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ABSTRACT

Increasingcommercial shipping in the eastern Canadian Arctic is raising coraigons
changes to the marine soundscape and potential impacts to Arctic marine mammals.
Underwater adiated noise was measured for four types of commercial ships (bulk carrier,
general cargo, fuel and chemical tankers, and an icebreaker) transiting Eclipse Sound, Nunavut
during shipping months fror®ctober,2018 throughSeptember2019. Acoustic data were
collected from two locations along the regular shipping route using seafftmamted acoustic
recorderslocated 20 meters off the seafloor at depths3i#3m and670m, respectively Ship
location and operational informatiowere combined withreceived sounds to calculate acoustic
characteristics of individual ship transits. Ship sound measurements included broadbathd (20
4 kHz) sound pressure level (SPL), sound pressure spectrum level (SPSL) at the closest point of
approachandSPL in threfrequency bands$o evaluate masking of communication signals
produced by narwhals and ringed seaitonthly July,August,SeptemberOct)measurements
were also calculated for periods selected to exclude sound from ships and for all recorded
periods to conpare the soundscapexcluding and includingounds frormearby ships. Sound
levels in all frequency bands were elevated for minutes to hours with each ship transit. The
icebreaker and tankers had the highest sound levels, followdtdgeneral cargo antulk
carrier. Noise was greater at the stern than the bow aspect for all ship tepgshe icebreaker
reached SRE120 dB at range 4 km from the bow and 15 km from the stern).-tangeship
sound <200 Hz aspresent in median monthly SP&kcludingand includinghearby ships at the
deeper site. The shallower more acoustically sheltered site had substantially lower sound levels
in all months, except during ship transif$e results presented provide a baseline description of
the natural soundscape ihe Eclipse Sound, Nunavwnd by assessing contributions of ship

noise facilitate prediction of underwater sound levels with future increases in shipping traffic



LIST OF ABBREVIATIONS

dB: decibel
kts: Nautical miles per hour
m: Meter

d, h, min, s: Time unit abbreviations (day, hour, minute, second)

LIST OF ACRONYMS

AIS: Automated Information System

BIMC: Baffinland Iron Mines Corporation

CPA: Closest Point of Approach

HARP: Higfrequency Acousti Recording Package
LSR: Listening Space Reduction

LRR: Listening Range Reduction

LTSA: Lontgerm Spectral Average

MI: Milne Inlet

MRM: Mary River Mine

PI: Pond Inlet

SIO: Scripps Institution of Oceanography

SPkg Broadband received sound pressure lev@4P00 Hz in units of dB renPa

SPSL: Soungressurespectrum level in dB re dP&/Hz



INTRODUCTION

Throughout the worl@ @ceans, commercial ships are a significant source of underwater
sound(Ross, 1976; Hildebrand, 2009), raising concerns gimential impactghese sounds
haveon aquatic ecosystems and species (Céard., 2009; Nowacekt al, 2007).Ship trafficis
increasingapidly in some areas of the Arctic (Dawstral, 2018) ands projected to
accelerateasdecreasingea icecovaage(Smith and Stephenson, 201&)ens new
opportunities forindustiial developmentcommercial shipping@nd tourism across the region
(Theochari®t al,, 2018). From 2005 to 2015, vessel traffic in the Canadian Arctic increased by
an estimated 75% (Pizlato et al., 2016).Reductions in sea ice atiae use oficebreaking ships
can extend periods of shipping noise by lengthening the Canadian Arctic shipping season
(Stroeveet al., 2014; Smith and Stephenson, 2D28hereas other factors such as tourisntdan

industrial development may play a larger role in contributing to shipping noise in some areas

