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ABSTRACT 

Increasing commercial shipping in the eastern Canadian Arctic is raising concerns about 

changes to the marine soundscape and potential impacts to Arctic marine mammals. 

Underwater radiated 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 from October, 2018 through September 2019. Acoustic data were 

collected from two locations along the regular shipping route using seafloor-mounted acoustic 

recorders located 20 meters off the seafloor at depths of 313 m and 670 m, respectively. Ship 

location and operational information were combined with received sounds to calculate acoustic 

characteristics of individual ship transits. Ship sound measurements included broadband (20 Hz-

4 kHz) sound pressure level (SPL), sound pressure spectrum level (SPSL) at the closest point of 

approach, and SPL in three frequency bands to evaluate masking of communication signals 

produced by narwhals and ringed seals. Monthly (July, August, September, Oct) measurements 

were also calculated for periods selected to exclude sound from ships and for all recorded 

periods to compare the soundscape excluding and including sounds from nearby 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, followed by the general cargo and bulk 

carrier. Noise was greater at the stern than the bow aspect for all ship types (e.g. the icebreaker 

reached SPLBB 120 dB at range 4 km from the bow and 15 km from the stern). Long-range ship 

sound <200 Hz was present in median monthly SPSL excluding and including nearby ships at the 

deeper site. The shallower more acoustically sheltered site had substantially lower sound levels 

in all months, except during ship transits. The results presented provide a baseline description of 

the natural soundscape in the Eclipse Sound, Nunavut, and by assessing contributions of ship 

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

Throughout the worldΩǎ oceans, commercial ships are a significant source of underwater 

sound (Ross, 1976; Hildebrand, 2009), raising concerns about potential impacts these sounds 

have on aquatic ecosystems and species (Clark et al., 2009; Nowacek et al., 2007). Ship traffic is 

increasing rapidly in some areas of the Arctic (Dawson et al., 2018) and is projected to 

accelerate as decreasing sea ice coverage (Smith and Stephenson, 2013) opens new 

opportunities for industrial development, commercial shipping, and tourism across the region 

(Theocharis et al., 2018). From 2005 to 2015, vessel traffic in the Canadian Arctic increased by 

an estimated 75% (Pizzolato et al., 2016). Reductions in sea ice and the use of icebreaking ships 

can extend periods of shipping noise by lengthening the Canadian Arctic shipping season 

(Stroeve et al., 2014; Smith and Stephenson, 2013), whereas other factors such as tourism and 

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

Eclipse Sound in the eastern Canadian Arctic is a region where ship traffic is increasing 

due to tourism and industrial development. The community of Pond Inlet, located on Eclipse 

Sound north Baffin Island (Fig. 1), experienced almost triple the annual shipping traffic during 

2011-2015 when compared to the decade 1990-2000 (Dawson et al., 2018). This was the largest 

proportional increase in shipping of any region in the Canadian Arctic. The change was due to 

increasing numbers of tourism-related vessels (i.e. passenger ships and pleasure craft) and in 

bulk carrier and tanker ships. While increasing traffic by tourism-related vessels is widespread 

across the Canadian Arctic, the additional cargo ship traffic past Pond Inlet was associated with 

the 2010-2015 development of the Baffinland Iron Mines Corporation (BIMC)  

 Mary River Mine (MRM) on North Baffin Island. 
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Figure 1. Long-term acoustic recording sites in Eclipse Sound, N. Baffin Island, Nunavut Territory, 

Canada. High-frequency Acoustic Recording Packages (HARPs) were deployed at the Pond Inlet 

site (PI; depth 670 m) from September 28, 2018 through September 21, 2019. A second location 

in Milne Inlet (MI; depth 313 m) recorded acoustic data from September 29, 2018 to August 18, 

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

intervals 100 m. 

