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International sailing regattas are major sporting events often held within coastal marine environments which
overlap with the habitats of marine species. Although races are confined to courses, the popularity of these events
can attract large spectator flotillas, sometimes composed of hundreds of motorized vessels. Underwater noise
from these flotillas can potentially alter soundscapes experienced by marine species. To understand how these
flotillas may alter soundscapes, acoustic recordings were taken around racecourses during the 36th America's
Cup in the Hauraki Gulf, New Zealand in 2021. Sustained increases in broadband underwater sound levels during
the regatta (up to 17 dB re 1 pPa rms; 0.01-24 kHz) that extended beyond racecourse boundaries (>8.5 km) and

racing hours were observed; very likely attributable to the increase in regatta-related vessel activity. Underwater
noise pollution from spectator flotillas attending larger regattas should be considered during event planning
stages, particularly when events occur in ecologically significance areas.

1. Introduction

Competitive sailing regattas are major sporting events that are
commonly held in coastal areas which are biologically important habi-
tats for many marine species (Halpern et al., 2008). Common examples
of such events are the America's Cup, and SailGP, or the Ocean Race, and
the Sydney to Hobart Yacht Race where at least part of the event occurs
closer to shore (i.e., within 15 km). These events can attract substantial
public interest, with large numbers of spectator vessels forming flotillas
that travel to and from race locations, surround the boundaries of
racecourses in some events, or accompany competitors as they enter or
depart race-checkpoints (such as the Ocean Race or Sydney to Hobart).
In some cases, these spectator flotillas can comprise up to several hun-
dred individual motorized vessels, such as during the 36th America's
Cup where up to 1300 spectator vessels were recorded in one day
(America's Cup Event Ltd., 2021).

Underwater radiated noise from recreational motorized vessels is
known to acoustically degrade coastal marine habitats (Hermannsen
etal., 2019; Pine et al., 2016, 2021; Wilson et al., 2022, 2023). Evidence
indicates that noise from these vessels can increase median background

sound levels by as much as 2 dB for every 10 % increase in vessel traffic
(Pine et al., 2021). It is also broadband, exceeding 50 kHz in some cases
(Hermannsen et al., 2019; Li et al., 2015), making this source audible to
several marine mammals (Southall et al., 2019), fishes (Popper et al.,
2014) and invertebrates (Putland et al., 2017; Wilson et al., 2023). Many
marine species have sensitive and intricate hearing systems that are vital
for life history processes, such as foraging, communication, reproduc-
tion, orientation, and predator avoidance (Richardson et al., 1995;
Slabbekoorn et al., 2010). Rising noise levels from motorized vessel
traffic has been shown to affect animal behavior and physiology (see
reviews by: Erbe et al., 2019; Weilgart, 2017), thereby causing concerns
about reduced individual fitness and the potential for population level
consequences if disturbances are prolonged or experienced repeatedly.

With our increased understanding of the potential impacts of
motorized vessel noise on marine species, there are increasing obliga-
tions to reduce and mitigate noise from commercial vessel activity in
many countries (Chou et al., 2021; European Commission, 2008; HEL-
COM, 2021; IMO, 2023; OSPAR, 2022). However, the contribution to
underwater noise from smaller recreational boats has so far received less
attention by regulators, despite evidence indicating that the noise from
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these vessels can pose a potential threat to coastal ecosystems (Her-
mannsen et al., 2019; McWhinnie et al., 2021; Merchant et al., 2014;
Wilson et al., 2022). This issue is particularly relevant to competitive
sailing regattas that can attract significant on-water spectator vessel
presence. Here, we present acoustic data that quantifies how a globally
renowned sailing regatta, the 36th America's Cup, caused changes to a
regional soundscape; highlighting the need to consider early in the
planning phases how these events may alter underwater noise levels to
ensure appropriate mitigation measures can be enacted.

