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Measuring Sound at a Cold-Water Coral Reef to Assess the Impact of COVID-19 on Noise Pollution
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This study compares the noise levels at the cold-water coral Tisler reef, before and after the closure of the border between Norway and Sweden, which occurred as a direct result of the COVID-19 pandemic. The Tisler reef is a marine protected area located under a ferry “highway” that connects Norway and Sweden. Cold-water coral reefs are recognised as being important hotspots of both biodiversity and biomass, they function as breeding and nursing grounds for commercially important fish and are essential in providing ecosystem functions. Whilst studies have shown that fishery, ocean warming, and acidification threaten them, the effects of noise pollution on cold-water coral reefs remains unstudied. To study the severity of noise pollution at the Tisler reef, a long-term acoustic recorder was deployed from 29 January 2020 until 26 May 2020. From 15 March COVID-19 lockdown measures stopped passenger vessel traffic between Norway and Sweden. This study found that the overall noise levels were significantly lower after border closure, due to reduced ferry traffic, wind speeds, and sea level height. When comparing the median hourly noise levels of before vs. after border closure, this study measured a significant reduction in the 63–125 Hz 1/3 octave band noise levels of 8.94 ± 0.88 (MAD) dB during the day (07:00:00–19:59:59) and 1.94 ± 0.11 (MAD) dB during the night (20:00:00–06:59:59). Since there was no ferry traffic during the night, the drop in noise levels at night was likely driven by seasonal changes, i.e., the reduction in wind speed and sea level height when transitioning from winter to spring. Taking into account this seasonal effect, it can be deduced that the COVID-19 border closure reduced the noise levels in the 63–125 Hz 1/3 octave bands at the Tisler reef by 7.0 ± 0.99 (MAD) dB during the day. While the contribution of, and changes in biological, weather-related and geophysical sound sources remain to be assessed in more detail, understanding the extent of anthropogenic noise pollution at the Tisler cold-water coral reef is critical to guide effective management to ensure the long-term health and conservation of its ecosystem functions.
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INTRODUCTION

Coral reefs are not restricted to the shallow tropics, they also thrive in the cold aphotic waters at depths of 40–2,000 m (Davies et al., 2008; Morato et al., 2020; Sundahl et al., 2020), with some cold-water corals being able to grow as deep as 6,000 m (Roberts et al., 2009). Cold-water corals occur throughout the world’s oceans and form complex reef ecosystems that can be 10–100s m in height, constructed by only a handful of scleractinian coral species [Lophelia pertusa (Recently synonymised to Desmophyllum pertusum (Addamo et al., 2016)), Madrepora Ocolata, Solenosmilia variabilis, Oculina varicose] (Roberts et al., 2009). The extensive reef structures they build can be of considerable age, with nearshore reefs in Norway dating back to 8,600 years before present (Wisshak et al., 2005) and deeper off-shore cold-water coral carbonate mounds likely being thousands to millions of years old, with some continuously growing for at least the last circa 11,000 years (Roberts et al., 2006; Wheeler et al., 2007; Mienis et al., 2009; Van der Land et al., 2014).

In contrast to tropical corals, cold-water corals lack the presence of symbiotic zooxanthellae algae, giving them white to orange coloured polyps (Hennige et al., 2014; De Clippele et al., 2019; Figure 1). They opportunistically feed on dissolved organic matter, bacteria, algae, and zooplankton (Mueller et al., 2014). They are ecologically important as hotspots of biomass (De Clippele et al., 2021) and biodiversity (Buhl-Mortensen et al., 2010; Henry et al., 2010; Kazanidis et al., 2016), function as breeding and nursing grounds for fish (Baillon et al., 2012), sharks and skates (Henry et al., 2013, 2016), are paleoclimatic archives (Douarin et al., 2014) and are essential in providing ecosystem functions such as carbon and nitrogen recycling (van Oevelen et al., 2009; Cathalot et al., 2015; Rovelli et al., 2015; de Froe et al., 2019; Maier et al., 2020; De Clippele et al., 2021).
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FIGURE 1. Dense coverage of the cold-water scleractinian coral Lophelia pertusa at the Tisler reef with the sponge Mycale lingua growing within its framework, the fish Sebastes sp. and the fish Pollachius sp. (Saithe).


