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Executive Summary

Passive acoustic monitoring was conducted i
April 2020 to 20210 detect marine mammal aadthropogenic soundsligh-frequency Acoustic
Recording PackageBlARPS) recorded soundstieen 10 Hz and 100 kHz at foacations:two

west of San Clemente Island (@Bm depth, site E arfd100 m depth, site Hindtwo souhwest of
San Clemente Island, @00 m depth, site dMnd1,200m depth, si& U). With the offshore

expansion of the SOCAL range, future noise monitoring will be improved by the deployment of a
recorder west of San Nicolas Island (site SN). This new site will replace, svhichis located in

the Mexican Exclusive Economic Zomdere instrument deployment is difficult.

While a typical suthern California marine mammal assemblage is consigiggttbcted in these
recordinggHildebrandet al, 2012) only beaked whakewere analyzetbr this repat. The low
frequency enbient soundscapendthe presnce of MidFrequency Active (MFA) sonar and
explosionsare also repoed

Ambient soud levels were highegsor frequencies greater than ~200 &iziteE and lowest asite
U, likely related to local windPeaks in souniévels atall sitesduring the fall and winter are related
to the seasonally increased presence of blue whales and fin whales, respectively.

For marinemammal and anthropogenic soundsta analysis was performed mgiautomated

computer algorithms. Frequency modul ated (FM)

were regllarly detected adll sites,but weredetected in much higher numbers atsiend H.At
site E,detectionsvere highest ilDecember 2020vhile at site H they peaked @ctober and
November 2020Hu b b s 6 b e a kpalsesweviauslyerefdfrdd to as BW37V; Rietal,
2021)were only detected at site H in November 2020 and January POEEM pulse type,
BW43,thoughttobggro duced by Per r(BanndagrPitkeriagetald 20iMwad e
detecte intermittentlyat sitessH and N, and throughout the recording period at sitdJother
beaked whale signal types were detected.

Two anthropogenic signals wedetected: MFAsonar and explosions. MFgonar was detected at
all siteswith pealsin May and November 2020 and in February and April 2021. Shadthe
most MFA sonar packet detections normalized per, yeaite site N hadhe highest amulative
sound exposure levelSite Ehad the lowest number of sonar packet detectishse site H had
the lowesimaximumcumulative sound exposure levekplosions were detected at all sitest b
werehighestin December 2020 and February 2G2Eite H At site H, emporal and spectral
parametersuggeshassociation with fishing, specificallyith the use of seal bombs.

Cetacean distribution, density, and abundance in the Southern California Bight were assessed
through visual surveys during quarterly California Cerapive Oceanic Fisheries Investigations
(CalCOFI) cruises from 2004 to 2024bundance and density estimatesre developetbr nine
commonlysightedmarine mammal species. Fin whales were the most sigatedmysticete
species, while shotieaked common dolphins were the most often sighted odont8tegeand fin
whale abudance was highest summer and fall, while humpback and grey whale abundasce
well as abundance for all odontocete speesies, highesin winter and springln the CalCOFI
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study area, iimpback whads, bottlenose dolphins, and common dolphins shpatential increase
in abundance over time, while Dall déds porpoi se

Project Background

T h e Na vthet €alifSroialfOCAL) Range Complex is located in the Southern California
Bight andthe adjacent deep waters to twest.This region has a highlyrpductive marine
ecosystem dut the souttvard flowing California Currerind assciated coastal curresystemA
diverse array of marine mammals is found here, including baleen whales, beaked aviobteser
toothed whales and pinnipeds.

In January 2009, an acoustic mtomning effort 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 br impact from naval trainindn this curreneffort, the goal was explorethe seasonal
presence obeaked whales. In addition, the ldmequency ambient soundscape, as well as the
presence of Midrrequency ActivdMFA) sonar and explosions, waralyzed.

California Cooperative Oceanic Fisheries Investigations (GRILcruises are conducted quarterly

in the Southern California Bight to provide a valuable assessment of cetacean abundance, density,
distribution and habitat use patterns in an area that is also the location of extensive naval training
(Campbellet al, 2015) Cetacean surveys have been integrated ieterhises since 2004, using

both visual and acoustic detection meth(fisidevillaet al, 2006; Campbelkt al, 2015;Debichet

al., 2017; Trickeyet al, 2020) The objectives of the cetacean monitoring program are to make
seasonal, annual and leteym estimates of ta&cean density and abundance, to determine the
temporal and spatial patterns of cetacean distribution, to provide data for-bab#dtdensity

modeling, to quantify differences in vocalizations between cetacean species, and to compare visual
and acoustisurvey methods and results.

This report documents thealgsis of data recorded igh-frequency Acoustic Recording

Packages (HARPSs) that were deplogedoursiteswithin the SOCAL Range Complex and

collected data betweeApril 2020 and 2021Tablel; Table2; Table3; Table4). The four

recording sites include twto thewest (site E and H)andtwo to the soutl{sitesN and U of San
Clemente IslandFigurel; Figure2). This report also documés the distribution, abundance, and
density for the marine mammal species most commonly sighted during quarterly CalCOFI cruises
in the Southern California Bight from 2004 to 2021.



Table 1. SOCAL Range Complex acoustienonitoring at site E since January 2009.
Periods of instrument deployment analyzed in this report are shown in boldeployment 66 did not
record due to implosion of instrument floats during deployment.

Deployment #| Monitoring Period # Hours
31 1/13/091 3/9/09 1302
32 3/13/09i 5/7/09 1302
33 5/19/091 7/12/09 | 1302
34 7/24/091 9/1609 1302
61 3/5/177 7/10/17 3063
62 7/11/171 2/10/18 | 5148
63 3/15/181 7/11/18 | 2843
64 7/12/181 11/28/18| 3356
65 11/29/18i 5/7/19 | 3838
66 - -
67 11/9/197 5/8/20 4362
68 5/9/2Q'10/29/20 | 4170
69 10/29/20 4/24/21 | 4247




Table 2. SOCAL Range Complex acoustic monitoringat site H since January 2009
Periods of instrument deployment analyzed in this report arshown in bold.Missing deployments are
the result of hydrophone failures.

Deployment #| Monitoring Period # Hours
31 1/13/091 3/8/09 1320
32 3/14/09i 5/7/09 1320
33 5/19/091 6/13/09 600
34 7/23/091 9/15/09 | 1296
35 9/25/091 11/18/09| 1320
36 12/6/091 1/29/10 | 1296
37 1/30/101 3/22/10 | 1248
38 4/10/1071 7/22/10 | 2472
40 7/23/101 11/8/10 | 2592
41 12/6/101 4/17/11 | 3192
44 5/11/117 10/12/11| 2952
45 10/16/11i 3/5/12 | 3024
46 3/25/121 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 7/30/1471 11/5/14 | 2340
54 11/5/147 2/4/15 2198
55 2/5/1571 6/1/15 2800
56 6/2/157 10/3/15 2952
57 - -
58 11/21/15i 4/25/16| 3734
59 7/6/167 11/9/16 3011
60 - -
61 2/22/171 6/6/17 2518
62 6/7/177 10/4/17 2879
63 10/5/171 11/3/17 707
65 7/9/187 11/28/18 | 3413
66 11/29/18i 5/5/19 | 3784
67 6/1/191 12/8/19 4557
68 12/8197 5/8/20 3644
69 5/9/2Q°10/29/20 | 4172
70 10/29/20 4/24/21 | 4245




Table 3. SOCAL Range Complex acoustic monitoring at site N since January 2009.

