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Over the past two years, researchers at Fisheries and Oceans Canada have been running an acoustic monitoring project at multiple study sites throughout Nova Scotia, Canada to investigate baleen whale presence and levels of underwater noise. At the onset of the COVID-19 pandemic, a passive acoustic monitor (PAM) was in place in the study site located in the approaches to Halifax Harbor, a major Canadian port. This provided a unique opportunity to determine if changes in vessel noise levels occurred after pandemic restrictions were put in place. To investigate this, we analyzed and compared acoustic data collected from March 28 to April 28 and August 6 to October 22 in both 2019 and 2020. We also investigated possible changes in vessel traffic from February 1 through April 28 and July 1 through July 28 in 2019 and 2020 using terrestrial-based automatic identification system (AIS) data provided by the Canadian Coast Guard and cargo information provided by the Port of Halifax. The acoustic data were analyzed in 1/3 octave frequency bands. For the 89.1–112 Hz frequency band, we found an 8.4 dB increase in the daily minimum sound pressure level (SPL) in April 2020 compared to April 2019 due the presence of a large crane vessel stationed near the mooring site. For the period of August to October, we found an approximately 1.7 dB reduction in the same metric from 2019 to 2020. The most noticeable change in vessel composition was the dramatic decrease in the number and occurrence of pleasure craft in July 2020 compared to the same period in 2019. While this analysis looked at only a single PAM and a limited amount of data, we observed changes in sound levels in the frequency band known to be associated with shipping as well as changes in vessel traffic; we conclude that these observed changes may be related to pandemic restrictions.
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INTRODUCTION

The past 50 years have seen a significant worldwide increase in the size and number of vessels in merchant fleets (Hildebrand, 2009). Global ship numbers have risen by a factor of 3.5 and gross tonnage by a factor of 10 (Frisk, 2012). Within the same time period, rising ambient noise levels in certain areas of the world’s oceans have been observed, suggesting an overall increase of at least 20 dB in low-frequency (10–500 Hz) ambient noise since pre-industrial conditions (Hildebrand, 2009). Studies have since attributed rising underwater ocean noise levels to an increase in global shipping (Andrew et al., 2002; Frisk, 2012), with some estimates of increases in ambient noise at low frequencies as high as 3 dB per decade in parts of the world’s oceans (Andrew et al., 2002). The potential for adverse effects on marine life, particularly cetaceans, from this increase in anthropogenic underwater noise has been discussed by many authors (see e.g., National Research Council, 2003; Weilgart, 2007; Tyack, 2008; Erbe et al., 2019; Duarte et al., 2021). Acknowledging the growing concerns about the impacts of underwater noise coupled with limited information for Canadian waters, the Government of Canada has recently made greater efforts to better understand anthropogenic ocean noise, particularly from commercial shipping. This initiative is part of a broader program to address impacts of commercial shipping in Canadian waters called the Oceans Protection Plan (OPP; Fisheries and Oceans Canada, 2021).

As part of efforts under the OPP, an underwater passive acoustic monitoring project was launched in 2018 to better understand marine mammal and vessel noise occurrence at multiple, single-hydrophone data collection sites around coastal Nova Scotia. Monitoring locations were selected based on anecdotal or historic sightings of baleen whales and proximity to existing or proposed anthropogenic noise-generating activities. The Port of Halifax is a major Canadian port and its approaches were therefore selected as one of the monitoring sites for this project. Data collected from this site cover the period from late March 2019 to October 2020, with two interruptions due to difficulties in retrieving or deploying equipment.

