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Sentence summary: COVID-19 pandemic restrictions showed immediate acoustic 

benefit for dolphin and fish communication.

 

Abstract:

From midnight of 26 March 2020, New Zealand became one of the first countries to enter 

a strict lockdown to combat the spread of COVID-19. The lockdown banned all non-

essential services and travel both on land and sea. Overnight, the country’s busiest 

coastal waterway, the Hauraki Gulf Marine Park, became devoid of almost all recreational 

and non-essential commercial vessels. An almost instant change in the marine 

soundscape ensued, with ambient sound levels in busy channels dropping nearly 3-fold 

the first 12 hours. This sudden drop led fish and dolphins to experience an immediate 

increase in their communication ranges by up to an estimated 65%. Very low vessel 

activity during lockdown (indicated by the presence of vessel noise over the day) 

revealed new insights into cumulative noise effects from vessels on auditory masking. 

For example, at sites nearer Auckland City, communication ranges increased 

approximately 18 m (22 %) or 50 m (11 %) for every 10% decrease in vessel activity for 

fish and dolphins, respectively. However, further from the city and in deeper water these 

communication ranges were increased by approximately 13 m (31 %) or 510 m (20 %). 

These new data demonstrate how noise from small vessels can impact underwater 

soundscapes and how marine animals will have to adapt to ever-growing noise pollution. 

Key Words: Acoustics, Anthropogenic noise; Communication range; COVID-19; 

Dolphins; Marine Mammals; Masking; vessels.

 

 

Introduction

Due to the COVID-19 pandemic, many countries around the world entered into various 

forms of ‘lockdowns’ to combat the spread of the novel coronavirus. Borders were closed, A
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freedom of movement and commerce was heavily restricted and international trade 

substantially reduced within months (Bates et al., 2020), bringing about the ‘Anthropause’ 

(Rutz et al., 2020). This presented researchers around the world an unprecedented 

setting to quantify the effects of human activity on wildlife (Bennett et al., 2020; Patrício 

Silva et al., 2020; Rutz et al., 2020). While the socio-economic impacts were severe and 

widely felt, urban wildlife responded to the sudden cessation of human activities (Bates et 

al., 2021). News reports of wildlife invading urban areas quickly ensued: pumas spotted 

in downtown Santiago; jackals on the streets of Tel Aviv; goats along deserted highways 

in Istanbul; fallow deer in London; grey langurs in Ahmedabad, India, and many others 

(Rutz et al., 2020). Perhaps more hidden from view, but still noticed, was the response of 

coastal marine organisms to this new, relative calm (Rutz et al., 2020). 

One potential key factor in explaining this observed change in wildlife behaviour during 

‘lockdown’ is the reduction of anthropogenic noise in the environment. Noise pollution is 

the most pervasive by-product of urbanisation, transport and industry, that changes the 

acoustic environment which many animals are acutely tuned to (Shannon et al., 2016). 

On land, the ‘quiet’ brought about by COVID-19 pandemic management measures led to 

an immediate drop in urban noise pollution (Mandal & Pal, 2020) and 50% drop in 

seismic noise (Lecocq et al., 2020). There was also a 1.5 dB re 1 µPa drop in underwater 

noise levels off Vancouver Island, Canada, due to reduced shipping (Thomson & Barclay, 

2020). 

Marine mammals, fish and invertebrates depend on sound for critical life history 

processes, such as mate selection and predator avoidance (Peng, et al., 2015). 

Anthropogenic underwater noise has been increasing around the world for decades 

(Andrew et al., 2011; Frisk, 2012). Rising underwater noise levels in coastal 

environments due to small boats has become of substantial concern due to growing 

evidence of both lethal and sublethal impacts on marine life (Hawkins & Popper, 2014; 

Hermannsen et al., 2019; Jones, 2019; Popper & Hawkins, 2019). This is particularly 

relevant in highly productive waters that are near major port-cities, such as the Salish 

Sea near Vancouver (Cominelli et al., 2018; Joy et al., 2019), the Pearl River Estuary 

near Hong Kong (Pine et al., 2017; Sims et al., 2012) and the Hauraki Gulf near Auckland 

