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As underwater noise from ship traffic increases, profound effects on the marine
environment highlight the need for improved mitigation measures. One measure,
reduction in ship speed, has been shown to be one of the key drivers in reducing sound
source levels of vessels. In 2017, a study began to assess the impacts of increasing
commercial shipping traffic on sperm whales in Northwest Providence Channel, northern
Bahamas, an international trade route that primarily serves the southeast US. Ship
data were collected from an Automatic Identification System (AIS) station combined
with recordings from an acoustic recorder to measure underwater sound levels and
to detect the presence of sperm whales. Here we analyze a subset of these data
to opportunistically investigate potential changes in ship traffic before and during the
COVID-19 pandemic. These data span one calendar year from October 2019 to
October 2020. A pre-COVID-19 dataset of 121 days, from a recorder approximately
2 km from the shipping route was compared to a 134-day dataset collected during
COVID-19 from the same site, comprising 2900 and 3181 ten-minute recordings,
respectively. A dramatic decrease in ocean noise levels concurrent with changes in
shipping activity occurred during the pandemic. The mean pre-COVID-19 power density
level in the 111–140 Hz 1/3-octave band was 88.81 dB re 1 µPa (range 81.38–100.90)
and decreased to 84.27 dB re 1 µPa (range 78.60–99.51) during COVID-19, equating to
a 41% reduction in sound pressure levels (SPL). After differences in seasonal changes in
wind speed were accounted for, SPL decreased during the pandemic by 3.98 dB (37%).
The most notable changes in ship activity were significantly reduced vessel speeds
for all ship types and fewer ships using the area during the pandemic. Vessel speed
was highly correlated to SPL and the only ship-based variable that predicted SPLs.
Despite the opportunistic nature [i.e., not a standard before-after-control-impact (BACI)
study], this study provides a unique opportunity to assess the effectiveness of ship traffic
management strategies, such as slowing ships down, to mitigate impacts on marine life
in the study area, including local sperm whale populations.

Keywords: COVID-19, noise, sperm whales, ecosystem health, ship speed, marine mammal, shipping, automatic
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INTRODUCTION

Anthropogenic noise is increasing globally and impacting marine
soundscapes (Andrew et al., 2002; Hildebrand, 2009; Erbe et al.,
2014; Duarte et al., 2021). Maritime trade is reliant on shipping
networks linking all major global economies and where seaborne
routes exist, marine soundscapes are altered by vessel noise. This
noise pollution is proving detrimental to the lives of a plethora
of marine organisms, including commercial fish (Sarà et al., 2007;
Stanley et al., 2017) and whale species (Clark et al., 2009; Putland
et al., 2017; Cholewiak et al., 2018). The number of commercial
vessels, their size and speed, all have upward trends (Frisk, 2012;
McKenna et al., 2012), creating ever increasing issues of noise
pollution and for large marine animals, greater threat associated
with ship strike (Rockwood et al., 2020), highlighting the need for
improved mitigation measures to limit impacts on marine life.

The combined use of Automatic Identification System (AIS)
and passive acoustic monitoring have revealed evidence of the
impact that high volume, fast moving, large vessels have on
the marine environments and their occupants (Vanderlaan and
Taggart, 2009; van der Hoop et al., 2012; Putland et al., 2017;
Joy et al., 2019). Changes in vessel behavior such as reduced
speed can decrease sound source levels and the cumulative impact
they have on soundscapes (McKenna et al., 2013; Putland et al.,
2017; MacGillivray et al., 2019). Additionally, the risk of injury
or death of large marine animals due to ship strike can also
be reduced by modifications to vessel behavior, such as speed
and route alterations (Gende et al., 2011; Conn and Silber, 2013;
Crum et al., 2019).

