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Abstract

Ri sanghropogenic noise pollution in the ocean
speci es. Exposure to under wa h a vail onuminsde pdadeaymsi e
responses i n marine species, includinagr®hysio
anddueed survival and reproductive success. Th
effects of ot her ant hropogenic stressor s, h .
di stribution and abundance of species. As th
sociizadti on, and reproduction, marine mammal s a
severely impacted by under wadaerrtehan tnari mp cagnedn i nte

wi despread source aoabisaeathnopgdhpamesanp! laemdt i n

vol unfest roaffic often overlap with the key habi

species. In order to protect such species fro
studies investigating how the presence of Vo€
environments in areas i mportant to marine ma
chall enge of devel oping approaches for analy
( PAM) datasets with the goal of establishin
environgmemdedses. I n this dissertation, I foc
acoustic environment of a coast al mari ne area
with the overarching goal of assessing i f ant
i s rienagchl evel s that could have negative i mpac!H
address the analytical chall enge of establish
and environment al processes by applying unsup

t henal ysi s ofPAMhatea svatt .r Second, I i nvestigat



ambi ent noi se |l evels at t wo PAM stations in
October, 2019), and assess the contribution o
t hani ght be experienced by fin whales in the
tempor al assessment of vessel traffic, showi
sources in Placentia Bayahapea hadm@g3d)d Odmdetrh aa ff
onraas i mportant to baleen and toothed whal es
and opportunistic sightings dat a. Together,
unsupervised machine |l earning can support t h
mari ne RAMtdat and provide an initial eval uat |
noi se i n Plapomrsttisa mMBay ne mammail Se tloevalcs eas e
exceeding the theoreti delhatvdlroadrihotl Wr h@amcé heFor
growi nsgelvetsraffic accompanied by changes in

indicate that both baleen and toothed whales
vessel noise in Placentia Bay between 2019
conservateonedofcepratean species by indicating
noi se management measures in Placentia Bay, a
nati onal strategy addressing the | mpadtug eof

research i s beegarradideost and how noi se i nt e
ant hropogenic stressors and how these combi nec

ies and communities.
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ChaptéeémtX:odauncdt itohnesi s over vi

11. | ntroducti on

Bi odiversity across tehet ogltohbee girso winndge ri ntthrruesaito
activities in natural environments (Brodie e
biodiversity estimate that from the year 1500,

extinct or arédrecurhrmremntt| yfurdkdrn ntcti on (1 sbell

and sea use |l eading to habitat | os s, the dir e
poll ution, and the introduction of i nvasi ve
bi odiver soirtlydwli Wles (2az & Mal hi, 2022) . Noi se
commonprboyducts of human activity, with noise
aircrafts, vessel s), i ndustri al (constructi on
pubs andobaest s), and recr eatteirornaailn avcethiivcilteise,s

contributismc@altto clhamges to the acoustic enviroc

terrestrial and marine species (Montes Gonzsg
wi desdbrleemal th concern in urban popul ations, é
recognizes it as the second most i mportant en

wi t h at mpopharti on beFnigt stchhei feitr sal .(, 2011) .

anthropomgeinse pollution are widespread not onl
and terrestrial wildlife populations (Erbe et
2019, Sordell o et al ., 2020) .



The effects of noi se pollutinotedi nnaai maks$ Bha

organizational |l evel s of i f e, starting fronm
communities (Kight & Swaddle, 2011). However,

have been investigated eiqaaldtygndEctcedtomnowi lad
(e. g., Il njaian et al ., 2019) , effects at t he

| aboratory experiments focusing on human healt

|l argely focus on ideneiffgyichg acdumguiamgdgi yi n
individual |l evel, andbmbsatl yleyosn soil doegry ,i mpga ctogn
Yet, a number of st didnideusc e dn dci hcaantgee st hoactc unroriisneg
l evel can al so tnrgiegsg eirn ptrhoef oawcnmdp ocshiat i on of co
2023), for exampl epr dy iaht(eSeannziga kpim gedta taolr. , 20 2
The negative i mpacts of noise pollution are b
of continuous e Xpwolsluutei otno omoiisredi vi dual s i no
cardiovascular issues, sleep disturbances, i m
health, and the disruption of social interact.i
The impactsnofirmamsareas can result in signi
portions of tFme t popul &tti can . ( 2011) . Out si de

mammal s are one of the taxonomic groups for wh
have beerdstmore extensively, followed by bird
Among all mammal s, cetaceans can be considere
species rely strongly on soumdtteo imommuwenirc aetney

(Burarm, 2017) . Cetaceans produce sounds that r



of bl ueBaMhad reo p(t er)a cnaulslcsu |l (uis. e . , bet ween 10 al

frequency clicks (Phodhaemar ppoceeon selsove 100 Kk

et al1.8,) .2 Under water noise can interfere with
species, causing a variety of effects that car
damage) and indirect (e.g., masking,( Ertdree s s)

al2018, 2019) .

Noi se pollution has been increasing in natur al
of the most remote places (Anzibar Fialho et
most affected are the ocaanss eceavwlyi cimhchhazas eex me i
|l evel s of 3.3 dB per decade b.dthweaenn dl r50maa md

unchangednany part@clJalfkdmen wotrdat hougbh2adt al l

experiencing equal ratteel af (IiChampea s eSairuth dfso ic €
travel much further in water than imakainmg (i
ant hropopenio hbe eceeaacnrhiagf pol | utant. For e
propagating from a | argenvasselrs(ebgl k tankee

at ranges excddacaei dg st@hclkemat which vessel noi
depends on environmental factors (i.e., depth
precipitations), lorrtmoOunypd oh phepeessel,

behaviour whi Uned enrawaitgeart irndgdioant evde sreeil ge wamne f r
three distinct sources: propell er cavitation,
(Smith & RIiOCSfbyt,he2s0e2 2t)h rreoeped d werrcecsa,vipgati on i s

t he mai n nsockusrwhee nofvessel s are t,r awhkehleen gv easts ehli sg



are traveling at | ower speeds, engine and mac

(Smith & Rigby, 2022)

Vessels are the most wi despread source of un
transportation is the main dri vfereue iaye nporic
observed in many regions of the ocean (Erbe et
ant hhropogenic activity often overlaps with m:
2018) and, alongside pollution andedeasednesto
the threats to the recovery of sever al protec
t he Canadian and US governments recognized th
the recovery of the endangered slaBut MNEOAMA,r €0Di0dB¢
and, starting in 2018, a range of vessel noi sc¢
in both jurisdictions. | n e aasrteer mr cCtaencatdead, WAt d
Species at Ri sk Act ( SARA) ando tbhee i & n dpaonpguel rae
(Beauchamp et al ., 2009). The recovery strate
identifies noise pollution along important shi
and the St. Lawrence-rRiswke ranHishtruigpnoygeeants tao hi lgé |
(DFO, 2022). Similarly, the recovery strategy
popul é&teilgrhi napt ¢f BARA esitfcatsu s : endanger ed) rec
from marine navigation andprwhnacliep anta ttchhrienagt atcot
the population (DFO, 2012) , and both wvoluntar
i n pl ace to reduce the i mpact s of vessel na

management pl an for theBaloadmophtliplasp)s ago @fulnatw



( SARA status: speci al concern) recogni zes an

concerning factors thDFRE@t201h)g. the popul ati on

|l ncreasing scientific evidence documenting th

alongside the i ncreasing recognition of t he
mai ntenance of healthy marine ecosystems, hav
regul atory bodies to establish programs, gui d
mt i gating anthropogenic noise in the ocean (C

Mo srtegul ators and managers agree that efforts

potenti al negative i mpacts on marine QGhdu sho
et al ., 2021). Other common denominators are
can affect multiple marine taxa, i ncluding fi

should be considereagdcaachiagp @atnan tt iruvalrayt ofaCharuy e

al ., 2021). Despite such increased recognitio
agreements delineating specific targets for t
ocean, and so far, only the EuwopeadmsUmnant a:

for the emission of noi se from human acti vitd.i

I n the remaining sections of the introduction
by describing the current e&nofwl esdgedof tthe iel
anthropogenic noise in terrestrial and marine

chall enges in the monitoring and mitigation o



the chapter are dedi catdeids stea ttalt @ omb jaenadt itwe st ha

the study area.

1. 1T hle ecol ogi cal role of sound

Il n physics, soundwaves are a form of energy
di spl acement of the particles in a media (e
dipd acement, or vibration, results in | ocalize

(Robinson et Aabound0W4dye can be described by
wavelength, aperliidaddi,def,raqurency, ( dudngyedtacalt.y, o

The wavelength represents the minimum distanc

téh combined | ength of a compression and adjac
the wavelengt h, as it i1is the distance bet ween
rarefaction) phases. When a wave transyts thi
di splaced from their original position. Ampl.

that particles can reach when -despbdcéd) byi ad
the amount of time required by ademaompateos scio m|
cycle. The number of complete cycles per seco
and it corresponds t-pethedlLake£lBE DODhethel 6cime
of a wave represents the distance,tappebgdmby

343 m/ s i®m2@li gs amadt &lr A200.

Yet, the properties of sound go beyond the fi\
fundament al component of every ecosystem, al |
i nf ornmaotvieor | ong di stances, and playing a rol



Aco

str
t he

wh e

Ma n

t he

( Gi

ustic environmente®vbavuei  9mapedonspedbiuesed to

erve today, and pl ay an (Faacrtiinvae, r200l1le4 ;i nR orbaet

9; SeddonTwb2a0r0ac)t eri stics of soundwaves ma
nsmission an ideal vehicle for the deliver
st , eoUuU@dwasspoewricda c, all owing organisms to
ategies to detect and interpret environmen

fl owers of the Peaoh heveanidm g mpbw iranhied stee c(h an
n extpowstehde sound of flying pollinators and
ar content o(fVen etasr beyt. Ifallotweer Ztha®) ne r eal m,
rgy of a cor al reef plays & arg@€lSer dont be at

8, .208edt)t 1l ing fish Mmaitegefsindpaawl vaegawdt:t

mor e at tmoardgtuiioeet dt e@mgyr adkbdr aeeési zed by | ow
bundance of (Geeflospetiab., 2018).

ond, soundwaves can be finely modul ated b
guency, amplitude, repetition rate), all ow
i ronments, thhkug maexifrmiramamget in receiving a

y species of baleen whales have evolved co

nsmission of inf-oamgéesonFowveexample| obhbQue
depths ofmn rteracbceamspaci fics | ocated hun
retvi &1 .., Ah@Gh)er example can be fTaursd ops b
ngatehich | ive in complex anfdusdiyonnams @c iseotci



where individual recognition plays & Janrie&k i&mp
Sagh, 20B3®ttlenose dol phins | earn to produce
the individual and that are used to communica

dol phin withani & &r 8apigh, 2.013; Lu2zs et al .,

Acoustic environments are emerging as a centr
species belonging to a wide variety ofhtaxa,

turt(lLead)i ch & Wjnkheeyrtedbtilda)es (crustadMoeadry, n

et al .., ahdlé@beantSt abil e Atowdtic 2drRR2i)ronment s
t he ruecptrioodn , survival, ansgpecmmsnibyetsiesipo mfg m
enabling complex soci al interactions, definin
species interactions, among others, hi ghlight
d srupt a number of key ecological functions i
1. 1T h2ee ecol ogi cal role of noise

Il n many fields, noi se represents a complex ph
|l oss of i nformati on. Imoiesleectamme cesnt sf oan eela
di sturbance that can | imit or degrade the perf
et al ., 2004) . I n photography, noi se can 1indi

interferences that owasuraeaepmt wheedh (aRa biinmea,ge200 4
ecoacoustics, which encompasses both bioacous

|l argely defined as uninformative sound, sound



wi t h oauns taicc si gnFkalr ianfa,i MRt0elr7fe stMc(Kenna et al ., 2

2019) .
However, noi se shoul d not be consider ed as
environment . Rat her than being simply framed

sarce of vitaFarai,mf20InA)t,i onhuys ©6héd¢iummhmg an

processes (Geipel et al., 2019). Ambient noi si
from both biotic and abiotic entities. Landsc.
we l | as melt eoveordtoy, cauch adrraemfwhlVesandr i a

of noise thatr nianudiaf figa eicn a ,h ad0 1t ax.s (

These sources of natur al noi s e, i n some case
vocalizations. Forale xaomprmeni cnactsitonaniism di sr upt
waterfalls, and birdstaovegusualdbkbyasiehdeodtodohe
Nonet hel ess, species can receive relevant ©bi ol
noi se. The noi sealotferhse abvayimsrkad engf jadiden r ai n r ed
efficiency of bats echolocation signals and i
their flight efficiency (Geipel et al., 2019)
a single speakabsetace, of nother sensory cues (
temperature), to | eave their shel ter signi fi
conditions (i .e., ambi ent noi se in the absenc
di sruptivepdores,omeat ur al sounds can be infor

the sound produced by snapping shrimps whil e f



environment in warm shall ow waters at medi um t

a challrentghee faocqui si tion of signals wusing dig

2017) , assuming the connotation of noi se in

shrimps are thought to provide I mportant Cue:
(Lillisey Molls8,; Rossi et al ., 2016) . I n t hi
snapping shrimps carry relevant bi ol ogi cal Ir

fnoiok er ani mals that monitor this source of ac

As a newrgndag&me & ¢ d yFsatriicnsa (& Gage, 2017) provi
of theories and methods to déasoubbhbaitsheundo mpl
the effects of anthropogenic noise on such cor
is the condepapef ssbuch can be definednad t he
within an emwiirnbanngenti ,( 2021). A soundscape d:
t hat can be studied to answer ecological gue
Geophoni escl whea caehl i nsounds produced by natur al
which include al/l sounds produced by biotic
and ant hropophonies, which include al/l sounds

(Grinfadey 2022).

The term anthropogenic noi se, sometimes refer
term referring to all emi ssion of sounds that
use of ei ther static (e. g., Iipnkdaunsét aa tess)) noa c hnon
Farina & Li, 2021) . These include two main g



n which tpheodaucemndsare ismpocdantoftoarn hacti vit)

eismic exploration -droadurceasmuavibsees,h, it had emyss

coustic energy is an unintended consequence
essel traffic, construction of infrastruct ul
mong the | oudest sources ofnmeatse howedern ,n
empor al and spati al di stri bubwamdukt btiman ¢
ctivities, such as the sounds produced by enc
s one of the most widespgraad pollutants foun
So far the effects of anthropogenic noi se, h
eptil es, amphibians, fishes, and different g
nvertebrates (e.g., |l arge moll uscswaaandl e,r us:
011; Kunc & Schmidt, 2019; Morl ey et al ., 2
016). The impacts of anthropogenic noise can

i rect and indirect .atbhh,r epcear manmpearnctt sdéa umdcig euodtep da

nd -aoditory tissues, t endpheraarn ygshibfitts ti as ,a
eactions,behmhawigmmarsknng of sounds | eading to
nd interpret acoustic informati ons, aasn ds tirnedsuse
esponses (Kunc et al ., 2016) . The indirect i
xtending beyond individual s and popul ati ons

pecii eseractions within ecological akbommaniatli.e
020). Vari atdli onas!l i mabsmpeanes resulting from a\

ates, and decreased population growth due t



competito,reyredatdhmpatr asntesact2P0B383) (Kobheref @

the indirect effects of noise poddadittiomy hsaprec i
(i .e.., speci es t hat do not rely heavily on
reproduction, and social Alzlatoler)i niBemntzsa kme retti a
have been observed in rmRermrimerema mmanld < panpioa a.r

hearing thresholds were first described and

masking of both soci al signal srecvdore hof ochei
wi despread i mpacts of anthropoQRahcumioi ste a@aln. .
For exampl e, vessel noi se can reduce the eff]i

which rely on echolocatibbmotwmcéi aihkrtlawRotalka
respoombvseerved i n mairnaleudeammaée savoi dance of

nNosegeneratingtheti ni eresptdarod toHe fieretdamrgypt i o
behaviors, amBobg ethat sSt(rz®k61ls8 responses to the

noi se have been documented and mealseemdwhal ag

right whales ( Ro;l laamndd gertlagarnod, a¢2e03lad(. , 2022

1. 1Ch3al | emgenoni t oring and mitigating oc
Despite growing evidence of the i mportance of
the Iimpacts that noise pollution can have on
chall enges thaéeroeme to deédrmess this pressing
Such challenges range from finding efficient
passive acoustic dataset, to the design, i mp

noi se mitigation measures.



Moni toring Acoustic Environments
Passive Acoustic) ,Mothhe osysitge nffaPtAiIMc col | ecti on
recordings for environment al monitoring, i's b

and conservation management eqiues,t i po P ulpatrit an

communities across the globe (Gibb et al ., 2
applications in particular, environment al sou
ecol ogi cal proced®megr gtei.agns  ahpakbci steaats onsad ) an
assessing anthropogenic disturbances (e.g., m

This breadth of PAM applications has been madeé
technology used fordapgiogoces®igng s aFddiiongpd ac a seael
2024). Current PAM technology allows the col |l e
periods (sometimes years), can be deployed ir
di fficult to accegss pbpasssaed evivanpamlinanudrei s | ess i
than other environment al monitoring technique

havieed to the widespread wuse of PAM as a tool

sources in the ocean (Hal]Jiaag8eptJJalkanem?2at
However, the devel opment of PAM technology al
growth in the size of PAM dataset s, whi ch wa
capacity to process and I mteromrt ati ntelde i enc @lco@isd
(Napier et al ., 2024). With an increasing numl

tasked with monitoring the health of mari ne e

t hat routinely extractm ePcAOM odjatcad etisnfroe mait m O



chall enge and a main goal for bi oacoustics a

gl obe (Desjonqu res et al., 2020; Gibb et al

An additional chall enge arises from one of t|
catinuous environment al monitoring. As al | a
repeated measures are collected from the same

be taken when conducting statisti-cvalyam@adyses
with ecological processedAvebagj g mamnphss ety al
regular time intervals and including variabl e
when vyaipnpg statisticaposgmoidelles saleuttiwomenrn to th
independence of data pointess iat PAIMuabh2a®@Iyeos e (
PAM systems are not selective, recording al/l

within the frequency range of the Iliarslty urnelndv &
for underwater applications, where the recorod
(e.g., frames, weights, ropes) that, due to n
the action of waves and cur-medds$(sLammer g eete raalt .e
Risch & van Geel, 2019; van Geel et ahoise022)
can reduce the accuracy of ambi ent noi se me
statistical anal yses, l eadi mg,j om oo f eocausmp le & t

Pressbevel ($®8bh) Geel et al ., 2022).



Managing and mitigaotisag Undmr was eel

Under water noise pollution is internationally
biodiversity (Boydg e& @dusi ns011202Har dii MO, 2 C
particularly severe impacts on the health an

endangered cetacean popul ations (Erbe et al .,

to these threats, asunageantl motigaesonr mebei
tested in marine areas where vessels and other
i mportant cetacean habitats (Burnham et al ., 2z
I n Canada, oceamsendoiwreders tahdedr@cean Protectio

objective of protecting Canadian oceans and

marine shipping (Government of Canada, 2020) .
Protection Plan ic<tadadrfeunidreg waheri mma se pol |
2024, the Government of Canada released the

(ONS) for public consultation (DFO, 2024) . Th
pa-gover nment approachnderrwaaedr ensosiisneg pol | uti
including the creation of measures for the mi
and t he identification o f appropriate t hre
Furthermore, the ONS recogri ods ntoh e et,r amgb d threc
aligns with strategies adopde@®OceantNei i Sed

(Gedamke et al ., 2016) and in Europe (i .e., M

I n additi @®ceanNNMAAse Strategy, mari mecmachmal

from exposure to excessive |l evels of anthropo



Protection Act (MMPA) and the Endangered Spec

address impacts at the individual | evele and r
number of ani mals that wi || be affected by a
established a set of noise exposure threshol d

temporary auditorybehaesibnmptadcltssh i(fet.sg).c & nadvros ,d a n
interruption of feeding) on marine mammal s.

under water noise are managed and regul ated th
Directive ( MSFD) (Directive 2014/ 89/ EU) . Spe
i ncdat es t hat in order to maintain healthy mar
ant hhropogenic sources within EU waters shoul d
species and habitats. I n 2022, the MSFfDorn ntro
the mitigation of underwater noise from vesse
t he heablethha varfoduirndi vi dual animals, the EU targ
habitat being affected by anthropogeeic thats
continuous underwater noi se, | ar gieMuys t p rnood u cbeed

present in more the 20% of a given marine are

Cana@ aONS recognizes Marinesstaol afopl aphi mgz
s ptai al and tempor al di stribution of ships a
environments. MSP for vessel traffic manageme.]
monitoring the success of targeted mitigation
al . 8;2M®nard et al ., 2022) . MSP i s at the cor

at reducing the i mpact of vesslRrRasCemgmaannandde



Habi Obaster vat imby prbegr BRort) of SWahcouanveéeratives e

of per manent and seasonal measur es, often ad
emi ssions fwvess tslpeced i(ce. g., speed |l imits, pert
go areas, 1incentives for noise reductioadn), an

out comes. Under the obj e tfiedker alf a dhen cONeSs, aCrac

with establishing ocean noise monitoring stan
emi ssion in the marine environment. AsiegSing
criteria that have already been established i
the definition of Canadian standards and thre

should not be considered proscriptive.