Starting in early 2020, countries around the world sought to limit the spread of a novel coronavirus (COVID-19) by restricting various activities, thus creating reductions in industrial activity and manufactured products as well as disrupting the movement of people and goods. The global economy was estimated to shrink by 3.5% in 2020, with production plummeting in the second quarter of 2020 followed by some recovery to pre-pandemic levels by the end of 2020 (International Monetary Fund, 2021). The reduction in global trade activity was widely expected to have a corresponding decrease in marine shipping traffic, which has been borne out by recent studies in some areas (March et al., 2020; Thomson and Barclay, 2020). During the spring of 2020 when COVID-19 restrictions would have begun affecting vessel activity in and out of Halifax Harbor, a passive acoustic monitor was in place in the approaches of the harbor as part of the acoustic monitoring project just described. The data collected during this time provided an opportunistic occasion to examine local changes in vessel noise levels hypothesized to have occurred as a result of COVID-19 pandemic-related restrictions on maritime trade. To investigate this, we compared noise levels in subsets of acoustic data collected from the study site in 2019 and 2020, including the time period overlapping with the implementation of pandemic-related restrictions. We also examined shipping traffic data and cargo data from the Halifax Port Authority to determine changes in vessel presence and port-wide imports and exports. While available data limited our comparison to only certain time periods between just two years, our study represents a unique opportunity to investigate changes in underwater noise before and after the onset of the COVID-19 pandemic in one of Canada’s busiest shipping ports.



MATERIALS AND METHODS


Study Area, Mooring Design, and Instrumentation

Acoustic data collection at the study site was initiated in 2019 as part of a larger passive acoustic monitoring study described above. A passive acoustic monitor (PAM) enclosed in a custom-configured subsea mooring was deployed 2 km off a headland in the vessel traffic separation zone between the incoming and outgoing shipping lanes in the approaches to the Port of Halifax (Figure 1). An important fishing harbor is located nearby and commercial fishing occurs in the general area; however, fish harvesters usually avoid setting gear in the shipping lanes, thus minimizing potential interactions between the PAM and fishing gear. Recreational vessels also frequent the area. Several navigational buoys are located in the area, including two “bell” buoys which ring with wave movements. For 2019 and 2020, sea surface temperatures recorded by a nearby oceanographic buoy ranged from −1.1°C in March 2019 to 19.1°C in September 2019 (SmartAtlantic Alliance, 2020). While no direct observations were made of the seafloor at the site, a nearby drop camera survey (within 5 km of the site) documented cobble and boulder deposits with large expanses of massive ledge formations and the researcher concluded that the deeper portions of the survey area (40–50 m depth) represented energetically active environments (Vandermeulen, 2018). Water depth at the deployment site was measured as 63 m using the deployment vessel’s navigation system.
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FIGURE 1. The deployment location of the passive acoustic monitoring (PAM) system near the Port of Halifax. Shown are the 12- and 30-km radiuses around the mooring location that were used to examine shipping traffic and calculate noise energy from vessels.


The PAM system consisted of a SoundTrap acoustic recorder (Ocean Instruments, models ST300 STD and ST500 STD) suspended in a modified lobster trap which was tethered to a pop-up submersible buoy manufactured by Fiomarine (Figure 2). The trap was approximately one-quarter the size and lacked the opening of a commercial lobster trap. It was weighted with standard trap weights to ensure the entire mooring remained stationary on the seafloor when deployed. Before deployment, the buoy was programmed with a release time and date. The buoy and was set up to float 1–2 m above the trap until the release mechanism was activated. The rope remained spooled on the buoy until the release event, minimizing the presence of rope in the water column and thus reducing the risk of entanglement to pelagic marine species. This relatively small and self-contained mooring design allowed the PAM to be deployed from small vessels. The mooring design used in the study represented a culmination of a series of design configurations gradually improved over the course of many deployments conducted as part of the broader acoustic monitoring program described earlier (see Theriault et al., 2018). Modifications were made over time to reduce possible sources of noise including careful selection of noise-reducing swivels and hardware and securing all attachment points. Analysis of previous recordings have shown that flow noise and other noise generated by the mooring itself has not been detected at levels significant enough to interfere with signals of interest. Furthermore, the signals of interest have a large wavelength of greater than 15 m and are unlikely to be attenuated by the cage nor by other components of the mooring; in actuality, the presence of the cage likely helps reduce flow noise by breaking up coherence thereby being somewhat advantageous to acoustic data collection.
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FIGURE 2. Components of the mooring used in the study. The Ocean Instruments SoundTrap acoustic recorder and battery case enclosed in a custom lobster trap (pictured on left) is tethered to a spooled Fiobuoy (pictured on right), a submersible pop-up buoy that enables surface retrieval of the entire system.


