon densirostiis a nd S tMe gtemeggideaked whalesas vell as forFM puse

b ¢
n \

typesknownas BW4& nd BW7 0, whi ch malyperbnd dnd pygmybeakedP e r r i n ¢

whales M.peruvianu}, respectivelyBaumannrPickeringet al, 2014) A recently identified beaked
whale signalytpe (Griffiths et al, 2018) possibly belonging to Hulsbbeaked whal¢M.

carlhubbs), was found at some sites during this reportiagqa and is referred to as BVIA3

(previously referred to as BW35; Rieeal, 2019; Riceet al, 2020) A description of relevant

signal types can be found belowndividual blue whale B calldbeaked whale echolocation clgk

as well as MFAsonarand explosioroccurrence and levels were detected autonmticgsing

computer algorithm®resence ofifi whale20 Hz calls was detectesing arenergy detection

method and iseportedass dai | y av e rfimwhele acdustic imdé(d G it retay, 6|

2015) For analysis of lowfrequency signals (i.ethe lowfrequency ambient soundscapkje

whale B callsand fin whale 20 Hz calls), data were decimated by a factor of 100 for an effective
bandwidth of 10 Hz to 1 kHz arldng-term sgectral averages (LTSAs) were created using a time
average of 5 seconds and frequency bins of 1 Hz. For analysis of MFA sonar, data were decimated
by a factor of 20 for an effective bandwidth of 10 Hz to 5 kHz and LTSAs were created using a time
average ob seconds and frequency bins of 10 Azll bandwidth data were used for the analysis of
beaked whale signa#md LTSAs were created using a time average of 5 seconds and a frequency
bin size of 100 HzDetails of all automatiand manuatietection methodare described below.

Low-frequency Ambient Soundscape

HARPs write sequential 75 s acoustic records, from which sound pressure levels were calculated.
Five, 5 s sound pressure spectrum levels from the middle of each 75 s acoustic record were
averagedd awid system selhoise (specifically hard drive disk write§pectra froneach day

were subsequently combined as daily spectral averages.

Blue Whales

Blue whales produce a variety of calls worldw{tcDonaldet al, 2006) Calls recorded in the
eastern North Pacifinclude the Northeastaeific blue whale Ball (Figure3) andD call.
Northeast Pacific blue whale B cadlsee geographically distinct aqetentiallyassociated with
mating functiongMcDonaldet al, 2006; Olesomt al, 2007) Theyare lowfrequency



(fundamentafrequency~-20 Hz),long duration(> 10 s)calls thatare often regularly repeated. D
callsare downswepin frequency (approximately 1080 Hz) wth a duration of severaeconds
These calls arsimilar worldwide and are assated with feeding animals; they may be produced as
call-counte call between multiple anima{®lesonet al, 2007) Only B cals were analyzed for this
report.

Northeast Pacific blue whale B calls

Blue whale B cdk (Figure3) weredetected automaticallysing spectrogram correlatigMellinger

and Clark, 1997)Thedetectiorkernelwas based on frequency and temporal characteristics
measured from 30 calls recorded in the data set, eaclepaliaged by at least 24 houfrse kernel

was comprised of four segments, three 1.5 s and one 5.5 $doagptal duration of 10 &ince

blue whale calls change over tirfMcDonaldetal, 2009 ; G,sparée kefnelsa®0 1 6)
measuredor summer and fall periodBor this recording periodnly a fall kernel was needéaolr

2018, while both a summer and fall kernel were needed for. 2019fall2018 kernel wadefined

as sweeping fromb5 to 44.5 Hz; 44.5 to 44 H44 to 43.5 Hz, and 43.5 to 42z during these
predefined periods'he summer 2019 kernel was defined as sweeping from 45.6 to 45.1 Hz; 45.1 to
44.4 Hz, 44.4 to 43.8 Hz, and 43.8 to 42.8 Hz, while the fall 2019 kernel was defined as sweeping
from 44.4 to44 Hz; 44 to 43.3 Hz, 43.3 t0 42.8 Hz, and 42.8 to 4Z2THe.kernel bandwidth was 2

Hz. The total numbeof detectionsre reported for this call type.

Frequency [Hz]

Frequency [Hz]

01/24/2013 09:02:20.5 Time [seconds]

Figure 3. Blue whale B calk (just below 50 Hz)in Long-Term Spectral Average (LTSA; top) andan
individual call shown in aspectrogram (bottom)previously recorded at site N.