The islands of The Bahamas lie just off the southeastern
seaboard of the United States. They span over 1,222 km
and consist of 700 islands with a variety of habitats and
rich biodiversity including submarine canyons and deep-water
channels, the world’s third largest coral-reef system, carbon-
sink seagrass beds, diverse marine megafauna with over 24
different marine mammal species, along with four species of
turtle and over 40 species of shark. Northwest Providence
Channel (NPC), in the northern Bahamas is strategically located,
facilitating access of Atlantic shipping and Caribbean cruise
ship fleets to Florida’s major seaports and cruise ship hubs
(www.MiamiDade.Gov, 2019; Rodrigue and Wang, 2020). The
NPC route bisects two shallow-water bank systems, the Great
Bahama and Little Bahama Banks, both of which are crucial for
commercial and game fisheries in The Bahamas, notably for spiny
lobster (Panulirus argus) and bonefish (Albula vulpes) (Fedler,
2010; Adams and Murchie, 2015; Sherman et al., 2018), and
home to resident dolphin populations (Herzing, 1997; Durban
et al., 2000; Fearnbach et al., 2012). Moreover, at least two
locations along the bank edge of NPC are historical spawning
aggregation sites of the endangered Nassau grouper (Epinephelus
striatus) that may be impacted by increasing ship noise as it
overlaps in frequency with sounds produced by this species
during reproductive behavior (Scharer et al., 2012). The deep
(>1,000 m) waters of the NPC are also utilized by many marine
mammal species, with particular philopatry shown by sperm
whale (Physeter macrocephalus) clans (Claridge et al., 2015; Joyce
et al., 2017). In 2017, the Bahamas Marine Mammal Research

Organisation (BMMRO) began a passive acoustic monitoring
study in NPC to track sperm whale movement through the area
to understand the overlap between sperm whale habitat use and
commercial shipping traffic. An AIS station was installed to track
ships within the study area.

At the end of December 2019, the World Health Organization
(WHO) became aware of a new disease, COVID-19, caused
by a new coronavirus called SARS-CoV-2, originating in the
People’s Republic of China and by mid-March 2020 the WHO
reported the outbreak a pandemic (World Health Organization
[WHO], 2020; Poon and Peiris, 2020). Global movement of
people and goods altered dramatically, decreasing and even
eliminating some commercial vessel-based activities, such as the
cruise ship industry (Gössling et al., 2021). In The Bahamas,
the first COVID-19 case was reported on 15th March 2020, and
the government enacted emergency orders on 19th March 2020
(Government of The Bahamas, 2020). It was anticipated that the
combination of restrictions of movement within The Bahamas,
the United States and the wider Atlantic region in response to
the COVID-19 pandemic would generate a shift in vessel traffic
behavior in Bahamian waters. Soundscapes can be altered by both
anthropogenic (Duarte et al., 2021) and environmental factors
(e.g., wind speed and wave height) (Thomson and Barclay, 2020).
Here, we use acoustic and AIS data collected for the sperm whale
study, and available environmental data to opportunistically
investigate potential changes to shipping activity and the ocean
soundscape in the NPC during the COVID-19 pandemic.

MATERIALS AND METHODS

Acoustic Data Collection and Analysis
A passive acoustic recorder, SoundTrap ST500 from Ocean
Instruments, was deployed on the seafloor at the southeastern-
most tip of Little Bahama Bank off southern Abaco Island,
northern Bahamas (25.803445, −77.112943, depth = 28.65 m)
to record underwater sound levels including noise from ship
traffic and marine life in NPC (Figure 1). The hydrophone was
intentionally placed at <30 m to allow for safe scuba deployment
and retrieval, yet with proximity to heavy shipping traffic to
investigate use of the area by sperm whales and, as a secondary
question, to detect noise that might impact a Nassau grouper
spawning aggregation site. The device sampled at a rate of
144 kHz on a duty cycle of 10 min, every 60 min. This schedule
was selected based on the recording capacity of the recorders
256 GB internal memory and the speed at which sperm whales
traverse this area.

The hydrophone recorder was deployed on 15th October
2019, but the dataset does not begin until 29th October, the date
our AIS tower was operational following hurricane Dorian, a
category 5 storm that hit The Bahamas on 1st September. The
recorder was retrieved on 29th February 2020 to download the
data, recharge the batteries, and redeploy as soon as possible.
However, COVID-19 stay-at-home orders were issued by the
Government of The Bahamas soon thereafter which prevented
redeployment until 1st June 2020. Despite lack of a continuous
acoustic record from the start of the pandemic, these data still
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FIGURE 1 | A map of islands in the northern Bahamas, their proximity to the Florida panhandle and the study area, a circle indicating the average 93 km distance
messages can be received at the Automatic Identification System (AIS) station, including locations of the AIS station ID 844 (red star) and ST500 hydrophone (black
circle) off the southern end of Abaco Island. GEBCO (2020).

provide a unique opportunity to compare underwater sound
levels in NPC pre-COVID-19 and during COVID-19.