Starting in 2015, bulk carrier ships began service to the newly constructed Milne Port 

(BIMC, 2015), a deepwater shipping terminal in Milne Inlet at the southeast end of Eclipse 

Sound (Fig. 1). Iron ore from the MRM is loaded onto bulk carriers in Milne Port and shipped to 

market via northern sea routes. Reported annual ore production has increased from 0.92 million 

metric tons (MT) in 2015 to 5.86 MT in 2019. Annual mining-related shipping has increased 

proportionately with ore production and includes bulk cargo ships, tugs, general cargo and 
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tanker ships (Appendix I). Eclipse Sound ship traffic occurs primarily during open water months 

from August through September, with an extension of the shipping season created in 2018 by 

the addition of an ice management vessel to escort ships servicing the MRM during July and 

October periods of ice cover. Increased ship traffic has raised concerns among community 

members, marine resource managers, and other stakeholders about the potential impacts of 

those sounds on the natural underwater soundscape and marine mammals (Ariak and Olson, 

2019). The intensity of shipping in the Eclipse Sound region is projected to become substantially 

higher with a proposed 2021 increase to 12 MT/yr iron ore production at the MRM (BIMC, 

2018). 

Sources of sound in the ocean are abundant and varied, but generally can be classified 

as natural in origin or man-made. Low-frequency natural sounds less than 200 Hz are produced 

by earthquakes and surface wave interactions (Hildebrand, 2009). Wind-driven waves are a 

major contributor to underwater sound above 200 Hz and levels decrease by about 6 dB/octave 

above 500 Hz (Wenz, 1962; Urik, 1983). In Arctic waters, a positive strong relationship between 

sound pressure level and wind speed occurs during ice-free conditions, but is weaker during 

periods of ice cover (Roth et al., 2012; Halliday et al., 2020). Sounds associated with mechanical 

activity of sea ice can also be a major component of the underwater soundscape across 

frequencies from 20 Hz to > 4 kHz (Milne and Ganton, 1964; Kinda et al., 2015). Sounds 

produced by marine animals, particularly marine mammals, can also be significant features of 

the natural underwater Arctic soundscape. For example, sound pressure levels between 50 Hz 

and 10 kHz increase with greater presence of bearded seal vocalizations in the Western 

Canadian Arctic (Heimrich et al., 2020).  

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

reproduction. In the Eclipse Sound region, the most abundant marine mammal species are 
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ringed seals (Pusa hispida), which are present year-round (Yurkowski et al., 2018), and narwhal 

(Monodon monoceros), which are present annually from July-Oct (Marcoux et al., 2019; Richard 

et al., 2010). Ringed seals produce barks and growls in the 50-400 Hz range and yelps at 

frequencies to > 1 kHz (Jones et al., 2014; Stirling et al, 1983; Stirling, 1973). Narwhals produce 

high-frequency echolocation clicks from 20 kHz to > 100 kHz (Koblitz et al., 2016; Rassmussen et 

al., 2015). They also produce sounds for communication, including whistles from about 600 Hz 

up to 14 kHz and burst-pulse sounds from 800 Hz to 10 kHz (Marcoux et al., 2012; Shapiro, 2006; 

Ford and Fischer, 1978).  

Sounds from distant ships are a major underwater sound source from 10-200 Hz 

(Hildebrand, 2009; Wenz, 1962). Low-ŦǊŜǉǳŜƴŎȅ ǎƻǳƴŘǎ ŀǊŜ ƎŜƴŜǊŀǘŜŘ ōȅ ŎŀǾƛǘŀǘƛƻƴ ƻŦ ǘƘŜ ǎƘƛǇΩǎ 

propeller and can be measured in ambient noise levels throughout the worldΩǎ oceans at great 

distances from any shipping traffic (~iroviŏ et al., 2016; McDonald et al., 2006).  Shipping traffic 

is also a source of higher-intensity short-term (transient) noise events as ships pass closer to a 

ƭƛǎǘŜƴŜǊΩǎ ƭƻŎŀǘƛƻƴΦ At closer ranges, ship sounds occupy frequencies to above 10 kHz (McKenna 

et al., 2012; Gassmann et al., 2017). These transient sounds from ships can be detected above 

the ambient sound levels when ships are at ranges of tens to > 100 km (e.g. Zhu et al., 2018). 