So far, only od <malslt aflr antdi @mpen ocean areas h.
PAM. Darras et al . (2024) provides ananavervi
12, 0s0t0udy sites conducted in terrestrial, mar
Marine environmeretns ,ociemml vadhidngcoast al sites, |
sites per million S)quawhilke | ometessri(aMk menvi
sites?’(Mamras et al ., 2024) . Of the marine sit

been studied u<i majPAMt ywiotfh ctolmst al habitats
(Darras et al ., 2024) . Canada has the | onges
spanning more than 240, 000 k m, malciam g (PRAM i
monitoring progr atmso manodf tahde hionct rnoodiusce mi ti gat. i
speci fic regions of t he otceemmo r aH a | alveahsgehda § i t

approach adopted by the EU could be a possi bl



noi se al odg cOarms atd atnhees .s aAme t i me, as the recov
cetacean species in Canada is threatened by
introduci-ngespkeicceacoustic thresholds for mar.i
to tackle the mosstofproecsesanmgnaoinspeacpgol | uti on by

noi se exposure | imits.

120bjectives

As part of the ongoing effort 1® ONS8el BpBDgnNA
Bay was selected as one of t&heMarre gnieo nE&anl v isrtoundn
Quality Program ( MEQ). The MEQ initiative in
understanding Barhatkki tnmaga mmad e , and i) esti ma

exposure for marine mammals and other marine

The overaldf othhiextdivesertation is to explore
abiotic) and anthropogenic sound sources foun

to shaping its underwater acoustic environmen

This was done with thesgagl offemaasaolirnggman g

research question:

A |l s vessel noi se in Placentia Bay reaching

on marine mammals and other marine species



Besides aligning with the ONS and tphre sMmBQ@ emr o
in my dissertation contribute to broadening
preval ence of vessel noi se as a pollutant ir

research contributes by:

(i)advancing the integrati olneaofni wnmgs uappeprrvoiascel
PAM analysis as a way to overcome the cha

spanning multiple mont hs anrCd acpatlelresodevdd a't

Thr)ee
(ii providing baseline acoustic measutes tha
asselsiskehaynges in the |l evels of anthropog

(Chapter)  Thr ee

(it advancing current knowledge on the exposu
and their habitat ((Chapnhmseoprainhi ¢ noi se

(i vidlocument icrhganlyaesc onomi ¢ activities occurri
area can result in significant changes in
increased exposure of protect edhcaepttaecresan
ThraeeBoyr and

(v)provi di nge ssmeags of how the current confi
Pl acentia Bay results in noise pollution

adopted in tiChabhpWeayndowsd (



Specifically, the three researcsh chapters hav:

ChapterTHWevoobjective of t hiwsa smettoh otdendMa g hc a k
Learned acoustic feat-turraeisnegdk naeudite dc lbays sai fpircea

Neur al Net wor k cnoougledo v (t\b@®iad h)nk marine &M aud

t o environment al features occurring ad di f f
applications to discriminate dbbeyt wewal vteh ed ivfofc
species of marine mammals, as well as applica
PAM recordings and | ocal environmental condit.i

Chapter . Hhmre,eoli jheec weve:ss tio) assess t he under w
environment at t wo Passive Acoustic Moni tor.i
ii hvestehgaeffects o6f cenditoomentad the presen
recorded noise | evels at itipie)odnay dfriorpshto naes sl eoscsané

the exposurenofth hAtelad retniead fin whales to vess:eé

Chapter. TReuobjet¢tthiwse vheripe etio0) document how ve
changed in Placentia B 3ovamndt h & )hpoestkeis@ad €2 0 D W

affected the spatial and tempor al di st,ri but.

>
o

l udi ng wi t hiimnmp oarrteaanst tthoa tc eatraec ean speci es.

The concl usiCheaptllap tReuvwefari zes the main find

research chapters and their management i mpl i c



met hodol ogi cal chall enges, @dinde chtiigohnsi gthd s a d i

i mpacts of noise pollution from vessels on ce

13Study Area

Pl acentia Bay (PB) is a |l arge bay, approxi mat i
at its mout h, | ocated on t hewfsown dleasd, ciomstth e
of Newf oundl and and Labrador, Canada. The ave

with three deep channels with depths reaching
of the bay. The geomor@p hsoebaofglyoanf e |l goengi ar 8 m)

of the bay having predominantly mud sand and ¢

in the inner bay, where bedrock formations ar.
Pl acentia Bay IS an I mportant randeeypparnvdinrce
Newf oundl and and Labrador. Since 1973, an oil

and the production plant was recently repurp
biodiesels. Thenpobudesf bALt @pe © 0 imMaee rrcyi ale rdro cnkasl s
is projected to undergo a significant expans
hydrogen production (nhdtdpsex/p/oprotr )t pflijrgeens 28160

Pl acentia Bay has also been hosanhdgaangmbwri ngc

new | icenses for the installation of sal mon s
have between issued between 2019 and 20214. Fur
commerci al and traditional f itohuariisams ,acas vwealile



Pl acentia Bay is a site of ecol ogi cal rel eva
eastern Canada. The area hosts aggregations a
ecologically important marine bpacesesandsi mpb
foraging habitats for endangeDerdmddhalny.cc o reiad
Pl acentia Bay is a hotspot of marine mammal di
These include three baleen rwhSARA:s pbelcuee swhparlo

whal es, and BHubgahltaewhad l.gelsac(i al i s

Due to its ecol ogi cal and economical rel eva
Ecologically or Biologically Siugnihfeiraneomte,Md mi r
Pl acemaywaas Bsel ected as onesiotfest hfeo ME@RGhIi Ti &t i
with the objective of establishing environme
health of marine coast al environments. The ar
developmef &&aOBH8a and the underwater noise st
including the research | present in this dissc¢

under water noi se managenertanpl.an for Canada

14 @uwt IsdrSp at ement

Chapterti eflAedusti c Features as a Tool to Vis
Soundscapes: Applications Il lustrated using M:
Dat asweagubl i shed in the Journal of Ecol ogy an

i ssudizd. chapter was a col | adBet ainveé Uaf ver si wiy!

ltaly), Dr. Carissa D. Brown (Memorial Univer



Val erdsai RoUni versity of Par ma, |l taly), easnd Dr.
and Ocdandg)hi s chapter, |l was the principal co
seeking coll aborator s, devel oping t he met ho
preparing, submitting, and reviBriNngoBdolei nf i na
contributed to t hmetdreorced logppgne mt etshder itcheadp t er and
expert knowl edge in Machine Learning and its
Cari ssabDBroWal er iaan dRobsrs.i paokildews d @ evd lraveld a n c
t hnreanuscarnipptovi ded space and equipment for con
Lawson provided &Gc®PAMs ditsp alpaFei ded i nput d
devel opment of the methadal pgiys Bedulesi ewed

The publi eastdwrncea samdp can be accessed at the f

https://doi.org/10.1002/ece3.10951

Scripts to reproduce the images and analysis r
containing tohustV@Gifsemtauaca es and | abels for the
the following | inks:

Dryad (datatpablésghpi . org/ 10.5061/dryad. 3bk3] 9

Zenodo (pythonpscripbs)nrg/10.5281/zenodo. 100

Chapteti t3iCehchr acteri zing t he Acoustic Enviro
Unsupervised Clustering of Loud Events and QG
Two Monitoring FStlat isomes2 Owheaeaaqga hored by Car i s
Br owDr . Jack, Laanwds oDnr . L.domearsd tzheed eplr i nci pal co

conceptualfi ztahtei oxnt udy, the desigacaoudi stihtei ome ta


https://doi.org/10.1002/ece3.10951
https://doi.org/10.5061/dryad.3bk3j9kn8
https://doi.org/10.5281/zenodo.10019845

analysis, and thevpewpafathenmamuscript. Dr. C
to the study design and provi dse do bijnepcutti vies
met hodol ogy. Dr. Jack Lawson reviewed the mant
objecandeprexpeéedwl edge relative to the study
the data presented i n the manuscrigpaou(sRAM r
det ec)t.i obrs. Len Zedel reviewed the manuscript

ocean acoustics.

Chapttidpat i al and temporal assessment of ves
ecologically and biologically signibdbixanbd Nol
aut hored by CarbrssalJalx.k, BeaaowmsnoDr . L.elo naa g tZked e
princip®dlutoontro the conceptualization of the

data acquisition and analysi s, and the -prepar
aut hcoonst ri buted to refining the methodol ogi cal
ad reviewed and provided feedback throughout

team provided marine mammal l ine transect sur



ChamBtéldibgraphy

, . C., Kaschner , CKrt e &trOgsrkosh atho, nCGar iF.e

mammal s: Taking stock of the t M468t s. Bi ol o

https://doi.org/10.1016/j.biocon.2018.02.02
zi bar Fial ho, M., Rocamor a, M., & Ziegler,
Pollution as a Possosri bhilne AGhraoncitc cStSrpeesci al |y
NU150, Ardley Island. Ardley Island. http:/
auchamp, J., Bouchard, H., deYMa¢(¢geo?op, P. .,
Recovery strategyBédloaendbdpt dija enNwosre thleve(st At |
popul ation, in Canada. (|l ssue December). Sp
Series, Fisheries & Oceans -Canada. https://
sararegistry.gc.cal/virtual saral/files/plans
pdf

ydFrisk, G., Ur ban, E., Tyack, P., Ausubel,
Wei se, M., Andrew, R., Akamatsu, T., Dekeli
R., Gross, T., Hawki @sShimk,e,LiT,. H.2,01Met.c aAlnf
Quite Ocean Experiment. 104e&8In.ography, 24(2),
https://doi.org/10.5670/ o0oceanog. 2011. 37

odi e, J. F., Williams, S., & Garner, B. (20
evolutionary diversity worl dwi de. Proceedin
Sci enl1(8) 1i6. httpsi0/ /PFTAaw®RI/B8491138

rnham, R. (2017). Whale geography.67Pr ogr ess
685. https://doi.org/10.1177/03091333177341



Burnham, R. ENei Vhg!l €, , S&, TOoefnfciec,odK. (2021) .

Bu

Ch

Chi

Chi

managemerats utree sl u gees s@li s er iithadalt at of Sout her

Resi
http
xton
Wi tt
356 (
apma
t he

1209

Estu

man a
moyv e

7 28 7

&kielnihearl es i n the Salish Sea. Fr @dBiers i
s://doi.org/10.3389/fmars. 2021.664691

, R. T., McKennayrup, K., HMeookst, KD, , AR
emyer, G. (2017). Noise pollution is pe

6 3 31/5)3,3.t5t3pls : /1/0d dlid.RdSre ap/cAel.8aBa h

n, MNri R, A& (2011). Low frequency deep
Nort heast Paci fic Ocean. The Jour nal of

5) JEEL&G8H1 https://doi.org/10.1121/1. 356

C, Turgeon, S., CamNtinleGageMi ¥haud®arR
fils, P., Clermont, Y., & Gravel, C. (2
ces the risks of | ethal collisions betw

ary (Qu®bec, -channsatdrau)c:t i Fanrgp nbicar rrpd i iatnacrei a n

ssing effectiveness. PLoS ONE, 13(9).

s://doi.org/10.1371/journal .pone. 020256
Cl ®ment, Lagroi s, D. , Dupras, J., Turg
rd, N., & Parrott, L. (201ppingnder wat e
gement measures: -Resludgisc d&lr omo che Is oaxfi ab o ¢
ments in the St. Lawrence River Estuary

httpsi0/dpiéowol@bddel0.3. 0114


https://doi.org/10.1126/science.aah4783

Chou, E., Southal M, ,B& RoseRbbhamdsH. C. (2021

D2

r e
no

ht

Pl

S ]

az

be

Mc

of
Ma

h t

commendations, actions and mitigation eff
i se. Ocean and Coast al Management, 202.
tps://doi.org/10.1016/j.ocecoaman. 2020.10

as, K. F., Rogeanbwreg, RS. , Va@aor dMi A. F. ., Pi
, Gasc,HA, ,DiLan, M. ,M.SalWw,n,S.M. , Mar |l ey,
nsveen, P. J., DesjChmqu yr,eds,. ,C.Adakcewedo A
nger, T. C. (202d0apévor |l awsyrt Fosuuingd of pa:

nitoring across realms. https://doi.orgl/1l
Stabile, F., Marsilil,s VTherFeora iRolLe ,f &r ASc
ants? Plants, 11(18), 2391111823 %Ils:// doi . o

onqu res, C., Gifford, T., & Linke, S. (2
tential tool to survey animal and ecosyst
vironment s. Fre@)h7ivlaga emt Bp ©1 o /g§fp wh 3 ybd

, M&l hi & Y. (2022). Biodiversity : Concept

rspe@dtie68es.

, €., D2hne, M., Gordon, J., Herata, H.,
Caul ey, R. , Mill er, B. , M¢ I | edSc hriveor,, MAI.r r a
, Schuster, M., Van Opzeeland, I . C., & J

Noi se From Ship Traffic, Seismic Surveyi
mmal s in Antarctica. Frontiers in Marine
t posi:./drdg/9YG . mMa3 s. 2019. 00647



Er

be,

c., Dunlop, R., & Dol man, S. (2018). Ef

Sl abbekoorn, H. , Dool ing, R. , Popper, A., F

on

Ani mal s. (BpB0OOYperri HgerppNew Yor k.

httdeilbrg/ 1a-490807760 18

be,

(20
Mar
rin
app
htt

rin

Me t

1

a

P

a

h

7 3 A

e

a

cC., Marley, S. A., Schoeman, R. P., Smi
9). The Effects of SBApRHoiI s&. OFr Mati ee
ne Science, 6(October)..20hto9.p0s0:6/0/6do0i . or g
, A., Krause, B., & Mullet, T. C. (2024
ications in conservation ecology. Bi oSy
s://doi.org/10.1016/j.biosystems. 2024.1
, A. (2014). SondsscsappeE&Ecbobogy. Pt nnSop!

ods and Applications. Springer940a@rdrec

, A. (2017). The Ecol ogical Ef fects of
coustics (9O o RO 1eM, & pSons, Ltd.
s://doi.org/10.1002/9781119230724.ch®6

, A, & Gakgceo,acSo.usH.i ¢(s2:01T7h)e. Ecol ogi c al Ro
na & S. H. Gage (Eds.), Ecoacoustics: T
y & Sons, §tt0. hoopsoOT7TB8HOLORBOT724

& Al P. (2021). An I ntroduction to Eco

(ppi29Frontiers in Ecoacoustics, Sg@g0i3#bger . h

821771



Fisheries and Oceans Candda. f0201hle. f Manadame

(Bal aenoptena physaltwus population in Canada.
Recovery Strategy Report Series, Fi-sheri es
species. canadas&égfispeyi/e@srtual _saral/files/p

Fi nWhaldehAd-2017J&EmMIBy4 pdf

Fi sheries and Oceans Canada. (2022a). Report
i mpl ementation for the BRIl we,nofpitre,r,Bamii sTalil uW
physalnB8s bo) eian iGanadi an Paci fic twat2érls/ .f or
Species at Risk Act Recovery Strategy Repor
https:// www. registrel é&B.lge.Fda/SekR ¥tbdal. pddr a/

Fi sheries and Oceans Canada. (2022b). Report
impl ement ation for the St. Lawrence Estuary
2019. Species at Risk Act Recovery Strategy
Canada.

Fisheries and Oceans Canada. (2024-). Ocean No
vaguesnpaof a/cl.ichri érlyy ot heque/ 41255987 . pdf

Fi sheries and Oceads2LanBRedaovery Strategy for
Del phinaptpepruStl eucawrence Estuary Popul ati
Ri sk Act Recovery Strategy SerieatebpeBeerbe:
Fisheries & Oceans Canada.

Fi sheries and Oce2ad6s8LanRédaovery Strategy for
Southern Resi de®t cKnlu)seiomr Whaarln &&csa ((p. x + 814

at Risk Act Recovery Strategynad@nies, Fi she



Frisk, G. V. (2012). Noiseonomics: The relati

sea and global economic trelhd.s. Scientific
https://doi.org/10.1038/srep00437

itschiA. Lex Brown, Kim, R., Schwela, D., &
(2011). Burden of disease from environmenta
years |l ost in Europe. I n WHO Regional Offic
http:// www. who.int pwOAgUuanbiiganhgoaki m94888
damke, J., Harrison, J., Hat c h, L., Angl i ss
Castellote, M., Cholewiak, D., Deangel i s, M
Hastings, S., Holt, M., 8SawsMod®dréeeWaMiEll d,l nQ.er
(2016). Ocean Noise Strategy Roadmap.

i pel , |l ., Smeekes, M. J., Halfwerk, W, & P
i nformati onal -makd nfgar Tdhec isoiummrd of rain del a
Journal of Expe222nedpts.al/h/tBtioo|. @agy,/ 10. 1242/ jj eb
bb, R., Br owiamfger E.R. Gl &vEkaones, K. E. (201¢
opportunities and challenges for passive ac

nitoring. Met hods i n Er®&d8fy and Evolutio

https://doi.o0o23h0X0131a1/2041

r d

Mc

ne

t h

on, T. A. RC,, Wdangdi g, EH, Merchant, N. D.
Cor mi ck, M. ., Radford, A. N. , & Si mpson
gatively affects auditory settl ement beha

e National Academy5b931Sxk8.ences, 115(20) ,

https://doi.org/10.1073/pnas. 1719291115



https://doi.org/10.1038/srep00437
https://doi.org/10.1073/pnas.1719291115

Gordon, T. A . C. , Radfor d, A N. , Davi dson, I
S. L., Meekan, M. G., McCormd)ck, Adoudti,c & S

enri chment can enhance fish community devel

habitat. Nature Communications, 10¢1)9, 5414
131826
Government of Canada. (2020). Oceans Protect.i

https://tc. ciasntaidvae sgadadasfiritsa otn

Halliday, W. D., Barclay, D., Barkl ey, A. N. ,
Hussey, N . E. , Jones, J. M. , Juanes, F. ., Ma
M. K., Richards, C., Schadfefyenliber g, K.2,02W¢s

Underwater sound | evelX01i20 1ltdlae i Q&n ol dutAnoan
Bulletin, 168, 112437. https://doi.org/10.1
Harding, S., & Cousins, N. (2022). Review of
Noieme Marine Biodiversity and Approaches to
|l nternati onalopReergautliaotnor(yl sCscoue CBD Techni cal
Secretariat of the Convention on Biological

https://doi.org/ 1018h87/ 9789264244047

Haer, S. M., Gedamke, J., Hatch, L. T., Dzi ak,
Barlow, J., Berchok, C., DiDonato, E., Hans
Mat sumot o, H. , Mei ni g, c. , Mel I i nger , D. K.
M.S. |, & Kl inck, H. (-t2e0r1n8 )s. o uvhodnsi ct aopre ntgr € nodnsg |

The NOAA/ NPS Ocean Noise RbberaeaprpcP®Bt3ayi o8O0

https://doi.org/10.1016/j) . marpol . 2018.01.02



Havlioglu, S., Tascanov,E.M.( BOR& )K.ceyl vant ci wo,n slh.i,p
noi se, total oxidative status and DNA damag
Occupational and Envi BdiBbelnt al Heal t h, 95(4
https:o/lr/gdadiO. 1 600271 1s707044 2 0

| MO. (2014). Guidelines afterr tNbe sRe du otm dmo nmfe r
Shipping To Address Adverse I mpacts on Mar.i
https:// www. defdaulotr/gf/isli ¢ ®/swat 14050501a. pdf

|l MO. (2023). Revised Guidelines for the Reduc
Adver set d mprmcMarine Life. I nternational Mar i
MEPC. 1/ Cir (i@®t ober),
https:// wwwcdn.imo.org/l ocalresources/ en/ Ou
t s/ Gl eLNobirsaer y [CMEBERCR®#WI sed Gui delines For The
Under wat ed RadsatErom Shipping to adnder ess A

Life %252822 August 2023%25

|l njaian, A.-G&mez Golzalez Taff, C. C., Bird, A.
L., Haussmann, M. F., & WingfieldyrsdJ. C. (2
nestling physiology and telomere attrition
a f-rieeing bird. General and Compar atlidve End .

21. https://doi.org/10.1016/j.ygcen. 2019.02



| s

bel |, F. , BaAl.vaSner aHe ,P.J,. NMor,i  Bul |l oc k|, J . M.