Fin Whales

Fin whales producshort ¢ 1 s duration), lowfrequency callsThe most commorsia frequency
downsweep from 35 Hz called the 20 Hz caWatkins, 1981)20Hz calls can occur at regular
intervals as son@@hompsoret al, 1992) or irregularly as dacountercalls among multiple
traveling animalg§McDonaldet al, 1995)

Fin whale 20 Hz calls

In the SOCAL study area, fin whale 20 Hz calls are so abundant that it is often impossible to
distinguish, and therefore detect, individual c@latkinsetal, 2 0 0 0 etal(32015p v i |
Thereforefin whale 20Hz calls Figure4) were detected automaticallging an energy detection

method( Gi rebal, R015) The method uses difference in acoustic energy between signal and

noise, calculated froralong-term spectral averageTSA) calculated over 5with 1 Hzfrequency
resolution.The frequency at 22 Hz was used as the signal fregudlieukirketal, 2012; Gir o
et al, 2015) while noise was calculated as the averageggreetween 10 and 34 Hihe resulting

ratio is termedfin whale acoustic indédand is reported as a daily averagk.calculations were

performed on a logarithmic scale.
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Figure 4. Fin whale 20 Hz calls in arLTSA (top) and spectrogram (bottom)previously recorded at
site H.
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Beaked Whales

Beaked whalepotentiallyf ound i n t he Southern @Berhardifsor ni a Bi
bairdii), Cuvieb s, Bl ai nvi | | eds, Sandpygmyebgaked dredgJeffénsdnb s 6, |
et al, 2008; Jeffersomet al, 2015)

Beaked whales can be identified acoustically by their echolocation s{@aalsianAPickeringet

al., 2014) These signals are frequentyddated (FM) upsweppulses, which appear to be spgsc

specific andaredistinguishable by their spectral and temporal features. Identifiable signals are
known for Bairdoés, IlRdy®&itmryinlelged s (Bbumenkedd svh ad red
Pickeringet al, 2013b)

Other beaked whale signals detected in the Southern @&ifBight nclude FM pulses known as
BW43andBW/ 0, whi ch may andkpygmplmpakeédovhaiespeactivalyd s
(BaumannrPickeringet al, 2013a; BaumanRickeringet al, 2014) A new signal type, BW37V

possi bly bel ongi ng tGiffithbetalb 2008) wasalsdseardhedvitrTdis e s

signal type has been referred to as BW35 in previous repodset al, 2019; Riceet al, 2020)

Onl y CBW37¥¢ aml 8W43ignals were detected during this recording peftere was

no detection eff or tThdsesignaBe desadb@dbeloweirankodethil. wh al e s .

Beaked whale FM pulsegere detected withn automated metld. This automated effort was for

all identifiable signals found in Southern California exdepthose producedbyai r d6s beake
whalesbecauséhey produce a signal wiita lower frequecy content than ig/pical of othe beaked

whales and therefore anet reliably identified by the detector usédter all echolocation signals

were identifed with a Teager Kaiser enerdgtector(Soldevillaet d., 2008; Roctlet al, 2011b) an

expet system discriminated betwedelphinid clicks and beaked whale FM pulbased on the

parameters described below

A decision about peence or absence of beakeldale signals was based detections within a 75 s
segmentOnly segments with more than sedstections were used in further analysis. All
echolocation signalsith a peak and center frequermiow 32 and 25 kHz, respectively, a

dur ati on | e sdsaswebpaate ofddshthankklz/ms avere deleted. If more than 13%
of all initially detected ecHocation signals remained aft@pplying these criteria, the segment was
classified to haveeaked whale FM pulseshis threshold was chosen to obtain the best balance
between missed and false detectignthird classification step, based on computer assisted manual
decisions by trained analyst, labeled taatomatically detected segmentptdse type and

rejected false detectioraumannPickeringet al, 2013a) The rate of mised segment®r this
approachs typically5%. The start and end @ach segment containing beaked whale signats
logged and their durations were addo estimate cumulative weelgyesence.
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Cuvierbds Beaked Whal es