Eclipse Sounih the eastern Canadian Arcticasegionwhere ship traffic is increasing
due to tourism and industrial development@community of Pond Inletiocated on Eclipse
Sound north Baffin Island (Fig. 1), experienaldost trige the annual shipping traffiduring
2011-2015when compared to the decade 1920M00(Dawsoret al., 2018). This was the largest
proportional increase ishipping of any region in the Canadian Arclice change was due to
increasing numbers dburism-relatedvesseldi.e. passenger ships and pleasure craftdin
bulk carrierand tankerships. While increasg traffic bytourismrelatedvesselss widespead
across the Canadian Arctic, the additional cargo ship traffic past Pond Inlet was associated with

the 20102015 developmenof the Baffinlandron Mines Corporation (BIMC)

Mary River Mine (MRM) on North Baffin Island.
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Figure 1. Lonterm acoustic recording sitdan Eclipse Sound, N. Baffin Island, Nunavut Territory,
CanadaHighfrequency Acoustic Recording Packa#¢ARB) were deployed at the Pond Inlet

site (Pj depth 670 nm from September 28, 2018 through September 21, 2@&19econddcation

in Milne Inlet (Mj depth 313 mirecorded acoustic data frorfeptember29, 2018 tocAugustls,

2019 The Baffinland Mary River Mine shipping terminal is located at Milne Port. Depth contour
intervals 100 m.

Starting in 2015bulk carriershipsbeganserviceto the newly constructed Milne Port
(BIMC, 2015)a deepwater shipping terminal in Milne Inkgtthe southeast end of Eclipse
Sound(Fig. }. Iron ore from theMIRMisloaded onto bulk carriers in Milne Port andijgpedto
marketvia northern seaoutes. Reported annual ore production has increased from2n@llion
metric tons (MT) in 2015 to 86 MT in 2019Annual nining-related shippindghas increased
proportionately with ore production antghcludes bulk cargo ships, tugs, general cargo and
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tanker ships(Appendix). Eclipse Soundhip traffic occurs primarily during open water months
from Augustthrough September, with a extension of the shipping season creaiac2018 by
the addition of an ice management vesseksrort shipservicing theMRMduring July and
October periods of ice covancreased ship traffibas raisecconcerns among community
members, marine resource managers, and other stakeholders @heuygotential impacs of
those sounds on theatural underwater sounscapeand marine mammal@Ariak and Olson,
2019) The ntensity of shipping in the Eclipse Sound region is projectdtomesubstantially
higherwith a proposed 2021 increase to 12 MiTiron ore production at the MRNBIMC,

2018)

Sources of sound imé ocean are abundant and varidalit generally can be classified
as natural in origin or mamade Lowfrequency natural sounds less than 200 Hz are produced
by earthquakes and surface wave interactions (Hildebrand, 20W@y-driven waves are a
major cantributor to underwater sound above 200 ldnad levels decrease by about 6 dB/octave
above 500 Hz (Wenz, 1962; Urik, 1983)Arctic waters, a positive strong relationship between
sound pressure level and wind speed occurs durindram conditions, buts weaker during
periods of ice cover (Rott al,, 2012; Hallidagt al., 2020). Sunds associated witmechanical
activity ofsea ice can also be a major component of the underwater soundszapss
frequencies from 20 Hz to > 4 kfiMilne and Ganton, 184; Kindaet al, 2015. Sounds
produced by marine animals, particularly marine mammals, can also be signiGatures of
the naturalunderwaterArcticsoundscapeFor example, sound pressure levels between 50 Hz
and 10 kHz increase with greaj@esence of bearded seal vocalizations in the Western

Canadian Arctic (Heimriet al., 2020).