Periods of instrument deployment analyzed in this report are shown indid. Dates in italics were only
used for high frequency analysisDeployment50 yielded no usable data due to flooding of the
instrument from a hardware failure.

Deployment #| Monitoring Period # Hours
31 1/14/091 3/9/09 1296
32 3/14/09i 5/7/09 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 12/7/107 4/9/11 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 8/10/121 12/6/12 | 2856
48 12/20/12i 5/1/13 | 3155
49 5/2/137 9/11/13 3156
50 - -
51 1/7/147 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 2/5/157 2/23/15 433
56 6/2/1571 10/3/15 | 2966
57 10/3/15i 11/21/15| 1168
58 11/21/15i 4/18/16| 3578
59 7/7/167 11/8/16 | 2999
60 11/9/161 2/21/17 | 2457
61 2/21/17v 6/7/17 2528
62 6/7/171 12/21/17 | 4723
63 2/4/187 7/9/18 3722
64 7/9/181 11/28/18 | 3417
65 11/29/18i 5/5/19 | 3768
66 5/5/197 11/7/19 4481
67 11/8/191 4/29/20 | 4148
68 4/29/20 10/15/20 | 4058
69 11/6/20 4/15/21 3861




Table 4. SOCAL Range Complex acoustic monitoring at site U since November 2018.
Periods of instrument deployment analyzed in this report are shown in bold.

Deployment# | Monitoring Period | # Hours
01 11/18187 6/11/19| 4936
02 11/6/19i 1/16/20 | 1689
03 4/29/2011/02/20 | 4488
04 11/06/2G1/19/21 | 1796
Longitude
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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 April 2020 through 2021
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 Aeas (white boxes).

Methods

Passive Acoustic Monitoring

High-frequency Acoustic Recording Package (HARP)

HARPswere used to recotitie lowfrequency ambient soundscape as wethasnemammaland
anthrompgenic sounds) the SOCAL areaHARPSs carautonomouslyecord underwater sounds

from 10 Hz up to 160 kHz and are capablejptoapproximatelyone yeaof conthuous data
storageThe HARPs wereleployedn a seafloor mooring configuration withe hydrophones
suspendedt leastLlO m above the seaflooEach HARPhydrophonaes calibrated in the laboratory

to provide a quantitative analgsof the received soundfd. Representative data loggers and
hydrophoneswerealsad i br at ed at t he Navy ofacilityito \enfysthlbu c e r
laboratory calibrationWiggins and Hildebrand, 2007)

Data Collected

Acousticrecordingshave beemollectedwithin the SOCAL Range Compleear San Clemente
Island since2009 {Tablel; Table2; Table3) usingHARPs sampling at 200 kHZhe sites
analyzed in this report adesignated i t e E (32A 36. WpodelptsielHd A328.
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(32A 51.27 ®&NW, 1 HE0jn) $S8N1(92522.18 N, 1D8AV, 3y.&OP@ h 1, 3
m), and site U31° 5110N, 118° 29076 W, dé&mir h 1, 20

Site E recorded frorMay 9, 20200 April 24, 2021, but there wegaps from June 6 to July 4,
2020and again from December 25, 2020 to February 19, @08%odisk imaging errorsSite H
recorded from May 9, 2020 April 24, 2021. 8e N recorded from April 29, 202t October 15
2020andagain from November 6, 2020 to ApL5, 2021. 8e U recorded from April 29 to
November 2, 2020 and again from November 6, 2020 to January 19M@0#1g the second
deploymentthe recording at Site U ended early dua tzadconnection to the battery case®r all
four sites, a totabf 31,0 h (1,293day9 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 soundscapéetection obaleenwhales (mysticetes), toothed whales

(odontocets),and anthropogenic soundsnalyses were conducted usiagpropriateautomated

detectors for whale arehthropogenic sound sourcésalyss was focusedoGu vi er 6 s beake
whales Ziphius cavirostri}. In addition,the data were screened®i gnal s from Bl ai n\
(Mesoplodon densirostiis a nd S tMe gtemeggideaked whalesas well as fofrequency

moduated M) pulse typeknownas BW4&A nd BW7 0, whi ch mayperomdl ong
and pygmy beaked whaledl (peruvianu$, respectively{BaumannPickeringet al, 2014) A

recently identified beaked whale signgbé (Griffiths et al, 2018) which has now been confirmed

to belongto Hublsbbeaked whaléM. carlhubbsj Ballanceet al, 2022, in prep,was foundduring

this reporting priod This signal type was previoudigferred to as BW37 during the previous

monitoring periodRiceet al, 2021) A description of relevardignal types can be found below.

Individual beaked whale echolocation clg;kas well as MFAonarand explosioroccurrence and

levels were detected automatigaising computer algorithms&.or analysiof the lov-frequency

ambient soundscapdata were decimated by a factor of 100 for an effective bandwidth of 10 Hz to

1 kHz andong-term spectraaverages (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 afidssec

and frequency bins of 10 HEull bandwidth data were used for the analysis of beaked whale

signalsand LTSAs were created using a time average of 5 seconds and a frequency bin size of 100

Hz. Details of all detection methods are described below.

Low-frequency Ambient Soundscape

HARPs write sequential ¥& acoustic records, from which sound presseawrels were calculated.
Five, 5s, 1-Hz sound pressure spectrunvéés from the middle of each #&bacousticecord were
averagedd avoid system selfioise (specifically hard drive disk write§pectra froneach day
were subsequently conmed as daily spectral averages.
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Beaked Whales

Beaked whalepotentiallyfound in the Southern California Bight include BéreBerdrdius

bairdii) , Cuvi er 6s, Bl ainvi l |,anmsgmy Beaked whasjeffersors , Hu b
et al, 2008; Jeffersomrt al, 2015)

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

al., 2014) These signals afeM upsweptpulses, which appear to be species specificaaad

di stinguishable by their spectral and tempor al
Bl ainvill ¢ldo$ paadikely $tee j0rse g er 0 s (BaumankPelekringehah, | e s

2013b; Griffithset al, 2018; Ballancet al, 2022, in prep.)

Other beaked whale signals detected in the Southern California Bafjide FM pulses known as
BW43and BWr0, which may belong tB e r randmpygey beaked whalegspectively
(BaumannrPickeringet al, 2013a; BaumanRickeringet al, 2014) During this reporting period,
onl y C uHvwui bepasdbBWA43Isignals were detected@hese signalare described below in more
detail.