C u v slmakéd whalecholocationignals(Figure5) arew e | | di fferentiated fr
acoustic signals as polycyclic, wittcharacteristic FM pulse sweep, peak frequency around 40

kHz, and uniform intepulse interval of about 0i4.5s (Johnsoret al, 2004; Zimmeeet al, 2005)

An additional feature that bDeakédpbalEMipulshsistthate i d e n
they havecharacteristic spé@l peaks around 17 and 23 kHz
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Figure 5. Echolocation sequence f Cu v i e r Odake intarrLaSA €top) anchexample FM pulse
in a spectrogram (middle) ard correspondingtime series (bottom)previously recorded at site N

Amplitude [counts]
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BW37Vv

The BW37VFM pulsetype (Figure6) has yet to bgositivelylinked to a specificgecies.These
FM pulses are distat from otherbeaked whals p e c i e s 6theshingadakfregsiency n
distribution,which showsa prominent spectragle&k around 3%Hz, a spectral notch at 37 kiHand
an upper peak at 48 kH@riffiths et al, 2018) This signal type has a stable infrrise interval of
approximately 0.13 $A candidate species for producitigs FM pulse type may be Husilbeaked
whale(Griffiths et al, 2018)
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Figure 6. Echolocation sequence of BW37V%h an LTSA (top) and example FM pulse ina
spectrogram (middle) andcorrespondng time series (bottom)previously recorded at site E
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BwW43

The BW43 FMpulsetype (Figure7) has yet to bgositively linked to a specific speciéhese FM

pulses are distinguishabl f r om ot h e sbythereaak feequéncysaiouna 48 kHz and

uniform interpulse interval around 02(Baumam-Pickeringet al, 2013a) A candidate species for
producing this FM pul se t(Bapmandafickeringetal,2Bld) r i nds b
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Figure 7. Echolocation sequence of BW43 in an LTSAdqp) and example FM pulse in a spectrogram
(middle) and corresponding time series (bottompreviously recorded at site N.

Anthropogenic Sounds

Two anthropogenic soundgere monitored for this report: MiBrequency Active (MFA) sonand
explosionsBoth unds were detected lopmputer algorithm For MFA sonar the start and end
of each sound or session was logged and their durations wer @adeistimate cumulative weekly
presencel-or explosions, individuaxplosions were detected awdekly totals a& reported.

Mid-Frequency Active Sonar

Saunds fromMFA sonar vary in frequency {10 kHz) andare composed of pulses of both

frequency modulated (FM) sweeps and continuous wave (CW) timselsavedurations ranging

from less than 1 s to greater than &soups of pulses, or pings, constitute a packet while a wave

train,or an event, is a group of packets that are separated from other MFA sonar packets by at least

1 h.Packetsare transmitted repetitively as wave trains with kpacketintervals typicdly greater

than 20 sKigure8). In the SOCAL Range Complex, the most common MFA sonar signals are

between 2 and 5 kHz and are moregeneriil | y known as 063.5 kHz©6 sona

In the first stage dVFA sonardetectionwe useda modified version of th8ilbido detection
system(Rochet al, 2011a) originally designed for characterizingdthed whale whistles. The
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algaithm identifies peaks in tim&requency distributions (e gpectrogram) and determines whic
peaks should be linked intogaaph structure based on heuristic rules that include examining the
trajectory of existing peaksacking intersections between tiffrequency trajectories, and

allowing for brief signal dropouts amterfering signals. Detection graphs are then examined to
identify individual tonal contourtooking at trajectories from both sides of thinequency

intersetion points. For MFAsonardetectionparameters were adjusted to detect tonal contours at
or above 2 kid in data decimated to a 10 kdample rate with timérequency peaks with signal to
noise ratios of 5 dB or above and contdurations of at lea00 ms with a frequency resolution of
100 Hz. The detector frequentiyggered on noise produced by instrument disk writes that occurred
at 75 s intervals.

Over periodof several months, these disk write detections dominated thbarwf detectionsral
could beeliminated using an outlier detection test. Histograms of the dwiestart timeshat

remained once disk write periods were remowede constructed and outliers were discarded. This
removed some valid detections tlwatcurred during disk vites, but as the disk writes and sonar
signals ae uncorrelatedhis is expectetb only have a minor impact on analysis. As the detector
did not distinguish betw@esonar anahonranthropogenic tonal signals within the operating band
(e.g, humpback whalg), human analysexamined detection output and accepted or rejected
contiguous s of detectionsStart and end tinsof these cleaned sonar events were then created to
be used in further processing.