The SoundTrap was configured for continuous recording at a sampling rate of 24 kHz. Recorded audio files were automatically split into 30-min segments for ease of analysis. The SoundTraps were calibrated by the manufacturer and the sensitivity of the hydrophone systems was approximately −172.8 dB re 1 μPa/volt at 1 m at 250 Hz. The PAM was deployed at the site for periods of 8–10 weeks at which point it was recovered and immediately replaced with another mooring configured to the same specifications. In this way, near-continuous recording was achieved over periods of consecutive months. However, bad weather followed by the loss of equipment in the fall of 2019 resulted in a data gap between November 1, 2019 and February 20, 2020. A second data gap from April 28 to July 22, 2020 was caused by restrictions put in place during the COVID-19 pandemic which resulted in the temporary suspension of fieldwork.



Automatic Identification System Data

The automatic identification system (AIS) is an automated system for vessel tracking and identification to aid in navigation, collision avoidance, enforcement, and search and rescue. It is required on all vessels of 300 gross tonnage or more on an international voyage and vessels of 500 gross tonnage or more on a domestic voyage (International Maritime Organization, 2015). In addition, most Canadian passenger vessels are required to carry an AIS transponder and many other vessels carry them for safety purposes (Navigation Safety Regulations, 2020). Ship-borne transponders automatically transmit information to terrestrial and satellite receivers. While vessels are underway, AIS messages are transmitted every 2 s (Class A devices) or 30 s (Class B devices). Messages are transmitted less frequently if the vessel is at anchor or stationary. AIS messages contain the vessel’s position, speed over ground, heading, vessel type, and other fields.

Automatic identification system data were obtained from the Canadian Coast Guard’s terrestrial AIS receiver network for an area within a 12-km radius of the PAM location (Figure 1). This area covers all the potential marine approaches to the Port of Halifax while excluding most docking areas within the port. Two time periods were selected for analysis in both 2019 and 2020: February 1 to April 28 and July 1 to 28. These periods were chosen because AIS data were readily available with no missing days in both years. The month of April also corresponded with the period for which there were acoustic data. The July period did not match the time for which acoustic data were available but did allow us to examine vessel patterns during a different season of the year.

The raw AIS messages were decoded using a Python script package developed at Fisheries and Oceans Canada.1 Data fields of interest that were retained from the decoded messages for further analysis were the date and time (UTC), the vessel’s latitude and longitude (decimal degrees), speed over ground (SOG, knots), and the unique Maritime Mobile Service Identity (MMSI) number. All analyses were completed using R version 3.6.3 (R Core Team, 2020). The packages “raster” (Hijmans, 2020), “ncdf4” (Pierce, 2019), and “rgdal” (Bivand et al., 2021) were used to load and extract data from the decoded AIS data files. The packages “padr” (Thoen, 2019), “Rmisc” (Hope, 2013), and “lubridate” (Grolemund and Wickham, 2011) were used in analyses and packages “ggplot2” (Wickham, 2016) and “egg” (Auguie, 2019) were used to create the figures.

There are often errors within AIS messages resulting from faulty equipment or human-related error when information has been entered manually (Harati-Mokhtari et al., 2007). To ensure the data used were as accurate as possible, we followed a similar quality control process to that of Metcalfe et al. (2018), which was a combination of methods described by the Marine Management Organisation (MMO), 2013), Coomber et al. (2016), and HELCOM (2008). First, the data were filtered to include only positional reports within a 12-km radius of the PAM location. Second, data points with invalid MMSI numbers (greater or less than nine digits) and MMSI numbers belonging to navigation aids, buoys, aircraft, and other non-vessels (<200,000,000 or >800,000,000) were removed (Coomber et al., 2016; Metcalfe et al., 2018). Finally, to exclude moored vessels from our analyses, data points for which the reported SOG was less than 1 knot were removed and a maximum speed cut off of 43 knots was imposed, as data points with speeds greater than this limit were rare and implausible for the corresponding vessel type. To characterize types of vessels using the area, valid MMSI numbers were entered into the IHS Sea-Web database to determine the vessel type (IHS Markit, 2021). If no information was found in that database, other web databases were searched, primarily MarineTraffic (2021). Vessels were then grouped into the following categories: cargo, fishing, passenger, pleasure craft, search and rescue, tanker, tug, and “other” (all remaining vessel types).

