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1 Background

Cetacean distribution and abundance data are traditionally collectadybyessels and aircraft
conducting surveys in offshore areas. These surveys provide important ddtz buthe expense and
difficulty in collecting data during bad weather or during times of low \ligibthese surveys are
generally conducted intermittently during the summer and fall seasa such, these data suffer from
spatial and temporal gaps, especially for cryptic species. Since sdabrgramary sensory modality of
marine mammals, passive acoustic monitoring (PAM) is an effiajgmtoach to monitoring marine
mammalswhile allowing simultaneous characterization of the overall soundscape.

There are a variety of PAM platforms that vary in strengths and tioriga towing hydrophones behind a
ship provides good geographic resolution, while seafloor hydrophones allowoitemporal
resolution. Passive acoustic drifting recorders can rdoondeeks or months (depending on recording
characteristics and local currents) and their low cost allows for deployhemltiple instruments,
which increases spatial coverage and provides a model for intermesbgraghic and temporal
resolution. Fthermore, the hydrophones for drifting recorders can be positioned neatsainirthe
water column (and away from surface noise), which allows them to colléetjbadity data without
affecting animal behavior. Drifting recorders have been increasingly delplioying large scale
shipboard surveys to augment visual liremsect surveys for cryptic and dediping speciegKeating et
al. 2018; Simonis 2020), and methods have been developed to estimate density and abfigdasee
beaked whalesZ{phius cavirostri} (Barlow et al. 2021)As drifting recorders are not tethered to the
seafloor or to a ship, they have shown potential as an alternative PAMml&fathe Wind Energy
Areas(WEASs) identified in the deep waters offshore the U.S. West Coast.

The goal of thédrift in theCalifornia Current Projedt Adrift”) was to use passive acoustic drifting
recorders deployed offshore the U.S. West Coast to assess the distributianinef mammals and to
characterize the marine soundscape. This tyeee study was initiated in the Northern California region
in 2020, was extended to Central California in 2021, and an additional pilot studyegfirOrvas

initiated in 2022. A concerted effort was made to develop a streamlined open-sotkftevwfor passie
acoustic analysis that would promote reproducible research, with Albdsetdata, and metadata being
publicly accessible. This report outlines methods, results, and recatatioers for future research.

2 Objectives

The Adrift study uses passive acoustic drifting recorders to collect acoustiordatarine mammals and
the ocean soundscape offshore California and Oregon. This work will conmpleng®ing studies by
National Oceanographic and Atmospheric Administratidd®AA) and the Bureau of Ocean Energy
ManagementOEM) to assess the potential impacts of offshore renewable energy activitiesioa mar
mammals in order to inform environmentally responsible managemesmeiable energy efforts in the
California Curret.

Specific objectives include:

X ldentification of marine mammal species that frequent the WEAs

x Description of the seasonal occurrence/distribution of marine mamewéspn the California
Current Ecosystem and WEAs

x Estimate densities for various marine mammal species when data arke suitab

x Describe the ambient noise level(s) in the California Current ecosgsid WEAs and identify
the major contributors to the soundscape



3 Study Area

The Adrift project surveyed the California Current between Paoint Concdptibie south and Newport,
Oregon to the north. This greater study area was subdivided into threeessbOregon, Northern
California, and Central California. Initial funding @) focused on Northern California, ranging from
San Francisco to the Califoraaregon border, and encompassing the HumMWHEA. In 2021, funding
was expanded to include Central California, with focus on the MorroNBa4. Finally, in 2022 the area
studied expanded to include a pilot study in Oregon. In addition to focused data collectits) #fifer
study analyzed data from two previous offshore surveys: Passive Acousty BliCetacean
Abundance Levels (PASCAL 2016; Keating et al. 2018) and the California Curresydsem Survey
(CCES 2018Simonis 2020)

Seasonal and regional designations were selected based on those ide/@digthatl et al(2023) For

the purpose of identifying approximate location of data collection effat subdivided our larger study
area into nine smaller latitudinal regidfégure3.1). Seasonal variation considered the oceanographic
seasons designatedSouthall et al(2023): upwelling (March - June), pagpwelling (July- November),
and winter (DecemberFebruary).

Color | Region.Code | ADRIFT.Regions Description
WAS Washington WA/Canada border to N of Columbia River
ORE/CRR Oregon N to S of Columbia River
ORE Oregon S of Columbia River to OR/CA border
HUM Humboldt Oregon Border to Bodega Bay
0 SFB San Francisco Bodega Bay to Santa Cruz
%1 MBY Morro Bay Santa Cruz to Point Conception
zé SCB S California Point Conception to Tijuana
E BCN Baja California Norte Tijuana To Cedros
g BCS Baja California Sur Cedros to Cabo San Lucas
2
3‘ 30°N
% ;rgﬂ-"\/".' 126°W 120°W 115°W 1107w
Longitude (decimal degrees)
Figure 3.1. Geographical regions for data collected during Adrift and rel ated drifting recorder

surveys (PASCAL, CCES).
Each region is named according to its geographical location, and upper and lower latitudinal bounds are provided in
the description.

The Adrift project started in June 2020, during the COVID-19 Pandemic. All fieldwd®20 was
canceled due to the pandemic, and these impacts greatly hamperedhreffedscin 2021. In addition to
the initial cessation of all fieldwork efforts, secondary impactsicoat! to negatively impact fieldwork
well into 2022. Secondary impacts included disruptions to the supply chaintegmi@shorstaffing

due to outbreaks and exposure, as well as the widespread post-pandemic changeashkéotice.w

Prior research efforts include the 2016 PASCAL survey and the 2018 €@key. These surveys were
conducted in late summer through late fall during the-ppstelling season and data collection was not
impacted by strong currents or inclement weather. Weather conditionsiaedlyylpss ideal, and



currents stronger, during the upwelling and winter season. The CaliforniantCaxperienced three
consecutive years of La Nifia between 2020-2022 (Thompson et al. 2024). The increased wind a
currents caused by these conditions led to decreased windows of good weather,iegeuciumer.
After the initial loss of several drifting recorders due to extramather and current conditions, we
limited our deployments to gdonveather windows, which dramatically decreased the duration of our
deployments from ~ 30 days during PASCAL (10-19 days) and CCES (10-79 days), hatetseek
during most of the Adrift study. Strong currents and high seas also createdisel§uctas strumming,
which periodically impacted data quality. Use of spar buoys insteadflgEhipole buoys may be
preferred to minimize strumming.

The cumulative impacts of the pandemic and poor environmental conditionatalfimequired us to
shift our survey approach and abandon our efforts to coordinate data collection usatg aes
opportunity. Instead, we focused on directed deploymentftihd recorders in collaboration with
regional partners. Our partners in Humboldt (Cal Poly Humboldt) and Oregegqi®State University)
were able to use a combination of opportunistic and dedicated vesselttiag¢efcollection. We
partnered with th NOAA SanctuanApplied California Current Ecosystem Studid&CESS Surveys
to collect data offshore San Francisco up to three times per year, and déeetmtieborative
partnership for fieldwork in Morro Bay.

Table 3.1. Summary of drifting recorder deployments for Adrift, PASCAL and CC ES surveys.
Characteristic Adrift , N = 104 CCES,N=15 PASCAL, N =30

Status - -
Complete 90 (86.5%) 15 (100.0%) 29 (96.7%)
Failed 8 (7.7%) 0 (0.0%) 0 (0.0%)
Unusable 6 (5.8%) 0 (0.0%) 1 (3.3%)
Deployment Duration (days) - -
Sum 493 529 421
Median (Min - Max) 4 (1-20) 27 (5-80) 19 (2 - 23)
Recording Duration (hours) - -
Sum 8,736 11,022 9,451
Median (Min - Max) 93 (24 - 328) 581 (125 - 1,800) 362 (36 - 562)

Note: Unsuccessful buoys are reported for Adrift.

A total of 90 drifting recorders were successfully deployed during the Adintey, for a total of 493
deployment days which resulted in a total of 8,736 hours of recordiagte@.1, Figure 3.2). Analysis
included additional recordings from the 2016 PASCAL Survey (29 successfingirécorders for a total
of 421 deployment days and 9,451 hours of recordings) and the 2018 CCES Survey (15 successful
drifting recorders for a total of 529 deployment days and 11,022 hours of resyrdinganded
deployment details are provided in Appendix A: Adrift Expanded Datasets, dig@nPASCAL
Expanded Datasets, Appendix @CES Expanded Datasets.

The primary focal regions included areas of importance to the initigepla offshore renewable wind
energy development, including two locations in Oregon (Coos Bay to the North, andngsotakihe
South), Humboldt, and Morro Bay, with sampling of San Francisco as opportunity dileigare3.2).
The 100 m and 200 m isobaths are shown on the maps to identify the shelf break arad footen
increased biological activity associated with upwellifgg(re3.2 and regional mapsRegional
description of partners and data collection efforts will be preserdasdthe northern region (Oregon) to
the southern region (Morro Bay).
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Figure 3.2. Plot of all successful drifts deployed during the Adrift in the Cal ifornia Current project.
Drifts are shown as black/white lines; WEAs are outlined in purple (Coos Bay and Brookings in Oregon, Humboldt,
and Morro Bay), and shipping lanes for entry to San Francisco Bay are outlined in yellow.

3.1 Oregon

We collaborated with Oregon State University to conduct a pilot studigar# Oregon in order to
understand if data collection using drifting recorders could be conducted stuilysareaKigure3.3).
Our partners were able to deploy a cluster of 4 drifting recorderasatn®mnthly between March and
August 2023 (21 total deployments), using both opportunistic and dedicated surveys. Moratiafois
provided ina report provided by our Oregon State University partners and availab&Adrift GitHub
Repository Supplement foldér.

1 https://github.com/SAELSWFSC/Adrift/blob/main/supplement/AdriftOSU_Report Feb2024 ASzescpmka.
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Figure 3.3. Plot of all successful drifts in the Oregon region during the Adr ift project.
Drifts deployed during upwelling are green, and post-upwelling are yellow. WEAs are outlined in purple.

3.2 Humboldt

Adrift data collection in the Humboldt region was coordinated with our parateCal Poly Humboldt
(Figure3.4). The first drifting recorder was deployed in fall 2021, with more frequghbydaent of
clusters of 24 buoys starting in spring 2022 (28 total deployments).



ADRIFT - Humboldt Drift Tracks

o 2 1\ C
S \
i
|
] |
3] |
[0}
2 24
g e oy
oF] kﬁ
=2 }
[t =
2 x{
i
ygog%
[ [ I ! = I I
-126.0 -125.5 -125.0 -124.5 -124.0 -123.5
Longitude
Figure 3.4. Plot of all successful drifts in the Humboldt region during the Adr ift project.

Drifts deployed during winter are blue, upwelling are green, and post-upwelling are yellow. WEAs are outlined in
purple.

Drifting recorders had previously been deployed in the Humboldt region during the 2EBsD&rey
(Appendix C CCES Expanded Datasgtnd the 2019 Express Pilot Survey. Both previous drifts were
entrained in the recirculating current offshore Humb(@ldrgier et al. 1993jhat allowed for repeated
sampling during each deployment. Unfortunately, during the Adrift survey theiegdrédcorders
encountered strong southward currents that prevented the repeated sampliegiosing previous
surveys. The extreme weathenddions, variable currents, and proximity to Cape Mendocino (and lack
of ports south of this point) created a higgk scenario. After the loss of 3 drifting recorders in the first
survey year, we reduced deployments to open weather windows to ensutermppfor retrieval.

The monthly Trinidad Head Line survey provides year-round shipboard oceanograghi@attiss
(hydrographic and biological) and terminates just ingi@éeboundary of the Humboldt WEEfforts to
deploy monthly during these surveys were complicated by personnel shortagesraedvironmental
conditions, and deployments were frequently shortened due to prevailing envirdrooaditons. Data
collection in Humboldt was negatively imgiad by competition for resources (vessel and seaboard
technician timeand poor weather conditions, especially during the winter months. The ingreasd
for offshore research in the Humboldt WEA combined with the Univéssitgw status as a polytechnic
institution suggest collaborative field efforts such as those condudiéorio Bay may be welcome.

3.3 San Francisco

We partnered with the Greater Farallones and the Cordell Bank NationabENsanctuaries and Point

Blue to participate in their tannual ACCESS surveys. These surveys provided an opportunity to deploy
and retrieve 1-2 drifting recorders in the area offshore San Francisco Bagjmgalata to inform the
Sanctuaries and to provide an additional dataset between the Morro Bayrahdl#t WEAs (total 11
deploymentskigure3.5). This partnership was mutually beneficial; however, these sunegslgr
conducted in late spring through late sumr@ployments in the post-upwelling season extended further
south thardeploymentsdn the upwelling season (Figure B.these geographic differences may contribute
to seasonal differences in marine mammal detections.
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Figure 3.5. Plot of all successful drifts deployed in the San Francisco reg ion during the  Adrift
project.

Drifts deployed during upwelling are green, and post-upwelling are yellow. WEAs are outlined in purple, and shipping
lanes for entry to San Francisco Bay are outlined in yellow.

3.4 Morro Bay

The Morro Bay WEA is located offshore the remote coastal regioigob&, south of Monterey Bay
and north of the small harbor at Morro Bay. We had difficulty identifying deitadrtners for this remote
study area and the high cost of vessel charters in the Morro Bay region ledelswdnaeresulted in a
highly successful collaboration with regional scientific partnerter4f successful pilotiedy in June
2022, we initiated the seasonal Central Coast Collaborative passiv&iaenonitoring survey (CCC).
These highly successful surveys brought together scientists, educdialsepresentatives, and regional
community members to collect daform collaborations, and strengthen bonds across communities to
better serve our combined priorities. These surveys allowed us to collecodatsters of eight

drifting recorders during each survey, providing improved geographic coveragg these seasonal
surveys. We conducted a total of four CCC surveys with a total of 30 Adriftyshepitds Figure3.6).
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Figure 3.6. Plot of all successful drifts in the Morro Bay region during the Adrift project.

Drifts deployed during upwelling are green, and post-upwelling are yellow. WEAs are outlined in purple.

4 Drifting Recorders

Drifting recorders consist of a hydrophone array and autonomous recordpthatvith a surface buoy
and satellite GPS at the surface to allow for tracking and retrigigalré4.1). Components are

continually modified to address problems and accommodate improved technologies.

Radar
reflector

Satellite
transmitters

surface A
float

sub-surface
float

100 m

acoustic

Figure 4.1. Diagram of drifting recorders used in the  Adrift project.



The surface buoy transitioned from a spar buoy to a high-flyer pole buoy aft& &@Eprior to Adrift

in an effort to minimize buoy loss due to ship strike. The pole buoy includes ae#eetor for visibility

and a satellite GPS tracker mounted @ pble. Pole buoys included the now discontinued Lindgren-
Pitman highflyer buoy, a custom high-flyer developed by Fisherman Dick Ogg, and a custom @é-hous
high-flyer pole buoy. Initial GPS trackers included two SPOT GPS trackergondancy) mounted in

a waterproof canister on the pole buoy. Tedifications made to these trackers to increase their battery
powerledto increased failurémodifications weakened the unit¥hese were replaced with Solar GPS
that were easier to use, more robust, and could be used for extended periods witklsaige of the
internal battery.

A trawl float was attached to the surface buoy with a short length d¢ihfidine to allow for retrieval
using a grappling hook.

The hydrophone array, recorder, and ancillary components were deployedlydrticathe surface

trawl float, with the hydrophone array and recorder located 100 or 150 m depté.iddviement of the
surface buoys would be affected by wind, variable sertairrents, and swell height, instrumentation at
depth were minimally affected by modest and relatively stable dabswurrent. The different forces at
the surface and depth occasionally led to strumming of the line and hydrophond¢isnaddncillary
components were add@d2022to minimize vertical and horizontal movement of the instruments, reduce
tension induced strumming, and reduce displacement of hydrophones from & egetation. Also,
several initial losses were due (at least in part) to failures in the griredical line; this line was

replaced with a significantly stronger line that eliminated this &ipgint.

To improve vertical alignment of the hydrophones at depth, a subsurfaceldatwvds placed
immediately above the instruments, with a 30 Ib mushroom anchor below tieniests. A small drogue
was used to decrease horizontal movement of the hydropln@yeat depth, and a dampener plate was
used to minimize vertical movement. While these helped alleviat®tezsd movement that attributed
to strumming noise, an additional bungee was added to the line to fediieerstrumming. The anchor
was attackd using a small rope with low breaking strength ‘asemklink” to mitigate entanglement risk.

The acoustic recording equipment consisted of adl@ment vertical hydrophone array below the
recorder. A Sensus Ultra depth sensor was attached directly abowp theltophone and recorded depth
at 60 s intervals. The top hydrophone consisted of an HTI-92WB and the lower hydropleisedai

an HTF96min positioned 5m below the top hydrophone. Recorders consisted of either the (now
discontinued) SoundTra4800 or theSoundTrap 640 which allowed for extended deployments (Ocean
Instruments, NZ).

Initial recordingsusing the ST430thcluded a duty cycle to extend deployment, and then all recordings
shifted to continuous sampling. Sample rate varied according to the iasttumith a minimum sample
rate of 288 kHz. A summary of deployment details can be found in Appendix A: AdrifhEega
Datasets

More information on drifting recorder components and design can be found Gitldub pages for
Adrift field methods. Methods for drifting recorders deployed during PASCAL and CCES can be found
in their respective repor{&eatinget al. 2018Simonis2020).

Results

Clustered drifting recorders provide an opportunity to improve our understandingspitied and
temporal variability of the contributors to the soundscBpeliminary results suggest that clustered

2 https://saebwfsc.qgithub.io/adriffield-methods/content/Hardwa@ummary.html
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drifting recorders can be used to reduce the possible rasped sourctocation (seé\ppendix H
Modeling Habitat Use) and can provide information on the spatial variati@unudscape (see
Appendix t Spatial Variation in Noige Drifting recorders were deployed in clusters of 4 in Humboldt
and Oregon study areas, and in clusters of 8 in the Morro Bay Study area. In sesndrifiag
recorders in close proximity to each other followed dramaticallyreifitedrift trajectories.

There were multiple cases of equipment and data loss, especially durim¢jahdeployments. Losses
were due to a variety of reasons, including inclement weather, strong suamatecorder failures. We
mitigated these problems through modifying paments and altering survey methods. A number of gear
modifications were made to improve robustness and to decreaseiselthat interfered with recording
guality. We recommend additional buoy modification to reduce noise assocititesirang currentand
inclement weather.dithwest Fisheries Science Center (SWFB(l)be using an alternative buoy

design developed Wyacific Islands Fisheries Science Cemtaring the CalCurCEAS 2024 survey,

which may reduce strumming noise.

Drifting acoustic recorders are not appropriate for all geograpgicns We recommend conducting a
regional pilot study to determine the region-specific environmental condiéinddp identify local
partnersThe Humboldt study area was especially affected by strong currents comiiim¢ioe close
proximity of the study area to Cape Mendocino, in which options for retrievild ebCape Mendocino
are rareThe success of the CCC survey in Morro Bay included the financial benefitrinfgshassel
reources, improved scientific collaborations, and it provided an opportanigcientists to share and
learn from other community members. We recommend consideration délaacative fieldwork pilot
study in Humboldt and other regions.

There were multiple recorder failures, and different problems were asdogittialifferent recording
models, including: failure to start, instrument flooding, and low receisgld on one or more channels.
Initial deployments (including the previous PASCAL and CCES Surveys) usedittienannel
SoundTrap ST4300, which is easy to use and provides high quality recording for upcioaionels

(max 256 Gb flash drive, battery forsddays continuous recording). Recorder failures for these devices
included failure to start (instrument failure or user error) and lowiveddevels on one or more channels.
TheSoundTrap ST4300 was discontinued and replaced by the higher cGmoiyTrap5T640 in 2021.
TheSoundTrap ST640 with removable components can accommodate up to 2Th memory andrlias batt
capacity for up to 90 days. This newer model provided the capacity needed fian@antrecordings but
required significantly more experience to use and had an incredsefifadure due to leaks. Four 640s
were lost during a sea trial and one was lost during Adrift data collection. effort

Drifting acoustic recorders contain instrumentation at depth, and are not agigréqriuse on the
continental shelf. Seafloor recorders should be used for nearshore mgriitadiepths less than 300 m.

5 Marine Mammal Detections

The purpose of the Adrift project was to collect baseline data to identifhwiarine mammal species
frequent the Morro Bay, Humboldt, and OredWiAs, and to describe their seasonal occurrence and
distribution within the greater California Current Ecosystem. Deffecall types are understood to be
associated with specific behaviors and therefore provide informatairddo habitat use. For mystte
(baleen)whales we focused on bluehales Balaenoptera musculydin whales(B. physalus Bryde’'s
whales(B. eden), sei whales(B. boreali§, humpbackvhales(Megaptera novaeanglidegray whale
(Esclrichtius robustusand minke whalesB acutorostratq For odontocetes (toothed whales), we
focused on sperm whaleBhyseter macrocephaly$eaked whales (all regional species), dolphins
(including Risso’s dolphinsGrampus griseusand Pacific white-sided dolphirisagenorhynchus
obliguiden$, and narrow band high frequency (NBHF) species (harbigroise Phoceona phocoena
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Dall's porpoise Phocoenoides dallandKogia spp.). Passive acoustic monitoring relies on sounds
produced by animals for detection, and therefore PAM studies cannot ideatdipdence of animals.
Data analysis fofin, sei, andBryde’swhaleswas contracted throughSa (Ocean Science Analytic’)
Specific details on detection methods are provided irGatitub Analysis Methods.