2. Materials and methods

Seafloor mounted SoundTrap 300HF (with external battery packs) or
600HF recorders (Ocean Instruments NZ) were deployed at the bound-
aries of three racecourses off Auckland's North Shore, within the inner
Hauraki Gulf, New Zealand, between 9th January and 12th April 2021
(Fig. 1; Supplementary Materials Table S1). During this time, the Prada
Cup and 36th America's Cup (AC36) took place and together comprised
the AC36 ‘tournament’ referred to in this study. The hydrophones were
secured 1 m above the seafloor with no subsurface or surface floats, in
water depths between 11 m and 16 m at mean low water spring. Re-
corders continuously captured audio at a sampling rate of 96 kHz and
high gain setting. To ensure accuracy in noise measurements, field-
calibration checks were conducted for all hydrophones before and
after deployment using a calibrated piston phone (G.R.A.S. Type 42AA,
250 Hz @ 114 dB) and a sound level meter (Briiel & Kjaer 2250 Type 1
SLM with a Briiel & Kjaer !4 condenser microphone Type 4189 and
calibrated with a Briiel & Kjaer Type 4231 sound calibrator). This also
ensured similar detection ranges for all SoundTrap recorders used.

Power spectral densities (PSD, 1 s Hamming windows and 50 %
overlap) were calculated for every 1 min of data using codes extracted
from PAMGuide (Merchant et al., 2015). Broadband sound pressure
levels (Lp, 10 Hz — 24 kHz) were computed over the same 1 min periods
via an energy summation across all frequencies, providing a single L,
value for every 1 min and their corresponding time stamps. Frequencies
above 24 kHz were not included in the analysis to align outputs with
measurements made in this area during previous research.
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Processed data were sorted into race days and non-race days. Race
days were determined as any days when competitive races took place
(including the round-robin races during the Prada Cup) and did not
include days when teams were practicing, as spectator flotillas were not
present on practice days. Descriptive comparisons of the ambient sound
levels between these two categories were then undertaken to assess
potential differences in the regional marine soundscape caused by on-
water spectators attending the AC36 tournament.

3. Results

Sustained increases in the broadband L, on the days when racing
occurred were observed. For example, on the 17th March 2021, racing
occurred between 16:00 and 18:00 h (America's Cup Event Ltd., 2021),
although the ambient L, at ST3 began increasing approximately 3.5 h
beforehand, as spectator vessels arrived at racecourse A (Fig. 2B & 2C).
During the afternoon on that race day, the 1 min averaged L, around
racecourse A increased from 3 dB re 1 pPa rms as spectator vessels began
arriving at the course boundary, to as much as 17 dB re 1 pPa rms upon
their return to Auckland city just before 18:00 h (Fig. 2C). Ambient L, at
ST3 did not return to pre-racing levels until 3 h post-racing. These in-
creases were sustained long enough to raise the mean daily broadband
ambient L, over the whole daytime period (06:00 h —21:00 h) by 5 dB re
1 pPa rms (Fig. 2C). When compared with a day one week later, when no
racing was scheduled (24th March 2021), median daily L, were 1-2 dB
higher on race days than non-race days.

Substantial increases to ambient L;, across the measured spectrum
were also recorded several kilometers from the racecourses. For
example, on the 16th March 2021 when racing occurred at Racecourse
C, the broadband ambient sound levels were 8 and 19 dB re 1 pPa rms
higher than pre-racing hours at approximately 4.5 km (ST2) and 8.5 km
(ST3) away, respectively (Fig. 3C). Over the 46 min it took the spectator
flotilla to round North Head and exit Rangitoto Channel on return to
Auckland after racing had concluded, the ambient L, at ST3 (approxi-
mately 8.5 km away from the racecourse) was 4 dB re 1 pPa rms higher
than the same time period during the race (when spectator vessels were
more likely to remain stationary) (Fig. 3).
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Fig. 1. (A) Map of New Zealand with black box highlighting the inner Hauraki Gulf, New Zealand, where the AC36 tournament was held, and the extent of the
Hauraki Gulf Marine Park. (B) Map of the inner Hauraki Gulf, including the AC36 racecourses (labeled A to E), the locations of the seafloor mounted SoundTraps
(denoted by stars), and the blue area indicates the extent of the Hauraki Gulf Marine Park in this region. (For interpretation of the references to colour in this figure