Due to recent advances in technology, there has been a dramatic increase in our understanding of these diverse ecosystems, as well as growing evidence that many cold-water coral habitats have been degraded by bottom trawling and are threatened by ocean warming and acidification (Wheeler et al., 2005; Clark et al., 2006; Roberts et al., 2009; Hennige et al., 2015; Sweetman et al., 2017; Morato et al., 2020).

Since the industrial revolution, the number of powered vessels has grown rapidly, bringing with them a new type of pollution, noise pollution (Andrew et al., 2002, 2011; Frisk, 2012; Simmonds et al., 2014; Duarte et al., 2021). A recent review summarises the current knowledge on how the prevalence and intensity of anthropogenic noise pollution can affect the behaviour, physiology and ecology of tropical coral reef organisms (Ferrier-pages et al., 2021). For example, noise pollution can cause sensory confusion, or mask communication among reef animals (Simpson et al., 2011; Carroll et al., 2017; Stanley et al., 2017), which can produce sounds during reproductive behaviour, territorial defence and predator deterrence (Myrberg and Fuiman, 2002). However, due to their often remote and inaccessible nature, the prevalence, noise levels, and effects of noise pollution have not been studied yet for cold-water coral reefs.

Acoustic landscapes, or soundscapes, are composed of biological, geophysical, and anthropogenic sounds. In healthy tropical coral reefs, the soundscape is typically dominated by biological sounds produced by, for example, grunting fish and snapping shrimps (Piercy et al., 2014). In the last two decades advances in technology have allowed us to study cold-water coral reefs, and simultaneously noise pollution from ships have increasingly affected marine soundscapes. While the effects of noise pollution on terrestrial ecosystems have been recognised, the effects on marine ecosystems are still widely understudied (Duarte et al., 2021). Anthropogenic noise, including vessel noise, can affect all frequencies (Duarte et al., 2021), but the 1/3–octave bands centred at 63, 100 and 125 Hz have often been used as indicators of low-frequency vessel noise (Tasker et al., 2010; Peng et al., 2015; Merchant et al., 2016; Thomson and Barclay, 2020). These frequency bands were selected as they are generally less influenced by pseudo flow noise and wind noise (Wenz, 1962; Strasberg, 1979; Bassett et al., 2014; Peng et al., 2015; Merchant et al., 2016).

A global slowdown in private and commercial shipping traffic as a measure to mitigate the threat of COVID-19 to human life and welfare has inadvertently resulted in a natural “before and after impact” experiment offering unanticipated insight into how human behaviour affects ocean noise levels. Already in the first quarter of 2020, large negative trends of 2.3–7.1 dB at 100 Hz have been observed near the port of Vancouver, Canada, coinciding with a 21.5% reduction in Automatic Identification System (AIS) ship-tracking transmissions (Thomson and Barclay, 2020). In terrestrial rural and urban environments, drops of 3.6–7.4 dB in the ambient noise levels led to positive changes in the communication distance and salience of the performance of the songs of birds (Derryberry et al., 2020). These drastic changes shown for these two habitats raise the question of what the extent and effect is of the reduction of anthropogenic noise pollution due to COVID-19 in other ecological systems, including cold-water coral reefs, which are currently understudied in terms of their soundscape.

This study quantified the prevalence and the noise levels at the Tisler cold-water coral reef in Norway before and after the international border between Sweden and Norway closed on 15 March 2020 as a result of the COVID-19 pandemic.



MATERIALS AND METHODS


Study Area

The Tisler cold-water coral reef lies in the north-eastern part of the Skagerrak in the Hvaler area in Norway (Lavaleye et al., 2009; Figure 2). North of Tisler Island, the reef grows in a NW–SE direction in the Ytre Hvaler, a 48-km-long ocean channel through which Atlantic water of around 8°C flows (Wagner et al., 2011; Guihen et al., 2013; De Clippele et al., 2018). The reef is approximately 8,600–8,700 year old (Wisshak et al., 2005), 1.2 km long, 200 m wide and has live coral growing between 70 and 160 m depth (Lavaleye et al., 2009; De Clippele et al., 2018). The Tisler Reef has been protected against bottom-impacting fishing techniques by Norwegian fishery regulations since 2003 (Fosså et al., 2010).