(Pine et al., 2016; Putland et al., 2018). A common threat facing these productive waters A
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is increasing levels of vessel noise from an increasing volume of commercial and 

recreational marine traffic (Dolman & Jasny, 2015; Farcas et al., 2020; Hildebrand, 2009; 

Luís et al., 2014; McWhinnie et al., 2017; Pine et al., 2016; Simmonds et al., 2014; 

Weilgart, 2007). For example, Auckland, which is New Zealand’s largest city, is located 

within the centre of the Hauraki Gulf Marine Park (HGMP), an area of 4000 km2 with 

outstanding marine biodiversity including >700 species of marine intertidal invertebrates, 

>80 species of fish and 25 species of marine mammals, at least six of which are resident 

(Hauraki Gulf Forum, 2014). Auckland residents have the highest recreational vessel 

ownership per capita in the world and in 2011 boat ownership was estimated to be 

132,000, with numbers expected to reach 183,000 by 2041 (Beca, 2012).

Recent research has shown that increasing vessel noise reduces the ability of dolphins 

and fish to effectively perceive their acoustic environment (Erbe et al., 2019; Erbe et al., 

2016; Putland et al., 2018; Stanley et al., 2017). The primary mechanism for this is 

auditory masking (Erbe et al., 2016; Slabbekoorn et al., 2010). Vessel noise commonly 

masks natural sounds as the broad frequency range of vessel noise strongly overlaps 

many abiotic, such as rain and wind, and biotic sounds from animals, especially dolphins 

and fishes (Mooney et al., 2020; Slabbekoorn et al., 2010). Masking of dolphin whistles, 

buzzes and echolocation clicks, or grunts, pops, clicks and hums from fishes have all 

been linked to a range of impacts, as acoustic signaling is involved in navigation, 

foraging, mating, socializing and avoiding dangers (Au & Hastings, 2008).

On 26 March 2020, New Zealand entered a strict lockdown of societal activity to combat 

the spread of COVID-19, with the government placing a complete ban on all non-

essential services on both land and sea. Vessel activity in the HGMP abruptly declined, 

with all recreational and non-essential commercial vessels banned from operating for 

seven weeks. Shipping and related vessels continued to operate but traffic was heavily 

reduced. For example, automated identification system (AIS) records for vessels within a 

10 km radius around the Noises Islands, showed an approximate 58% decrease during 

the 7-week lockdown period (Wilson, L., unpublished data).  For the HGMP’s marine 

animals that depend on underwater sound for critical life history processes, the reduction 

in vessel traffic resulted in significant changes to their acoustic habitat. A
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Materials and Methods

Acoustic data

Acoustic data were gathered between February and May 2020 using seafloor mounted 

acoustic recording stations (ST300HF, Ocean Instruments NZ) at five sites within the 

Hauraki Gulf, northern New Zealand (Fig. 1). Recorders captured a 2 min sample of 

ambient sound (digitized to a .WAV file) every 10 min at a 48 kHz sampling rate and high 

gain setting. Deployment was two months prior to community lockdown due to Covid-19 

that started at 23:59 h on 25 March 2020. The acoustic recorders were field-calibrated 

before and after deployment using a calibrated piston phone (G.R.A.S Type 42AA, 250Hz 

@ 114dB) and a sound level meter (Brüel & Kjaer 2250 Type 1 SLM with a Bruel & Kjaer 

½ condenser microphone Type 4189 and calibrated with a Brüel & Kjaer Type 4231 

sound calibrator). Each recorder was located in open water in frequented vessel routes 

that were of varying distances from Auckland City. The Rangitoto Channel (Fig. 1) was 

located in the Rangitoto Channel at a depth of 14-17 m to capture the changes in vessel 

activity within a major thoroughfare for both recreational and commercial marine traffic. 

Three sites were located at varying distances offshore of Auckland City’s northern 

suburbs, i.e., Long Bay (silty-seafloor, 13-17 m depth), Shearer Rock (rocky reef, 17-20 

m depth) and the Ahaaha Rocks (sandy seafloor, 34-37 m depth). The fifth site was 

offshore in the center of the Hauraki Gulf, approximately 45 km from the central business 

district of Auckland City, and named Mid-Gulf (sandy seafloor, 47-50 m depth).