Evaluations of the effects on marine mammals resulting from underwater ship sounds generally 

address two areas. One is the effect of long-range sound propagation on the ambient sound 

environment.  As additional shipping traffic occurs within a region, ambient sound levels 

increase.. The other is the effect of transient noise caused by ships transiting within an area of 

habitat. Noise from a transiting ship may have direct effects on individuals and groups of marine 

ƳŀƳƳŀƭǎ ŀƭƻƴƎ ǘƘŜ ǎƘƛǇΩǎ ǘǊŀŎƪΦ  

Two concerns about how underwater noise from ships impacts marine mammals stem 

from noise-induced alteration of physiology or natural behavior (acoustic disturbance) and the 
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potential for masking of biologically important signals where ship sounds overlap in frequency 

(Southall et al., 2007; Gomez et al., 2016; Erbe et al., 2016). Acoustic disturbance of marine 

mammals has been extensively studied through observation of animal behavior at various levels 

of underwater noise from ships. Generalized guidelines have been developed to help predict 

threshold broadband sound pressure levels (SPLBB) at which behavioral disturbance or avoidance 

of the sound source may occur for several taxonomic groups of marine mammal species 

(Southall et al., 2007). Narwhal and ringed seals are classified in this system as mid-frequency 

cetaceans and pinnipeds, respectively. The generalized received SPLBB at 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 for narwhal and ringed seal (Golder, 2020; Golder, 2019; Golder, 2018; Southall et al., 

2007; Finley et al., 1990).  Masking of acoustic signals caused by the introduction of underwater 

sound from ships is evaluated at discrete frequency bands that overlap with biologically 

important signals, such as echolocation or social communication, and with consideration for the 

hearing systems of the species of interest. Although a signal, such as a whistle produced by 

narwhals, might occupy a narrow frequency band, there is some critical band around that 

frequency where other sounds from the environment may interfere with the ability of another 

animal to hear it. To account for these hearing system effects, sound levels are evaluated in 

1/3rd octave frequency bands around the 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 (LSR; Erbe et al., 2016), which is a function of the 

amount of potentially masking noise added by a source, such as a transiting ship, relative to 

some reference background sound level, such as the mean sound level of that frequency band in 

the absence of the additional sound source (Erbe et al., 2016; Pine et al, 2018). 
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This study reports levels of underwater sound associated with the natural acoustic 

environment and with man-made noise from shipping at two locations in Eclipse Sound on N. 

Baffin Island in the region of the community of Pond Inlet, Nunavut. Analyses of 2018 to 2019 

regional Automated Information System (AIS) ship tracks and underwater acoustic recording 

data were undertaken to determine quantity and spatial patterns of ship traffic and to estimate 

underwater sound levels emitted by ships. Measurements of underwater sound levels during 

the July-Oct shipping season are presented for periods excluding and including times when ships 

transited past the recording site. Monthly sound pressure spectrum levels (SPSL) of periods 

selected to minimize recorded sounds from transiting ships are representative of ǘƘŜ ΨƴŀǘǳǊŀƭΩ 

acoustic environment. Monthly SPSL from all recorded periods, including ship transits and inter-

ship periods, represent the soundscape including the total contribution of underwater sound 

from ships.   Acoustic characteristics of transient underwater sound from commercial ships are 

quantified in relation to vessel design and operational parameters for the most common ship 

types. Characteristics were selected to prioritize evaluation of underwater 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 System (AIS) data were obtained from ExactEarth 

(www.ExactEarth.com) on ship traffic within 100 km of two acoustic recording stations. 

Locations were extracted from AIS data for all ships transiting past the recording sites, including 

time, latitude and longitude, speed, heading, maximum draft, Maritime Mobile Service Identity 

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

http://www.exactearth.com/
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including gross and deadweight tonnage (i.e. weight carrying capacity), were obtained 

ŦǊƻƳ [ƭƻȅŘΩǎ wŜƎƛǎǘǊȅ ƻŦ {ƘƛǇǎΦ The ship location was used to calculate the distance along 

the sea surface from the acoustic recording location to the ship reported position. 