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

all identifiable signals found in Southern California exdepthose producedbyai r d6s beake
whales as they hava signal wih lower frequency content thantigical of othe be&ked whales

and therefore angot reliably identified by the detector usdtherefore, there was no detection

ef fort f or Ba iAftatdlechdoeatidn sighalswera idesgd with a Teager Kaiser
energydetector(Soldevillaet al, 2008; Roctet al, 2011b) an expé& system discriminated
betweerdelphinid clicks and beaked whale FM pulbased on the parameters described below

A decision about psenceor absence of beak&¢hale signals was based detections within a 75
ssegmentOnly segments with more than sewtections were used in further analysis. All
echolocation signalsith a peak and center frequermgiow 32 and 25 kHz, respectively, a

dur ati on | e sndaswéepnate & eSS thank®/msawere 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 pulSdss threshal was chosen to obtain the best balance
between missed and false detectighthird classification step, based on computer assisted manual
decisions by trained analyst, labeled taatomatically detected segments to pulse type and
rejected false deteains(BaumannrPickeringet al, 2013a) The rate of missed segmefus this
approachs typically~5%. The start and end @ach segment containing beaked whale signats
logged and their durations were addo estimate cumulative weeldyesence.
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Cuvierbds Beaked Whal es

C u v slmakéd whalecholocation signalg-igure3) arew e | | di fferentiated fr
acoustic signals as polycyclic, wittcharacteristic FM pulse sweep, peak frequency around

40kHz, and uniform intepulse interval of about.& 0.5s (Johnsoret al, 2004; Zimmeeet al,

2006)An additional feature that Ueakédwbhal&Mipilshs t he i
is that they haveharacteristic sp&@l peaks around 17 and 23 kHz
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Figure 3. Echolocationsequenceo f Cuvi er 8 s b eLaSAdtop) ancheadmple FMrpulsa r
in a spectrogram (middle) ard correspondingtime series (bottom)previously recorded at site N

Amplitude [counts]
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Hubbsdé6 Beaked Whal es

Hubbsdé6 beaked wh al(Feguredranedisti@tdrant otherbeakediwbahsaplesc i e s 6
signals intheir bimodal frequency distributionyhich showsa prominent spectragle&k around

35kHz, a specatl notch at 37 ki, and an upper peak at 48 kfgziffiths et al, 2018) This signal

type has a stable intpulse interval of approximately 0.13This pulse type was pviously

referred to as BW37YGriffiths et al, 2018) but has recently been confirmed to be produced by
Hubbs o b e @allendeetalh2822,an prep.)
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Figure 4. Echolocation sequence dHu b b s 6 b e airkaa dTSAVto@) &nd example FM pulse in
a spectrogram (middle) andcorresponding timeseries (bottom)previously recorded at site E
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BwW43

The BW43 FMpulsetype (Figureb) 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 species for
producing this FM pul se t(Bapmandafickeringetal,2Bld) r i nds b
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Figure 5. Echolocation sequence of BW43 in an LTSA (to@nd 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 sounds were detected tiymputer 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 anwdekly totls 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 continuous wave (CW) timselsavedurations ranging

from less than 1 s to greateath5 sGroups 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 typicallygreater

than 20 sKigure6). In the SOCAL Range Complex, the mostreoon MFA sonar signals are

between 2 and 5 kHz and are moregeneril | vy kn&WMz 0a.s o®dm& r5

In the first stage dVFA 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-kBiz sample rate with timé&requency 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 frequentlyiggered on noisproduced by instrument disk writes that occurredSes
intervals.Over periodof several months, these diskite detections dominated thember of
detections and could ®iminated using an outlier detection test. Histograms of the detestart
timesthat remained once disk write periods were remavexe constructed and outliers were
discarded. This reaved some valid detections thladcurred during disk writes, but as the disk
writes and sonar signalseanncorrelatedhis is expectetb only have a minor impact on analysis.
As the detector did not distinguish betwesmnar andion-anthropogenic tonal signals within the
operating band (e.gaumpback whales), human analysi@mined detection output and accepted or
rejected contiguous seof detectionsthereby removing any false detectioBtart and end tinssof
these cleaned sonar events were then used in further processing.

In the secod stage of MFA sonar detectiohese start and end timesSMFA events from both
methodswverethenusedto 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 traiusfetion (Wiggins, 2015) For each
packet, maximum peao-peak (pp) received level (RL), sound exposure level (SEL);mean

square (RMS) RL, date/time of packet occurremes packeRMS duration (for Rlp -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 sourcejchitresulted in a Ridetection thresholdf 130 dB

pp re 1 uPgWiggins, 2015)Instrumentmaximum received level was ~168 pp re 1 u@, above

which waveform clipping occurredPackets were grouped into wave ticaseparated 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 also calculated. Wave tralaration is the difference betwethe first and last packet

detectionsn an eventThe totalpacketduration ofa wave trains the sum of the individual packet
(i.e., group of pings) durationg/hich 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.
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Figure 6. MFA sonar previouslyrecorded at site H and shown as a wave train evem a 45minute
LTSA (top) and as a single packet with multiple pulses in a 30 second spectrogram (bottom)

Explosions

Effort was directed toward firdg explosive sounds in the recordingsluding military exposions,
shots from geophysicalxploration, and seal bombsed by the fishing industrizxplosions have
energy as low as 10 Hz and often extend up to 2,000 Hz or higher, lasting for a few seconds
including the reverberatiodn exdosion appears as a vertical spike in the LTSA that, when
expanded in the spectrogram, has a sharp onset with a reverbesgnfipare 7). Explosiors

were detected automatically fall deployments using a matched filter detector on data decimated
to a10-kHz sampling rate.

Theexplosion detector starts by filtering ttime serieswith a 18" order Butterworth bandpass

filter between 200 and @00 Hz.Next, aosscorrelation was computed between of 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 6ésharpend peaks of
calculated by taking the median cross correlat@ines over the current 7506 data to account for
detecting explosions within noise, such as shippingro&s-correlation threshold adbove the

median was set. When the correlation coefficient reached ébetreeshold, 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 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 d#iten. Peako-peakand RMS RLwerecomputed over the potential
detection period and a tinseries of the length of the explosion template before and after the
detection.
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The potential detection was classified as false and deletBqdtife dB difference pp and RMS
between signal and time AFTER the detection was less than 4 dB or 1.5 dB, resp&tihelyB
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 longan th55 second3 he thresholds
were evaluated based on the distribution of histograms of manually verified true and false
detectionsBy design, this detect@roduces a low number of faleegative detections but a high
number of falsgositive detectios (>85%). To reduce the number of fafsesitive detections, each
automated detection was manually reviewed and verified by a trained analyst.

b1
bl
AR R
| S8
'
Eid
| S
4R

Figure 7. Explosionspreviously detected atsite H in the analyst verification stagevhere events are
concaterated into a single spectrogram.
Greenalong the bottomindicates true and red indicates false detections.

Abundance and Density Estimate$rom Visual Surveys

California Cooperative Oceanic Fisleries Investigations (CalCOFI)Visual Surveys

Visual surveys of marine mammals were conducted on qua@alyOFIcruises according to the
protocol outlined irCampbellet al.(2015) Briefly, visual surveys were conducted by two
observers (except for the fall 2019 cruisegvehonly one obseer was present) using 7x50jon
binoculars during daylight transit between CalCOFI oceanographic stéfiguase8). Sightings
were logged systeatically including supporting information such as Beaufort sea state. Visual
observations were conducted on each quarterly CalC@fse from the summer of 2004 fall of
2021. No visual survey was conducted on the spring 2010 cruise nor were visags funvducted
due to COVIDrelated restrictions from spring 2020 through spring 2021.
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Figure 8. On-effort survey track lines (purple lines) and bcations of CalCOFI oceanographic stations
(black dots) from 2004 to 2021Track lines are extrapolated fromcoordinates at thestart and end of
transits between stationsColor indicates bathymetric depth. Contour lines represent 500 m depth
increments.

