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GLOBAL OCEAN SOUND ENERGY BUDGET 

Michael Ainslie*1; Alexander MacGillivray2; Peter Tyack3; Rex Andrew4; Justin Eickmeier5; Michele 

Halvorsen6; Stephen Robinson7 
1JASCO Applied Sciences, Netherlands, michael.ainslie@jasco.com; 2JASCO Applied Sciences, BC, 

Canada, alex.macgillivray@jasco.com; 3University of St Andrews, United Kingdom, plt@st-

andrews.ac.uk;  4unaffiliated, WA, United States, rx.andrew@ieee.org;  5SLR Consulting (Canada) Ltd., 

ON, Canada, jeickmeier@slrconsulting.com; 6University of New Hampshire, NH, United States, 

michele.halvorsen@unh.edu; 7National Physical Laboratory, United Kingdom, 

stephen.robinson@npl.co.uk 

The contributions to deep-water ambient sound from wind and ships have been studied since the 1950s. 

It is not known what proportion of global ocean sound energy originates from human activities 

(shipping, seismic surveys) compared with natural sound (wind, precipitation, seismic activity, biota). 

Acoustic energy is a robust measure of the amount of sound, and is proportional to the number, power, 

and duration of sound sources. Because sound exposure is proportional to average energy density, the 

source contributing the highest average amount of energy to the sound field in each frequency band 

also contributes the largest sound exposure in that band. Thus, a source ranking from highest to lowest 

sound energy (in joules) facilitates appropriate mitigation measures by targeting those sources that 
make the largest contribution to the exposure. In principle, one can calculate the mean-square sound 

pressure (and hence the sound energy density, in joules per cubic metre) everywhere, integrate the 

energy density, and generate an energy budget (Sertlek et al., 2019). While effective, this process is 

computationally intensive. A more efficient approach is to estimate the total amount of energy, which 

in deep water varies with sea surface temperature and the seawater absorption coefficient (Ainslie et 

al., 2021), directly, by summing all acoustic energy contributions. In this paper, we consider the energy 

balance between three specific source types: ships, wind, and baleen whales. The time evolution of the 

global soundscape for these three sources is assessed by comparing hindcast energy budgets for 1965 

and 2000 and a nowcast for 2020 with corresponding measured spectra (Andrew et al., 2011; Robinson 

et al., 2020). 

Ainslie MA et al (2021) Temperature-driven seasonal and longer term changes in spatially averaged deep ocean 

ambient sound at frequencies 63–125 Hz. J Acoust Soc Am 149(4): 2531-2545  

Andrew RK et al (2011) Long-time trends in ship traffic noise for four sites off the North American West Coast. 

J Acoust Soc Am 129(2):642-651  

Robinson SP et al (2021). Investigation of trends in ocean noise … CTBTO SnT2021. 

https://tinyurl.com/ctbto2021 Sertlek HÖ et al (2019) Source specific sound mapping: Spatial, temporal 

and spectral distribution of sound in the Dutch North Sea. Env Poll 247:1143-1157 
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WHAT ARE THE EFFECTS OF IMPULSIVE VIBRATION ON SEDIMENT 

STRUCTURE AND INFAUNAL INVERTEBRATES? 

 Sophie Al-Mudallal*1; Krysia Mazik2; Thomas Breithaupt3 
1University of Hull, United Kingdom, s.i.al-mudallal-2015@hull.ac.uk; 2University of Hull, United 

Kingdom, kmazik@hull.ac.uk; 3University of Hull, United Kingdom, tbreithaupt@hull.ac.uk 

 

High levels of noise and vibration are generated during the construction and operation of offshore wind 

turbines (Bailey et al., 2014). With the expanding offshore wind industry any resultant environmental 

impacts of this must be understood. Currently, research is lacking regarding the impacts of offshore 

wind vibration on infaunal invertebrates that live within the sediment. This study explores the 

installation phase and impulsive vibrations (repeated bursts of high frequency acoustical energy) that 

are radiated from each turbine site during pile driving which has the potential to impact infaunal 

invertebrates within the area (Amaral et al., 2020). We will assess the sensitivity of infaunal 

invertebrates; Hediste diversicolor and Arenicola marina, to vibration as well as if changes occur in 

sediment structure (compaction or liquefaction), an important factor in behaviour of infauna (sediment 

structure dictates movement and distribution of animals in the field). The aims of the study are to 

determine whether infaunal invertebrates and the surrounding sediment are impacted by impulsive 

vibration through laboratory observations. Results from the study will indicate wider implications in 

the environment due to changes in ecologically important infauna (Scaps, 2002). 

 

Primary studies used a laboratory-based pile driver to create impulsive vibration scenarios. Different 

sediment types were used first to investigate physical impacts of vibration on sediment structure prior 

to the introduction of organisms. Artificial burrows were created in the sediment and exposed to 

different vibration scenarios across a table surface to observe sediment structure and integrity of the 

burrows. At an amplitude of 8.095 ms
-2
 and a frequency of 500 Hz, the artificial burrows showed signs 

of deterioration. 

 

Using the previous vibration scenarios, Hediste diversicolor were observed in a small amount of 

sediment during vibration exposure to study behavioural changes. H. diversicolor showed initial 

reduction of movement followed by movement directed to the container sides after 15-25 minutes. 