Weather data

Hourly wind speeds (km h-1) and direction were continuously logged at a weather station 

(operated by the National Institute of Atmosphere and Water (NIWA)) located at 318 m 

above the central business district in Auckland City on the Sky Tower building (S 

36.85004° S, 174.76242° E). This was selected in favour of other weather stations at sea 

level because it had omnidirectional exposure to the wind flow that was also present at 

the acoustic recording sites between ~9 and 44 km away.

Data analysesA
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Every 10 sec of acoustic data was used to determine power spectral densities (PSD). 

Broadband sound pressure levels (SPLs, 10 Hz to 24 kHz) were calculated as an 

average over each 2 min recording using 1 second Hamming windows and 50% overlap. 

This generated a single SPL value every 10 min (due to the 2 min recording for every 10 

min duty cycle); six samples per hour and 144 samples per day. To control for increased 

ambient noise resulting from elevated wind speed, only acoustic data recorded during 

hours of wind speed below 18.5 km h-1, i.e., 10 knots, were selected for statistical 

analyses, comprising 45 % of the total data set. These missing data points occurred 

randomly across time. Daily median SPLs were extracted from this delimited data set for 

each sampling site and pooled into two periods, pre-lockdown (i.e., 1 February to 25 

March 2020) and during lockdown (i.e., 26 March to 8 May 2020), which were then 

compared with Mann-Whitney tests.

Vessel activity at each site was determined from the 2 min recordings over each 24 h 

period (from 00:00 h to 23:59 h) using a vessel noise detector, which used a convoluted 

neural network (CNN) with nine neural layers. The CNN was trained on 10,000 PSD 

spectrograms of vessel noise from archived data in MATLAB, with a validation accuracy 

of 96% after 8 epochs. The detector did not classify the type of vessel, instead identifying 

predominately the presence of harmonic tones and Lloyd mirror patterns. Every detection 

was examined and confirmed by visually examining spectrograms. Over half of all 

recordings were also manually reviewed to confirm the reliability of the acoustic detection 

algorithms and to further ensure all vessel noise signatures were detected. The 

proportion of 2 min recordings that contained vessel noise over the total number of 

recordings in a single 24 h period was calculated to provide a measure of vessel activity 

in the vicinity of the recording site. The relationship between measured vessel activity per 

day and median SPL per day (the response variable) at each site were evaluated with 

generalized linear models, after confirming that the required assumptions were met, 

including independence.

Bottlenose dolphins (Tursiops truncatus) and bigeyes fish (herein called bigeyes, 

Pempheris adspersa) are both commonly found in the Hauraki Gulf, maintain social 

groupings via acoustic communication, and have well documented acoustic source levels 

and hearing thresholds enabling the calculation of communication range. The A
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communication range is the maximum distance from a vocalizing animal at which a 

conspecific listener could detect and perceive the source animal’s signal (Clark et al., 

2009). Whistles are an important component of the bottlenose dolphin vocal repertoire, 

playing an important role in dolphin communication and social dynamics (Au & Hastings, 

2008; Frankel et al., 2014). Whistles are pervasive and omnidirectional signals, unlike the 

much higher frequency and highly directional echolocation clicks or burst pulses 

commonly used by many dolphin species (Au & Hastings, 2008). In contrast, the low 

frequency pop sounds from bigeyes are considered a model acoustic signal for fish due 

to their limited frequency range and source levels (Putland et al., 2018; Radford et al., 

2015). To calculate communication ranges for dolphin whistles and fish calls a simplified 

sonar equation (Clark et al., 2009), and previously used within the Hauraki Gulf, was 

applied to the data (Putland et al., 2018). Key assumptions for the communication range 

calculations were (1) the signal was ambient noise limited (as determined by the 

audiogram values for bottlenose dolphins and bigeyes being lower than the ambient 

sound levels in the same critical bandwidths within the Hauraki Gulf); (2) no masking 

release mechanisms occurred; and (3) both the dolphin’s or fish’s hearing and the 

propagation of their calls were omnidirectional. Masking release mechanisms are 

strategies used by animals to counteract naturally occurring maskers, such as waves or 

conspecific or heterospecific choruses (Pine et al., 2020). They can include increasing 

the amplitude of their calls (Lombard effect), changing the spectral characteristics of the 

call, reduce the spectral overlap with the masker, or changing the timing of their calls 

(Erbe et al., 2016; Radford et al., 2014). 