Abundance and Density Estimates

Abundance and density estimates were daled for the southern CalCOFI region using distance
sampling techniques wi(Miterdtd,018)dhe snalgsis ma@udedp ac k a g
onlysightrgs t hat-efwkoret doatsr ars ¢ ctad & 9 Gapnpbellettaln e cr i t
(2015) Transects were defined as segments between oceanographic stations perpendicular to the
coast. A mineéfmuor tod r@imhds @f@adnd si ghtings 1is recon
detection function fittindBucklandet al, 2001) When pooling detections across all CalCOFI

cruises, eight species met this requirement: blue wBale€noptera musculjsfin whale 8.

physalu¥, humpback whaleMegaptera novaeanglidegray whale Eschrichtius robustys

common dolphin@elphinus delphis Pacific white-sided dolphinl{agenorhynchus obliquideps

Ri s s 006 s GrdnpusmrisédysandD a |l | 6 s Rhocoepadessda)li A(ninth species

(bottlenose dolphinTursiopstruncate$) was also analyzed, although only 59 sightings met the

Aomf forté raamdeicam requirements. Common dol phir
beaked coomon dolphin D. delphis bairdi) and shorbeaked common dolphil( delphis

delphig. Asthe group size of common dolphins varies widely and this could have an impact on
detection probability, shotieaked common dolphins were further divided based aupgsize: less

than or equal to 20 dolphins or greater than 20 dolphins per group. Sucksgredigtréfication
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was not possible fdong-beaked common dolphins because very few sightings occurred with group
sizes below 21 dolphins.

We were unable to easure the detection probability directly on the track ksedoing so requires

two independent teams of observenrsd thus relied on previous estimates of track line detection
probability @(0)) in the regionBarlow and Forney, 2007)t is worth noting that these estimates
were calculated for observers usingajez magnification (25x vs 7x in the present study) and thus
are likely to have some positive bias. iication was selected using tieamervon Mises

goodnessf fit test and was based either on distance to the sighting (e.g. truncation of sightings
further than 2400 m awapr data percentage (e.g. truncating data further away than 90% of the
recorded observed distances) and used to determine the effective strifBuizklandet al, 2001)

Both truncation methods were tested for each species and the method that produced the highest
Cramervon Mises score was used in subsequent mod&iea state, season, and group size were
investigated as covariat@dlarqueset al, 2007) Detection function models were selected using the
Ak ai ke ds i nf oandnGamermmMises goddressfifibtests. Pacific whitesided

dol phin, Dall ds porpoise, bottlenose dol phin,
responsive movement (e.g. ship attraction), which can cause a positive bias in density and
abundance estimation. Hazaate models for these species exacerbate this positive bias with a
large spikdan detection probability at small distanc@® counteraicthis issue, we selected only
among haHnormal models for these species. Confidence intervals were calculated using a log
normal distribution.

Cal COFlI surveys are conducted in fAipassing mode
throughout thewvey. This results in larger numbers of unidentified individuals than in other

survey designs. To counteract the potential negative bias to our abundance estimates, we applied a
correction factor following the protocol in Becketral.(2017; equation 1, below)

Equation1

© P T
In this equationtty is the number of identified individuals in the target spetigss the number of
identified individuals of closely related species, &ndis the number of unidentified individuals in
the species groufBeckeret al, 2017) We used this correction factor for two groups: unidentified
large baleen whales (either blue, fin, or humpback whales) and common dolphins noedlantifi
the subspecies level (either Iehgaked or sho#beaked common dolphins). This correction factor
was then multiplied by the abundance estingatpiation 2, Bucklandt al, 2001; Beckeet al,
2017)obtained through the distance sampling protocol fgelavhales (blue, fin, and humpback
whales) and for common dolphins (leremd shorbeaked common dolphins) in order to obtain our
finalized abundance estimates for these species.

Equation 2 .
ed w
0 30"YQn

In thisequationD is the density (animals per Knn is the number of sightingsjs the mean
group sizec is the unidentified animal correction factor (equatipseit toc=1 when no correction
was appliey] L is the length surveye&SWis the effective sip width, andg(0)is the probability
of detection on the track line.
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Results

Passive Acoustic Monitoring
The results of acoustic data analysis at $ttds, N, and U from April 2020 to 2024re
summarizedelow.

We describehelow-frequencyambientsoundscape artie seasonal occurrence andatele
abundance of beaked whaeoustic signals and anthropogenic sowfdaterest

Low-frequency Ambient Soundscape

T

The underwater ambient soundscapeall siteshad spectral shapes with higher leveloat |
frequenciegFigure9) owing to the dominance ship noise at frequencies below 100 Hz
and local wind and waves above 100(H#debrand, 2009)

Site Hgenerally had lowespectrum levelscompared to the other sitdslow 100 Hz
(Figure9). This is expecteliecaussite H is away from shipping routes and is located in a
basin shielded from the deep océlttDonaldet al, 2008) However, spectrum levels
below 15 Hz during spring months appear to have been influenced by strumming related to
tidal flow (Figure9).

Sites E,N, and Ugenerallyhad spectrum levels arounaiB higher than site H at 1000

Hz, owing to greater exposuredpenoceanshipping noisé€Figure9).

Prominent peaks in sound spectrum lewdlservedn the frequency band 180 Hz duing

fall andwinter atall siteswere related tahe seasonally incresied presence of fin whale
calls.The hghest levels during this period occurradite E(Figure9).

Spectral peaks around 45 Hz frduly to December at all sites weerelated to blue whale B
calls. The highest levels during this period occurred at sifehe peaks at 151d 30 Hz at
site Uwere also a result of blue whale B caliggure9).
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Figure 9. Monthly averages of sound spectruntevelsat sites, H, N, and U.
Legend gives colorcoding by month.* denotes months with partial (< 90%) effort.
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Beaked Whales

Cuvi er 0s |dseaekdetectednraughdbe monitoringoeriodat all four sitesHu b b s 6

beaked whales werketected onlyluring November and January at siteTiHe FM pulse type,

BW4 3, possi bly pr oduc eBaunmgaPickeringetialn20i)wase aked wha
detectedn low numtlers intermittently at sikeH andN, and throughout the monitoring period at

site U. No other beaked whale species were detected during this recording parreddetails of

e ac h sppeseace at thé fosites are given belaw

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

T Cuvi er dwhaleEvaepklses werdetectednostat sites E and Handleastat siteU
(Figure10).

1 Atsite E, detections were low in September and showed a slight increase in December 2020.
At site H, detections were relatively consistent throughout the monitoring period, with a
peak duing October and November 2Q2Detections were low throughout the monitoring
periods for sites N and U, eggd for an increase in detections in January 2021 at site N
(Figure10).

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

1 Detectionsveregenerallyconsistent wittpreviousreports although the January 2021 peak
in detections at site N was higher than during previous monitoring pékedsskyet al,
2013; Debictet al, 2015a; Debicletal, 2 0 1 5 bet al,@016; Rivedt &l, 2017; Rice
et al, 2018; Riceet al, 2019; Riceet al, 2020; Riceet al, 2021)
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Hubbs6 Beaked Whal es
Hubbs & be akpalses, praveously reféridd to B8V37V FM pulseswere ctected ifow

numbers at site H

T Hubbs o beBMpalses weleadteeted at siteoH only one day in November 2020
and one day in January 20Zhere were no detections at site N, andU (Figurel12).

1T AlHubbs 6 b e deledions aedueld at night, but there were not endatgctions
to determine if there was a diel pattéfgure13).