Organisms were then placed on the sediment surface while exposed to vibration to observe burrowing 

activity. An increase of time taken to burrow was observed during the threshold amplitude of 9.135 ms
-

2
 and 500 Hz. 

 

These primary data indicate impulsive vibrations impact sediment structure and the behaviour of H. 

diversicolor. This study will inform on vibration impacts on infaunal organisms in an industrial context 

and improve future vibration impact assessments with further research. 

 
Amaral J.L, Miller J.H, Potty G.R, Vigness-Raposa K.J, Frankel A.S, Lin Y.T, Newhall A.E, Wilkes D.R and 

Gavrilov A.N, (2020) Characterization of impact pile driving signals during installation of offshore wind 

turbine foundations. The Journal of the Acoustical Society of America 147(4):2323-2333  

Bailey H, Brookes K.L and Thompson P.M (2014) Assessing environmental impacts of offshore wind farms: 

lessons learned and recommendations for the future. Aquatic biosystems 10(1):1-13  

Scaps P (2002) A review of the biology, ecology and potential use of the common ragworm Hediste diversicolor 

(O.F. Müller) (Annelida: Polychaeta). Hydrobiologia 470:203–218 
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IN-AIR AND UNDERWATER HEARING IN THE COMMON MURRE (Uria aalge) 

 Kirstin Anderson Hansen*1; Kasper Fjordside2; Magnus Wahlberg3; Aran Mooney4 
1University of Southern Denmark, Denmark, kirstinhansen@biology.sdu.dk; 2University of Southern 

Denmark, Denmark, fjordside@biology.sdu.dk; 3University of Southern Denmark, Denmark, 

Magnus@biology.sdu.dk; 4Woods Hole Oceanographic Institute, MA, United States, amooney@whoi.edu 

Very little is known about the in-air and underwater hearing abilities of marine birds, the most imperiled 

group of avia. This paucity of data precludes our understanding of noise impacts and limits our abilities 

to enact informed mitigation efforts. To date, only the great cormorant, Phalacrocorax carbo 
sinensis, auditory capabilities have been investigated in detail (Maxwell et ale., 2016; Hansen et al., 

2017; Larsen et al., 2017). To be able to determine the effects of underwater noise on other marine 

birds, requires a better understanding of their hearing abilities and sound sensitivities. 

  

Here we present the results of an examination addressing the in-air and underwater hearing in the 

common murre (Uria aalge) using psychophysical methods. This deep-diving marine bird is well 

known for its highly specialized aquatic adaptations. Underwater hearing thresholds were measured 

with a female murre. Hearing was measured at 1, 2, and 4 kHz using go/no-go testing paradigm. 

Thresholds were most sensitive at 2 kHz at 25 dB. Underwater hearing abilities of a male common 

murre were also measured using psychophysical methods, using a yes/no testing paradigm. The 

behavioral data collected are vital for addressing sound sensitivity. The results indicate that common 

murres, a deep diving seabird, hear reasonably well both in-air and underwater, underscoring the 

potential of being affected by underwater noise and thus consequent concern for acoustic disturbances. 

Hansen, K. A., Maxwell, A., Siebert, U., Larsen, O. N., & Wahlberg, M. (2017). Great cormorants 

(Phalacrocorax carbo) can detect auditory cues while diving. The Science of Nature, 104(5), 1-7.  

Larsen, O. N., Wahlberg, M., & Christensen-Dalsgaard, J. (2020). Amphibious hearing in a diving bird, the 

great cormorant (Phalacrocorax carbo sinensis). Journal of Experimental Biology, 223(6), jeb217265. 

Maxwell, A., Hansen, K. A., Ortiz, S. T., Larsen, O. N., Siebert, U., & Wahlberg, M. (2017). In-air hearing of 

the great cormorant (Phalacrocorax carbo). Biology Open, 6(4), 496-502.  
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MEASURED UNDERWATER RADIATED NOISE FROM LEISURE BOATS USING 

AN INTERIM MEASUREMENT GUIDE 

 Mathias Andersson*1; Emilia Lalander2; Peter Sigray3; Mikael Svedendahl4; Martin Östberg5 
1FOI - Swedish Defence Research Agency, Sweden, mathias.andersson@foi.se; 2FOI Swedish Defence 

Research Agency, Sweden, Emilia.lalander@foi.se; 3KTH Royal Institute of Technology, Sweden, 

sigray@kth.se; 4FOI Swedish Defence Research Agency, Sweden, Mikael.svedendahl@foi.se;   
5FOI Swedish Defence Research Agency, Sweden, martin.ostberg@foi.se 

 

Leisure boats are common in archipelagos which often are areas with high ecological values. However, 

the noise characteristics from leisure boats are not very well known and there are few measurements of 

underwater radiated noise (URN) and source level estimations, contrary to commercial ships. Obtaining 

information on source level is a first step to drawing any conclusions on possible environmental impact 

and, at a later stage, recommend mitigation measures. 