To measure underwater sound levels, sound pressure level
(SPL) measurements were made from the hydrophone recordings
using the noise band monitor module in the open-source
PAMGuard software version 2.01.05 BETA (Gillespie et al.,
2009). Continuous underwater sound levels were measured
in nine different standard 1/3-octave bands between 70 and
500 Hz in every 10 s period for each 10-min recording, as peak
frequencies produced by commercial ships are typically over
100 Hz (Merchant et al., 2014). Sound levels in the nine different
1/3-octave bands were strongly correlated and therefore just one
band was chosen that was representative of the environments
sound levels, the 111–140 Hz 1/3-octave band. The binary files
generated from PAMGuard were processed with Matlab_R2020b
(Mathworks, Nantick, MA) to extract the sound levels as band
energy (dB re 1 µPa), and a median sound level was calculated
for each 10-min recording.

In situ environmental data at the recording site were not
available so archived wind speed data was accessed at the National
Data Buoy Center website (NOAA, National Data Buoy Center)
for the weather buoy nearest the study site (station 41047
located at 27.5N, −71.5W), 590 km ENE from our hydrophone.
Archived wind speeds (m/s) were averaged over an 8-min period
by averaging “the simple scalar average of the wind speed
observations1.”

Marine Traffic Data
AIS data were collected using BMMRO’s AIS station, ID
844 (26.0N, −77.4W; elevation 10 m). A MATLAB function
was written to decode the AIS messages, and R scripts
(R Core Team, 2020) were used to identify the unique number of

1https://www.ndbc.noaa.gov/wndav.shtml

vessels using the area, their speed, and their locations. The closest
point of approach (CPA) of each unique vessel to the hydrophone
was calculated using the great-circle-distance with the Vincenty
(ellipsoid) method from the R package geosphere (version 1.5-
10). Only messages which were complete and without error
were considered in this analysis. The Marine Traffic website2

provides information on ship type, size and tonnage (but not
load) based on each vessel’s Maritime Mobile Service Identity
(MMSI) number. MMSI numbers transmitted by AIS to station
844 were matched to the Marine Traffic database to obtain vessel
details. Two percent of the transmitted MMSI numbers did not
have an associated entry in the Marine Traffic database, so these
records were discarded for analyses that included ship type. AIS
data without corresponding hydrophone recordings were also
excluded (i.e., when the recorder was not deployed).

Study Area
Marine Traffic summary statistics for AIS station ID 844 showed
that during the study period, the average reception distance
from which a ship’s message could be received was 93 km. The
ST500 acoustic recorder was deployed 37 km from the AIS
station, which provided confidence that the recorded acoustic
data were representative of the ship traffic detected at the AIS
station (Figure 1).

Statistical Analysis
To explore causation of changes in SPL between the pre- and
during COVID-19 datasets, a generalized linear model (GLM)
was used in the software package R, using the “glm” function in
the lme4 package (Bates et al., 2012). A normal (Gaussian) error
structure was chosen with SPL as the response variable, and six
predictor variables, including continuous variables; number of

2www.marinetraffic.com
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ships, the log transform of the CPA distance, speed, and wind
speed, and categorical variables; pre- or during COVID-19, and
day or night. The day or night variable was added to include
small recreational fishing vessels that may not have AIS. These
vessels do not typically use the area at night, defined here as
between 7 p.m. and 7 a.m. local time. Ship data were filtered to
include ships within a 20 km radius of the recorder to include
only the ships that were most likely affecting the sound levels on
the hydrophone recordings, and ships that were present during
recording periods (the first 10 min of every hour). Additionally,
to focus our investigation on the effect of ship activity on the
SPL, we also filtered the data to only include time periods when
wind speeds were not greater than a “gentle breeze,” or less than
5.5 m/s as described in Pensieri et al., 2015, as high wind speeds
can dominate sound recordings making it difficult to discriminate
the contributors to any changes in sound.

The Akaike Information Criterion (AIC) was used to select the
best statistical model (Burnham and Anderson, 2002), or which
models to average, if more than one model was appropriate. The
“dredge” function from the MuMIn package was used for model
selection, i.e., those with the smallest AIC values. For all models
with an AIC difference of < 3 compared to the best model, model
averaging was performed. Summed Akaike weights were used to
estimate the relative importance of variables within the model
(Burnham and Anderson, 2002).

RESULTS

Acoustic Data Collection and Analysis
The acoustic record spans a full calendar year; the pre-COVID-19
dataset consists of 121 days of recordings from 29th October 2019
to 29th February 2020, comprising 2900 ten-minute duration wav

files. This was compared to the during COVID-19 dataset of
134 days of recordings from 1st June 2020 to 12th October 2020,
and 3181 ten-minute duration wav files (Table 1).