Marine mammals produce underwater sounds for navigation, foraging, socializing, and

reproduction.In the Eclipse Sound region, the most abundant marine mampegissare
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ringed seal¢Pusa hispidg whichare presentyearround (Yurkowski et al., 2018and narwhal
(Monodon monocergswhich are present annualfyom JulyOct (Marcouxet al,, 2019; Richard
et al, 2010. Ringed seals produce barks and growthén50-400 Hz range and yelps at
frequencies to > 1 kHadneset al., 2014;Stirling et al, 1983; Stirling, 19/ Narwhas produce
high-frequency echolocation clicks from 20 kHz to > 100 Kldbl{tzet al., 2016;Rassmusseet
al., 2015. They alsproducesounds for communication, includinghistlesfrom about 600 Hz
up to 14 kHz andurst-pulse sounds from 800 Hz to 10 kHz (Marceual., 2012;Shapiro, 2006;

Ford and Fischer, 19Y.8

Sounds from distant ships are a major underwater sound source 61200 Hz
(Hildebrand, 2009Wenz, 1962)LowT NS 1j dzSy 08 a2 dzy Ra ' NB 3ISYySNI (SR
propeller and can be measured ambient noise levelthroughout the world) @ceansat great
distances from any shipping trafficifovid et al., 2016 McDonaldet al,, 2006). Shipping traffic
is also a source of highintensity shortterm (transient) noise events as ships pass closer to a
f AaidSy S NRdosd rargés ishisguids occupy frequencies to above 10 kHz (McKenna
et al, 2012 Gassman et al,, 2017). These transient sounds from ships can be detected above
the ambient sound levels wineships are at ranges of tens to > 100 (e.g.Zhuet al., 2018)
Evaluatbns of theeffectson marine mammals resulting from underwater ship sosmnerally
address two area®©ne is the effect of lonrgange sound propagation on the ambient sound
environment. As additional shipping traffic occurs within a regammbient sound levels
increase. The other is the effect of transient noise causedhips transiting within an area of
habitat. Noise from a transiting ship may have direct effects on individuals and groups of marine

YEYYFEa Ff2y3 G6KS akKALQa (NI O o

Two oncerns abouhow underwater noise from shipsipacts marine mammalgem

from noiseinduced alteration ophysiology onatural behavioacoustic disturbancegnd the
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potential for masking of biologically important signals where ship sounds overlap in frequency
(Southallet al, 2007; Gomeet al,, 2016; Erbest al,, 2016) Acoustic disirbance of marine
mammals has been extensively studied through observation of animal behavior at various levels
of underwater noise from ships. Generalized guidelines have been devetobetp predict
thresholdbroadbandsoundpressurelevels(SPkg at which behavioral disturbance or avoidance
of the sound sourcenayoccur for severaiaxonomicgroups of marine mammal species
(Southallet al., 2007).Narwhal and ringed seade classified in this system as nfiidquency
cetaceans and pinnipegdeespetively. The generalized received &Rt which behavioral
disturbance is expected to occur for those taxonomic groupings is 120 dB, although actual
observed behavioral disturbance has occurred at a wider range of received levels in published
studies fomarwhal and ringed seaGplder, 2020; Golder, 201&older, 2018Southallet al,,

2007 Finleyet al,, 1990. Masking of acoustic signals caused by the introduction of underwater
sound from ships is evaluated at discrete frequency bands that overlapoalogically

important signals, such as echolocation or social communication, and with consideration for the
hearing systems of the species of interest. Although a signeh as a whistle produced by
narwhals might occupy a narrow frequency band, teas some critical band around that
frequency where other sounds from the environment may interfere with the ability of another
animal to hear itTo account fothesehearing system effects, sound levels are evaluated

1/3" octave frequency bands arodrthe biologically relevant frequency being considered (Erbe
et al, 2016). Acoustic masking caused by changing levels of noise in the environment can be
estimated as Listening Space Reduction ;(Effeet al,, 2016, which is a function of the

amount ofpotentially masking noise added by a source, such as a transiting ship, relative to
some referencdoackground sountkvel, such as the mean sound level of that frequency band in