In the secod stage of MFA sonar detectiohese srt and end timesf MFA events from both
methodswverethenused 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 detect and measure various packet
parameters after correctifgr the instrument calibrated transfanction (Wiggins, 2015) For each
packet, maximum peao-peak (pp) received level (RL), sound exposure level (SEL);mean

square (RMS) RL, date/time of packet occurremesl packt RMS duration (for Rl -10dB) were
measured and saved.

Various filters were applied to the detections to limit the MFA sonar detection range to ~20 km for
off-axis signals from an AN/SQS 53C source, which resulted in a received level detectiondhreshol
of 130 dB pp re 1 puP@Niggins, 2015) Instrumentmaximum received level was ~168B pp re 1

MPa, above which waveform clipping occurrdebr deployment 67 at site H, waveform clipping
occurred above 160 dB pp re 1 pPadkets were grouped into wave tnaiseparated by more than

1 h. Packet receivel@velswere plotted along with the number of packets and cumulative SEL
(CSEL) in each wave train over the study periave train duration anbtal packetduration

were alscacalculated. Wave traiduration is the difference betwethe first and last packet

detectionsn an eventThe totalpacketduration ofa wave train is the sum of the individual packet
(i.e., group of pings) durationg/hich is measured as the periodlad tvaveform that is 0 to 10 dB

less than the maximum pe#dkpeak received level of the ping group.
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LTSA (top) and as a single paket with multiple pulses in a 30 second spectrogram (bottom)
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Explosions

Effort was directed toward fimalg explosive sounds in the recordingsluding military exposions,

shots from geophysicalkploration, and seal bombsed by the fishing industnan explosion

appears as a vertical spike in the LTSA that, when expanded in the spectrogram, has a sharp onset
with a reverberant dagy (Figure9). Explosions were detected automatically &irdeployments

usinga matched filter detector on data decimatea 16 kHz sampling rate.

Theexplosion detector starts by filtering ttime serieswith a 13" order Butterworth bandpass

filter between 200 and @00 Hz.Next, dosscorrelation was computed between 3%f the

envelopd(i.e., Hilbert transform low pass filteof the filtered timeseries and the envelope of a

filtered example explosion (0.7 s, Hann windowed) as the matched filter signal. The cross
correlation was squar ed dctonsoAsflbating fhresimaddwpse ak s o f
calculated by taking the median cross correlataine over the current 750$ data to account for
detecting explosions within noise, such as shippingro%s-correlation threshold aibove the

median was set. When toerrelation coefficient reached abawethreshold, the timeeries was

inspected more closely.

Consecutive explosions were required to haverannum time distance of 0.5to be detected. A
300-point (0.03 s) floating average energy across the deteetas 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 dgien. Peako-peakand RMS RLwere computed over the potential
detection period and a tinseies of the length of the explosion template before and after the
detection.

The potential detection was classified as false and deletBqdtlife dB difference pp and RMS
between signal and time AFTER the detection was less than 4 dB or 1.5 dB, vesg&tithe dB
difference pp and RMBetween signal and time BEFORE signal was less than 3 dB or 1 dB,
respectively; an@) the detection was shorter than 0.03 or longer than 0.55 sedtwedbresholds
were evaluated based on the distribution of histogrof manually verified true and false
detections. A trained alyat subsequently confirmed or rejectbé remaining detections for
accuracy. Explosions have energy as low as 10 Hz and often extend up to 2,000 Hz or higher,
lasting for a few seconds inaling the reverberation.
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Results

The results of acoustic data analysis at $ttd$, N, and U from November 2018 to May 20&(@
summarizedelow.

We describehelow-frequencyambient soundscape atige seasonal occurrence and relative
abundance of marine mammabastic signals and anthropogenic souoidsiterest

Low-frequency Ambient Soundscape

1 The underwater ambient soundscapall siteshad spectral shapes with higher levels at low
frequenciegFigure10), owing to the dominance ship noise at frequencies below 100 Hz
and local wind and waves above 100(H#debrand, 2009)

1 Site Hgenerally had lowespectrum levelscompared to the other sitdslow 100 Hz
(Figurel0). This is expected owing to the fact that site H is away from shipping routes and
is located in a basin shielded from the deep oeionaldet al, 2008) However,
spectrum levels below 15 Hz during spring months appear to have been influenced by
strumming elated to tidal flow igure10).