[image: image]

FIGURE 2. Map indicating the location of the Tisler cold-water coral reef (black star and red square) and the passenger routes density (Source: EMODnet Human Activities: EMSA Route Density Map) in (A) February 2020 (before COVID-19 border closure) and (B) April 2020 (after COVID-19 border closure).




Acoustic Data Analysis

We established a recording station at 120 m depth on the southeast side of the Tisler reef (Longitude: 10.970683, Latitude: 58.9947) to collect long-term passive acoustic underwater recordings from 12:00:00 (CET) 29 January 2020 to 00:45:01 (CEST) 26 May 2020. The local time switched from CET to CEST on 29 March 2020. The SoundTrap ST500 long-term recorder (Ocean Instruments, Auckland, New Zealand) used for this study, sampled at 96,000 Hz, providing an effective analysis bandwidth of 20–60,000 Hz. The sensitivity of the whole system chain (recorder, hydrophone and applied gain) was -175.5 dB re 1 V/μPa at 250 Hz. Recordings were saved in the lossless X3 compressed file format (Johnson et al., 2013). The recorder was fixed at approximately 3.5 m above the seafloor using submersible floats attached to a deep-sea acoustic release canister (ARC) (RS Aqua, United Kingdom). The ARC allowed for a quick recovery without leaving the anchor behind in the Tisler reef, a marine protected area. The acoustic recorder collected data continuously for 118 days. After the recorder was retrieved, waveform audio files were generated using the SoundTrap Host for further analysis. Visual inspections with a remotely operated vehicle (ROV) indicated the ST500 was surrounded by rubble, dead coral framework, and live coral colonies.

The sound pressure levels were further quantified by 1/3–octave bands (TOB) from 20 to 20,000 Hz using the “TOL” (Third Octave Levels) function in PAMGuide to describe distributions and trends in noise levels. For the statistical analyses, hourly medians of the TOBs were calculated in R using the openair package (Carslaw and Ropkins, 2012).

Spectrograms (Window type: Hanning, 50%, hop size: 256, DFT size: 512 samples, grid spacing: 188 Hz) generated using Raven Pro 1.6.1 (K. Lisa Yang Center for Conservation Bioacoustics, 2019) were used to visually pinpoint the closest point of approach (CPA) of the ferries to the acoustic recordings.



Passenger Vessel Traffic

The Tisler reef is located under a ferry “highway” between Sandefjord (Norway) and Strömstad (Sweden). The recorder was located approximately 91 m from this ferry “highway.” Three types of ferries are used by two companies. The company ColorLine uses the M/S Colour Viking (capacity: 1,720 passengers, 370 cars) and, their second vessel, the world’s largest plug-in hybrid, runs on batteries to reduce its noise level (capacity: 2,000 passengers). The third vessel is run by Fjordline and is slightly smaller (capacity: 1,350 passengers). Unless there is a cancellation due to bad weather or docking periods, the ferries will sail up to 12 times a day above the reef (Figure 2 and Table 1).


TABLE 1. Departure times of the two ferry companies that sail between Sandefjord and Strömstad, 2020.

[image: Table 1]Due to the closure of borders between Norway and Sweden, as a result of the COVID-19 pandemic, there were no sailings from March 15, 2020 to the present (May 2021) (Figure 2A vs. Figure 2B). In the period between 29 January and 15 March, consistent strong signals from the passing ferries, lasting for ∼30 min, had an approximate CPA, as determined by visual inspection of the sound files, at 07:50, 09:25, 09:30, 11:03, 11:29, 13:09, 14:25, 16:17, 16:30, 17:52, 17:57, and 19:27 on each day of the week.



Route Density

The total and average monthly route density of marine vessels (i.e., passenger, fishing, cargo, tanking, and all other types) were calculated using the open source EMODnet Human Activities EMSA Route Density Maps. Route density maps were downloaded as .TIF format for February, March, April and May 2020 and imported in the ArcGIS 10.1, ESRI Software. The “Extract by mask” ArcGIS tool was used to clip these route density maps to an area of 100 km2 around the Tisler reef. The ArcGIS “raster to point” tool was then used to create an attribute table from which the total and average monthly route density of marine vessels could be extracted and calculated.