The signal excess equation used to calculate the communication range was:

SE = SL – Nlog10(R) - MSL – DT;

where signal excess, SE, equals zero at the limited range of detection, SL is the source 

level of the dolphin’s whistle (set at the median level of 138.2 dB re 1 µPa @ 1 m 

(Frankel et al., 2014) or fish’s call (116 dB re 1 µPa @ 1 m (Radford et al., 2015)), N is 

the propagation coefficient over some distance R, MSL is the hourly mean ambient SPL, 

and DT was the detection threshold (set at 10 dB, following recent research on dolphin 

communication space in the Hauraki Gulf (Putland et al., 2018)). The bandwidth of a A
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dolphin’s whistle was set between 268 and 18,115 Hz (Frankel et al., 2014), while the 

bandwidth of fish calls was set between 90 and 700 Hz (Radford et al., 2015). The 

corresponding MSL for those same bandwidths were calculated, after adjusting for half a 

critical bandwidth either side of the whistle or call frequency limits. The frequency cut-offs 

for the MSL calculations were based on critical ratio curves (Erbe et al., 2016) for the 

dolphin whistles, but for the fish calls the critical bandwidths were based on previous 

measures (Hawkins & Chapman, 1975). To investigate the relationships between the 

dolphin’s or fish’s communication ranges and daytime vessel activity, the MSL values 

were calculated for the daytime only when wind speeds were below 18.5 km h-1. The 

propagation coefficient, N, determines the rate of acoustic attenuation of the source 

signal and was calculated by curve-fitting the modeled propagation loss (PL) of each third 

or full octave center frequency (represented by the average of three frequencies within 

each octave band) within the dolphin whistle’s (i.e., 268 Hz and 18,115 Hz) or fish call’s 

(i.e., 90 and 700 Hz) bandwidth, respectively. The propagation models used for this were 

a combination of the fully-range dependent parabolic equation method (RAMGeo (for 

frequencies below 1.6 kHz) and ray/Gaussian beam tracing (Bellhop (for frequencies 

above 1.6 kHz)), for 72 radials from the position of the hydrophone (Pine et al., 2019). 

Since Bellhop is based on Snell’s law, it is applicable if a signal’s wavelength is much 

shorter than the layer within which it is propagating. It was for this reason that the 1.6 kHz 

cutoff was used for the switch from PE to Bellhop models. Bathymetry data were 

obtained from NIWA and the seafloor sediment was set as homogenous soft sediment of 

silt and sand. Sound speed profiles for the summer (Jan-Feb) and autumn (Mar-May) 

months were calculated from temperature and salinity data obtained from the Waikato 

Regional Council.

The communication ranges for bottlenose dolphins and bigeyes were calculated for each 

hour when wind speeds were below 18.5 km h-1 for two of the sites. The Rangitoto 

Channel is the main shipping channel into the Ports of Auckland City and was the 

shallowest sampling site at 15 m depth, while the Ahaaha Rocks is an important site for 

recreational and tourism activities, such as fishing and cruising with deeper water (35 m). 

The hourly communication ranges for each species were then averaged over each 

daytime period (sunrise to sunset (Beauducel, 2020)) and the daily median A
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communication ranges compared with corresponding measures of daily daytime SPLs 

(daily SPLs) and vessel activity using generalized linear models, after confirming that the 

required assumptions were met.

Results

Effects of the Lockdown on the overall SPLs

The lockdown had an immediate and significant effect on the underwater soundscape at 

all sites within the HGMP, particularly at frequencies below 1 kHz (Fig. 2). For example, 

daily SPLs below 100 Hz dropped from 100 to 88 dB re 1 µPa and for 100-1000Hz from 

103 to 88 dB re 1 µPa. In the weeks leading up to lockdown, hourly SPLs below 100 Hz 

ranged between 83 and 155 dB re 1 µPa, which decreased to between 78 and 120 dB re 

1 µPa during the lockdown. Between 100 and 1000 Hz, hourly SPLs ranged between 84 

and 141 dB re 1 µPa pre-lockdown but between 80 and 122 dB re 1 µPa during 

lockdown. 