E. W., Ferrier, S.-RamBZareaz, ON. ER., GUuavelelra, .
Schmid, B., Outhwaite, C. L., Pramual, P.,

T. C., Obeaeral mMemM.O0.S,. (2023). Expert perspec
biodiversity |l oss and its drivers and i mpac

Envirorf®@e#103 httpsi0/ d/oe&xr53r6g /

| karPen, Jb.hansson, L., Ande&sSobgraw, P.,6(2Map
Underwater noise emi s30 DZh0G2Bnrvd m osnhmems adur i n
Pollution, 311. https://doi.org/10.212016/ ) .c¢e
ni k, V. M., & Sayigh, L. S. (2013). Communi
signatueeradeatth. Journal of CompHEad&ad®i ve P

https:hbbtdgol10. -ODFF ED 03509

ight, C. R., & Swaddle, J. P. (2011). How an

ani mal s: an integrative, me ¢ h a nliOs5tR0®G 1lr.evi ew

https: /0ddbildHP/A4B4R21011. 01664. X

k , A C. M. |, Ber khout , B. W. , Carl son, N . V
Radf or d, A N. |, Sebire, M. |, Shafi ei Sabet,
(2023) . How chhgromicc nantskr epe affect wildlif

in Ecology and EVioaOution, 11(April),

https:bltdo10. 3389/ fevo.2023.1130075



Ku

nc, H. P., McLaughlin, K. E., & Schmidt, R.
i mplications f dratiimdisyv,i dwall se,c opsoypst ems. Pr oc
Society B: Biological Sciences, 283(1836),

https://doi.org/10.1098/ rsphbh.2016.0839

nc, H. P., & Schmidt, R. (2019). The effect
me taanal ysi s. Bi ol®@g¥l)lLet2@23%0649.

ht t/jpdaoi/. org/ 10.1098/ rsbl.2019.0649

dich, F., & Winkler, H. (2017). Acoustic co
vertebrates. Journal of BR3B@HBBILment al Bi ol og
https://doi.org/10.1242/jeb. 132944

mmer ©®, , MCastellote, M., Small, R. J., Atkin
Oswal d, J. N., & Garner, C. d2dfl3Gao ke alsrsli evte
beluga Dkehpbsnéapteprushéedicasnal of the Acou:

Ameri ca,2 485034 t ps: /1/0ddlil.2dlr/ d/. 4816575

mos, L. S., Haxel, J. H., Olsen, A., Burnet
S. L., Larson, S. E., Hunt , K. &el @&r dfoffires
ocean noise on gray w8al entsitfrietsZsR)oa iInBOS&0s..
htt ps:o/r/gdadiO. 1 603282/ 4s545105 9 8

l1Tis, A., & Mooney, T. A. (2018). Snapping
Cari bbean cor al rebfeel estal oogblipeps wnd en

vari abl es. 3 r5®16 OR7e &t $ ps1 0/ t/WO3BDr83eh/6 824


https://doi.org/10.1121/1.4816575

Luzs, A. R., Couchinho, M. N., & dos Santos,
bottl enose dclrprhisnsa:bislaiingyn arnad eesmi Acta Et hol
11i3 22ttt ps:. Ai0ga/€1072-D1-8 2 320

Mahmood, A., & Vishnu, H. (2017) . Locally Opt
Shri mp Noi se. | EEE JOURNAL OF OCEANI C ENGI N
https://doi.ob0@7102731098J0OE. 2

Maruf, & Gullett, W. (2022). Tackling anthrop
Convention on Biological Diversity: Progres
Policy, 146, 10r5g2/9130.. 1hOt1t6p/sj:./madropio.lo. 2022 . 105 2

Mc Kenna, M.onF. G.ShannFristrup, K. (2016). Char
noi se to Iimprove understanding and manageme

Enda

=]

gered Speci®7"MeSledtcpsl0/ 8dDDITBEH/
M®nar d, N., Turgeon, Sns,C€nve€rsano(2M22) & HBa

wat e

-

s: Application of a marine spati al pl a
the acoustic habitat ofDelngdhhinmgepterr bse | dusgdac ans
around theiSfaglLewagynce Mar i nen PRulkl. e tManm,i nke7 '
https: /1/0d di0.1&6r/g/. mar pol bul . 2022. 113325

Mer chant, N. D., Putland, R. L., Andr®, M., B
Dekeling, R. (2022). A decade of underwater
European Mar i nree wotrrka tDeigrye cRriav e . Ocean and Co

228April). https://doi.org/10.1016/).o0ocecoa



Mo

ntes Gonz8Gezal B, , GRey & Barrig-n Morillas,
noi se pollution and sourcesXRNRemnmerdyNamntde Phreo/le

Poll ut Oo@h21Edms.evier. https:/-0-46-835660/ 10. 1016

1.00030
rl ey, E. L., Jones, G., & Radford, A. N. (2
considering the impacts of anotlhorgo pcoag e nSicci ennoc

281(1776), 20132683. https://doi.org/10.1009
pier, T., -Akkkn nsg. ,S.Al ISchwar zkopf, L., & Lee
in preprocessing, detection and classificat
comprneshheve revi-ewalferPasasigee Acoustic Monito
with Applications, .2052g9,/ 1102 41202106./ jh.tetspwsa:./2/0d204i.
tional Marine Fisheries Service. (2008). Re
Whal &sci( nu)s. or ca

https:// www. fisheries.noaa.-glo@buéseunce/ doc
r e s i-k e mthearloersc i-onrucsa

bie, T. (2004). Adaptive hybt4 SO Mkp® sanmdc me
sensor noise for digital plhrod gigm@a,p hly3 ( J)o,ur 2t

https://doi.org/10.1117/1.1668279

i sch, D., & van Geel, N. C. F. (2019). Revi e

Analysis & Reporting. 44(04).



Ro

bert, A., Lengagne, T., Mel o, M., Gardett e,
Doutrelant, C. (2019). The theory of island

Species diversity and the organization of a

(o8]
o
«

eo g4 @phyGnL911 httpsio/ d/piB6ddqg/
binson, S. P., LeppRkRr,AP, &.NatHaaeawoBlysi c:

(2014). Good Practice Guide No. 13339Wnder wa

Rojas, E., Desjonqu res, C., Agostini, S., Fi

Ro

Ro

V., & M®doc, V. (2023)ZoRplspokiseno€Commes iwia
Chronic Anthropogenic Noise. Thidad7Effects of

https://doi . S808A408-6YA@RDP/ 9738

Il I and, R. M. |, Par&st elS|L ote |, Munt CoKkelEon, CP.

Wasser, S. K., & Kraus, S. D. (2012). Evi de

right Rhateesedi ngs. Bi ological ,2d@en8éyx,/ Th

23638336WBttps://doi.org/41209. 1098/ rspb.2011. 2
ss, S4. Roomell, D. P., Deichmann, J. L., De
Phillips, J. N., Sethi, S. S., Wood, C. M.,
Monitoring provides a fresh perspective on
Funicotn a | Ecology, INo’khempser/ 288, org/ 10. 21111/
2435.14275

ssi, T., Connell , S. D. , & Nagel ker ken, I

i mpoverishes natur al soundscapes b& alterin
noi siestnmartebrate. Proceedings of the Roy

Sciences, 283(1826), 20153046. https://doi


https://doi.org/10.1007/978-3-031-10417-6_139-1

Se

Sh

Sh

Sh

ddon, N. (2005). Ecological adaptation and
in neotropical suwtbiosrc; nlentbe rmdast.i &Envaoll Jour nal
Evol ugglon0i® 1.5 htt psi0/ Hj0ioltse 20 . .20® $.0%

nzaki, M., Kadoya, TDir&cfFrandispndiCredt &0
pol l ution alter bi ol ogmnaiae> pcoosmentu ne ntviierso n nme nat
Proceedings of the Royal Society B: Bi ol ogi
https://doi.org/10.1098/ rsphb.2020.0176
ahparnia,-l8avaMohajBer & R&makitr ohagMet (20 0o
mitigati-omeeatp@digbi rcuit boards and packagi
band gap structures. 2004 Proceedings. 54th
Technol ogy Conference (| EEE3L83x6. No. 04CH375

https:o/r/lgddi0O. 1109/ ECTC. 2004.13203638

annon, G., Mc Kenna, M. F., Angeloni, L. M. ,
Warner, K. A., Nelson, M. D., White, C., Br
(2016). A synthesis of trmeantdegadeedse eff freedesa

wildlife. Bi 0914)®i8tAa0 0 Retvt gwk@ / d/lbAxi202r0g7/

aw, J., Potter, D. P., & Kostylev, V. (2011
and Labrador. https://doi.org/10.4095/ 288614
ngh202/4) ( Noi se Pollution. I n Textd@dok of Er
281) . Springer Nature Singa@Pa8@e88446 ti®s: / / do
rovil, A., Hildebrand, J. A., & Wiggins, S.
|l evel s and propagation range in the Souther

Soci ety of AnmerdiBe4alht 122 ( 2)0d alil.2dlr/ dl/. 2749452



https://doi.org/10.1109/ECTC.2004.1320368
https://doi.org/10.1121/1.2749452

Smith, T. A., & Rigby, J. (2022). Under water

review of noise reduction methods and techn
https://doi.org/10.1016/j.o0oceaneng. 2022.112
rdel laot,elR. ,O.R de Lachapell e, F. F. ., Leger,
(2020). Evidence of the impact of noise pol

Environment al 12X 7Thdtetrdceel ,/1d9r.(dlU/918367-H2-00 2 2

uthall, E. B. L., Finneran, J. J., Reichmut
Bowles, A. E., ElIl'ison, W. T., Nowacek, D. I
nNoi se exposure criterinenddgptdiactnesd fsocri ernetsiifd uca
ef f eAcqtusa.t i1 ¢ Mapnna,l 3 2 5

https://doi.org/10.1578/ AM. 45.2.2019.125

ounce, K., Robinson, O., MacGillivray, A.,
(2019). The effects of \‘Veshsealatslodwddven ssoarn h
resident killer whales. Proceedings of Meet

https://doi.org/10.1121/2.0001230

n Geel, N. C. F., Ri sch, D. , Benjamins, S.,
J., Stevens, C22)& WiolnsamyriB.g 2@ acean occu
in ambient sound in Scottish offshore water

https://doi.org/10.3389/frsen. 2022.934681


https://doi.org/10.1186/s13750-020-00202-y

Veits, M., Khait, l ., Obol ski, U., nZi Kger , E.

Seltzer DoR.,, UBen Estl ei n, P., Kabat, A., Per
s., Chamovitz, D., Sapir, Y., Yovel, Y., &
pollinator sound within minutes by Dgcreasi

Let t2?)s1,48B492 https1l0/ tdNila3d3r3gl/

Young, H. D. , Freedman, R. A., & Bowlad, vRrshity
Physics: With Modern Physics (N. Whilton &
Addi son Wesley. kttpm/ bbobacsRs dgbg@RXAQAAMAAI

ZoBell, V. WM., Frasier, K. E., Morten, J. A.,
Wi ggins, S. M., & Hildebrand, J. A. (2021).
Santa Barbara Channkdsddhrwagdele duapead ome Sci

Reports, 11(1). https02-2@906 org/ 10.1038/s41



Chapt Arco2aa1sti ¢ Features as a
& Expl or e Mar i ne Soundsceé
| | | ustdsriantgedMar i ne Mamma l Pa
Moni toring Datasets

21. odnutcrt i on
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example, theatapndofddnstfilEbédecet aldInr eceoflis® B9 )}
numer ous speci es (i .e.., birds, mammal s, fist
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funct(iEdnsst BRI et al ., 2019; Kunc & Schmidt, :
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success of mul t(iKpine ma rSicrhenitdad x a e2s0pldnNse t o con
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i mpl ementing noi saes umaensa g enmebnott hme errestri al an
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for the systematic collectioaenbhl amoobstdci ngc
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(i f not individually wunique), and such &ocal.
di stributions (aDud-Bboakint eett wde , 201 Mur Kbwar sk
2021)PAM applications i n marine mammal resea
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assessing ant hr opONewnmyen dihern g rbweaReM adt aseDgl
reach considerable sizes, particularly when r
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ndscape. Such an analytical pr oc(eGesi,g etrerente
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environment . The proxi mal soundsbhape orcepnr e saet

specific Il ocation ivai tdhiisnt ad deofuinndesdc agppreeac an be
coll ection of proxi mal soundsacaipwer amals iitn colnus
perceptual soundscape is the subjective inter
and isvehsery and cognitive processes of the

on the analysis of distal tsgandsgampew, bwhitd¢ lt

factors relate to acoustic recordings.
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identification of a growing number of species
(Dong et L,albir d€0b@®ise Bi en et, afli.dihsha@azb@pndar
Vairamut huan202a)Yely mbismar emamaBéceBO028ppl i c:
of deep |l earning to the study of mari ne soun
kil l er( Bvehrad leesr @tn da Ih.ucnkp bviai(@A)lelsen et ahe, d2O02t])i
of North Atlantic right whalegsoonfilfechebangt neg
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et al .., 2021)
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2020)



I n this study, we applied multiple ma®eAMne | e:
datasets (the Watkins Mar ilnearid mmad momutnldss dfat
PAM recordings coll ected by Fisheries and
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classibncamodel s (VGGi s h, NOAA and Googl e H
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environment .
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This approach is netronmdnt ooma gpecpfoft epeci
t o simultaneously i nvestigat e t he macr o an

soundscapes.
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2. 2Ddta Acquisition & Preparation
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Tabllei st of species selected from the WMD and corres,|

Species Location (Year) N Total
v
Canada (1988) 705
Bowhead whale 772
United States (1972, 1980) 67
.4
Canada (1949,1962,1965) 153
Beluga 224
United States (1963,1965,1968) 71
. .4
Argentina (1979) 99
Southern right whale 109
Australia (1983) 10
Canada (1981) 205
North Atlantic right whale 376
United States (1956,1959,1970,1974) 171
Bahamas (1957,1961) 576
Short finned pilot whale Canada (1958,1965,1966,1967) 83 696

St. Vincents and the Grenadines (1981) 37

Canada (1954,1975) 1154
Italy (1994) 26
Long finned pilot whale North Atlantic Ocean (1975) 166 2029
United States (1977) 426
Unknown (1975) 257
Bahamas (1952,1955,1958,1963) 4819
Puerto Rico (1954) 6
Humpback whale British Virgin Islands (1992) 254 5601
United States (1975,1979,1980) 269
Unknown (1954,1961) 253
Canada (1961,1964,1966,1979) 492
Orca Norway (1989,1992) 1696 4416
United States (1960,1997) 2228
Bahamas (1952) 4
Italy (1985,1988,1994) 1143
Madeira (1966) 1
Malta (1985) 220
Sperm whale Canada (1975) 966 4368
Canary Islands (1987) 7
St. Vincents and the Grenadines (1983) 18
United States (1972) 1954
Unknown (1961,1962,1963,1975) 55
ltaly (1985) 67
Rough-thooted dolphin 75
Malta (1985) 8
Cymene dophin Santa Lucia (1983) 286 007
St. Vincents and the Grenadines (1983) 621
Croatia (1994) 58 4
Bottlenose Dolphin United States (1951,1984,1989) 38 109
Unknown (1956) 13




2. 2Ac2oust Feature Extraction

The audio files from the WMD and PBD (debhuwbase

EHai ja et al ., 2016:;a CWNNngeetel olp.e,d 200d8 )t r ai ne
acotuisc classification. VGGish was trained on
t han two nbiableilolnevdu daeuod ifoi | es . Rather than focu
of the model aésigned | abel s), here thet mopdel
(Set hi et. VGG sh0zxz®)nverts audio input into a

consisting of 128 features. The mosdel g e(tuaghs
ms ) ; ~5 s (480069 amw2)); ~~152®nGidns53 0 Al | of the vis
and results pertaining to the WMD were prepar
S . The visualizations and resuldsupengat heng!
features for the humpback whale detection ex
interval of 30 min in order to match the tempo

available for the area.

2. 2UMAP Ordination & Visualizati on

UMAP i ®HAdnear di mensional ity reduction al gor
topol ogi cal data analysis which, unl i ke ot her
t htdi stri buted stochastt $NBh)e,i gihhbhe®serevrebsedldo ihly
gl obalurset raufct mul ti vaMchbheresdaeaJatlal | 2OW18pr C
visualization and to reduce the 128 features
applied Mamiiffoorlnrd Approxi mation and Projection

inspected the resulting plots.



The UMAP al gorithmdigneennesriacdneasl ar elpowsent ati on
dataset while maintaining the relattosshupsub.
(i .e., the 128 features extracted from VGGi sh
represents an audio sample with duration of -

(PBD, humpback whale detections), oft e30. mEmaugth:

poi nt i Aditmeen st wa al UMAP space also represent
features. The nearer two points are in the pl
12-8i mensi onal space, and thus the @cifdtexznce the
degree of similarity between two audi o sampl e:
of samples in UMAP space should, therefore, ¢
and such similarity should decer.eaPreevwiotuhs isncu

il lustrated how VGGish and UMAP can be applie
dat agéeleath et al ., 202I1T;heSevtihsiairaati zdald.s,0inZsd @)t i
presented here illustrate how the two techni
together for marine ecoacoustics anabysagsthb&M
umalpearn package for python prod@nammilnlg UMAR
vi sual i zations triedsyenwede i genédriast eds udseifnagul t h

par ameters.

2. 2Ladb.el |l ing Sound Sources

The | abels for the WMD recor dsan(i .legc,aw & eno n o

obtained from the database metadat a.



For the PBD recordings, we obtained measures
sur fawrerent speed (Fig 1) dyrdmcanedcean@groxph
recoxd®e chose these three variables duwnrd t hei
noise in marine environments. Wind speed cont
at mul tiple frdguedeCi s, tadd@@ideddz and. eSeal .,
surface temperature contribenes esobleaaokgno®i3d
125 MHAIinslie et whli.l,e 20k22la)n currents contri bi
frequencies belhowebO0 alPlizi,or202d) anal ysi s, we
environment al svsairginaebd etsheancdataegories as | abel

(Table 2).

2 https://www.smartatlantic.ca/station alt.html?id=placentiabay |sedis



https://www.smartatlantic.ca/station_alt.html?id=placentiabay_redisland
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Fi gaTieme s(e3r0i emsi n. oif ntt direv&iny) ronmental variables for t
July and August 2019. Wi nd speed i(ddlpe),, oacredan surf ac
current speed (beornrdmtmli.neAd | f rdoamt at we Red | sl and Smart
oceanographic buoy.
Humpback whal e vocalizations i n t he PBD rec

humpback whale acoushy cNQ@AA esn@AGxeoglacgedal . ,
providing a models sscaompel e.orT heivse rnyod e-I5 was tr ai

(14 vyemd s1l3 | ocations) using humpback whal e |



(Al'l en et @ahe,ma@el)ersetrtarnlgs nsgcd rom 0 to 1 i ndi
in the predicted humpback whale presence. We
to | abel the PBD samples according to presenc

verify the model dreaddl tau,diwe fiinsemedtheat cont ai

mod el score higher than 0.9 for the month of
was confirmed, we | abelled the segment as a m
humpback whal eprwsealti ziant itohne i nspected audi o f
while we | abelled other sources and backgroun
|l abell ed 4.6 hours of recordings. We reserved

t he precifsiimanl ofgr e chiecti ve model

2. 2.5 Label Prediction Perfor mance

We used Balanced Random Forest mo d e l-lse a(rBhR F )
python p(alc&kkmag'et re etoabpredi2dtl 7 humpback whal e
environment al conditions from the acoustic f e
BRF as the algorithm as it is suited for dat a
BRF ahgopetforms under sampling of the majori
to overcome cl(aLsesmai’ mbral antc ea lFlo,r mé&k6dclZ ) r un, t he

dataset was split into training (80%) and tes

The training datasttusewéehe wmeddl sofbbdgltr as s
validation apfppolodshi withetefhoéds|l ooap,t Wend nhiev
selected nested cross validation as it all ow

performing model evalwuation in a single step.



algorithm, éé@xeaspt dnfydre rtphae amet er, fodiwhieck nwe
possible values: 25, 50, 100, 150 260a.i ndd oc hsc
as this parameter determines the number of de
and finding an opti mal value rediutcemsattihen cdfal
outer | oop genevaltiedsatai mrews pglriati nof the test da

input to a BRF.

The testing datasets were then used to evalu

model perfor mance -aicsd inrgaanhees bcaolngprnucteedd a s :

e e e e L YQE T QO VY QORQQUO Q0 @

0 WA 0eowRED | G0 w c a Qp
Wherseensi,t iowi ttyhe true positive rate, i ndicat e

correentyfied by specimbdel hg amdue negative r a
percentage of negative | abels (i.e., absences

We chose dbakamaeg scores as the evaluation me

sui tfeodr measuring mod el perfor mance when s al
(Brodersen .et al ., 2010)

I n total, we conducted four trials on the PBD
PBD dataset to test the ability of VGGtialh in
vari abl es: wind speed, ocean surface temperat
we tested the ability of VGGish in identifyin



tested the humpback whale model on t hevhie&edhor c
were not part of model training and evaluati ol

computed model precision as:

S 000l o "Yi @ i Q0 QU Qi 0k
01 QU RéEtr———————
I AG@ i Q0 "MAT ‘@WQD O QL Qi

Al l predictive models for the PBD were traine
generatedhby TWEGUMAP plots were used to visua
PBD and WMD features datasets. For the WMD da
the distribution of the two UMAP di mensions

| abel |l edngactcoor daxonomi c group, speci es, and

corresponding audi o sampl es.