Ship transits were defined as periods of continuous presence of a ship (i.e. unique 

MMSI number) within a maximum radius of each acoustic recording location (Fig. 1) 

ŘǳǊƛƴƎ ǿƘƛŎƘ ŀ ǎƘƛǇΩǎ ŎƭƻǎŜǎǘ Ǉƻƛƴǘ ƻŦ ŀǇǇǊƻŀŎƘ ό/t!ύ ƻŎŎǳǊǊŜŘ ǿƛǘƘƛƴ мр ƪƳ ƻŦ ǘƘŜ 

recorder. Continuous presence was defined as having no greater than 60 min between AIS 

position updates during a 6 h time period centered on the CPA of each transiting ship.  A 

100 km maximum radius was selected for AIS ship transit data at the Pond inlet site (PI) to 

include vessels of speeds up to 18 knots, the maximum speed in the AIS data included in 

this study, within the 6 h transit window. A 30 km maximum radius was selected for AIS 

data at the Milne Inlet site (MI) to prioritize transiting ships while excluding ships engaged 

in port-related operations near the shipping terminal 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 interpolated linearly to a uniform temporal resolution of 5 s.  

B. Acoustic recording and data processing 

Underwater acoustic recordings were collected at two locations in the Eclipse Sound 

region (Fig. 1). One recording location was at depth 640 m between Baffin and Bylot Islands 

in eastern Eclipse Sound and will be referred to as the Pond Inlet (PI) recording site. The 

second recording location was at depth 313 m in Milne Inlet (MI) near the southwest end of 

Eclipse Sound.  Recordings at both sites were made using High-frequency Acoustic 

Recording Packages (HARP; Wiggins and Hildebrand, 2007; Fig. 2), which recorded acoustic 
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data at a sampling rate of 200 kHz. Recordings were made continuously at PI from September 

28, 2018 to September 21, 2019 and on a schedule of 25 min recorded of every 30 min at MI 

from September 29, 2018 to August 19, 2019. The HARPs were deployed to the seafloor and the 

hydrophone sensor was suspended approximately 20 m above the seafloor. The MI hydrophone 

consisted of two stages, one for low-frequency (<2 kHz) and one for high-frequency (>2 kHz). 

The low-frequency stage was composed of six cylindrical transducers (Benthos AQ-1) with a 

sensor sensitivity of -202 decibels root mean squared (dBrms) re: 1 V/mPa. The high-frequency 

stage consisted of a spherical omni-directional transducer (ITC-1042; www.itctransducers.com) 

with an approximately flat (± 2dB) frequency response of 200 dBrms re 1 V/mPa between 1Hz 

and 100 kHz. The hydrophone transducer signals were fed into a preamplifier with 

approximately 50 dB of gain. The PI hydrophone used the same high-frequency stage and single 

omni-directional transducer as MI, but did not include a low-frequency stage. Acoustic 

calibrations of both hydrophones were made at the Scripps Institution of Oceanography (SIO) 

and these calibrations were used to convert all acoustic recordings to sound pressure levels.  
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Figure 2. High-frequency Acoustic Recording Package (HARP) records underwater sound 

continuously or on a recording schedule year-round at a sampling rate of 200 kHz. Instrument 

component labels translated to Inuktitut.  

 

Note:  

The instrument is a listening device 

only and does not emit any sound 

into the water. The only exception 

is during a single 10-min period of 

acoustic communication each year 

when the instrument is recovered 

to the sea surface.  
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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 10-5000 Hz. Decimated recordings were 

processed into consecutive non-overlapping 5 s averaged sound pressure spectral density 

estimates with 1 Hz frequency bin spacing, which were assembled into Long-term Spectral 

Averages (LTSAs) to facilitate time-frequency analysis. To remove system self-noise 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 Matlab-based 

(www.Mathworks.com) software to provide average and percentile SPSL, spectrograms, and 

sound pressure level (SPL) time series for specific frequency bands, including 20-4000 Hz to 

represent broadband noise radiated by ships and 1/3rd octave frequency bands centered at 250 

Hz, 1 kHz, and 3.5 kHz to represent functional hearing of communication signals produced by 

ringed seals (250 Hz barks) and narwhals (1 kHz burst pulses and 3.5 kHz whistles). All sound 

pressure level measurements are reported on a logarithmic scale as decibels (dB) with reference 

pressure 1 mPa; sound pressure spectrum levels are reported in dB re 1 mPa2/Hz. 