  

This study developed a methodology for URN measurements and source level estimations of leisure 

boats, based on a methodology/standard by Bureau Veritas (2018). Field trials were performed where 

the source level from three leisure boats was calculated by combining the GPS position of the boats and 

the sound data of a hydrophone system. The three boats constitute a set with different engine, propeller 

and fuel types, including one electric motor. Several parameters were varied such as vessel speed, 

hydrophone measurement depth, direction relative to the hydrophone and distance of closest point of 

approach (CPA) to study their effect on the calculated source level. Transmission loss was accounted 

for both by using simple formulas and by transmission loss measurements using a towed reference 

source. 

  
Good signal-to-noise ratios were achieved in boat runs with CPA between 100 and 300 m. Furthermore, 

the URN mainly depended on the speed of the boats. The measurement depth of the hydrophones was 

important, partly due to the sound velocity profile at the time, but also since shallow hydrophones were 

more sensitive to unwanted noise from near the water surface. In contrast, the directionality of the 

radiated noise from the boats was relatively small. 

  

The URN of all boats showed clear tones, identified as the rotational frequencies of the engines and 

propellers, and their respective overtones. Finally, we found over-all that the electric boat was quieter 

than the other boats, especially for frequencies below 500 Hz and at low speeds. 

 
Bureau Veritas (2018) Bureau Veritas Underwater Radiated Noise (URN ) Bur Verit Rule Note NR 614 DT 

R00 E Paris la Défense Cedex Vol 33. 
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REAL TIME MONITORING OF UNDERWATER RADIATED NOISE LEVELS 

FROM SHIPS USING A CABLED HYDROPONE SYSTEM IN SHALLOW WATER 

Mathias Andersson*1; Emma Alenius2; Emilia Lalander3; Markus Linné4; Robin Larsson Nordström5; 

Mikael Svedendahl6 
1FOI - Swedish Defence Research Agency, Sweden, mathias.andersson@foi.se; 2FOI Swedish Defence 

Research Agency, Sweden, emma.alenius@foi.se; 3FOI Swedish Defence Research Agency, Sweden, 

Emilia.lalander@foi.se; 4FOI Swedish Defence Research Agency, Sweden, markus.linne@foi.se;  
5FOI Swedish Defence Research Agency, Sweden, robin.larsson.nordstrom@foi.se; 6FOI Swedish Defence 

Research Agency, Sweden, Mikael.svedendahl@foi.se 

 

Measurements of underwater radiated noise level from commercial ships are used to improve source 

level models and inform ship owners and yards of the ships underwater noise footprint. Measurements 

can be done in dedicated campaigns with the ship passing in a predefined test course or, as done here, 

by opportunistic measurements, see for example Hanney et al. 2016. For both kind of measurements, 

the estimation of transmission loss from the ship to the measurement position is one of the major factors 

of uncertainty. 

  

A cabled underwater hydrophone system was deployed outside Gothenburg harbour in 2021 on the 

west coast of Sweden to record passing commercial ships’ underwater radiated noise (URN). The 
station is part of the monitoring program set up by the EU Interreg project Jomopans. The system has 

a sub-sea unit situated at 42 m depth with two hydrophones 1.5 m above the bottom. A two kilometre 

hybrid fiberoptic cable connects the sub-sea unit with a data recording and analysis system on land. The 

system is remotely operated via a 4G modem. 

   

Undisturbed passages of ships were detected with an algorithm using AIS data, and suitable time 

periods selected based on the closest point of approach (maximum 500 m) as well as the distance to 

other ships. Data from the hydrophones were processed to calculate the URN of the ships, based on the 

guideline from Bureau Veritas (2018). The guideline treats the ships as omnidirectional sources, i.e. the 

SPLs measured in different directions from a ship are averaged to form the final URN levels. 

Transmission loss was accounted for by transmission loss measurements using a towed reference 

source. Files are stored automatically containing AIS-data on the ships’ characteristics, measured noise 

level and the corrected source level estimated to one meter. 

  

More than 100 passing ships URN level were recorded, automatically processed and passed the quality 

control. These ships came from various ship categories such as cargo, tankers, pilots, passenger and 

tugs. Cargo and tankers show good correspondence with the ECHO-JOMOPANS model described in 

MacGillivray and de Jong (2021) for the frequency interval 30 Hz-20 kHz.  

 

Bureau Veritas (2018) Bureau Veritas Underwater Radiated Noise (URN ) Bur Verit Rule Note NR 614 DT 

R00 E Paris la Défense Cedex Vol 33.  

Hannay DE, Mouy X, Li Z 2016 An Automated Real-Time Vessel Sound Measurement System for Calculating 

Monopole Source Levels Using a Modified Version of ANSI/ASA S12.64-2009. Can Acoust 44: 166–167.  

MacGillivray A, de Jong CA 2021 Reference Spectrum Model for Estimating Source Levels of Marine 

Shipping Based on Automated Identification System Data. J Mar Sci Eng 9: 369. 

https://doi.org/10.3390/jmse9040369. 
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MEASURING THE SOURCE LEVELS OF MOBILE OFFSHORE DRILLING 

UNITS 

 Melanie Austin*1; Bruce Martin2; Craig McPherson3; Zizheng Li4 
1JASCO Applied Sciences, BC, Canada, melanie.austin@jasco.com; 2JASCO Applied Sciences, NS, 

Canada, bruce.martin@jasco.com; 3JASCO Applied Sciences, QLD, Australia, 

craig.mcpherson@jasco.com; 4JASCO Applied Sciences, BC, Canada, zizheng.li@jasco.com 

 

Mobile offshore drilling units (MODUs) are used to drill offshore oil and gas wells. For deep water 

operations, there are two common forms: semi-submersible rigs and drill ships. In waters greater than 

~200 m the MODUs typically hold position over the wells using dynamic positioning thrusters (DP), 

however, in shallower conditions they are more likely to be anchored. MODU’s are always 

accompanied by support vessels on standby, with additional vessels conducting resupply operations 

during the drilling campaign. The vessels on standby are typically within a few kilometers of the MODU 

and utilize operationally relevant power levels, ranging from idle to DP; when vessels are within 500 

m of the MODU, they are always under DP. 