2 3. Resul t s

2.3.1 Watkins Marine Mammal Sounds Dat

The UMAP visualizations of the WMD features s
both taxondqmiroupalelds speci es) and | ocations.
separated samples according to the taxonomic
mysteamd odontocete species occupied two dist
overl aR) ( FiWwhoeonkatngt he di stribution of the tw
separation was more evident along the second

hi gher degree of overlappind ApplenagsRadBpng t he

51
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bottl enose dol phins-tob¢ehegadehphess, ramghsout
on the other hand,ncdi dclmest ef srmTdesdi stribut
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di mensi on, while species had overl apping dist
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Samples collected in different | ocations but
clusters in the UMAP pl ot smpbRark ewhampel ev,0 csad m
collected in the Bahamas, the British Virgin

formed a | arge cluster (Fig 4)ywwi UMABPvdr mappi
(Appendi x 3A,. FiigniB ar|l gampheski cbéetewhaebein th

Canada, and Norway, all occupied the same reg
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2.3.2 Placentia Bay Dataset

Results of model parameter selection for the f

are shoaml &€ n2.

Tab2ummary of the BRF model s. Variabl es, |l abel s, number of
crowsasal idati on, and balanced accuracy scores (Eq. 1) are repor
Variable Labels Number of . n Balanced
samples estimators accuracy
0tod4ml/s 986
4to6m/s 906
wind speed 150 0.72
6to8m/s 746
8to16 m/s 304
8to10°C 148
10to 12 °C 806
surface temperature 12to 14 °C 478 200 0.41
14to 16 °C 445
16to 18 °C 980
0to20 mm/s 148
20to 60 mm/s 590
60to 110 / 735
current speed © mm?s 200 0.35
110to 170 mm/s 733
170to 260 mm/s 587
260t0 400 mm/s 148
o Absent (0 3279
humpback whale vocalizatior © 200 0.84
Present (1) 181
Oceanogr\aprhiiacb| e s
Of the three BRF fitted on environment al var i e
| abels provided overall accurate p& elalcanoeand.

accuracy score (0.72) (Table 2d. bEhwwemadeébwa ¢
m/s) and medium (4 to 6 m/s) wind speeds, wh i
the higher wind speeds (6] cwABpégBdi BnyY. 8THe 1¢

BRF models fitted on surf aecdk pernfpcerrmdd rpeo arnldy ,c

6|



bal anced accuracy scores of 0.41 and O0.35 r
temperature, the |l owest (8 to 10 AC), the med,]
values were correctly cl| adsitfhieed efsaA pnage mpddadxaisne
B, Bi). I n the case of current speed, only the

to 400 mm/s) were correctly classifiedBfor ap]

FiB 6). These resultthe a@AMAPr efilsaatt e atmons for
vari abl es. Samples | abelled by wind speed for
Samples | abelled by surface temperature and c

separating the AppadsBixi EB. 8a nBnfdle s (
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Fi g6UBMAP visualization of the wind speed | abel s.



Humpback Whale Detections

The BRF fitted on the humpback whale | abel s
0.84 (Table 2) anfdorsmamwea fsomihaatrh ptehe presenc
AppenBdi Bi)d. The UMAP visualization for the hu
clear cluster of presences (Fig 7). However,
formed by sampadkesehabdbe)] |l @addaasg few sampl es wer
absences and the presences clusters.
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samples were true presences while the remaini

a precisi

2 4. Di

Managing

on

score of 0.79. Al p'roefd i Acutgeuds tp.r e s

S U LDIiNn@mh usi ons

the wellbeing of ecosystems require

activities

approach

ar eboicompaateinicge ,s ppowvieanent , and behav

for the deared tagstcnal cef chhatnlgelsarigie ur b a

environments, as it all ows for continuous F:

Chall enges

in employing PAM as a standard mon

when researchers and pr acadcdtt iuwsnefrwl nierefdo rtnea tqiuc

acoustic datasets, to understand when and whe
preservebehegwel |l ecosystems. The relatively n:
the theoretical backgracnerfiotilcisnkbifnghepaciofu

to bvedsity

and ecosystem health.

The objective of our study was testing- how t

trained CNN (VGGish) can be used to link rec:«
and betumeler st and processes happening i i marin
from changes in oceanographic conditions over
such as the vocalizations produced by marine

Our analyses reveadalieod ss efvoerr alnfaeprgrliinoge @@ a podnli a&t i

infor mat i

on

from acoustic datasets. The analy



t hat the VGGi sh acoustic features are suited

species recor dhevd riom nkeinftfser ent e

Understanding the evolution of wvocal diversit)
of a species is one of the keyLobpeeti akslloRO
acoustic repertoires are not available for mo
of vocalizations requires consideralblkaerakeall
acoustic classification model (VGGi s h) used a
di fferences and similarities among marine ma
knowl edge onovobbel spepeesoires. For exmprmelse, a
formed a compact cluster (Fig 4) and humpback
in their songs, even when pofgWMeatciaadms |drde &a da
2021)Kill er whal es, on the other hand for med
popul ati ons of orcas are characterized by d
frequenFciileast ova et al ., 2015Al Fbough&whystmnaot
our results as definitive evidence of <converc
these two species, weshogdestbet Hatrtthlirs i avypest
using more recent recordings of these two spe
from four of the twelve marine mammal speci e
rougbdot hed dol phins, &rsg ,s adutdherort fiogm cwhalr
most | i kely due to the | ow number of sampl es



The analysis conducted on the PBD dataset shov
as a tool to estabweeh seluadi oreschirpls ngs and
mul tiple scales. At the macro scale, the VGGI
acoustic recordings according to measured win
for determiningbhuow wiondsndeomwtit er background
the VGGish features could be used to identif
Pl acentia Bay. However, presences for the mont
indicating thamay hlke BRdc Imeordiedng a | arge number
humpback whale vocalizations as absences. Fur
the PBD samples containing ofnrl egq ubeancckyg r mauinsde nf
passing ship as prAeslerec erse s(uUApgpe nodfi xt he BRF mi
humpback whale detections could be i mproved b

frames and to multiple |l ocations, and by incl

Our results highdiimchta agdnemialatacoonu sotfi s cl as si

on recordings <collected in terrestrial envir
VGGi sh are | imited 1t6o kaHzs ampelsiunigt irmagt ei nofa Ny
kHz . Tshuifsf iicsiagpntturteo mari ne mammal vocalizati on:
frequency | iMmi,t wthAh@peemedihxod i s not suited forl
frequency (e.g., har bofure guenpcoyi sees.)g.o,r bvlewey &
vocalizati othos .t Hfehi se moewa l of a | arge number

dataset . This | imitation also explains the p
surface temperature and current speed, as th



evident at fregbemezi esNobhelt bw!| &s s, the acoust
species vocalizing within the 8 kHz range pr
acoustic behaviour of mar i ne ma mma | speci es
information rel atiacecoutsa i €¢haemgveisr oinmethhe of Pl a
changes in wind speeds. Ot her CHNamgpp&obhehas
201,8)all ow processing audio with higher sampl |

increased computing requirements.

Machd earned acoustic features respond to mult

be employed successfully for investigating bo
of marine s(oHeatsic agptesal . |, 2 0 2Hlo;weSreetrh i tehtei al .a,k
detect species and changes i n marine &&nviro
frequench saocged | i mitatfent used hpatuega taonuds api lca
product, as establishing |Iinks between feature
additional anal yses and data sources. The ob

application of the methlhods (RO@P®PJsead kay nSem han
contietxhe analysis of under water soundscapes.

suitabl estfuody, oture acoustic s-apmpkcessadet ot er

background noises. This appr oaoc hb eh arse saillsioe nbte et
of multiple recording devices, as wel | as to
scheduUHeast h et al ., 202 1maglSien hii detal aff oy 20020 )n
WMD dataset. An alternative approach where
directly used as input to dimensionality redu



coll edaaensaburg et alal.2020H2ENVemastéai s appro
removing background noise from the recordings
have | ed to | oss of information relative to

acoustic recordings.

By presesretti nogf aexamples focused on marine mam

the benefits and challenges of i mplementing a
acoustic environments. Our future research wi
full PAMs dsap arsreitng sever al year s and i ncl us
depl oyment | ocati ons. Ot her aspects warrantin
features perform when t he objective i s di sc

bel onging tocitéde emampopwleat ipoenr,f oarsmawleelalt iahsy itnhg

samples with multiple active sound sources.

Acoustic features are absrtaaacrtdirnegps.eswemit@ht { b a

original structure and underilgimagl redmpli exnsha
same ti me, are a bromeéltyt maptpl canblbe wetedoft ¢
ecoacoustics, ecology, and conservation quest:
how natur al systems interact nwict hpr easnsdu r reess pao
mul tiple environments. Lastl vy, the universal

help bridge the gap between terrestrial and m
coul d deepen our understanding onfu Fstgia t e ma |

environment al assessment s, all owing research



exampl e, h eiw dsutcreaeds sconranges i n one system may
these benefits acctrhat frommame aphpjreoeatcthvand han

requires far | ess human effort.
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Chapt €ha3acteri zing the Aco
of Pl acentia Bay: Unsupervi
Events & QGAM Model s Appli e
TwdMoni t Brangons

31. | ntroducti on

Losvequency noise generated by vessels may be
mari ne coast al environments. The negati ve e
documented for a multitude of mari ne species
invertebratesSchkunt, 2019). The effects of no
been studied extensively for cetaceans (e.g.

of noi se on cebbaltawihessrpionncsleusd,e such axuddit®plac

effects maskinang (i .e., where by reducing the
of i nterest), as wel | as stress responses, a
hearing (i.e., per manent af@Erbempor ary , t RO <
ant hr oipoogremmi se sources found in the ocean, un:¢
vessels is the most pervasive. It is estimated

URN from vessels contributeldé6 tdB ainn alvew afgree g unne
recorded in different parts of the world (Hil
pollution continued in the following decades,

vessels doubling between 2014 and 202VIfDoIl | owe

19 pandemic (Jal kanen et al ., 2022) . Even th
experiencing increases in noise polluti,on due
20109; Hal |l i day et al ., 2021) .



Growing evidence that aomhiropblgenoceani asfef pot

and environments has prompted action from n

organizations (Chou et al ., 2021). Due to its
ongoing chall enges i n mevaaserri nngoiared ploiln kuitn g nu
guantifiable effects on marine species, most |
mitigate and reduce noise and its potenti al n

the precautionarvyalpri Rdi2dl)e (1 GhoCuneatda, t he De
and Oceans (DFO) has recently rel ddFed 210€ 4Q¢g
a framework to regulate the emission of anthr

suppoftrhe objecti VOB offarOM®, EDFWi ronment al Qual i

established monitoring programs to identify c
ot her marine species may be i mpacteidablyamagée hr
bay | ocated i n t hehesoiustlhanads to fr eNé vwofno uonfd Itand (

Labrador,arCh nardeA)tolfanthiec study sites for the M

Our study assesses the underwater acoustic e

Monitoring (PAM) stations, i wePiavestigaBag. th
environmental conditions and the presence of
PAM | ocations. I n this study, we applied two

techniques for processWUmigf tMeamigfeo | RIA MA pdoa toax s antad
Projectdiomens$dmcti on (MOMAREs et al ., 2018) ;
DensBasyed Spati al Clustering of AgfElaimpatil @on st

al ., 2013). These all owed wusi ngs idemttaifryi rmga mpF



vessels at the two monitoring stations. This,

Bal aenoptepadphegsadalions and wind speed measur e

how different natur al andutaet hropuwngderiwat feact
environments in Placentia Bay.

We contextualize the results wusing availabl e
vessel noi se has on the marine mammal speci e

habitats of PR. flocmupardt ioaultdre, Nvort h Atl anti c
as special concern under the Canadian Species
how URN in Placentia Bay has the potenti al t o
as North AfEluabmtliace nra) gl mrcii tail a sl | y BRaldaergep tedar) g
muscyl yssndangered), andMe hgampdbrara knwhaéaesg hate
use -flroavquency vocalizations, and their mo s t

centered at Mal @sd p4@dHdee 20 Hz <calls in seq

playing a centr albr eprl ®dhbienh atvie®ampgosas et al .,

Wat kins et al . ,6 H®8¢hal | Bi,n omhdlhes ot her hand,

and are thoogéatd wbotbbheelfdbu(iiddgumagosa et al ., 2021
show variable responses to vessel noi se, from
present (Castellote et al ., 2012) , to more r

vessel mai e mieg aa wdotcmnt ext ( Groenewoud, 202
associated with foraging, may not be affecte:
pronounced masking effects have been observed

Ot her Wwhbhéeenspecies, such as humpback whal es,



response to increased vesselbermaivieurkbspomsedi t

wind noise (Girola et al., 2023). Vessel traf
t raonrsniati ons over the past five years. The cl
Chance caused a significant reduction in tan
conversion to biofuel production might result
the same ti me, the openism@gal @andaéxmpandiaomi afg |
Marystown | ed to an increase in the number o
western portion of PB. A newly proposed devel

ceating a hub for the export o f wind turbine
expected increase in traffic of | arge vessels

portion of the bay.

The speci fic objective$olod: odyt eGhiazreey t wer eact
environment of Placentia Bay (PB) at twe diff e

frequency (63 Hz, 125 Hz, and 500 Hz 1/ 3 octav

Hz) sound pressure | evels, wetboarckoscuanan?2ar
how different ant hropogenic and natur al fact
trends in underwater sounds at the two stati

intensity and types of vesspol ltutaifdn cal dmd ot In
Newf oundl and and Labrador i s Il i mited. Our stu
acoustic environment of PB i n 20109 and our f

known responses of bal een ehadais Hgpd masn in@duentotpeorc



understand whether vessel noi se has the pote

mammal s found in the bay.

3 2. Met hods

3. 2S5tludy Ar ea

Pl acentia Bay (PB) is a | arge bay Il ocated o
Newf oundNewhdband and Labr ad)or ,PBEainadar i(dntge B ¢
northeast axis and is approximately 130 km | o
t he swoeustth, reaching a width of 100 km at t h
bat hymet rcohtaerrai zed by variability in both deptHt
al ., 2012). PB has an average depth of 125 m,
channels reaches more than 400 m. El ongated i

are chrairzaecdt eby t he p-wasenceldeflinabew ptdBer i n

Peni nsutlh#evahoen Peninsula. Specifically, the E
Aval on Peninsula to the east, and Long I sl and
Channdéel i mited by Merasheen I sland to the wes:
the east. The Burin Peninsul atbot tbdeBwarsitt, tahne
Western Channel to the east. Seafl oor geomorp
bay,erwh mud, sand and gravel are dominant, to
formations are common (Shaw et al., 2011).
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aggregat.

Tab3lei s&aqgoéma ntma |

species

commonly

found i n

Common name

Scientific name

Common name

Scientific name

Blue whale Balaenoptera musculus | Atlantic white beaked Lagenorhynchus
dolphin albirostris
Fin whale Balaenoptera physalus Common dolphin Delphinus delphis
Sei whale Balaenoptera borealis Harbor porpoise Phocoena phocoena
Minke whale Balaenoptera Harbor seal Phoca vitulina
acutorostrata
Humpback whale Megaptera Gray seal Halichoerus grypus
novaeangliae
Long finned pilot whale Globicephala melas Harp seal Pagophilus
groenlandicus
Atlantic white sided Lagenorhynchus River otter Lontra canadensis
dolphin acutus
has been recognized as an mportant

(Lesage et

t ur tDleersmo(c hel y ¥

mportance,

al .,

ons of kri

in 2007

(EBSBFO(2019) .

PB was

2018) , as

[ and i

CEDbFODacegaz2o;

h e bay
recogni zedk
Mosnier et

designated

Pl acenti a

foragi

char ac



3. 2Hy2dr ophone Stations

For this study, we @saeddob5fbRéshmacmtread dAMAR bG4
hydrophones deployed at two | ocations in Pl ac
the south of Red Island (RI'), at the entrance
five km fromnthe Tdli Rpi mhygdra-phoheéc613y. 83d48Qep
at a depth of 85 m. The second station was | oc
away from the shipping | ane and close to the
hydrophone -58®493%)56vias depl oyed at a depth of
had sensi-t64.i%TikeBV ofBUL&G4.a8 idBY (aRkld st ation) .

were set to have a duty <cycle of 15 minutes,

operated coamihwma sttoy Mavember 2019.

3. 2N0O3i se Measurement s: Broadband & 1/ 3

To assess the regional and seasonal variabil i
the audio files and computed 1/ 3 octave band
(LP0 and two exceedancef ddervfefl esr,e nLts5 baanndd wi9d5t, h sf:

(5D000O0 Hz), 63 Hz, 125 Hz, and 500 Hz.

The L95 exceedance | eviegder cweomrtrielsepomfdst he dihset
values for a speci falcd bfaonrd,SRaln dv ailsu eas tthhraets har
of the time iIin the recordings. L95 can be se
observed in the recordings. The L5 exceedance

the 95th percentidfe SPL tvheael wds,t rarmditimei cates

8!



values that are exceeded for 5% of the time i
events in the recording, and this exceedance

of vessel s.

We focusasredal ydhies and interpretation of result:
a)Broadbahd@005Bz), which captures seasonal a
across | ow frequencies spanning from 50 Hz

b)The 63 and 125 Hz alrGL cboamnmdo,n!| whiucshed as i
underwater radiated noise from vessels (Gali
Syrjala et al ., 2020) , and are recogni zed

the European Union (MSFD 2008/56/ EC) .

c)The 500 bHazndl,OLwhi ch have been suggested as

to measure URN from vessels in shallow wat
et al ., 2016) .
The raw audio WAV files were processed using t

(Merchamtl .e 201ppckdgeelf opeadef or computing no
PAM recordings. For each station, we computed
l evel s (SPL) for the3kHeqgaénowerangend5i Hzer ve

wi nvdowi th 509%I dvernleaps.econd SPLs were &Wer ageoc



seconMssubset of this first dataset was | ater
|l denti fication of Sound TShewrsad &,i n\ge sesset li niartaefsf |
then further analyzed to compute 30 min aver a(
python script. The 30 min average SPLs are th

|l evels (L95 and L5) for iObheoberti 8189)udy peri

3.2l.ddenti 6f c8buwuwd Sources

Wi ntNe retrieved environmental Tdat a bfear 2t0H&® ) s tf
an oceanographic buoy part of t he Sma

(https:// www. smartatlantic.cal/) depl oyle@asin p

every 30 min. A similar buoy is deployed in p
were no data available for our study period.
similar between the two stations, and icconsi dée
contributor for the RI and BU stations. We as

and 1/3 octave band SPL measurements wusing a

( QGAM) (see Methods, QGAM Model s) .

Vessel noiaddi order to dingdterish aimidon hef vessel t
t wo stations, we calculated thékmotahgpumbem
two hydrophone deployments for six distinct C
i cebreakeomme moinals,seamgerp We obtained the ves
the Gl obal Maritime Traffic Density Service (

maps atftrds&lmuti on displaying the cumulative t



cel I . Cumul ative timedbasedGMIDBumamatiac | dent
(AI' S) data and processed following the metho
Observation and Data Network (EMODnet). We us
km buffer around the two bGrysroaphonealdepl aty ené n
ti me spent by vessels per class within the bt
coarse temporal resolution (i.e., monthly vall
per month between the ttwoprsotvaitdieonen obuugth dionefsc
assessing changes in ship noise overbatsieme wi
products do not include data for small vessel

contributions of these aredss edts alo. ,s 0210nld6s;c aTpaecso

To compl ement the monthly vessel traffie estir
based clustering approach to 1/ 3 Octave Bands
broadband L28"peircenthtkedodadband SPL)Wat 30

selected L25 as a threshod.dNbolbsendbadagr aahmednt §
ensure that the measurements included not onl
transits, but alsopphearcdi 9g,pdedaced Ay and

Mani fold Approximation and Projectionl ifnoerarDi m
di mensionality reduction algorithm based on t
whi ch i s particuleasrelrwi red f itcdieentl ociad rt ruct u
mul tidi mensi onal data (Mclnnes et#aakd, Spailshpnl
Clustering of Applications wi-bhsd&di sas (HDBSIC

clustering techniqgueentiatyiamdg owlsuetf éinsiwint h yv:



and density (Mclnnes et al ., 2017) . Bot h tech
t he identification of patterns i n bi ol ogi ca
classification ofcldagaseptassivemaaowsatriiety o
example, UMAP, has been successfully employed
their vocalizations (Clink & Klinck, 2021), ar
soundscapes (ComRkoeuti Parcaltisas et al ., 2023
When studying marine soundscapes, this approa

sources and for thetampbyal scbhangbeirwhpahi oar

informatitme abowuitr onment being investigated,
ant hhropogenic and biological sounds, as well
noise in the recordings (Parcerisas et al ., 2

We processed 29 frequency banfsrbehweh aABJdHB
following three steps. First, we reduced the
Second, we clustered the UMAP results wusing HELC

of the clusters by inspectsmpgndiheg speditos oga mpn

| abeled the main sound source present in the
of a |l arge number of passive acoustic recordi
stations), UMAP and HDBSCANsewe roef fsiarnsptl easp pcloi ve

d a yosf audi o recordingG@l)Y Appereadsub<et Tabhei st ec
samples per station, where three days per mol
generator scripted in PythonustWer s hemd | adred rea

second UMAP projection. The second UMAP proj e



dataset, this tisnepdrovilsoenmd nagp par osaecnni wher e poi
based on the clusters identifipldi eéedn HDBS CpArNe v.
second ti me, i nspected, andL dsatWleyl,adg it digatreed ut
sample | abels, each represenmiimgi BtOersv alfsaandd o

the occurrence of the differewdal soansospocue ceas

represented by a maxi mum of 60 samples, thus
removed all samples containing mooring noise
noitsieme a&ariaes expl anatory variMaoeleds ,i mpongt

average wind speeds.