C. Monthly underwater sound levels excluding and including ship transits 

To estimate levels of natural and man-made underwater sound, recording periods were 

selected to exclude and include the presence of ships transiting past the recording site. Sound 

pressure spectrum levels excluding ship transits were obtained by analyzing all periods when the 

difference between successive ship transit CPA events was at least 8 h. This duration between 

ship transits was selected to provide a one-hour buffer before and after all 6 h ship transit 

windows, reducing inclusion of the long-range components of ship sound in the estimation of 

natural sound levels. For each period meeting this condition, all 5 s sound pressure spectra were 

ŜȄǘǊŀŎǘŜŘ ŦǊƻƳ п Ƙ ŀŦǘŜǊ ǘƘŜ ŦƛǊǎǘ ǎƘƛǇΩǎ /t! ǘƻ п Ƙ ǇǊƛƻǊ ǘƻ ǘƘŜ ǎŜŎƻƴŘ ǎƘƛǇΩǎ /t!. These inter-

transit times will be referred to as periods ΨŜȄŎƭǳŘƛƴƎ ǎƘƛǇǎΩ. A monthly random sample of 30,000 
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5s spectra was selected from the periods excluding ship transits during the shipping 

season to provide a consistent sample size for each month of shipping operations. 

Monthly sound pressure spectrum levels of periods excluding ships were evaluated from 

the 1st, 10th, 50th (median), 90th, and 99th percentiles of all 5 s LTSA subsampled from each 

time period. The 250 Hz, 1 kHz, and 3.5 kHz 1/3rd octave and 20-4000 Hz broadband SPL 

for all percentiles were calculated from the sum of the squared pressure across the 

frequency band of the percentile pressure spectra. Sound pressure spectrum levels and 

percentile SPL measurements were also made for all monthly recording periods during the 

shipping season. This will be referred to as periods ΨƛƴŎƭǳŘƛƴƎ shipǎΩ. Measurements of 

received sound levels excluding and including ships were made for all monthly recorded 

periods during October 1 to 22, 2018 and between 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 break-up, and two months of the 2019 open water season. Open water 

recording dates were separated by month to explore differences resulting from seasonal 

winds, which are higher in September and October than in July and August (Barber et al., 

2001). The duration of monthly periods analyzed differed based on dates of recording and 

date limits of annual shipping traffic. 

D. Environmental conditions near the recording site 

Daily sea ice maps obtained from the Canadian Ice Service, Environment and 

Climate Change Canada (https://iceweb1.cis.ec.gc.ca/) were used to estimate 

proportional ice cover near the PI and MI recording sites during periods when acoustic 

data were analyzed. Wind speed within a 100 km radius of the PI recording site was 

estimated from 25 km resolution Advanced Scatterometer (ASCAT) measurements 

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

https://iceweb1.cis.ec.gc.ca/
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Administration, National Environmental Satellite Data and Information Service 

(https:\ \manati.star.nesdis.noaa.gov/products/ASCAT.php). Wind vectors were only 

available for time periods corresponding to ice-free conditions at locations in North Baffin Bay at 

ranges 25 to 100 km from the recording site. Wind speed was correlated with 1-min average 

received broadband sound pressure level by selecting all available wind vectors within radius 

100 km and time +/- 60 min of SPLBB measurements. Only times during periods excluding ship 

transits were included to reduce overlap with ship noise. A least-squares regression line was 

fitted to the data to estimate the relationship between wind speed and SPLBB. 