the absence of the additional sound source (Ezbal, 2016; Pine et al, 2@).
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This studyreportslevels of underwatesoundassociated with the natural acoustic
environment and with masmade noise from shippingt two locationsin Eclipse Sound on N.
Baffin Island in the region of the community of Pond Inlet, NunaAmalyes of 2018 to 2019
regional Automated Information System (AIS) ship tracks and underwater acoustic recording
data wereundertakento determine quantity and spatial patterns of ship traffic and to estimate
underwatersound levelemitted by ships. Mesurements of underwater sound levels during
the JulyOct shipping season are presented for periegsluding and includingmes when ships
transited past the recording sitdlonthly sound pressure spectrum levels (SPSL) of periods
selected to minimize raxrded sounds from transiting shipserepresenttive ofii KS Wy I { dzNJ f Q
acoustic environment. Monthly SPSL from all recorded periods, including ship transits and inter
ship periods, represernhe soundscape including thetal contribution of underwater sond
from ships. Acoustic characteristics tfansientunderwatersoundfrom commercial ships are
guantified in relation to vessel design and operational parameters for the most common ship
types.Characteristics were selected to prioritize evaluation mderwater shipping noise with
respect to narwhal and ringed seal behavioral disturbance and potential masking of

communication signals.

METHODS

A. Ship transit information

Satellite Automated Information SystefAlS) data were obtained from ExactEarth

(www.ExactEarth.cojron ship tréfic within 100km oftwo acoustiaecording stations

Locations were extractefiom AIS datdor all shipgransiting pasthe recording sitesincludng
time, latitude and longitude, speed, heading, maximdraft, Maritime Mobile Service ldentity

(MMSI) number, vessel name, vessel type and cargo class. Additional ship specification data,

13
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including gross and deadweight tonnage.(veight carrying capagi), were obtained
FTNRY [f2&RQa TheShiplodaipNdEsused tochldUlat tiie distancealong

the sea surface from thacoustic recordingpcation to the ship reported position.

Ship transits were defined as periods of continuous preseneesbip {.e. unigue
MMSI number) withiramaximum radius oéachacoustic recordindpcation(Fig. 1)
RdAZNAY3I 6KAOK | AKALIQa Oft2aSadG LRAYyG 27F | LILNEIF OK
recorder. Continuous presence was defined as having no greater thamdfetween AIS
position updatesiuring a6 htime period centered oithe CPAof each transiting shipA
100 km maximum radius was selected for AIS ship transit ddteed®ond inlet site (Ptp
include vessels of speeds up to 18 knots, the maximuredpethe AlS data included in
this study, withinthe 6 htransit window. A 30 km maximum radius was selected for AIS
data atthe Milne Inlet site (MIJo prioritize transiting shipsvhile excludng ships engaged
in port-related operations near the shipmrterminal at southern terminus of Milne Inlet
and ships anchored at a designated cargo ship anchorage 30 km northeast near Ragged
Island. Due to irregularity in satellite transit and vessel transmission, all ship tracks and

ship information were interpolizd linearly to a uniform temporal resolution of 5 s.
B. Acoustic recording and data processing

Underwater acoustic recordings were collecedwo locations in the Eclipse Sound
region (Fig. 1). One recordirachtionwasat depth 640 nbetween Baffin and Bylot Islands
in eastern Eclipse Souaadwill be referred to as the Pond Inlet (PI) recording site. The
second recording location was at def@h3m in Milne Inlet (MI) near the southweshd of
Eclipse SoundRecordingst both siteswere made using Higfiequency Acoustic