Raw data were shipped from regional partners to SWFSC for archiviagrqaessing, and acoustic
analysis of marine mammals and ambient noise (soundscape). Deploymeitanatadspecies
detection metadata were stored to a Tethys database stored on a locaDatanand metadata were
archived to National Centers for Environmental Information (NCEIl)dmtection data products were
archived athe Pacific Acoustic Cetacean Map (PACMg¢Data Shariny

Prior to analysis, compressed SUD (Symantec UndoData) data files stateeSoundTrapecorders

were downloaded, extracted, and decimated to 500Hz, 12 kHz, and 48 kHz. A seriesasfdulidth

Long Term Spectra Averages (LTSAs) were generated using Tritoresefivith 200 Hz, 5 s resolution.
LTSAs were then scanned to assess overall gladlity and to identify recording data start and end times.
A series of custom quality assurance and quality control functions provaetia for appropriate time
format, eliminated spurious GPS tracks, and identified unexpected recordinfylgapsnformation on
pre-processing methods can be foundonGitHub Analysis Methods

Our intention was to develop a streamlined opeurce workflow for passive acoustic analysis that
would promote reproducible research. Raw recording data were procedsmuhlyzed to detect the
presence of calls associated with mysticete species {inluBryde’s, sei, humpback, gray, and minke
whales) and odontocete species (sperm whales, beaked whales, dolphins, anérspeciés produce
narrow-band high frequency sounds (porpoisekaogia spp.)). Presence of sounds were noted in hourly
bins; anddetection methods varied by species. Analysis was not conducted on recoedimgsid
unusable due to excessive satise.

In addition, an acoustic event of unknown species (possible sei/blue whale)t@dsdlen Adrift-060
off Oregon in 2023. This extended acoustic encounter includes a number of fremaehdgted call
types. More information can be foundarsmall report available avur GitHub Repository.

Initially, our ability to access and process our archived data was extremigdyllone to the COVIEL9
pandemic. Our archived data was largely inaccessible for the fitls2 Ghonths, and we were limited to
small scale processing on our laptops. Early on we initiated the purchategdr server that would
allow larger scale remote processing of archived data, but supplyisfiaés and a series of technical
problems delayed use for an additional 18 months. Between accessibility and Sappigses
associated with the pandemic, processing archived data took significan#ytime than expected. The
cumulative effect of these problems resulted in decreased opportupityvide higher level analysis
within the timeframe of this study. Where possible, we have providéthjprary analysis within the
appendices to understand potential for future analysis.

8 https://www.oceanscienceanalytics.com/

4 https://saebwfsc.qgithub.io/adrifanalysismethods/

5 https://saebwfsc.qgithub.io/adrifanalysismethods/content/DataArchive/DataPrep.html

8 https://github.com/SAEISWFSC/Adrift/blob/main/supplement/OSA_ADRIFT_060_UID1_Event.pdf
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5.1 Sperm Whales
Methods

An experienced analyst manually scanned 1 hr LTSA windows created with 48 khtaeicdata
(Triton’ software inMATLAB , 100 Hz and 5 s resolution) to identify the start and end times of sperm
whale encounters. An encounter was defined as a secbsksfseparated by no more than 30 min from
other clicks. When potential sperm whale clicks were identified in theALT8 s spectrograms were
used to confirm species identification. Opportunistic detections ofdloks (lower frequency emphasis
at 24 kHz, longelinter-click interval,ICI) associated with adult malegere also logged. Sperm whale
clicks can be masked by impulsive signals from ship propeller cavitatiagtoamplitude ambient

noise. Detailed methods are provided in GitHub online analysismethods

Additionally, a pilot study was conducted to investigate the potential fossasgesperm whale
demographics by analyzing intelick and interpulse intervals (se@ppendix D Sperm Whales
Demographic Compositign

Results

Sperm whales were detected in all regifrable5.1), with the most consistent detections and highest
hourly probability of detection in the Humboldt deploymeifiggre5.1, Table5.1). Most sperm whale
detections wer&egular’ clicks associated with feeding animaistow’ clicks (associated with adult
males)were uncommon but detected in all regions except Morro Balylé5.1). Sperm whales were
detected in all regions in PASCAL and/or CCES Survejgufe5.1).

Sperm whales had been documented only 3 times in the waters offshore Satéiaraver 30 years of
ACCESS visual surveys (J. Roletto, pers. comm.). Our detection of spefas\{ihath regular and slow
clicks) from drifting recorders deployed during W€ CESS surveys suggests that passive acoustic
monitoring might improve our understanding of sperm whale distributidreibusy shipping lanes off
San Francisco as well as within the combined Greater Farallones and BardeNational Marine
Sanctuary.

7 https://github.com/MarineBioAcousticsRC/Triton
8 https://saebwfsc.qgithub.io/adrifanalysismethods/content/ToothedWhales/SpermWh&legction.htm!

12


https://github.com/MarineBioAcousticsRC/Triton
https://sael-swfsc.github.io/adrift-analysis-methods/content/ToothedWhales/SpermWhales-Detection.html

ADRIFT - Pm Hourly Presence PASCAL/CCES - Pm Hourly Presence

Oregon
H
=
Oregon
H

l

Humboldt
H
—
o
—
===
_
E—
—
Humboldt
H

!
L

SanFrancisco

SanFrancisco
H;
—

Al

MorroBay
H
.
EREEEy===r)
MorroBay
H

b
odtor

Figure 5.1. Hourly sperm whale events by month, region for Adrift and comb ined PASCAL, CCES
surveys.

Hourly sperm whale events (y axis) for different months for combined years (x axis) and for each region (Oregon,
Humboldt, San Francisco, and Morro Bay) for Adrift (left) and combined PASCAL and CCES (right). Hourly presence
for duty-cycled data relates to the portion of the hour included in the duty cycled data. Black lines represent total
available hours (effort) and red lines represent hours with detections. Blue shading represents winter, green
represents upwelling, and yellow represents the post-upwelling oceanographic season.

A pilot study examining the potential estimation of body size based on intergndsnterlick intervals
found that sperm whale groups detected during November deployments in Morre@agomprised of
females and juvenile males (s&ependix D Sperm Whales Demographic Composition). Sperm whales
are protected under the endangered species adcyearetommend applyindpese methods to archived
and future acoustic data to improve our understanding of sperm whale denusgréghim the regional
WEAs as well as the greater California Current

Table 5.1. Summary of sperm whale detections for regular and slow clicks in hourly bins for Adrift

data.
- Upwelling Post- Upwelling Winter
Regular Clicks - - -
Oregon 0.11 (1419) 0.06 (493) -
Humboldt 0.25 (452) 0.37 (935) 0.35 (264)
San Francisco 0.03 (769) 0.00 (626) -
Morro Bay 0.03 (1909) 0.08 (1245) -
Slow Clicks - - -
Oregon 0.00 (1419) 0.00 (493) -
Humboldt 0.00 (452) 0.00 (935) 0.00 (264)
San Francisco 0.01 (769) 0.00 (626) -
Morro Bay 0.00 (1909) 0.00 (1245) -

Note: Mean hourly probability of sperm whale detection for that call type/region/season; total hourly bins are shown in
parenthesis.
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5.2 Beaked Whales
Methods

Multiple click detectors were run on 288 kHz decimated data isMMdGuard (v.2.02.09f). The Click
Template Classification module RPAMGuardwas used to assign correlation scores to click templates
from the following click types: goodaeaked whales (, Baird s beaked whales (BBerardius bairdi),
Blainville’s beaked whales (@#/Mesoplodon densirostlisStejnegées beaked whales (8/M. stejregeri),
Hubb’s beaked whales (/M. carlhubbsj formerly BW37V), Cross Seamount Beaked Whale (BWC),
and unidentified beaked whale BW43 (BW43, recently identifidd.aginkgaders, Mc, (Henderson et

al., in prep)). All potential beaked whale events and species identificatvensmanually corrected by

an analyst by reviewing detection and event featurBaAMGuard Detailed methods are provided in our
GitHub onlineanalysis method¥.

A protocol for estimating the density of goose-beaked whales from acoetstatidns using drifting
hydrophone recorders was established by Barlow et al. (2022). We developed anwperR package
RoboJ! (Robotic Jay) for these methods (see Appenddp&n Science). We explored automated event
definition based on MTC (matched template classifier) scores and develppeckss that identified
every manually labeled event, but ultimately included an unacceptableen of false detections. The
inclusion of a computer vision model was helpful for separating falsetidetedowever, data
processing times and classification rates were not acceptable. Gdegento improve performance of
automated event definiticare discussed iAppendix JOpen ScienceData were prepared for future
density estimation, but density estimates were not completed fot AAGICES survey data.

Results

Beaked whales were detected in all regi@fhigure5.2), and species detected in Adrift data included
Baird s beaked whales B, Hubbs beaked whales (&), Stejneges beaked whales (§)1 and goose
beaked whales J (Table5.2). Detection of beaked whales was higher in low latitude regions than in
higher latitudes for the combined CCES and PASCAL survegsi(e5.2).

All four beaked whale species were detected in Morrq ®di relatively high probability of detection
for goosebeaked whaledHgure 5.3, Table5.2). While goose-beaked whales were the most common
species detected overall, there were no detections of this species in eithmiddwunOregon study
areas

There had been no visual detection of beaked whales during the 30 years of ar@E8ISASLIrveys
offshore San Francisco (J. Roletto, pers. comm.). The drifting recorqeoyeie during the ACCESS
surveys detected both Baird’s and goose-beaked whales, suggesting that beakedovdtalesin and
near the shipping lanes and the combined Greater Farallones and Cordell Ban#l N&arine
SanctuariesHigure 5.3). The discrepancy in these detections is likely due to the tygioall sighting
conditions in this region and the cryptic surfacing behavior of beaked whalese Butveys in this
region should consider passive acoustic monitoring with sufficient bandwidtkettt deholocating
beaked whales.

9 http://pamguard.org/
10 hitps://saebwfsc.qgithub.io/adrifanalysismethods/content/ToothedWhales/BeakedWhBletection.html
1 hitps://github.com/taikiSan21/roboj
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Figure 5.2. Hourly beaked whale events by month, region for Adrift and combi ned PASCAL, CCES
surveys.

Hourly presence of beaked whales (combined species) (y axis) for different months for combined years (x axis) and
for each region (Oregon, Humboldt, San Francisco, and Morro Bay) for Adrift (left) and combined PASCAL and CCES
(right). Hourly presence for duty-cycled data relates to the portion of the hour included in the duty cycled data. Black
lines represent total available hours (effort) and red lines represent hours with detections. Blue shading represents
winter, green represents upwelling, and yellow represents the post-upwelling oceanographic season.
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Many of the beaked whale detections in Morro Bay occurred during times wgéhrlambers of dolphin

detections (sekigure 6.10Figure 6.11for a visualization of this coccurrence). Dolphins frequently

occur in large schools with many animals echolocating simultaneousiyn becvery difficult to identify

beaked whales (smaller group sizes where fewer clicks are detected from each ghmsge) situations.

The vertical hydrophone array allows for the estimation of bearing angles ofilmicecholocation

FOLFNV %HDNHG ZKDOHV HFKRORFDWH BWQGHSHDKNM. @HOR4 OMKRH! Y I
hydrophone array, while dolphiase typically above the array (bearing angles h %\ VHJUHJDWLQJ
data based on bearing angle, we were able to identify groups of echolocatied Wweales during times

where there were large numbers of echolocating dolphins. Theatorence of alphins and beaked

whales has not been previously reported, and it is unclear what may bringgbeiss together. The

likelihood of detecting beaked whales in these mixed species encountétshaeel been very low if

recordings were collected from agie, seafloor sensor or from towed hydrophone arrays.
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Figure 5.3. Hourly goose -beaked whales and Baird ’'s beaked whales by month, region.

Hourly presence of goose-beaked whales (Zc-left) and Baird’s beaked whales (Bb-right) (y axis) for different months
for combined years (x axis) and for each region (Oregon, Humboldt, San Francisco, and Morro Bay). Adrifts 001-012
were duty cycled and hourly presence relates to the portion of the hour included in the duty cycled data (6 min of 12
min). Black lines represent total available hours (effort) and red lines represent hours with detections. Blue shading
represents winter, green represents upwelling, and yellow represents the post-upwelling oceanographic season.

Table 5.2. Summary of beaked whale detections for Hubb ’s beaked whales, Baird’s beaked
whales, Stejneger’'s beaked whales, and goose -beaked whales in hourly bins for Adrift data.

- Upwelling

Post- Upwelling

Winter

Hubb’'s beaked whale

Oregon

0.0000 (1430)

0.0000 (493)

Humboldt

0.0000 (489)

0.0010 (1048)

0.0000 (308)

San Francisco

0.0000 (960)

0.0000 (688)

Morro Bay

0.0010 (2034)

0.0000 (1353)

Baird 's beaked whale

Oregon

0.0007 (1430)

0.0000 (493)

Humboldt

0.0000 (489)

0.0049 (1048)

0.0033 (308)

San Francisco

0.0031 (960)

0.0176 (688)

Morro Bay

0.0069 (2034)

0.0015 (1353)

Stejneger 's beaked whale

Oregon

0.0000 (1430)

0.0000 (493)

Humboldt

0.0000 (489)

0.0010 (1048)

0.0000 (308)

San Francisco

0.0000 (960)

0.0000 (688)

Morro Bay

0.0015 (2034)

0.0000 (1353)

Goose -beaked whale

Oregon

0.0000 (1430)

0.0000 (493)

Humboldt

0.0000 (489)

0.0000 (1048)

0.0000 (308)

San Francisco

0.0147 (960)

0.0250 (688)

Morro Bay

0.0947 (2034)

0.0642 (1353)

Note: Summary of beaked whale detections for Hubb’s beaked whales, Baird’s beaked whales, Stejneger’s beaked
whales, and goose-beaked whales in hourly bins for Adrift data. Mean hourly probability of detection for that
species/region/season; total hourly bins are shown in parenthesis.
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5.3 Dolphins
Methods

An experienced analyst manually scanned 1 hr LTSA windows (Triton softwist&ThAB , 200 Hz
and 5 s resolution) to identify the start and end times of dolphin acoustis.elieatanalyst noted the
presence of different click types to identify Risso’s dolphins (Gg) anificabite-sided dolphins (Lo)
within these eventéSoldevilla et al. 2008 Some dolphin species produce echolocation clicks which
cannot currently be classified from the LTSA; those species are haieéddn this analysis, but their
presence may be identified by the detection of dolphin whistle eventshiDevhistles appean the
LTSA as scattered, yet distinct pockets of energy between 2 and 20 kHz. Theyestabfished
methods to identify dolphin species by their whistles in the LTSA albeesfore dolphin whistle events
are all attributed t6Unidentified Odontocees'. Detailed methods are provided in deitHub online
analysismethods?

Results

Dolphins were detected during most Adrift deploymemt(e5.3), as well as during tlewmbined
PASCAL and CCES survey éble5.3, Figure5.4). While dolphins were detected in all regions during
the PASCAL and CCES surveys, they were more frequently detected in the 8eiadérand Morro Bay
regions during the Adrift study. Dolphin detections included detections thatlmepldsitively attributed

to Risso's dolphins (Gg) and Pacific whiieded Dolphins (Lo), and detections that remained unidentified
(Table5.3). Dolphin acoustic events attributed to Unidentified Odontocetes (U@) weommon

relative to the number of detections of Rissand/or Pacific whitsided dolphins.

Dolphin schools in central and northern California are frequently enead in large, dispersed mixed
species groups (S.Rankin, pers. comm.), and here we do not distinguish mixesl fspetsingle-
species groups. So, attribution of an acoustic eveRistds dolphins does not preclude the presence of
other species. We currently lack a comprehensive acoustic classificatioe thatitncludes all dolphin
schools in the region. Future research should develop a publicly available aclassifter fo dolphins
that considers mixed species groups and can be applied to different passitie ptatforms.

Previous research identified different click types for Pacific wéided dolphingSoldevilla et al. 2010)
The dominant click type in Adrift acoustic encounters of Pacific wdided dolphins wasType A’;
however, there were some encounters W#igfpe B”. Most of these Type A encounters were at night,
similar to Soldevilla et a{2010), and our research identified acamurrence of Click Type A with
goosebeaked whale (sd@eaked Whalés Future research could investigate this relationship between
Pacific whitesided dolphins and goos®aked whales by taking advantage of the vertical array for
separating animals echolocating at the surface and at Gpdevilla et al(2010)suggested Type B
echolocation clicks might be attributed to a nearshore population in ttheesoCalifornia Current
(Southern California Bight and Baja Mexico); however, our results shavCtitik Type B can be found
in other regionsk-uture investigation in the geographic variation in click types for ieagifitesided
dolphins is merited.

12 hitps://saebwfsc.qgithub.io/adrifanalysismethods/content/ToothedWhales/Dolphistection.html
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Figure 5.4. Hourly dolphin events by month, region for Adrift and combined PA SCAL, CCES
surveys.

Hourly presence of dolphins (combined species) (y axis) for different months for combined years (x axis) and for each
region (Oregon, Humboldt, San Francisco, and Morro Bay) for Adrift (left) and combined PASCAL and CCES (right).
Hourly presence for duty-cycled data relates to the portion of the hour included in the duty cycled data. Black lines
represent total available hours (effort) and red lines represent hours with detections. Blue shading represents winter,
green represents upwelling, and yellow represents the post-upwelling oceanographic season.

Multiple click types have been described for Risso’s dolp{addevilla et al. 2017). The dominant click
type in all acoustic encounters of Risso’s dolphins in our analysis was the ¢Hedaific” (PPac) click
type. Previous models had limited sample sizes from Risso’s dolphinsrimoopan waters, and future
investigations should incporate the acoustic detections from Adrift, PASCAL, and CCES to improve
the definition of geographic variation in click types throughout the NorthiB&xikean.

Opportunistic acoustic recordings were collected in the presence of dolphpsgvith visually
confirmed species, including single and mixed assemblages of Pacifiesidgite North Pacific right
whale, Risso’s, and common dolphins. The sample sizes are currently too wdedto develop
classification models, but these recordings will be useful contributiomaining datasets in the future.
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Table 5.3. Summary of dolphin detections (by species) in hourly bins for Adr ift data.

- Upwelling Post- Upwelling Winter

Risso 's dolphins - - -
Oregon 0.00 (1430) 0.00 (493) -
Humboldt 0.09 (489) 0.01 (1048) 0.03 (308)

San Francisco 0.01 (960) 0.01 (688) -
Morro Bay 0.00 (2034) 0.01 (1353) -
Pacific white -sided dolphins - - -
Oregon 0.10 (1430) 0.11 (493) -
Humboldt 0.06 (489) 0.29 (1051) 0.18 (308)

San Francisco 0.10 (960) 0.23 (688) -
Morro Bay 0.31 (2035) 0.12 (1353) -
Unidentified odontocetes - - -
Oregon 0.00 (1430) 0.01 (493) -
Humboldt 0.00 (489) 0.00 (1048) 0.00 (308)

San Francisco 0.00 (960) 0.00 (688) -
Morro Bay 0.00 (2034) 0.05 (1357) -

Note: Summary of dolphin detections for Risso’s dolphins, Pacific white-sided dolphins, and unidentified odontocetes
for hourly bins for Adrift data. Mean hourly probability of detection for that species/region/season; total hourly bins are
shown in parenthesis

5.4 Narrow Band High Frequency Species (  Kogia spp., porpoise)
Methods

A NBHF click detector was run on full bandwidth data ustgviGuard(v2.02.09). The matched
template classifier module evaluated the similarity of each detetctitemplates from known click types,
including Harbor porpoise, Da#i’porpoise, andogiaspp. Potential NBHF acoustic events are
automatically defined based on the presence of 3 or more clicks that exceed +ratghiate thresholds
that occur within a 2-minute period. All NBHF events are confirmed by an amglystziewing detection
and evat features in the Click Display window BAMGuardViewer. Detailed methods are provided in
our GitHub online analysisnethods-3

Results

Calls associated with NBHF species (porpoisekaogia spp.) were detected in all regions in all seasons
(Figure5.5), and the hourly probability of detection was higher for the post-upwellingnstesofor the
upwelling season in all regiotf¥able5.4). Detections were made during most drifts; however, there were
no NBHFdetected during the April deployments in any region (there was no effort inr&@acideo

during this monthFigure5.5). During the PASCAL and CCES Surveys, most NBHF detections were in
the Humboldt regioifFigure5.5).

B3 hitps://saebwfsc.qgithub.io/adrifanalysismethods/content/ToothedWhales/NBiBEtection.html
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Figure 5.5. Hourly NBHF events by month, region for Adrift and combined PA
surveys.

Hourly presence of NBHF events (y axis) for different months for different months for combined years (x axis) and for
each region (Oregon, Humboldt, San Francisco, and Morro Bay) for Adrift (left) and combined PASCAL and CCES
(right). Hourly presence for duty-cycled data relates to the portion of the hour included in the duty cycled data. Black
lines represent total available hours (effort) and red lines represent hours with detections. Blue shading represents
winter, green represents upwelling, and yellow represents the post-upwelling oceanographic season.

SCAL, CCES

The California Current is home to 4 different species that produce NBHFoeatioh clicks: harbor
porpoise, Dall’'s porpoise, pygmy sperm whales, and dwarf sperm whalesteDbspimilarities in their
echolocation clicks, these species inhabit diffeheitats and have different behaviors and life histories.
Harbor porpoise inhabit the nearshore waters north of Point Conception, and/aenstive to noise

and other anthropogenic impacts. Dall’s porpoise are fast moving andeardonfnd in mixd species
aggregations with dolphins. Both the pygmy and dwarf sperm whales are cryptic\degspéecies.
Lumping these very different species into oaedusti¢ group is problematic, and acoustic classification
to species (or at least genus) is needed.

Preliminaryefforts at developing a geniesvel species classifier for NBHF species in the California
Current have shown positive results, and future research will furthdogetes classifier (see

Appendix E Acoustics Classification of NBHF Species). With some improvement, Itgsifier can be
applied towards existing archived data to improve our understanding of the distribfuthese species in
the greater California Current.

Table 5.4 Summary of NBHF detections in hourly bins for Adrift data.

- Upwelling Post- Upwelling Winter
Oregon 0.04 (1430) 0.20 (493) -
Humboldt 0.07 (489) 0.13 (1048) 0.07 (308)
San Francisco 0.05 (960) 0.27 (688) -
Morro Bay 0.03 (2065) 0.08 (1353) -

Note: Summary of NBHF detections for Adrift data. Mean hourly probability of NBHF detection for that region/season;
total hourly bins are shown in parenthesis.
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5.5 Blue Whales
Methods

Detection of blue whale A, B, and D calls were identified by an experiencdtszanning hourly

LTSA windows created using custdbATLAB software, Triton (500 Hz decimated data and 1 Hz, 5 s
resolution). Detection of at least one call of any call type (A, B, or&)nequired to determine presence
of blue whales in hourly bins. Deployments with excessive self-noise (sstiuasning) tha

consistently impacted our ability to detect blue whales were eliminabedthis analysis. Detailed
methods arenpvided in ourGitHub online analysis methods$.