Shipping Noise Indicators

While all the TOB can be affected by vessel noise (Hildebrand, 2009; McKenna et al., 2012), the ones centred at 63, 79, 100, and 125 Hz were used, as these are the current noise indicators of low-frequency vessel noise in an European management context (Dekeling et al., 2016; Garrett et al., 2016), and are less influenced by flow and wind noise (Wenz, 1962; Tasker et al., 2010; Peng et al., 2015; Merchant et al., 2016; Thomson and Barclay, 2020).



Environmental Variables

Hourly data on the wind speed (m/s) and sea level height (cm) were downloaded from the Nordkoster and Kungsvik SMHI meteorological stations1. A categorical variable “ferry” was created, representing the hours at which the ferry would have their CPA to the recorder on the reef and were labelled as “ferry passage” vs. “no ferry passage” [i.e., 07:00, 09:00, 11:00, 13:00, 14:00, 16:00, 17:00, and 19:00 (CET)]. The latter was determined by checking repeated patterns of vessel passage over the reef in Raven Pro 1.6.1 (see section Acoustic data analyses).



Statistical Analyses

The 25th percentile, median, mean absolute deviation (MAD), and 75th percentile of the median hourly TOB sound pressure levels, were used to assess the change in noise levels before (29 January–14 March 2020) and during (15 March–26 May 2020) border closure in the statistical software R (R Development Core Team, 2010; Wickham, 2011).

The distribution of the response variables (TOB) did not follow a Gaussian distribution. Therefore the more flexible Generalised Linear Modelling (GLM) approach was used. The probability distributions of the noise levels analysed here belong to the exponential quasi-Poisson family (McCullagh and Nelder, 1989; Dobson and Barnett, 2008). The software R was used to perform the GLM. The GLM models were run four times for all TOB (25–15,849 Hz). Once for daytime recordings (07:00:00–19:59:59) before (593 samples) and after closure (936 samples) and once for nighttime recordings (20:00:00–06:59:59) before (499 samples) and after border closure (795 samples). The model performance of the quasi-Poission GLM regressions were indicated by the quasi-Akaike information criterion (QAIC) (Bolker, 2020). A lower QAIC indicates a better goodness of fit. Correlation between variables was tested using the cor.test() function in R. No variables were correlated and since no ferries run at night this variable was excluded from the nighttime models.



Data Visualisation

The ggplot2 package in R was used to plot the seasonal variables against the shipping noise indicators and the higher frequency TOB that according to the Wenz curve should be heavily influenced by wind (100–10,000 Hz) (Wenz, 1962). A LOESS curve was fitted with a span of 0.05 to make the comparison of the trends more intuitive.

To assess daily and weekly noise level changes, the hourly median 63–125 Hz TOB were plotted using the timeVariation function from the openair package in R (Carslaw and Ropkins, 2012). Diurnal and weekly changes were assessed separately for the data collected before (29 January–14 March 2020) and during (15 March–26 May 2020) border closure. This function plots the 95% confidence intervals and the median, which were calculated through bootstrap simulation, providing the diurnal variation of the noise levels. These plots were used to identify any diurnal or weekly patterns in elevated noise levels in the before and after periods.



RESULTS


Route Density

In February and March 2020, passenger route density (RD) is the highest, while in April and May fishing RD is the highest compared to the other vessel types (Figure 3 and Table 2). The route density of cargo vessels remain relatively similar from February to May 2020. From February to May 2020, the total marine vessel RD increased 15%, passenger RD decreased 47%, cargo RD increased 8%, fishing RD increased 46%, tanker RD decreased 2%, and all other types of vessel RD increased 76% within the 100 km2 area around the Tisler reef (Figure 3 and Table 2).
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FIGURE 3. Bar and line diagram showing the total (primary axis) and average (secondary axis) route density (routes per km2) of the total, passenger, cargo, fishing, tanker, and all other types of ships within the 100 km2 area around the Tisler reef.