Recording Packages (HARRggins and Hildebrand, 200Fig. 2, which recorded acoustic

14



data at a sampling rate of 200 kHRecordings were madmntinuouslyat Plfrom September
28, 20B to September 21, 2018ndon a schedule of 25 min recorded of every 30 atiivi|

from September 29, 2018 to August 19, 20IBe HAR®were deployed to the seafloor and the
hydrophone sensor was suspended approximag@lyn above the seafloor. Thél hydrophone
consisted of two stges, one for lowfrequency (<2 kHz) and one for hiffequency (>2 kHz).
The lowfrequency stage was composed of six cylindrical transducers (Bentha3vAD a
sensorsensitivity of-202decibelsroot mean squareddBnms) re: 1 V/IinPa. The higirequency
stage consisted d spherical omndirectional transducer (IT0042; www.itctransducers.com)
with an approximately flagt 2dB)requency response 6200 dBxsre 1V/nPa between 1Hz
and 100 kHzThe hydrophone transducer signals were fed infwegamplifier with
approximately 50 dB of gaiifhe Pl hydrophone used the same hfggguency stage and single
omnidirectional transducer as Miut did not include a lowWrequency stageAcoustic
calibrationsof both hydrophonesvere made at the Scripgastitution of Oceanography (SI10)

and these calibrationaere used to convert all acoustic recordings to sound pressure levels.

15



Floats Note:

SbCc A
The instrument is #isteningdevice
only and does not emit any sound
into the water. The only exception
Hydrophone isduringa single10-min periodof
BEYAVARAS . L
(Ao SbSNN<* 50D acoustic communicatiorach year
ALD< Ao when the instrument is recovered
ASb*Lo o ASbsDgb) to the sea surface.

Sound recc_:rder
a/AcPrC

120 ft

Batteries
<D e

Releasq units
0bP>C

Anchgr
PL\D>C

Figure 2. Higifrequency Acoustic Recording Package (HARP) records underwater sound
continuously or on a recording schedule yeaund at a sarpling rate of 200 kHanstrument

component labelsranslated to Inuktitut.
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All recordings were converted to an adapted wav file format (xwav) and decimated by a
factor of 20 to yield an effective bandwidth of -B000 Hz. Decimated recordings were
processed into consecutive nanverlapping 5 s averaged souptkessurespectral density
estimates with 1 Hz frequency bin spacing, which were assembled intetéondspectral
Averages (LTSAS) to facilitéitme-frequencyanalysis. To remove system sediise resulting
from HARP disk writes, the first three and last three 5 s spectra in each 75 s recording were not
used for averaging. The retained 5 s spectra were further analyzed using custom-bsb
(www.Mathworks.com) software to provide average gretcentileSPSLspectrograms, and
sound pressure level (SPL) time series for specific frequency bands, includidg®28z to
represent broadband noise radiated by ships and®d8tave frequency bands centered at 250
Hz, 1 kHz, and 3.5 kHz to represmctional hearing of communication signals produced by
ringed seals (250 Hz barks) and narwlihlkHz burst pulseand 3.5 kHz whist&. Allsound
pressure leveineasurements are reported on a logarithmic scale as decibels (dB) with reference

pressurel mPg sound pressure spectrum levels aeported in dB re hP&/Hz.
C. Monthly underwater sound levelxcluding and includinghip transits

To estimate levels afatural and mamadeunderwatersound,recording periods were
selected to excludand incluek the presence of shipgansiting past the recording siteo@nd
pressurespectrum levelgxcluding ship transitwere obtainedby analyzingll periods when the
difference between successive ship transit CPA events was at leaShBduration between
ship transits was selected fwovide a onehour buffer before and after all 6 h ship transit
windows,redudnginclusion of the longange components of ship sound in the estimation of
natural sound leveldzor each period meeting this condition, all Soaind pressure spectraere
SEGNI OGSR FNRBY n K | FGSNI GKS FANRiGheseiaterLlQa / t !

transit times will be referred to as periot#8S E O f dzR. A yhanth fidadis@mple 80,000
17



5s spectravasselected from the periodexcluding ship transitduring the shipping

season to provide a consistent sample size for each mainghipping operations.