1 Sites E,N, and Ugenerallyhad spectrum levels aroundiB higher than site H at 1000
Hz, owing to greater exposuredpenoceanshipping nois€Figure10).

1 Additionally, site U showed increased spectrum levels froni 88@MHz due to the presence
of ships near the recording locatidfiqure10).

1 Prominent peaks in sound spectrum lewadiservedn the frequency band 130 Hz duing
fall andwinter atall sitesare related tohe seasonally incressed presence of fin whale calls.
The hghest levels during this period occurtasite E(Figurel10).

1 Spectral peaks around 45 Hz from July to December at all sites aegl rieldtiue whale B
calls. The highest levels during this period occurred at siteidgui(e 10).

1 Increased spectrum levels from ~1Q00 Hz from March through May 2020 at siteak¢
related tahe presence of a fish chor{isgure10).

1 Noisy peaksn the spectrum during December at sitarda result of the presence of a ship
over the course of a few dafsigure10).
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Mysticetes
Blue and fin whalesvere detected using automated methods betWesember2018and May
2020 More detailsofeachk peci es 6 presence are given bel ow.

Blue Whales
Blue whaleB calls were detected at all sites and were most prevalent during the summer and fall.
1 Northeast (NE) Pacific blue whale B calls weypically detected fronsummer through
earlywinter. At sitesH and N where recordings occurrédroughouthese seasons,
detections peaked in August and again in Oct{Bgurel11l).
1 There was no discernable diel pattern for the NE Pacific B ¢alisie12).
1 There were fewer detections at site H than during previous monitoring periodse lfait t
peak in NE Pacific B calls is consistent with earlier recordings at these(Keesskyet al,
2013; Debictet al, 2015aDebichetal, 2 0 1 5 bet al,3016; Rivedt &l, 2017; Rice
et al, 2018; Riceet al, 2019; Riceet al, 2020)
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Figure 11. Weekly presence of NE Pacific blue whale B callstween Novembe2018 andMay 2020at
sitesk, H, N, and U.

Gray dots represent 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.Analysis of data from December 2018 to May 2019 for
sites E, H, and N vas completed during a previousnonitoring period (Rice et al, 2020)
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Figure 12. Diel presence of NE Pacific blue whale Balls, indicated by blue dotsjn one-minute bins at
sitesi, H, N, and U.

Gray vertical shading denotes nighttime and light purple horizontal shadinglenotes absence of
acoustic data.Analysis of data from December 2018 to May 2019 for sites E, H, and Nagrcompleted
during a previous monitoring period (Rice et al, 2020)
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Fin Whales
Fin whales wereletectedhroughout the recordings all sites

1 The highest valuesf the fin whale acoustic index (representative of 20 Hz calls3 we
measured at sité. Sites H andN hadcomparablecoustic index valuesvhile site U had
the lowest values overdFigure13).

1 A peak in the fin whale acoustic indegcuredfrom October to Februarmt all sites (Figure
13).

1 Thewinterpeak in the fin whale acoustic indexcnsistent with earlier recordings
although the index values at site E are higher than during previous monitoring periods
(Debichet al, 2015a; Debicletal, 2 0 1 5 betal,3016; Rivast al, 2017; Riceet
al., 2018; Riceet al, 2019; Riceet al, 2020)
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Figure 13. Weekly value of fin whale acoustiéindex (proxy for 20 Hz calls)betweenNovember 2018
and May 2020 at sites E, H, N, and.

Gray dots represent percent of effort per week in weeks with less than 100% recording effort, and
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recording effort occurred for the entire week.Analysis of data from December 2018 to May 2019 for
sites E, H, and N vas completed during a previousnonitoring period (Rice et al, 2020)
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Beaked Whales

Cuvi er 0s |dseaaekdetectedniiraghdbe monitoringoeriod.The FM pulse type,

BW37V, possi bly pr oduc e d(Griffiths dtal,20418) was Heteatdderdy wh al e ¢
during Januanrat site E during December and January at siteahijon only one dayn Marchat

steUThe FM pul se type, BW43, possi(Baumannpr oduced
Pickeringet al, 2014) was detecteth low numbers intermittently at site N and throughout the

monitoring period at site No other beaked whale species were detected during this recording
periodMor e det ai | s presénceeattlelogitepace givea lselow

Cuvierbdés Beaked Whal es
Cuvi er 6 s bwasthe endst carhnaohlyedetected beaked whale

T Cuvi er dwhaleEvaepkises werdetectednostat sites E and Handleastat siteU
(Figurel4).

