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Executive Summary

Passive acoustic monitoring was conducted in
July 2018 to May 2018 detect marine mammal aadthropogenic soundsligh-frequency

Acoustic Recording PackagddARPs) recorded sounds between 10 Hz and 100 kHz at three
locations:two west of San Clemente Island (@Bm depth, site E artd0o00 m depth, site Hind
onesouhwest of San Clemente IslandZ80 m depth, site N).

While a typical suthern California marine mammal assemblage is consigiggttbcted in these
recordinggHildebrandet al, 2012) only a s&ect subset ofspecies including blue arfith whales,
l i st ed as dndbeaked whgkewere dnalgzed 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 atsites, H, and Nduring the fall and winter
are related to the seasonally increased presencaefblales and fin whales, respectively.

For marinemammal and anthropogenic soundsta analysis was performed using automated
computer algorithms. Calls of two baleen whale species were detected: blue whaleaBdcBls
calls,and fin whale 20 Hz call Both species were present at all sitbtue whaleB and Dcalls
occurred in ilgh numbers at all siteend the fin whale acoustic indeepresentative of 20 Hz calls
washigh at sites E and .HBlue whale B cd detections peakeith September 2018 and again in
October and November 2018 at all sitésry fewblue whaleB callswere detected after January
2019 Blue whale D ca$ peaked irAugust 2018 at site E and July 2018 at sites H and.N'he in
whale acostic index was hilgestfrom October 2018 to February 2019

Frequency modul ated (FM) echolocatiwarly pul ses
detected aall sites,but weredetected in much higher numbers atsiieand H.At bothsite Eand

H, detections were lowest late summer/earlfall 2018 At site E,detectionsvere highest imate

fall 2018, while at site H they peakedspring 2019A new beaked wha FM pulse type, BW35,
thoughttobgr oduced by Hu §Giffitids etlale 20k8pwhs dethctetnby in

January2019 on multiple occasionat site E and on only one daysite H TheFM pulse type,
BW43,thoughttobggro duced by Per r(BanndasrPitkeriagetald20idwad e
detectd only in July2018at site E andnhtermittently throughout the recording periatisiteN. No

other beaked whale signal types were detected.

Two anthropogenipulsedsignals weraletected: MFAsonar and explosionsFA sonar was
detected at all sitesith a peak in August and September 208 N had the most MFA sonar
packet detections normalized per year timhighest cumulative sound exposure levels, including
events concurrent with a majorved exercise during August 2018ite Ehad the lowest number of
sonar packet detections, as well as the lowest cumulative sound exposure level.

Explosions were detected at silles, it werehighestin August 2018 and January 204Ssite H
Temporal and spectral parametstgygesprimarily association with fishing, specificallyith the
use of seal bombs.
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Project Background

T h e N SouthednLaliforniaOCAL) Range Complex is located in the Southern California
Bight andthe adjacent deep waters to tWwest.This region has a highlyrpductive marine
ecosystem dum the souttvard flowing California Currerdnd asscated coastal cuent systemA
diverse array of marine mammals is found here, including baleen whales, beaked avigbatglser
toothed whales and pinnipeds.

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

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

This report documents thealgsis of data recorded yigh-frequency Acoustic Recording
Packages (HARPSs) that were deplogtdhree sitesithin the SOCAL Range Complex and
collected data between July 2018 and May 20kh(e2; Table2; Table3). The tiree recording
sites include twao thewest (sits E and H)and one to the soufBite N) of San Clemente Island
(Figurel; Figure2). Recordingdrom site N werenotanalyzed foabout 15 h from January 28 t
24, 2019dueto a hydrophone malfunction
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Figure 1. Locations of High-frequency Acoustic Reording Package (HARB deploymentsitesE, H,
and N (circles) in the SOCAL study areafrom July 2018 through May 2019
Color indicatesbathymetric 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 circleg and US Naval Qperation Areas (white boxes).

Table 1. SOCAL Range Complex acoustic monitoringat site Esince January 2009.
Periods of instrument deployment analyzed in this report are shown in bold.