Results

Blue whales were detected in all regieaxsept OregonHigure5.6), with most detectiongduring the
post-upwelling seaso &ble5.5). Similar to the overall Adrift project, blue whales were detected in a
regions during the combined PASCAL/CCES surveys, with low detections of bluesmiaOregon
(Figure5.6).

Figure 5.6. Hourly blue whale events by month, region for Adrift and combined PASCAL, CCES
surveys.

Hourly presence of blue whale calls (A, B, and D types, combined) (y axis) for different months for combined years (x
axis) and for each region (Oregon, Humboldt, San Francisco, and Morro Bay) for Adrift (left) and combined PASCAL
and CCES (right). Hourly presence for duty-cycled data relates to the portion of the hour included in the duty cycled
data. Black lines represent total available hours (effort) and red lines represent hours with detections. Blue shading
represents winter, green represents upwelling, and yellow represents the post-upwelling oceanographic season.

Detection of blue whale calls were primarily A and B calls assatiaith song, with few detections of D
calls during the summer montHsdure5.7).

14 hitps://saebwfsc.qgithub.io/adrifanalysismethods/content/BaleenWhales/Overview.html#hilnales
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Figure 5.7. Hourly presence of blue whale D calls by month, region for Adr ift.

Hourly presence of blue whale D calls (y axis) for different months for combined years (x axis) and for each region
(Oregon, Humboldt, San Francisco, and Morro Bay). Adrifts 001-012 were duty cycled and hourly presence relates to
the portion of the hour included in the duty cycled data (6 min of 12 min). Black lines represent total available hours
(effort) and red lines represent hours with detections. Blue shading represents winter, green represents upwelling,
and yellow represents the post-upwelling oceanographic season.

Blue whale “song” consists of both A and B calls, which can occur individualty &8 pairs.

Detection of both A and B calls were higher during the ppsielling seasons in all areasabple5.5).

The hourly probability of detecting blue whale A and B calls during the lihdgta off Humboldt in the
winter were higher than during the upwelling season, but lower than the postiigwetison. There

were only a few blue whale B calls detectedmiyithe upwelling season off San Francisco; no other calls
associated with song were detected during the upwelling season in any regiorbetidipr of

detecting blue whale B calls was consistently higher than A calls for ahe¢and seasons), whi

reflects research showing that blue whale B calls can be detected at ignege¢srthan blue whale A calls
(McDonald et al. 2001)Blue whale B calls can be readily classified by an experienced analysthehen
SNR (signal to noise ratiay low.

Blue whale D calls have been associated with feeding beh@lieson et al. 2007), and detection of D
calls were primarily during the peapwelling season (Figure 5.7). The probability of detecting D calls
was much lower than detecting A and/or B calls, and there were no detediiaralié off Oregon (Table
5.5). Low SNR D calls are more readily confused with low frequency downsweep rcallscpd by other
species, reducing the overall effective detection range for these calls.

There were an additional 227 ad hoc detections of blue whales during tharn@lyais of other low-
frequency baleen whale specte3he majority of those detections were either low SdRs or were
masked by noise while scanning the LTSAs.

15 hitps://github.com/SAEISWFSC/Adrift/blob/main/supplement/OSA _NMSF_2023.578 Project_Report.pdf
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Table 5.5. Summary of blue whale detections in hourly bins for Adrift data.

- Upwelling Post- Upwelling Winter

A Calls - - -
Oregon 0.00 (1430) 0.00 (493) -
Humboldt 0.00 (489) 0.50 (1048) 0.01 (308)
San Francisco 0.00 (960) 0.31 (688) -
Morro Bay 0.00 (2034) 0.31 (1353) -
B Calls - - -
Oregon 0.00 (1430) 0.00 (493) -
Humboldt 0.00 (489) 0.74 (1048) 0.07 (308)

San Francisco 0.02 (960) 0.50 (688) -
Morro Bay 0.00 (2034) 0.63 (1353) -
D Calls - - -
Oregon 0.00 (1430) 0.00 (493) -
Humboldt 0.00 (489) 0.07 (1048) 0.00 (308)

San Francisco 0.03 (960) 0.06 (688) -
Morro Bay 0.00 (2034) 0.09 (1353) -

Note: Summary of blue whale detections for A, B, and D calls in hourly bins for Adrift data. Mean hourly probability of
blue whale detection for that call type/region/season; total hourly bins are shown in parenthesis.

5.6 Fin Whales
Methods

Due to complications associated with fin whale call structure, we imptechemultiple methods to detect
fin whale 20 and 40 Hz calls. Fin whale 20 Hz calls consist of low frequensgspue used both a tonal
and click detector to identify fin whale 20 Hz pulses in our datasets. @eteltos arecommonly used
for detecting tonal baleen whale call, whereas click deteater typically used for echolocation clicks,
but are suitable for detectistport duration fin whale 20 Hz pulses. Fin whale 40 His ee¢re detected
using a tonal detector.

For all datasets, fin whale 20 and 40 Hz calls were analyzedrxgsearch partner OSA using a
PAMGuardwhistle and moan detector (v2.02.09) and reviewed by an experienced analyst in
PAMGuards Viewer Mode. Detections were grouped into acoustic events using thdi@e®mup
Localiser module. Acoustic events were then binned into hourly preseribe #0Hz fin whale call
type. Due to the variability in sampling rates and duty cycles during the @EBASCAL datasets,
presence of fin whale 20 Hz taivere detected by manual scanning of LTSAs using Triton (500 Hz
decimated data and 1 Hz, 5 s resolution). Identification of at leastfinmekale 20 Hz calls by an
experienced analyst were required to consider this spgmieserit during any given hour.

Fin whale 20 Hz calls were alsietected using the click detector in PAMGuard (v2.02.09). A stratified
sub-sampling method was used to validate 20% of the wav files in each daftdénn forest model was
developed using validated data from 14 drifts from three different geogragtad between 2022023.
This model was used to predict the presence of fin whales in hourly bins. Rdroealy bin, if there
were less than 3 predictions with scores over 0.5, these classifications wenataatlly rejectd to
eliminate false positives. Hourly bins with at least 3 predictions witresagreater than 0.5 were
manually reviewed by an experienced analyst for final classification.
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Deployments with excessive sabise (such as strumming) that consistently impacted our ability to
detect fin whales were eliminated from this analyBetailed methods are provided in @itHub online
analysismethod¥’, in a report provided b@SA and archived on ougitHub Repository*’

A pilot study to develop a deep learning network to detect and classify fie @band 40 Hz calls was
initiated by Ocean Science Analytics gireéliminaryresults can be found lppendix G Deep Learning
to Detect Fin Whales

Results

Fin whales were detected throughout the study area and at different tinees (6figure 5.8). Detection
of fin whales during the combined PASCAL/CCES surveys showed strong praséned/orro Bay
and San Francisco regions, with low detections in Humboldt and Oregon (Figure 5.8

Figure 5.8. Hourly fin whale events by month, region for Adrift and combined P ASCAL, CCES

surveys.

Hourly presence of fin whales (combined call types) (y axis) for different months for combined years (x axis) and for
each region (Oregon, Humboldt, San Francisco, and Morro Bay) for Adrift (left) and combined Pascal and CCES
(right). Hourly presence for duty-cycled data relates to the portion of the hour included in the duty cycled data. Black
lines represent total available hours (effort) and red lines represent hours with detections. Blue shading represents
winter, green represents upwelling, and yellow represents the post-upwelling oceanographic season.

Fin whale 20 Hz pulses had higher detection probabilities in theupesting seasons for all locations
(Figure5.9, Table5.6). This detection probability dropped during the (limited) winter data farkdidt.
Fin whale 20 Hz detections were lower off San Francisco than other areas tledection of low
frequency fin whale calls in this area may be compromised by low fregueise associated with high
levels of low frequency noise associated with large shipping traffic (oentships). The fin whale 20 Hz
call is the most commonly reported and is thought to be used as a soc@mbks#dlish and maintain
contact when produced in irregular sequences (Edds-Walton 489 %) may serve a reproductive
function when produced by males in a regular sequence forming song (Croll et al F28@2)e did not
differentiate between irregular and regular sequencing.

18 hitps://saebwfsc.qgithub.io/adrifanalysismethods/content/BaleenWhales/Overview.htmkgihhz-adrift
17 https://github.com/SAEISWFSC/Adrift/blob/main/supplement/OSA _NMSF_2023.578 Project_Report.pdf

24



Figure 5.9. Hourly presence of fin whale 20, 40 Hz calls by month, region for Adrift.

Hourly presence of fin 20 Hz calls (left) and fin 40 Hz calls (right) (y axis) for different months for combined years (x
axis) and for each region (Oregon, Humboldt, San Francisco, and Morro Bay). Adrifts 001-012 were duty cycled and
hourly presence relates to the portion of the hour included in the duty cycled data (6 min of 12 min). Black lines
represent total available hours (effort) and red lines represent hours with detections. Blue shading represents winter,
green represents upwelling, and yellow represents the post-upwelling oceanographic season.

The 40 Hz call has a more irregular pattern and has been positively assodiateeybiomass,
providing evidence that it is associated with a foraging function (Romagak&£621) Most 40 Hz fin
whale detections occurred off Oregon, with a few detections off Morro Bagciizm probability was
highest during the post-upwelling season for both Oregon and Morro Bay (there vdetectmns
during the upwelling season off Morro Bay

Table 5.6. Summary of fin whale detections in hourly bins for Adrift data.

- Upwelling Post- Upwelling Winter

20 Hz -
Oregon 0.08 (1430) 0.37 (493) -
Humboldt 0.06 (489) 0.31 (1048) 0.09 (308)

San Francisco 0.04 (960) 0.12 (688) -
Morro Bay 0.15 (2034) 0.54 (1353) -
40 Hz -
Oregon 0.04 (1430) 0.20 (493) -
Humboldt 0.00 (489) 0.00 (1048) 0.00 (308)

San Francisco 0.00 (960) 0.00 (688) -
Morro Bay 0.00 (2034) 0.09 (1353) -

Note: Summary of fin whale 20 Hz and 40 Hz detections in hourly bins for Adrift data. Mean hourly probability of fin
whale detection for that call type/region/season; total hourly bins are shown in parenthesis.
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5.7 Humpback Whales
Methods

An experienced analyst manually scanned spectrograms of 12 kHz decimatesirdpf@aven Pro v.

1.6.4® (4096pt FFT length, Hann window, 90% overlap resulting in a resolution of 341 ms and 4.21 Hz)
to detect the presence of humpback whale calls. Humpback whale calls weoeinadegs song, social,

or undeterminedalls Cross validation of a portion of calls was completed with Dr. Alison Stinbper
ensure consistency with expert annotations. Detailed methods are provaleitHub online analysis
methods?®

Results

Humpback whaleweredetectedluring most deploymen{&igure 5.10), with higher probability of
detection in the post-upwelling season in Humboldt and San Frantelsle$.7). Hourly detection rates
were lower for the PASCAL and CCES surveValfle5.7), these deployments were further offshore
(west) of the Adrift study areas (s@ppendix B PASCAL Expanded Datasets; Appendix@CES
Expanded Datasets). Historical sighting data sifewerhumpback whales in these offshore waters (see
Ocean Biodiversity Information SysteBeamagf). Humpback whales were not detected in Oregon
during the PASCAL and CCES Surveys (Figure ».10

Figure 5.10. Hourly humpback whale events by month, region for Adrift and c ombined PASCAL,
CCES surveys.

Hourly presence of combined humpback whales call types (y axis) for different months for combined years (x axis)
and for each region (Oregon, Humboldt, San Francisco, and Morro Bay) for Adrift (left) and combined PASCAL and
CCES (right). Hourly presence for duty-cycled data relates to the portion of the hour included in the duty cycled data.
Black lines represent total available hours (effort) and red lines represent hours with detections. Blue shading
represents winter, green represents upwelling, and yellow represents the post-upwelling oceanographic season.

There were few acoustic detections of humpback whales during the lateatlyndily surveys off Morro
Bay (Figure 5.10). Multiple humpback whales were visually sighted during the June 2022ya2028il
CCC surveys in Morro Bay; however, the bulk of the visual survey effiott ggyhtings) were south of
the area acoustically surveyed. The disconnect between the viduelgsgand acoustic detections could

18 hitps://store.birds.cornell.edu/collections/raxssmundsoftware
19 hitps://saebwfsc.qgithub.io/adrifanalysismethods/content/BaleenWhales/Overview.html#egagthumpack
20 hitps://seamap.env.duke.edu/species/180530
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be due to local differences in the sampling areas or that the animalsav@aaticularly vocal during this
sampling period.

Hourly probability of detecting song was higher in the pgstelling than the upwelling season for
Humboldt and San Francisco, but the opposite was true for MorrolRahleb.7). Deployments were
limited in winter, but high probability of detecting humpback song aligns witpriguction of song
during the southern winter migration (Clapham and Mattila 198@3re were several drifts in which
humpback song dominated the recordirfgigre5.11). The acoustic features of humpback whale song,
including high source level and series of calls produced over long time spansiynbtad to high
detection ratefAu et al. 2006). While recordings dominated by song may be attributed to onevor a f
animals, social sounds may be attributed to larger numbers of animatsgf3la2019)There were few
detections of humpback song in Oregon.

Humpback whales produoeany nonsong (social) calls that may be associated with feeding or social
behaviors. Humpback whale social sounds most frequently detected in thesesainalysied the grunts,
“wops” and “thwops” (Dunlop et al. 2008)Ve were unable to dedicate the time required to differentiate
these sounds during this study. Highly annotated datasets exist, and we recalewsdogiment of
machine learning models to clasdifympback norsong, whichmay allow for an improved

understanding of spatial and temporal variation in habitat use in thier@al Current, allowing us to
identify potential critical habitat.

Figure 5.11. Hourly presence of humpback song, social calls by month, reg ion for Adrift.

Hourly presence of humpback song (left) and humpback social calls (right)(y axis) for different months for combined
years (x axis) and for each region (Oregon, Humboldt, San Francisco, and Morro Bay). Adrifts 001-012 were duty
cycled and hourly presence relates to the portion of the hour included in the duty cycled data (6 min of 12 min). Black
lines represent total available hours (effort) and red lines represent hours with detections. Blue shading represents
winter, green represents upwelling, and yellow represents the post-upwelling oceanographic season.
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Table 5.7. Summary of humpback whale detections in hourly bins for Adrift data.

- Upwelling Post- Upwelling Winter

Song - - -
Oregon 0.03 (1430) 0.00 (493) -
Humboldt 0.13 (489) 0.42 (1048) 0.58 (308)
San Francisco 0.03 (960) 0.36 (688) -
Morro Bay 0.40 (2034) 0.24 (1353) -
Social Calls - - -
Oregon 0.01 (1430) 0.04 (493) -
Humboldt 0.01 (489) 0.16 (1048) 0.00 (308)

San Francisco 0.01 (960) 0.24 (688) -
Morro Bay 0.02 (2034) 0.02 (1353) -
Undetermined Humpback Calls - - -
Oregon 0.03 (1430) 0.01 (493) -
Humboldt 0.15 (489) 0.26 (1048) 0.18 (308)

San Francisco 0.06 (960) 0.28 (688) -
Morro Bay 0.16 (2034) 0.21 (1353) -

Note: Summary of humpback whale detections for Song, Social sounds, and Unidentified calls in hourly bins for Adrift
data. Mean hourly probability of humpback whale detection for that call type/region/season; total hourly bins are
shown in parenthesis.

5.8 Bryde’s and Sei Whales
Methods

Detection of calls associated with Bryde’s and sei whales was conductedpartoers at OSA.
PAMGuards (v2.02.09) whistle and moan detector was used to detect calls associhtBdyaé’s (Be4)
and ®i whales (frequency modulated downswealsidentified in Rankin and Barlo2007)). Potential
calls were reviewed by an experien€@8A analyst ilPAMGuards Viewer Mode. Detections were
grouped into acoustic events using the Detection Group Localiser module. Aceastiwere then
binned into hourly presence for the presence of Bryde’s and sei whales. Deployrteestcessive self-
noise (such as strumming) that consistently impacted our ability ta @etete’'s and sei whales were
eliminated from this analysis. Detailed methods are provided iGibHub online analysis methotisand
anOSA Reporiarchived on ouGitHub repository??

Results

There were no confirmed detections of calls associated with Brpdsei whales during Adrift, and a
single possible sei whale encounter was detected during PASCAL (seegp@ctod possible sei whale
in GitHub Repositoryf?

Bryde’s whale distribution is in the tropical and subtropical waters, @gtasional northward incursion
into the Southern California Bight (Kerosky et al. 2012). The Adrift deploysneare north of Point
Conception (and the Southern California Bight), and it is not unexpectedttmdatect animals on our

2! hitps://saebwfsc.github.io/adrifanalysismethods/content/BaleenWhales/Overview. htmk#ihhz-adrift
22 hitps://github.com/SAEISWFSC/Adrift/blob/main/supplement/OSA NMSF_2023.578 Project_Report.pdf
23 https://github.com/SAEISWFSC/Adrift/blob/main/figs/PossSei_Pascal010.png
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recordings. Warming oceans associated with climate change may lead to nsistenbdetection of
these species in the California Current, and these detections maynoocueasingly northern latitudes
over time. We recommend that future acoustic studies in the Cadiféunirent include detection of
Bryde’s whales.

Little is known about sei whales in the North Pacific, and to our knowledgeishené/ one confirmed
recording of sei whales in the North Pacific, near Hawaii (Rankin adv&007) Future research
should take advantage of opportunities to understand the vocal repertoire loékss i the North
Pacific Ocean.

5.9 Gray Whales
Methods

An experienced analyst manually scanned spectrograms of 12 kHz decimatesirdpfaven Pro v.
1.6.4 (4096pt FFT length, Hann window with 90% overlap resulting in a resolution of 341 ms and
4.21Hz) to detect calls associated with gray whales. Presence of gray whales waiedholit call
classes were not specified. Cross validation of a portion of callseséied by Dr. Alison Stimpert to
ensure consistency with expert annotations. Detailed methods are provalgitHub online analysis
methods*

Results

Sounds associated with gray whales were only detected on a few recordings ineliagipwd post-
upwelling seasons in Oregon and San Francisco regions @.8pl@nd only during a few hours on the
combined PASCAL and CCES surveysgure5.12). There is a significant overlap in spectral content for
humpback and gray whale calls and most drifts were outside primary graymifed¢ion routes; care
should be taken when inferring gray whale presence from data with concurreoiidukmvhale

presece.

24 hitps://saebwfsc.github.io/adrifianalysismethods/content/BaleenWhales/Overview.html#eaagthumpack
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Figure 5.12. Hourly gray whale events by month, region for Adrift and comb ined PASCAL, CCES

surveys.
Hourly presence of gray whale calls (y axis) for different months for combined years (x axis) and for each region
(Oregon, Humboldt, San Francisco, and Morro Bay) for Adrift (left) and combined PASCAL and CCES (right). Hourly
presence for duty-cycled data relates to the portion of the hour included in the duty cycled data. Black lines represent
total available hours (effort) and red lines represent hours with detections. Blue shading represents winter, green
represents upwelling, and yellow represents the post-upwelling oceanographic season.

Most Eastern North Pacific gray whales use the California Currengi@tmibetween their feeding
grounds in the north and their winter breeding grounds in Baja California. A subpopuifthese
whales known as thd?acific Coast Feeding Groufeed in the California Current off Northern
California, Oregon, and Washington during the upwelling and ygmsklling seasons (Barlow et al.
2024). Gray whales are typically found in the nearshore waterdphagcurin offshore water$

Table 5.8. Summary of gray whale detections in hourly bins for Adrift data.

- Upwelling Post- Upwelling Winter
Oregon 0.01 (1430) 0.01 (493) -
Humboldt 0.00 (489) 0.00 (1048) 0.00 (308)
San Francisco 0.00 (960) 0.07 (688) -
Morro Bay 0.00 (2065) 0.01 (1353) -

Note: Summary of gray whale detections for Adrift data. Mean hourly probability of gray whale detection for that
region/season; total hourly bins are shown in parenthesis.

5.10 Minke Whales
Methods

Minke whale“boing” calls were detected using PAMGuar@sneralized Power Law (GPL) detector on
10 kHzdecimatedata(Butterworth low pass filter at 5 khizGPL settingswere modified frona

template tunedb fit our data (Helble, pers. comm). The GPL detector returned a low nuimber o
detections, and all detections were manually validaséty he PAMGuardspectrogram annotation tool.
A stratified subsampling method was then used to randomly sample 20% of allaldtaf detectiongo

25 hitps://seamap.env.duke.edu/dataset/861
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verify the GPL was not missing boings. Detailed methods are provided @Gitblub online analysis
methods?®

Results

There were no detections of minke whale boings during the Adrift study, and f@wynainke whale
detections in the CCES and PASCAL datasets (Figure.9Miflke whale boing calls are considered
“song” andtypically detected during the winter and early spring months where our study has limited
effort (Rankin and Barlow 2005)n November 2023ere was minke whale sightingiear Morro Bay;
however, there were nmings detected frormur offshore drifts. The lack of detections could be due to
low population densities or that minkese coastal waters. Reseaisheeded tamprove our knowledge
of theminke whalevocal repertoire

Figure 5.13. Hourly minke whale events by month, region for Adrift and comb ined PASCAL, CCES

surveys.

Hourly presence for minke whale boing calls (y axis) for different months for combined PASCAL 2016 and CCES
2018 survey (x axis) for each region (Oregon, Humboldt, San Francisco, and Morro Bay). There were no detections
of minke whale boings during the Adrift study. Buoys were duty cycled and hourly presence relates to the portion of
the hour included in the duty cycled data. Black lines represent total available hours (effort), and red lines represent
hours with detections. Blue shading represents winter, green represents upwelling, and yellow represents the post-
upwelling oceanographic season.

6 Soundscape

6.1 Soundscape

The purpose of soundscape monitoring was to describe the ambient veiE le the California
Current Ecosystem (including the Morro Bay and Humbdl&As) and to identify the major
contributors to the soundscape. To that end, we measured soundscape metricgibed fde primary
sources of noise: setfoise and ship noise. Weather (wind, rain) is a significant contribusmundscape
and varies by season/region. Although we did not quantify this in our analysiscememend that future
researchinclude weather as a contributor to the soundscape. These data were conthitigel detection

26 hitps://saebwfsc.github.io/adrifianalysismethods/content/BaleenWhales/Overview.html#minke
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of biological sounds from marine mammals to examine the biological dmibpagenic contributors to
the soundscape.