I n this anal ysi®s,deWweaudste doalUMAMRt ers with the

parameter, which was set to be equal to zero.
points wil/ be-dp mek eodh ail n stplfaec et, wand a value of
for clustering applications. To ensure that 1

classificatiobassdngl godetnhbmtywe used the Den
UMAP ( Narayan et Malp. ,ald2®2vls) .beDdres represent
according to the wvariability of sample points
groups of points that have | ow variability, w
by groups of poi wvtag i abt hi thyi.ghlRar ameters tuni
conducted by executing multiple runs of the m
cluster size, min sampl es, and cluster select
mi ni mum expectedes] zehefmiancsampl es parameter

HDBSCAN to declare a sample as an outlier, whi



defines a threshold that preveolsstetibased a
di stancess @dmpglweenin UMAP space. We then comp:
combinations of the three parameters using t
provided by HDBSCAN, the relative validity sc:
runs vary-lbdnwdenlwhreger valuessempai atait@en bleet w
clusterlsgv ewhiivrea iueasst e a high degree of overl ap
of HDBSCAN, we selected the combinationd of pa
relative wgal iThitsy psoeredure resulted in the i
samples containing: ship noise, ship noise wi
the hydrophone moorings (mooring noise hereaf
odont ocetes whndt cl i cks and background br oac

|l denti fication of Sound Sources).

We <carried out the analysis wusing a custom p

(Mcl nnes et al ., 2018), and the-l adbedcéBe6c Wcln
et al ., 2 0 dmla)a,d anud | socai keitt al . , 2021) | ibraries
packages matplotlib (Hunter, 2007) and seabor
Fin whale voWaluwszead ifBin OwHazl eal l s as an i ndiceé

t hepecies. As the frequency r aRde Haf) t(ICiho | ecanmi l:

al ., 2018) falls below the bandwidth covered
25 Hz (-229.. 800917 Hz) , UMAP <coul d not efficient
fgeencyer aof fin whale vocalizations.
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remo

Only
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st at
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cont

ead, we processed the PAMguUanapeDet @ci inc
sification SysteBawmgamwamrer (L& FMCHOHEDI| i ne,
ies a workflow that finradt) mionismi ods tdaentrie
ves short transienit(S btbadbamepl segnal sc.onlt
rithm to candidate signals and extracts
ware then compares t hhee paitttcrhi bturtaecsk oaft tnmairbi
s from a I|library of vocalizations appl yin
similarity or dissimilarity between the pi
hen expressed mcse MaMR) .anMbi vwaldiesd arepr ese

h there is between the pitch track and th

i cat e a better mat c h. We used a NDBCS t hr e s |

ctions with MD bealtavert reits adal,ue 0(1Bg u mglah i s
i ble detections (RI: 16, 586; BU: 10,526) .
ewed by a DFO expert ©&vnocPRAM zaantdi ommasr itnhea tmai
o files and spacthager a@ms exnd omXOSK ounpui n

ving false negatives from the detections

one detection per day was marked as a pr
he day wunl abel ed. From the epasnoktdstbaoht Ublf
lons are affected by mooring noise overl a
| i zati ons.i nisnpdeectdi Joandge | m@g mber of the ©pos
ained | ow frequency moor i ngerneod shee tAMdetehn al

Using the results of the cO@Bsdetengianaly



contained samples | abeled as mooring noise.

recordings to confirm the presence of fin wha

QGAM ModWd sused a Quantile Adtdi { QGAMEeN€&Enal Dt e

202Xl ato explore the relationship between nois

presence of vessels. We selected QGAMs as t hi s
l i nealrati onships while fitting models to spec
making it ideal for assessing how different v

L95 of broadband and 1/3 Octave bands SMML meas
of responses {fpalrlaonwitmg ca Bmgesi an approach, Wi
knowl edge about the structure of relationship:

required in &AMal (Fa20d1la

I n total, we fittedalhloar2)QGAWMs fmotdteéd each QG
guantiles (0.05, 0.5, and 0.95) wusing the bro
2) , 125 Hz (i.e., QGAM 3) , and 500 Hz (i .e.,
vari abl e. The model sdeinntc |vuadreida bfl ceusr: iarvdeer paeggre w
number of samples containing ship noise per 3
the recording. Il n addition to these, we inclu

bet ween the two laddatviacnsa.blWe ,f ietxtceegpt f or t he

cubic splines, a step that all oweeigarfivaanmt
covariates to a fl at horizont al l' i ne i n the n
variabilieg, twe datkbudnd hour as covariates I



appropriate model convergence for each QGAM,

of the three quantil es, where a smooth curve
mod el conveomteidmalo samml uti on (Appendix B). I n
model , we used the cgcheck function provided t

and generated QGAM modet hdi pgonpsesticen bhchedaga

as well &3 thbheasmaldsmoot hleed doksck output repor
of observations falling below the selected qu.
bias of the model averaged across all observa

appromately 50% of the predicted values are ex

default, the average model bias is tested aga
2021a) . This threshold can be increased to
Hawever, model s requiring considerably | ar ge
convergence issues (e.g., >0.2), indicate tha
account (Fasiol o et al ., 2021a) . A summary o
seected quantil es, and the absolute bias of

reported ibD Apepenamxared the resulting QGAM

guantiles using their explained deviance as a
devi axglaiened indicate a stronger relationshi|
the independent variabl es of a QGAM model . W

comparing thoaeli Q&EAMBoks with the smoothed ter
freedom (edmgnsimTbeskiddicate the degrees of f
describe the relationship between the depende]

and | arger values of k -lriensevalrt rienl ama roen scha mpsl. e X



cl ose tfo ofhea esdmoot h term indicates that a mor

descriptor of the relationship between depend

We then examined the effect of all vari abl es
t he signitfhheciarncemoodt h ter ms, where p < 0.05 \
determine i f the fitted smooth term was signi
l ine. We then assessed tHa nprags eared eatd fo nlsihn easr

modedd& values) and the direction and magnitud:¢

Marine nmammaésence and Awesasneli ndoicsaet:or of pot

di sturbance to marine mammalsremwee acfsesasegdelt hrn

presence of Hzi mowhbaliealbDons. To minimize the ¢
estimates, we removed samples with an average
m/s. We then computed the median broadband an

containing maroicrad i mammalns with and without th

and summarized the results using boxplots.

To explore potenti al changes in fin whale voc
environment, we testedt hnhaex irneulda tainonn snuimp f lr etques
of the 20 Hz calls and the broadband sSpPelct rWel
characteristic®WhusWelgcohen Maasnt , which rel axe
normality and all ows compar ifnegr ednitstsrampltd oni z

then quantified the magnitude of such differ



vocalizations recorded at the two stations. .,
Var glheal aney A measure, which vaepastbeeweénof
indicate increasing differences between group

(R Core Team, 2023).

3 3. Resul t s

3.3.ldenti fication of Sound Sources

Under water Radiratme d dbaeiedtewo st ations differed
vessels and their total hoomi rtsh eo f h yndarva pghad n eo ns twe
99. Traffic at the RI station exceeded 30 hr e
type found in proximity of the hydrdphaene, nfool
identifier), and service vessels. Traffic in
|l ower , peaking in June with 31.6 hours. Fishi:t
t wo most common types of veStiellls dtoutnide-aBUt hte
commer ci al vessels (e.g., navy, rescuandand r
di spl aay epeoaghk t r af fHiwdry n gn oaniocnhmer ci al vessels t

hi ghest mwmmb @iad aifoenc o dFe)d. 9
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d 50-
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Fig9B8emmary of total hours of navigation for nine different
of a hydropihmn20k9 ati on

The first run of UMAP, performed ondblge p2B S
station, resulted in a number of | arge and s
frequency( Apopnetnednitx C, Fi. g P&@&ramaenedr Ct2ning fo

performed on the two UMAP di mensions achieve

indicating that not awelli deephbagdd beugdgtwer sU
di mensi ons. The selected HDBSCAN par ameter !
min_cluster _size = 375, and cluster _selection

HDBSCAN yielded 13 dndxi ¢t Fa lgu Ct.)&2r s& o ThAgled ef r ©
passing vessels was the most common sound soul
2, 5, 9, 10, 11, and 12 all contained ship nc«

from samples al mostt leentBU edtyatbhied om.ngGIlnwgstteor s 0,

contained noise from vessels from the RI stat
from both stations. The remaining clusters
frequencies, often below 50 Hz.



Fol lpwa nsemier vi sed approach, we used these 13
perform UMAP di mensionality reduction on the

HDBSCAN performed on this second set of UMAP

score7d®f Ondicating that al | clusters were W
di mensi ons. The selected HDBSCAN par ameter
min_cluster _size = 250, and cluster _selecti ol

UMAP di mensi onaleiptay atr edludthieon 25 samples accor
content, with, for example, most samples exce

tations psameinggiantbaoe Xhe graph (Fig. 10
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FiguaiORkesul t sPo2DUMAmMensional ity reduction applied to the L25
to the station | abel (Red Island, RI; Burin, BU) (left) and

The second run dédHDPBSCECASIt yhe& Tdlulse &4 st If &s @,
clusters contained sounds bel ongi ng t o sour
HDBSCAN performed on the subset of L25 SPL me
to 4, 6 to 8, 13 and 17 4dIFli giad)adned mocsestE

1) containing npdr chp eglhl & rr engouiesnec. ya Ol ouisstee r(sT alb,l e2 ,4



14 tol6, 18 and 19 contained | ow frequency noi
The remaining two cl ustnaarls siodiegrcteisf:i ebdr otavdd a a di
noise up to 2 kHz (cluster 9) and odontocete
final grouping of acoustic samples for the 1t

noi se, mooring noi se,c etaemkddgrudFridg, and odonto

Vessel noi se was prevalent at the RI station,
samples containing vessel noi se. The final s h
recordings from BU and 5506t bngrnbdbresen whe RI eg;
BU station, with 590.8 hr of audio assigned t
were | ess affected by mooring noise, which tot
noi se cluster most !l yIi monldu d eod ad d repdl elsA fhrram The
contained samples from both stations and i ncl
recordings for this cluster consisted in 5.5

vocalizations twekeeBUdenmaiforerd at
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Tab#BResults of HDBSCAN <clustering and
subset of the two
figure 11
Clusters Station | n samples Label
1 BU 6262 outliers
RI 8080
0 RI 554 mooring noise 1
BU 202 . .
1 R 224 vessel noise 1
2 BU 442 mooring noise 2
RI 6 g
BU 1069 .
3 R 83 vessel noise 2
BU 1106 .
4 R 1 vessel noise 3
5 BU 19307 mooring noise 3
RI 30 g
BU 1 .
6 R 345 vessel noise 4
7 RI 530 vessel noise 5
8 RI 466 vessel noise 6
BU 21
9 R 1702 background
10 BU 218 odontocete whistle and
RI 653 clicks
11 BU 336 mooring noise 4
BU 2 . .
12 R| 327 mooring noise 5
BU 250 .
13 R| 77 vessel noise 7
BU 50497 . .
14 R| 1639 mooring noise 6
BU 38 . .
15 RI 779 mooring noise 7
BU 19 . .
16 R| 84 mooring noise 8
BU 8107 .
17 R| 64342 vessel noise 8
18 RI 1027 mooring noise 9
BU 3 . .
19 R| 3196 mooring noise 10

* samples containing vessel noise and high frequency noise

audi o

10

sampl e

PAM datased st he&€l alsu etre may mbleaown ciom r e



4320178 224330 224340 224350 224190 224410 224820 224430 224440 224450 224500 224510 224520 224530 224540
mmss

i gaBlewo examples of audi o samples containing vessel no
requency 1l0dMWng.e Wi ve consecutive 30 s samples recorded
ontainingthhéovesselpoint of approach to the hydroph
01099// 09; ti me: 22:43:20) (top). Eight <con
tati (d
bo

NS~ NO T

secutive 30
tion precaeddicnlgostenset vpeosisnetl of approach ate: 2019/ 1C¢C
ttom). Both sets of samples belong to HDBSCAN <cl us

oise from both stations (Table 2). Spectrograms prod.!
Version 2.0.5) with brightness 50, contrast 50, and w

10



Wi nBuring the study period, wind speeds range
of 7 msspwWed increased with the progressing

medi an speed recorddaesitn rkecmme daemddliinh@©chiodber (

16
14
12

10

average wind speed (m/s)

June

July
August
September
October

FigaeMei ol in plots showing the distrihkusitemndyofarwiand spee

QGAM Modeellls:of the QGAM model s achieved conve
exceedance | evel s anhld5 b diltledhOp,r oapnodr gt b Bobny eo &rneds i d u a
t he moadeslod ute bias were accepf ablQeMo(dlied p edn dfioxr
the L5 of the 500 Hz band SPL achieved the be:
= 95. 3%5) . Ta@d@AM Model 2 for the L50 of the 63

deviance explained at 48. 8%. Oveeatéed@GAd Immac

10



hi gher proportions of -94%pl| dihmend t devinodel s( 8f

exeedance -T2%)el ( YaaBl e 5

Tab3Summary of QGAM model s f iitltOeODz pbn the broadband (
63 Hz, 125 Hz, sanfdor50t0hrHze beaxadeedance | evels (L95,
and L5).

uantile :
QGAM Frequency (egcee dance Deviance R-sq.(ad]
Model Band Explainec g-tad.

level)

1 Broadband 0.05 (L95) 88.40% 0.566
0.5(L50) 67.60% 0.673
0.95(L5) 92.50% 0.575
2 63 Hz 0.05(L95) 90.70% 0.554
0.5(L50) 48.80% 0.592
0.95(L5) 85.30% 0.527
3 125Hz  0.05(L95) 89.10% 0.591
0.5(L50) 57.40% 0.638
0.95(L5) 89.20% 0.571
4 500 Hz  0.05(L95) 87.40% 0.431
0.5(L50) 72.60% 0.626
0.95(L5) 94.30% 0.464

We observed positive contributiosnente otheveesaece
and wind (Figs H&6wewdr ,16t he contribution of

depending on thecysedamrd eandregatinon. The L95
terms had a significant effect on the SPL me:
smooth terms had a significant effect on SPL

exception of the L50O0Of doz QGAM )Modwhler4e ((only tF

RI' had a significant effect. For the L5 smoot
effect on the SPL at 63 Hz, and we observed ¢
band. The effect e fprtohneo uwmicnedd wans tnmhoer L95 excec¢

10



its contribution was smaller for the L5 exceet
contributions bet ween the L95 and the L5 ex
broadband L95 increalseyd9s5ro®m @perdbxOma) for v
(<2 m/ s) to approximately 115 dB (re 1 OPa)
stations. The broadband L5, on the other hand
1 OPa) to 116 (re 1 aPda)l X5 r( rteh el BQP as)t aftdront t
observed the | argest contribution of the winc
models 1 (broadband) and 4 (500 Hz band), wit
SPL for both stationsmibBeni wi odmpaxkxtceedetollo\

2 m/ s) .

We observed no signifi édamnnt rdiibfuteircemsc etso itnhh ev els

bet ween the two stade oemxsc amdlamce olssvalldltAppen

i D4) . With thehexdce®pt iadn 68f Htz at t he RI stat|
vessels had an edf <c¢close to 0, i ndicating tha
the observed SPL | evels was similar across tl
vessel s, wheins thet stansiodered as a f-achoar s |

rel atiimnwi th the meas)ur elir oSaPdLbsa n(dFingedli@an SPL
increased from 105.7 dB when vessel noise is
when vessel n o0 0s% ofs tphree steinme .1 An i ncrease fro
up to 5 min raised the broadband median | evel
SPL |l evels for 100% presence of vessel noi se

comparison to éalckygelosan(d nei,s in the absence o

10



from O to up to 5 min of vessel noise in the
approxi mately 6 dB for both bands. The 500 Hz
absence of wvwes%8&l 8ndBswhen vessel noise i s pre
per the previous two bands, the increase from

500 Hz median SPL by approxi mately 6 dB.

Station: Burin Red Island
L95 L50 LS
130 130~ 130~
I
o
o Q120 120 S 120- -
g-l_ --------------------
&7, 110 110 110~
R L . L
o@D 100- . 100 100~
£=
gD 1 1 1 1 gD- 1 1 1 1 gu_ 1 1 1 1
0 5 10 15 0 5 10 15 0 5 10 15
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1 @ 100- 100 - 100~
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w— 90 90- T ———T———
Ie _f',.‘ -------------------------
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2 = Y e
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i & 100- 100~ 100-
Er q0 S — aq- Q- eerreessmmeioeees P
@«
w o 80- 80 L 80-
— T e
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0 5 10 15 0 5 10 15 0 5 10 15
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i & 100 100 - e R 100- e
E"— a0 90 - gg- === =
LI T =
Sq 80- 80~ 8O-
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average wind speed (m/s)

Fi guaBEGAM model onpgarithiuali om of average winnd OdHz)e dssnd 06 3 hiez ,b rloz
Hz , and 500 Hz 1/3 octave bands for the RI and BU stations (Q
bs@&éhy=St ati on, m=1) .

10
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3. 3Fi2nn Whal es& PYessalceNoi s e

Fin whale 20 Hz vocalizatRbnandavetree dBUWU ettt 2tdi @t
Il n total, we identified 65 fin whale 20 Hz vo
summer -JuWluyn)e and became more eom@aon fmaldhe¢ Sleapt
October). We observed a difference in the pe
occurred at the two stations. Overall, the RI
(n=41) than the BU station (inzza2t4i)o,n swibtehi nfgi np ry
al most all recorded days in October. On the of
station peaked in September, with a few detec

Tab6Botal fi PCwhealeectlifons, and number of detection

occurred in the presence and in the absence of ves:s
(RI' and BU) arn®dcmombdth )(June

Vessel Noise
Station Total Absent Present
Burin (BU) 24 22 (91.5%) 2 (8.5%)
June 0 0 -
July 2 2 -
August 3 3 -
September 14 12 2
October 5 5 -
Red Island (RI) 41 23 (56%) 18 (44%)
June 0 - -
July 3 1 2
August 2 1 1
September 10 3 7
October 26 18 8

The majority of fin whale 20 Hz vocaleiss&ti ons

noiwaes present. (OFfahbilhee 665 detections, 45 occur

10



noi s e, while we i1identified 20 detections (31
present in the environment. At the BU station

taf fic consists of passenger and fishing vess

occurred in the presence of vessel noi se. At

where vessel traffic was comprised mosltely of
detections (44%) occurred in the presence of

We observed that fin whales vocalizing in pr ox
|l evel s of vessel noi se trloaxn miiitryy whaltdre) Bdlc aslti:
Accortdo nghe QGAM results, the presence of ves
30 min of audio recordings resulted in broadt

120 dBhatthoti ons. Athet lpeg eRlenstatiforJ RNt from v

increaspstof20 and 23 dB in the 63 and 125 H

station, the presence of vessels increased t
absence of vessel noise to 103 dB when vessel
time. I n ,cotmpeardaorotnri buti on of vessel noise toc

R I station, where the 500 Hz SPL increased fr

99 dB when vessels are present for more than

When vessels arevpresenetntinftime whales experie

i n median br oaedlbsa,ndf rnoomm s1e04 ejvo The @B HEIi gand?7

SPL increased from 73.2 to 82.4 dB, and the 1

10



88. 6 dB. The smalulrestd iimcr rtehaes e 0ddc Hz medi an S

85.06 %2.4 dB. (Fig. 17

Broadband (10-1000 Hz) 63 Hz
120- 100-
90- |
110
T
o
=
®
& 80- ‘
z
t
o
(2}
100-
70- |
90- 60-
absent present absent present
125 Hz 500 Hz

100-

*] Q ”

SPL (dBre 1 pPa)

60-

absent present

absent present
vessel noise

vessel noise

Station. Burin Red Island

Figameoxpl ots showing the distribution of broadband, 6
SPL measurements for fin whale deotkecvesssl in the pres
noise. The overlaid points show SPL measurements for
separated by station: Burin (BU) and Red I sland (RI).
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TabT@omparison of

f i 6p awhaanieet e2 (s Hwh ecnalslesssehndowbheni seabel
twhhei | ree stu

noise is present. The first thr efhicteWieuyncnosx orne ptcerstt
|l ast column reports the corresponding effect sizes.
LFDCS call Mean Mean | Difference 95% ClI w Effect size
parameters | (vessel | (vessel in (upper; (p-value) (vda)
noise noise location lower)
absent) | present)
Max F (Hz) | 20.46 | 21.05 05 42691 | 0095 0.673
: : ' ' ’ (0.02699)
. - 5.05 e-05; 575
Min F (Hz) 19.61 | 19.23 0.25 0.75 (0.07476) 0.639
The M@mintWelcoxon tesitf yia siognii fdiemant di
frequency of fin whal calls between
absence of vess)el Tnhoei stee s(tT,abhoewe’/ver, i ndi
maxi mum frequencys)ofwiaal las s(npald G®fG ect
noise resulted in a small decrease (~0.5
Mi ni mum frequencies of the 20 Hz <calls

di spl ayed a

t est

resul

ts

sionimaxi mimefcteguardit) t-Wakllcohen Ma

wer e Or dbbatsigal y i clams e

det ect i

it@vtehe ( Tab

11
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3 4. Di scussi on

Understanding how anthropogenic noise sources
to the i ddntiinfpiaccatsi oamdo can guide the creati o
and mitigation measures. Bal eemnwyledleoguerty
vocalizations, such as to communicate and syn
and the pfresesscel onoise in the environment C &
ranges through masking of biologically releva
provide a first assessment of URN from vesse
ant hhropogehbagnohge cammerci al shipping | ane
potential to mask c¢c ®&lhsayvailannrde sppeorrhsagpss itmr ifgigne rwh
bal een whale species found in the area. Furthe
of veatkictuwusing the area result in different
with noise in theill2dw )f rbeeq megn adioamd n@3d wher e |
present, while noise in the 0B Mapwenad|l movesprd

traffic.