E. Acoustic characteristics of ship transits 

Spectral characteristics of ship transits were analyzed in acoustic recordings at PI from the 

sound pressure spectrum levels within a 6-hour (6 h) window centered on each ship CPA. 

Acoustic ship transits were defined as the 6 h period, consisting of 3 h prior to and 3 h after the 

ship CPA. This time-window around each CPA was selected to include long-range propagation of 

underwater noise from ship transits and sometimes resulted in multiple ship transits occurring 

within the same 6 h window. Site PI recordings were used for ship transit measurements 

because the continuous recording schedule precluded any gaps in data during all transit 

windows. Sound pressure levels for the 20-4000 Hz band (SPLBB) and the 250 Hz, 1 kHz, and 3.5 

kHz 1/3rd octave bands were calculated for each 5 s time bin in the ship transit LTSA data from 

the sum of the squared pressure across the frequency bands. SPL band one-min average 

received levels were also computed from the mean of all 5 s SPL values in each one-min time bin 

across the deployment period. One-min SPL was calculated to facilitate analyses of received 

level duration and range to ships at specific received levels.  

https://manati.star.nesdis.noaa.gov/products/ASCAT.php
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The estimated levels of natural underwater sound occurring sound during each ship 

transit will be referred to as Ψbackground levelǎΩΦ ¢ƘŜ ōŀŎƪƎǊƻǳƴŘ ƭŜǾŜƭǎ ŦƻǊ ŀ ǎƘƛǇ ǘransit were 

estimated from the median SPL for all frequency bands and the SPSL during the 30 min from 2.5 

to 3 h prior to the ship CPA time. This was intended to provide a reasonable estimate of 

underwater sound levels prior to each ship transit for comparison with sound introduced 

by the ship as it transited past the recording site. Received sound pressure spectra and 

band SPL were calculated for the CPA of each ship transit by averaging the received levels 

of all 5 s time bins within a data window during which the ship traveled a distance of 1.5 

ship lengths with respect to the CPA, similar to the method described in McKenna et al. 

(2012). 

Representative transits were selected for each vessel type to evaluate received level 

at varying ranges to the different ships and the durations of received levels above the 

band median and 90th percentile levels during periods excluding ship transits. When 

available, non-overlapping transits were chosen to represent a vessel type to minimize 

additional noise from other ships.  

RESULTS 

A. Ship transit information 

During Sept 28, 2018 to September 21, 2019 there were 95 unique ships which made 

266 transits within 15 km of the Pond Inlet (PI) recording location (Fig. 3, Table 1). At the 

Milne Inlet recording site (MI), 64 unique ships made 240 transits past the recording 

location (Fig. 4, Table 1). Ships that transited past the PI site, but not the MI site, were 

primarily pleasure craft, passenger ships, military and Canadian Coast Guard ships. With 

few exceptions, ship operations during the 6 h transit windows consisted of ships making 
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way at relatively constant speeds over ground while making minimal course corrections for 

navigation. Notable exceptions occurred occasionally in October and July when an 

icebreaker (M/V Botnica) approached the recording site then reversed course within 15 km of 

the site (Fig. 29.b) while engaged in ice assistance activities. These instances of course reversal 

near the recording site were counted as a single ship transit. At the PI site, the general 

orientation of ship traffic was east-west, entering or exiting Eclipse Sound from Baffin Bay (Fig. 

3). In Milne Inlet, the general orientation of ship traffic was north-south (Fig. 4). Ships were 

separated into 11 types based on AIS ship-type designation. Among the ship types, cargo ships, 

including tankers, represented 74% of all ship transits at PI (n=197) and 79% at MI (n=189). 

Cargo ships were separated into four categories to distinguish the three most common cargo 

sub-types (bulk carrier, general cargo, and tanker) from other less common cargo ship types 

(heavy load carrier, deck cargo ship, offshore support ship). Less common cargo ship types are 

ƎǊƻǳǇŜŘ ƛƴ ¢ŀōƭŜ м ŀǎ ΨƻǘƘŜǊ ŎŀǊƎƻΩ ships. 
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Table 1. Summary of AIS ship transits, passing within 15 km of the Milne Inlet (MI) and Pond 

Inlet (PI) acoustic recording locations between September 28, 2018 and September 21, 2019. 