Soundscape metrics aligned with SanctSound profdesig were measured using Triton (Wiggins and
Hildebrand 2007) with the Soundscape Remora. Data were decimated to 4&dkHZ S#As were

calculated with a 1 Hz, 1 s resolution. The full system calibration valaealeulated from the combined
hydrophone and SoundTrap sensitivity. Soundscape LTSAs were used tateadouind levels in

2-minute windows from 106 24,000 Hz, including broadband sound pressure levels,dhtede

levels, and power spectral densities. Median (50th percentile), meargrang statistical sound levels

(1st, 5th, 10th, 25th, 75th, 90thnd 95th percentiles) are calculated for each metric. Soundscape metrics
were archived to NCEI and linked with the original raw data.

The SanctSound methods were initially adopted to provide data consisteptevithusly analyzed data.
Soundscape methods have changed significantly in the last three years, and tkeanbs
recommendation is to report sound levels in hybrid millidecade bands. thénigeis now opeseurce
software that can produce these metrics, it was not available for dysianall of our data is publicly
available and the LTSAs were retained so that the data can be converted inrthefetrecommend
that dah be reanalyzed to report sound levels in hybrid millidecade bands to alignuwéhtcstandards.

Periods of low frequency satfeise (strumming, knocking sounds resulting from movement of buoy
components) were identified by scanning therl2-hour LTSA windows created with 500 Hz decimated
files (5 Hz and 1 s resolution). Start and end times of noisy data were loglgedeshighest frequency
affected (up to the 250 Hz maximum provided by the 500 Hz decimated data). Noigjtkataergy
above the 100 Hz lower bounds of the soundscape methods were removed from dualigisal

details are proded in online analysis methotfs.

The Power Spectral Density (PSD) is the measure of the 'sigioaber as a function of frequency, and
the PSD plots provide a visualization of the ambient noise for each regi@easonHigure6.1).
Contributing sounds include biological sounds (marine mammals, fish, ibrags), environmental
noise (wind, rain), and anthropogenic noise (vessel noise, depth sounders, seal\Wild§jgure 6.1
includes all contributors to the soundscape, seasonal and regional differand® informative and
provide valuable pre-development information regarding the general soundscggeeral, noise levels
ranged from 50 dB re 1uPa to nearly 150 dB re 1wih the highest density of sound in the-750 dB
range (Figure 6)1

27 https://sanctsound.ioos.us
28 hitps://saebwfsc.github.io/adrifianalysismethods/content/DataArchive/DataQualityCheck.html#dtssfor-

noisy-data
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Figure 6.1. Power spectral density for Adrift deployments by season and r egion.

Other researchers have developed models to separate the distinct tongribiuship and wind noise to
soundscapeErbe et al. 2021; ZoBell et al. 2024hese models have been validated with empirical data
and can be in close agreement in certain times and places, but validatieemasiy limited to small
spatiotemporal scales. The data collected in offshore watetgytioot the California Currenyldrifting
recorders during PASCAL, CCES, and Adrift surveys can be used to eatiatels which separate

wind and shipping contributions to sound levels. This will be an importanstegxfor evaluating

changes in the soundscape associated with offshore wind development areas.

Low frequency noise associated with strumming precluded consistent anb@imdscape below
100Hz. Future drifting recorder studies should consider alternative conibgsréhat eliminate
strumming and other setioise to allow for broadband soundseanalysis.
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6.2 Ship Noise

Ships produce different sounds while operating, such as impulsive signakshipppropeller cavitation
or echosounder signals that can be easily identified in the LTSA and confiitheml spectrogram.
Vessel noise was identified by a trained analyst scanaimauf LTSA windows using the Logger
Remora in Triton (100 Hz and 5 s resolution). Once a ship was identified, 10regreus were used to
confirm identification (2000 point FFT, 75% overlap). Ships were either tbggdeing broadband (high
amplitude with frequency content above 5 kHz) or narrowband/low frequency @owsitude). Ship
noise was assessed in full for the Adrift staehd in part for CCES (not analyzed for PASCAL).
Additional details are provided in online analysis metf8die manual methods used in this study were
time consuming, but our initial efforts to analyze data with an existing steptdefound that the
detector was unreliable on identifying ship tracks with our datasete@éenmend development of an
open-soure approach to vessel detection that includes classification of vasselksstl type, and
integration of this data into a systematic approach to quantifying thebedioin of ship noise to the
soundscape.

The percent of recording hours with vessel presence varied across reggmm,sand time of day
(Figure6.2). Vessel presence was higher in Oregon and Humboldt than in San Franbscoday.
Vessel presence in Humboldt shifted from nigiimie during the upwelling season to daytime during the
post-upwelling season (summer), with winter variability likely relatinip¢oeffort. Morro Bay region
experienced the lowest amount of vessel traffic, with extremelydwoald of vessel traffic(20%)
detected in the post-upwelling season.

Hourly presence of ships in San Francisco appears to be lower than otbes (Egyure 6.2). Overall
sound levels were much higher in this regiBigre6.1), and may have masked some individual ship
passages. Future work can includedaomatic Identification Systemmetric such as the number of
unique large vessels with relatively close approaches.

29 hitps://saebwfsc.github.io/adrifianalysismethods/content/Soundscapes/Metrics.html#detessels

34



Figure 6.2. Polar plots of seasonal detection of ship noise in Oregon, Humb oldt, San Francisco,

and Morro Bay regions.

The hourly percent of effort with vessel detections is shown in color ranging from dark blue (0%) to yellow (50%). The
diurnal variation in vessel noise is shown by detection in bins on polar plot ranging from 0 to 24 hr of the day (UTC,
Universal Time Coordinated).

6.3 Contributors to the Soundscape

The marine soundscape includes sounds associated with physical drivers (raén eadhiguakes),
biological sources (sounds produced by marine mammals, fish, and invegglaatsell as
anthropogenic sounds. In this study we examined sounds attribuaetumber of marine mammal
species as well as ship noise. Temporal variation (marked in hourly bihs)doritribution of these
sounds to the overall soundscape are provided by the acoustic scene. An scenstfrovides a
visualization of the spectral variation in the contributors to the soundseapes detection of various
species classes is noted by the approximate frequency of their sounds. Feu#ization, we used the
following frequency range for these detections: blue whale gB6Hz), fin whale (20 - 50 Hz),
humpback whale (502,000 Hz), sei whale (50600 Hz), gray whale (1002,000 Hz), minke whale
(1,000 2,000 Hz), sperm whale (1,00@0,000 Hz), dolphins (1,000 - 25,000 Hz), beaked whales
(25,000 - 60,000 Hz), NBHF spesi€B80,000 120,000 Hz) and ship noise (100 - 1,000 Hz).
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6.3.1 Oregon

The 2023 Oregon Pilot study consisted of multiple deployments during the upwelling @ngpp@dling
seasonKigure 6.3). NBHF and sperm whales were detected during both the upwelling and post
upwelling seasonsut they were not detected during all deployments. Dolphins were detediegl allr
deployments during both seasons, with variable occurrence. There was a semlerdef beaked
whales during the upwelling season.

Figure 6.3. Acoustic scene for Oregon, 2023.
Acoustic scene showing detections of various contributors to the soundscape for the 2023 Oregon pilot study
deployments in the upwelling and post-upwelling oceanographic seasons.

Fin, humpback, and gray whales were detected during both the upwelling and postrgpsesitions off
Oregon, with a few detections of blue whales during the ostlling seasorHgure 6.3. While ship
noise was detected during both seasons, detection of vessel noise varied hyelgploy

There were no deployments during the winter oceanographic season in Oregon samgldhyear study
did not allow us to assess annual variation.

6.3.2 Humboldt

In Humboldt, NBHF, dolphins, and sperm whales were detected during all seasons,dauingoall
deployments (Figure 6.4, Figure 6Fgure6.6). There were fewer dolphins detected in 202dure6.4)
than in subsequent years. Similar to Oregon, there were few detections af Wweakes in this region.
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Figure 6.4. Acoustic scene for Humboldt, 2021.
Acoustic scene showing detections of various contributors to the soundscape for the 2021 Humboldt deployments in
the post-upwelling and winter oceanographic seasons. No data was collected during the 2021 upwelling season.

Blue whales were consistently detected during theygostlling seasom all years Figure6.4,

Figure 6.5Figure6.6). While fin whales were detected in all seasons, they were most consistently
detected in the post-upwelling season. Humpback whales were frequently detesssseasons and
years.

There was little ship noise detected during 20§ure6.4), which may be due to the ongoing pandemic;
ship noise was more consistent during the 2022 and 2023 deployfFigate 6.5, Figure6.6).

Figure 6.5. Acoustic scene for Humboldt, 2022
Acoustic scene showing detections of various contributors to the soundscape for the 2022 Humboldt deployments in
the upwelling, post-upwelling, and winter oceanographic seasons.
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Figure 6.6. Acoustic scene for Humboldt, 2023.
Acoustic scene showing detections of various contributors to the soundscape for the 2023 Humboldt deployments in
the upwelling and post-upwelling oceanographic seasons.

6.3.3 San Francisco

Deployments offshore San Francisco were coordinated with NOAA Sanctuw@EESS Surveys
during the upwelling and post-upwelling oceanographic seasons (FiguFegbirs6.8, Figure 6.9).
Contrary to other deployments, buoys were not deployed in clusters astha?®d@@CESS survefto
broaden survey area), and therefore data represent data from 1 or 2 buoysratligtance from each
other. Differences in geographic location of deployments in the upwelling atdpeslling seasons
may complicate interpretation of seasonal differences in marine ralbdetections (seeigure 3.5.

Figure 6.7. Acoustic scene for San Francisco, 2021.
Acoustic scene showing detections of various contributors to the soundscape for the 2021 San Francisco
deployments in the upwelling and post-upwelling oceanographic seasons.
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Detection of odontocetdscluding NBHF, beaked whales, sperm whales, and dolphins) varied by drift
(Figure6.7,Figure6.8, Figure6.9). Detection obaleerwhales(humpback, gray, fin, and blue whales)
varied by drift, with ageneral increase thetectios of many baleen whale species during the{ost
upwelling season.

Figure 6.8. Acoustic scene for San Francisco, 2022.
Acoustic scene showing detections of various contributors to the soundscape for the 2022 San Francisco
deployments in the upwelling and post-upwelling oceanographic seasons.

Despite thalrift locatiors beingnear a convergence of shipping lanes entering San Francisco Bay,
detection of specific vessels was relatively modest. Analysts noted an oighrdéhrel of ambient noise
associated with background ship noiB&y(re6.1) and a reduced ability to detect individual vessels.
Detection of vessels used manual detection methods (existing automatadiessctors were not

reliable for this dataset); development aftandardized vessel detector that works across datasets could
be used to determine if individual ship tracks are difficult to detdugimtraffic areas.

Figure 6.9. Acoustic scene for San Francisco, 2023.
Acoustic scene showing detections of various contributors to the soundscape for the 2023 San Francisco
deployments in the upwelling and post-upwelling oceanographic seasons.
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6.3.4 Morro Bay

Morro Bay deployments included between 7 and 8 drifting recorders deployed over adaagevhich
allowed for improved geographic sampling during the limited time foin eaployment. Detection of
NBHF, beaked whales, and dolphins were much lower during the initial upwellingydegpls in 2022
(Figure6.10, but high during the second upwelling deployments in 2022 and in the 2023 deployments.
Detection of high numbers of beaked whales during times with dodghiolocation was possible due to
the vertical hydrophone configuration that allows for differentiptieep diving beaked whale species
(echolocating below the hydrophones) from dolphins echolocating near thees@faecm whales were
detected on some, but not all, drifts during both the upwelling andupesHing surveysKigure6.10,

Figure 6.1).

Figure 6.10. Acoustic scene for Morro Bay, 2022.
Acoustic scene showing detections of various contributors to the soundscape for the 2022 Morro Bay deployments in
the upwelling oceanographic season.

Fin and humpback whales were detected during all surveys. Blue whales dontiagiedttupwelling
deployments in 202@igure6.11), but there were no blue whale detections during either of the upwelling
deployments. Periodic vessel noise was detected during all deployments.
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Figure 6.11. Acoustic scene for Morro Bay, 2023.
Acoustic scene showing detections of various contributors to the soundscape for the 2023 Morro Bay deployments in
the upwelling and post-upwelling oceanographic seasons.

7 Data Sharing

NOAA is committed to increasing the accessibility of publications agitetidata produced by federal
researchers through the Public Access to Research Results. Publicationm{jrrelpdrts) can be
accessed at the NOAA Institutional Repository. Raw acoustic data (wg\afiéestored at the NCEI and
can be accessed after an initial waiting period required as part of th& RiGheries agreement with the
U.S. Navy. Metadata include information related to data collectionyaaedcharacteristics,

geopositions, recording specifications), soundscape metrics, and specgg attaction data.

Recording metadata associated with data collection and Soundscape wiktoestored at NCEI.
Acoustic detection of species will be accessible via PATBEtails on data archive and sharing methods
are provided in our analysis methdds.

In addition to public sharing of ouesearch results, the Southwest Acoustic Ecology Lab firmly believes
that analysis methods should be publicly accessible. We dedicated tienetop a streamlined approach
to data analysis, data visualization, and archival processes to createdacbfe product. These include
developing methods in open-source software and publishing analytical mettiRgacsages, available

on CRAN? (Comprehensive R Archive Network). This approach requires substarttallimrestment,

but ultimately provides improved efficiency and reproducible researchs:e3avelopment of open

source analytical methods for detecting baleen whales requirgmaaldesearch and development
investment; complications that arose due to the CGlAandemic thwarted these efforts. Many of
these data methods and data products are being adopted by other ressaatcheross NOAA Fisheries
more broadly, providinguture cost savings to NOAA and BOEM into the future.

Additional details regardingpen Sciencefforts can be found in AppendixQpen Science

30 hitps://appsefsc.fisheries.noaa.gov/pacm
31 https://saebwfsc.github.io/adrifianalysismethods/content/DataArchive/TethysDeployments.html
32 https://cran 4project.org
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8 Education and Outreach

The study of ocean sound is interdisciplinary and provides a natural opportunityrfouody
engagement in formal education (K-12), informal science learning (museumd)nline crowdsource
citizen science participation. Our team engaged with studentsalists, and educators to develop
materials and tools to make our science accessible to the public. EducatiortraadOefforts included
mentoring students and interns on authentic research projectsignuitrnalists to participate in
fieldwork, collaborating with educators to develop lesson plans for many age grodipieveloping a
preliminary crowdsourced Zooniverse platform for community involvement in our research.

The interdisciplinary nature of passive acoustics along with the naturall @ppehales and dolphins
provides a opportunity for engaging the public in science and the scientific process.t Eodhave
developed a series of education and outreach materials to reach a diverse populace.

In 2020 we collaborated with San Diego Unified School District (SDUSD) to hesichers’ workshop
to develop a series of phenomédyased instructional curricula. Lessons aligned with Next Generation
Science Standards and included instructional units for elementary s¢bofphins have Neet,

Middle School (You can recognize different species by the sounds theynaaideHigh School (Ocean
noise impacts marine mammd)s Lessons plans are publicly available on the Project Phenomena
Databas® website.

Data Nuggets are free classroom activities designed to bring contemgaeaych and authentic data
into the classroom. Data Nuggets were recommended by our teacher callsbdwang the SDUSD
workshop as a highly useful format fécience Technology Engineering Mathemaiticthe classroom.
We collaborated with Data Nuggets to cre&avesdropping on the Oced&h"This Data Nugget
provides background on the research question, authentic data to allow classrammswith real data
to apply to the research question, as well as links for additional informatienhds been made publicly
available for teachers ab cost.

In addition, we initiated a Zooniverse Project, Ocean Véic&ke initial intention of this effort was to
use citizen scientists to label datasets as either humpback whales or shighese annotations would
then be used to develop an improved machine learning classifier. Thigdesignificant effort to
automate development of paired spectrograms and acoustic recoaditigs platform. The citizen
scientist portion of this project will be delayed until future continuatioh@itork done during the
Adrift study, however, the platform can currently funotas an education learning tool. The software
tools designed to manipulate acoustic data for input to Zooniverse ambivaihGitHub.*°

Our periodic “Sound Bytes” blog provides a general audience with insighhmttalyto-day work
behind the science. Topics range frane$sons learned from Fisherni&to how we*Gear up for
Fieldwork™! to how we‘Hook young scientists on Researc¢fiWe have had a host of guest bloggers,

33 hitps://drive.google.com/file/d/1VEXCJet4iO 4bWywwWOdPtOK1BcLA/view

34 https://drive.google.com/file/d/1MsorXXkcHk8YNyHgldApASLcEkoJdy/view

35 hitps://drive.google.com/file/d/17gMPka0tTKimF8jIAQD24QiWRzs3E9P4/view

36 https://www.sdcoe.net/ngss/phenomeamatthe-ngss

37 https://datanuggets.org/2024/04/eavesdroppimthe-ocean

38 https://www.zooniverse.org/projects/annelistens/oegsoes

39 https://github.com/TaikiSan21/wav2mp3

40 hitps://www.fisheries.noaa.gov/scieAa®ag/soundbytesfresh-catchlessongisherman

4L https://www.fisheries.noaa.gov/scieAo®ag/soundbytesgearingfield-work

42 hitps://www.fisheries.noaa.gov/scieAo®g/soundbyteshookingyoungstudentsesearch
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including students, interns, and collaborators. These blogs are shared on N@Agite® and they have
been promoted through numerous NOAA newsletters. Cory Waaver led these efforts and was
recognized for an Award by NOAA’Southwest Fisheries Science Center for the excellent education and
outreach provided by the Sound Bytes blog.

Additional details regarding our education and outreach efforts can be found in AppeBdixdation
and Outreach Details

9 Conclusions and Future Directions

The Adrift in the California Current survey was intended to provide additibbaseline data on marine
mammals and the marine soundscape to inform management of offshore femes@lrce development
in the California Current. In addition to conducting data collection efforésd around the Morro Bay,
Humboldt, and Oregon WEAs, we also analyzed archived data from previgeistale acoustic
surveys.

The first phase of Adrift was initiated in June 2020 off Northern Califomith a special focus on the
Humboldt WEA. We partnered with NOAA Sanctuaries to provide additiongplsag off San Francisco
between late Spring and late Summer. Initial deployments were delayedugust®021 due to the
COVID-19 pandemic. The second phase extended this effort to the Morro Bay WEA ef@dmdral
California in 2021. In 2022 we initiated a pilot study to examine the poteatiakfending this study
northward to include offshore Oregon. Data collection efforts were sgVenied due to the COVID-19
pandemic as well as inclement weather and oceanographic conditions aghpgMageNifia. Despite
these limitations, we deployed 90 drifting recorders in our four study aneagdtal of 8,736 recording
hours.

Prior to this study, NOAA had successfully deployed drifting acousticaec®during two largseale
surveys and developed methods to estimate beaked whale density for thedéifgeri&Current region.
Southwest Fisheries Science Center in partnemstih BOEM's Pacific Region is currently conducting
an additional largscale survey with drifting acoustic recorders (Pacific Marine Assessment Bhiginer
for Protected SpeciesPacMAPPS 11/CalCurCEAS).

While we have been successful using drifting recorders during thesestalgesurveys during the late
post-upwelling season, we encountered significant challenges in using thagialber oceanographic
seasons. There were multiple cases of equipmendata loss, especially during the initial deployments.
Losses were due to a variety of reasons, including inclement weather, stn@ergs; and recorder
failures. We mitigated these problems through modifying components aridgakurvey methods. A
number of gear modifications were made to improve robustness and to desglasise that interfered
with recording quality.

Drifting acoustic recorders provide a laast alternative to traditional PAM systems and they can
provide additional geographic and temporal resolution in remote offsha® &lestered drifting
recorders provide an opportunity to improve our understanding of the spatiahgpatal variability of
the contributors to the soundscape. Preliminary results suggest thatedwdrifting recorders can be
used to reduce the possible range of possible source location for sound sm&dgspendix H
Modeling Habitat Use) and can provide information on the spatial variati@munuscape (see
Appendix t Spatial Variation in Noige Drifting recorders were deployed in clusters of 4 drifting

43 https://www.fisheries.noaa.gov/taxonomy/term/1000356091
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recorders in Humboldt and Oregon study areas, and in clusters of 8 in the Mpr&buBly area. In some
cases, drifting recorders in close proximity to each other followedadieatly different drift trajectories.

Below we present a summary of our results and a summary of recommendatfois & work.

9.1 Summary of Results

Drifting acoustic recorders can provide high quality PAM for some oféshagions, especially when
deployed in clusters to enhance spatial monitoring. Pilot studies are recdeifor new regions, to
ensure that environmental conditions and local resources support effeetipng. Hardware continues
to evolve to allow for improved data collection, and newly developedustibee drifting recorders may
prove preferable to existing drifting recorders with surface buoys. Oerierpe suggests that
deployment of clustered drifting recorders seasonally in areas adshtenuld provide additional spatial
context to cdocated seafloor recorders. Seasonal sampling of these clusterechuapioguring
collaborative cruises, such as our Morro Bay fieldwprkbmotes collaborative science and reduces
vessel costs.

This dataset provides additional (publicly available) data to suppragement needs as well as new
information on several species. Data analysis included most cetaceas $pewnd within the California
Current; though several rare species (north Pacific right whales, piédesy were not included, nor were
pinnipeds. The data are publicly available for future expansion of anaysidude these species.

Sperm whalesare listed as endangered and their consistent, stereotyped vocalizatiendem ideal
candidates for PAM. Sperm whales were detected in all study areas, witiheltégtion probabilities in
Humboldt during all seasons. PAM data can also be used to determine the géancagmanposition of
sperm whales, and a pilot study of a Morro Bay dataset found that all animalsog&l groups
consisting of females and their young, or juvenile males. There was insufficierto complete this
analyss for our entire archived data, but future research should include a@sistiations of
demographic composition for sperm whales.