TABLE 2. Total and average route density (routes per km2) of the total, passenger, cargo, fishing, tanker, and all other types of vessels within the 100 km2 area around the Tisler reef (Source: EMODnet Human Activities: EMSA Route Density Map).
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Statistical Analysis

When comparing the noise levels before vs. after the borders closed and ferry traffic ceased, the difference between hourly median TOB (25–15,849 Hz) ranged from 0.6 to 6.9 dB at night and from 0.8 to 9.8 dB during the day. The shipping noise indicators (63–125 Hz), had a reduction of 8.9 ± 0.9 (MAD) dB during the day and 1.9 ± 0.1 (MAD) dB during the night (Table 3). Before lockdown, the median noise levels were 3.5 ± 2.19 (MAD) dB higher during the day vs. the night. After lockdown, the noise levels were 0.9 ± 0.52 (MAD) dB higher during the day vs. the night (Table 3).


TABLE 3. Median noise levels (dB re 1 μPa) of the 1/3 octave bands.

[image: Table 3]During the day, the variable “ferry” and “wind speed” significantly affected the variability in shipping noise indicator levels before border closure, while “wind speed” and “sea level” affected the variability in the noise levels after border closure (Table 4). During the night, “wind speed” and “sea level” affected the variability in the noise levels, although this is not or less significant at the 63 and 79 Hz TOB after border closure (Table 4). However, wind speed had a strong effect on almost all TOB throughout this time series (Figure 4 and Table 4). Before border closure, sea level affected noise levels the least during the day and the most during the night. After border closure, sea level mostly affected the TOB above and below the 251–3981 Hz TOB. The seasonal changes in the wind speed and sea level are given in Table 5.


TABLE 4. Table showing goodness of fit (QAIC) and the statistical significance (p-values) of the GLM regression analyses of day and nighttime noise levels before (29 January–14 March 2020) and after border closure (15 March–26 May 2020), accounting for the predictor variables ferry, wind speed (m/s), and sea level height (cm).
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FIGURE 4. Plots showing the variability in the shipping noise indicators [63–125 Hz TOB sound pressure levels (dB re 1 μPa)], the 100–10,000 Hz TOB sound pressure levels that are more impacted by wind speed (dB re 1 μPa) (Wenz, 1962), wind speed (m/s), and sea level height (cm) between 29 January and 26 May 2020 at the Tisler cold-water coral reef. The brown and grey lines shows the actual data. The black line is a LOESS fitted curve to make the comparison of the trends more intuitive.



TABLE 5. The median and the mean absolute deviation (MAD) of the wind speed and sea level height at the Tisler reef downloaded from SMHI(smhi.se).

[image: Table 5]


Diurnal, Weekly, and Monthly Variation

Events with high sound pressure levels at 09:00, 16:00, and 17:00 are visible as high peaks in the diurnal “before border closure” plot (Figure 5A). Lower but still distinct peaks are observed at 07:00, 11:00, 13:00, 14:00, and 19:00. These peaks coincide with the ferry CPA timings. The strong shipping noise-driven diurnal pattern disappears after border closure and manifests itself as a flatter, quieter, curve in the diurnal plot (Figure 5B). The pattern observed during border closure appears more similar to what can be observed during nighttime before border closure.
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FIGURE 5. Sound pressure levels in the hourly median 63–125 Hz 1/3 octave frequency bands at the Tisler reef from (A,C) 29 January–14 March 2020 and (B,D) 15 March–26 May 2020. The plot shows the 95% confidence intervals and the median (line), which are calculated through bootstrap simulation, providing the (A,B) diurnal and (C,D) weekly variation of noise levels.


Before border closure, weekly changes in the noise levels indicate higher sound pressure levels on Wednesdays and at the weekends (Figure 5C). A reverse pattern with a slight decrease in the sound levels on Wednesdays and Sundays is observed after border closure, together with a slight increase on Saturdays (Figure 5D).



DISCUSSION

This study shows that the noise levels at the Tisler reef significantly reduced after the international border closed between Norway and Sweden as a consequence of the COVID-19 pandemic. While a seasonal reduction in wind speed and sea level accounted for a decrease in the noise levels at the Tisler reef, the ceasing of ferry traffic greatly reduced the levels of noise pollution at the reef during the day.