Comparisons between datasets were calculated from all data,
not just using the monthly averages shown in Table 1. The
mean pre-COVID-19 power level in the 111–140 Hz 1/3-octave
band was 88.81 dB re 1 µPa (range 81.38–100.90), compared to
84.27 dB re 1 µPa (range 78.60–99.51) for the during COVID-19
dataset, a resultant decrease of 4.54 dB. Using methods described
by Urick (1983), the reported spectral level decrease of 4.54 dB
equates to a soundscape sound pressure reduction of 41% during
the pandemic compared to the pre-COVID-19 period. A Welch
two-sample t-test showed the reduction in sound levels during
the pandemic was highly significant (p < 0.01), with a 95%
confidence interval of 4.39–4.68.

To focus the investigation on the effects of ship behavior on
changes of SPL, the dataset was filtered to include only ships
within 20 km of the recorder, that were present during the
recorders’ duty cycle, and wind speed was less than 5.5 m/s
(Pensieri et al., 2015). During these time periods, average wind
speeds for the pre-COVID dataset, i.e., fall/winter months, were
higher (<2 m/s) than during the spring/summer months of the
pandemic dataset. This filtering resulted in a 3.98 dB decrease
in the spectral level which equates to a 37% soundscape sound
pressure reduction, suggesting that although seasonal changes in
wind speed during the pandemic contributed to a reduction in
overall sound, anthropogenic causes were predominant.

Marine Traffic Data
Using AIS data, a comparison of commercial ship activity in
the study area before and during the pandemic showed that
while some uses of the area remained the same or were similar
throughout the period, some changes did occur. A plot of ship

TABLE 1 | A summary of the dataset showing the number of days AIS data were recorded with corresponding hydrophone data, the number of unique vessels per
month, the mean sound level detected at the acoustic recorder, the mean ship speed derived from the mean speeds for each vessel per month, the median Closest
Point of Approach (CPA) of unique vessels per month and the average wind speed per month.

Month # Days # Unique vessels Mean sound level (dB) Mean speed (kts) Median CPA (km) Average wind speed (m/s)

Pre-COVID

October 2019 3 88 85.06 12.28 3.55 5.33

November 2019 30 717 87.68 13.50 3.99 6.35

December 2019 28 640 89.62 14.24 3.98 7.50

January 2020 31 749 89.30 13.35 4.40 6.48

February 2020 29 626 89.05 13.80 4.37 6.58

Totals 121 2,820

Overall averages 88.14 13.43 4.06 6.45

During COVID

June 2020 31 534 85.97 11.68 5.07 4.51

July 2020 31 543 84.04 12.05 4.69 4.68

August 2020 31 461 84.02 12.80 4.54 4.16

September 2020 30 402 83.43 13.59 5.06 4.42

October 2020 12 545 83.39 12.28 4.51 5.12

Totals 134 2,485

Overall averages 84.17 12.48 4.77 4.58

Totals and overall averages are in bold.
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location data shows that the primary route used by ships to
traverse the study area did not appear to differ before and
during COVID-19 (Figure 2). This assumption was supported
by similar CPA distances of ships to the hydrophone during
both time periods for all ships (Table 1); the pre-COVID-19
median CPA was 4.09 km (range 0.02–289.98 km) compared to
4.77 km during-COVID-19 (range 0.11–274.41 km). However,
the number of unique ships present in the pre-COVID-19
period was higher (n = 2,820) compared to during COVID-19
(n = 2,485).

In addition to fewer number of ships present during the
pandemic, there were pronounced changes in ship activity
between the two periods; the most notable change in ship
behavior was that ships traveled at a slower speed as they passed
through the study area during the pandemic (Figure 3). The
mean speed of vessels using the AIS data in the pre-COVID-19
dataset was 13.77 kts (range 0–36.7), compared to 12.35 kts (range
0–29.2) during COVID-19. A Welch two-sample t-test showed
the reduction in speed during the pandemic was highly significant
(p < 0.01), with a 95% confidence interval of 1.42–1.41 kts.
A simple Pearson correlation showed a strong (0.9) correlation
between the ship speeds and sound levels for the pre-COVID-19
dataset and a strong (0.7) correlation during COVID-19.