legend, the reader is referred to the web version of this article.)
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Fig. 2. Spectrograms showing the ambient soundscape recorded at ST3 located next to Racecourse A (16-19 m depth) in the inner Hauraki Gulf on (A) a ‘typical’ day
without scheduled racing (24th March 2021), compared to (B) a race day (17th March 2021). The line plot (C) shows the corresponding broadband (10 Hz — 24 kHz)
1 min sound pressure levels (L,) where the log-average L, on that race day (17th March) was 117 dB re 1 uPa rms compared to 112 dB re 1 pPa rms on the non-race
day (24th March). N.B. The sharp increases in 1 min L, recorded on the non-race day (24th March) in subplot C (e.g., just after 09:00 h) are due to vessels passing
close to the hydrophone as can be seen for the same period in the spectrogram of subplot A.
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Fig. 3. Spectrograms showing the ambient soundscape at (A) ST2 and (B) ST3
(approximately 4.5 km and 8.5 km from the edge of Racecourse C, respectively)
in the inner Hauraki Gulf during the afternoon with scheduled racing at
Racecourse C (16th March 2021). The line plot (C) shows the corresponding
broadband (10 Hz - 24 kHz) 1 min sound pressure levels (L,) post-racing as the
spectator flotilla left the racecourse area.

4. Discussion

This study demonstrates the possibility of competitive international
sailing regattas, which attract considerable on-water spectator presence,
increasing ambient sound levels in marine habitats. The most notable
observation from the AC36 tournament was that sound pressure levels
increases were observed several kilometers beyond the racecourses
boundaries and remained high well beyond the duration of the races
themselves. The America's Cup is the world's oldest sporting trophy with
a 172-year history and is the largest competitive sailing event in the
world. As such, it is a very popular regatta, attracting a considerable
spectator presence (America's Cup Event Ltd., 2021). The effects of this
event on the underwater soundscape are further compounded by its
location, given that 36 % of Auckland City's population alone are
involved in recreational boating (Maritime New Zealand, 2020). It is
therefore important to note that the results shown here may not be
applicable to smaller events or those with less on-water spectator pres-
ence and that the composition of the flotillas at these events (e.g., vessel
numbers, sizes, engine types, etc.) may alter the local noise levels.
Notwithstanding, however, this study illustrates that large sporting
events have the potential to substantially alter underwater soundscapes
when on-water spectator presence is numerous.

On a typical race day during AC36, the mean ambient sound pressure
levels (between 06:00 h and 21:00 h) around the racecourse was 5 dB
higher than on a ‘control day’ when no racing took place (for example
the 24th March 2021; Fig. 2C). These findings imply that the change in
ambient sound levels can be attributed to large increases in vessel ac-
tivity on race days, which is uncharacteristic of what can be expected
within the inner Hauraki Gulf Marine Park (Pine et al., 2021; Wilson
et al., 2022). Small boats are a ubiquitous source of anthropogenic un-
derwater noise around the Gulf (Wilson et al., 2022), with vessel noise
being present between 50 % and 70 % of the time over a 24-h period
during the summer months (Pine et al., 2021). However, these vessels
tend to occur randomly over space and time and are generally spaced
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throughout the day (see Fig. 2A). This is substantially different to what
was observed during the AC36 tournament, where an estimated 10,468
vessels attended the three different race events between December 2020
and March 2021, and up to 1300 vessels transited to and from the
racecourses within this region at regular intervals each day (America's
Cup Event Ltd., 2021).

The atypical nature of this vessel activity during AC36 caused an
increase in the 1 min sound pressure levels to over 6 dB re 1 pPa rms up
to 8.5 km away from where the races were taking place (Fig. 3). In other
events akin to the America's Cup, such as SailGP, similar increases in
noise could be plausible, assuming on-water spectators are numerous.
Increases in broadband underwater noise from motorized vessels are
particularly problematic, as this source has been found to increase
physiological stress levels (Kight and Swaddle, 2011; Rolland et al.,
2012; Weilgart, 2017), reduce reproductive success rates (Nedelec et al.,
2022), foraging success (Wisniewska et al., 2018) and social interactions
(Marley et al., 2017), or result in avoidance behaviors (Frankish et al.,
2023) and displacement from habitats (Bejder et al., 2006) in several
marine species. Furthermore, our results indicate sustained increases in
underwater noise levels in frequencies that overlap with delphinid vo-
calizations (between 3 and 24 kHz; Frankel et al., 2014). Utilizing the
generalized linear model (GLM) from Pine et al. (2021), the increase in
daily median sound pressure levels between 1 and 2 dB found on race-
days in this study, equated to an approximately 23-46 m reduction in
delphinid communication ranges within the Rangitoto Channel (where
racecourses B and C were located; see Fig. 1), indicating the potential for
auditory masking effects on these species. Consequently, increases in
underwater noise from motorized vessels present during on-water
events, such as AC36, may result in behavioral or physiological im-
pacts with potential fitness consequences for marine fauna which could
extend over considerable distances.