Monthly sound pressurspectrum levels operiods excluding shipsere evaluated from

the 1, 10", 50" (median), 9@, and 99 percentiles of all 5 s LTSA subsampled from each
time period. The 250 Hz, 1 kHz, and 3.5 kHZ bfSave and 264000 Hz broadband SPL

for all percentiles were calculated from the sum of the squared pressure across the
frequency band of the percentileressurespectra. und pressure spectrum levedsid
percentile SPL measurements were also made fanatithly recordng periods during the
shipping season. This will be referred to as peri¢ds y° O shilzk Measirementsof

received sound leveksxcluding and includinshipswere made for alinonthly recorded
periodsduringOctober 1to 22, 2018 and betwen July 18 and September 21, 2019. These
periods were selected to include all days of shipping traffic during the 2018 sea ice- freeze
up, 2019 sea ice brealp, and two months of the 2019 open water seasOpen water
recording dates were separated by martb explore differences resulting from seasonal
winds, which are higher in Septembeand Octobeithan inJuly andAugust(Barber et al.,
2001) The duration of monthly periods analyzed differed based on dates of recording and

date limits of annual shipptraffic.
D. Environmental conditions near the recording site

Daily sea ice maps obtained from t@anadian Ice Service, Environment and

Climate Change Canaddtfs://icewebl.cis.ec.gc.cyivere usedo estimate

proportionalice cover near the RInd Mlrecording site during periodsvhenacoustic
datawere analyzedWind speed within 400km radius of thePIrecording site was
estimated from 25 km resolutiondvanced Scatterometer (ASCAT) measurements

processed for 10 m height ocean surface winds by the National Oceanic and Atmospheric

18
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Administration, National Environmental Satellite Data and Information Service

(https:\\manati.star.nesdis.noaa.gov/products/ASCAT)pNiind vectors werenly

available for time periods corresponding to-itee conditions at locations in North Baffin Bay at
ranges 25 to 100 km from the recording site. Windespevas correlated with-inin average
received broadband sound pressure level by selecting all available wind vectors within radius
100km and time +/ 60 min of SRismeasurementsOnly times during periods excluding ship
transits were included to reduceverlap with ship noise. lkastsquaregegression linavas

fitted to the data to estimate the relationship between wind speed ancSPL

E. Acoustic characteristics shiptransits

Spectral characteristics of ship transits were analymegtousticrecordingsat Plfrom the
sound pressure spectrum levelsthin a6-hour (6h) window centered on each ship CPA.
Acoustic ship transits were defined as #hh period, consisting of 3 h prior to and 3 h after the
ship CPA. This timgindow aroundeach CPA was selected to include loagge propagation of
underwater noise from ship transits and sometimes resulted in multiple ship transits occurring
within the sames hwindow. Site Pl recordings were used for ship transit measurements
because the caimuous recording schedulerecludedany gaps in data during all transit
windows.Sound pressure levels for the 2000 Hz bandSPkg and the 250 Hz, 1 kHz, and 3.5
kHz 1/3% octave bands were calculated for each 5 s time bin in the ship transit LT&Xatat
the sum of the squared pressure across the frequency badielk.and one-min average
received levedwere also computedrom the mean of all 5 s SPL values in eachroiretime bin
across the deployment perio®nemin SPL was calculatéalfacilitate analyses of received

level durationandrange to ships at specific received levels.
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Theestimatedlevek of natural underwatesoundoccurringsound during each ship
transitwill be referred to atdackgroundlevél Q@ ¢ KS o6 | O] 3 NRadgjfweref SGHSt & F2 NJ
estimated from thenedian SPL for all frequency banalsd the SPS1uring the 30 min from 2.5
to 3 h prior to the ship CPthme. Thiswas intended to provida reasonable estimate of
underwater soundevels prior to each ship tranditr comparison with soundtroduced
by the shipas it transited past the recording siteeceivedound pressure spectiand
band SPL were calculated for t6®Aof each ship transit by averaging the received levels
of al 5 s time bins within a data window during which the ship traveled a distance of 1.5
ship lengths with respect to the @Psimilar to the method described in McKenetzal.