The temporal frequency at which AIS signals were emitted by vessels and subsequently received by terrestrial stations meant that there were no large spatial or temporal gaps in the dataset, which allowed us to analyze vessel presence without creating track lines. The data were summarized in two ways: (1) as the average number of unique vessels present per day in a given week and (2) as the average number of vessel occurrences per day in a given week. A vessel occurrence was defined as one or more AIS reports from a vessel occurring within a 1-h period within a 12-km radius of the mooring. If reports were received from multiple vessels during the same time period, they were calculated as multiple occurrences, e.g., AIS messages from three different vessels within the same 1-h period were considered three occurrences. As previously stated, data points with reported SOG values of less than 1 knot were excluded, and thus these measures refer only to the occurrence of vessels traveling faster than 1 knot. The occurrence of vessels not equipped with AIS transponders was unknown.

Vessel density for April 2019 and April 2020 was calculated based on the “EU Vessel density map detailed method” (European Marine Observation and Data Network, 2019). This method calculates the total time that vessels spend in pre-defined grid cells.



Cargo Statistics for the Port of Halifax

Quarterly cargo statistics for 2019 and 2020 were obtained from the Port of Halifax (2021). The port tracks container and non-containerized imports and exports at the facilities it manages as well as other facilities within the general area of Halifax Harbor.



Acoustic Data

After comparing the data collected from 2019 to 2020, it was determined that acoustic data had been successfully collected between the periods of March 28 to April 28 and August 6 to October 22 for both years. The 2020 time periods coincided with restrictions put in place as a result of the COVID-19 pandemic. The time series sound pressure wave data were processed with Short-time Fourier transform (STFT) into spectrogram data as a function of time and frequency with an FFT length of 32,768, overlap of 8,192, and Hann window applied. The spectrogram data had a time resolution of 1.024 s and a frequency resolution of 0.7324 Hz. The entire frequency band was divided into 1/3 octave bands for further analysis. Ship noise peaks at low frequencies (Wenz, 1962; Erbe et al., 2019), considered to be between 10 and 500 Hz for the purposes of this study, as per Hildebrand (2009). Consequently, the analysis focused on the normalized 1/3 octave band centered at 100 Hz (89.1–112 Hz). To quantify changes in sound pressure levels (SPLs) during the time periods of interest, the SPL of the 1/3 octave band centered at 100 Hz was averaged within this frequency band then the minimum, median, and maximum values were calculated for three different time scales: hourly, six-hourly, and daily.

An approach of temporal detection and classification based on the methodology described in Nystuen and Howe (2005) was adopted here as an auto detector of shipping traffic. To build the vessel noise detector, a circle with a 30-km radius around the PAM was defined (Figure 1). AIS data were used to identify and track individual vessels moving through the defined circle. The instantaneous SPL from two different times in the vessel’s transit through the circle were selected from the data set (Figure 3): the start of the transit through the circle (i.e., “start time”) and the point at which the vessel was closest to the PAM location (“closest point of approach”). The scatter plot of 1/3 octave bands centered at 100 Hz (89.1–112 Hz) and 500 Hz (447–562 Hz) are presented for both the “start time” and “closest point of approach.” The vessel noise detector is built based on the different scatter distribution when there is vessel noise presenting.
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FIGURE 3. An example of a ship event on April 14, 2019, showing the SPL changing with distance from the mooring location. The top panel (A) shows the vessel’s distance from the mooring location over time within the selected date; the bottom panel shows the scatter plots between the 1/3 octave bands centered at 100 Hz and 500 Hz at the start (B) and closest point of approach (C) of the ship event (represented by the blue line in the top panel). The time periods used in the scatter plots were from 10 min before the start time until the start time, and 5 min before the closest point of approach to 5 min after the closest point of approach, respectively. The large dispersion of the scatter plot was a common pattern when vessels were near the mooring.