The most noticeable effects of the lockdown were: 1) near-constant presence of vessel 

noise recorded before the lockdown (during daylight hours) suddenly dropped off; and 2) 

variation in SPLs were substantially reduced, indicating markedly lower numbers of 

vessels passing by the hydrophones. As a result, median (±75% quartile) SPLs 

decreased by 8 dB (from 110 ± 6 dB to 102 ± 4 dB re 1 µPa (P < 0.001)) within the 

Rangitoto Channel (a busy thoroughfare); approximately 6 dB off the Ahaaha Rocks 

(from 100 ± 4 dB to 94 ± 2 dB re 1 µPa (P <0.001)) and in the outer Gulf (from 98 ± 6 dB 

to 92 ± 3 dB re 1 µPa (P < 0.001)); and 4 dB (from 117 ± 4 dB to 113 ± 3 dB re 1 µPa (P 

< 0.001)) off Tiritiri Matangi (Fig. 1). The decrease in noise levels were immediate, with 

median SPLs down by between 8 dB (Rangitoto Channel) and 10 dB (the outer Gulf) on 

the first day of lockdown (26 March 2020).

Effects of the lockdown on vessel activity

Due to New Zealand's strict lockdown measures for non-essential vessels, vessel activity 

significantly decreased. For example, on 25 March 2020, vessel noise within the 

Rangitoto Channel was recorded 63% of the time, decreasing to 34% on the first day of A
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lockdown, and to just 8% after five days, at which point contributions were exclusively 

from essential commercial shipping activity. There was a statistically significant 

relationship identified between the decline in the presence of vessel noise per day and 

the median SPL per day, after controlling for wind speeds (GLM: Rangitoto Channel R2 = 

0.75, P <0.001; Ahaaha Rocks R2 = 0.71, P < 0.001; Fig. 3). For example, for every 10% 

increase in vessel noise presence during the day, the daily SPLs increased by 

approximately 2 dB within the Rangitoto Channel, and the Ahaaha Rocks (Fig. 3).

Effects of the Lockdown on dolphin and fish communication range

The calculated communication range for dolphins and fish significantly increased during 

lockdown (Fig. 4) and this effect was greater at the sites furthest from the city. For 

example, the maximum median range within which dolphins were estimated to be able to 

communicate was approximately 400 m within the Rangitoto Channel prior to lockdown, 

increasing to 565 m during the first week of lockdown. For fish, daily communication 

ranges increased from just a few meters to 155 m after lockdown (Fig. 4). At the Ahaaha 

Rocks, dolphin communication ranges increased from 2.9 km to nearly 4 km and for fish, 

from 4 m to 70m. Statistical analyses of the median communication ranges and vessel 

noise presence revealed a significant relationship for both dolphins (GLM: R2 = 0.77, P 

<0.001 (Rangitoto Channel); R2 = 0.71, P <0.001 (Ahaaha Rocks)) and fish (GLM: R2 = 

0.81, P<0.001 (Rangitoto Channel); R2 = 0.80, P<0.001 (Ahaaha Rocks)). After 

controlling for wind speeds, every 10% increase in the daily presence of vessel noise 

equated to a 47 m loss in communication range for dolphins within the Rangitoto Channel 

and 519 m loss around the Ahaaha Rocks. Fish communication ranges decreased 18 m 

or 13 m within the Rangitoto Channel or off the Ahaaha Rocks, respectively.

Discussion

While the effects of noise pollution and the role of auditory masking on animal behavior 

have been well-studied (Shannon et al., 2016), never has it been possible to investigate 

the reverse in the field. That is, what happens to ambient sound levels and 

communication ranges when vessel traffic decreases to exceptionally low volumes. The 

COVID-19 lockdown in New Zealand provided a means to understand the effects of small A
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boat traffic (because commercial shipping continued during lockdown, although at a 

reduced level) on shallow water noise levels near a busy metropolitan centre through the 

collection of baseline data with very little anthropogenic noise. These data showed that 

ambient noise levels dropped 2 dB for every 10% fall in daily vessel noise presence, 

equating to tens of metres in expected communication ranges being gained by fish and 

hundreds or thousands of metres for dolphins in shallow (<20m) or deeper (<50m) water, 

respectively.