Other COVID-related changes in ship activity were noted.
Throughout the study AIS transmissions were received from 6
to 10 different ship types per month, with both the lowest and
highest number of different ship types per month occurring in
the pre-COVID-19 period. However, not all ship types were
represented in the study area equally. Ship traffic primarily
consisted of tankers and cargo ships (which include container
ships), both before and during the pandemic, but both types were

recorded more frequently during COVID-19 than in the pre-
COVID-19 period (tankers: pre- 33%, during 39% and cargo: pre-
39%, during 44%). Other changes in use of the area by vessel type
included “Fishing” and “High Speed Craft” vessels present before
the pandemic, but absent during COVID-19, and “Search and
Rescue” vessels present during the pandemic but absent in the
pre-COVID-19 dataset (Figure 4). Welch two-sample t-tests for
each individual ship type (e.g., “Cargo,” “Passenger,” etc.) found
vessel speeds were significantly greater in the pre-COVID-19
period (n = 2,569 ships) than during COVID-19 (n = 2,294 ships)
regardless of ship type. This dataset only includes records with
MMSI numbers which provides the ship type information.

To further investigate potential changes in ship activity pre-
and during COVID-19, we investigated the amount of time
ships spent in the area before and during the pandemic. The
amount of time was similar for all types of ship with three
exceptions (Figure 5). “Passenger” ships (predominantly cruise
ships) initially remained in the study area for longer durations
during the beginning of the COVID-19 study period, but then
the time in the area declined to pre-COVID levels (pre-COVID-
19: median 4, range 1–30; during COVID-19: median 5, range
1–27). The time “Special Craft” (e.g., fire-fighting vessels, supply
vessels, and landing craft) spent in the study area followed an
opposite pattern, with increasing time spent in the area during
the pandemic (pre-COVID-19: median 2, range 1–16; during
COVID-19: range 1–17, median 3). The most predominant ship
types, tankers and cargo ships, used the area in the same way
before and during the pandemic, spending 2 days or less in
the study area. Both October datasets were omitted from this
analysis, as neither contained a complete record of the entire
month’s activity.

FIGURE 2 | Map of Northwest Providence Channel (NPC) depicting ship location messages transmitted and received by AIS receiver station 844 (red star) for the
pre-COVID-19 time period (ship locations in gray, n = 6,449) and during COVID-19 (ship locations in orange, n = 5,692) during corresponding times when the ST500
hydrophone (black circle) was deployed. Each ship is represented by one location per day.
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FIGURE 3 | A histogram presenting the number of ships/months and the mean ship speed for each unique ship per month PRE-COVID-19 (dark gray, n = 2,781)
and during COVID-19 (light gray, n = 2,439). The gray central area is where the datasets overlap.

Statistical Analysis
GLMs were fit to two different datasets. A GLM using CPA
(log transformed) and speed from only the ship closest to the
hydrophone during each 10-min recording period had a higher
AIC than a GLM that used mean CPA (log transformed) and
mean speed of all ships present during each recording period.
Therefore, the dredge function was performed on the preferred
model, i.e., the GLM using mean values. The best model kept all
but the day/night variable and the mean CPA (log-transformed),
and the remaining four variables were all significant. Six models
had an 1AIC less than 3 from the best model, and the results
from these six models were averaged and weighted by each
model’s Akaike weight. Model results indicate the most important
variables (shown as the summed Akaike weights in Table 2) for
predicting SPL were whether it was pre- or during the pandemic
and mean ship speed. The positive relationship between ship
speed and SPL shows that as ship speed increased, so too did SPL,
as seen by the positive slope and standard error (Table 2).

DISCUSSION

The global spread of COVID-19 has had catastrophic impacts
on the planet’s human inhabitants. The pandemic’s influence has
been far reaching, dramatically altering lives, infrastructure and
the fabric of societal norms. Global trade saw a steep downturn

due to the pandemic, which in turn reduced and altered the
nature of commercial shipping activity. Our study showed
changes in commercial ship traffic in Northwest Providence
Channel in The Bahamas during the pandemic and dramatically
reduced ocean noise levels. After filtering for low wind speeds
(because our interest is the effect of anthropogenic changes
and not climatic variations during the pandemic), we found
SPLs in the study area decreased by 3.98 dB which equates
to a soundscape sound pressure reduction of 37% during the
pandemic compared to the pre-COVID-19 period. Despite the
opportunistic nature of the study [i.e., not a standard before-
after-control-impact (BACI) study], we found robust evidence
of concurrent changes in commercial shipping activity, most
notably reduced vessel speeds and fewer ships using the area
during the pandemic. However, our statistical analyses revealed
vessel speed was the only ship-based variable that predicted SPLs,
which has strong implications for management of ship activities
in the area to reduce noise-related impacts on marine life.