1 Detections ocurred consistently throughailme recording period at sg& andH, with
slight increases in December 2019 at site E and during August 2019 and from February to
May 2020 at site HAt sitesN and U detections were low throughout the recording period
(Figurel4).

1 There was no discernable diel pattern fovGue r 6 s b aadctorsKigutekb) e

1 There were more detections at site H than during the previous monitoring periods, but in
generalthe results were consistent wiftreviousreports(Keroskyet al, 2013; Debiclet
al., 2015a; Debicletal, 2 0 1 5 bet al,@016; Rivedt &I, 2017; Riceet al, 2018;
Riceet al, 2019; Riceet al, 2020)
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27



Site E Site H

15-Nov-2018 - T s 15-Now-2018 -
13-Dec-2018 - ; : 13-Dec-2018 -
10-Jan-2018 - ; : 10-Jan-2019 + i
07-Feb-2019 07-Feb-2019
07-Mar-2019 ; E

04-Apr-2019

02-May-2019

30-May-2019

27-Jun2018

25-Jul-2019

22-Aug-2019

19-Sep-2019 '

17-Oct-2019 -

14-Nov-2019

12-Dec-2019

09-Jan-2020

06-Feb-2020

05-Mar-2020

02-Apr-2020

30-Apr-2020

U] T T 17 T 1

012345678 9101112131415161718192021222324 012345678 9101112131415161718192021222324
GMT (h) GMT (h)
Site N Site U
15-Nov-2018 - : 15-Now-2018 s o z
13-Dec-2018 13-Dec-2018
10-Jan-2019 10-Jan-2019 -
07-Feb-2019 07-Feb-2019
07-Mar-2018 07-Mar-2019
04-Apr-2019 04-Apr-2019 -
02-May-2019 - 02-May-2019
30-May-2019 30-May-2019
27-Jun-2019 - 27-Jun-2019
25-Jul-2019 25-Jul-2019 -
22-Aug-2019 22-Aug-2019
19-Sep-2019 | 19.8ep2019
17-0ct-2019 : 17-0ct-2019-~§
14-Now2019 -+ Il e
12-Dec-2019 12-Dec-2019 -
09-Jan-2020 |- | edanam0 -
06-Feb-2020 - 06-Feb-2020 -+
05-Mar-2020 05-Mar-2020
02-Apr-2020 i 02-Apr-2020 -
30-Apr-2020 - ¢ : ; : 30-Apr-2020 -+
T LI e e e e e e T — T
012345678 9101112131415161718192021222324 012345678 9101112131415161718192021222324
GMT (h) GMT (h)

Figure15.Cuvi er 8s beaked whal e FM pul-mirte binsatsitesEE,Hat e d
N, and U.

Gray vertical shading denotes nighttime and light purple horizontal shading denotes absence of
acousticdata. Analysis of data from December 2018 to May 2019 for sites E, H, and Nagrcompleted
during a previous monitoring period (Rice et al, 2020)
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BW37V
BW37V FM pulses were etected in low numbers at sites E, H, and N

1 BW37V FM pulses were only detected at sittnElanuaryonly during December and
January at site Fgndonly on March 2 at site N There were no detections atiesU (Figure
16).

1 Al BW37V detections occurred at night, but there were not endetgctions to determine
if there was a diel pattelffrigurel?).

1 There were moreeadectionsat site Hthan during the g@gvious monitoring pericgland this
was the first time this signal type was detected at s{fRiteet al, 2019; Riceet al, 2020)
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Figure 16. Weekly presence oBW37V FM pulses betwen November 2018 and May 2020 at sites E, H,
and N.