The noise energy budget is estimated based on the following equation (Miller et al., 2008) for different frequency (f) and time (t):

[image: image]

with ρ = 1.0273 g/cm3 as sea water density and c = 1,500 m/s as sound speed. The vessel noise detector was used to automatically find the portions of the acoustic recordings that were influenced by vessel noise, which we termed “shipping events.” For all these events, the noise contributed by the vessel traffic was calculated by taking the average SPL of the periods before and after the shipping event and subtracting that from the SPL during the shipping event (Figure 4).
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FIGURE 4. An example from April 14, 2019 showing the estimation of the noise contribution from shipping traffic (in SPL) based on a single vessel detection algorithm. The lines are averaged SPL for the 1/3 octave band centered at 100 Hz.




RESULTS


Vessel Traffic and Characteristics

Maps of vessel density (Figure 5) for April 2019 and 2020 show similar patterns for both years, with the inbound and outbound shipping lanes clearly visible. The other area of high vessel traffic in both years is activity to and from a fishing harbor. In 2020, there was irregular vessel activity in the area northeast of the mooring location. This was due to the presence of the Thialf, the second-largest crane vessel in the world (Palmeter, 2020). The crane vessel was using thrusters (dynamic positioning) to stay at the harbor mouth for much of April (pers. comm., M. MacIsaac, Exxon Mobil, Halifax, Nova Scotia, Canada, December 8, 2020).
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FIGURE 5. Percentage of time vessels spend per grid cell, converted to vessel density per square kilometer, April 2019 (A) and April 2020 (B). The green symbol is the location of the PAM. The movements of the Thialf, which stayed near the approaches to Halifax for the month of April 2020, and its support vessels are clearly visible to the northeast of the PAM location.


Between February 1 and April 28, 2019, a total of 270 unique vessels occurred within a 12-km radius of the PAM site, while 218 unique vessels occurred during the same period in 2020. From July 1 to 28, 2019, 379 unique vessels were present, while 246 were present during the same period in 2020 (Table 1). When the February 1 to April 28 period was further broken down into the periods before and after the Province of Nova Scotia declared a state of emergency (March 22, 2020), the most noticeable difference was the decrease in the number of tanker vessels before March 22 in 2020 compared to the same period in 2019 (Table 1). In July, there were 128 fewer pleasure craft in 2020 than during the same period in 2019. Despite there being fewer unique vessels from February 1 to April 28, 2019 compared to the same period in 2020, the total number of vessel occurrences within the study area was greater in 2020 (4,633) compared to 2019 (4,283). The opposite was true for the July period, during which there were many more vessel occurrences in 2019 (3,337) compared to 2020 (2,400).


TABLE 1. The number of unique vessels (UV) and vessel occurrences (VO) in each vessel type category within a 12-km radius of the PAM location from February 1 to March 21, March 22 to April 28, and July 1 to July 28, 2019 and 2020.

[image: Table 1]During the entire February 1 to April 28 period in both 2019 and 2020, fishing, cargo, and “other” vessels had the most occurrences in the study area. Fishing vessels were the most frequently occurring vessel type and occurred more frequently in 2020 than 2019. Cargo vessels occurred less frequently in 2020 than 2019, with a less than 1% decline in occurrence in the February 1 to March 21 period, and an 8.99% decrease in the March 22 to April 28 period. A peak in the average number of all vessel occurrences per day is noticeable during the week of April 5–11, with a more pronounced increase in 2020 than in 2019 (Figure 6). Part of that can be attributed to an increase in tug occurrence in 2020. Average daily occurrence of tugs increased in the week of April 5–11 and remained at a higher level throughout April. Tug occurrences in the March 22 to April 28, 2020 period were 236.22% higher in that period compared to the same period in 2019.
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FIGURE 6. Mean (±SE) daily vessel occurrence within a 12-km radius of the PAM location from February 1 to April 28, 2019 (top) and 2020 (bottom). Averages were calculated over 7 days for all weeks except the week of April 26 for both years (3 days) and the week of February 22, 2020 (8 days).