(2012).

Representative transits were selected for each vessel type to evaluaeedevel
at varying ranges to the different ships and the durations of received labelse the
band median and 90percentile levels during periods excluding ship transiteen
available, noroverlapping transits were chosen to represent a vesgas tp minimize

additional noise from other ships.

RESULTS

A. Ship transit information

During Sept 28, 201® tSeptember 21, 201there were95 unique shipsvhichmade
266 transits within 15 km of the Pond Inlé®l) recording location i@ 3, Table }. At the
Milne Inletrecordingsite MI), 64 unique ships made 24fansits past the recording
location fig. 4 Table ). Shipsthat transited past the Pl site, but not the Ml siteere
primarily pleasure craft, passengghips, militaryand Canadian Coast Guastips. With
few exceptions, sp operations during thé htransit windows consisted ahips making
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way at relatively cortant speeds over ground while making minimal course corrections for
navigation.Notable exceptionsccurredoccasionally in October and July when an
icebreaker §1/V Botnicg approached the recording site then reversed course within 15 km of
the site (Fig29.b) while engaged in ice assistance activities. These instances of course reversal
near the recording st were counted as a single ship transit.the Pl site, the general
orientation of shiptraffic was eastvest, entering or exiting Eclipse Sounaim Baffin Bay (Fig.
3). In Milne Inlet, the general orientation shiptraffic was northsouth(Fig. 4) Shps were
separated into 11 types based on AlS diijge designation. Among the ship types, castps,
including tankers, represented 74% of all ship transits at Pl (n=197) and 79% at Ml (n=189).
Cargoships were separated into fourategories to distingsh the tree most common cargo
subtypes(bulk carrier,general cargpand tankerfrom other less common cargshiptypes
(heavy load carrier, deck cargo ship, offshore supglbif). Less common cargghiptypes are

ANR dzLISR Ay ¢l ofdfppssm & W2UKSNJ OF NH2Q
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Table 1. Summary of Ad8iptransits, passing within 15 km of the Milne Inlet (Ml) and Pond

Inlet (P1) acoustic recording locations betwegeptember28, 2018 andGeptember21, 2019.

Milne Inlet Pond Inlet
Ship type Number of Percentof Number of Percent of
transits transits transits transits
Bulk Carriers 152 63% 152 57%
General Cargo 21 9% 25 9%
Passenger Ships 0 0% 20 8%
Icebreaker-Support Vessel 39 16% 19 7%
Oil and Chemical Tanker 10 4% 15 6%
Pleasure Craft 1 0% 7 3%
Sailing 0 0% 6 2%
Tug 9 4% 6 2%
Military 2 1% 6 2%
Other Cargo 6 3% 5 2%
CCGS-SAR* 0 0% 5 2%
Total 240 266

* Canadian Coast Guard Ship - Search and Rescue
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Figure 3. All Automated Information System (AIS) locations received by séteititahips
transiting pasthe Pond Inlet recording location (site Riith closest point of approach (CPA) <
15 kmbetweenSeptember28, 2018 andeptember21, 2019. Each ki circle represents one
AIS message received, which included ship identity, position, and operational inforneaton (

heading, speed, draft).
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Figure 4. All Automated Information System (AIS) locations of ships transiting past the Milne
Inlet recordng location (MI) with CPA distance < 15 km betw8eptember28, 2018 and
September21, 2019. Each black circle represents one AIS message received, which included ship

identity, position, and operational informatioe.@g.heading, speed, draft).