1 Detections at site H were lower than during the previous monitoring g&ioeet al,
2021) but were consistent with detections in past reg&iceet al, 2019; Riceet al,
2020) However, there were no detectiatssiteE or N, as there werduring previous
monitoring period¢Riceet al, 2019; Riceet al, 2020; Riceet al, 2021)
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Figurel2We ekl y presence of FNHpulbebk lsetiweepAprih 2020 dind @02 kat site H.
Gray dots represent percent of effort per week in weeks with less than 100% recording effort, and
gray shading represents periods with noecording effort. Where gray dots or shading are absent, full
recording effort occurred for the entire week.
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Figure 13 Hu b b s 6 b e aFM@useswiidizdted by blue dots, inen-minute bins at site H
Gray vertical shading denotes nighttime and light purple horizontal shading denotes absence of
acoustic data.

BwW43
BW43 FM pulsesveredetectedntermittenty at sites H andN and throughout the recording period
at site U

1 BWA43 FM pulses werdetectedat sites H, N, andU. At site H, detections occurregh one
day in July and on two days in December 20%Gsite N, detectiors occurredfrom June to
August, and on one day each in October and December 2020, and in FebruaAt 2a21
U detections occurrethroughout themonitoring periodwith a peak in August 203@igure
14). There were no detections at dite

1 There was no discernable diel pattern for BW43 detectieigsife15).

1 The overall number of detections is consistent with previous ref@teskyet al, 2013;
Debichet al, 2015a; Debicletal, 2 0 1 5 bet al,3018; Rigedt &I, 2017; Riceet al,
2018; Riceet al, 2019; Riceet al, 2020; Riceet al, 2021) However, here wereno
detections at site,&as there waduring onepreviousmonitoring periodRiceet al, 2020)
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Figure 14. Weekly presence oBW43 FM pulses between April 2020 and 2024t sitesH, 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 gragots or shading are absent, full
recording effort occurred for the entire week.

28



Site N

Site H

15-Apr-2020 |1+ s + 15-Apr2020 s

13-May-2020 s 3:May-2020

10-Jun-2020 10-Jun-2020 -}

08-Jul-2020

05-Aug-2020 -

02-Sep-2020

30-Sep-2020

28-0ct:2020 | e

25:Nov-2020 -} -

230002020 -} -

a2z - S

17-Feb-2021

17-Mar-2021 v 7-Mar-2021 -

14-Apr2021 o+ ¢ 4-apr2021 -

| S o P T LI I e e e LI T T T
012345678 89101112131415161718192021222324 012345678 9101112131415161718192021222324
GMT (h) GMT (h)

Site U
16-Apr-2020 5 s

13-May-2020

10-Jun-2020 4

08-Jul-2020

20-Jan-2021

17-Feb-2021 -

17-Mar-2021 - -4

14-Apr-2021 -

T T T T 1
01234567 89101112131415161718192021222324
GMT (h)

Figure 15. BW43 FM pulses, indicated by blue dots, iten-minute bins at sitesH, N, and U.
Gray vertical shading denotes nighttime and light purple horizontal shading denotes absence of
acoustic data.

29



Anthropogenic Sounds
Anthropogeaic soundgrom MFA sonar (2.84.5 kHz) and explosions, betweApril 2020and
2021, were analyzed for this report.

Mid -Frequency Active Sonar

MFA sonar was a comméndetectedanthropogenic sound. The dates of major naval training
exercises that were conducted ir ®OCAL region betweefpril 2020 and 202&relisted in

Table5 (C. Johnson, personal communioa). Sonar usage outside of designated major exercises
is likely attributable to unitevel training. The automatically detected packets and wave siaove

the highest level of MFA sonar activity (30 dBypre 1 pPa) when normalizgeér year at site H
while site E showed the lowest levélable6).

1 MFA sonar wasletectedhroughout the recording periad all foursites.In general, lte
highest number of detections occurred in May and November 2020 and in February and
April 2021 (Figure16).

1 Although MFA sonar was detected during both night and day, there was a general decrease
in detections in the hours before sunrise at all qjkegurel?).

1 Atsite E, a total o83 packets were detected, walmaximum received level of 1@Bypre
1 pPa(Figure 18). Total wave traindurationwas 6.4h (Figure 21), but the total packet
durationwas only about 0.8 (947.8s; Table6; Figure22).

1 Atsite H a totalof 13,290packets were detected, wahmaximum receid level of 17@ Byp
re 1 pPaFigure18). Total wave trairduration was 22@ h (Figure21), but the totapacket
durationwas only about & (29,4911 s; Table6; Figure22).

1 Atsite N, a total of 4,8 packets were detected, wahmaximum received level of &6IByp
re 1uPa(Figure18). Total wave trairduration was 89.8 (Figure21), but the totalpacket
durationwas only 3h (11,305.7s; Table6; Figure22).

1 Atsite U, a total of 1,68packets were detected, with a rima¥m received level of 1668
re 1 pPafigure18). Total wave trairduration was 338 h (Figure21), but the total packet
durationwas only about 1.5 (5,209s; Table6; Figure22).

1 Maximum cumulative sound exposure levelsvave trainooccurred duringdctober 2020
and January 2021 sites U and Nrespectivelyand weregreater than 175 di& 1 pP&-s.

At sites H and E, maximum levels occurredrgbruaryand March 2021, respectivend
were greater than 170 @B 1 uP&-s (Figure19).

1 The peak in MFA sonar thaccurred in May 2020 overlapped witlmajor training
exercisgTable5), but most MFA detections occurred when there m@$raining exercise
taking placgFigure20).
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Table 5. Major naval training exercisesin the SOCAL region betweenApril 2020 and 2021
Exercise Dates
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Figure 16. Major naval training events (shaded light red from Table 5) overlaid on weekly presence of
MFA sonar <5kHz from the Silbido detector betweenApril 2020 and 2021at sites E, H, N, and U
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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Table 6. MFA sonar automated detector results for site€, 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 dB,,re 1 pP3g, 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 | 351(0.99 5 5 283 295 6.4 947.8
H 351 (0.9 128 133 13,290 | 13,844 2264 29,4911
N 330 (0.90 60 67 4,345 4,828 89.8 11,305.7
U 262 (0.72 25 35 1,681 2,335 33.8 5,209
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Figure 18. MFA sonar packet peakto-peak received level distributions for site€, H, N, and U.
The total number of packets detected at each site is giventime upper left corner of each panel.
Instrument clipping levelstypically occur around 165dBy, re 1 pPa, but were higher at site H Note
the vetical axes are at differenscales
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Explosions
Explosibns werealetected at all fowsites

T

Explosions occurrethroughout the monitoring periedtall stes The highest number of
explosions occurred at site H, wilpeakin Decenoer2020 and again in February 2021
The lowest number of detections occurred at siiEiglire23).
Total explosion counts at each sitere as follows:

0 232atsiteE

0 2,219atsiteH

o0 1,526atsiteN

o 1,865at site U
There was no clear diel pattern atske N, or U. At site H,there werenore explsionsat
night, particularlyfor about the first six hours after sunééigure24).
Thepredominant nighttimeatternat site Hsuggestgotential use ofeal bombs by the
squid fishery However, daytime use at all sites may indicate another fishery using seal
bombs.
The overall numbeof detections asite H waslowerthan during the last reporting period
(Riceet al, 2021) but waggenerally comparable with previoteports(Debichet al,
2015a; Debicletal, 2 0 1 5 bet al,3018; Bee ét &l, 2017; Riceet al, 2018; Riceet
al., 2019; Riceet al, 2020)
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Abundance and Density Estimate$rom Visual Surveys

The results odbundance and density estimation based on CalCOFI viswalysurom 2004 to
2021 are summarized below.