During the July period, there were fewer unique vessels present in 2020 compared to 2019 (Table 1) and lower average daily vessel occurrences (Figure 7). There were decreases in both the number of pleasure craft present and their number of occurrences during 2020 compared to 2019. A total of 211 unique pleasure craft occurred during a combined 1,191 h in 2019, while only 83 unique pleasure craft occurred during a combined 443 h in 2020, a 62.8% decrease. Passenger vessel occurrence also declined from 266 occurrences in 2019 to 30 occurrences in 2020, an 88.72% decrease. Cargo vessel presence had a much smaller decrease of 9.66%. Like in the spring period, tug occurrence increased in 2020 over 2019, in this case by 177.01%. This increase was particularly noticeable in the week of July 15–21 (Figure 7).
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FIGURE 7. Mean (±SE) daily vessel occurrence within a 12-km radius of the PAM location from July 1 to July 28, 2019 (top) and 2020 (bottom). Averages were calculated over 7 days for all weeks.




Changes in Cargo Imports and Exports

The cargo statistics for the Port of Halifax (Table 2) show that for the first two quarters of the year, the port had lower imports in 2020 than in 2019, but higher exports. However, imports rose in the third quarter of 2020, with imports higher in the third and fourth quarters of 2020 than the previous year. Exports were lower in the third quarter of 2020 than 2019 but increased in the fourth quarter to 40% over 2019 figures. As a result, the decrease in total cargo was less than 2% by weight over the previous year. However, for the quarters for which we obtained acoustic data (parts of Q2 and Q3), the change in cargo was greater: there was a 10.55% overall decrease in cargo in Q2 and a 5.08% decrease in cargo in Q3.


TABLE 2. Port-wide cargo, including Halifax Port Authority and non-Halifax Port Authority facilities (metric tons) (Port of Halifax, 2021).

[image: Table 2]


Levels of Underwater Noise

Spectrograms for the periods with acoustic data in both 2019 and 2020 are shown in Figure 8. Notably, the spectrogram of April 2020 shows higher SPLs between 30 Hz up to 5 kHz for an extensive period in that month. As seen in the AIS data, this SPL anomaly was likely attributable to the presence of a single vessel, Thialf, the second-largest crane vessel in the world which was using a dynamic positioning system to hold station near the PAM location. In 2020, the daily minimum and daily median SPLs at 100 Hz in 2020 were more than 10 dB higher than in 2019 throughout much of the month of April, although daily maximum SPLs showed more similarity (Figure 9 and Table 3). There were less obvious visual differences in the spectrograms in the August to October periods, although the 2019 period had more occurrences of intense low-frequency sound. An intense low-frequency event is visible on September 23, 2020, likely the post-tropical storm Teddy that made landfall in Nova Scotia on that date.
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FIGURE 8. Spectrograms from acoustic monitoring periods: March 28–April 28, 2019 (A), August 6–October 22, 2019 (B), March 28–April 28, 2020 (C), and August 6–October 22, 2020 (D).



[image: image]

FIGURE 9. Top panels show the daily moving average of minimum (A), maximum (B), and median (C) SPL for the 1/3 octave band centered at 100 Hz for March 28 to April 28 of 2019 and 2020. Bottom panels show the daily moving average of minimum (D), maximum (E), and median (F) SPL for the 1/3 octave band centered at 100 Hz for August to October of 2019 and 2020.



TABLE 3. The 95% confidence interval (and p-value, “-” indicates the value is less than 0.0001) for the mean difference between 2020 and 2019 in minimum, maximum, and median sound pressure level for hourly, 6-h, and daily paired samples.

[image: Table 3]Plots of the minimum, maximum, and median SPL for the 1/3 octave band centered at 100 Hz from the continuous acoustic recording periods (i.e., March 28 to April 28, and August 6 to October 22) for both 2019 and 2020 are shown in Figure 9. The August to October periods were more similar between years than the April plots. Similar estimations for hourly and six-hourly time periods were carried out for these data sets and the differences between 2020 and 2019 in average SPL and errors with 95% confidence interval were calculated (Table 3). The paired t-test approach was used for calculating the 95% confidence interval for the difference in each statistic (minimum, maximum, and median) between 2019 and 2020. The p-value from the same hypothesis test is also shown in the table. At a significance level of 0.05, all p-values are significant except for the difference in maximum sound level between the August to October 2019 period and the August to October 2020 period. This suggests that among all these estimations, the minimum and median SPL showed noise reductions for all the hourly, six-hourly, and daily periods. The noise reductions for minimum and median SPL were statistically significant, with reductions of 2.244, 2.125, and 1.745 dB in the hourly, six-hourly, and daily minimum SPL, respectively.