In spite of the retrospective approach used in this study,
its findings are consistent with other studies, implicating ship
activities with changes in soundscapes. Globally ships have
become the most widespread and predominant anthropogenic
source of noise in the ocean (Erbe et al., 2019). Ship source
levels are correlated with vessel speed (McKenna et al., 2012;
Leaper, 2019; Ryan et al., 2021), but other characteristics such
as vessel type, size, draft, and load can all affect noise emissions
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FIGURE 4 | Speed by ship type, pre- and during COVID-19, with the size of the point scaled to represent the number of ships, error bars representing the standard
deviation of the mean speeds and the p-value of the t-test between datasets (*p < 0.05; **p < 0.01) for each ship type. Sample sizes were not large enough for
Unspecified and Other ships to be included. The ship type “Special Craft” is made up of a variety of types (e.g., fire fighting vessels, supply vessels and landing craft).

from vessels (MacGillivray et al., 2019). To determine the factors
influencing reduced SPLs found in our study, we investigated the
effect of vessel speed, the number of ships and their distance to
the recorder, and explored changes in ship type, and the amount
of time ships spent in the study area pre- and during COVID-
19. We found a significant reduction in vessel speeds during the
pandemic, and multiple lines of evidence suggested slower vessel
speed was the most predominant cause of the reduced SPL. Not
surprisingly, speed was also strongly correlated to SPL both pre-
and during COVID. However, other changes in ship activity also
have to be considered.

We documented several other changes in ship activity during
the pandemic. For example, there were 335 fewer ships using the
area, however, the proportion of cargo ships and tankers, which

represented most of the ship traffic (>70%), remained the same
during the two periods. Other types of ships using the area and
the time ships remained in the study area changed, although
only slightly. Voluntary slowdown studies have provided detailed
evidence for ship source levels (SL) versus speed for differing
vessel categories (Joy et al., 2019). In our study, all ship types
slowed down during the pandemic, but we were unable to
determine which types had the greatest impact. Although direct
correlation of SPL with average ship speed is complex and
beyond the limits of this study, our finding of a median speed
reduction of 1.42 kts could result in a reduction in SPL of
3.98 dB (e.g., see MacGillivray et al., 2019; Leaper, 2019). Given
this and the strong predictive power that speed had on SPL
in our study, we believe that slower ship speeds during the
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FIGURE 5 | The number of days ship types were present in the study area pre- and during COVID-19 (shaded gray), with the three ship types that had changes in
behavior labeled on their respective line.

pandemic was the predominant anthropogenic cause of a quieter
soundscape in NPC.

The opportunistic nature of this study presented some analysis
challenges and limited our ability to carry out analyses that would

TABLE 2 | Summed Akaike weights (6ωi), model averaged estimates and their
standard errors and p-values for AIS and other data variables in the GLM model.

Variable 6ωi Estimate Std. Error P-value

Pre/during COVID-19 1.00 3.75085 0.16732 <0.001

Mean speed 1.00 0.07981 0.02197 <0.001

Wind speed 0.94 0.14337 0.05170 <0.05

Number of ships 0.77 0.04502 0.03143 0.15

Day/Night 0.41 0.06545 0.11842 0.58

Mean CPA (log-transformed) 0.29 0.04251 0.20478 0.84

further strengthen our conclusions. Firstly, the hydrophone was
intentionally placed at a shallow enough depth that allowed
scuba deployment and retrieval, yet with proximity to heavy
shipping traffic to investigate use of the area by sperm whales,
and, as a secondary question, to determine if it was a grouper
spawning aggregation site. As such, we were unable to carry out
analysis conducted in other studies, e.g., pairing the acoustic data
with individual contributors of noise such as ships, as seen in
MacGillivray et al., 2019, where single vessels were isolated and
matched to their acoustic data by rejecting recordings when there
were other AIS vessels within “six times the measured CPA of
the vessel of interest.” Similarly, Putland et al., 2017 rejected AIS
vessels from their analyses that were not alone for at least 30 min.
Most importantly, we were not able to calculate ship source levels.
Extreme bathymetric changes in the study area (ranging from < 5
to > 4,000 m) suggest a complex acoustic environment, but we
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did not have a sound speed profile for the area, therefore we
were not able to pair the hydrophone data with individual ships
from the AIS data. However, the median CPA of ∼4 km for both
datasets indicates most ships in this study were close enough to
the hydrophone to account for the received SPLs but future work
should include a sound propagation model.