We describe the seasonal visual sightings, modeled detection probabilities, andlssaso
yearly abundance for nimearine mammal speciegalues for detection function modelBable

7), seasonal abundancBaple8), and yearly abundanc&dble9) are also provided.

Table 7. Detection funcion model simmary from CalCOFI visual surveys from 2004 to 2021.
For each species, thertincation (based on either distance or data percentage),odel (adjusted to

account for responsive movement of some species), and covarigEsa state, season, and group size)

used are provided along with resultingrackline detection probabilities andCramer-von Mises p

values. Short-b e a k e d

common

do!l phins

ar e

di vi ded

by

Abbreviations: PWS = Pacific white-sided, LBC = longbeaked commonand SBC = shot-beaked

common

Trackline | Cramer-

detection | von Mises

Truncation Model Covariates | probability p-value

Blue whale| 2400 m Half-normal - 0.921 0.9552

Fin whale| 10% Hazardrate Sea state 0.921 0.9046

Humpback whalg 2700 m | Half-normal with cosine - 0.921 0.7239
adjustment term of order

Gray whale| 2400 m | Half-normal with cosine - 0.921 0.9970
adjustment term of order

Bottlenose dolphirp  10% Half-normal with cosine - 0.856 0.8790
adjustment terms of orde

2,3

Ri sso0s - Hazardrate Sea statel 0.856 0.9844

PWS dolphinj 400 m Half-normal Sea state] 0.856 0.1808

LBC dolphin| 700 m Half-normal - 0.97 0.9003

SBC dolphin020| 400 m Half-normal with cosine - 0.856 0.1162
adjustment term of order

SBC dolphin>20| 700 m Half-normal with cosine - 0.97 0.5714
adjustment terms of orde

2,3

Dal | 6s 700 m Half-normal with come - 0.822 0.2224

adjustment term of order
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Table 8. Seasonal abundance estimatdsom CalCOFI visual surveys from 2004 to 2021.

The abundance, lower (L) and upper (U) 95% confidence intervals (Cl), density (animals/1000

km?2), coefficient of variation (cv) and unidentified individual correction factor (c) for each species

2004 2021.There were no cruises for winter or spring in 2004, for spring in 2010, for spring,

summer, or fall in 2020, or for winter or spring in 2021.Short-beaked common dolphins are

divided by group si z eAblfediati@ng: PWS = Pacifi@ whiteisited, LBCi=d u al s ) .
long-beaked common, and SBC = shoibeaked common.

Season
Winter ‘ Spring ‘ Summer ‘ Fall
Blue whale
Abundance 39 64 1524 201
95% CI(L) 9 25 1070 111
95% CI(V) 166 165 2170 362
Density 0.16 0.27 6.39 0.84

cv| 0.863 0.514 0.182 0.308
c| 2.582 1.750 1.542 1.812

Fin whale
Abundance 542 677 2610 1241
95% CI(L) 283 415 1705 842
95% CI(U) 1040 1104 3996 1831
Density 2.27 2.84 10.94 5.21

cv| 0.342 0.254 0.220 0.200

c 2.582 1.750 1.542 1.812
Humpback whale

Abundance| 885 1333 461 490
95% CI(L) 571 830 200 302
95% CI(V) 1373 2140 1064 793

Density|  3.71 5.59 1.93 2.05

cv| 0.227 0.245 0.446 0.250
c| 2.582 1.750 1.542 1.812

Gray whale

Abundance 1302 105 - -

95% CI(L) 858 46 - -

95% CI(U) 1976 239 - -
Density 5.46 0.44 - -

cv| 0.214 0.436 - -

(o] - - - -
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Season

Winter ‘ Spring ‘ Summer ‘ Fall
Bottlenose dolphin
Abundance| 11694 2113 5174 9916
95% CI(L) 5222 619 2516 3543
95% CI(U) | 26186 7221 10642 | 27748
Density|  49.03 8.86 21.70 41.58
cv|i 0421 0.670 0.373 0.553
c - _ - -
Ri ssobs
Abundance| 2261 6,481 2,323 3,401
95% CI(L) 1,250 1,764 1,087 1,610
95% CI(U) | 4,090 23,814 4,963 7,186
Density 9.48 27.17 9.74 14.26
cv| 0.306 0.700 0.392 0.385
(of - - - -
PWS dolphin
Abundance| 7,145 14,157 7,112 2,353
95% CI(L) 2,847 7,750 2,700 579
95% CI(U) | 17,932 25863 | 18,738 9,552
Density|  29.96 59.36 29.82 9.86
cv | 0.469 0.312 0.512 0.792
(of - - - -
LBC dolphin
Abundance| 193849 | 16,996 | 50,828 | 107,663
95% CI(L) | 60,808 7,030 24962 | 25299
95% CI(U) | 617973 | 41,087 | 103497 | 458173
Density| 812.81 71.26 213.12 | 451.43
cv| 0.647 0.474 0.375 0.852
c 1.083 1.342 1.525 1.406
SBC dolphin, 020
Abundance| 41,406 30,214 | 40,069 | 25259
95% CI(L) | 29,399 21,061 | 29570 | 16,367
95% CI(U) | 58318 43345 | 54,295 | 38982
Density| 173.62 | 126.69 | 168.01 | 105.91
cv| 0.176 0.186 0.156 0.224
c 1.083 1.342 1.525 1.406
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Season

Winter ‘ Spring ‘ Summer ‘ Fall
SBC dolphin, >20
Abundance| 675464 | 327,635 | 253631 | 322887
95% CI(L) | 366039 | 196793 | 156118 | 215693
95% CI(U) | 1,246457 | 545469 | 412050 | 483355
Density| 2,832.21 | 1,373.77| 1,063.47| 1,353.86
cv| 0.320 0.265 0.251 0.208
c 1.083 1.342 1.525 1.406
Dall's porpoise
Abundance| 4,924 9,389 151 785
95% CI(L) 2,887 5,745 48 210
95% CI(U) 8,398 15344 473 2,933
Density|  20.65 39.37 0.63 3.29
cv 0.275 0.253 0.633 0.668
(of - - - -
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Table 9. Yearly abundance estimategrom CalCOFI visual surveys from 2004 to 2021
The abundance, lower(L) and upper (U) 95% confidence intervals (Cl), density (animals/1000 k#), coefficient of variation (cv) and unidentified individual
correction factor (c) for each species 2002021.There were no cruises for winter or spring in 2004, for spring in 2010, for spring, summer, or fall in 2020, or for