Beaked whalesare difficult to detect, and even harder to classify to species, baseditiarted visual
observation methods. As with sperm whales, beaked whales are ideal carididafdd, and most
species can be acoustically classified to species. As an exanepéewere no detections of beaked
whales in 30 years of ACCESS surveys; however, during our limited Adrift dephagnthere were
numerous detections of both Baird’'s beaked whales and goose-beaked whales$ wBedd® were found
in all regons, with goose-beaked whales the most common species overall (though nesespfaties
were detected in either Humboldt or Oregon). During the Adrift study, metbe@dsimate beaked whale
density using drifting recorders were automated (to improve efficieanyd)data were prepared for
analysis, but we were unable to complete this analysis during the time available.

Many of the beaked whales detected in Morro Bapa@wurred with echolocating dolphins. The vertical
hydrophone array of the drifting recorders allows for estimation of bearing doglasoming
echolocation clicks, and subsequent differentiation betwekalocating beaked whales at depth from
echolocating dolphins near the surface. By segregating the echolocation dlieiobhabearing angle, we
were able to identify the small numbers of beaked whale clicks withirsands (or even millions) of
echolocating dolphins. The co-occurrence of dolphins and beaked whales has nottieaslyp
reported, and it is unclear what may bring these species together. The likeliltmtdatihg beaked
whales in these mixed species encounters would have been vefydoardings were collected from a
single, seafloor sensor or from towed hydrophone arrays.

The California Current has a high diversitydoiphin speciesand species classification is difficult.
While there are several potential approaches to species classificatiohatieegither been developed for

44



towed arrays at the surfa@@ankin et al. 2017) or for seafloor hydrophones (Frasier et al. 2017).
Currently, there is insufficient validated data for drifting recordetest the efficacy of existing
classifiers on these data, or to develop a driteprder specific classifier. That said, there are robust
methods to identify echolocation clickem Pacific whitesided dolphins and Risso’s dolphins. Dolphin
schools in central and northern California are frequently encounteredén thispersed mixed species
groups, and here we do not distinguish mixed species from sipgtées groups.

Risso’s dolphins were detected in all regions except Oregon and hadhbethprobability of detection
during the upwelling season in Humboldt. The dominant click type detected wdethgit Pacifit

type identified by Soldevilla (2017Pacific whitesided dolphins were detected in all regions, with higher
detection probabilities in the pagpwelling season for Humboldt and San Francisco, and during the
upwelling season in Morro Bay. The dominant click type for Pacific whitegsdolins was' TypeA”,
though “Type B” click types were detected northward of the range identifi§dldevilla (201Q)There
were relatively few detections 8nidentified odontocetésiuring the postipwelling season in Oregon
and Morro Bay.

The California Current is home to four different species that pradBe#~ echolocation clicks: harbor
porpoise, Dall’s porpoise, pygmy sperm whales, and dwarf sperm whalesteDbsm@imilarities in their
echolocation clicks, these species inhabit different habitats and iff@verd behaviors and life histories.
Student work to develop a NBHF classifier for this stusbef\ppendix E Acoustics Classification of
NBHF Speciegwill be further developed in the near future and applied to these data to expand our
understanding of the distribution of these species in the California Cusremtlaas the regional WEAs.

Blue whaleswere detected in all regions except Oregon, and the probability of deteciingthles was
higher during the post-upwelling season. Blue whale acoustic detections wenai#a by the A/B song
call types produced by males. Foraging associ@&dalls were primarily detected during the post-
upwelling season, and at much lower detection probabilities than A/B cadl. BBfue whale calls,
especially théB” call type, can be detected at great ranges and the range of patentid source
locations can be large. Preliminary methods to localize low frequency soundstaneal drifting
recorders shows promisseeAppendix H Modeling Habitat Use), and adoption of these methods may
improve our understanding of the habitat use of these species ir#tergrea.

Fin whaleswere detected throughout the study area at different times of yearh&lie 20 Hz pulses had
a higher detection probability during the post-upwelling season for all regierswé did not
differentiate between irregular and stereotyped patterns ldz2flls. The 40 Hz call associated with
foraging were detected off Oregon and during the post-upwelling season off MorrdlBese data were
used to improve and test a fin whale classifier with excellent reseié\ppendix G Deep Learning to
Detect Fin Whalgs and future adoption of these methods may allow for an improved approach of
classifying variability in fin whale call patterns.

Humpback whaleswere detected during most deployments, though detection off Oregon waglselat

low. The probability of detecting humpbacks was higher for the upwelling séaddorro Bay, while

the probability of deterig humpbacks was lower during the upwelling season for both San Francisco and
Humboldt. While there were few detections of humpback whales during ¢héula¢/early July surveys

off Morro Bay, these animals were frequently sighted nearshore, hightjgh¢ variability of their

distribution within these greater regions.

Humpback whales are notoriously difficult PAM subjects due to their véiyeamcal behavior (in
guantity and variability). Many recordings can be dominated by humpback song, and thisagdregtire
result of a single individual. There is significant@arch on many of the n@ong vocalizations, but
detection and classification of these sounds require expertise and maassiilceltion. There are
significant numbers of annotated datasets, and development of a nlaahmiieg method to detect and
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classify these sounds would allow researchers to better understand himtettiteon of humpback sounds
can inform the demographic composition and habitat use of these species thrthg@alifornia
Current.

Bryde’s whalesoccur in the tropical and stttopical Pacific Ocean, with occasional incursions into the
Southern California Bight. We did not detect sounds associated with Brydessvitnéhis analysis, but
we do expect these species may become more common with global ocean warming.

Little is known of the vocal repertoire séi whales and our research only found one potential sei whale
acoustic detection. Future research should take advantage of opportunitiesrstaunadthe vocal
repertoire of sei whales in the North Pacific Ocean.

Most gray whalesuse more shallow, coastal waters for their migration between d¢eeiing grounds in
the north and their winter breeding grounds in Baja California. Gray whatesdetected off Oregon,
where there is a resident population, and during theygmgellingseason in the San Francisco and
Morro Bay areas. There is a significant overlap in spectral contentrfgoliack and gray whale calls and
care should be taken when inferring gray whale presence from data with conbumgback whale
preence.

There were no detections winke whale “boings” during our Adrift study, and only a few during the
combined PASCAL/CCES surveys. There was one visual sighting of a mivéte im coastal waters
near Morro Bay harbor in November 2023; however, there were no recordings durintsloomreodrifts
during this same survey. The lack of detections could be related to low $gammration densities or
that calling animals use coastal waters.

In addition to detecting marine mammal species, we manually destipettacks in these data (existing
ship noise detectors were not reliable on our data). The percent ofingduodrs with vessel presence
varied across region, season, and time of day, and vessel presence was gaterally @regon and
Humboldt than in San Francisco or Morro Bay. Vessel presence in Humbdied $lom nighttime
during the upwelling season to daytime during the ppstelling season (summer), with winter
variability likely relating to low effort. Morro Bay region experienced the lowesiwarmof vessel traffic,
with extremely low levels of vessel traffis 20%) detected in the pogpwelling season. The relatively
low detection of ships off San Francisco may be related to masking of imaligldip passages due to the
overall higher sound levels in this region. Development of a standardizeelppoadetecting vessels
that works across platforms and compensates for elevated ambient noisdidhevessel tracis
warranted.

These biological and anthropogenic sounds contribute to the overall soundscape,samdmesd of
sound levels allows us to examine variation in the soundscape ovestioralscape metricaligned
with previously analyzed SanctSound data for consistencywdy identifiedpreferred methods
recommend reporting sound levels in hybrid millideclbaeds. Our soundscape data will be publicly
accessible to allow for this conversion. Our results show variabilityundslevels over time and space,
with general noise levels ranging from 50 dB re 1uPa to nearly 150 dB re 1 pPa (highds density
of sound in the 75 — 100 dange).

The marine soundscape includes sounds associated with physical drivers (rasn eadhiguakes),
biological sources (sounds produced by marine mammals, fish, and invegglasisell as
anthropogenic sounds. In this study we examined sounds attribiaetumber of marine mammal
species as well as ship noise. We also developed automated methodsdteititege data to better
understand these various contributors to the soundscape, and how they change ovdrlgmes Wéad
limited time to conducadvanced analyses, our research efforts took a significant step forvthed so
future researchers can more readily integrate these methods ineméilgges. These methods will be
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adopted and expanded by NOAA PAM researchers at a national scale as part of a nevafeghd str
initiative.

All data have been publicly archived to NEEdnd detection data archived to PAEM

9.2 Recommendations

We believe that drifting recorders provide high quality data to addressncessearch questions, and that
they complement additional PAM studies using traditional methods. Here wegmgolist of
recommendations that may serve to guide future rese#orts.

9.2.1 Data Collection Recommendations

x Clustered deploymentsprovide improved spatial and temporal data to understand variability in
contributors to the soundscape and should be considered for surveys.

X Conduct regional pilot studiesto determine regiogpecific environmental conditions and to
identify local partners prior to initiating full scale surveys, as driftingneers are not
appropriate for all geographic regions.

x Collaborative field surveysshould be considered in all regions (including Humboldt) to share
vessel resources, improve scientific collaborations, and prowpidortunities for scientists to
share and learn from other community members.

x Alternative buoy designsto reduce strumming should be considered; design developed by
Pacific Islands Fisheries Science Center may reduce strumming and assolfiateideseNew
sub-surface drifting recorders (in development and testing) may be @ratite approach that
reduces risk of ship strike or data loss due to self-noise.

x Seafloor recorders arethe preferred platform for depths < 300 m. depth. Drifting recorders
are suitable for monitoring offshore, deep water habitats.

9.2.2 Data Analysis and Archive Recommendations

X Expand beaked whale density estimation methods include (1) further development of an
automated approach to acoustic event delineation to improve standandi#ahethods and
reduce manual workload, and (2) expansion of this analysis to species beyontegiesk-
whales.

x Expand analytical methods to localize sound sources from clustered reders based on pilot
study (Appendix HModeling Habitat Use) to apply these data to population assessmaniréf f
work with clustered buoys will be adopted.

x Expand methods to assess the spatial and temporal variability in sounggpe from clustered
recorders based on preliminary methods outlined in (Append&gatial Variation in Noigef
future work with clustered buoys will be adopted.

x Develop a comprehensive machine learning acoustic classifier for dolphimsCalifornia
Current using existing archived datasets, including these data.

x Develop an opersource platform to share bioacoustics annotation® make annotations of
publicly available datasets available for developing deep learnisgifttas.

x Encourage Open Science methodsicluding the development of analytical methods using
open-source software, open sharing of data and metadata in accessible emigpand public
sharing of research methods to accommodate reproduction of methods.

44 hitps://www.ncei.noaa.gov/maps/passasdustiedata/
45 https://lappsefsc.fisheries.noaa.gov/pacm
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x Develop machine learning methods for humpback whale calléncluding differentiation of
specific social sounds and song. Detection of humpback whales was dominated bgdkumpb
whale song; however, detection of specific social calls may be marepaigpe for identifying
larger aggregations of humpback whales.

x Exclude gray whale analysis from offshore dataollection efforts if these efforts are outside
their primary migration routes.

X Assess demographic composition of sperm whales in California Guent from new and
archived datasets by applying methods outlined in (Append8perm Whales Demographic
Composition.

x Estimate beaked whale density for the Adrift datasetdata were prepared but we were unable
to complete this analysis due to delays caused by the CQ¥iandemic.

X Encourageresearch on sei whale vocal repertoire in the Pacific Ocedn allow for PAM
description of this littleknown species.

x Examine the ceoccurrence of beaked whales with echolocating dolphired how this may
impact studies based on single sensors.

x Examine geographic variation in acoustic characteristics of Pacific mite-sided and Rissts
dolphins to better understand the geographic variation in these two species anilpotent
underlying environmental variables.

X Reanalyze Adrift sound levelsn hybrid millidecade bands to conform to recently developed
standards.

x Develop vessel noise detectotisat provide standardized output for different platforms for a
systematic approach to quantifying the contribution of ship noise to the sousndscap
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Appendix A: Adrift Expanded Datasets

Complete list of drifting acoustic recorder deploymdfiitsbleA.1) during the Adrift in the California Current Survey. Sites includegdon
(ORE), Humboldt (HUM), San Francisco Bay (SFB), Half Moon Bay (HMB), Mayt&ay (MBY) and Morro Bay (MOB)SeeFigure3.1for
more information on regions.

Table A.1. Summary of Adrift deployments.

Drift ID Site Status Dggltgy D?ﬂ?y DI?(? r:gy R?Dcac&\éer Relc_:g;/er Rigcr)]\éer Recorder (kSHR;) Duty Cycle D?n;%h Dat;ta?;art Daltaztind
Adrift_001 HUM | Complete 8/22/2021 41.07 i124.35 9/4/2021 41.2 i124.35 | ST4300HF 384 | 6 min per 12 100 | 8/22/2021 | 8/29/2021
Adrift_002 HMB | Complete 6/9/2021 37.38 i122.39 | 6/29/2021 36.98 i124.25 | ST4300HF 384 | 6 min per6 100 6/9/2021 | 6/16/2021
Adrift_003 SFB Complete 72512021 37.97 i123.50 8/3/2021 38.03 i123.48 | ST4300HF 384 | 6 min per 12 100 | 7/25/2021 8/3/2021
Adrift_004 HUM | Failed 7/31/2021 41.84 i125.09 - - — | ST4300HF 384 | 6 min per 12 100 - -
Adrift_005 SFB Complete 6/10/2021 37.64 i123.32 | 6/24/2021 37.36 i123.40 | ST4300HF 384 | 6 min per 12 100 | 6/10/2021 | 6/22/2021
Adrift_006 SFB Complete 712512021 38.13 i123.54 | 7/28/2021 38.12 i123.32 | ST4300HF 384 | 6 min per 12 100 | 7/25/2021 | 7/28/2021
Adrift_007 SFB Complete 6/10/2021 37.84 i123.42 | 6/24/2021 37.7 i123.36 | ST4300HF 384 | 6 min per 12 100 | 6/10/2021 | 6/24/2021
Adrift_008 HMB | Failed 6/9/2021 37.14 i122.96 - - — | ST4300HF 384 | 6 min per 12 100 - -
Adrift_009 HUM | Failed 9/8/2021 41.03 i124.30 - - — | ST4300HF 384 | 6 min per 12 100 - -
Adrift_010 SFB Failed 9/25/2021 37.8 i123.39 | 10/14/2021 35.94 i123.40 | ST4300HF 384 | 6 min per 12 50 - -
Adrift_011 SFB Failed 9/25/2021 37.64 i123.13 | 10/15/2021 36.66 i123.52 | ST4300HF 384 | 6 min per 12 50 - -
Adrift_012 HUM | Complete 1/18/2022 41.03 i124.43 | 1/23/2022 40.87 i124.86 | ST4300HF 384 | Continuous 100 | 1/18/2022 | 1/21/2022
Adrift_013 MOB | Complete 4/23/2022 36.05 i122.03 5/5/2022 35 i122.27 | ST640 384 | Continuous 100 | 4/23/2022 5/4/2022
Adrift_014 MOB | Failed 4/22/2022 36.06 i122.01 - - — | ST640 384 | Continuous 100 - -
Adrift_015 SFB Complete 6/18/2022 37.96 i123.50 | 6/21/2022 37.68 i123.35 | ST640 384 | Continuous 100 | 6/18/2022 | 6/21/2022
Adrift_016 SFB Unusable 6/16/2022 37.8 i123.38 | 6/21/2022 37.37 i123.27 | ST640 288 | Continuous 100 - -
Adrift_017 HUM | Complete 4/25/2022 41.06 i124.48 | 4/28/2022 40.7 i124.53 | ST4300HF 384 | Continuous 100 | 4/25/2022 | 4/28/2022
Adrift_018 HUM | Complete 4/25/2022 41.05 i124.55 | 4/28/2022 40.58 i124.87 | ST4300HF 384 | Continuous 100 | 4/25/2022 | 4/28/2022
Adrift_019 MBY | Complete 6/21/2022 35.8 i122.19 | 6/25/2022 35.98 i122.05 | ST640 384 | Continuous 100 | 6/21/2022 | 6/25/2022
Adrift_020 MBY | Complete 6/21/2022 35.8 i122.09 | 6/25/2022 35.61 121.92 | ST640 384 | Continuous 100 | 6/21/2022 | 6/25/2022
Adrift_021 MBY | Complete 6/21/2022 35.8 i121.98 | 6/25/2022 35.62 i121.82 | ST640 384 | Continuous 100 | 6/21/2022 | 6/25/2022
Adrift_022 MBY | Complete 6/21/2022 35.8 i121.88 | 6/25/2022 35.5 i122.02 | ST640 384 | Continuous 100 | 6/21/2022 | 6/25/2022
Adrift_023 MBY | Complete 6/21/2022 35.71 i122.19 | 6/25/2022 35.84 i121.88 | ST640 384 | Continuous 100 | 6/21/2022 | 6/25/2022
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Adrift_024 MBY | Complete 6/21/2022 35.72 i122.09 | 6/25/2022 35.72 i122.11 | ST640 384 | Continuous 100 | 6/21/2022 | 6/25/2022
Adrift_025 MBY | Complete 6/21/2022 35.72 i121.98 | 6/25/2022 35.54 i122.03 | ST640 384 | Continuous 100 | 6/21/2022 | 6/25/2022
Adrift_026 MBY | Complete 6/21/2022 35.72 i121.88 | 6/25/2022 35.75 i122.01 | ST640 384 | Continuous 100 | 6/21/2022 | 6/25/2022
Adrift_027 SFB Complete 712612022 37.9 i123.44 | 7/30/2022 37.68 i123.78 | ST640 384 | Continuous 100 | 7/26/2022 | 7/30/2022
Adrift_028 SFB Complete 712612022 37.89 i123.38 | 7/30/2022 37.72 i123.80 | ST640 384 | Continuous 100 | 7/26/2022 | 7/30/2022
Adrift_029 HUM | Failed 7/28/2022 41.13 i124.44 8/1/2022 40.95 i124.32 | ST4300HF 384 | Continuous 100 - -
Adrift_030 HUM | Complete 7/28/2022 41.13 i124.54 8/1/2022 41.05 i125.03 | ST4300HF 384 | Continuous 100 | 7/28/2022 8/1/2022
Adrift_031 HUM | Complete 7/28/2022 41.13 i124.64 8/1/2022 41.08 i125.02 | ST4300HF 384 | Continuous 100 | 7/28/2022 8/1/2022
Adrift_032 HUM | Complete 9/13/2022 41.05 i124.53 | 9/15/2022 41.35 i124.54 | ST4300HF 384 | Continuous 100 | 9/13/2022 | 9/15/2022
Adrift_033 HUM | Complete 9/13/2022 41.05 i124.43 | 9/15/2022 41.46 i124.45 | ST4300HF 384 | Continuous 100 | 9/13/2022 | 9/15/2022
Adrift_034 SFB Complete 9/27/2022 38.05 i123.56 | 10/1/2022 38.33 i123.45 | ST640 384 | Continuous 100 | 9/27/2022 | 10/1/2022
Adrift_035 SFB Unusable 9/26/2022 38.13 i123.53 | 10/1/2022 38.05 i123.41 | ST640 384 | Continuous 100 - -
Adrift_036 HUM | Complete 11/16/2022 41.05 i124.43 | 11/21/2022 40.93 i124.34 | ST4300HF 384 | Continuous 100 | 11/16/2022 | 11/20/2022
Adrift_037 HUM | Complete 11/16/2022 41.05 i124.51 | 11/21/2022 41.01 i124.41 | ST4300STD 288 | Continuous 100 | 11/16/2022 | 11/21/2022
Adrift_038 HUM | Complete 11/16/2022 41.05 i124.58 | 11/21/2022 40.99 i124.41 | ST4300HF 384 | Continuous 100 | 11/16/2022 | 11/20/2022
Adrift_039 HUM | Complete 12/13/2022 40.81 i124.47 | 12/16/2022 40.7 i124.55 | ST4300HF 384 | Continuous 100 | 12/13/2022 | 12/16/2022
Adrift_040 HUM | Complete 12/13/2022 40.81 i124.54 | 12/16/2022 40.82 i124.74 | ST4300STD 288 | Continuous 100 | 12/13/2022 | 12/16/2022
Adrift_041 HUM | Complete 12/13/2022 40.81 i124.61 | 12/16/2022 41.04 i124.43 | ST4300HF 384 | Continuous 100 | 12/13/2022 | 12/16/2022
Adrift_042 ORE | Complete 3/16/2023 44.6 i124.75 | 3/21/2023 44.6 i124.70 | ST4300HF 384 | Continuous 100 | 3/16/2023 | 3/21/2023
Adrift_043 ORE | Complete 3/16/2023 44.78 i124.72 | 3/20/2023 447 i124.61 | ST4300HF 384 | Continuous 100 | 3/16/2023 | 3/20/2023
Adrift_044 ORE | Complete 3/16/2023 44,54 i124.66 | 3/21/2023 44.55 i124.51 | ST4300HF 384 | Continuous 100 | 3/16/2023 | 3/20/2023