 

Depending upon if the well is exploration or development, and the depth of the well, drilling operations 

typically take 1–4 months per well. Over the past several years JASCO has made measurements of 

MODU drilling operations by the semi-submersibles West Aquarius, West Hercules while on DP as 

well as the Ocean Onyx and Polar Pioneer while moored. Measurements were made of the drillships 

Stena Forth and Stena IceMax while on DP as well as the Noble Discoverer and Kulluk while moored 

(Austin et al., 2018). The measurements were performed in response to regulators requesting 

verification of the vessel source levels which are key to estimating the distances where the sounds are 

expected to either injure or disturb marine life. The signatures of  

moored platforms featured tones from different types of rotating machinery. When platforms or support 

vessels were holding station using DP, the tonal signatures were obscured by the DP thruster noise. The 

broadband (10–32000 Hz) source level of the moored platforms were 168–180 dB re 1 µPa², while 

those for DP platforms were 173–191 dB re 1 µPa². The DP sound levels were strongly dependent on 

wind speeds and wave conditions which affect DP thruster force, along with the type of thrusters 

installed on the MODU (including if they are fixed or controllable pitch units). A feature of the DP 

platforms that was present in all four cases were the sounds from ultra-short baseline (USBL) beacons 

at 25–27 kHz. For moored platforms sound levels decreased with drilling depth: this may depend upon 
the site-specific geology and drilling operations. These measurements were possible thanks to the 

cooperation between the drilling operators, project sponsors, and the acoustics team. 

Austin ME, Hannay DE, Broker KC (2018) Acoustic characterization of exploration drilling in the Chukchi and 

Beaufort seas. Journal of the Acoustic Society of America 144:115-123 
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IMPACTS OF PILE-DRIVING NOISE ON FEEDING BEHAVIORS OF BLACK SEA 

BASS (Centropristis striata) 

 Kela Bakari*1; Youenn Jézéquel2; Seth F. Cones3; Sophie Ferguson4; T. Aran Mooney5 
1MIT-WHOI Joint Program in Oceanography/Applied Ocean Science & Engineering, Massachusetts, 

United States, kbakari@mit.edu; 2Woods Hole Oceanographic Institution, Massachusetts, United States, 

yjezequel@whoi.edu; 3MIT-WHOI Joint Program in Oceanography/Applied Ocean Science & 

Engineering, Massachusetts, United States, scones@whoi.edu; 4Woods Hole Oceanographic Institution, 

Massachusetts, United States, sophieferguson1899@gmail.com; 5Woods Hole Oceanographic Institution, 

Massachusetts, United States, amooney@whoi.edu 

Anthropogenic noise is a pollutant of increasing concern due to the diversity of its potential impacts 

on marine life. High-amplitude industrial activities, such as pile-driving and seismic airgun surveys, 

are prominent sources of noise pollution in the marine environment, and have been a cause for 

growing concern amongst fisheries. The black sea bass Centropristis striata is an important market 

species for Northeast Atlantic fisheries, and there is substantial worry among fishery managers and 

researchers that the pile-driving activities which accompany offshore wind farm construction in the 

North Atlantic may impact black sea bass behavior.  

Here, we quantified the behaviors of juvenile black sea bass (BSB) and adult scup which were 

opportunistically enclosed at multiple distances away from a series of in situ pile-driving events, 

providing a before-and-after gradient design. We assessed potential responses and response rates as a 

result of pile-driving-induced noise with respect to both distance and time. Both sound pressure and 

particle acceleration were quantified at the locations of the BSB cages. Received sound levels of the 

impact hammer at the two study sites were as follows: Site 1: particle acceleration levels = 94–102 dB 

re 1 µm s
-1

; Site 2: particle acceleration levels = 83 dB re 1 µm s
-1

; SPLs = 163 dB re 1 µPa.  

Preliminary results indicate that juvenile black sea bass exhibit startle responses at the onset of pile-

driving but slowly acclimate as the impulse noise persists within a given day. However, this pattern 

(startle-then-habituate) was notable on repeated pile driving days, suggesting that habituation may be 

short-lived. These results provide insight as to how juvenile fish such as BSB, as well as other 

members of the local fish community, comparatively respond to sudden anthropogenic noise. 
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A PRELIMINARY INVESTIGATION OF CONTINUOUS UNDERWATER NOISE 

LEVELS IN MALTESE COASTAL WATERS 

 Sara Baldwin*1; Adam Gauci2; Alan Deidun3 
1University of Malta, Malta, sara.baldwin.09@um.edu.mt; 2University of Malta, Malta, 

adam.gauci@um.edu.mt; 3University of Malta, Malta, alan.deidun@um.edu.mt 

 

Anthropogenic underwater noise has gained recognition as a major global pollutant and a stressor for 

marine biodiversity. A significant source of continuous underwater noise is marine traffic, as 

commercial ships routinely cross international boundaries, generating noise with significant and 

widespread effects. Maritime transport is the backbone of international trade and the global economy. 