Similarly, in situ environmental data must also be considered,
particularly wind speed and wave height which both influence
background sound (Thomson and Barclay, 2020). The data
available to us for this study, however, was from a buoy 300 nm
away from the recorder, and our datasets were seasonal. As
expected, the winter months had higher winds, but the change
in average windspeeds between the two periods was small and so
was not expected to be a major driver of different sound levels. To
limit wind effects we focused on comparing spectral sound levels
in the 1/3 octave band from 111 to 140 Hz to avoid sensitivity
to wind-generated distant noise (above 1 kHz, see Urick, 1983)
and variation in acoustic propagation loss from surface reflection
loss (Jones et al., 2009). After filtering out higher wind speeds
(as our interest was changes in ship activity, not environmental),
we showed a reduction in the SPL of the soundscape from only
41 to 37%. However, the statistical model still weighted the
lower (filtered) wind speed as an important variable in predicting
SPL. In situ data would better capture local conditions and its
variability and should be included in future studies.

The presence or absence of smaller vessels could potentially
have a significant influence on the NPC soundscape (see
Hermannsen et al., 2019). Of specific concern during our study
was that the acoustic recorder was located within a popular
sport-fishing site used primarily by smaller vessels which do
not possess AIS, and their presence was undocumented due
to the opportunistic nature of this investigation. However, an
extreme climatic event and the pandemic itself limited the
number of non-AIS vessels in the study area. On the 1st
September 2019 hurricane Dorian struck The Bahamas as a
category 5 storm causing catastrophic damage to the northern
Bahamas3. Ninety percent of boats and all marinas in the
hurricane’s path were destroyed, drastically decreasing sport-
fishing activity. The pandemic further slowed the recovery
and rebuilding efforts from hurricane Dorian as the Bahamian
government imposed stay-at-home orders and travel restrictions
throughout the country. As such, small vessel presence in
the study area is expected to have remained low during
COVID-19 resulting in little change during the study period.
For these reasons, we consider the effect of smaller non-
AIS vessels on the observed soundscape sound reduction
during the pandemic likely to be negligible, as supported
by the GLM analyses which used day/night as a proxy for
fishing activity. However, as the area recovers from hurricane
Dorian and pandemic restrictions are lifted, future studies will
have to consider the influence of non-AIS vessels on noise
levels at this site.

Marine environments have seen a steep rise in the degree
with which they are altered by anthropogenic influences in recent

3https://www.nhc.noaa.gov/archive/2019/DORIAN_graphics.php?product=
5day_cone_with_line

decades. Noise pollution being non-visible, but dramatic in its
effects is of particular concern. Ocean sound is increasing by
3 dB per decade (Wenz, 1962; Andrew et al., 2002), and thus a
3.98 dB reduction in SPLs found in this study is a considerable
one, especially when considering the short timeframe in which
the change occurred. In a theoretical sense, an ocean environment
which relatively quickly became 37% quieter during COVID-
19, may have returned the study site to a soundscape that
has not existed for over a decade. This dramatic reduction
in sound may have had an impact on marine life (Putland
et al., 2017; Duarte et al., 2021), broadening communication
space and reducing masking effects. For example, the critically
endangered and commercially valuable Nassau grouper (Sadovy
et al., 2018; Waterhouse et al., 2020) produces pulse trains
(mean peak frequency 77.4 ± 30.3 Hz) and tonal sounds (mean
peak frequency 99.0 ± 33.6 Hz) for predator avoidance and
reproduction (Scharer et al., 2012). The quieter soundscape in
NPC during the pandemic has the potential to permit better
transmission of alarm sounds to conspecifics, leading to reduced
predation risk and higher reproductive success through improved
communication during spawning aggregations. Slower vessel
speeds are also correlated to reduced collision rates for large
marine animals, such as sharks, turtles, and whales (Rowat et al.,
2006; Hazel et al., 2007; Casale et al., 2010; Pierce and Norman,
2016) so fewer large animals may have been injured by ship strikes
during the pandemic.