Adrift_045 ORE | Complete 3/16/2023 44.62 i124.62 | 3/21/2023 44.54 i124.58 | ST4300HF 384 | Continuous 100 | 3/16/2023 | 3/20/2023
Adrift_046 MBY | Complete 3/11/2023 35.62 i121.85 | 3/16/2023 35.26 i121.61 | ST640 384 | 6 minper6 100 | 3/11/2023 | 3/16/2023
Adrift_047 MBY | Complete 3/11/2023 35.63 i121.98 | 3/16/2023 35.26 i121.69 | ST640 384 | 6 min per6 100 | 3/11/2023 | 3/16/2023
Adrift_048 MBY | Complete 3/11/2023 35.63 i122.08 | 3/18/2023 35.35 i120.94 | ST640 384 | 6 min per6 100 | 3/11/2023 | 3/18/2023
Adrift_049 MBY | Complete 3/11/2023 35.63 i122.18 | 3/16/2023 35.41 i120.80 | ST640 384 | 6 min per6 100 | 3/11/2023 | 3/16/2023
Adrift_050 MBY | Complete 3/11/2023 35.54 i122.18 | 3/16/2023 35.24 121.91 | ST640 384 | 6 min per6 100 | 3/11/2023 | 3/16/2023
Adrift_051 MBY | Complete 3/11/2023 35.55 i122.08 | 3/16/2023 35.24 i121.91 | ST640 384 | 6 minper6 100 | 3/11/2023 | 3/16/2023
Adrift_052 MBY | Complete 3/11/2023 35.55 121.98 | 3/17/2023 35.09 i121.74 | ST640 384 | 6 minper6 100 | 3/11/2023 | 3/16/2023
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Adrift_053 MBY | Complete 3/11/2023 35.54 i121.87 | 3/17/2023 34.96 121.70 | ST640 384 | 6 minper6 100 | 3/11/2023 | 3/16/2023
Adrift_054 HUM | Complete 3/16/2023 40.84 i124.54 | 3/18/2023 40.8 i124.53 | ST4300HF 384 | Continuous 100 | 3/16/2023 | 3/18/2023
Adrift_055 HUM | Complete 3/16/2023 40.84 i124.63 | 3/18/2023 40.88 i124.45 | ST4300STD 288 | Continuous 100 | 3/16/2023 | 3/18/2023
Adrift_056 HUM | Unusable 3/16/2023 40.84 i124.67 | 3/18/2023 40.94 124.51 | ST4300HF 384 | Continuous 100 - -
Adrift_057 HUM | Complete 3/16/2023 40.85 i124.71 | 3/18/2023 41.09 124.51 | ST4300HF 384 | Continuous 100 | 3/16/2023 | 3/18/2023
Adrift_058 ORE | Complete 4/13/2023 43.81 i124.61 | 4/16/2023 43.27 i124.67 | ST4300HF 384 | Continuous 100 | 4/13/2023 | 4/16/2023
Adrift_059 ORE | Complete 4/13/2023 43.89 i124.73 | 4/16/2023 43.69 i124.50 | ST4300HF 384 | Continuous 100 | 4/13/2023 | 4/16/2023
Adrift_060 ORE | Complete 4/13/2023 43.81 i124.74 | 4/16/2023 43.35 i124.56 | ST4300HF 384 | Continuous 100 | 4/13/2023 | 4/16/2023
Adrift_061 ORE | Complete 4/13/2023 43.88 i124.62 | 4/16/2023 43.39 i124.48 | ST4300HF 384 | Continuous 100 | 4/13/2023 | 4/16/2023
Adrift_062 ORE | Complete 4/26/2023 45.08 i124.39 | 4/29/2023 45.16 i124.59 | ST4300HF 384 | Continuous 100 | 4/26/2023 | 4/29/2023
Adrift_063 ORE | Complete 4/26/2023 45.16 i124.40 | 4/29/2023 45.38 i124.57 | ST4300HF 384 | Continuous 100 | 4/26/2023 | 4/29/2023
Adrift_064 ORE | Complete 4/26/2023 45.24 i124.40 | 4/29/2023 45.41 i124.49 | ST4300HF 384 | Continuous 100 | 4/26/2023 | 4/29/2023
Adrift_065 ORE | Complete 4/26/2023 45.32 i124.40 | 4/29/2023 45.2 i124.28 | ST4300HF 384 | Continuous 100 | 4/26/2023 | 4/29/2023
Adrift_066 SFB Unusable 5/8/2023 37.72 i123.23 | 5/13/2023 37.57 i123.54 | ST640 384 | 6 min per6 100 - -
Adrift_067 SFB Complete 5/8/2023 37.8 i123.38 | 5/12/2023 37.43 i123.47 | ST640 384 | 6 min per6 100 5/8/2023 | 5/12/2023
Adrift_068 HUM | Complete 5/7/2023 40.83 i124.54 5/9/2023 41.01 i124.57 | ST4300HF 384 | Continuous 100 5/7/2023 5/9/2023
Adrift_069 HUM | Unusable 5/7/2023 40.83 i124.59 5/9/2023 41.16 i124.42 | ST4300HF 384 | Continuous 100 - -
Adrift_070 HUM | Complete 5/7/2023 40.83 i124.64 5/9/2023 40.8 i125.03 | ST4300HF 384 | Continuous 100 5/7/12023 5/9/2023

Adrift_071 HUM | Complete 5/7/2023 40.83 i124.70 5/9/2023 40.77 i125.10 | ST4300STD 288 | Continuous 100 5/7/2023 5/9/2023
Adrift_072 ORE | Complete 5/17/2023 44,61 i124.75 | 5/26/2023 44.21 i124.82 | ST4300HF 384 | Continuous 100 | 5/17/2023 | 5/23/2023
Adrift_073 ORE | Complete 5/17/2023 44.64 i124.78 | 5/26/2023 43.58 i124.97 | ST4300HF 384 | Continuous 100 | 5/17/2023 | 5/21/2023
Adrift_074 ORE | Complete 5/17/2023 44,61 i124.81 | 5/26/2023 43.61 i125.02 | ST4300HF 384 | Continuous 100 | 5/17/2023 | 5/21/2023
Adrift_075 ORE | Complete 5/17/2023 44,58 i124.78 | 5/26/2023 44.23 i124.84 | ST4300HF 384 | Continuous 100 | 5/17/2023 | 5/21/2023
Adrift_076 ORE | Unusable 711712023 44.65 i124.65 | 7/21/2023 44.46 i124.94 | ST4300HF 384 | 6 min per6 100 - -
Adrift_077 ORE | Complete 711712023 44.75 i124.75 | 7/21/2023 44.43 i124.81 | ST4300HF 384 | 6 min per6 100 | 7/17/2023 | 7/21/2023
Adrift_078 ORE | Complete 711712023 44.74 i124.68 | 7/21/2023 44.45 i124.85 | ST4300HF 384 | 6 min per6 100 | 7/17/2023 | 7/21/2023
Adrift_079 MBY | Complete 7/11/2023 35.63 i121.64 | 7/16/2023 35.4 i121.46 | ST640 384 | 6 min per6 100 | 7/11/2023 | 7/16/2023
Adrift_080 MBY | Complete 7/11/2023 35.63 i121.75 | 7/16/2023 35.88 i121.76 | ST640 384 | 6 minper6 100 | 7/11/2023 | 7/16/2023
Adrift_081 MBY | Complete 7/11/2023 35.54 i121.75 | 7/16/2023 35.66 121.53 | ST640 384 | 6 minper6 100 | 7/11/2023 | 7/16/2023
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Adrift_082 MBY | Complete 7/11/2023 35.54 i121.63 | 7/15/2023 35.63 i121.75 | ST640 384 | 6 minper6 100 | 7/11/2023 | 7/15/2023
Adrift_083 MBY | Complete 7/11/2023 35.54 i121.48 | 7/16/2023 35.64 i121.42 | ST640 384 | 6 minper6 100 | 7/11/2023 | 7/16/2023
Adrift_084 MBY | Failed 7/11/2023 35.45 i121.58 - - — | STe40 384 | 6 min per6 100 - -
Adrift_085 ORE | Complete 8/4/2023 45.38 i124.41 | 8/12/2023 44.95 i124.45 | ST4300HF 384 | 6 min per6 100 8/4/2023 | 8/11/2023
Adrift_086 ORE | Complete 8/4/2023 45.32 i124.41 | 8/12/2023 44.84 i124.47 | ST4300HF 384 | 6 min per6 100 8/4/2023 8/8/2023
Adrift_087 ORE | Complete 8/4/2023 45.34 i124.47 | 8/12/2023 44.94 i124.54 | ST4300HF 384 | 6 minper6 100 8/4/2023 8/8/2023
Adrift_088 HUM | Complete 8/25/2023 41.83 i124.64 | 8/28/2023 41.14 i124.42 | ST4300HF 384 | 6 minper6 100 | 8/25/2023 | 8/28/2023
Adrift_089 HUM | Complete 8/25/2023 41.83 i124.69 | 8/28/2023 41.14 i124.42 | ST4300HF 384 | 6 minper6 100 | 8/25/2023 | 8/26/2023
Adrift_090 HUM | Complete 8/25/2023 41.83 i124.54 | 8/28/2023 40.93 i124.43 | ST4300HF 384 | 6 minper6 100 | 8/25/2023 | 8/26/2023
Adrift_091 HUM | Complete 8/25/2023 41.83 i124.59 | 8/28/2023 40.77 i124.53 | ST4300STD 288 | 6 min per 6 100 | 8/25/2023 | 8/28/2023
Adrift_092 SFB Complete 9/17/2023 37.72 i123.23 | 9/22/2023 37.71 i123.67 | ST640 384 | 6 minper6 100 | 9/17/2023 | 9/22/2023
Adrift_097 HUM | Complete 10/5/2023 40.83 i124.55 | 10/6/2023 40.93 i124.89 | ST4300HF 384 | 6 min per6 100 | 10/5/2023 | 10/6/2023
Adrift_098 HUM | Complete 10/5/2023 40.84 i124.60 | 10/6/2023 40.96 i124.94 | ST4300HF 384 | 6 min per6 100 | 10/5/2023 | 10/6/2023
Adrift_099 HUM | Complete 10/5/2023 40.84 i124.65 | 10/6/2023 40.97 i124.99 | ST4300HF 384 | 6 min per6 100 | 10/5/2023 | 10/6/2023
Adrift_100 HUM | Complete 10/5/2023 40.84 i124.70 | 10/7/2023 40.98 i125.03 | ST4300STD 288 | 6 min per 6 100 | 10/5/2023 | 10/7/2023

Adrift_101 MBY | Complete 11/6/2023 35.63 i121.64 | 11/10/2023 35.37 121.71 | ST640 384 | 6 min per6 100 | 11/6/2023 | 11/10/2023
Adrift_102 MBY | Complete 11/6/2023 35.63 i121.75 | 11/10/2023 35.81 i121.02 | ST640 384 | 6 min per6 100 | 11/6/2023 | 11/10/2023
Adrift_103 MBY | Complete 11/6/2023 35.63 i121.87 | 11/10/2023 35.81 i121.06 | ST640 384 | 6 minper6 100 | 11/6/2023 | 11/10/2023
Adrift_104 MBY | Complete 11/6/2023 35.63 i121.95 | 11/10/2023 35.54 i122.01 | ST640 384 | 6 minper6 100 | 11/6/2023 | 11/10/2023
Adrift_105 MBY | Complete 11/6/2023 35.54 i121.95 | 11/10/2023 35.56 i121.85 | ST640 384 | 6 minper6 100 | 11/6/2023 | 11/10/2023
Adrift_106 MBY | Complete 11/6/2023 35.54 i121.85 | 11/10/2023 35.54 i121.92 | ST640 384 | 6 min per ca 100 | 11/6/2023 | 11/10/2023
Adrift_107 MBY | Complete 11/6/2023 35.54 i121.75 | 11/10/2023 35.73 i122.03 | ST640 384 | 6 minper6 100 | 11/6/2023 | 11/10/2023
Adrift_108 MBY | Complete 11/6/2023 35.54 i121.63 | 11/10/2023 35.65 i121.93 | ST640 384 | 6 minper6 100 | 11/6/2023 | 11/10/2023
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Appendix B: PASCAL Expanded Datasets

PASCAL was a dedicated cetacean acoustic survey in the California Currénat OffS. West Coast in
August and September 2016. Background information on this survey as well asnamgliamalysis are
provided inKeating et al(2018) A map of drift tracks is provided fFigureB-1.

Figure B.1. Plot of all successful drifts deployed during the PASCAL Survey.
Drifts are shown as black/white lines; WEAs are outlined in purple, and shipping lanes for entry to San Francisco Bay
and in Southern California Bight are outlined in yellow

Data were analyzed following methods consistent with the Adriftateadysis, with slight modifications
to address duty cycled data. TheaRr SpectralDensity plots (PSD) can be found onlifie

Each of the major odontocete groups were detected during the PASCAL studg @@jur

48 https://github.com/SAEISWFSC/Adrift/blob/main/figs/PASCAL _PSD_SeasonRegion.png
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Figure B.2. Hourly presence of sperm whales, beaked whales, dolphins, and NBHF during the

PASCAL 2016 survey.

Hourly presence (x axis) of sperm whales (top left), beaked whales (top right), dolphins (lower left), and NBHF (lower
right) for months (y axis) and seasons (color bands) during the PASCAL 2016 survey. Black lines represent total
available hours (effort) and bottom graph shows total effort for survey. Blue shading represents winter, green
represents upwelling, and yellow represents the post-upwelling oceanographic season.

Blue whale detections were dominated by song, as the low hourly pregdncalls indicates that A/B
(song) calls dominated the blue whale detectiéigufeB.3). Likewise, detection of fin whales was
dominated by 20 Hz calls (Figure B.3here were noalls associated with Bryteor Gray whales.
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Figure B.3. Hourly presence of blue whales (all calls), blue whale D calls, fin whale 20 Hz, and f in
whale 40 Hz during the PASCAL 2016 survey.

Hourly presence (x axis) of blue whales (all calls, top left), (b) blue whale D calls (top right), fin whale 20 Hz (lower
left), and fin whale 40 Hz (lower right) for months (y axis) and seasons (color bands) during the PASCAL 2016
survey. Black lines represent total available hours (effort) and bottom graph shows total effort for survey. Blue
shading represents winter, green represents upwelling, and yellow represents the post-upwelling oceanographic
season.

There were few hourly detections of humpback whales (hourly presence plbts fcamd in ouGitHub
Repository:” Most ofthe PASCAL deployments were further offshore than the Adrift deplogspand
this offshore distribution may be the reason for doshdetection rates.

There were a few calls associated with sei and minke whidiese is little known about the vocal

repertoire of sei whales in the Pacific Ocean, although a single encaithtéour loud low-frequency
downsweeps were detected and considerépassible” seiwhale vocalizations (see spectrogram in

GitHub Repository*® Minke whaleboings are seasonal vocalizations and more frequently detected during
the winter.

A complete list of successful driftirmcoustic recordedeployments during theRASCAL survey are
provided inTableB.1 . Sites include Washington (WAS), Columbia River (COL), Oregon (ORE),
Humboldt (HUM), Mendocino (MND), Point Arena (PTA), Monterey Bay (MBMorro Bay (MOB),

47 https://github.com/SAEISWFSC/Adrift/blob/main/figs/PASCAL _humpbackSongSocial_HourlyPresenge.p
48 https://github.com/SAEISWFSC/Adrift/blob/main/figs/PossSei_Pascal010.png
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Channel Islands (CHI), Sdviego (SND), and Baja California Norte (BCN).eS&égure 3.1for more
information on regions.
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Table B.1. Summary of PASCAL deployments.

HP

Data

Drift ID Site Status D;gltzy Diﬂ?y Dfopr:;y R%C;\éer Refg;/er Rﬁg?]\éer Recorder (kSHRz) (I:D;ctI)(Je Depth Start Daéaati e
(m) Date

PASCAL_001 | ORE | Complete 8/19/2016 4435 | i125.31 | 8/31/2016 43.29 i126.29 | ST4300 288 | 2 min per 10 100 | 8/20/2016 | 8/31/2016
PASCAL_002 | HUM | Complete 8/21/2016 41.49 | i125.36 9/1/2016 41.9 i125.32 | ST4300 288 | 2 min per 10 100 | 8/20/2016 9/1/2016
PASCAL_003 | MND | Complete 8/21/2016 38.57 {124.36 9/2/2016 38.08 {124.03 | ST4300 288 | 2 min per 10 100 | 8/21/2016 9/2/2016
PASCAL_004 | MBY Complete 8/22/2016 36.35 {122.95 9/3/2016 36.05 {122.68 | ST4300 288 | 2 min per 10 100 | 8/22/2016 9/3/2016
PASCAL_005 | CHI Complete 8/22/2016 34.21 121.43 9/4/2016 33.99 {121.72 | ST4300 288 | 2 min per 10 100 | 8/22/2016 9/4/2016
PASCAL_006 | BCN Complete 8/24/2016 32.19 {119.91 9/12/2016 32.61 {119.50 | ST4300 288 | 2 min per2 100 | 8/24/2016 8/30/2016
PASCAL_007 | BCN Complete 8/25/2016 31.37 {123.71 9/13/2016 30.24 {122.39 | SM3M 256 | Continuous 100 | 8/25/2016 9/13/2016
PASCAL_008 | CHI Complete 8/26/2016 33.76 {125.92 9/14/2016 33.95 {125.39 | SM2Bat 192 | 2 min per 4 100 | 8/26/2016 9/14/2016
PASCAL_009 | MBY | Complete 8/27/2016 36.54 | i127.57 | 9/15/2016 36.99 i128.64 | ST300 48 | 2 min per 2 100 | 8/27/2016 | 9/15/2016
PASCAL_009 | MBY | Complete 8/27/2016 36.54 | i127.57 | 9/15/2016 36.99 i128.64 | ST4300 288 | 2 min per 10 100 | 8/27/2016 | 9/15/2016
PASCAL_010 | MND | Complete 8/27/2016 39.25 | i129.19 | 9/16/2016 39.18 i129.76 | SM3M 256 | Continuous 100 | 8/27/2016 | 9/17/2016
PASCAL_011 | ORE | Complete 8/28/2016 4224 | i129.85 | 9/17/2016 42.79 i129.87 | SM2Bat 192 | 2 min per 4 100 | 8/28/2016 | 9/17/2016
PASCAL_012 | COL | Complete 8/29/2016 45.26 | i129.78 | 9/17/2016 45.37 i129.07 | ST4300 288 | 2 min per 10 100 | 8/29/2016 | 9/17/2016
PASCAL_013 | COL | Complete 8/29/2016 46.23 | i127.61 | 9/18/2016 46.33 i128.11 | SM3M 256 | 2 minper2 100 | 8/29/2016 | 9/15/2016
PASCAL_014 | WAS | Unusable 8/30/2016 47.11 {125.61 9/18/2016 47.11 {125.38 | SM2Bat 192 | 2 min per 4 100 | 8/30/2016 9/18/2016
PASCAL_015 | ORE Complete 8/31/2016 43.68 127.74 9/16/2016 41.64 {129.28 | ST4300 288 | 2 min per2 100 | 8/31/2016 9/5/2016
PASCAL_016 | HUM | Complete 9/1/2016 40.81 {127.54 9/20/2016 39.43 {127.61 | ST4300 288 | 2 min per 10 100 9/1/2016 9/21/2016
PASCAL_017 | PTA Complete 9/2/2016 38.52 126.64 9/21/2016 36.51 {124.62 | SM3M 256 | Continuous 100 9/2/2016 9/21/2016
PASCAL_018 | MBY Complete 9/3/2016 35.84 124.92 9/22/2016 34.38 {124.52 | SM2Bat 192 | 2 min per 4 100 9/3/2016 9/22/2016
PASCAL_019 | CHI Complete 9/4/2016 33.22 {123.16 9/23/2016 31.83 {122.06 | ST4300 288 | 2 min per 10 100 9/4/2016 9/23/2016
PASCAL_020 | CHI Complete 9/6/2016 33.14 | i118.99 | 9/29/2016 33.73 i120.95 | ST4300 288 | 2 min per 10 100 9/7/2016 | 9/29/2016
PASCAL_021 | MOB | Complete 9/4/2016 35.29 | i122.24 | 9/25/2016 36 i122.56 | ST4300 288 | 2 min per 10 100 9/3/2016 | 9/25/2016
PASCAL_022 | SND | Complete 9/5/2016 33.06 | i120.99 | 9/28/2016 34.24 i120.95 | ST4300 288 | 2 min per 10 100 9/5/2016 | 9/28/2016
PASCAL_023 | SND | Complete 9/24/2016 33 | i121.00 | 9/28/2016 33.11 i120.92 | ST4300 288 | 2minper2 100 | 9/24/2016 | 9/28/2016
PASCAL_024 | SND | Complete 9/24/2016 33.08 | i120.98 | 9/28/2016 33.14 i120.81 | ST300 288 | 2minper2 100 | 9/24/2016 | 9/28/2016
PASCAL_024 | SND | Complete 9/24/2016 33.08 | i120.98 | 9/28/2016 33.14 i120.81 | ST4300 288 | 2minper2 100 | 9/24/2016 | 9/28/2016
PASCAL_025 | SND Complete 9/24/2016 33.14 {121.06 9/28/2016 33.18 {120.75 | ST4300 288 | 2 min per2 100 | 9/24/2016 9/28/2016
PASCAL_026 | CHI Complete 9/24/2016 34.35 {121.08 9/26/2016 34.09 {120.84 | ST300 288 | 2 min per2 250 | 9/24/2016 9/26/2016
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oitD | ste | swaws | DSy | Deploy | Deploy | Recower | Recover | Recover | oy | SR | DWY | pegy | san | DaaEnd
(m) Date

PASCAL_026 | CHI Complete 9/24/2016 34.35 i121.08 9/26/2016 34.09 i120.84 | ST4300 288 | 2 min per 2 100 9/24/2016 9/26/2016
PASCAL_027 | CHI Complete 9/24/2016 34.06 i121.05 9/26/2016 34.1 i120.86 | ST4300 288 | 2 min per 2 100 9/24/2016 9/26/2016
PASCAL_028 | CHI Complete 9/24/2016 33.97 1120.99 9/29/2016 33.86 i121.26 | ST4300 288 | 2 min per 2 100 9/24/2016 9/29/2016
PASCAL_029 | CHI Complete 9/26/2016 34.05 i121.05 9/28/2016 33.97 i120.87 | ST4300 288 | 2 min per 2 100 9/26/2016 9/28/2016
PASCAL_029 | CHI Complete 9/26/2016 34.05 i121.05 9/28/2016 33.97 i120.87 | ST300 288 | 2 min per 2 250 9/26/2016 9/28/2016
PASCAL_030 | CHI Complete 9/26/2016 34.04 {121.08 9/28/2016 34.02 {120.86 | ST4300 288 | 2 min per2 100 | 9/26/2016 9/28/2016
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Appendix C: CCES Expanded Datasets

CCES was a multidisciplinary survey of the marine ecosystem from th@ad&da border south to
Northern Baja California, Mexico. Background information on this survey as wetkésinary analysis
of beaked whale, sperm whale, and narrow band high frequency species are proBdadriis(2020).
A map of tracklines is provided in Figure C.1.

Figure C.1. Plot of all successful drifts deployed during the CCES Survey.
Drifts are shown as black/white lines; WEAs are outlined in purple, and shipping lanes for entry to San Francisco Bay
are outlined in yellow.

Data were analyzed following methods consistent with the Adriftateadysis, with slight modifications
to address duty cycled data. TP@awer SpectralDensity plots (PSD) can be found onlilie

Each of the major odontocete groups were detected during the CCESFtunlgC.2).

49 https://github.com/SAEISWFSC/Adrift/blob/main/figs/CCES _PSD_SeasonRegion.png

62



Figure C.2. Hourly presence of sperm whales, beaked whales, dolphins, and narrow band high
frequency species during the CCES 2018 survey.