winter or spring in 2021. Shart -beaked common dolphins are divided by group siz€ 20 or > 2 AbbreviatibnsvPWS & Rakific Whitesided, LBC = long
beaked commonand SBC = shot-beaked common
Year
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Blue
whale
Abundance| 495 335 340 45 78 641 551 1,303 802 389 517 431 851 1,017 82 450 B 3,807
95% CI(L) 248 220 135 5 24 377 356 370 443 99 167 193 480 406 54 169 - 1519
95% CI(U) 990 508 855 389 253 1,090 854 4589 1,452 1533 1,603 963 1,509 2,547 122 1,199 R 9,540
Density | 2.08 1.40 1.43 0.19 0.33 2.69 231 5.46 3.36 1.63 217 1.81 357 426 0.34 1.89 R 15.96
cv | 0.364 0.215 0.497 1523 0.660 | 0276 | 0.226 0.715 0.310 0.795 0.629 0.428 0.299 0.496 0.209 0532 - 0.496
c| 2.000 1.141 1526 1536 1273 | 1.756 | 1.683 1.607 2271 2.061 1.600 2.000 1.757 2.200 1.649 1.636 2250 | 1.504
Fin
whale
Abundance| 1,025 745 538 550 676 735 3,789 2,850 2,661 1,851 2,184 650 2,351 792 2,779 347 1,331 1,759
95% CI(L) 585 325 240 409 371 415 1,010 1,605 1,445 1111 971 349 716 355 836 150 372 1,153
95% CI(U) | 1,794 1,706 1,204 741 1,233 1302 | 14215 | 5061 4,900 3,085 4912 1210 7,723 1,769 9,234 803 4770 | 2684
Density | 4.30 3.12 2.25 231 2.84 3.08 15.89 11.95 11.16 7.76 9.16 2.73 9.86 3.32 11.65 1.45 558 7.38
cv | 0292 0.442 0.430 0.152 0313 | 0298 | 0.759 0.299 0.319 0.265 0.432 0.325 0.667 0.428 0.675 0.449 0.727 | 0.218
c| 2.000 1.141 1526 1536 1273 | 1.756 | 1.683 1.607 2271 2.061 1.600 2.000 1.757 2.200 1.649 1.636 2250 | 1.504
Humpback
whale
Abundance
393 499 347 510 834 349 63 190 189 1,645 1,187 748 320 1,137 1,166 736 1,667 1,026
95% CI(L
o CIv) 185 214 218 99 222 136 28 53 73 798 625 458 186 728 681 166 725 590
% CI
95% CI(U) 836 1,163 554 2,622 3,136 896 139 677 489 3,391 2,257 1,220 552 1,775 1,997 3,259 3,833 1,786
Densit
ey 1 65 2.09 1.46 214 3.50 1.46 0.26 0.80 0.79 6.90 4.98 3.14 134 477 4.89 3.08 699 | 430
Y1 0399 0.453 0.242 1.004 0.761 | 0510 | 0.424 0.722 0.515 0.382 0.337 0.254 0.283 0.230 0.280 0.883 0.445 | 0.289
°1 2000 1.141 1.526 1.536 1.273 | 1756 | 1.683 1.607 2271 2.061 1.600 2.000 1.757 2.200 1.649 1.636 2.250 | 1.504
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Year
2004 ‘ 2005 ‘ 2006 2007 ‘ 2008 ‘ 2009 ‘ 2010 2011 ‘ 2012 ‘ 2013 ‘ 2014 2015 ‘ 2016 | 2017 ‘ 2018 ‘ 2019 | 2020 | 2021
Gray
whale
Abundance
- - 160 425 - 233 87 1,419 130 226 97 902 91 289 118 197 1,983 0
95% CI(L)
- - 92 114 - 125 12 548 41 37 37 420 12 41 13 81 697 -
95% CI(U)
- - 279 1,586 - 434 611 3,676 411 1,389 252 1,937 672 2,054 1,051 484 5,642 -
Densit
ensty - - 0.67 1.78 - 0.98 0.36 5.95 0.54 0.95 0.40 3.78 0.38 1.21 0.50 0.83 8.32 0.00
v - - 0.286 0.738 - 0.318 1.240 0.504 0.617 1.090 0.508 0.377 0.375 1.268 1.477 0.470 0.528 -
C
Bottlenose
dolphin
Abundance
3,280 4724 1,046 1,390 6,841 10,808 | 19449 3,137 3,529 - 8,168 3,190 25,494 - 3,843 18490 | 43436 -
95% CI(L
6CIb) 537 555 211 1,028 1,179 2,074 3533 1,381 1,608 - 1,674 910 7,568 - 506 7,348 2,975 -
95% CI(U
6CIV) 20,026 | 40,189 5,193 1,879 39701 | 56,327 | 107076 | 7,124 7,747 - 39,851 11,188 | 85887 - 29183 | 46528 | 634155 -
Densit
Y| 1375 19.81 4.39 5.83 28.68 4532 81.55 13.15 14.80 - 34.25 13.38 106.90 - 16.11 77.53 182.13 -
Y| 0953 1.006 0.949 0.152 1.060 0.643 0.982 0.418 0.404 - 0.930 0.641 0.591 - 1.222 0.466 0.740 -
C
Ri s s
dolphin
Abundance
1,444 309 799 3,014 1,563 1,881 - 3,345 2,442 1528 3,095 13677 10597 - 2,747 780 10371 | 11,147
% CI(L
95% CI(L) 253 81 273 1,052 154 784 - 565 428 526 934 1 4,436 - 1,457 461 4713 2,317
95% CI(U) 177233
8,243 1,172 2,335 8,631 15892 | 4511 - 19,797 13,940 4,436 10,258 612 25313 - 5,180 1,319 22817 | 53622
Densit
NS 605 1.30 3.35 12.64 6.55 7.89 - 1403 | 1024 6.41 1208 | 57.35 | 44.43 - 11.52 3.27 4348 | 46.74
C
V| 0680 0.700 0.559 0.539 1.534 0.444 - 0.776 1.045 0.365 0.580 0.972 0.451 - 0.315 0.268 0.391 0.813
C
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Year
2004 ‘ 2005 ‘ 2006 ‘ 2007 ‘ 2008 ‘ 2009 ‘ 2010 ‘ 2011 ‘ 2012 ‘ 2013 ‘ 2014 ‘ 2015 2016 | 2017 ‘ 2018 ‘ 2019 | 2020 | 2021
PWS
dolphin
Abundance
12,894 9,467 15,040 7,112 15,651 865 - 1,160 16,350 13,360 4437 937 9,551 3,602 - 14,963 - -
0,
95% CI(L) 3,791 3,585 5,104 1,289 5877 578 - 499 3,862 666 609 140 1,086 2,339 - 5267 - -
95% CI(U
6 CIV) 43857 | 24999 | 44317 39225 | 41,681 1,296 - 2,700 69,218 | 268175 | 32329 6,258 83,964 5,547 - 42512 - -
Densit
NSV 5406 39.69 63.06 29.82 65.62 3.63 - 4.87 68.56 56.02 18.61 3.93 40.05 15.10 - 62.74 - -
Y| 0658 0.504 0.565 0.785 0.502 0.206 - 0.440 0.793 1.169 0.498 1.208 0.701 0.219 - 0.556 - -
C
LBC
dolphin
Abundance| 11,627 83229 1,715 2,197 - 6,357 15424 | 18077 50,364 5342 5322 | 536655 | 305163 | 31,248 33408 | 102410 | 35295 | 92422
95% CI(L) | 4,711 32634 742 301 - 896 2,735 1,764 12,889 723 1,103 119043 | 61,861 11,100 8,486 25572 5314 | 12811
95% CI(U) | 28691 | 212267 | 3,964 16,039 - 45092 | 86973 | 185198 | 196799 | 39494 | 25682 | 241927 | 150538 | 87,965 | 131521 | 410118 | 234415 | 66674
8 3 7
Density | 48.75 348.98 7.19 9.21 - 26.66 64.67 75.80 211.18 22.40 2231 | 2,250.18 | 1,279.54 | 131.02 | 140.08 | 429.40 | 147.99 | 387.52
cv | 0.486 0.506 0.448 1.340 - 1.310 1.086 1.759 0.789 1.354 0.952 0.897 0.970 0.567 0.794 0.807 1.242 1.328
c| 1.108 1.239 1.493 1.441 1.185 1.152 1.299 2.839 1.677 1.254 1.475 1.110 1.166 1.264 1.139 1.267 1.139 1.483
SBC dolphin,
O 2
Abundance| 40046 | 35862 | 50389 29073 [ 51,192 | 27832 | 4,739 23906 | 22824 | 31521 21506 | 27570 | 32468 | 43507 27131 | 46143 | 87618 | 19165
95% CI(L) | 26924 | 20273 | 24,990 15,702 35171 | 17,390 538 9,535 13,009 14731 10,205 16,888 18182 | 24,693 16,703 27217 | 41633 | 10025
95% CI(U) | 59564 | 63437 | 101603 | 53832 74511 | 44543 | 41,736 | 59937 | 40046 | 67446 | 45321 | 45011 | 57978 | 76656 | 44,071 78231 | 184394 | 36,640
Density | 167.91 | 150.37 | 211.28 | 121.90 | 214.65 | 116.70 | 19.87 100.24 95.70 132.17 90.17 11560 | 136.14 | 18242 | 113.76 | 193.48 | 367.38 | 80.36
cv | 0.205 0.297 0.370 0.322 0.193 0.243 1.558 0.496 0.293 0.403 0.394 0.254 0.302 0.295 0.251 0.274 0.394 0.340
c| 1.108 1.239 1.493 1.441 1.185 1.152 1.299 2.839 1.677 1.254 1.475 1.110 1.166 1.264 1.139 1.267 1.139 1.483
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Year