Deployment #| Monitoring Period # Hours
31 1/13/097 3/0909 | 1302
32 3/13/09i 5/07/09 | 1302
33 5/19/09i 7/12/09 | 1302
34 7/24/09i 9/1609 | 1302
61 3/5/17i 7/10/17 | 3063
62 7/11/17i 2/10/18 | 5148
63 3/15/18i 7/11/18 | 2843
64 7/12/18i 11/28/18| 3356
65 11/29/18i 5/7/19 | 3838




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

Deployment # | Monitoring Period # Hours
31 1/13/091 3/08/09 | 1320
32 3/14/09i 5/07/09 | 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 12/21/12i 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 7/6/161 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




Table 3. SOCAL Range Complex acoustic monitoringat site Nsince January 2009.
Periods of instrument deployment analyzed in this report are shown indid. Dates in italics were only
used for high frequency analysis.

Deployment #| Monitoring Period # Hours
31 1/14/09i 3/09/09 | 1296
32 3/14/09i 5/07/09 | 1320
33 5/19/09i 7/12/09 | 1296
34 7/22/091 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 4/09/11 | 2952
44 5/12/101 9/23/11 | 3216
45 10/16/11i 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 1/7/1471 2/16/14 956
52 4/4/147 7/30/14 | 2817
53 7/30/147 11/5/14 | 2342
54 11/4/14-2/5/15 2196
55 2/5/151 2/23/15 433
56 6/2/151 10/3/15 | 2966
57 10/3/15i 11/21/15| 1168
58 11/21/15 4/18/16| 3578
59 7/7/167 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 2/4/181 7/9/18 3722
64 7/9/187 11/28/18 | 3417
65 11/29/18i 5/5/19 | 3768




Methods

High-frequency Acoustic Recording Package (HARP)

HARPswere used to recotthe lowfrequency ambient soundscape as wethasnemammaland
anthropgenic sounds) the SOCAL areaHARPs camutonomouslyecord underwater sounds
from 10 Hz up to 160 kHz and are capableiptoapproximatelyone yeaof continuous data
storageThe HARPs wereleployedn a seafloor mooring configuration withehydrophones
suspendedt leastLlOm above the seafloodEach HARPhydrophonas calibrated in the laboratory
to provide a quantitative analgsof the received sound fielRepresentative data loggers and
hydrophones were alsad i br at ed a tsdutehEvalubtianvCeraéscility'to \enfy the
laboratory calibrationéWiggins and Hildebrand, 2007)

Data Collected

Acoustic recordingbave beemrollectedwithin the SOCAL Range Complaxear San Clemente

Island since2009 (Table2; Table2; Table3) usingHARPs sampling at 200 kHZhe sites

analyzed in this report agesignatedite E(32° 39 5 M, 419° 28.76W, depth 1,80 m) site H

(32° 5Q0764N, 119° 10.58W, depth 1000 m),andsite N (32° 22.28N, 118°33.86 W, dept h
1,25 m).

Site Erecordedrom July 12, 2018 to May 7, 2019, site H recorded from July 9, 20May 5,

2019, and site N recorded from July 9, 2018 to May 5, 28l18pugh site N hacda gap of about 15

h from Janary 23 to 24, 2019 due to a ldwequency channelydlrophone malfunctioanalysis

was still performed on this deployment as the hydrophone malfunction did not significantly impact
overall data quality)For allthreesites, a totabf 21,576h, covering 899lays of acoustic data were
recorded in the depyments analyzed in this report.

Data Analysis

Recording over a broad frequency range of 1@dH00 kHz allowsquantificationof the low-
frequencyambient soundscapéetection obaleen whales (mysticetes), toothed whales
(odontocets),and anthropogenic sound&hen possibleanalyses were conducted using
appropriateautomated detectors for whale aartthropogenic sound sourcésalysis was focused
on the following species: blue whalé&a{aenoptera musculisfin whales B. physaluy and