Within the study area, fin whales were often

t he RI stati o, midaogatodd tihne Y%srhoif p pfii mg whaan ee, d4e4

occurred at ti mes when vessel noi Pe f fwarse nptr ¢
composition and intensity of vessel traffic a
noi se |l evel s experienced by mari ne ma mmal s t
experienced the highest noise | evewhsen nv eshsee |lb |

noi se was present for more than 15 min for ev

11



rep
( Au
eff
eff

cal

hi ghest noise |l evels for the four bands ¢
present for 5 to 10 min evengi 8 Iméwelos i
Hz tended to be higher at the BU station,
recreational vessels in the area. At the
were higher, reflectingeséel snoi sa&n girtoidrug e
pping | ane.
n vessels are present in the environment,
i mum frequency of fin whale 20 Hz calls cc
se is absent. 0 lo @zaaytéiso mo f ¢ fa rna cwhearliesst i ¢ s i
sence of vessel noi se have been documented
t heast Atlantic Ocean (Castellote et al .,
se by decreasing tpleakduraatdi care,nthkeandwiedjtuke,nc
S These changes are interpreted as an ac
alizations are shifted towards | ower frequ:¢
call s shift t owacridess ,s utbhoep teinnearlg eftriecquceost of
ected whales increases (Bradbury & Vehrence
duced in regular sequences, fin whale 20 H
roductionar whOo!|l Blzi cakhsl have bebehawisowri af
l i ch et al ., 2023) . Changes in the freque
ectiveness as reproductive and soci al sign
ects atiohelpoplulaThe difference we obseryv
| s suggefsntesqutehnacty |voews s e | nNoi se bmayavadlle ut r i ¢
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resp

of v

onses, where fin whales are modifying the

esised inn the environment .

mi ni mum frequency of fin whale call s, on
ence of vessel noi se, intlcenMedbt et oarme asr
tellote et al., 2012). &@Ougmalelsudampl| e oswviezwes

did not account for the position of t he
ions. These I imitations prevented us from
entia Bay are badayti oemgpbobheertootak presen
e. |l ncreasing the scope of the analysis b
s could help better understand if vessel

i nobvwlcal e g at i onssampllrec rseiazsei ngoul d al so al | c
onse relationships between fin whale 20 H

he environment .

mooring noise was removed from the PAM da

he maiomr scamt rtihbeutobserved SPL exceedance |

O Hz), 63, 125, and 500 Hz bands. The con:
L95 exceedance |l evel, while it became | es
h capttud ®esidtelse PHeriods in the PAM recordi
he other hand, had the | argest effect on
ropogenic rather than natur al sound sourc

| oudebe B#Wdobdb recordings.
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Overall, noi se | evel s at t hlei nevdr sft ags hiomrs fi mrc

presence of vessel noise in the recordings. TI
every 30 minutes or | esgriosunedn cnwg hs et d eivred rse asye
5 to 6 dB, which is expected to reduce the ran
& Killorn, 2021) . When vessel noi se 1 s preset
l evel s increased apprexulmaitred yi li2a t po tle&n tdiBal

marine mamomamusi cati on ranges within t-h@0Gtudy

Hz) L5 exceedance | evel surpassed 120 dB whe
recordings, i ndi cat i ngposhuarte snuicghh tl bebvbed tvarbof g gneori |
responses in fin whales and other baleen whal

Acoustic compensation strategies analogous to
have also been documentedl| d®o,r &Nmdt humpbaok i
Responses to vessel noise in blue whales incl
(Melc-n et al., 2012) and changes in cal/l rat
2023; McKenna, 2011; Mel ct-inc erti gaht. ,whadlle2s) .s hNoow
vocal adaptation t o i ncreasing noi se |l evel s
vocalization frequency and duration to compe
space. Two of the most commbinccRiIl gkt eWihaltes b:
found to be affected by the presence of ship
and gunshots (Cunningham & Mountain, 2014). Hi
and small vessels by inter rfurpgqg unen oy caafl iczoant m uonr

or modi fying the spectral characteristics of

11



2018). These results indicate the need for a
how the presence of veisnsge | manroiinsee maingmatl bsep eacfifee

Bay.

The results of the QGAM models show how bott

factors, such as the presence of wind and ves
of soundscapes i n Pl ac@@AM aalBaoywe dT hies utse eX |
exceedance |l evels (i.e., L5, L50, and L95),
assessing underwater noise | evels (Jal kanen e1
sources in the environ®emt e Foonspebkbdsi bel ofv
was relatively | ow when compared to higher s
assessments of vessel noise in the area shou

speeds are below this t hrnesfhaocltdo,r otro irnecmouvdee t:
energy contribution of wind from the overall 1
at the BU station, though, this difference ma

measured close to thteo RaAi nsdt astpieoend saraet stihmei |BU s

Lastl vy, we showed how the use of unsupervisec
clustering technigues (HDBSCAN) applied to 1
all owed wus exploring tkseéatbpodatPdAdVetfs ,a Ileaardgien g
identification of anthropogenic and biologica
us to identify samples containing noise gene

removed from further analysi SCANnhageeeheenpeap]

11



to the st udéceyononiunainciamailosn and for the charact el
environments (Sainburg et al ., 2020; Set hi e
requires review and validagdowmdo,f wéd ef owrsdilttha
UMAP andCANDBSoul d greatly reduce the time re

dat aset s.

Passive acoustic monitoring I s now an importa
to monitor the health osftimaremve romaneindgs a md

internati-mmaddsysi iPg eaudi o recordings using un

techniqgues can greatly improve the capacity
recordings, and identifywdarmdualcaersa tParriczea i sspes
OQur analysis, however, did not | ead to the i d:¢
fin whale vocalizations. This could be due t

approach whereby Isedcedti n35%Bndfy the samples m
the majority of audio recordings containing f

HDBSCAN analysi s. Repeating the analysis by i

the i dentificatitemsofcoadai hiomgalbi ol ogi cal S 0L
factor | imiting our ability to identify biolo
temporal resolution used to summarize the SPL
noi se, wesos$edianrof 30 s for the 1/3 octave

HDBSCAN. A similar study conducted on PAM dat ¢
resolution of 1 s, |l ed to the identificati on

suggregttihat i ncreasing the resolution to 1 s

11



of bi ol ogi cal sounds. On the other hand, as
projected in UMAP space, reducing the r-esol ut
fdl increase in the number of samples to be
required computation power and time to compl e
the clustering analysis did reveal a a@nadup of
clicks, indicating that the selected tempor:

identification of mid to high frequency biolo

similar approach can be wused for dimwlrtiimplnat i
species of marine mammals and identify humpbe
dat asets (Cominel |l et al ., 2024) . Further

HDBSCAN applied t o 1/ 3 octave band SPL me a s

i denti ffi coadtoindmcoet e vocalizations as wel |

3 5. Concl usi on

Our aim was to contribute to the assessment o
to noise in PlacentdeaveBaoypi mg baocsas tanld draessa af f
both | arge andWes nfadun dv etshsaetl st he presence of \
stations has the potenti al of okgdavivedry af:
communicati on. OQur results highlight the 1 mp
natur al and ant hr oop osgee naifcf escotu rntcaersi noef emnvi r on me
need for Canada to introduce noise managemen]
areas where vessels activity and mari ne mammz:

Further mor e, the negmddgeri cefrn®ictes arfe amdthr bi
11



mammal species, and affect fish and invertebr:
and culturally i mportant species such as <cod,
Hudson et al ., 2 0202);. ITvhaen oGraan aedti aanl .Qc e2aOn2 NoO i S ¢

scheduled to be published in 2021, was del aye

has only recently been released for public co
due to increases &andyvensnsgodtnhetrraafifmigseact i viti es
noi se |l evels are surging in different areas ¢
del ays in est-abttiesbBtagdamtsonho regul ate under
its effecttsocoiugudi flieaant i mpacts to both end:
commercial fish species.
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Chapte$pad:i al and t empor al
vessel noi se and I ntensity
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habit at

41. I ntroduction
Environment al changeopaganpitce da dtyi vartihes pose:
biodiversity and health of terrestrial and me
Priya et al., 2023). Anthropogenic noise, al or
alters natur al acoamndtcanepViayommernotlise i6n r ed
diversity and abundance (Kok et al., 2023).
The mechanisms through which noise affects 1in
ecosystems are complex and have only beaen doc
of species (Duarte et al ., 2021; Kok et al .,
marine species known to be affected by vessel
fish (Nedelec et al., 2015; Stanley atelalet, 2
al ., 2021; Sol® et al ., 2023), including comm
|l obster (Hudson et al., 2022; J®z®quel et al
cet aceanshbeihnacvadiluoduere sponses, ma s ki ntge r(fie.ree.n,c et ho
noi se sources with cetacean communication),
changes in hearing sensitivity (i.e., tempora
2019) .
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Vessels are the most ubiquitomstéeuoceaonf amd

transportation is the main caus-er eduetnhcey pnrooig
observed i n many r é&€diapmsa norfamddh d2rdktee;aent (al . , 2
Jal kanen et al ., 2022). Bet weems 2dfl 4u rachar D2,
from vessels have doubled, with 75% of the to

band being released by cargo and tanker vessel

hosting commerci al shippi ngnd atntees mogt pafrftec ta
(Syrjala et al., 2020). As vessel noi se 1 s ex|
has the potenti al of affecting the full spect
mari ne mammal s. Most ofagsgdedce lmyYouss sel £nies gygor
frequencies bel ow 500 Hz, over |l appi-ngngve t h

communication by many species of bal een whal

However, depending on the size amidsspead acfana
high as 10 kHz (Haver et al., 2021), reaching
echolocation (Veirs et al ., 2016) .

Mul tiple species of baleen ands towmasteadl whal ietss

being expadsneed etasing | evels of vessel noi se.
di mini shed foraging success in the endangered
Orcinu)s (oHaolat et al ., 2021), and the introduct
Sal iSeha, in 2018, was foll owed by an increase
(Williams et al., 2021Bal E&Eenrdamtger) e dmued calelf wwd & ke ¢

communication masking when close to the shiopyg
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(Awmliaer et al ., 2016) f raenqdu eanrcey evxepsosseeltd mtdoi d$ldoemw i

St . Lawr encSi naeradwaeyt (al . , 2010) . Besides havi
communi cati on, t he presence of vessel s has
oppordsunfigari bl ue whales in the St. Lawrence Es
whal es and <critically endangEubeadl arconrat) hg d Aatel i aanl t
exposed to vessel noi se when entering the Gul
(Cominel | i et al ., 2020). Although more resear
noi se sources may have negative impacts on th
(Marotte et al., 2022), the document edl udke pon
physiological responses (i .e., i ncreased stre
vocalization patterns (Matthews & Parks, 2021;
an increasing nhumber of vessels after tmansnei
mammal s, with noise | evels someti mbehayateadi n
responses (Halliday et al ., 2017; Kochanowi ¢
increasing vessel NMaicheasi 1t hehgo@oCamadiadmt on ena
ma mma | and fish vocalizations (Pine et al ., 2
As the magnitude of effects that vessel nNoi se
marine species become better under stood, bot

bodi es have rneeceodg nfiozre d htehea ntroduction of nois

et al ., 2021; Mer chant , 2019; Vakil i, et al
organizations and agreements (e. g., t he Uni t
Organization, nvaemndt i ame oo Bi ol ogi cal Di ver si
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technol ogi es, operational measures and the us
tools for monitoring and reducing anthropogen
2021) . The adaptdiucn iofh neicheol ogi cal sol uti or

most effective appr odéunhd efrowa tme rt i ngoaitsi en ge nviessssied

2017; Chou et al ., 202 2Do fMetrec hatnt al .2,0120 2 R)o.j
measures sumhg aos rverseswetli traffic, i ntroducing
vessel exclusion zones, and i mplementing chanc
practices are considered to have a | ess subst
noi se (MeOX%)antl,ntroducing vessel quieting tec
decades, making the adoption of interim soluti
of vessel traffic overlap with important mar.
measumerst i oned above, speed | imits are the mos
vesdebisse emi ssions. Reducing the speed of ve
not only for abating noise pollution, lhut al s
| arge marine mammals as well as emission of
However, adopting | ower speeds can result in
wildlife to noise over time (Williams et al

regubas can be strongly dependent on operatort

2020) .

I n order t o be effective, mi tigati on measur
regul ations, and incentives ai med athiensurainng
abatement of noi se pollution (Chou et al ., 2

13



2020) . Currently, nati onal regul ations for t

excessive |l evels of anthropogeni c ompaiasne Uarieo ni.r
Il n the US, the Marine Mammal Protection Act (
(ESA) consider acoustic impacts at the | evel

activities to |Iimit the number Oy remigndid ci 1 d ai
activities. Such assessment relies on the wuse

t o a sbseehsasvailo wuresponses and the onset of audito

( NOAA, 2018; Southall et alal ODO6&8hi cMand At mae
Admini stration ( NOAA) has i ntroduced recomme
ant hhropogenic noise within National Mari ne Se
managing ocean noise in the US movédrhet lEaurlopreq
Uni on, under water noise is regulated under t|
( MSFD) (Directive 2014/ 89/ EU) . Descriptor 11
and maintain good environmental statuemwitbdnl
ant hhropogenic sources shoul d be bel ow | evel
environments. In 2022 the EU became the first

for the mitigation of underwaterg mai harfnr @m u\se
to individuals, the EU targets focus on the e
originating from different types of activit
continuous undehwaher snmosé!l y pirsohdowdc edd nboyt vaef s

more the 20% of a given marine area over a ye

13



I n Canada, the potenti al effects of noi se po
addressed through the Ocean Protection Plan (
i's monitdmpnmngpvamdg the health of marine envir
umbrell a of OPP, the federal gover nment star
( ONEPFO, .20T2hde) goal of ONS is the devel opment
measur es addrpeoslsliuntgi onnoiisne Canadi an waters. | n

of ONS, Fisheries @an@DPOeraNMar i CaemaBavironment ¢

program ai ms at increasing current knowl edge
poll ution on marinaeaeandodysthgmsuandcdbdte mitigat
such i mpacts. MEQ initiatives span Canada, wit
and Atl antic Oceans. Pl acentia Bay, a | arge b

i sland of Neewffoaunrdd laasnrdd (aNnd Labr ado® , k €w nsatdady

sites in the Atlantic. Due to its importance f
of multiple commercial and recreational acti vi
as an Ealollyogarc Bi ol ogically Significant Mar in

objective of protecting the habitats and mari.i
waters (DFO, 2019) . The bay hosts different s

herrigqurgegaagt i ons, and seagMzdaumbhdowzt DEMOC Kk i n

2029 At | east 14 species of marine mammal s a
round or seasonal l vy, and the bay is recogni z
endanger endalbel UeLewsage et al ., 2018). Placenti a
and recreational activities (e.g., marine t ol
|l ocated in Come by Chance in operation since

13



i n 20Rt0 was subsequently converted into a biof

expanding aquaculture presence has opened mul

18) . The port of Argenti a, the | argest in the
Newf oundl and to Nova Scotia as well as commer
wi || be further expanded, to accommodate faci
using wind energy. In addition to thebefashimg
occur in the area. The majority of vessels ca

transiting within Placentia Bay-10nkgagoti8,twantvh
exception of vessels transitietgweven hih arhdce kHhi

(Simard et al ., 2014).

Il n support to thee QPRI a&ndoft ocCatnfaeladevel opment
manageri al tools for the wupcoming ONS, our s
di stribution of noi sleaps owirtche smaarnidn et hneaimmmad v earr

Pl acenti a MNBoarye EsSBpSeAc. iofbijceacltliyv,e st hcef toour research

i JAssess how vessel traffic changed in Pl ace

i iBsti mate how such changes inhheedssetsibutaifd
intensity of noise sources within the stud

i iBs)ti mate the distribution and intensity o

regularly visited by marine mammal s.
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The results of our research show that the ar
Pl acentia Bay has increased uadveirg twhe hpastar £ia’
visited by baleen and toothed whales. Our r es!

and mitigation solutions aimed at addressing

4 2 . Met hods

4 . 2V els s e | Traffic and Vessel Source Le

The Gl obal Maritime Traffic Density Service (

t he di stribution of vessels based on i nfornm
|l denti fication System (AI'S). AI'S signals in t
i ndefx the gl obal tempor al and spatial di strib

of navigation p¥r K&GETDhRr 2nd22)N. & asmdasur e

of vessel presence within the study arn&kerf,ocu
passenger -qmRog.F,f Recelrlri es) , service (e.g., t u
vesels. We smmarnihzedt he | imits @&flt melB)Bl é6€eqg
for each distinct vessel c¢class and for all cl

how vessel traffic bhaerchamreg @20l 30 d@ZABJLA a a d

24) .

As direct measures of Source Levels (SLs) for
not availabl e, we esti mated vessel sour ce | e

regression mod el devel oped .byThMasc Gi €gr & 8§ aly O I«
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estimates SLs Ilitaescendniomalv esspeedisf i cati ons and op
as: vessel draft (m); speed through water (kn
main engine RPM (1/minuteeWwer makw)  ,engogee (yveaea
functional regression is based on more than 1
Sal i sh Sea (British Col umbi a, Canadagndf or t

Observation ( ECH)i sp rdoagtraasne t has denstwsdadsi n

assess the impacts of vessel nNoi se& MCamamari ne
Halliday et al. (2022, 2021a; 2021b) wused med
to model under water radi ated noi se fsrkomf osrhi p
nar whal s, bel uga, and bowhead whales (2028 (

used the ECBOSprsogrmamodel the acoustic footpr

through the Cabot Strait (Eastern(Q@&mrddal) esA el

the use of the regression model on the East e
application to the estimation of source | evel
Ocean.