Adult female sperm whales are year-round inhabitants of
NPC (Claridge et al., 2015) raising concerns about the impact
of increasing commercial shipping traffic in the region on this
local population and has been the focus of an on-going study
to investigate management needs. The reduction in ship speed,
number of ships and SPLs during the pandemic provides a
unique opportunity to assess the effectiveness of strategies to
mitigate impacts, such as slowing ships. These large whales
(female length 11 m and weight 15 tons; Whitehead, 2003)
produce 10 Hz–30 kHz sounds for communication and foraging
(Watkins, 1977; Madsen et al., 2002; Mohl et al., 2003; Whitehead,
2003; Rendell and Whitehead, 2004) and have long surfacing
intervals after foraging dives (Gordon et al., 1992). Ship traffic
not only presents a threat of ship strikes to large whales,
but shipping noise can elevate stress levels (Rolland et al.,
2012) while vessel presence can alter surfacing behavior and
respiration rates (Gordon et al., 1992). Fewer vessels in NPC
during the COVID-19 period (12% less), combined with a
quieter environment (37% quieter) and average vessel speed
decrease (1.42 kts slower) may allow individual whales to better
detect and avoid approaching vessels, reducing the risk of ship
strike, especially for naïve calves that spend more time at, or
close to, the surface than adults (Gordon et al., 1992). The
reduction in sound levels was evident in all bandwidths, including
within the frequency range of sperm-whale vocalizations, which
will have resulted in increasing the communication space for
sperm whales using the study area. One counter influence
of ship speed reduction is an increase in vessel residency in
the area which may increase the risk of collision for animals,
although it is unknown if slower, quieter vessels present a
greater collision threat (Erbe et al., 2019). Quantifying how
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the change in ship residency during the pandemic may have
altered the risk of collision presents an interesting aspect for
future research. However, maintaining slower ship speeds such
as those recorded during the pandemic, but over longer periods
could have positive population level effects, e.g., population
growth for sperm whales and other marine life through increased
survival and reproductive success. This study provides a unique
opportunity for the investigation of the potential changes in
sperm whale habitat use in the study area during the pandemic
that could elucidate the extent to which changes in ship traffic
activity impacted sperm whales in NPC, informing effective
management directives.

CONCLUSION

Collecting persistent multi-sensor data such as AIS and acoustic
data is greatly beneficial to studies of shifting environmental
and anthropogenic change and can even drive policy and
management directives, such as seen with the Port of Vancouver’s
ECHO Program in which ships voluntarily slowdown. Critically,
such data collection regimes provide data acquisition and
quantifiable metrics for events that are unplanned or unforeseen,
such as the COVID-19 outbreak. These circumstances, although
lacking experimental design, allow insights into events that
hitherto could not be studied such as impacts of this anthropause,
providing a unique opportunity to test prospective management
directives. This study found that a relatively small decrease in
ship speed (<2 knot) during transit of NPC led to a 37% SPL
reduction in the marine soundscape, a level that would not
have existed for a decade. These opportunistically collected data
provide baseline information for future mitigation measures for
the management of shipping through Bahamian waters. Vessel
speed reduction will need to consider the trade-off between
source level reduction, time spent in a region and if a ship can
travel at speeds slower than their operational speed (McKenna
et al., 2012). However, effective mitigation such as routing traffic
away from prime habitat and slowing ships down could help
maintain biodiversity of marine life, increase their resilience to
other anthropogenic stressors like climate change, and aid in
the recovery of commercial fish stocks and other vulnerable,
threatened or endangered species in NPC.

Given the dramatic COVID-related alteration to the
soundscape in the study area, it is important to continue
data collection and assess whether and for how long these
changes will persist. The reduction in vessel speed was likely
driven by changes in global consumer demand and the supply
infrastructure. Reduced consumer demand and the closure
of retail sectors left retailers with large inventories. Increased
transit times, longer routes and stowing of excess inventory
on slower moving vessels while waiting for markets to reopen
benefits importers and retailers, allowing them to delay payment
for products paid on delivery (Saul et al., 2020). With the
global roll out of vaccination programs, financial markets
and global trade is beginning to rebound, directly influencing
shipping activity. It is conceivable that as economies endeavor
to recover, shipping traffic may increase, potentially to levels

beyond historic records. Continued monitoring of vessel
activity and acoustic output will provide crucial information
to determine if these documented changes are short-lived or
not, and to what extent dramatic shifts in soundscapes over
periods of months have beneficial implications for soundscapes
and the inhabitants of these environments. Reductions in
anthropogenic noise such as we describe, but implemented using
shipping management initiatives, will aid ecosystem health.
Despite the opportunistic nature of this study our findings
are useful to inform policy makers and assist governance
of the shipping industry to effect protection measures for
the marine environment and also provide an important
baseline for establishing an acoustic budget in Northwest
Providence Channel.
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