Cuvi er 6 s b &iphluedhvirastndalh aeldition(the data were screened &gnals from

Bl ai n Wiedoplodod densjrostlis a nd S tMe gtejnegglidoeaked whalesas well as for
FM puse typeknownasBW4&Aa nd BW70, whi ch madyperdnd &nd pygmyt o Per
beaked whaledM.peruvianuy, respectivelyBaumannPickeringet al, 2014) A recently identified
beaked whale signaype (Griffiths et al, 2018) possibly belonging to Hulsbbeaked whal¢M.
carlhubbs), was found at some sites during this reporting period and is referred to as BW35. A
description of this signal type can be found beltmdividual blue whale B call<D calls,and

beaked whale echolocation clggkas well as MFAonarand explosioroccurrénce and levels were
detected automatittg using computer algorithm$4FA sonarwas logged manually for
deployment 65 at site N, as thgdrophone malfunctiomterfered with running the MFA detector.
Presence ofii whale20 Hz calls was detectessing anenergy detection method andéported as

a daily av e rfiawhale acdustic imlé(d G it rretey, BO15) Details of all automatic
and manuatletection methods are described below.



Low-frequency Ambient Soundscape

To determine ambient sound levels, HARP recordings were decimated by a factor of 100 to provide
an effective bandwidth of 10 Hz to 1 kHz from which LTSAs were constructed with 1 Hz frequency
and 5 s temporal resolutioDaily spet¢ra were computed by avejiag five, 5 s sound pressure

spectrum levels calculated fraitme middle ofeach 75 s acoustic recdiid order to avoid including

a disk write) System sethoise(hard drive disk writesjvas excluded from these averages.

Blue Whales

Blue whales produca variety of calls worldwidéMcDonaldet al, 2006) Calls recorded in the
eastern North Pacifinclude the Naheast Rcific blue whale Ball (Figure3) andD call (Figure

4). Northeast Pacific blue whale B caliee geographically distct andpotentiallyassociated 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-counter call between multiple anim#&Blesonet al, 2007)

Northeast Pacific blue whale B calls

Blue whale B cdk (Figure3) weredetected automaticallysing spectrogram correlati¢Mellinger
and Clark, 1997)Thedetectiorkernel was based on frequency aechporal characteristics
measured from 30 calls recorded in the data set, eaclepaliaded 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 oviime (McDonaldetal, 2009 ; G,sparateikérnels @ 1 6 )
measuredor summer and fall periodBor this recording periodnly a fall kernel was needetihe

fall 2018 kernel wadefined as sweeping frodb to 44.5 Hz; 44.5 to 44 H44 to 43.5 Hz, and

43.5 to 42."Hz during these predefined periodghe kernel bandwidth was 2 Hzhd total number

of detectionsre reported for this call type.

Frequency [Hz]

05
01/24/2013 09:00:00 Time [hours]

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) recorded at site N.



Blue whale Dcalls

Blue whaleD calls(Figure4) weredetected using amutomatic algorithm based organeralized
power law(Helbleet al, 2012) This algorithm was adapted for the detection of D calls by
modifying detection parameters that includled frequency spacever which the detector operates.
A trained analyst subsequently verified the detectibigu(e4).
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Figure 4. Blue whale Dcalls from site H in the analyst verification stage of the detector.
Green alongthe bottom evaluation line indicates true detectionand red indicates false detections



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 sonfhompsoret al, 1992) or irregularly as dacountercalls among multiple
traveling animalgMcDonaldet 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 D Hz calls Figure5) were detected automaticallging an energy detection

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

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

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

performed on a logarithmic scale.
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Figure 5. Fin whale 20 Hz calls in arLTSA (top) and spectrogram (bottom)recorded at site H.



Beaked Whales

Beaked whalepotentiallyf ound i n t he Southern @Berhardifsor ni a Bi
bairdii) , Cuvi er 6s, Bl ainvi |l |,anmpgmy Beaked whasjeffersors |, Hu b
et al, 2008; Jeffersomrt al, 2015)

Beaked whales can be identified acouadty by their echolocation signalBaumannPickeringet

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

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 California Bafjindé FMpulses known as
BW43andBW/ 0, whi ch may andkpygmplmpakeédovhaiespeactivalyd s
(BaumannrPickeringet al, 2013a; Baumari®ickeringet al, 2014) A new signal type, BW35,
possibly bel ongi ng (Griffithsidtalb 2058pwasalscsdarehid fordnly | e s
Cu v i BW35,2and BW43Zignals were detected during this recording pefldekse signalare
described below in more detail.