Gray dots represent 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. Analysis of data from December 2018 to May 2019 for
sites E, H, and N vas completed during a previousnonitoring period (Rice et al, 2020)

29



15:-Nov-2018 - 15:Nov-2018 7
13-Dec-2018 - 13-Dec-2018 -
10-dan-2019 i 10-Jan2019 -
o7 Feb 20194 07-Feb 2019 -
07-Mar-2019 - 07-Mar2019 |-

04-Apr-2013 04-Apr-2013 -

(02-May-2019 02-May-2019 -

30-May-2018 30-May-2013 -|

27-Jun-2019 4 27-Jun-2019

25-Jul-2019 25-Jul-2019

22-Aug-2019 22-Aug-2019

19-Sep-2019 - 18-Sep-2019 -

17-Oct-2019 - 17-0ct:2019 |-+

14-Nov-2019 1 14-Now-2019 i

12-Dec-2019 -+ 12-Dec-2019 o-+i-

09-Jan-2020 -+

09-4an-2020 -+ dendecd -

06-Feb-2020 |- 06-Feb-2020 -+

05-Mar-2020 -

05-Mar-2020 -+

02-Apr-2020 02-Apr-2020

30-Apr-2020 -+

30-Apr-2020 |+

e i R ;
01234567 89101112131415161718192021222324 01234567 89101112131415161718192021222324
GMT (h) GMT (h)

Site N

15-Nov-2018 -

13-Dec-2018

10-Jan-2019 -+

07-Feb2019

07-Mar-2019 ---:-

04-Apr-2019 -+

02-May-2019 -

30-May-2019 +

27-Jun-2018

25-Jul2019 i

22-Aug-2019 -+

19-Sep-2019 -+

17-Oct-2019 -

14-Now-2018 -

12-Dec-2019 -+
09-Jan-2020 -} -

06-Feb-2020 -+

05-Mar-2020 =+

02-Apr2020 -+

30-Apr-2020 -2

0123456 789101112131415161718192021222324
GMT (h)

Figure 17. BW37V FM pulses, indicated by blue dots, inen-minute bins at sites E, H, and N

Gray vertical shading denotes nighttime and light purple horizontal shading deotes absence of
acoustic data. Red circle highlights only times where detections occurred at sites E and®alysis of
data from December 2018 to May 2019 for sites E, H, and Nas completed during a previous
monitoring period (Rice et al, 2020)
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BwW43
BW43 FM pulsesveredetectedntermittenty at site Nand throughout the recording period at site
u.

1 BWA43 FM pulses werdetecedat sitess NandU. At site N detectiors occurredn late
spring 2019 and again December 2019 to March 2@2§6ite U detections occurred
throughout thenonitoring periodFigurel8). There were no detections at site orH.

1 There was no discernable diel pattern for BW43 detectiigsie19).

1 The overall number of detections is consistent with previous ref@teskyet al, 2013;
Debichet al, 2015a; Debik et al, 2015b; Riceet al, 2018; Riceet al, 2019; Riceet al,
2020) However, here wereno detections at site,lds there werduring some previous
monitoring period§ Gi rebal, R016; Riceet al, 2017, or at site HRiceet al, 2020)
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Figure 18. Weekly presence oBW43 FM pulses between Novembe2018 and May 2020 at sites N and

U

Gray dots represent 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. Analysis of data from December 2018 to May 2019 for

site N was completed during a previousnonitoring period (Rice et al, 2020)
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Figure 19. BW43 FM pulses, indicated by blue dots, inen-minute bins at sites Nand U.

Gray vertical shading denotes nighttime and light purple horizontal shading denotes absence of
acoustic data.Analysis of data from December 2018 to May 2019 for site Nas compleed during a
previous monitoring period (Rice et al, 2020)
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Anthropogenic Sounds
Anthropogaic soundgrom MFA sonar (2.44.5 kHz) and explosions, betweldovember2018
andMay 202Q were analyzed for this report.

Mid -Frequency Active Sonar

MFA sonar was a commgndetectedanthropogenic soundhe dagés of major naval training
exercises that were conducted ie ®OCAL region betweeNovember 2018 and May 2020e

listed inTable5 (C. Johnson, personal communicatidddnar usage outside of designated major
exercises is likely attributable to ud#vel training. The automatically detected packets and wave
trains show the highest level of MFA sonar activityl30 dBypre 1 pPa) when normalizexer year
at sites KHIN and U, while site E showed the lowest leV@lable6).

1 MFA sonar wasletected at all fowsites.Detections ocurred throughout the recording
periodat all siteswith pealsin February August andNovember2019(Figure20).

1 While there was no clear diel pattern overall, sites H agdmérallyshowed increased
MFA bouts during the daytim@igure21).