Compared to February 2020, the overall vessel route density increased by 15% in May 2020, but passenger vessel route density (i.e., ferry traffic) decreased 20% in March, 52% in April, and 47% in May. The COVID-19 border closure coincides with this reduction in passenger vessel route density. The overall increase in vessel route density from winter to spring can be explained by improved weather conditions making sea-going safer and more appealing for fishing and other vessel types, e.g., recreational vessels such as cruise ships (Robards et al., 2016). Between 1950 and 2007 researchers found that ambient noise levels in the world’s oceans increased as much as 3.3 dB per decade due to an increase in vessel traffic (Andrew et al., 2002). The observed drop in noise levels at the Tisler reef could therefore translate to travelling back more than two decades in time. Ferries have been travelling between Sandefjord (Norway) and Strömstad (Sweden) since (at least) 19642. Even though the larger surrounding area’s overall vessel route density increased over the time period of this study, the drop in the noise levels at the Tisler reef indicates that the soundscape is heavily impacted by shipping noise, which directly over the reef is dominated by the ferries.

Since the ferries do not travel at night, the nighttime noise levels which varied between 73.4 and 85.6 dB re 1 μPa across all the TOB are likely to be more representative of the Tisler reefs’ natural soundscape. The reduction of 1.9 ± 0.11 (MAD) dB in the noise levels during the night after border closure were driven by a seasonal change coupled with a reduction of both the wind speed and sea level height (Figure 4 and Table 5). A decrease in wind speed is typically found in temporal regions when transitioning from winter to spring (Wenz, 1962; Haver et al., 2019). Changes in sea level height can be attributed to short-term variations in waves and tides or flood events associated with winter snow melts or severe storms. At Tisler Reef, there is no strong tidal influence, instead, the water flow is channelled over a sill through the Ytre Hvaler sound, which has a NW–SE orientation (De Clippele et al., 2018). Acoustic Doppler Current Profile (ADCP) measurements from 2006 to 2010 indicated that 43% of the time, the currents flow in a north-west direction and 57% in a south-east direction (De Clippele et al., 2018), which could attribute to the observed changes in the sea level height.

During the day, a much larger reduction of 8.9 ± 0.88 (MAD) dB in the 63–125 Hz TOB was observed after the border closed and ferry traffic ceased. If the nighttime reduction of 1.9 ± 0.11 (MAD) dB, which was driven by seasonal changes, is subtracted from the daytime reduction, we can deduce that the anthropogenic acoustic footprint at the Tisler reef was reduced by 7.0 ± 0.99 (MAD) dB as a consequence of the COVID-19 border closure.

Before border closure, the diurnal pattern was strongly driven by anthropogenic activity, i.e., the ferry traffic over the reef. Anthropogenic diurnal patterns have also, for example, been observed near the shore of North Carolina (Haviland-Howell et al., 2007) and in marine protected areas such as Glacier Bay (Haver et al., 2019). The strong diurnal pattern disappeared during border closure and revealed more subtle changes in noise levels across the frequency bands. Weekly patterns were also observed, particularly during the weekend and on Wednesdays. These were likely linked to variation in the time schedule of vessel traffic further off-shore (Figure 2; Haviland-Howell et al., 2007). In addition, the difference in the noise levels between night and day, were much smaller after border closure (before: 3.5 ± 2.19 dB vs. after: 0.9 ± 0.52 dB). This indicates that the noise levels after border closure will reflect that of a much more natural and “unpolluted” soundscape. However, AIS, current speed, and biological data are needed to fully understand and quantify the changes observed in the Tisler reef’s soundscape.

Although not yet studied in detail, during “business as usual” the increased noise levels at the Tisler Reef caused by the ferry traffic could cause auditory masking (Simpson et al., 2011; Carroll et al., 2017; Stanley et al., 2017), affect individual and social behaviour (Myrberg and Fuiman, 2002), cause physical damage (Le Prell et al., 2012) and negatively affect the physiological functioning of the reef organisms (Nedelec et al., 2016; Simpson et al., 2016). While some studies indicate that fish might be able to habituate to continuous noise exposure (Nedelec et al., 2016; Holmes et al., 2017; Staaterman et al., 2020), this has not been shown for sporadic exposure (e.g., by ferry traffic), which can impact escape and swimming behaviour (Holmes et al., 2017). Regardless of the type of exposure, some reef fish and invertebrates are less mobile or sessile and are less likely to show clear behavioural changes when exposed to noise pollution (Ferrier-pages et al., 2021). While evidence of the effects of noise pollution on tropical coral reef organisms is growing (Ferrier-pages et al., 2021), none is currently available for cold-water coral reef organisms.