Beaked whale FM pulsegere deéected withan automated metld. This automated effort was for

all identifiable signals found in Southern California exdepthose producedbyai r d6s beake
whalesbecauséhey produce a signal wita lower frequency content thartypical of othe beaked

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

were identifed with a Teager Kaiser enerdgtector(Soldevillaet al, 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 nre than sevedetections were used in further analysis. All
echolocation signalsith a peak and center frequermiow 32 and 25 kHz, respectively, a

dur ati on | e sdsaswebpaate ofddgshthankklz/ms avere deleted. If more than 13%
of all initially detected ecHocation signals remained aft@pplying these criteria, the segment was
classified to have beaked whale FM pulgdss threshold was chosen to obtain the best balance
between missed and false detectigxghird classification stepbased on computer assisted manual
decisions by trained analyst, labeled taatomatically detected segments to pulse type and
rejected false detectioraumannPickeringet al, 2013a) The rate of missed segmefus this
approachs typically5%. The start and end @ach segment containing beaked whale signats
logged and thir durations were aed to estimate cumulative weeldyesence.
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Cuvierbds Beaked Whal es

C u v sl»=akéd whalecholocation signalg-igure6) arew e | | di fferentiated fr
acoustic signals as polycyclic, wittcharacteristic FM pulse sweep, peak frequency around 40

kHz, and uniform intepulse interval of about 4. 0.5s (Johnsoret al, 2004; Zimmeset 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 6. Echolocation sequence f Cuvi er 8 s b eLaSAdtop) ancheadmple FMrpulsa r
in a spectrogram (middle) ard correspondingtime series (bottom)recorded at site N
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BW35

The BW35FM pulsetype (Figure7) has yet to bgositivelylinked to a specific specieShese FM
pulses are distot from otherbeaked whals p e ¢ i e s Gtheshingdakfregsiency distribution,
which showsa prominent spectr@le& around 3%Hz, a spectral notch at 37 kiHand an upper
peak at 48 kH%Griffiths et al, 2018) This signal type has a stable infrrlse 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 7. Echolocation sequence of BW3/h an LTSA (top) and example FM pulse ina spectrogram
(middle) and corresponding timeseries (bottom)recorded at site E
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BwW43

The BW43 FMpulsetype (Figure8) has yet to bgositively linked to a specific speciéhese FM

pulses are distinguishal f r om ot her tereaak flequéncysaiouna 43 kHz andl y

uniform interpulse interval around 02(BaumannrPickeringet al, 2013a) A candidate spees for
producing this FM pul se t(Bapmandafickeringetal,2Bld) r i nds b
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Figure 8. Echolocation sequence of BW43 in an LTSA (top) and example FM pulse irspectrogram
(middle) and corresponding time series (bottom) recorded at site N.

Anthropogenic Sounds

Two anthropogenic soundgere monitored for this report: MiErequency Active (MFA) sonand
explosionsBoth sounds were detected tymputer algorithrs except for MFAsonardetections

from deployment 65 at site N, which were analyzed mané@ilthe first stage of analysiBor

MFA sonar the start and end of each sound or session was logged and their durations agette add
estimate cumulative weekfyresencekor explosions, individual explosions were detected and so
weekly totals are reported.

Mid-Frequency Active Sonar

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

frequency modulated (FM) sweeps and contusuevave (CW) tonethat havedurations 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 htacketintervals typicallygreater

than 20 sKigure9). In the SOCAL Range Complex, theost common MFA sonar signals are

between 2 and 5 kHz and are moregeneril | y known as 03.5 kHz® sona

In the first stage dVIFA sonardetection, we used modified version of th8ilbido detection
system(Rochet al, 2011a)originally designed for characterizing toothed 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 drpouts orinterfering 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 contdurs

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 least 200 ms with a frequency resolution of
100 Hz. The detector frequentlyggered on noiserpduced by instrument disk writes that occurred
at 75 s intervals.

Over periodof several months, these disk write detections dominated thberwf detections and
could beeliminated using an outlier detection test. Histograms of the dwtestart tmesthat

remained once disk write periods were remowede constructed and outliers were discarded. This
removed some valid detections tlwatcurred during disk writes, 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 whales), human analysiamined detection output and accepted or rejected
contiguous s of deections.Start and end tinsof these cleaned sonar events were then created to
be used in further processing.