So much so that the UNCTAD estimates that around 80 per cent of global trade by volume and over 70 

per cent of global trade by value are carried by sea and are handled by ports worldwide. 

 

On a European level, underwater noise is one of the indicators adopted to define “Good Environmental 

Status” introduced in the Marine Strategy Framework Directive (MSFD) 2008/56/EC. Descriptor 11 of 

the MSFD requires that “energy, including underwater noise, is at levels that do not adversely affect 

the marine environment”. In Malta, there are very sparse data on the occurrence and intensity levels of 

anthropogenic noise and its impacts on the marine environment. The Maltese archipelago lies in a 

strategic location in the center of the Mediterranean Sea. Its position is at confluence of major maritime 

shipping routes and is a center for Mediterranean commerce. The maritime activity centers mainly 

around two main Maltese ports, Valletta and Marsaxlokk, making the waters around these ports 

especially busy. 

 

The goal of this study is to provide baseline knowledge of the current underwater soundscape 

contribution from anthropogenic long-term, continuous noise within the territorial waters of the Maltese 

islands. Underwater noise just outside Valletta port area was recorded for 53 days in the busy summer 

period of 2020, from 28
th
 June till 11

th
 August. Underwater sound measurements were taken through a 

SoundTrap 300 STD hydrophone moored at 35°54'20.0"N 14°31'23.9"E, at a depth of 35m. The 

hydrophone was set to continuously save audio for five minutes every 15 minutes at a sampling 

frequency of 96 kHz. For this analysis, the dBWav 1.3.4 software was used. The Power Spectral Density 

(PSD) of each file was computed using 8192 FFT points, and by using a Hamming window with an 

overlap of 30%. The strongest spectral signatures were then correlated to AIS data to determine the 

corresponding type of vessel. Apart from providing a baseline to sound levels in Maltese waters, this 

study also helped to identify potential shipping noise mitigation strategies in the corresponding waters. 
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NATURAL UNDERWATER SOUNDSCAPES: CAN AMBIENT ENVIRONMENTAL 

SOUNDS OF AQUATIC HABITATS PROVIDE INSIGHT INTO THE 

SUSCEPTIBILITY OF FISH TO ANTHROPOGENIC NOISE? 

Sujay Balebail*1; Joseph Sisneros2 
1University of Washington, Washington, United States, sujayb@uw.edu; 2University of Washington, WA, 

United States, sisneros@uw.edu 

 

Fish are commercially important as a food resource, but they are also important for the maintenance 

and health of aquatic ecosystems. Anthropogenic noise from human activities such as shipping, 

traffic, oil and gas exploration, and underwater mapping has increased steadily in aquatic habitats 

across the world (Frisk 2012). Recent research revealed that anthropogenic noise can induce stress, 

affect foraging and parental behavior, and diminish hearing abilities in fishes, which collectively can 

impact their long-term survival and reproduction (Putland et al. 2019). In addition to anthropogenic 

noise, aquatic habitats also contain ambient environmental sounds from natural sources that include 

weather events (e.g., rainfall and thunder), waterfalls, crashing waves near the water surface or 

shoreline, underwater seismic activity, and the bioacoustics sounds of animals (Hildebrand 2009). It is 

likely that fishes have evolved both behavioral and physiological adaptations that enable them to 

detect and discriminate biologically relevant signals in the presence of ambient environmental sounds. 

Yet, studies that elucidate these adaptations of fishes to natural sounds are few, with a majority of the 

studies focusing on how natural ambient sounds affect fish hearing (Ladich 2013). In this paper, we 

summarize the major sources of environmental sounds in both freshwater and marine ecosystems of 

fishes. We discuss information gaps in our understanding of the behavioral and physiological 

adaptations of fishes to ambient environmental sounds and suggest directions for future research. We 

also discuss how this knowledge may provide insight into which fishes may be more resilient to 

certain types of anthropogenic noise and could help identify species at higher risk. Such information 

could prove valuable for developing conservation strategies. 

Frisk G (2012) Noiseonomics: The relationship between ambient noise levels in the sea and global economic 

trends. Sci Rep 2:437. https://doi.org/10.1038/srep00437  

Hildebrand J (2009) Anthropogenic and natural sources of ambient noise in the ocean. Mar Ecol Prog Ser 

395:5–20. https://doi.org/10.3354/meps08353  

Ladich F (2013) Effects of Noise on Sound Detection and Acoustic Communication in Fishes. In: Brumm H 

(ed) Animal Communication and Noise. Springer Berlin Heidelberg, Berlin, Heidelberg, pp 65–90 

Putland RL, Montgomery JC, Radford CA (2019) Ecology of fish hearing. J Fish Biol 95:39–52. 

https://doi.org/10.1111/jfb.13867 
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zIMPACT OF MID-FREQUENCY ACTIVE SONAR ON BEAKED WHALES 

DOCUMENTED BY PASSIVE ACOUSTIC MONITORING 

Simone Baumann-Pickering*1; Alba Solsona Berga2; Jennifer S. Trickey3; Liam Mueller-Brennan4; 

Charles M. Paxton5; Danielle M. Cholewiak6; Annamaria DeAngelis7; Len Thomas8; John A. 