2004 ‘ 2005 ‘ 2006 ‘ 2007 ‘ 2008 ‘ 2009 ‘ 2010 ‘ 2011 ‘ 2012 ‘ 2013 ‘ 2014 ‘ 2015 ‘ 2016 | 2017 ‘ 2018 ‘ 2019 | 2020 | 2021
SBC dolphin,
>20
Abundance| 337417 | 405275 | 273545 | 543135 | 278495 | 13878 | 343565 | 438663 | 283823 | 363291 | 536373 | 645772 | 208125 | 540676 | 253418 | 525670 | 103591 | 61457
1 4
95% CI(L) | 182925 | 175232 | 153632 | 208781 | 78760 | 68858 | 82443 | 212551 | 131650 | 141140 | 295670 | 148271 | 104142 | 335780 | 145755 | 302766 | 644810 | 23026
95% CI(U) | 622386 | 937,313 | 487055 | 1,41294 | 984754 | 27970 | 1,431,73 | 905313 | 611,888 | 935106 | 973029 | 2,81256 | 415931 | 870600 | 440608 | 912684 | 1,66423 | 16402
5 7 3 2 9 9
Density | 1,414.78 | 1,699.31 | 1,146.97 | 2,277.35 | 1,167.72 | 581.91 | 1,440.56 | 1,839.30 | 1,190.06 | 1,523.27 | 2,249.00 | 2,707.71| 872.66 | 2,267.04 | 1,062.58 | 2,204.12 | 4,343.57 | 257.69
cv | 0.320 0.448 0.301 0.518 0.717 0.369 0.836 0.383 0.407 0.512 0.311 0.870 0.365 0.247 0.288 0.287 0.245 0.534
c| 1.108 1.239 1.493 1.441 1.185 1.152 1.299 2.839 1.677 1.254 1.475 1.110 1.166 1.264 1.139 1.267 1.139 1.483
Dall's
porpoise
Abundance| 3,132 7,801 4,768 8,487 4,033 3433 - 7,512 7,661 2,823 2,206 2,354 - 401 - 376 - -
95% CI(L) 941 3,018 2,185 4717 1,856 1,565 - 2,637 2,214 651 958 426 - 52 - 38 - -
95% CI(U) | 10429 20,165 10,405 15,269 8,761 7,531 - 21,402 26,502 12,238 5,082 13021 - 3,103 - 3713 - -
Density | 13.13 32.71 19.99 35.59 16.91 14.40 - 31.50 32.12 11.84 9.25 9.87 - 1.68 - 1.58 - -
cv | 0584 0.506 0.406 0.301 0.399 0.410 - 0.558 0.672 0.611 0.422 1.037 - 1.358 - 1.620 - -
C - - - - - - - - - - - - - - - - - -
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Blue Whales

1 Sightings of blue whales wehgéghest in summer and lowest in wint8ightings
primarily occurred along the continental slope or farther offshore, except for in the
southern half of the survey region during summer, when sightingsalgengresent
closer to shoréFigure25).

1 Blue whale detection probability was highest under 0.4 Kigufe25).

1 Abundance was highest in the summer and lowest in the winter argenaally
consistent across years. However, there was a deane23@7/2008 and again in 2018
as well as an increase 2021. There was no abundance estimate for 2020 because the
survey only occurred in winter that year, when blue whale sightings arg-rguee25).

1 Density estimateglable9) were generally comparable to those for the California Current
Ecosysten{CCE; Beckeeet al, 2020)
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Figure 25. Blue whale sightings, detectiomprobability, and abundance from 2004 to 2021.

(A) On-effort, on-transect sightings each season from 2004 to 2021. Black dots represent CalCOFI
oceanographic stations and each orange circle represents one visual encounter. (B) Detection
function model as ascaled histogram that shows the distribution of perpendicular distances in
kilometers. Black circles represent the probability of detection based on perpendicular distance.
Estimated abundance each season (C) and year (D) based on quarterly cruises eaeln ggcept for
2004, 2010, 2020, and 20Zhlack abbreviations for these years indicate seasons in which cruises
occurred). Red bars represent 95% confidence intervals. Note theaxes are a log scale.
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Fin Whales

1 Sightings of finwhales were highest in sumer and lowest in winteDuring winter and
spring sightings primarily occurred inshore, while in fall sightings occurred further
offshore(Figure26).

1 Finwhale detetton probability was highest under Okén (Figure26).

1 Abundance was highest in the summer and lowest iwithier and increased from 2010
to 2014. Abundance has fluetied each year since 20gure26).

1 Density estimatesT@able9) were generally comparable to those for the California Current
Ecosysten{Beckeret al,, 2020)

Figure 26. Fin whale sightings, detection probability, and abundance from 2004 to 2021.

(A) On-effort, on-transect sightings each season from 2004 to 2021. Black dots represent CalCOFI
oceanographic stations and each orange circle represents one visual encounter. (B) Detection
function model as a scaled histogram that shows the distribution ofgppendicular distances in
kilometers. Black circles represent the probability of detection based on perpendicular distance and
Beaufort sea state. Estimated abundance each season (C) and yearl{@ged on quarterly cruises
each year except for 2004, 2012020, and 2021 (black abbreviations for these years indicate
seasons in which cruises occurredRed bars represent 95% confidence intervals. Note thegxes

are a log scale.
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