For deployment 65 at site N it was not possible to use the $tRArdetector due to gaps resulting
from a hydrophone malfunction. Therefore, MB&narwas logged manually for this deployment.
Data were decimated by a factor of 20 for an effective bandwidth of 5 kHz:teamgspectral
averages (LTSAs) were created usirtgree average of 5 s and a frequency bin size of 10 Hz.
During manual scrutiny of the data, using the custom MATLAB software progréaom, the

LTSA was set talisplay between 1,000 aid000 Hz with &@.75 h plot lengthThe presence of

MFA sonarwas logied using encounter granularity, where start and end time of an MFA event are
logged and events are separated by at least 30 min where no MFA is present.

In the secod stage of MFA sonar detectiohgese start and end timeSMFA events from both
methodsverethenused 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 correcting for the instrument calibrated trausietion (Wiggins, 2015) For each
packet, maximum peaio-peak (pp) received level (RL), sound exposure level (SEL);maan

square (RMS) RL, date/time of packet occurreaeel packeRMS duration (for Rlgp -10dB) were
measured and saved.
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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 detection threshold
of 130 dB pp re 1 pP@VNiggins, 2015) Instrumentmaximum received level was ~16B pp re 1

MPa, above which waveform clipping occurrdéackets were grouped into waveisaseparated by

more than 1 hPacket receiveldvelswere plotted along wh the number of packets and cumulative
SEL (CSEL) in each wave train over the study pedyve train duration anbtal packetduration

were also calculated. Wave tralaration is the difference betwete first and last packet

detectionsn an eventThe totalpacketduration ofa wave train is the sum of the individual packet

(i.e., group of pings) durationghich is measured as the period of the waveform that is O to 10 dB
less than the maximum pe&dkpeak received level of the ping group.

i 2D SRR — e

Frequency [Hz]

0.1 0.2 03 04 05 06 07
09/10/2013 20:00:00 Time [hours]

Frequency [Hz]

09/10/2013 20:30:45 Time [seconds]

Figure 9. MFA sonar recorded at site H and shown as a wave train evem a 45 minute LTSA (top)
and as a single packet with multiple pulses in a 30 second spectrogram (bottom)
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Explosions

Effort was directed towarfinding 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 ana®asst
with a reverberant day (Figure10). Explosions were detected automatically dtirdeployments
using a matched filter detector on data deted taa 10 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 %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 squared to 0s htagthresholdwgseaks of
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 the correlationfioent reached abovénethreshold, 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 detection was compheestart 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 tinseries of the lertg 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, resp&)tihelyiB
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 histograms of mameailligd 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 including the réaaration.
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into a single spectrogram.

Greenalong the bottomindicates true and red indicates false detections.
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Results

The results of acoustic data analysis at $ttd$, and N from July 2018 to May 20E9e
summarizedelow.

We describehelow-frequencyambient soundscape atige seasonal occurrence and relative
abundance of marine mammal acoustic signalsaatitropogenic sounds interest

Low-frequency Ambient Soundscape

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

1 Site H had the lowespsctum levels below 100 H@igurell). 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 ocea(McDonaldet al, 2008)

1 Sites E and N had spectrum levels abswlB higher than site H at 1000 Hz, owing to
greater exposure wperroceanshipping nois¢Figurell).

1 Prominent peaks in sound spectrum lewadiservedn the frequency band 130 Hz duing
fall andwinter atsitesk, H, and Nare related tthe seasonally incresied presence of fin
whale callsThe highest levels during this period occurrsite E(Figurell).

1 Spectral peaksround 4547 Hz from July to Decembaet sitesE, H, and Nare related to
blue whale B callsThe highest levels during this period occurred at sitEiurel11l).
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Mysticetes
Blue and fin whalesvere detected using automated methods betwabn2018and May 2019.
More details of each speciesdO presence are

Blue Whales

Blue whale 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, with a peak in September and again from October through Novexnékr
sites(Figure12).

1 There was no discernable diel pattern forNliePacific B callsEigurel3).

1 The fall peak in NE Pacific B calls is consistent with earlier recordings at these sites
(Keroskyet al, 2013; Debiclet al, 2015a; Debiclet al, 201% ; G ietralg 2016] Rice
et al, 2017; Riceet al, 2018; Riceet al, 2019)

1 D call detectionsoccurredthroughout the recording periad all sitesout were highest
duringAugust at site E, and during July at siteartl N(Figure14).