Hildebrand9; Marie A. Roch10; Sofie Van Parijs11; Ana Širović12 
1Scripps Institution of Oceanography, UC San Diego, California, United States, sbaumann@ucsd.edu;  
2Scripps Institution of Oceanography, UC San Diego, CA, United States, asolsonaberga@ucsd.edu; 
3Scripps Institution of Oceanography, UC San Diego, CA, United States, jtrickey@ucsd.edu;  
4Oregon State University, OR, United States, liam.muellerbrennan@oregonstate.edu; 5CREEM, University 

of St. Andrews, United Kingdom, cgp2@st-andrews.ac.uk; 6Northeast Fisheries Science Center, NOAA, 

MA, United States, danielle.cholewiak@noaa.gov; 7Northeast Fisheries Science Center, NOAA, MA, 

United States, annamaria.deangelis@noaa.gov; 8CREEM, University of St. Andrews, United Kingdom, 

len.thomas@st-andrews.ac.uk, 9Scripps Institution of Oceanography, UC San Diego, CA, United States, 

jahildebrand@ucsd.edu; 10Dept. of Computer Science, San Diego State University, CA, United States, 

mroch@sdsu.edu; 11Northeast Fisheries Science Center, NOAA, MA, United States, 

sofie.vanparijs@noaa.gov; 12Dept. of Biology, Norwegian University of Science and Technology (NTNU), 

Norway, ana.sirovic@ntnu.no 

 

The potential for mid-frequency active sonar (MFAS) to disrupt activities of marine mammals has 

received close attention on the international level since several mass stranding events have coincided 

with the use of MFAS (Filadelfo et al., 2009). Behavioral response studies of tagged whales have 

documented an adverse reaction to MFAS (e.g., DeRuiter et al., 2013; Falcone et al., 2017). Long-term 

analyses provide opportunities to document how animals respond to temporal changes under noisy 

conditions within a given area and over time. Here we examine whether Cuvier’s (Ziphius cavirostris) 

and Gervais’ beaked whales (Mesoplodon europaeus) change their behavior and presence with sonar 

operations within two US offshore regions in two ocean basins. We focused on Cuvier’s beaked whales 

offshore of Southern California in the Pacific, and both species off of Cape Hatteras in the Atlantic. We 

investigated the differences in the probability that sonar exposure at a particular decibel level and 

timescale will result in behavioral disturbances. And we examined whether differences exist between 

Cuvier's and Gervais' beaked whales regarding their behavioral response and presence during sonar 

operations offshore of Cape Hatteras. Generalized Estimating Equation (GEE) models showed 

considerable inter-annual variability, seasonality, and site-specific diel patterns for both species. In both 

regions, whales had a higher presence with increasing time since cessation of sonar use and a lower 

presence with increasing peak-to-peak received levels (RLs) of sonar. Response was notable at much 

lower MFAS RLs in the Atlantic, possibly due to lack of habituation in a region with lower sonar 

exposure. This work represents substantial progress, based on multi-year time series at these sites, in 

our understanding of the impact of MFAS on two different beaked whale species and across ocean 

basins. Response of Gervais’ beaked whales to MFAS is documented for the first time. This type of 

long-term impact evaluation is crucial for ensuring observation of population-level trends and for 

effective context-dependent management of anthropogenic activities. 

DeRuiter SL, Southall BL, Calambokidis J, Zimmer WMX, Sadykova D, Falcone EA, Friedlaender AS, Joseph 

JE, Moretti D, Schorr GS, Thomas L, Tyack PL (2013) First direct measurements of behavioural responses 

by Cuvier's beaked whales to mid-frequency active sonar. Biol Lett 9 (4):1-5. doi:10.1098/rsbl.2013.0223  

Falcone EA, Schorr GS, Watwood SL, DeRuiter SL, Zerbini AN, Andrews RD, Morrissey RP, Moretti DJ 

(2017) Diving behaviour of Cuvier's beaked whales exposed to two types of military sonar. Royal Society 

Open Science 4 (8). doi:10.1098/rsos.170629  

Filadelfo R, Mintz J, Michlovich E, D’Amico A, Tyack PL, Ketten DR (2009) Correlating military sonar use 

with beaked whale mass strandings: what do the historical data show? Aquat Mamm 35:435–444. 

doi:10.1578/AM.35.4.2009.435 
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UNDERWATER NOISE DURING PERCUSSIVE PILE DRIVING: INFLUENCING 

FACTORS ON PILE-DRIVING NOISE AND TECHNICAL POSSIBILITIES TO 

COMPLY WITH NOISE MITIGATION VALUES (ERA REPORT)  

 Michael Bellmann*1; Torben Wendt2; Adrian May3; Stephan Gerlach4; Patrick Remmers5 
1ITAP - Institut für technische und angewandte Physik GmbH, Niedersachsen, Germany, 

bellmann@itap.de; 2ITAP; wendt@itap.de; 3ITAP; may@itap.de; 4ITAP; gerlach@itap.de,  
5ITAP; p.remmers@itap.de 

 

The installation of renewable energy sources offshore is growing fast in Europe, also in Germany, 

forced by the energy turnaround after 2011. However, the demand for renewable energies has to go 

hand in hand with the awareness of sustainability issues, especially the conservation of nature and 

marine ecosystems. Besides other ecological topics, the underwater noise emissions have moved into 

focus due to the fact that most foundations are installed by using the impact pile-driving method. This 

installation method leads to enormous acoustic emissions (pile-driving noise), which are potentially 

harmful to marine life. For nature conservation purposes, it is therefore necessary to reduce underwater 

noise levels, when harm to marine life is anticipated. 