Since growing evidence shows that shipping noise can act as a chronic habitat-level stressor, which harms individual animals and ecosystem linkages (e.g. via disrupting predator-prey interactions) (Ferrier-pages et al., 2021), marine protected areas (MPAs), such as the Tisler reef MPA, should include measures for monitoring and mitigating anthropogenic noise (Haren, 2007; Williams et al., 2015). With or without an MPA to protect vulnerable marine ecosystems such as cold-water coral reefs, diverting shipping lanes or using time and area exclusions can help regulate anthropogenic noise threats (Weilgart, 2006). Studies, such as this one, that quantify the extent of the noise generated by individual components of the anthropogenic soundscape, such as shipping, can inform policymakers and stakeholders in developing legal frameworks and highlight the need for better management and technological solutions to mitigate noise pollution impacts on these sensitive marine environments.



CONCLUSION

A literature search for “cold-water coral” and “deep-sea coral” returned only 15 publications in the year 2000, while in 2020 it returned 253. While advances in technology have enabled us to increase our knowledge on these remote and inaccessible reefs over the last two decades, simultaneously shipping, seismic surveys, oil and gas developments seismic airguns, and military sonar have increased the level of anthropogenic noise in the marine environment (Duarte et al., 2021). The COVID-19 shutdown has significantly reduced anthropogenic noise levels and provided us with the unique opportunity to study relatively unpolluted soundscapes (Derryberry et al., 2020). This study is the first to assess the extent of noise pollution at a cold-water coral reef and provides a baseline to guide us toward more effective management of these ecosystems. Results from “COVID-19 before and after noise pollution experiments” provide valuable insights to understand the extent to which noise pollution affects the functioning of marine ecosystems, especially nearshore, where passenger, fishing, and recreational shipping traffic is denser.
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NIGHT (20:00:00-06:59:59)

Before border closure

After border closure

DAY (07:00:00-19:59:59)