1 There was no cleatiel patterrfor D callsat any sitgFigurel5).

1 The summer peak in D callsgsnsistent with earlier recordings at these gibebichet al,
2015b; Riceet al, 2017; Riceet al, 2018; Riceet al, 2019)
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Figure 12. Weekly presence of NE Pacific blue whale B callsetween July 2018 and May 2018t sites
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Gray dots represent percent of effort per week in weeks with less than 100% recording effort, and
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Figure 15. Diel presence of blue whale D calls, indicated by blue dots, in erménute bins at sitesk, H,
and N.

Gray vertical shading denotes nighttime and light purple horizontal shading denotes absence of
acoustic data.
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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 siéd= and H Site N had low acoustic index values ovefigure16).

1 A peak in the fin whale acoustic indegcuredfrom October to Februarmt all sites (Figure
16).

1 Thewinterpeak in the fin whale acoustic indexcnsistent with earlier recordin{®ebich
et al, 2015a; Debicletal, 2 0 1 5 bet al,@016; Rivedt &I, 2017; Riceet al, 2018;
Riceet al, 2019)
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Figure 16. Weekly value of fin whale acoustiéndex (proxy for 20 Hz calls)betweenJuly 2018 and May
2019 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.
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Beaked Whales

Cuvi er 0s I|ds waaekdetectedutraghdbe deployment periodhe FM pulse type,

BW35, possi bl y pr oduc €Gfiffithsyet ak 20b8pvea® detbcted dnly d  wh a |

during Januart site E an@n only one dawt site H.The FM pulse type, BW43, possibly
produced by Per (BaumansPickersmgekak 2014ywhaa detected on two
occasions at site E amdcasionallythroughout the recording periad site N No other beaked

whale species were detected during this recordingpaviodc e det ai |l s of each

the three sites are given below

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

T

BW35

Cuvi er dwhale REVapklses weretectednostat sites E and Hand leastat siteN
(Figurel?).

Detections were high most of the recording period at site E and only decreased during
September and Octob2918 At site H, detectons were highest from March to May 2019.
At site N, detections were low throughout the recording period and showed a small peak in
Decembel018and Januarg2019(Figurel?).

There was no discernable diel pattern fovGue r 6 s b aeadctorsKigutekB). e
Overall he results were consistent wiikrvious monitoring period¥eroskyet al, 2013,
Debichet al, 2015a; Debicletal, 2 0 1 5 bet al,30186; Rivest &I, 2017; Riceet al,
2018) though there werfewer detections at site E and more detections at $itarHduring
the prevous monitoring periodRiceet al, 2019)

BW35 FM pulses were detected in low numbersitatE and on only one day at site H.

T

BW35 FM pulses were only detected at sittnElanuaryandonly on January 14t site H.
There were no detections at sitfgure19).

There were not enough BW35 detections to determine if there was a diel fatiere20).
This is only the secontiine this FM pulse type has been re@mtrdiuring a SOCAL
monitoring periodDetections occurred on more days at site E than during the previous
monitoring periodRiceet al, 2019)
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BW43

BW43 FM pulsesveredetected on two days site E andnhtermittenty throughout the recording
period at site N

1 BWA43 FM pulses werdetectedat sites E andN. At site E the only detectiosioccurredon
July 12 and 13Detections occurrethtermittently throughout the yeat site N buthe
majority of detedbns occurred during Februaflyigure21). There were no detections at
siteH.

1 There was no discernable diel pattern for BW43 detectiigsife22).

1 There wereno detections at site H as there waueing some previousionitoring periods
( Gi rebaV, R016; Riceet al, 2017)and there were no detections at site E during the last
monitoring periodRiceet al, 2019) but theoverallresults are consistent with previous

reports(Keroskyet al, 2013; Debiclet al, 2015a; Debiclet al, 2015b; Riceet al, 2018;
Riceet al, 2019)
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Figure 19. Weekly presence oBW35 FM pulses betweerduly 2018 and May 2019 at sites E, H, and.N
There were no detections at sitél.
Gray dots represent percent of effort per week in weeks with less than 100% recording effort, and

gray shading represents periods with no reording effort. Where gray dots or shading are absent, full

recording effort occurred for the entire week.
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Figure 20. BW35FM pulses, indicated by blue dots, ifive-minute bins at sites EH, and N. There
were no detections asites N.