Using the vessel noise energy estimation method described above, the daily noise energy introduced by shipping traffic averaged by the number of days in each week was calculated. Average daily vessel noise energy was higher in 2020 than 2019 for the first two weeks of the March to April period and lower in 2020 than 2019 for almost the entire period of August to October (Figure 10).
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FIGURE 10. The estimated noise energy by week for the 1/3 octave band centered at 100 Hz that can be attributed to vessels for (A) March 28 to April 28, 2019 and 2020 and (B) August 6 to October 22, 2019 and 2020.




DISCUSSION

Restrictions aimed at reducing the spread of COVID-19 were initiated in January 2020 in China and spread to other locations around the world through the first few months of 2020. In Nova Scotia, restrictions on activities, including non-essential travel, went into effect on March 22, 2020 (Province of Nova Scotia, 2020). Over the course of 2020, news stories heralded the quieting of the oceans (see e.g., Sommer, 2020) and some studies have observed declines in vessel traffic and ocean noise (e.g., March et al., 2020; Thomson and Barclay, 2020). Our results parallel some of the findings related to vessel traffic but present a more complex picture in terms of commercial shipping and levels of underwater noise. Further comparisons with a greater number of pre-pandemic data years and data from multiple recording systems would have yielded a more complete understanding of the overall changes in vessel noise activity before and after the onset of the pandemic, but these data were not available.

March et al. (2020) found that there had been a reduction of marine traffic in 44.3% of the global ocean in April 2020, with major reductions in traffic density observed in European waters. However, they found that these changes varied between sectors, with passenger vessel traffic sharply declining, particularly in tourist areas, while patterns of fishing vessel traffic varied, with increases in some areas (March et al., 2020). Our results are consistent with the findings of March et al. (2020) as we observed the highest decline in vessel occurrences in the pleasure craft and passenger vessel categories as compared to 2019. Additionally, the number of fishing vessels present near our mooring was similar or higher in 2020 than in similar periods in 2019. In Canada, commercial fishing was considered an essential function during the pandemic and was not subject to the same restrictions that would have limited tourism operations using passenger vessels. The pleasure craft that did occur were likely local vessels as border restrictions limited visitors from the United States and quarantine requirements deterred visitors from other provinces.

Tug hours increased substantially in 2020 in the periods we examined compared to 2019 and this change was partially attributable to the tugs tending to the Thialf throughout April 2020. Based on the available AIS data, the Thialf first arrived within the 12-km radius of the PAM on April 1, 2020, an appearance that coincides with the increase in tug occurrences in April 2020. However, the reason behind the more than doubling of tug occurrences in July 2020 (241) as compared to July 2019 (87) is not obvious from the datasets we examined.

The small decrease in cargo vessel occurrences in 2020 during the periods we examined might not have been representative of the full year. A previous study described Canada-wide reductions in imports and exports in the first two months of 2020 as compared to 2019 (2020 Statistics Canada data reported in Thomson and Barclay, 2020). While imports decreased in the Port of Halifax for the first quarter of 2020, exports greatly increased. Overall, cargo imports and exports varied greatly from 2019 figures and not always in the same direction. While overall quantity of cargo for the Port of Halifax decreased for the quarters we examined vessel presence, the limited amount of AIS data we looked at in detail made it difficult to draw strong conclusions. For example, the February 1 to March 21, 2020 period saw a decrease of 0.36% in cargo vessel occurrences from the previous year, yet the overall amount of cargo declined 4.42% in the first quarter of 2020. Including the AIS data for January may have shown a greater decrease in vessel occurrence; conversely, ships may have been on a fixed schedule and unable to adapt quickly to changes in demand.