1 Atsite E, atotal 0673 packets were detected, walmaximum received level of 1@ypre
1 pPa(Figure 22). Total wave traindurationwas 11.5h (Figure 25), but the total packet
durationwas only about 0.6 (2,275.3s; Table6; Figure26).

1 At site H, a totalof 4,482packets were detected, wdhmaximum recerd level of 16%IByp
re 1 pPa(Figure22). Total wave trairduration was 95.4 (Figure25), but the totalpacket
durationwas only abou8 h (10,647.1s; Table6; Figure26).

1 Atsite N, a total of 6,68packets were detected, wahmaximum received level of 461Byp
re 1uPa(Figure22). Total wave trairdurationwas 97.% (Figure25), but the totalpacket
durationwas only 4.2h (15,204.3s; Table6; Figure26).

1 Atsite U, atotal of 3,924 packets were detected, with a maximum redewetaf 165 dBp
re 1 puPafigure22). Total wave trairduration was 87.8 (Figure25), but the total packet
durationwas only about 2.4 (8,518.9s; Table6; Figure26).

1 Maximum cumulative sound exposure levelsvave trainooccurred duringfNovember 2019
at sits E, N, and Uand were greater than 170 oB1 uP&s. At site H, maximum levels
wereat 170dBre 1 pP&s and occurred iduly 2019(Figure23).

1 Most MFA sonar wave trainscourred at site N and U in Novembe2019during a major
training exercisgalthough there was also a high number of wave trains at site H during
August 2019 when there was no training exertageng placgFigure24).
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Table 5. Major naval training exercisesin the SOCAL region betweenNovember2018 and May 2020
Exercise Dates

February 13 to March 1, 2019
November 5 to 22, 2019
Novemler 18to December 18, 2019
May 6 to June 2, 2020
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Figure 20. Major naval training events (shaded light red from Table 5) overlaid on weekly presence of
MFA sonar <5kHz from the Silbido detector betweenNovember 2018 and May 2020 at sites E, H, N,
and U.

Gray dots represent 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 shadireye absent, full
recording effort occurred for the entire week.Analysis of data from December 2018 to May 2019 for
sites E, H, and N vas completed during a previousnonitoring period (Rice et al, 2020)
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Figure 21. Major n aval training events (shaded light red from Table 5) overlaid on MFA sonar <5
kHz signalsfrom the Silbido detector, indicated by blue dots, in onehour bins at sitesg, H, N, and U.
Gray vertical shading denotes nighttime and light purple horizontal shading denotes absence of
acoustic data.Analysis of data from December 2018 to May 2019 faites E, H, and N vas completed
during a previous monitoring period (Rice et al, 2020)
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Table 6. MFA sonar automated detector results for siteg, H, N, and U.
Total effort at each site in days (years), number of and extrapolated yearly estimates of wave trains
and packets at each sité> 130 dByre 1 pPg, total wave train duration, and total packetduration.

Period Analyzed | Number of | Wave Trains | Number of | Packets | Total Wave Train | Total Packet

Site Days (Years) | Wave Trains per year Packets | per year Duration (h) Duration (s)

E 182 (0.5 7 14 673 1,346 11.5 2,275.3
H 342 (0.94 63 67 4,482 4,768 95.4 10,647.1
N 360 (0.99 48 48 6,685 6,753 97.9 15,204.3
U 267 (0.73) 38 52 3,924 5,375 87.8 8,518.9
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Figure 22. MFA sonar packet peakto-peak received level distributions for site€, H, N, and U.

The total number of packets de¢cted at each site is given ithe upper left corner of each panel.
Instrument clipping levels are reached around 168Bpp re 1 uPa, except for deployment 67 at site H
where clipping levels were around 16@Bpp re 1 pPa Note the vetical axes are at diffegnt scales with

site E being smaller
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Figure 23. Cumulative sound exposure level floeach wave train at sites€, H, N, and U.
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Figure 24. Number of MFA sonar packets for each wave trm at sitesg, H, N, and U.
Note the vertical axes are logarithmic baséd0.
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Figure 25. Wave train duration at sites E, H,N, and U.
Note the vertical axes are logarithmic baséd0.
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Figure 26. Total packetduration for each waye train at sites E, H,N, and U.
Note the vertical axes are logarithmic basé0.
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