 

Ship type Number of Percent of 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

Milne Inlet Pond Inlet
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Figure 3. All Automated Information System (AIS) locations received by satellite from ships 

transiting past the Pond Inlet recording location (site PI) with closest point of approach (CPA) < 

15 km between September 28, 2018 and September 21, 2019. Each black circle represents one 

AIS message received, which included ship identity, position, and operational information (e.g. 

heading, speed, draft). 
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Figure 4. All Automated Information System (AIS) locations of ships transiting past the Milne 

Inlet recording location (MI) with CPA distance < 15 km between September 28, 2018 and 

September 21, 2019. Each black circle represents one AIS message received, which included ship 

identity, position, and operational information (e.g. heading, speed, draft). 

 

The most common ship type at both locations was the bulk carrier, with 43 unique 

ships comprising 57% of transits at PI and 63% at MI. After bulk carriers, proportions of ship 

types differed somewhat between sites. At PI, other ship types with highest transit 

occurrence were general cargo (9%, n=25), passenger (8%, n=20), icebreaker (7%, n=19), 

and tanker (6%, n=15). Pleasure craft, and fishing, sailing, tugs, military, Canadian Coast 

Guard, and other cargo ships together made up the remaining 13% of ship transits (n=35) 

at site PI.  
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At site MI, the other types with highest occurrence of transits were icebreaker (16%, n=39), 

general cargo (9%, n=21), tanker (4%, n=10), and tug (~4%, n=9). Other cargo and military ships 

made up the remaining 3% (n=8). There was a single transit of a 36 m length pleasure craft and 

no transits of passenger ships, sailing ships, or Search and Rescue ships (SAR; i.e. Canadian Coast 

Guard Ships) at MI.  

B. Monthly underwater sound levels excluding and including ship transits 

Acoustic recordings from site PI totaling 1872 h were analyzed for underwater sound levels from 

78 days across four periods of the shipping seasons of 2018 and 2019 (Fig. 5.a.). The same set of 

analysis steps was performed on 1464 h of acoustic recordings from site MI from 61 days across 

October, 2018, and July and August, 2019. From these data, 870 h (47% of analysis periods) from 

site PI and 680 h (47% of analysis periods) from site MI were extracted for estimation of sound 

levels with transient ship noise events excluded (i.e. excluding ships; Fig. 5.a,b.). Daily durations 

of continuous recording periods excluding ships ranged from 1 to 24 h.  Monthly and annual 

sound levels for periods including ship transits were calculated from the total recorded hours 

during each analysis period. 

The first analysis period was October 1 to October 22, the last day of 2018 ship transits past 

sites PI and MI. This period includes the end of the 2018 open water season and the onset of sea 

ice freeze-up. The second analysis period was from the date of the first ship transit of the year 

on July 18, 2019, through July 31. This period includes the beginning of 2019 shipping and the 

onset of continuous sea ice breakup leading to open water. The third and fourth periods at PI 

included open water shipping during August 1-26 and September 2-21, 2019. Acoustic data were 

not recorded at PI between August 27 and September 2, 2019.  At MI, a third analysis period 
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extended from August 1 to the end of recording on August 18, 2019. No acoustic 

recordings were made at site MI in September, 2019. 

Figure 5.a. Monthly analysis effort for periods excluding and including ship transits at site PI  

from October, 2018 through Sept, 2019. Blue bars include all 6 h ship transit windows. 

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

of the shipping season (Oct 22-31, 2018 and July 1-17, 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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Figure 5.b. Monthly analysis effort for periods excluding and including ship transits at site MI 

from October, 2018 through Sept, 2019. Blue bars include all 6 h ship transit windows. White 

bars indicate periods excluding local ships. Gray areas indicate periods either outside of the 

shipping season (Oct 22-31, 2018 and July 1-17, 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. 
































































































































