I n this study, we est i nfaunecdt isoonuarlc er el gerveeslssi ouns ie
MacGillivray et al. (2022) for passeonfiet heane

service) (T&el ex8racted Monopole Source Levels
decidecade band) with Hz demnt earl |f rcd calsesrecsy sceft ta
through wateMonwp dblee 190 kamedn sloeurdceesscr i bed as si

spherical sources radiating sound equally in
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Tab8Xummary of vessel chareddonepobtei SsuMIlgs @emvEelima §3 Hz banc

for five vessel cl asses: cargo, tanker, passenger, service
Uni t s Carg¢ TankePasse Servi Fishi
Vessel m 5 15 5 3 N/ A
Overall m 54 267 186 35.5 10. 3
Enagie RPI 1/ mi nu 100 100 1800 1800 2200
Max Eng kil owa
Power (K W) 749 1460( 2160t 4060 500
Design § knots 11 14.5 22 12.5 12
MSLkgglm dBrJe 1 167.7 177.¢ 186.: 177.: 164

* Vessel characteri stnieds famdn M®L adt e@3 allz Rt0d

rre

nsi

ar a

sse

ent

tri

ery

| ected the 63 Hz 1/3 octave band as this
sess underwater radiated noise from ships
l 2 et al ., 2020 )hdasawel b &ser onenbifnudtwes

ed by t he European Uni on for monitor.i

onments (Directive 2014/89/ EU). We selec
s all four vessel edl amaxesmum decugnespeed i
t the wind resistance factor to the squar

sponds to calm conditions i n the absen:
dered to have the wvaeamesehgel asslage aos el
cteristics of vessels typically found wi
nger, and service <classes, we wused Mar
i fy vessels thatreaansgitsetewetdhundéeheCan
eved their technical sp&ciVieissa®tl iso nRse gfi rsa |

System (TC, 2018) . The selected vessel s

14



l ength), a small «car,goa-oRaBsbsbeflf -R(®@Ro0 ma s sehegagt e
(186 m in | engithed wemeidc @ mvessel (35.5 m in

vesel (10.3 m i)n. ength) (Tabl e 8

As the study area is an active seasonailesd,i shi
we included fishing vessels as an additional ¢
MacGillivray et al. (2022) does not include a

MSLs for a typical fishing vesselledtr omblylhec tNet
Hel al et al . ) (2We4excTahbleal &t her categories

GMDS dat abase ( unknrcoommme roctihaelr,s ,amdoni cebreakers
coul d not béyemppliynang dt he functi onaanld rneogr e s
measur ements of MSL in the 63 Hz band are ava
We used the estimated MSLs to generate cumul at
bet ween 2019 and 2023. This was done foll owin
class separcatmeluy,edwcumul ati ve doanddydd loe wddr c a
cells within the study ar ea.DSWeAIdSIi dnatphsi sc oyt ac

tot al navigatwionhti me eperr &mpondi ng MSLs usin

WO GO YdE 5 DCYD pit i G—2L [eqg. 1]
h

Wh e roe'Yo i s the estimated MSL for one of the fi
(Tabl™ %)s the total navigatibnnticekelt herGHTDS

raster mapsYi miseaoocd®cs@Pantepresenting the ave

14



of seconds IinGQaemonth:dhemrdaslitleri wat ashltS As
maps have a re%solwmedloauoiafiedd tkinmmat es we deri ved
express the total acoustic energy emitted at

expressed &sa dBorverl a stand&rdi zed area of 1

We then summed the mont hsleyl ccolnatsrsiebsuthiyo nyse aorf. al
by converiang¥stthenat es to the | inear scale, z
returning the values to the dB scale to <cor

(W6 ab"YD)for the studypl atofanlatkfa nerésy, we <calc

percentage contribution of thenddiivedlfwes 2011 9c |

and 2T0MRe&Bse steps allowed us to generate sets o
( max, mi n, auean tadrd,petayrd ng t he spati al and temp
as the intensity of sound sources in Placent.
area affected by different types of vessel no

4 . 2Ma2r i ne MamsmmatePr e

Marine mammal observationsbased Iciohd ectads ¢ cto

conducted by DFO in Placentia Bay during the

2021). Surveys occurred once per monthi aed co]l
approxi mately one week. The survey foll owed 1
studi es. During the survey, t wo dedicated obs
species, number of animals, bearingsf amdeadtlst ¢
encounter with marine mammals. The survey trac

14



Bay EBSA, excluding the outer portion of the

obesr vati ons are availabl e

We used the |l ine tramssetcd isdiegnteiyf yobasregasaatofo a
broad taxonomic groups of mari ne mammal s: ba
whal es (odontocete). We aggregated observat.i
recorded in the area, i nckeoditrhgeg ureichardt iifn celo
taxonomic group, for the four years of visual
include®amiarkh® p(t er a) a cBlatl narepnsotprtaetfjaa phmys abmpbac
whal eseggdptera npvadaeglidasemnodocétedspdoies inclu
whi-diedédgénor hync),uswleaikeeldgé nor hynchys ahbdiro

co

me

mmobDhe [ (phi nupy del phiss afsi nmedd paisGbloobnvghapleal &

l)as( Tghl e 9

Tab9 mmary of marine mammal observations (Fig. 7) showi
sightings (n) and total number of animals seen for bale
. Number i mper
Group Speci es Sightii Ani mal s
Ev e n(t%)
Mi nke whal e 16 (5 17
Bal eenFin whale 14 (5 18
whal essHumpback whal 14 (5 18
Unknown whal el 34 (1 52
Whi-beaked dol| 101 (3 642
At | amhtiigded ed d 6 (2. 93
Toot helLonfginned pilgq¢ 1 (0. 1
whal esfCommon dol phi| 30 (1 327
Unknodwn phin 62 (2 324
Unknown porpo 1 (0. 1
Total |Marine mammal 279 1,493
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From t he oskdsadrawetti,onwe computed encounter rat
whales by dividing the recorded pod sizes by
sur vedyuerd ng (Awbdayy et al ., 202.2; ThSiesc cdli | cewe da |
produce a simple estimate of the distribution
whil e accounting forovtehegei foffertéhrec essurivreyt fe om
then converwed gthhe de fofboeretr vati ons into density
Esti mation (KDE) with 2anmatthiunhgceéehk spaeiaf

w0 a0 YOmapWe generated the KDEs using the Kerne
Anal yst t drod BloS PmoEWsoftowamuet ed wlldtiaornesa im
Arc @Pr¥softwaireg the NAD 1983 UTM projeacttriadbn f
meridian set at b6bBW. KWEscbmpubadeen and tooth
observamaonseoimammal s Jn Amdamad t(WHablde®tified
beaked dol phins were the most commonl yea&, ght e
foll owed by common dol phins and,pbianc ka,| naonsdt neignt
whal es (Y Tabwe ®9pecies included 4isinreg! @idlomd e wy
and unidentified porpoise), and un3b5d% ndafi ft lea
observations (Tabl e 9

To estimate the overlap of vessel noi se sourc
whal es, we e x'tarnadc't"Peddr ctehnet i30e contours of the

boundaries to calcul atsetl smuarceas akfceetded gby |
95bercent iddéed 06¥0otf heé he full study area
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We tested changes in t hddatdondae x cageechi nayf' f tetre e !

percentile for all years(Uahbhihg 13near regress

4 3 . Resul t s

4 . 3Vels s el Traffic.

When conwilderfiinveg cl asses together, vessel tra
steadenrd yt mey pe2r0i203d (2F0i1g9%s . )1.9, Wi2tOh tamae &xXicl usi o
the total hours of navigation increased for a
The medi an hour s of navigation in 2023 have
increasing fromOQCQ plf oniamagealty obh 00&r hwonohbhhthe
| argest I nede dxd weeanor2d 22 )a.ndWi2tOR2 3me oFar @b MeOn 4
navi getri onmong h, tankers were the main vessel ¢
in 201®yr tamglsti t hree months oé6h 2020, ( Eiaggd0 v e:
bet wee®d0 1a0@Or®h navigation, followed bylgervic
1000rolf navigation per mont h, while fishing an

5000(Fi ¢g.20Over t he20p23,i ohdo weOV2elr, tanker traffic

whil e al/|l ot her classes increaseditkeivestet a
reaching and sometimes surpassing the total h
service vessels had comparable total hours of
The decline in tanker traffic waofdidet Comee
Chance refinery, al t hoogts athtiamkdedrfid tnroatf friecs ublutt
hal ving their total navigation ti me. On the o

14



s a

| mon farming activitiesincregaser tvlesisrel 50 ts.
vigati onf ig\eapme rtihoed , from a medi @M O0podhf appr c
vigation in 26BD9itno 2@®2r3e tNmarn gati on hours i
ssels as well, rbeommbegB tbah0oP®0rtimar 012 3.
ssenger vessels, which totaled the small est
I five classtegeadi sphhaged ybat departed fro

r the other four veaeyedklstcdad)ys eisnc rwehd scehs d(i srp

se of tankers) from one year to the next. P
mai ned very |l ow in 2021, while it increased
vigation recorded in 2019.

iatdidon t-bgtelae yYyeaxm ease in total hours of na\
anffes all five )c.atkigohriiregs s gel2sl presence |

e spring and summer mont hsyRPbBRPwaedh2@&R8gand

aks in traffic in (tFhie .w2i Bidrevi amo nu ehsss ealss wed v
19 was |l ow and wimbnmbderaat abmdntly, while o
23, t heir activity increased in altimgpnths
mmer, and fall seasons between 2021 and 202
ssels, with | ower total navigation times du
mmearn, d fall segdsonlsas(tiRiyg dPhssenger gessel s
roughout the year between 2019 and 2021, m o
affic during the COVID 19 pandemi c. Il n 202
asonal peak i n pasBetnyween visseladd aDdtiober (
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total hours of navigation
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4 . 3CU2mul ati ve Noi se Sources.

The yearly cumul ative noise sources maps il |l u
Pl acentia Bay ovemnsitdeed finvd hyesarsd udy .( Flihges 2
eastern portion of the i nnedo dbadYe acrheerdg & ch ea sh i al
|l evel s lalcrfoisee ayear s cfhl)s.i dehied grFeagserRQompas
ports (e.g., Argenti a; Come By tChnrkhere)armadds & m:
vessel s) . ( FWhyi 1268 t he prnogtraenskseirv et rdaefcfliicneovier t h
redu®édd¥bong the southern portion of the cor
' imits of the 95th percentile contours recedi
have experiencaeddddi™OEi gade@a@nihD23 I n particul ar,
traffic increased along the western portion

emrging in 2022 and 202G, D)Fi gsesud2 i BgE i andd;
exceeding t hee 905ft ht hpee darsethiplrd tgé d. 22Qv er -ytehaer f i ve
peri od, tchoeda Onféadmainned al most unchanged, rangir
d B, and we observed si mOIdB)l yé rsrngafiali nv anrgi apteirocne
(Tab)MaxOmum andoméd h¥onulm i ncreased from year t
w6 ad, YOl ess than 90 dB, occurred in 202®2%and 2

the mininunbetamegeen 96 and) 100Dh e Bm&odGdmde ulelds

f oorhe study area increased at slightly sl ower
202Qver the years, the portion of study area .
sources, incierddad ¥kl maomesgsddc frow B8Bablte 8

10The area exced®d@ddhiypmeedased from 39% in 2019

while the area'preceedi ngpet 8ko®&d s maltlwecehnange:
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3 and 5% covendhe (balmlle ar®aace¥pose@ed medi an
increased significantly each yedperwyehs afTalk!l

10 18) .

2019 | 2020 1 2021 1 2022 | 2023 |
) (B) © © 5]

Cumulative MSL (dB re 1 pPa m) Cumulative MSL percentile classes

. Placentia Bay
EBSA - - B Leq <= Sth B 50th < Leq <= TSth
boundary B Sth < Leq <= 25th 75th < Leq <= 95th

@ 'fP 25th <Leq <= Soth [ Leq > 95th

Fig2r@umul atoinwe B8dver lced v @61 0)YOp eZpekm yeEdr, (@amd corresponding
per centsielse foolrast he2 0p2¢3di)od 2019

15



Tabl@ercentil e
corresponding
tot al

and

kM, and

interddad s¥dtfi mated dna(pmicg a
percentage of
a'r’beear caebrotviel et hoetoBtOb &0 est i mat ed

t he

covered by
esd u(dtyo tadl|&banGaded8e< t e d

o 04 N v 3

¢c2aFf N

SH t SNDSyaf§ T A I NB 0o t NB LJ2 Nb a i n
; y OR. SNB M 1 LJéN{géampaYt

a{ M 0K y 0 i H C D 0 pH ®H N H ® e

pliK PMapl| MHC ®HIO © HZon oy MT ®o c2
nMle_fK )ﬂ@ﬂatl' M N o fvnnnT @ 0OZMMpPM P HoCDan::E DOHT Op

pnuK X paldl mnT fmvpnv @ HHOT ®T1 MCc ®p 0::

TpilK Xbpall mMp m@MpHp P HIpPpTC P M P oz

a{[] B & mpdawdhH P pMoO dHN o DT di’z

a{ M 0K yc@MHPp D ocmdn g H®c T3

pliK PMapl| mMHpoCIvH O HIHpPA DI MC ®C H?
N le_fK )N)natj- MM H fvpnvr @ OZNTp P HH(DTHE:E ppny do

pnidK X pad mnT dvwpyn @ HXnogor MYy @ H:

TpldK Xppai M ndmp pd HEppy i My ®drE:

a{[ B & wmp ddwoden P ppn®Tto nonrTi:

a{ M 0K DT dmp Cc Dy oymMmodp m H Oy H?

plUK K aiffl mMHC ®vpndo ® HX0HMDC MT ®H JE?

Hp K Xprmal{ mn o @cror ® OXO0OHMN®T Hn ®p cz
nH . B \ ppyH®C

pnuK X palf mnpamvmpmP HZCcCT P MPPT M :?

Tp K Xppali ™p n avppyd P HX00cC ® MT ®H c2

a{[ B & wmp dpovcdn ¢ pTT ®PPp noH T2

a{ M 0K M 1 11 SMITHHG D Oyo®dHT HOY 073

pUK D p@| MHp@nco @ HXMO P Mp Oy FE:
N HpEK )n@natj- Mn o @wnpt @ ozZT1TTndI HT(Dny:E DTy o dC

pnuK X pall wmnT fmvpnv @ HZPT MPy HM®dn::

TpdK Xppal ™p magron @ HXHCH®D( MC DOT M2

a{[ B & wmcn dawodoy ¢ pnddcn nonci:

a{ M 0K hec MMy P oTcodny HOT yii2

pUK D p@| MHY Mo @ HXnpc dy Mp O™ di:
nH HpBK )ll@nalj- M N o avgovr @ oZmMon ®i HOo®mp:: cncc dH

pnuK X paly mnT dwvepem @ OXHPADI Hn dn Mm:

TplK Xppall mp mavpcHn © HIpyY P M P M o2

a{[ B & wmcnawdgy P CHcCc ®mn noc H:

15

each




)

h

ntributionotaddé it waeteend 20019 and 20h2e3 fviavrei e
ssel cl agsesTh(eF mgraeck3de dt he presence,anfd car g
ssenges s$hcreased between 2019 (FigFr,23,A, E
d IH) .2019, carlgad vtelses ehi ghest contributions
rtion of Placentia Bay, while i®06@0%Bomhe a
rgo moved towards the centralocpartriidbrutofns

G0, YOoem @athher hand reached the highest val ues

the northern portion of Placentia Bay, did
t rat her i ncreased their presence 1in the a
enger vessel s had relatively | ow presence
G0OWas | imited to coastal areas and to the p
e mouth of Pl acentia Bay. I n 2023, however
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assenger vessels are the mainwvsoareesetl antah

(0]

ass that showed the most dramatic changes i

ntri bbdidostti onat ed-1 | Fi §n22019 | &oertwii deau tvi eo:s

woa0Wahigm the northwestern portion of Place

Areggnti a and Come By, CWwiamit ea d¢dra mgti ir8lau t ihom har eas

a

2

0

e

e

S

ong the commerci al shippi ng hleamBeurdmd Piemi tnisa
23, the northwestern portion of the bay, pr
ssels, became one of the area®oadityédmicthg t he
ssels. Sedawinte iwadsalinshchanbednortheastern
well, with an increase in the area where s
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2019-2020 || 2020 - 2021 i 2021 - 2022 || 2022 - 2023 |
(A) (B) © C)

Relative change in cumulative MSL
| | Placentia Bay EBSA Boundary B |

ad »

t he9 danfdf e2r0e2nlc e( A)e t amec

Figl2eMYeear to yearodddjer dkose airn i ng rom
022 and 2023-t(@Dgdar Posi t i
e

f
ending with the difference between 2

increa®édiYbNegati ve changes (relatigeachdeg@ee@BFOA tnidsilcaat e a
change of 1 indicates a cell of the raster where sources wer ¢
following year (dark +#edhndiAatelsatai weldheaornfget hef raster where
previoust yweare lmwt present in the following year (dark blue).

4. 3NO3i se Swiutraeersi ne Mamma l Presence Ho

The!P&rcentile KDE contours for baleen whales
338 kmcated at the Sout her nppeinndg ol fa nteh ea sc camnheo
aggregation f(oFri gt.h2ed hdeneibnaelnst i | e KDE contour foc
(B340 % mencompassed most of the | ower portion o
of the innel'pebracyentTihlee 9cbo mMeadu wh afl es sdhhowed f o
di stributed along the commerci al shi ppFing. | an
25%. Theem®entile contour for toothed whales ov

but was more fragmenteerd aarBed2cidReirged 285 s mal |
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Effort-weighted sightings per km~2 Effort-weighted sightings per km~2
- a e |

8 : Ty
. P
o T | ;
e
-
e
.

< o

— Survey transects ®  Odontocete observation -

®  Baleen whale observation . 150th percentile contour

_ 4 50th percentile contour | _ _ J95th percentile contour

| 95th percentite contour

.".a o s, '..'
.

—_— i Som o . it

D258 05 50 Kilometers
| B e i |

Fi g 2i5€DE surfaces for baleen and toothed whales (rast
indicate the boltamddiées enft itllee cHhtours (dashed | ines)
points i nidiiec amaemmaar observations, and the gray solid |
survey transects.

The presence of vessel noi se!"sedrua eretsi lien ca emtsa
both baleen andctoot é@Bldeevsheadaet our f orsbaaween w
a 18% increaspoded atrcceavéseml 68BuUuNts 2019 to 8
while for too¢expdsasedhal esactoased by 14%, going
Vessel noi se presence a'lbseor ciepnctd a aesoendt owhresh ionf tt
two taxonomic gropmpease B@d sammwe avlhal d argest incr
sources, from 65% in 2019 to 83% in 2023, whil
over the same period. However, the presence ¢

95bercemrtéddeeroone ours for toothed whales, rangi

Theotmala above Gio6hded Wietdh iani 'btehrec efnbt d d eerocnet our f or

bal een iwharleesssed significantly each PYe&F kmwith
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per yeagsll(T®pl eSimilarly, héemeéeddéah Warlkeianabbe

50ber cemrtddemme ottpbofvahealienscr eased ?hpgr 18d&a k.m

The area aboveotdbh®i mednia'pérec Spbtséelncent our for
bal een whales fluctuated370%W)er wiheh ytehaer sh i (grhaensg
coverage estimatddabodHowe2r ( 3ti¢gheeary emahhranges d
not result in a significant i.ncrease in the a
The area aboveotdbh®i mbdna'pérec pbt ¢ $ ecnocret our f or
toothed whales was approximately 14% in 2019,
had | arger portions of affected ar(elad, et dt29 1 |
However, -ttohecargegles did not result in a signitf

area (Table 13).
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Tabl®ercentile i nt erdvoadise&ysotfi mahtee ymagptpeerdl appi ng with the
percennti er xohomwhlhalese¢ (Fpgese&mce contour area covered
corresponding percentage of the presence contoufh areas
percentile conkmurdper 8eB88B0L 86 corktfipurrad =t 03t3a8. 5a/r e 4" above
percentile othotthé&ldesti mated
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TPF aX[iPBg nHPpPoO MH ®di ThonT H O ®p:
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piF aX[Hp THpoOM H M DT ? TO®DHY H M ® sz
HPF aX[¥Pn nywmodn M ®rs TT®OT HHORE?
n ph¥ aX[%g HcpPH y © M2 hpMOm nT ®Hy Mn ®E: bmPH
TPF aX[iBg oTpPp MM D H oc ®po M Dy
a{[ & d oadnn o D H: T o H @ H?
a{Kip Mcndc n & d M DM n & H
P aX[Hpl cunody My ® T3 ypory Hp Do
HpF aX[¥n ppy oy MC DT ncodpo MO ® i
n phf aX[%™g nTtmod M ®Mm: Mo e @ pn®pp MCc ® M2 MH DO
TPpF aX[PBy condc M P cy ®cn H N ®os
a{[ & d wHydDOD y ®T1i3 nodpm n ooz
a{Kifp HMc O c dpi: My ®nc p ®p:z
pif  aX[Hp ~TondH HH®JE? MM D 0O H Dy2
. HE')F? a)[ﬂ[trﬁr ompdc cptbcanzn Mo M® opdnm M}'I(DOE:E MMp ®p
p nf  aX [Yq ono®T Mn ®o: ppo®mp Mc ®oi:
ThF aX[%pg Tpnor HH®Cc? p Py H MT P12
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TablZ2ercentil e

percenti
percenti

| e
| e,

tpa ersse nfcar
and

corresponding

i nt erdvéad s'&@tfi rmehtee 3mappieg! appRi ng
ctomot he e pemalee < o(nEioq.r

a5 e
percentage of t

a
he

with the K
covered b
presence

sources (tofeadceanteiall e 500nt?p u'dpSes c2,n28 2 .el c okip oamd = 285. 4 Kk
total are&0Ohkocenthée othotth&desti mated
Toothed OGpeakesntil e cont
50t h 95t h
¢c201 € ¢c201 ¢
0208S I 62@S
Yea|PercentildArea % | Propor PHK,A Area | Propor PhK,A
LIS ND Sy LIS ND Sy
o1y o1y
MSIO t5 153. 7 5. 3% 4.25 1.5%
5 M®L 25 736.9 25. 6% 23.33 8. 2%
25 M®L 50 351. 0 12. 2% 29.50 10. 3%
201 50 M®L 75 175.5 6. 1% 9D.55 21. 24 7. 4% 214.6
75 M®L 95 387. 4 13. 4% 84.21 29. 5%
MSL 3h9g 407.5 14. 1% 109. 1 38. 3%
MSLO t5 136. 7 4. 7% 0.66 0.2%
5k M®L 25 227 . 4 7.9% 25.35 8. 9%
25 M®L 50 338.1 11. 7% 25. 46 8. 9%
202 50 M®L 7h5 419.6 14. 6% 1546. 1 21. 73 7.6% 231.6
75 M®L 95 475.9 16. 5% 96.40 33.8%
MSL 3h9g§ 650.5 22. 6% 1B.55 39. 8%
MSIO t5 112. 8 3.9% 1.23 0. 4%
5tk M®L 25 772.9 26. 8% 24.04 8. 4%
25 M®L S50 450.0 15. 6% 23.19 8. 1%
202 50 M®L 7h5 252.0 8. 7% 11421 27 .42 9. 6% 225.1
75 M®L 95 461. 4 16. 0% 80. 18 28. 1%
MSL 9%h 428.6 14. 9% 117.5 41. 2%
MSIO t5 105. 4 3.7% 1.00 0. 4%
5tk M®L 25 504. 9 17. 5% 14.22 5. 0%
25 M®L 50 447 .2 15. 5% 15.51 5. 4%
202 50k M®L 7h5 422.8 14. 7% 15379 29.009 10. 2% 251.5
75« M®L 95 691. 1 24. 0% 94.51 33. 1%
MSL 3hg9gg 423.9 14. 7% 127.9 44 . 8%
MSIO t5 108. 2 3.8% 1.20 0. 4%
5tk M®L 25 561. 7 19. 5% 15. 42 5. 4%
25 M®L 50 322.3 11. 2% ) 13.509 4. 8%
2021 son m®L TS| 352, 7 12.29 18283 5,5 33 8. 9% 249.6
75 $MLO 95| 788. 9 27. 4% 88.06 30. 9%
MSL 3h9g5 486. 6 16. 9% 136. 2 47 . 7%
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TablResul ts
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woaldprer
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vari abl
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a f
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e
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sion model-tsy east ¢ hagogl&diii gmit feisc a e of
otrhéeheomaldear eaalmdv d htehe| mGtemtp ear Baryt iEIBe
0) whal es