Gray vertical shading denotes nighttime and light purple horizontal shading denotes absence of
acoustic data.Red circle highlights only time where detections occurred at site H.
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gray shading represents periods with no recordingffort. Where gray dots or shading are absent, full

recording effort occurred for the entire week.
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Figure 22. BW43 FM pulses, indicated by blue dots, ifive-minute bins at siteg, H, and N. There were

no detections at siteH.

Gray vertical shading denotes nighttime and light purple horizontal shading denotes absence of
acoustic data.
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Anthropogenic Sounds
Anthropogaic soundgrom MFA sonar (2.84.5 kHz) and explosions, betwedmy 2018andMay
2019 were analyzed fdhis report.

Mid -Frequency Active Sonar

MFA sonar was a comméndetectedanthropogenic soundhe dates of major naval training
exercises that were conducted ie ®OCAL region betweejuly 2018 and May 201&elisted in
Table4 (C. Johnson, personal communicatiddnar usage outside of designated major exercises
is likely attributable to unitevel training The automatically detected packets and wave trains show
the highest level of MFA sonar activity 30 dByre 1 pPa) when normalized per year at site N,
followed by site Handthensite E(Table5).

1 MFA sonar wasletected at all thresites.Detections ocurred throughout the recording
periodat all siteswith a peakn Augustand September 2018here was an additional peak
in Ocober 2018 at sitdl (Figure23).

1 During July 2018there seems to be more MFA sonarig the day. Altiough this overlaps
with when a Mwvy traning exercise was taking placey MFA sonarwas used during this
Navy exercise&nd so the MFA sonar must be from a different so(Faggre24). However,
overall,bouts of MFAsonar showed no clear diel pattern at any(§itgure24).

1 Atsite E, a total of 1,36@ackets were detected, wahmaximum received level of 163,
re 1 pPa(Figure 25). Total wave traindurationwas almost 2% (Figure 28), but the total
packet durationvas only about 1.8 (4,170.6s; Table5; Figure29).

1 Atsite H a totalof 11,349ackets were detected, wahmaximum received level of 1@8Byp
re 1 uPa(Figure25). Total wave trairduration was almost 224 (Figure 28), but the total
packet durationvas only about 6.8 (22,704.8s; Table5; Figure29).

1 Atsite N, a total of 15,61packets were detected, wahmaximum received level of 86IByp
re 1puPa(Figure25). Total wave trairduration was 293 (Figure 28), but the totalpacket
durationwas only about 11.6 (41,571.5s; Table5; Figure29).

1 Maximum cumulative sound exposure levelsvave trainooccurred duringpecember 2018
atsite N and were greater than 170réBL pP&-s. Cumulative sound exposure levels above
170 dBre 1 pP&salso occured at site N from August to Deceer 2018 At site E,
maximum levels weraround170 dBre 1 uP&s and occurred iRebruary 2019At site H,
maximum levels werabove 17@Bre 1 uP&s andalsooccurred inFebruaryand March
2019(Figure26).

1 Most MFA sonar wave trainscourred at site N in AugustiA8during a major training
exercise figure27).
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Table 4. Major naval training exercisesin the SOCAL region betweenJuly 2018 and May 2019
Exercise Dates
6 to 27 July 2018*
7 August to 7 Sepiaber 2018
9to 23 October 2018
*no mid-frequency active sonar was used during this exercise.
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Figure 23. Major naval training events (shaded light red from Table 4) overlaid on weekly presence of
MFA sonar <5kHz from the Silbido detector betweenJuly 2018 and May 2019 at sites E, H, and.N
Gray dots represent percent of effort per week in weeks with $s than 100% recording effort, and
gray shading represents periods with no recording effort. Where gray dots or shading are absent, full
recording effort occurred for the entire week.
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Figure 24. Major naval training events (shaded light red from Table 4) overlaid on MFA sonar <
5kHz signalsfrom the Silbido detector, indicated by blue dots, in onéhour bins at sitesk, H, and N.
Gray vertical shading denotes nighttime and light purple horizontal shading denotes absence of

acousti

c data.