Significant decreases in the minimum and median SPLs in the 1/3 octave band centered at 100 Hz were observed in the August to October 2020 period. Although our AIS data did not match that time period, it seems likely that these changes were due to decreased vessel traffic, as we found that the average daily noise energy introduced by shipping also decreased in that period. The decreases in SPL may have been associated with multiple vessel types. Pleasure craft (e.g., jet skis, yachts) represent a considerable noise source in some coastal areas (Samuel et al., 2005; Haviland-Howell et al., 2007). Hermannsen et al. (2019) found that non-AIS recreational vessels such as speedboats and sailing vessels elevated ambient noise in the 1/3 octave bands centered at 125 Hz, 2 kHz, and 16 kHz by up to 55, 47, and 51 dB, respectively, dominating the soundscape in a coastal area and likely contributing to the disturbance of a local population of harbor porpoise. We observed a large decrease in pleasure craft occurrence in July 2020, which likely continued into the autumn as Nova Scotia extended its restrictions on social activities and visitors into that period. It is also likely that we underestimated the decrease in pleasure craft use since vessels not equipped with AIS transponders were not accounted for in the vessel occurrences reported above. Considering the potential for these types of water craft to elevate ambient noise levels, the reduction in pleasure craft likely contributed to the significant decrease in minimum and median SPL in the 1/3 octave band centered at 100 Hz that we observed in the August to October 2020 period.

Interestingly, this study revealed an unanticipated increase in underwater noise due to COVID-19 restrictions. The large crane ship Thialf did not dock directly at port facilities in Halifax due to concerns related to COVID-19 (Palmeter, 2020) and instead stayed near the approaches to the harbor for most of the month of April 2020. The Thialf was visited by support vessels and used dynamic thrusters to maintain position. Thrusters may cause significant propeller cavitation and associated high levels of underwater noise (Erbe et al., 2013). Coupled with the noise generated by support vessel visits (e.g., tugs), the presence of the Thialf is believed to be the source of elevated underwater noise levels in the study area during the month of April 2020. The presence of high levels of localized noise over an extended period may present concerns for marine animals that frequent the outer margins of the harbor. Fin whales (Balaenoptera physalus) are known to occur in the study area (Hastings et al., 2014) and use low-frequency pulses to communicate (Nieukirk et al., 2004). Vessel noise overlaps in frequency with fin whale pulses which risks masking fin whale communication signals, an acoustic impact that has been observed in other baleen whale species (e.g., Hatch et al., 2012; Dunlop, 2016). Underwater noise associated with the presence of the crane ship, which would normally dock in the inner harbor where cetaceans are far less likely to occur, could have led to an unusual increase in levels of vessel noise that fin whales and other whale species typically encounter in the outer margins of Halifax Harbor during that time of year.

Thomson and Barclay (2020) observed reductions in underwater noise levels in weekly median SPL near the Port of Vancouver, which they suggested were related to reduced economic activity, including shipping traffic. While we observed statistically significant decreases in underwater noise during one acoustic monitoring period, overall our results demonstrate the dynamic and unpredictable nature of human activity in light of global disruptions brought on by the COVID-19 pandemic. Despite expectations of a decrease in vessel activity and, by extension, underwater vessel noise as a result of pandemic-related shutdowns, a temporary but significant increase in underwater noise was observed for part of the study period. While this observed increase was a consequence of COVID-19 restrictions, it nevertheless highlights the inadvertent impacts that may result from changes in human activity.
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FOOTNOTES
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Vessel Type 2019 2020 2019 2020 2019 2020
UV (VO) UV (Vo) UV (VO) UV (VO) UV (VO) UV (VO)
Cargo 88 (548) 79 (546) 72 (445) 67 (405) 58 (321) 55 (290)
Fishing 32 (789) 37 (960) 36 (870) 42 (884) 49 (834) 47 (762)
Tanker 26 (126) 7 (83) 16 (64) 9(561) 7 (44) 11 (45)
Tug 10 (116) 11(119) 15 (115) 11(387) 11 (87) 18 (241)
Search and Rescue 2 (35) 3 (39) 7 (43) 3(31) 3 (44) 4 (61)
Pleasure Craft 1(7) 0(0) 4(12) 0(0) 211 (1,191) 83 (443)
Passenger 12 2(8) 209 0(0) 13 (266) 2(30)
Other 24 (563) 24 (603) 28 (539) 21 (547) 27 (550) 26 (528)
Total 184 (2,186) 163 (2,328) 180 (2,097) 153 (2,305) 379 (3,337) 246 (2,400)

“Other” includes vessels that did not fit within the other categories, such as navy ships, dive vessels, offshore construction vessels, cable laying ships, buoy tenders, and
research vessels.
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