Hourly presence (y axis) of sperm whales (top left), beaked whales (top right), dolphins (lower left), and narrow band
high frequency species (lower right) for months (x axis) and seasons (color bands) during the CCES 2018 survey.
Black lines represent total available hours (effort) and bottom graph shows total effort for survey. Blue shading
represents winter, green represents upwelling, and yellow represents the post-upwelling oceanographic season.

Blue whale detections were dominated by song, as the low hourly presence Isfibdozdtes that A/B
(song) calls dominated the blue whale detect{&igureC.3). There were a few minke whale detections
in thelater months of the survey. Detection of fin whales was dominated by 20 Hfogliee C.3).

There were no Fin whale 40 Hz calls, or calls associated with Brys##, or gray whales.
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Figure C.3. Hourly presence of blue whales (all calls), blue whale D calls, fin whale 20 Hz, and

minke whale calls during the CCES 2018 survey.

Hourly presence (y axis) of blue whales (all calls, top left), blue whale D calls (top right), fin whale 20 Hz (lower left),
and minke whale calls (lower right) for months (x axis) and seasons (color bands) during the CCES 2018 survey.
Black lines represent total available hours (effort) and bottom graph shows total effort for survey. Blue shading
represents winter, green represents upwelling, and yellow represents the post-upwelling oceanographic season.

There were few hourly detections of humpback whales (hourly presence plbts fcamd in ouGitHub
Repository’® Most of the CCES deployments were further offshore than the Adrift deplatg, and this
offshore distribution may be the reason for such low detection rates.

A complete list of successful drifting recorder deploymelotsng the CCES survey are provided in
TableC.1.Sites include Humboldt (HUM), Point Arena (PTA), Morro Bay (MOBhannel Islands
(CHI), and Baja California Norte (BCNgeeFigure3.1for more information on regions.

50 https://github.com/SAEISWFSC/Adrift/blob/main/figs/CCES _humpbackSongSocial _HourlyPresence.png
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Table C.1. Summary of CCES Deployments.

HP

Drift ID Site Status Dggltgy D(T_F;I?y Dfopr:;y R%’;\éer ReE(;;/er Rﬁg?]\éer Recorder (kSHF;) Duty Cycle Dzenr:;h Dag\a?;art Daltjzztli e
CCES_004 HUM | Complete 7/25/2018 45.08 {128.21 | 10/13/2018 41.76 {127.15 | SM3M 256 | 2 min per 20 100 | 7/30/2018 | 10/12/2018
CCES_007 HUM | Complete 8/5/2018 41.26 {125.02 | 10/22/2018 42.04 {124.48 | ST4300HF 288 | 2 min per 20 150 8/5/2018 | 9/22/2018
CCES_008 HUM | Complete 8/16/2018 38.95 i126.64 | 10/10/2018 34.38 i128.32 | ST4300HF 288 | 2 min per 20 150 | 8/16/2018 | 10/1/2018
CCES_010 PTA | Complete 8/22/2018 36.76 i125.06 | 10/22/2018 35.97 i122.94 | ST4300HF 576 | 2 min per 20 150 | 8/22/2018 | 10/21/2018
CCES_012 MOB | Complete 8/30/2018 34.83 i123.81 | 10/6/2018 34.03 i124.39 | ST4300HF 288 | 2 min per 20 150 | 8/30/2018 | 10/6/2018
CCES_013 CHI Complete 9/11/2018 33.9 i120.91 | 10/23/2018 31.44 i119.78 | ST4300HF 288 | 2 min per 20 150 | 9/11/2018 | 10/23/2018
CCES_014 BCN | Complete 10/5/2018 32.27 i118.26 | 11/1/2018 31.95 {119.25 | ST4300HF 576 | 2 min per 20 150 | 10/5/2018 | 11/1/2018
CCES_016 BCN | Complete 10/30/2018 31.35 i117.42 | 11/21/2018 32.13 i118.03 | ST4300HF 576 | 2 min per 10 150 | 10/30/2018 | 11/15/2018
CCES_017 BCN | Complete 10/31/2018 30.73 {118.69 | 11/24/2018 28.29 {118.44 | SM3M 256 | 2 min per 4 100 | 10/31/2018 | 11/24/2018
CCES_018 BCN | Complete 10/31/2018 30.01 {120.18 | 11/23/2018 29.51 {118.82 | ST4300HF 576 | 2 min per 6 150 | 10/31/2018 | 11/16/2018
CCES_019 BCN | Complete 11/1/2018 30.05 {117.46 | 11/27/2018 28.4 {115.55 | ST4300HF 576 | 2 min per 10 150 | 11/1/2018 | 11/18/2018
CCES_020 BCN | Complete 11/5/2018 29.46 {118.39 | 11/22/2018 29.39 {116.34 | ST4300HF 576 | 2 min per 10 150 | 11/5/2018 | 11/22/2018
CCES_021 BCN | Complete 11/6/2018 29.47 {116.01 | 11/11/2018 29.82 {116.08 | ST4300HF 576 | 2 min per 6 150 | 11/6/2018 | 11/11/2018
CCES_022 BCN | Complete 11/7/2018 28.72 {116.48 | 11/27/2018 28.28 {116.68 | ST4300HF 576 | 2 min per 10 150 | 11/7/2018 | 11/23/2018
CCES_023 BCN | Complete 11/22/2018 30.93 i117.38 | 12/3/2018 31.05 {119.01 | ST4300HF 576 | 2 minper5 150 | 11/22/2018 | 12/3/2018
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Appendix D: Sperm Whales Demographic Composition °!

Male and female sperm whales are sexually dimorphic and differences isibedgnales are larger than
females) have been linked to differences in echolocation click charactegi@ilssnaBerga et al. 2022)
The InterPulse Interval (IP1) is a result of the time taken for the click to refledtipte times between

air sacs at opposite ends of the spermaceti organ and to exit the rostewraral subsequent pulses
(Mghl et al. 2000), and thus the IPI has been found to relate to body size. Similariyeti@ick

Interval (ICI), which is the time between pulse trains, can serve as afpreperm whale body size and
seX, as males click every sland females click every 0s5Solsona-Berga et al. 202Zhis pilot study
investigated the potential for assessing demographic composition of spelens imtthe California
Current using inteclick interval as a proxy for sex/size in acoustic data from six miyittiuoys.

Sperm whale echolocation clicks were detected using the-stegtiapproach described(lBolsona
Berga et al. 2022) appendix, with manual review of putative sperm wlalst&cencounters using
DetEdit. Histograms of ICI provide a visualization to indicatespehale size and s€$olsonaBerga et
al. 2022) A plot of concatenated histograms, referred to as ICIgrams, was anatak categorized for
each time period at each site ($&@gure D.1). Detections with a modal ICI of 600 ms or less were
presumed to be females and their young, or Social Groups. Detections withld®hofl@.8 s and
greater will be considered Adult Males. The detections with a mod&le@leen the Social Groups and
Adult Males € 0.6 s and > 0.8 s) could contain large females or juvenile males, and weilebed to as
Mid-Size.

The ICIgram method was originally developed for sperm whales in the fQuixico (SolsonaBerga et
al. 2022), and has been applied to sperm whales in the Gulf of Alaska (Roseladl. 2023) and in
southern New Englan@estell et al. 2024)To compare how effectively the IClgram method can be
used to categorize the size/sex of sperm whales in the California Cwengph, éstimates using IPI from
individual animals were matched with the size/sex classification usingtram method.

51 Analysis and Summary by Natalie Posdaljiappsdalj@ucsd.edu
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Figure D.1. Example ICigram GUI for November 9th, 2023 from Adrift  -105.

Time is represented on the x-axis, interclick interval (ms) on the y-axis, and color represents the histogram count of
each value. The white markers represent 5-min size class classification bins. White markers 700 ms and below
represent Social Groups.

IPIs were extracted using the Cachalot Automatic Body Length EstimaA&L{) (Beslin et al. 2018).
This tool estimates the body length of sperm whales by compiling andritiggtesir IPI distributions.
To avoid including the same animal more than once, only unique IPI values va@reden the final
analysis.

The results of this pilot study identified only one size/sex class (Saapalps) based on their
echolocation ICI, supported by examining IPI for individual clicks. Sperm whale bod¥y lesihates
were calculated using both their IPI and ICI for 34 aifmencountered across six Adrift study
deployments. The animal lengths obtained from the IPI were plotted ag&in€i to confirm the linear
relationship between the two acoustic characteridticgife D.2 left). A Thiel-sen regression revealed a
slope between ICI and body length suggesting a 1.2 m increase in size assdttiadelD@ ms increase
in ICI (line of best fit: body length = 0.0120*ICI + 2.5, R2 = 0.4, p-value = 0.02: Speasoamelation
coefficient). No ICls above 800 ms and total body length above 12.3 m were ideniifiedting that
only Social Groups with potentially a few subadult males were detedtedAdrift study data suggested
a steeper linear relationship beamdCl and total length compared(®olsonaBerga et al. 2022)ikely
because the Adrift study data only included 34 animals and these weraaédeand their young with
potentially a few subadult males.

The six Adrift deployments were relatively close to one another spadiadl overlapped temporally. The
animals recorded across the six deployments were likely part of the saupeapaging in the region
based on the time series of detectidrigifre D.2, center). The median body length of animals in the
Social Group class (10.3 m) is comparable to the average body lengths decufoesperm whale
females and immature animals which ranges from 8 to 1RignreD.2, righd.
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Figure D.2. Total length calculated using IPI, ICI; time series of animal leng th estimations across
six deployments, and histogram of animal length.

The relationship between total length (m) calculated using interpulse interval (IPI) and interclick interval (ICl) (left);
slope between ICI and body length suggests a 1.2 m increase in size with a 100 ms increase in ICI. Time series of
animal length estimations on November 9th, 2023 across the six deployments (center). Each point represents a
unigue animal and the color represents the deployment on which that animal was recorded. Histogram of animal
length (m) (right).

This pilot study investigated the potential for assessing demographic abarposspermwhales in the
California Current using inteclick interval as a proxfor sex/size in acoustic data from a subset of six
drifting recorders. Aotal of 34 animals with a mean total body length of 10.3 m, likely Social Groups
and Mid-Size animals, were identified in the region on November 9th, 2023. By apjbigimgethod to

the entire dataset, wean further understand the demographics of sperm whales utilizi@zlifernia
Current and potentially identify regions preferred by different demographipg {.e., Social Groups,
Mid-Size, and Adult Males). Different demographic groups have differences ivitaeadecology that
likely translate to demographgpecific responses tocreasing anthropogenic threats and climate change.
This type ofanalysiscan play an important role for monitoring future changes to sperm whales
California Current.
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Appendix E: Beaked Whales Density Estimation Tools

Previous research by SWFSC found that drifting acoustic recorders could lie asemhate density of
goose-beaked whales (Barlow et al. 2022)d efforts were made to streamline this analytical process to
allow us to estimate beaked whale density from the Adrift survey as wehersaochived and future
surveys (CCES 2018 and CalCurCEAS 2024).

Development of the RoboJ tool to streamline a systematic approaasity éesstimation was based off
the process developed by SWFSC in (Barlow et al. 2022) and it was generalizdaptarraby other
researchers (see Rob®itHub Repository?). While most of the process is now streamlined, there
remains a significant manual effort for identifying acoustic evenisi€éam initiated a process for
improving automation of this tedious process, however they were unable tetothp automationfo
identifying acoustic events and we recommend investing in this developntkatfuture (see
Appendix 3 Open Sciencéor more details on development of a beaked whale matched template
classifier). The RoboJ tool has been tested by colleagues at Pacific IsktmeleBiScience Centand
documentation and final preparation of the software is underway.

RoboJ Pipeline:

X Incorporates acoustic detections storeBAMGuarddatabases and binaries.

x Estimate detection range based on incoming bearing angle, presumechfaegth, and modeled
sound speed profile at each position.

x Estimate detection function for recorders

The original research was developed for the PASCAL dataset, and we havegpthpaZCES 2018
dataset for analysis, but we were unable to complete the analysis in thrartimef this study. These
methods will be used for the CalCurCEAS 2024 survey data, and if opportunity alh@alysiswill also
be completed for the CCES 2018 dataset.

Future research should consider (1) funding further development of an autaparteaich to acoustic
event delineation, (2) beaked whale density estimation for the Adrigetatnd (3) expansion of this
analysis to specidseyond goose-beaked whales.

52 hitps://github.com/TaikiSan21/RoboJ
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Appendix F: Acoustics Classification of NBHF Species >3

There are four known cetacean species that produce NBHF echolocatarirctive California Current
Ecosystem, including harbor, Dallporpoise, as well as dwamd pygmy sperm whaleKdgia simaand
Kogia brevicepsrespectively). These species all produce NBHF clicks with similar acoudticefea
(peak frequency greater than 100 kHz and 3 dB bandwidth less than 10 kHz), and to da¢ejdbe s
cannot be distinguished acoustically. Their presence in acoustigysisvgenerally reported within a
“NBHF’ category; however, each species has distinct habitat prefe(@arestta 2023)and likely
responds differently to anthropogenic impacts and environmental stressdsiléMgpon unsupervised
clustering methods developed by (Griffiths et al. 2020) by adding visuadiffed species assignments to
train an event level classification model in a supervised approach. dtkslgso expands on a San
Francisco State University mastethesi&* (VanFleetBrown 2023.

Visually verified acoustic recordings for Dalland harbor porpoises from PASCAL, CCES, and Adrift
surveys and NBHF clicks in the offshore waters of Baja Califoixmi@ spp. are the only NBHF here)
were used as a training data@ebleF.1) to train a 2stage BANTERBioAcoustic EveNT ClassifiER)
model. Click detections were assigned to a detector category based ors¢éme@Ef a peak frequency
below 125 kHz (lo-range) and greater than 125 kHzghge). A suite of features was calculated for each
click detection using the R package PAMpall #me median inteclick interval for each event was
included as an evetevel feature. The model was trained in an iterative way to achieve high
classification accuracy and stability. The classification modslthen used to predict labels on the Adrift
survey data.

Table F.1. Summary of predicted NBHF species occurrence in Adrift survey, including Kogia spp
(Kspp), Dall's porpoise (Pd) and harbor porpoise (Pp).
The total number of acoustic events shown, separated by season and study area.

Species Survey N Events Event Clicks Total Clicks
Kspp. CCES-drifter 13 7 (3-8) 106
Pd BC-array 4 7 (4-13) 40
Pd CalCURCeas-array 6 14 (10-9) 84
Pd PASCAL-array 5 10 (5—-12) 44
Pp Adrift-drifter 40 34 (9-116) 2,954
Pp CalCURCeas-array 7 6 (5—-64) 278

The classification accuracy of the BANTER model was 83% dvérigureF.1), ranging from 77% for
harbor porpoise to 93% for Dalporpoise. All classification results were greater than expected by
chance (see priors Figure F.).

Dall's porpoise were the dominant species found in all study areas and saesmunsting for 91%

(n= 2,836 of 3093 events) of NBHF detections overall. Harbor porpoises were diétealtestudy areas,
although 54% (= 105 of 192) of events were detected during the upwelling season in Oregon. Only 2%
(n= 65 of 3093) of all NBHF eventgere attributed té&ogia spp., and 77% (n 50) of these events

occurred within the San Francisco and Morro Bay study areas.

53 Analysis and Summary by Anne Simorasjmonis@sfsu.edu
54 https://scholarworks.calstate.edu
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Figure F.1. NBHF BANTER classification results from the training dataset.

Confusion matrix (a) provides the percent correct classification for each species (pct.correct), lower confidence
intervals (LCI_0.95), upper confidence intervals (UCI_0.95), and priors (expected error rate). Proximity plot (b) for
species events from BANTER model (central dot color represents true species identity; color of circle surrounding dot
represents BANTER species classification). Heat map (c) for ranks of ten most important variables; colors scale from
most important predictors (dark red) to least important predictors (dark blue). Vote Plot (d) shows the vote distribution
for each event (vertical slice) for each species; distribution of votes by species is shown by their representative color.

This NBHF acoustic classifier can then be used to predict on archived ABHfE Metections to better
resolve the three separate taxa in the California Current, inclidigiga spp., Dall’'s and harbor
porpoisesFigureF.1). The overall classification accuracy of the model (83%) is acceptable, however
there are several avenues to improve the model. Recgtahn et al. 2024) reported significant gains in
BANTER model performance by considering the ratios of thathve levels at specific frequencies. The
mean spectra of each class within our training data indicate distinctutisin® of spectral energy in
each class, artie inclusion of a third octave level ratio (or other similar fopinay improve model
performance. Additionally, the use of an iterative training approacisncensideration. Acoustic events
that are labeled with high probabilities can be included we#érining a new modeFjgureF.2).
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Figure F.2. Maps with drift tracks and predicted species labels for NBHF events.
Maps with drift tracks shown in gray and predicted species labels for NBHF events including Kogia spp. (Ks, blue),
Dall's porpoise (Pd, pink) and harbor porpoise (Pp, yellow).

This iterative approach would be biased toward acoustic events mosr sarfie original training
dataset, however the gains from including additional variation in an ieckreasnple size should be
evaluated. The development of a more robust clasificenodel should be investigated, but the model
we report here has sufficient classification performance to applgd@-specific species habitat models,
investigations of species-specific responses to disturbance, and thigapdevelopment of acotis
density estimates.
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Appendix G: Deep Learning to Detect Fin Whales °°

OSA was tasked with processing low frequency drifting recorder data foxgheiepurpose of
identifying the occurrence of 40 Hz calls from fin whales and calls ®nwhales. A related analytical
objective was to develop an improved method of deteéitinghale lowfrequency calls within obscure
acoustic environments using a deep learning approach. Using a deep learning detlmpment and
detection tool DeepAcoustics, we iteratively tested ideal image awdnkgbarameters for the calls
procured from the data review process. Network development encompassed with both 20 Hz and
40 Hz whale call types and resulted in successful detection despite excessivecnistroise within the
dataset.

Data were evaluated in two ways, by assessing performance in compardsoannotated test file and by
comparing the network detectiperformance to our serautomatedP AMGuardprocessing approach,
whichinvolves a human in the loop to classify calls and assign to an acemstianter. After identifying
40 Hz and 20 Hz calls in tHeRAMGuardapproach, we annotated approximately 1,400 calls in Raven to
include innetwork trainingAnnotations of 20 Hz calls from another dataset weskeided to increase
sample size.

Three network architectures were evaluated: tiny YOLO (You Only Look O6&PbarkNet53, and
the ResNeb0. We tested performance using a separate set of annotated calls and as$essat @ein
the absence of vocalizations with varying degreesatfiment noise. Extensive instrument noise and
small sample size contribute to performance methiog/ever we considered these results favorable
considering the degree of noiSableG.1).

Table G.1. Precision ( “Precise "), recall, and F -Score for Tiny Yolo (TY), CSP -DarkNet-53 (CSP), and
ResNet-50 models ran on test Adrift drifting recorder data.

Drift(s) TY TY TY CSP CSP CSP RN RN RN
Precise Recall F-Score | Precise Recall F-Score | Precise Recall F-Score

Adrift-027 0.8 0.55 0.65 0.58 0.8 0.67 0.45 0.72 0.55

Adrift-053-063 0.73 0.69 0.71 0.63 0.82 0.72 0.48 0.79 0.6

When incorporating false positive rates in the evaluation, the tiny YOLO SRdD&@rkNet53
demonstrate the additional benefit of deep netwieskelopment (see detailed report@itHub
repository)2®

The next step was ®valuate the performance of the network on a ladgtset, as the aim of network
development is to derive a model that can process a dataset both quicklywatebccrhe Adrift-083
dataset waselected because it contained fin whale 40 Hz calls and blue witakksDin the figure

below, both types of calls are included in B¥MGuardannotations, and blue whale D calls are known
to result infalse positives for this version of the network. Humpback whale szadlalwere also present
but were not annotated in our review (thusmepiresented in these figures). Over the selsnperiod of
this drift, the detection pattern by tRRAMGuardmethod (approximately six hourspoocess) was
matched by the detection pattern of DeepAcoustics (approximately 30 siaytecess). A low false
positive rate duringeriods without calls was consistent across the @igureG-1).

55 Analysis and Summary by Elizabeth Fergussferguson@oceanscienceanalytics.com
56 https://github.com/SAEISWFSC/Adrift/blob/main/supplement/OSA NMSF_2023.578 Project_Report.pdf
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Figure G-1. Number of hourly detections of fin whale calls from PAMGuard and D eepAcoustics
Methods.

Deep learning is indispensable for managing the immense voluraeswstic data, facilitating efficient
processing and precise analysierfensive datasets. This capability is critical for fulfilling the
monitoring requirements of organizations such as NOAA and BOEM, engumiely and thorough
assessment of marine environments and protegecies.

Future research should consider further enhancing network performaimtedssiting multiclass

training for blue whale D calls and expandthg sample size of the training dataset. Research should
considerdeveloping networks tailored for challenging calls like these, asawédtir additional species, to
make them accessible for public use. QSAlso collaborating with tlreRAMGuardsoftware developers
to enablehe integration of DeepAcoustics models into their detection platfeatare funding should
consider processing archival data in BOE#dository using the developed networks.
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Appendix H: Modeling Habitat Use °’

In order to consider passive acoustic data for population assessmarired mammals, these methods
must account for varying detection probabilities due to uncertainty in theesogation and with
changing background noise levels.

The clustered deployments off Morro Bay provide a test bed for evaltlaérapility of drifting
recorders to contribute to population assessment madgsticetecalls can be detected on multiple
instruments; however, localization of the sound source is limited ks/igdmown sensor location

(30 min GPS updates). As part of the exploratory analysis, we built sasionudf fin whale habitat use
using regional density estimates, simplified propagation models andiexgtefrom one Morro Bay
datasetsThis simulation examined the potential spatial resolution of calexghe changing spacing of
recorders throughout the deployment.

We simulated 4,000alls distributed in the survey area according to predicted fin whald@idsy

(Becker et al. 2020F{gureH.1). We determined the minimum spatial resolution to which each call could
potentially be localized using between 1 and 7 of the drifting recorders to imthpdradeoffs between
localization resolutiomndthe number of sensors.

Figure H.1. Tracks of 8 clustered drifting recorders with simulated fin whale call density.
Filled area represents simulated fin whale call density based on (Becker et al. 2020). Black lines indicate the drift
path.