Table 5. MFA sonar automated detector results for site€, H, and N.
Total effort at each site in dayqyears), number of and extrapolated yearly estimates of wave trains
and packets at each site{130 dB,,re 1 yuP3g, total wave train duration, and total packetduration.

Site

Period Analyzed
Days (Years)

Wave Trains
per year

Number of
Wave Trains

Packets
per year

Number of
Packets

Total Wave Train
Duration (h)

Total Packet
Duration (s)

E

300 (0.83

14

17

1,367

1,667

28.6

4,170.6

H

300 (0.82

101

123

11,349

13,840

223.9

22,704.8

N

299 (0.82

107

130

15,616

19,044

293

41,571.5
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Figure 25. MFA sonar packet peakto-peak received level distrilutions for sitesg, H, and N.

The total number of packets detected at each site is givénthe upper left corner of each panel.
Instrument clipping levels are reached around 66/ 168dBpp re 1 pPa, depending on hydrophone
configuration. Note the vetical axes are at different scales with site E being smaller
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Figure 26. Cumulative sound exposure level floeach wave train at sitesE, H, and N.
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Figure 27. Number of MFA sonar packets for each wave trin at sitesg, H, and N.
Note the vertical axes are logarithmic baséd0.
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Figure 28. Wave train duration at sites E, H, and N
Note the vertical axes are logarithmic baséO0.

39



104 Site E: 14 Wave Trains

bl . .

102:_ .-’ .
E 1012_ = 1 = 1 1 e : ; |
(e
(@) . .
] 104 Site H: 101 Wave Trains
© T T T T T T T T =T T
- n : : —
D 10 = =] '.' . = : (== = . o oo .
40-,; 2’ ‘..' °® c.; o.' * ., ".‘ - .n . ’. o
_;‘) 10 3.'- '.‘“-”.“.';:' I Joee & = =
© 11 : : . .0. £ L ¢ . ]
& 10 588 = B =k I = = = = -
©
e
|<_3 4 Site N: 107 Wave Trains

10:_ ,,,,,, .{:‘;' -.___._-.-: s I — -

2: o “ . . ... ... 2 o ® . °e = '.
’IO E_ ...... ..‘ = : & : - o .
1f N 5 ¢ . .': o ‘e
10 P s = R EF : 1 :

1 1 L
Ju Aug Sep Oct Nov Dec Jan Feb Mar Apr May

2018 2018 2018 2018 2018 2018 2019 2019 2019 2019 2019
Figure 29. Total packetduration for each wawe train at sites E, H, and N
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Explosions
Explosibns werealetected aall threesites

1 Explosions occurrethroughout the monitoring periatall sites The highest number of
explosions occurred at site H, wailpeakin July and August 2018 and again in January
2019.The lowest number of detections occurred at sit€iflire30).

1 Total explosion counts at each sitere as follows:

o 393atsiteE
0 2,65latsiteH
0 890atsiteN

1 There was no clear diel pattern atskeor N, but there wenmore explsions for about the
first six hours after sunset at siteHainly in August 2018 and January 2qQFgure31).

1 The del patternat site Hindicates potential use of as€bombs by the squid fishery

1 The overall numbeof detections asiteH has decreased comparectulier reportgDebich
et al, 2015a; Debicketal, 2 0 1 5 bet al,@016; Rivedt &I, 2017; Riceet al, 2018;
Riceet al, 2019)which could be due to a geaghicor othershiftsin fishing effort.
Detections at site IHave alsalecrease over the long tergrbut are increased compared to
theprevious reporting perio(Riceet al, 2019) as are detections at site E.
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Figure 30. Weekly presenceof explosions betweeduly 2018 and May 2019 at sites E, H, and.N

Gray dots represent percent of effort per week in weeks with less than 100eécording 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 31. Explosion detections, indicated by blue ds, in one-minute bins at sitesk, H, and N.
Gray vertical shading denotes nighttime and light purple horizontal shading deotes absence of
acoustic data
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