; t he

tot al

area

of the

bal een

percentitf)@dt‘o"ﬂri‘erthyseqr (Tabtal 1hyeathmé the toothed whales
contours above the wBO0tOhYepre ryceeanrt i(lTea bd fe tlh2e) .
Total area above MSL 50th percentile (km2)
PB EBSA Baleen Baleen Toothed Toothed
whales 50th | whales 95th | whales 50th | whales 95th
percentile percentile percentile percentile
contour contour contour contour
Estimate 251.262 173.54 18.283 130.726 9.002
Standard Error 65.73 36.213 18.348 74.464 2.595
Years
(2019- P-value 0.032 0.017 0.392 0.177 0.04
2023)
F-statistic 14.612 22.965 0.993 3.082 12.035
R2 0.83 0.884 0.249 0.507 0.8
4 4 . Di scussi on
With the c¢closure and repurposing of the
aguacul ture industry, the expansion of t
emeagrn ng hydrogen production industry, and
during and after the COVI D19 pandemic, Pl
transformation over the past ive year s.
medan hours of navigation for cargo, fishi

i n

portions

he reconfiguration

vessel s, i

of

ncl

Pl acenti a

udi

ng wi

of
Bay

t hi

vessel

being

n areas of

r el

traffic

exposaéeddt byan

ati
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Overall, vessel traffic in Placentia Bay has
corresponding increasemddd Wiiec ¢ sfalimwat éed¢t me eina
and 148 dB gwanr tplee ifoidve | n awoddOtYosr, fttlea rt amwg
progressively higher minimum and maxi mum val u:c¢

and the b@amg¥aofbe explai nedt by chmmgesistiion o

transiting the area. Tanker, car go, and servi
under water anthropogenic noise in Placentia E
0 YO p7 7. 85, Tabl e 1ly) awmasalfnoolsitoveeqduab i ncr e ase

trabfybc (p77.39), and as both categories have

expect only a small chaog®d YOmMhéher owehabf med
remaininffaséesee especially passenger vessel s,
considered @nAY0t he 8t6u.dlyl, Table 1), could expl

maxi mum and minimum values we observed over t
Mo s t -89 %) of t hrevimaornimmeente o f the Placenti a
Biologically Significant Area is affected by
affected by at | east one source of noise incr
wo0a0 T Yhcreasedt &, ammal abPeec edided 09hcreased by
approxi mately 1%. Considering that our study
categories, and that a number of recreational
area, theatfoeat ecarleda t he presence of vessel n
mi ght be closer to 100 %, with | ar ¢gérerpaermttiidres
WO6a0™Mohe inner portion of Pl acentia Bay emer ¢

sources. yaers , thdhi s awmeaimas esasemg number of
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and a shift in the composition of traffic fro
within the shipping |l ane, to medium and small

rowst eut side of the shipping | ane.

OQur results suggest that both baleen and toot
are experiencing increased underwater sound e
vessel Imoi29@&3, 43% of t hde bayr ebaasl ereeng uad nad | 56 % sce
used by toothed whal esho@¥c@fedede thwo mgdoaps,
whales were expwéseidylan hbhaglheen whales,thwith

percentile presenc@eodcbsiléwr dBf i mct2®®3hy in con
thet!'tbDrcent il e presence contour of baleen wha
note that the odradayYlesxOp odsBe dwittchi n t Hbebalemen | wh
presence contour zerop ped wteae nal2@d9t and 2023. I
noise is of particular concern for the protec
Bay. North At lcaonntsitci tfuitne dw lmaplperdoxii mat eff yt he bal
observed in the Gawmagi am eldpecihes at Ri sk Act

Atl antic fin whalespepubbhticoncasnbpebandg ohe ma
its protection recognizes noise pollution as ¢
fin whal esCainmdft.| aFnitni cwhal es can respond to Ve
vocalization rates, and their songs (i.e., sec
by the presence (0Ga snteealrlboyt ev eefis easle.n,gs20alr2e) t hou

relevant t ématthiereds @ \e(icaoensagosa et al ., 2021; Wat

16



vessel noi se has the potenti al t o reduce re

threatening its recovery.

Considering the increase of ved®3saegl btert avfefeinc 2t0OH

and 2023, and the consequent increase in the
is a potential for noise pol | utciooommutnoi chaatvieo na na
behaviimutrhe area. Broadband snosi osuer cleesv eil s € xrcoens

dBe 1 OPa are employed in theb®&Sawdo aretshproenssheos

in most species (ONMFBal. We2Bwbhatleshat this thre

exceeded in Placentia Bay when vessel noise i ¢
30 min of audnboarecogdvegsel noi se.

Approxi matfeltyhel /2 Hz vocalizations observed i
of vessel noi se, with median broadhaemd vresissed

noi se i s absert2,0 amBd mwdhaemi nvgg €S ebhtanpfti)esre Bisn p
whal es are not the only SARA |isted species f
been recognized as an i mpor(tLeensta ghea bail tAa tt Bfoolr§ ht
no observation of blue whales occurred during

surveys2Q210)1,8 observations collected by DFO ir

whaluessse the bay for foraging. Li ke fin whales,
behavwhmeir ship noise iIis present i n their envir
|l oudness (i .e., the (sducce ¢étvel ), o201h2eir ca

16



Pl acentia Bay also | ays within the range of t
whal e popul ati on, and individuals have occas
acoustic NMOFIQ@®2.0Nog t h Atl antic right whal es
responses to chronic noise pollution, and exX
exposed to noise from Ralrlgeen & oantmEallc.i A €2 &b )p s

Atl antic right whales respond to increased no
vocalizations and increasing their duration,

l oss of communi tabi oh shacemost common call s &€
right whal es have been found to be affected

(Tennessen endagun(Luind ) ngham & Mountain, 2014

The

—
c
—

tenti al negative i mpacts of vessel nNoi s
t scpbewhadsred can affect alll mari ne mammal
envi reonimemnltudel,hefsor exampl e, potenti al
bance for humpback and minke whales, as
region, which could be experiencing r et
rcenoofcHvlets sett. al ., 2021)

S marine mammal s, Pl acentia Bay hosts ¢
ustaceans. Wi thout omigasggeatimnynddrewagtreorg

ed has the potenti al of Graedduussc impgihrueat h a i
First, as vocal di spl @dyd aan @ upcarreta soifn

noi se coul d afcfiengt trhep rcodnumutniicrmth yo nr e ca
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r

2

Stanl ey et Salcond20Xthlere is evidence that the
educe growth of cod | arvake khoAgNetdeed@cs ertvia

01.5)The Placentia Bay EBSA includes sever al

At l ant(ibcFC,od2@8d9) ncreasing noise | evelsorcoul d

juvenile cod in this area.

The results presented in our study have sever e
recommendations for future research. We | i mi
classes carrying Al S, and excluded al/l uni de
vessel traffic and cumul ative noise sources
catpur e al | vessels trdrdailtkiamgnt lkern oaadd ,tama @& r2gm
recreational vessels can be the predominant

(Her mannsen ,etouwrl .r,e 2WI1t99) underesti mate the v
in Placentia Bay, and therefore I|ikely undere
noi se sources as wel . Anot hemt!| omi odt imud t ¢ @
vessel classes under tDhS vseasnsee |g rdoeunps iitny tnmaep sGM
the service vessel class includes pilot vesse

t

heir navigation through t hespiencniearl i geaerdt tafgst |
al mon aquacul ture aegtriaviint icelsas sHafviicnagt i anf iorf e
ombination with measurements of their source

he contributions to undepeaitfircnantsier opoge mi:

Our asses@amehfYdooftheafi period is based on sou.

b

y applying a functiobMat Girlelgirwrsasy bat aglsati @0

16



pr
Pl

esentative vessels for each class consi de
Isumeanent s for the fleet found in Placent.i
I per vessel class all owed us to gain ins
oOi se sources in the area. Howevercibuc re
acteristics of vessels and, as mentioned
eved by measuring a & ufblseedt owi ttth ek iPd arc emh «
ough the approach we adopted Bsdsuntedsfod
oi se emitted by vessels at their source,
ogous to the =estimation of ambi ent nNoi s
agation Rodel £t ()algCon2s0ildering noise | eve
wed us to gener atqed afdi®iset | yreaaress ocafn dmd mtemlt yi

entia Bay that might be affected by noise

ne species. However, our analysis does nc¢
el s in the environméret ,comndidoées omobnf i me
ces (e. g., waves and rai n) t o ambi ent N

arable with some other studies predictin

ronment . Future studies ascesilsd nbenwefsistel
uding the contribution of additional envir
Iy, the estimated overl ap between vessel

i minary assessnerpootirdadhpegamind madisae sou
entia Bay. As the KDEs and contours we us

er of observations, we could not generate
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number of visual detection smmpilregs mdrseo spappehvies

approaches to analyze the |Iine transect surve:
di stance sampling techniqgues. |l ncreasing the
would help with building masenatcuanatabebtt pa
of marine mammals in Placentia Bay.

4 5. Conalnds iMamagement | mplicati ol

Under wat er noi se from vessels can have detri

ecosystems anhdetseppeocsiiensy a threaeaait ohoothéiodnesge

busy coast al areas. Our study adds to a grow
vessel noi se i s pervasive within the habitat
(Adams et al ., 2020; Aul anier et al ., 2016 ; (
2021; Hal liday et al . ,.Op0e3ul M®r pnool det aaf iy

of how weseeboonrces are distributed within a

these sources overlap with the ranges of mar.i

changes in anthropogenic activity in the area
traffd ca aansequenti al gr owt h i n t he portio
ant hropogesécsources. We also show how new ¢
significant changes in the distribuwptriewn oafsl yo
only margchadl| pyatvessel traffic progressivel

t hrough ti me
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Al t hough our results do not provide an asses:
increased in Placentia Baayl odnuesld & ® MAMesWIpT @ vi el$:s
information on the distribution and preval en:
support decision makers i n s hatparmgnaiege omar a aa
measurnes.t he absence of regul ations and thre
mi tigatof underwater noise from vessels in Cat

in other jurisdictions can help better situat

Pl acenti a Bay, i ncluding mar i ne ma mma | popul
expsed to noise | evels that |Idikstlwrtbhaxnecsebd | det
Depending on the class being considered, vess

increasing background nboe hsaevailoewdre s sumbanreet hler
mari ne mammal seP@Q)2®tdR irsd alnhces ranging from 2
Similar( ®&m)geshave been predicted for commerci
at the entrance of the Gulf ofCB8minkeadWirerteal\
Our results, wleit hle wmuddree s tainndatdi stri bution o

indicate that more than 80% of Placentia Bay 1

| east once inoRk&23appuoxihmaimel y 50% of t he a
noi se emissions at theBsecBlace, i andx2b%siofthdée
150 dB ePrae ni. This suggests that vessel noi se

exceeding the ,EWROMr e@edhodirdesas depomged to t he
exceedancevdrevadlhsesaer .resul t snanhademane ahnhdt mit.i

actions are needed in order to prevent i ncr e

16



affect marine mammal specisismiilnarilloyacrecatd yar Baw

Canada.
The shift in the di st mwieb u tehpioogrhtdaiftigednta inspeo r ¢ @ unrc e
regul ar monitoring of vessel traffic for the

noi se and t he protection of Umareirmat @rc o @astoiuc

environments can undergo drcaomanteirci ahamqaas i wh

activities are established oMawhee epasitahgpl
(MSP) has been proposed as a tool for optimizi
shi psf @ameddiundghei r i mpacts mme miag®nmae de nevti ral . |

Roj alnoofate et . alMSP 2@23)vessel traffic manage:!

i mpl ementing, and monitoring the s(uacenshsano fett
al ., 20xm;etChal ., 2018 ;CavRxiaddr ietg atthe 2dDmM@RI)e x
vessel traffic in Placentia Bay, mitigating tF

of a smanageonent measures targeting asepaci f iamn

tt mes of .the year

|l ntroduci ng s poefebde hree gaudlvaatnitoamgse of tackl i ng mul
by vessel traff ({ bLeaspiemuy |Ats2a 0 & ® 3 sredyist i thrga al ong

commer ci al shipping | ane in Placentia Bay tra
a speed | i mit could result i n wietdhu cterde nooa vseea t¢
| ower speeds can resul't i n ismcreedsjewh 6d sraantsi oen
al ., .2F2aX¥t her reductions in noise emissions ¢
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speed regulations to ferries and other passen
Mitigating the noise emitted by vessels navi ¢

inner portion of the bay, mi ght be meme ¢cloal

travel at speeds bel gw amr e@alsogm gtha b@ lkmuaN©b
i mpl ement, as access to Placentia Bay is i mpo
fishing, as wel |l as aquacul tur e caocme vfirtamst he
exampl e set by the EU regul ations: adopt s p
presence of vessels within Placentia Bay, wit

to ensure that marine habitats wmessebtnekpesse

prol onged periods.
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i sbepawnguras ki md lbyi almpgirc ant sounds, driv
vity, and eliciting stress responses, n c
ndi tures of individuals, and reduce both 1
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l ong (tKiume et .TaHi.s, 2i0n6t)urn, could hinder the r
whal e species (Breeze et al., 2022). Chapter |
noi se sources are distributed in Placentia Ba

noi setipon | has the potenti al of triggering th

significant portion of the bay is affected by
hot spots of noise emissions | ocated along the
ued by the sal mon aquaculture industry, and al

hot spots overlap with habitats where cetaceal
areas of Placentia Bay where the intrmadscti on
i mpactful. As vessel noise is directly relate

are one of the most widespread noise mitigati

habitats in Canada (e.g., Joy et ad..g. ,20Lla0i;stT
al , 2014; ZoBel | et al ., 2021) . Speed regul e
multipl-eevasseeél i mpacts at the same ti me, i ncl
source, reducing t he risk o f cod | detCc obaasiwigt
greenhouse gas emissions (de Jong et al ., 202
Despite the obvious benefits of speed | imit r
Four indicate that speed | imits a@aliceorereemaytedt

a range of diverse vessels beEwmgnempbagbédatf or
source |l evels were estimhted feduaespbetdhofhdéa
strike and noise emissions,woluabrtigiel |p obret i afnfse cotf

high number of Ovéeselar enecaamBaistes ., such as &excl
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in vessel noi se. Further mgowe substaessal thahm
short period, i mpl emented noise mitigation me
possibly adjusted over time in order to prese
the ONS will introduceofhueskbowdsefronoilse emi $
waters, directing resources towards dev-el opin

specific noise mitigation programs might not

wi despread pollutant saabltihehinmg iiomaéntliewed . f ¢
noi-rseduction technology and establishing nois
vessels navigating in Canadian waters might k
ocean noise pollution.

Vessel andatuhder water noise | evels have been g

Despite the overlap of the amntdiedniecpneali otdr awfi ftihc
the Iimits ofasPldaaocwremlitddy evaegyrpeaar 20@&2)20F@rries

themly class of vessels that showed a decrease
the peak periods of the pandemic. This rate
establishing a national strategy aoddOMNSsixngi
i tpaubl i c consultation phase, and a first draft
unt i | 2025. This process could result in furt
ti me when noise emission from vesosede agirdo woitnhge
with the potenti al of reducing the health of

protected marine species. Il n contrast, both t
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gui del ines, protocol s, and managemenmterptbedupt

ten years,  uamd dhhaovdroamlsready introduced regul e
i mpacts of noise within their national waters.
in |light of the newly i ntr otduccuerdr eenlt rreegguil naetsi ¢
traffic in Placentia Bay, in which vessel noi
are exceeding 20% of the area. While the regu

jurisdictions might not abaditdare oot e xstu,i t &dlo d t
interim thresholds could help fild]l the currer

damage to marine ecosystem while the Canadian

52Li mitati ons and research recomm

|l nt egargatunsupervi sed machine | earning techniqu
chall enges and | Tmpt afAl bhsudgliChtapeeanpplication
ML techniques facilitated the analysis of mu
model s cannot be interpreted directly, requiri
relationships between characteristics of audi
Il f ML techniques are to be adoptedabdygsasst duod:
monitoring programs should consider pairing t
ot her environmentallemgni wiiTiODlsg ca@nsdrg exampl
data to better predict sound proéopangdtaitomnsAdd
data structuretmraiquededudiyo pecleassi fication mc
Chapter Twet)r.aiTnheed paruedi o cl assification model
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the number of cetacean species that could b

departing fromtrhenedecbhsai preation model , a
to the acoustic metrics o) iatleowesd mHe .teo, o0\eé
kHz frequency | imitation, and resulted in a

approac

h (Chapter Three).

The availability of mari ne mammal observati ol

study a
chapter

from mo

rea @ scdnsmeguwedncelsh of this | imitation i
s (Chapters Two, Three, and Four), and

re robust esti mates of the distributio

in Placentina CBhayter Two, the performance of \
humpback whale sounds <could have been i mprov
vocalizations. Il n Chapter Three, t he small n
during thedswadynepterswowfficient to assess voca
response to increasing intensity of vessel n ¢
small number of marine mammal observ-apeontki cl
popul-denshty estimates. Future studies and c
increasing the spatial and tempor al coverage
regi on. One solution could be introducing and
the syscelmaectci on of mari ne mammal sightings.
been successful in informing research and po
mari ne mammal species in different parts of t
et al8; @P®BDnachella et al., 2012). I n the conte
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and risk of ship strike for marine mammal s, a

measures to protect endangered marine mammal

The approach | foll owed when mapping the distrt
Bay (Chapter Four) is a simplified approach i
predicting wmdlermagtpamgnoi se | evels from vessel

ambi ent noi se esti mates obtained from the us

model s accounting for the acoustic properties

col umn pr opfeorrt itehse) caonndt ri buti on of natural f ac
yield more accurate ambient noise estimates, |
of data and processing power, the results are
short ofertiiode (e. g., one month or one year).

the acquisition and processing of AIS data to

behaviour of vessel s, which could not be acaqu
tBistudy. Instead, | focusdedioerdusmiapg f{GMaDB,
and a source | evel predictive model (Mac Gi | I
spati al di stribution of vessel noi se soubces.

users without access to AlI'S datmateteabde dawns
weeks, mont hs) introducing a tempor al di mens
be used as a starting point for me®r eMapmpiph @ X

cumul ative noise sources could be a valuabl e
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Sampl e 3: Bowhead Whal e
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Sample 5: Southern Right Whal e
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Sample 7: Short finned pilot whale
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