Themostcommonshiptype at both locationsvasthe bulk carrier, with 8 unique
ships comprising 3% of transits at Pl and 63% at. Mifter bulk carriersproportions ofship
types differed somewhat between siteat Pl,other shiptypes with highest transit
occurence were general carg8%,n=25), passengeB%,n=20), icebreaker706,n=19),
and tanker §%,n=15). Pleasure craft, and fishing, sailing, tugs, military, Canadian Coast
Guard, and other cargships togethermade up the remaining 13% siiip transitgn=35)

at site Pl
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At site MI, the other types with highest occurrence of transits were icebre@dlé®n, n=39),
general cargo (9%, n=21), tanker (4%, n=10), and tug (~4%, n=9). Other cargo andshifiitary
made up the remaining 3% (n=8). There was a single transB®falengthpleasure craft and
no transits of passenger ships, sailghgps, or 8arch and Rescue ships (SA&Canadian Coast

Guard Ships) at MI.

B. Monthly underwater sound levekxcluding and includinghip transits

Acoustic recordings from site Pl totalih§72 hwere analyzedor underwater sound levels from
78 days across foyneriods of the shipping seasons of 2018 and 2019 K. The same set of
analysisstepswas performed ori464h of acoustic recordings from site MI fradd days across
October,2018, and July andugust,2019. From these data870h (47% of analysis periods) from
site Pl and80h (47%of analysis periodsjom site MI were extracted for estimation of sound
levels with transient ship noise events excludee. excluding ships; Fi§.ab.). Daily durations

of continuousrecordingperiods excluding shipsanged fromlto 24 h. Monthly and annual
sound levels for periods including shipnsitswere calculated from the total recorded hours

during each analysis period.

The first analysis period w&ctoberl to October22,the last day o018 ship transits past
sitesPland ML This period includes the end of the 2018 open water season and the onset of sea
ice freezeup. The second analysis period was from the date of thediigttransit of the year
on July 18, 2019, through July 31lisTeriod includes the beginning of 2019 shipping toed
onset of continuous sea ice breakup leading to open water. The third and fourth petiéds
included open water shipping durifgigustl-26 andSeptember2-21, 2019. Acoustic data were

not recorded at PlbetweenAugust27 andSeptember2, 2019. At Ml, a third analysis period
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extended fromAugustl to the end of recording oAugustl8, 2019. No acoustic

recordings were made at site Ml 8eptember2019.

October, 2018 Site Pl July, 2019
10/01 ctober, 07/01 Uy,
10/04 07/04 A
10/07 07/07 1
10/10 0710 1 No ship transits
10113 — 07/13 1
<] i ]
& 1016 a 5 07116
10119 07/10 |EE—
I |
I
1022 ! 07/22 | — —
10/25 - : : 07125
No ship transits
10/28 - 07/28
VRIS ] 07/31 !
0 3 6 9 12 15 18 21 24 0D 3 6 9 12 15 18 21 24
hour of day hour of day
ORID 1 August, 2019 09/01 - September, 2019
08/04 09/04
08/07 09/07
08110 09/10
0813 0913
[sH] @
= 08186 T 09/16
- =]
08/19 09119
0&/22 09/22
08/25 _d |
09725 Not recorded
08/28 - Not recorded 09/28 -
e e 10/01 + e L —
0 3 6 9 12 15 18 21 24 0D 3 6 9 12 15 18 21 24
hour of day hour of day

Figure 5.a. Monthly analysis effort for perioglecluding and includinghip transits at site Pl
from October,2018 through Sept, 2019. Blue bars includédkhip transit windows.

White bars indicate periods excluding local ships. Gray areas ingiedtels either outside

of the shipping season (Oct-24, 2018 and July-17, 2019) or times not recorded. All
recording times outside gray areas (blue and white bars) were included in analysis of total

monthly sound levels, including ships.
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Figureb.b. Monthly analysis effort for periodsxcluding and includinghip transitsat site Ml

from October,2018 through Sept, 2019. Blue bars includé dikhip transit windowsWhite

bars indicate periods excluding local ships. Gray areas indicate periods either outside of the
shipping season (Oct 221, 2018 and July-17, 2019) or times not recorded. Adicording times
outside gray areas (blue and white bars) were included in analysis of total monthly sound levels,

including ships.
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