 

Currently, 23 Offshore Wind Farms (OWF) in Germany are in operation as well as many Offshore 

Supply Stations, converter platforms are also installed in the German EEZ of the Baltic- and North Sea. 

The BSH developed a technical specialist information system for underwater noise (MarinEARS – 

Marine Explorer and Registry of Sound
1
), which contains post-processed underwater noise 

measurement data and many relevant meta data of more than 2,000 pile installations with and without 

the application of noise abatement systems (NAS) for complying with the German thresholds. Based 

on the MarinEARS data base, an OWF overlapping analysis regarding the most influencing factors on 
impact pile-driving noise was conducted within a research- and development project funded by the 

German government (BMU) on behalf of the BSH (Bellmann et al., 2020). This study points out, that 

the emitted pile-driving noise is on the one hand highly influenced by site-specific variables as well as 

by project-specific and source-related variables. Furthermore, the effect and the limits of applied NAS 

and noise mitigation systems (NMS) was investigated. Since 2014 three technical noise abatement 

systems could evolve as state-of-the-art systems, leading to reliable compliance with the German 

thresholds for monopile diameters up to 8.1 m and pin-piles up to 4 m in water depths of up 40 m. The 

main influencing factors for complying with the German thresholds seems to be the performance of the 

applied NAS, which are partly limited by some site characteristics and environmental variables as well 

as project characteristics itself. This presentation will highlight the most relevant results of this study 

regarding impact pile-driving noise as well as application of NAS and NMS. The knowledge will help 

within the planning phase for upcoming OWF projects to avoid unwanted high source levels. 

Bellmann M. A., Brinkmann J., May A., Wendt T., Gerlach S. & Remmers P. (2020) Underwater noise during 

the impulse pile-driving procedure: Influencing factors on pile-driving noise and technical possibilities to 

comply with noise mitigation values. Supported by the Federal Ministry for the Environment, Nature 

Conservation and Nuclear Safety (Bundesministerium für Umwelt, Naturschutz und nukleare Sicherheit 

(BMU)), FKZ UM16 881500. Commissioned and managed by the Federal Maritime and Hydrographic 

Agency (Bundesamt für Seeschifffahrt und Hydrographie (BSH)), Order No. 10036866. Edited by the itap 

GmbH. https://www.itap.de/media/experience_report_underwater_era-report.pdf 
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EVALUATING EFFECTS OF WINDFARM CONSTRUCTION ON PORPOISES: A 

MODEL-BASED APPROACH 

Steven Benjamins*1; Nienke van Geel2; Brett Marmo3; Jacob Nabe-Nielsen4; Anja Wittich5; Denise 

Risch6; Darren Jameson7; Victoria Todd8; Ben Wilson9 

1Scottish Association for Marine Science, United Kingdom, Steven.Benjamins@sams.ac.uk,  
2Scottish Association for Marine Science, United Kingdom, Nienke.vanGeel@sams.ac.uk,  
3Xi Engineering Consultants, United Kingdom, BrettMarmo@xiengineering.com; 4Aarhus University, 

Denmark, jnn@bios.au.dk; 5Scottish Association for Marine Science, United Kingdom, 

Anja.Wittich@sams-enterprise.com; 6Scottish Association for Marine Science, United Kingdom, 

Denise.Risch@sams.ac.uk; 7ScottishPower Renewables, United Kingdom; 

Darren.Jameson@ScottishPower.com; 8Ocean Science Consulting, United Kingdom, vt@osc.co.uk,  
9Scottish Association for Marine Science, United Kingdom, Ben.Wilson@sams.ac.uk  

To combat impacts of climate change, offshore windfarm construction is accelerating in many parts of 

Europe, raising concerns about construction-associated noise impacts on acoustically sensitive species 

such as the harbour porpoise (Phocoena phocoena). This work investigated potential impacts from the 

construction of ScottishPower Renewables’ East Anglia ONE (EA1) offshore windfarm, located off 

southeast England, on the North Sea harbour porpoise Management Unit (MU) using iPCoD and 

DEPONS population impact modelling frameworks. Both models were parameterised using project-

specific input values derived from sound propagation modelling (calibrated by means of empirical 

broadband recordings) and passive acoustic monitoring of porpoises (C-PODs) collected at the EA1 

development site before, during, and after construction. To evaluate model sensitivity to parameter 

uncertainty, multiple iPCoD and DEPONS scenarios were considered, using different values across 

several parameters, and modelling over different spatial scales. 