Nevertheless, it is not necessarily the increase in ambient sound
levels alone that could lead to negative effects on marine wildlife, but
also the duration of exposure, and size and location of spectator flotillas
at events. The AC36 took place between the 10th and 17th March 2021,
but two qualifying events occurred shortly beforehand. These were the
America's Cup World Series (17th to 19th December 2020) and the
Prada Cup (15th January to 2nd February 2021). Therefore, this event
spanned multiple months and resulted in several weeks of racing, which
based on the results of this study, will have considerably increased un-
derwater noise levels in this region several times over the three months.
Furthermore, the variation in flotilla size, configuration and relative
proximity to the racecourses could also influence underwater noise
levels and should be further explored to allow for more informed man-
agement decisions. The potential effects of sustained increases in un-
derwater noise as a result of the variable sizes and spatial extents of
spectator flotillas on marine wildlife were not investigated in this study
but are warranted. In particular, the exploration of potential impacts
from exposure to large numbers of motorized vessels and the repeated
increases in ambient sound levels on cetacean behavior during racing
events should be considered, given that several species have been shown
to respond to vessel noise (see review by: Erbe et al., 2019). Cetaceans
have also been sighted near or within regatta racecourses (e.g., SailGP,
2023).

Mitigating increases to ambient sound associated with spectator
flotillas attending large sailing regattas should be considered during
event planning stages, as part of the impact assessment, particularly for
those events located in areas of high ecological significance. The envi-
ronmental impact assessment for AC36, for example, considered impacts
on the marine environment, such as water quality, marine litter, bio-
security, and marine mammal protection (America's Cup Event Ltd.,
2021), but did not specifically consider or address underwater noise
pollution. Notwithstanding, some of the protection measures afforded to
marine mammals during AC36 would have concurrently reduced un-
derwater noise pollution, such as restricting spectator vessel speeds to 5
knots to reduce strike risk (America's Cup Event Ltd., 2021), as
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increasing evidence indicates that slowing down motorized vessels re-
duces underwater radiated noise (Findlay et al., 2023; MacGillivray
etal., 2019). Race organizers could also consider introducing designated
areas where spectator vessels are encouraged to congregate. Additional
benefits may also be gained from visual and/or real-time acoustic ma-
rine mammal detection platforms to encourage adoption of best prac-
tices during periods when animals are near spectators. Limiting the
number of vessels viewing these events could be challenging as many
racecourses can be accessed via multiple routes and therefore con-
straining flotillas (and their associated noise) to specific areas may be a
more viable solution for event organizers. Managers may also consider
implementing more than one measure that targets specific times during
regattas to maximize their effectiveness. For example, slowdowns will
likely only prove effective at reducing noise while boats are transiting to
and from the race, while designating viewing areas during racing may
prove more effective at localizing noise while the race is underway.
Furthermore, measures such as staggering the exit of vessels to break up
spectator flotillas into smaller groups; promotion of land-based spec-
tating; providing spectators with guidance on measures they can take/
behavioral changes they can adopt to reduce the amount of noise their
vessel emits (e.g., turning off echosounders whilst idling and avoiding
sudden speed changes (Lagrois et al., 2022)); and educating spectators
on underwater noise effects to marine species could also be considered,
where appropriate. Consequently, early consideration of how elevated
noise levels from spectator vessels may alter acoustic habitats, and for
how long, would help to identify potential threats to marine animals and
ensure the adoption of appropriate mitigation measures and solutions.
Promisingly, proactive decisions to limit environmental impacts are
increasingly being adopted during race events by some organizations
and individuals (e.g. AC37 and The Ocean Race'). Nonetheless, greater
efforts are required to limit the potential impacts of motorized vessel
underwater radiated noise during these large, internationally renowned
events.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.marpolbul.2024.116309.
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