The proposed method is a grid approach that asks whether or not a call couldeimapebaced by an
animal in each of the grid cells within the survey regidre method involves two steps and accounts for
spatialuncertainty throughout.

57 Analysis and Summary by Kaitlin Palm&palmer@coa.edu
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The first step in the localization method considers known hicdbgarameters of the species and the
measured SNR of the arriving call to determine the minimum and maxiange at which a call could
have arrived.

SNR is defined as the Source level of a call minus the noise level at sioe gaad the transmission loss
over the range between the source and séh3bws, if a call arrives at a sensor with an SNR of 45 dB,
the ambient noise level in the fin whale band was 120 dB, then we can use knaflsogee level
distribution to estimate the minimum and maximum range of eachfdallwhale source levels range
between 170 and 190 dB then we know the animal must have been 3.6 to 46.4 km from the receive
Thus, an annulus (doughnut!) of potential call origin centered at each drétogler location is created
for each callThis information is particularly informative by itself but with multiglefting recorders the
annuli can be overlapped to narrow down the region of origguteH.2).

The second step applies to calls that were detected on two or more deiftindarsin this case, the
time-differenceof arrival, with associated positional error, is used to furthet timei region of origin
established in the first step.

Figure H.2. Variability in sound source location using multiple sensors.

Potential location of a source (red point) as detected by each of the drifting recorders (green star) at a given point
during the deployment. Black areas represent the region from which the call could have originated according to the
arrival SNR at each drifting recorder. Note the call was not detected by Adrift-047 and as such only a minimum
location is known (left). The potential region of origin for the call based on the intersection of all drifting recorders

(right).

Using the above approach, we estimated the area associated with @actbfreggin produced from the
calls in the simulation (4,000 calls). The histogram densities show a bi-mstiddudion with a low

region size associated with larger numbers of drifting recorders, g®d tagion size associated with
lower numbers of drifting recordefgigure H.3). The scatterplot provides the mean and 95% confidence
intervals of the regions of origin based on the number of sensors deployeairath@igure H.3The
majority of the calls were in the southern portion of the survey area dsdhdllese regions could only

be detected by one or two instruments at most.

58 hitps://qgithub.com/JPalmerK/AmbiguityGrids
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Figure H.3. Histogram densities and scatterplot of estimated sound source | ocation size based on

number of drifting recorders.

Histogram densities (left) for the estimated total size of the sound source location for all calls in the simulation for
different numbers of drifting recorders (shown as color). Scatterplot (right) of region size for different numbers of
drifting recorders.

This preliminary modeling suggests that the dispersed sensordgutdyy the clustered deployment of
multiple drifting recorders can allow for reducing the possible soure¢idmcfor sounds detected on
multiple sensors. This improved spatial resolution of the sound source mray@rthe viability for using
these data for population assessment. Future research should testahgisalanethods on real data
such as those provided during the Morro Bay surveys and identify how these meathbésused for
population assessment.
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Appendix |: Spatial Variation in Noise °°

There is a concerted effort to understand whether and how ambient nelsecleange between the
baseline, construction, and operational phases of offshore wind farms andhovayhaffect different
species present in the region. These baseline datsitizal to monitor changes in sound levels from
anthropogenic sources in space and time as activities related to offshore wiogrdewe increase.

Sound pressure levels vary as a function of tdieeensional location as well as time. Vertical placement
of sensors will lead to different propagation conditions due to the temepaitdile and thermocline,
through surface and bottom reflections, and proximity to noise sources. Undergtine spatial extent

of noise is a particularly challenging question for single sensor stusiiene of the principal questions
needing to be addressed include, are the noise levels measured at a given hydeprsmmdative of
those experienced by the species monitored? How do assumptions about fréauneiscand integration
periods (e.g., minutes vs. hours) vary over space?

The Adrift study project uses clusters of drifting recorders to producehsiapg ambient noise levels

and animal presence WEAs that compliment single sensor seafloor hydrophones. With these buoys, we
can begin to document spatial variability in soundscapes, validate propagaiiels, and better

understand how well single sensors represent sound within the greatar regi

A preliminary examination of the spatial cohesion of ambient noiséslesas conducted across an array
of 7 recorders drifting for 8 days in the Morro Bay regiéigurel.1 shows the 2ninute median noise
level in two third octave bins. Considerable variation in noise levels weeeveldsin the first few days
across both third octave bins with considerable variation in the 20 kiH8tarms moving through the
area during th second half of the deployment raised the baseline noise levels neangnlynifo

Figure 1.1. Time series of noise levels in 500 Hz and 20 kHz third octave bin.
Time series of noise levels recorded by the drifting recorders in the 500 Hz third octave bin (top) and the 20 kHz third
octave bin (bottom).

The cohesion of these noise levels can be quantified using correlaties. storrelation scores measure
the strength and direction of the linear relationship between multieuraments. Scores range frdm -
indicating a perfectly inverse relationshiptween noise levels at different locations, and +1 indicating a

% Analysis and Summary by Kaitlin Palm&palmer@coa.edu
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perfect and positive correlation between noise levels at differenidosatn order to assume that noise
levels are similar across the study area, we would expect correlation scaresnball instruments at or
approaching 1.

Figure 1.2. Correlation scores in 500 Hz and 20 kHz third octave bins.
Correlation scores across the Morro Bay March 2023 drifting period in the 500 Hz third octave bin (left) and the 20
kHz third octave bin (right).

Figure 1.2 shows positive correlation between all drifting recorders wihinggion with scores ranging
between 0.7 and 0.91 in the 500 Hz band and 0.64 and 0.83 in the 20 kHz band. This indicates that, on
average, noise levels were somewhat correlated over the deployment aruisthégvels from more

closely spaced units were more highly correlated, as expected. Milis ofrrelation is attributed to the
regional scale storms that uniformly affected the area.

Because the data from the drifting recorders inherently cover both apédiene, we can model sound
levels across the entire regi¢ffigure 1.3).This prestorm modelled data provides a view of the
soundscape averaged across the region. The brighter colors (relating to higgnérvabs) in the
northwest were attributed to the approaching storm.
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Figure 1.3. Noise map from clustered drifting recorders off Morro Bay.

Noise map for data from cluster of drifting recorders, with latitude on the x axis and longitude on the y axis. The Morro
Bay WEA is outlined in gold and drift tracks are provided as black lines. The Morro Bay WEA is outlined in gold and
drift tracks are provided as black lines. The modelled noise level before the storm is provided in color, ranging from
76 dB in dark blue to 86 dB in bright yellow.

This preliminary exploration of the data highlights some interestinipspapects of noise that warrant
further investigation. Future analyses may include:

Evaluate noise levels as a function of distance between sensors. Quathifyirelationship will
help to validate propagation models and improve future estimates oflex@tefrom disparate
Sensors.

Parse environmental and anthropogenic contributions to noise levels. degathdent empirical
models for windgenerated noise can be applied to drifting recorders (Hildebrand et al. 2021).
Then, subtraction of wind-associated noise allows evaluation of soundso@pad-igurel.3 for
biological and anthropogenic activity.

Evaluate deptidependent changes in ambient noise levels. Sound levels recorded by drifting
recorders can be compared with bottom-moored sensors to measure depthndepandes in
ambient noise levels. This is particularly relevant if future acoustiGtoring is limited to
seafloor sensors, which do not occupy the predominant habitat of most marmmaals, or
sensors that modulate their depth throughout the survey period (e.g., gliders).
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Appendix J: Open Science
J.1 Beaked Whale Classifier

Anne Simonis and Taiki Sakai developed a preliminary automated workfladefatifying and

classifying beaked whale events. The initial approach used a MTC to idmamidydate beaked whale
clicks and group these into events. Initial attempts to uskelTli&-defined events to train a BANTER
model were not successful enough to deploy the model on new Adrift study data, smphvaste made
to incorporate a computer vision-based model to add additional infomfatithe BANTER model. This
combined outpwt from acomputer vision model that was trained on other beaked whale data with the
original MTC data.

Preliminary results suggest there is a need for further developmestioitial MTC detection step. The
combined models results were promising but required improvedngedaita.

« Detailed project status report can be foundzitiiub.®®
« Detailed summary of the original computésion model can be found @itHub.%!

J.2 RobolJ

RoboJ (Robotic Jay) is an extension of work by Jay Barlow and Jeff Moore tatestiva density of
beaked whales using detections from drifting recorders. The methodweusedived angles of beaked
whale events combined with known dive depth distributioresstimate the distance to the calling
animals, which then is used to estimate the density using more traditiethends. Development is still
ongoing with collaborators &acific Islands Fisheries Science Celifanelle Badger and Jennifer
McCullough),but neatfinal code for this project is available &oboJGitHub.52

J.3 Fin Model

Cory Hom-Weaver and Taiki Sakai developed a random forest model fdafyatasfin whale 20 Hz

calls. This method usé&sAMGuards click detector and PAMpal to process click data and create a model
training dataset. The model was trained on a subset of manually annotatédtAdyifdata, and results
were validated on a subset of data. The validation set was used to iddtdiig for manually reviewing

the predictions, and then the model was used to predict on the remainder étadyifdata. A seif
functions to create review products for each predicted drift allowed#igsato quickly scan data to

verify fin whale presence.

« Code for creating review products and model training is availab&itétub.5®
» Detection, Classification, Localization and Density Estimation (DCL{Markshop 2022 poster
about an early version of the model is availabl&ihiub Repository*

60 https://github.com/SAEISWFESC/Adrift/blob/main/supplement/Simonis.Sakai_BeakerMTC May2024.pdf
61 https://github.com/SAEASWFESC/Adrift/blob/main/supplement/TSakai_beakerVisionModel _May2024.pdf
62 https://github.com/TaikiSan21/RoboJ

63 https://github.com/TaikiSan21/Fin_RF

64

https://github.com/shannonrankin/ADRIFT Report/blob/main/supplement/DCLDE2@@2Wdaver An%20auto
mated%20approach%20t0%20the%20detection%20and%20classification%200f%20fin% &0 ales20the %2
OCalifornia%20Current%20Ecosystem%20using%20open%20source %2asofidf
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J.4 PAMpal

PAMpal is an R package for processing passive acoustic data collecte® AbM@uardsoftware
(PAMGuardorg). PAMpal was initially funded by NOAA’Advanced Sampling Technology Working
Group; additional functionality to support the Adrift project was made to pald allow others to
benefit from these developments. PAMpal is increasingly being adoptecehyistsi using mobile
platforms.

«  PAMpal on (RAN®®
e PAMpal User Guid®
«  PAMpal GitHub®’

J.5 PAMscapes

The NOAA-funded “Biotic, Abiotic, and Anthropogenic Contributors to the Soundscapes: Denaiop
of an Open -Source Method for Data Integration & Visualizataeveloped the PAMscapes R package,
including several of the visualizations used in this report. Thisteffeo allows for integration of
Automatic Identification Systership tracks and weather data with acoustic detections from PAMpal.

« Final report®
e PAMscapes on RAN®
e PAMscapesGitHub™

65 hitps://cran4project.org/package=PAMpal
66 hitps://taikisan21.github.io/PAMpal

87 hitps://github.com/TaikiSan21/PAMpal

68

https://github.com/shannonrankin/fossa soundscape/files/13231870/Rankin.etah.5Q8BIscape.Report OAP2
023.pdf

69 hitps://cran4project.org/package=PAMscapes

70 hitps://github.com/TaikiSan21/PAMscapes
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Appendix K: Education and Outreach Details
K.1 Formal and Information Education and Outreach

X “Bringing Ocean Acoustics Data to Classrobniiucator workshop to develop K-12 lesson plans
based on passive acoustic datasets. Partners include San Diego Countyf@&fficeation and

UCSD s Center for Research on Educational Equity, Assessment & Teaching Ezeekaigust 3,
2020.

X “Eavesdropping on the Ocean” Data Nudget

K.2 Participatory research (aka “Citizen Science”)

x Ocean Voices, Zooniverse
x Collaboration with Dagny Ysais, SF§8an Francisco State Universityaster's student
X Beta version of online acoustic datiaalysig?
X Supporting code availalife

K.3 Public access to acoustic data and tools

» Soundcloué access to sample audio files (biological and anthropogenic sounds)
¢ Public Soundscape literature repositéry

K.4 Media

X Will San Francisco’s wind farms damage underwater life? Here’s whatistseare finding® San
Francisco Chronicle, July 7 2022.

X How could offshore wind impact marine life off SLO County coast? Expst&lifor answer€.San
Luis Obispo Tribune. March 20, 2023.

K.4.1 Blog Posts

x NOAA's Ocean Exploration Expedition Mission Logs: Partnerships for Common:QGaalgstic
Buoy to Study Marine Mammals in the California Curré®ctober 3, 2019.

Sound Bytes: Passiv&coustics Starts with the Right EquipmghOctober 21, 2021.

Sound Bytes: The Power of Partnersi¥fpNpvember 22, 2021.

Sound Bytes: Fresh Catch.essongrom a Fishermar?* December 7, 2021.

Sound Bytes: Visualizing Marine Soundscapes Through CalSéhetember 16, 2021

X X X X

"1 https://datanuggets.org/2024/04/eavesdroppimthe-ocean

72 hitps://www.zooniverse.org/projects/annelistens/oegzices

73 https://qgithub.com/asimonis/OceanVoices

74 https://soundcloud.com/southwestacousticecology

75 https://www.zotero.org/groups/58164/soundscape

76 https://www.sfchronicle.com/climate/article/califoraiand-farm-17277935.php#photd2656909
7 https://www.sanluisobispo.com/news/local/environment/article273259360.html

8 https://oceanexplorer.noaa.gov/explorations/19express/logs/oct3/oct3.html

9 https://www.fisheries.noaa.gov/scieAo®g/soundbytespassiveacousticsstartsright-equipment
80 hitps://www.fisheries.noaa.gov/scieAo®g/soundbytespowekpartnerships

81 hitps://www.fisheries.noaa.gov/scieAa®a/soundbytesfresh-catchlessondisherman

82 hitps://www.fisheries.noaa.gov/scieAa®g/soundbytesvisualizingmarinesoundscapethroughcalsound
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X X X X X X X X X X X X X X

Sound Bytes:
Sound Bytes:
Sound Bytes:
Sound Bytes:
Sound Bytes:
Sound Bytes:
Sound Bytes:
Sound Bytes:
Sound Bytes:
Sound Bytes:
Sound Bytes:
Sound Bytes:
Sound Bytes:
Sound Bytes:

DriftWatch—What to Do When Buoys Go Rd§uanuary 20, 2022

The Coolest Pool You've Ever S&dtebruary 3, 2022.

How | Acquired My SuperpovieFebruary 10, 2022.

Out To Sea And Off To The R&¥ddarch 3, 2022.

Ohana Means fanfilypril 6, 2022.

Hooking Young Students on Rese&tay 3, 2022

A High School Student’s Journey Into Marine Acoustic Res&drdiz,12, 2022.
Why We Look at Sound, and How You Can Heépéptember 23, 2022
What We Can Learn From How Indigenous Peoples Yi€etmber 11, 2022.
Championing Open Scieffdeecember 7, 2022.

Gearing up for Field Wdf-ebruary 28, 2023.

Adventures of a Drifting ButfyApril 25, 2023.

Learning Through Experiefitayly 10, 2023

Waving Goodbye to Adrift FieldwdPDecember 26, 2023

K.5 Presentations

x F.0.S.S.A. Open-source software to simplify DCLDE Workflows. 2022. Taiki S@kal

Presentation at DCLDE Workshop 2022, Honolulu, Hawaii.

An Automated Approach to the Detection and Classification of Fin Whalas i@dlifornia Current
Ecosystem using Open-Source Software. 2022. Cory Ann Hom-Weaver, Taiki Sakdiaandrs
Rankin. Poster Presentation at DCLDE Workshop 2022, Honolulu, Hawaii.

Beyond performance - advanced techniques and lessons learned from trainirej aetevork to
classify visual representations of beaked whale echolocation clicks 28R4S@kai. Oral
presentation at the DCLDE Workshop 2024, Rotterdam, Netherlands.

Introduction to FOSSA (Free & Open-Source Software for Acoustics). 2022. Shannon Raikin, T
Sakai,and Eric Archer. Tutorial at NOAA Third Protected Species Assessment Workshop.
Complete Tutorial and dataset publicly available on FigsHare

“ Adrift in the California Currerit, webinar for representatives from the Bureau of Ocean Energy
Management, Ocean Protection Council, and the California Coastal Ceionmiglarch 19, 2020.
“Adrift with a Triple Helix Twist, oral presentation at Blue Tech Week Conference. November 20-
22, 2019, San Diego, CA.

“Active Listening: Using Sound to Study Marine Mammals and the California Clzcesistem”,
Anne Simonis, an invited lecture for SFSU Rosenberg Institute Seminas.9egbruary 22, 2023.

X

83 hitps://www.fisheries.noaa.gov/scieAa®a/soundbytesdriftwatch-whatdo-whenbuoysgo-rogue

84 hitps://www.fisheries.noaa.gov/scieAo®g/soundbytescoolestpookyouveeverseen

85 hitps://www.fisheries.noaa.gov/scieAsl®g/soundbyteshowsi-acquiredmy-superpower

86 hitps://www.fisheries.noaa.gov/scieAol®g/soundbytesout-seaandraces

87 https://www.fisheries.noaa.gov/scieAo®g/soundbytesohanameansfamily

88 hitps://www.fisheries.noaa.gov/scieAo®g/soundbyteshookingyoungstudentsesearch

89 https://www.fisheries.noaa.gov/sciero®g/soundbyteshigh-schoolstudentgourneymarineacousticresearch
90 https://www.fisheries.noaa.gov/sciero®g/soundbyteswhy-we-look-soundandhow-you-canhelp

91 https://www.fisheries.noaa.gov/scieAo®g/soundbyteswhatwe-canlearnhow-indigenouspeopleslisten
92 https://www.fisheries.noaa.gov/sciero®g/soundbyteschampioningopenscience

98 https://www.fisheries.noaa.gov/sciero®g/soundbytesgearingfield-work

94 https://www.fisheries.noaa.gov/scieAo®g/soundbytesadventureslrifting-buoy

9 https://www.fisheries.noaa.gov/scieAo®qg/soundbyteslearningthroughexperience

% hitps://www.fisheries.noaa.gov/scieAl®g/soundbyteswaving-goodbyeadrift-fieldwork

97 https://figshare.com/account/home#/projects/137197
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x “Eavesdropping on the underwater world: Studying acoustics to protect wandle®lphins,” Anne
Simonis, an invited lecture for St. Francis Yachting Luncté&ebruary 22, 2023.

X Adrift in the California Current: Passive acoustic monitoring for edesystudies. Anne Simonis,
Shannon Rankin, Jan Roletto, and Danielle Lipski. Oral presentation at Beyonuldbe Gate
Research Symposium. January2l9 2022.

X Adrift in the California Current: Clustered drifting recorders descsjimial variation in soundscapes
and marine mammal presence within offshore wind energy areas along thedtEddst. Anne
Simonis, Cory Hom-Weaver, Kourtney Burger, Kaitlin Palmer, Taiki Sakai, SimaRankin. Poster
presentation at Ocean Observing in California Conference. May 15-17, 2024.

K.6 Student and Intern Projects

x Pacific whitesided and Risse dolphin acoustic monitoring in a warming California Curfént
Alexandra Fiske, Seatech intern, Oakland Technical High School, 2021-2022.

x Diurnal and Nocturnal Delphinid Echolocation Click Patterns off the Calddduiast in 2018%
Keisha Askoak, Seatech intern, Mt. Edgecumbe High School, 2022-23.

x Occurrence of Anthropogenic Noise and Humpback Whales in California 820udrey Bahnke,
Sarah Bahnke, Virginia Pearson, Seatech interns, Mt. Edgecumbe High School, 2022-23.

X Spatial patterns in humpback whale song in central California wét&fisginia Pearson, Seatech
intern, Mt. Edgecumbe High School, 2023-24.

X Spatial and temporal patterns of Bocaccio rockfish chorusing in cemtiifdr@ia.® Gale McCrary,
Rie Christensen, Seatech interns, Mt. Edgecumbe High School, 2023-24.

X CalSound: Visualizing the Sounds of the Ocean. UC Berkeley Fung Fellowship Ctinsetva
Technology** Spring semester 2021 Design Challenge. 9 undergraduate students.

X Using passive acoustic data to assess sperm whale population structurealiféhe&Current.
NOAA EPP Scholar Brittany Melton.

X 2021 NOAA EPP Projects: Humpback Whale Acoustics. NOAA EPP Scholar MaypPhil

X Assessing noise exposure to beaked and sperm whales in the California Gargerat.Bozinovic,
Master of Science thesis, SFSU.

x Classifying species producing narrowband high-frequency echolocation clicks ialifoenta
Current. Jackson VanfleBrown, Master of Science thesis, SFE024.

98 https://www.youtube.com/watch?v=ulotjEp7YmY

99 https://www.youtube.com/watch?v=eGEgIlgvAQYS8

100 Kttps://youtu.be/gkdHeOOhOVY?2t=2070

101 htps://www.youtube.com/watch?v=gkdHeOOhOVY&t=1078s
102 hitps:/lyoutu.be/XBFol1XcBw?feature=shared

103 hitps:/lyoutu.be/XBFolXcBw?feature=shared

104 hitps://www.youtube.com/watch?v=Mbwbx2YY4kA
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U.S.Department of the Interior (DOI)

DOl protects and manages tNation s natural resources and cultural
heritage; provides scientific and other information about those resy@cd
honors the Nation’s trust responsibilities or special commitments to
American Indians, Alaska Natives, and affiliated island communities.

Bureau of Ocean Energy Management (BOEM)

BOEM'’s mission is to manage development of U.S. Outer Continental Shelf
energy mineral and geological resources in an environmentally and
economically responsible way.

BOEM Environmental Studies Program

The mission of the Environmental Studies Program is to provide the
information needed to predict, assess, and manage impacts from offshore
energyand marine mineral exploration, development, and production
activities on human, marine, and coastal environments. The proposal,
selection, research, review, collaboration, production, and dissemination of
each of BOEM's Environmental Studies follows the DOI Code of Scientific
and Scholarly Conduct, in support of a culture of scientific and professional
integrity, as set out in the DOI Departmental Manual (305 DM 3).
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