The data collected during lockdown confirm that vessel noise is likely a key 

anthropogenic noise source contributing to ambient sound levels within the HGMP. After 

lockdown, overall ambient sound levels fell up to 8 dB re 1 µPa over the first 12 hours 

and up to 10 dB re 1 µPa over the entire lockdown period. The proportional presence of 

vessel noise per day was calculated as the proxy for vessel activity because; (1) vessels 

operating in the area are directly related to the presence of vessel noise; and (2) masking 

in marine animals is related to vessel noise emission rather than the number of vessels 

operating. The counting of multiple vessels at the same time (since overlapping noise 

signatures from two or more vessels were not differentiated) or distant/proximate vessels 

impacting the rate at which ambient sound levels changed in response to vessel activity 

were controlled for using multiple sites around the inner HGMP of differing depths and 

wind exposures. The resulting 2 dB change in ambient levels for every 10 % rise/fall in 

vessel activity was seen at both the shallow and deeper sites. Direct translation of our 

findings to other areas should be carried out carefully, especially if no local data are 

available and particularly in narrower waterways than those in this study (such as fjords) 

where vessels would operate in closer proximity to each other and at consistently closer 

ranges to the hydrophones.

The relationship between communication ranges and vessel activity levels, in contrast, 

did show some site-dependence, with the bigger gains in communication ranges 

occurring at the deeper and more exposed sites (i.e., further from Auckland City). Those 

deeper and more exposed sites experienced greater SPL decreases during lockdown 

than the shallower sites due to more distant vessels being recorded at the hydrophone 

(since low-frequency vessel noise propagates further in deeper water). Therefore, the A
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difference in vessel noise being detected at the deeper sites after the lockdown began 

was greater than at the shallower sites, meaning the overall drop in SPLs were higher.

There is a mounting body of evidence showing vessel noise to be highly invasive and 

audible to nearly all marine mammals (Erbe et al., 2016) and fishes (Popper et al., 2014). 

Smaller vessels, particularly recreational boats, can present a substantial threat in the 

marine environment in some areas as an unregulated noise source with higher 

interaction rates with marine animals than any other source (Correa et al., 2019). 

Furthermore, the sheer volume of recreational boat traffic can dilute the mitigating effect 

of their transient nature (McWhinnie et al., 2017). Assessing the effects of these vessel 

movements on the marine environment has become a management challenge. The 

lockdown measures imposed in New Zealand during the busy summer/fall boating 

season provided the fundamental data needed to statistically test relationships between 

vessel traffic and noise levels, and the effects of cumulative vessel noise on the overall 

communication range of dolphins and fish. Furthermore, the extended period for which 

lockdown occurred (seven weeks) meant that an extensive dataset was obtained, 

providing superior baseline values compared to previous recordings and estimates. This 

event provided an unprecedented chance to rigorously assess some key parameters, 

including relating the number of vessels passing through an area required to raise the 

ambient noise floor of that area by a single decibel (i.e., cumulative noise), and relating 

vessel noise exposure to impacts on the communication range in marine animals.

The unprecedented low SPLs recorded during lockdown were particularly interesting 

because of the known influence vessel noise can have on the ability of marine animals to 

communicate (Erbe et al., 2016; Hawkins & Picciulin, 2019). Masking of marine animals’ 

acoustic communication signals by small vessel noise is a key research question after 

being somewhat neglected compared to the attention given to noise from commercial 

shipping (Erbe et al., 2019). For many coastal areas, small vessels are likely to be the 

most prevalent and on-going source of masking noise in shallow waters. Previous studies 

have investigated reductions in animal communication ranges from individual commercial 

or small vessels, including within the HGMP, with small vessels raising ambient noise 

levels at least 47 dB re 1 µPa (Li et al., 2015) or as much as 75 dB re 1 µPa nearer the 