Before border closure

After border closure

25t Perc. Median + MAD 75% Perc. 25 Perc. Median + MAD 75 Perc. # 25t Perc. Median + MAD 75% Perc. 25" Perc. Median =+ MAD 75" Perc. #
25 Hz 72.3 82.9 16.9 100.4 70.9 75.9 8.6 90.9 —6.9 73.6 83.6 16.9 104.3 71.3 75.3 7.2 87.9 -83
32 Hz 71.9 772 9.3 911 71.2 75.1 6.6 87.5 —2.1 74.6 83.7 14.8 97.0 715 74.8 5.7 849 -89
40 Hz 72.2 75.5 6.8 86.4 7.7 735 33 80.9 -20 74.4 80.8 11.1 92.3 72.0 73.8 33 80.4 7.1
50 Hz 72.0 75.4 6.9 84.6 72.1 73.7 29 78.9 —1.7 74.9 81.9 11.4 911 725 74.3 3.4 797 -76
63 Hz 711 75.2 7.2 82.7 71.7 73.4 32 78.3 —1.7 75.6 83.5 11.2 90.8 721 74.0 35 795 —95
79 Hz 70.9 755 8.0 82.3 71.8 73.6 32 77.8 -1.9 76.8 84.5 10.7 91.2 72.4 74.7 4.2 796 —9.8
100 Hz 70.3 76.2 8.3 80.9 71.6 74.1 45 78.4 —20 7 84.0 9.9 90.8 72.4 75.6 5.3 80.3 -84
125 Hz 70.2 76.7 8.7 81.8 715 74.7 55 79.1 -2.0 78.2 84.1 9.0 90.1 72.8 76.7 6.0 80.9 7.4
158 Hz 70.6 775 8.6 82.4 71.6 75.6 6.6 80.6 -1.9 78.6 84.1 8.1 89.4 735 77.6 6.5 824 6.4
200 Hz 70.7 77.8 9.8 84.2 72.0 76.8 71 81.6 -1.0 79.2 85.0 8.4 90.5 74.6 78.9 6.6 83.4 62
251 Hz 71.1 78.8 10.9 85.9 72.9 78.2 7.4 82.9 —0.6 80.2 86.0 7.4 90.6 75.6 80.1 6.5 84.4 59
316 Hz 715 80.2 10.9 86.7 73.7 79.5 7.4 84.0 -07 81.2 86.6 6.9 90.7 76.5 80.9 6.3 850 —56
398 Hz 72.9 81.7 10.4 87.8 74.9 80.6 71 84.6 —1.1 81.6 86.7 6.7 90.7 775 81.9 6.0 85.6 —4.8
501 Hz 73.4 85.6 10.8 89.0 75.7 82.0 71 85.7 -37 82.4 87.5 6.7 91.6 78.4 82.8 5.8 86.3 —4.6
631 Hz 73.7 83.0 10.4 89.0 75.6 81.9 7.2 85.7 —1.0 82.5 87.2 6.5 91.2 78.6 82.9 5.6 86.1 —4.3
794 Hz 73.8 83.0 10.6 89.1 75.4 81.9 71 85.7 —1.2 81.7 87.0 6.8 91.1 785 82.6 5.7 86.2 —4.4
1,000Hz 743 83.2 10.4 89.2 75.3 81.7 7.3 85.8 -15 81.3 86.7 7.1 91.1 785 82.7 5.6 86.1 —4.0
1,250Hz  74.0 83.2 10.4 89.2 75.2 81.7 71 85.7 —1.5 80.9 86.2 78 90.7 78.2 85.4 5.8 86.0 -0.8
1,585 Hz  73.6 82.9 10.5 88.9 74.3 81.1 7.6 85.4 -1.9 80.2 85.7 7.5 90.2 775 82.0 6.0 857 37
1,995Hz  73.3 82.7 10.6 88.8 73.8 80.8 7.7 85.2 -20 79.3 85.4 7.8 90.1 77.0 81.5 6.1 854 38
2512Hz 733 822 10.4 88.1 73.1 79.8 7.9 84.4 913 78.8 84.6 7.8 89.3 76.2 80.7 6.0 84.6 -39
3,162Hz 734 82.7 10.5 88.7 73.6 80.4 7.9 85.0 913 79.2 85.1 7.9 89.8 76.8 81.3 6.0 851 38
3981 Hz 730 82.1 10.4 87.9 73.0 80.0 7.9 84.4 —2.1 78.3 84.5 7.9 89.0 76.5 80.9 5.9 84.6 36
5012Hz 725 81.2 10.0 86.8 722 78.9 77 83.4 -23 77.2 83.5 7.7 87.9 75.8 79.9 5.6 835 36
6,310Hz 725 80.9 97 86.2 72.0 78.6 75 83.0 -23 76.6 83.0 7.4 87.2 75.5 79.6 5.5 831 34
7943Hz 726 80.3 9.2 85.6 71.8 78.2 7.3 82.6 —2.1 76.0 82.3 7.3 86.5 75.0 79.1 5.5 826 32
10,000Hz  72.6 79.7 8.9 84.8 71.9 707 71 82.0 -20 75.4 81.6 6.9 85.6 74.5 78.5 5.4 82.0 —3.1
12,580Hz 728 79.5 8.1 84.2 72.3 73 6.6 81.6 —22 75.3 81.0 6.2 84.6 74.2 78.1 5.4 815 —29
15,849 Hz  73.1 79.2 6.6 83.0 72.5 76.8 6.1 80.8 -23 75.1 80.4 5.0 83.1 74.0 77.4 5.0 80.7 3.0

Comparing day and night before (29 January-14 March 2020) and after border closure (15 March 26 May 2020). The 25! and 75™ percentile as well as the mean absolute deviation (MAD) are given. The difference
(#) indicates how much the noise levels (dB) have reduced after the border closure between Norway and Sweden because of the COVID-19 pandemic.
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Vessel type February March April May
Total Av. Total Av. Total Av. Total Av.
Total 256,452 36.57 270,384 38.56 248,565 35.5 300,288 42.82
Passenger 110,959 15.82 89,166 12.72 53,736 7.66 58,855 8.39
Cargo 58,106 8.29 68,946 9.83 60,603 8.64 62,923 8.97
Fishing 42,398 6.05 60,431 8.61 72,694 104 78,666 11.21
Tanker 27,634 394 30,583 4.36 25,169 3.59 27,152 3.87
All other 17,355 247 21,258 3.03 36,363 5.18 72,692 10.36
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