passing vessel (Pine et al., 2016). However, the cumulative effect of many individual A
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vessels passing during daylight hours on the overall communication range has not been 

measured before, as vessel activity has not dropped low enough to obtain true baseline 

data. The New Zealand lockdown provided a unique opportunity to obtain these baseline 

data as the daily presence of general vessel noise decreased to 8%. During lockdown 

there was significant increase in dolphin and fish communication ranges,100’s m to 

several km’s for dolphins and 10’s m to 100’s m for fish. Overall, the daily communication 

range more than doubled after lockdown began, and for every 10 % decrease in daily 

vessel noise presence, the communication range increased by between 47 and 519 m for 

dolphins, or 13 and 18 m for fish, respectively.  

The expected benefits of the reduced interference by boat noise are an improved ability 

for marine animals to communicate and maintain social cohesion over longer distances, 

including when foraging, and improving their perception of their environment and 

associated threats – most likely resulting in lower stress levels (Rolland et al., 2012). 

While the first two benefits are more intuitive, lower stress levels occur because 

anthropogenic noise (including continuous noise, such as small vessel noise) is a well-

known stressor in marine mammals (Nowacek et al., 2007; Richardson et al., 1995; 

Rolland et al., 2012; Wright et al., 2010) and fishes (Hawkins et al., 2020; Hawkins & 

Popper, 2017; Popper & Hawkins, 2019; Slabbekoorn et al., 2010). For example, North 

Atlantic right whales (Eubalaena glacialis) showed lower baseline levels of 

glucocorticoids in fecal samples following a 6 dB reduction in ambient noise from reduced 

vessel activity after the 9/11 terrorist attacks in the United States of America (Rolland et 

al., 2012). Yangtze finless porpoises (Neophocaena asiaeorientalis asiaeorientalis) had 

higher serum cortisol levels in areas with high vessel activity than conspecifics in areas 

without vessels (Nabi et al., 2018). Noise-induced stress has also been seen in coral reef 

fish (Mills et al., 2020), temperate kelp fish (Nichols et al., 2015), European seabass 

(Spiga et al., 2017) and freshwater fishes (Smith et al., 2004). With sustained decreases 

in vessel activity due to various lockdowns around the world, the physiological changes in 

wild fishes and marine mammals (since much research, particularly on fishes, are in 

captive environments) in response to lower vessel presence would be of particular 

interest.
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The COVID-19 lockdown measures in New Zealand put a stop to all non-essential 

vessels operating, bringing a high degree of masking relief for marine life. The dramatic 

cessation of human activity on the water provided new baseline data on ambient sound 

levels due to very low vessel activity, revealing the measured cumulative effect that 

vessel noise has on the ambient soundscape and masking in fish and dolphins. The key 

advantage of these new data is that they provide strong empirical evidence that small 

vessels, when in sufficient numbers/presence, directly influence ambient sound levels 

and are not an acute noise source with limited impact as sometimes believed by 

regulators. The data also, for the first time, demonstrate how small vessels are already 

contributing to ambient sound levels in ecologically important areas that are near busy 

metropolitan centers. 
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Figure Legends

Fig. 1: Map of the Hauraki Gulf Marine Park showing the location of the sea-mounted acoustic 

recording stations and corresponding median sound pressure levels measured before and during 

lockdown (seven weeks for both periods). The blue bars represent the median SPL (dB re 1 µPa) 

measured during daylight hours, while the yellow bars represent the 75th quartile for the median. 

Fig. 2: Spectrograms before and during lockdown within the Rangitoto Channel. The diurnal 

presence of vessels is particularly noticeable below 1 kHz before lockdown. 
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Fig. 3: Relationships between median sound pressure level (SPL) per day and the daily presence 

of vessel noise in the ambient soundscape at the shallower Rangitoto Channel site and deeper 

site at the Ahaaha Rocks.

Fig. 4: Plots showing the effects of vessel noise presence per day (%) on the estimated 

communication ranges (m) for dolphins and fishes. The stairs plot at the top shows the median 

communication ranges in dolphins and fishes in the days leading up to, and during, the lockdown. 

The scatter plots show the relationship between the vessel noise presence per day (%) and 

corresponding median communication ranges in dolphins and fishes. 
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