 

Analysis of porpoise detection data in the presence and absence of construction activity revealed clear 

negative local effects of pin-piling, with an overall decrease in porpoise detections out to 14.0 km from 

the piling locations. At this distance, the predicted frequency-weighted (for high-frequency cetaceans) 

received level was 103.0 dB re 1 μPa
2
s SEL. 

Results of the simulations undertaken here revealed that neither iPCoD nor DEPONS model predicted 

long-term population-level impacts in response to pin-piling activities at EA1. There was no indication 

that population size would decline, and no differences were apparent between simulated unimpacted 

reference populations and impacted populations when subjected to multiple scenarios representing both 

uncertainty in parameter input values and uncertainty in model sensitivity to these input values. 

Based on these outcomes, and ignoring all other pressures that may affect population dynamics (e.g. 

bycatch), it appears likely that a population-level impact of a single windfarm development cannot be 
demonstrated with either of these modelling approaches. This is largely due to the discrepancy in scale 

between localised and relatively short-term impact of an individual development and the large and 

wide-ranging North Sea harbour porpoise MU. 

Offshore construction activity co-occurs with other pressures, and cumulative impact assessments are 

recommended to obtain a more realistic understanding of population-level impacts. There is a risk that 

ignoring other co-occurring pressures may result in an incomplete picture of simulated long-term 

population trajectories that should be considered carefully if these models are to be used more widely 

in environmental impact assessments. 
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OFFSHORE WIND FARM OPERATIONAL NOISE 

 Klaus Betke*1; Michael Bellmann2 
1ITAP - Institut für technische und angewandte Physik GmbH, Germany, betke@itap.de 
2ITAP - Institut für technische und angewandte Physik GmbH, Germany, bellmann@itap.de 

In recent years, the authors have measured the underwater noise radiation of about 25 offshore wind 

farms in the North Sea and the Baltic Sea. Most of these campaigns were part of the process of wind 

farm approvals in German waters. They were performed according to a standardised procedure 

developed by the German Hydrographic Office BSH in 2010. The purpose of this acoustic monitoring 

is to gather information about whether wind turbine noise might affect marine animals. Operating noise 

is much lower than wind turbine construction noise and will hardly cause physical damage to the 

auditory system, but an effect on the fauna might be possible anyhow. In this presentation, 

measurements of turbine noise will be related to the hearing capabilities of marine mammals and fishes. 

 

It was also investigated if this data base could reveal differences in noise radiation for different turbine 

parameters, like monopile vs. jacket foundation, or gearbox vs. gearless drive. A second component of 

wind farm operating noise – and eventually the more significant one – is noise from service vessels. 

The difficulties of how to assess this kind of noise with respect to marine animals will be discussed. 
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AUTOMATED MONITORING TECHNOLOGIES FOR REAL-TIME  

MARINE MAMMAL DETECTION 
 

Carolyn Binder*1; Dugald Thomson2; Bruce Martin3; Katie Kowarski4; Calder Robinson5; Emily 

Maxner6; John Moloney7; Craig Reesor8 
1Defence Research and Development Canada, Nova Scotia, Canada, carolyn.binder@ecn.forces.gc.ca;  
2Defence Research and Development Canada, NS, Canada, dugald.thomson@forces.gc.ca;  
3JASCO Applied Sciences (Canada) Ltd, NS, Canada, bruce.martin@jasco.com; 4JASCO, 

katie.kowarski@jasco.com; 5JASCO, calder.robinson@jasco.com; 6JASCO, emily.maxner@jasco.com 
7JASCO,  john.moloney@jasco.com; 8Defence Construction Canada's Environmental Services, MB, 

Canada, craig.reesor@dcc-cdc.gc.ca 

 

Navies must perform realistic exercises with active sonar to ensure well-trained, combat-ready 

maritime forces; however, the operation of sonar is known to cause harm to marine 

mammals (Frantzis, 1998; Southall et al., 2016). Timely information on marine mammal presence 

in, or near, sonar training areas can be used to minimize the risk of harming these animals.  Defence 

Research and Development Canada (DRDC) has recently been investigating a variety of acoustic 

technologies to facilitate real-time marine mammal monitoring.  A combination of fixed and 

autonomous systems was considered.  Fixed automated monitoring capabilities included a moored 

surface buoy with a volumetric hydrophone, and a network of sub-surface volumetric and vertical 

line arrays. Mobile passive acoustic monitoring systems included an underwater glider with a 

single hydrophone, and an uncrewed surface vehicle with a towed line array.  Each system is 

capable of on-board real-time detection and species-level classification (Kowarski et al., 2020), 

which generate alerts that are telemetered to ship or shore-based command centers.  Alerts may be 

used to alter when or where active sonar training and testing occurs.  Advantages and 

disadvantages of each type of passive monitoring system 

were weighed to provide recommendations on the effectiveness of each system and to assess the 

type of system that is best suited for a particular monitoring requirement.         

Frantzis, A (1998) Does acoustic testing strand whales? Nature 392:29  

Kowarski, KA, Gaudet, BJ, Cole, AJ, Maxner, EE, Turner, SP, Martin, SB, Moloney, JE (2020) Near real-time 

marine mammal monitoring from gliders: practical challenges, system development, and management 

implications. J Acoust Soc Am 148(3): 1215–1230  

Southall, BL, Nowaceck DP, Miller, PJO, Tyack PL (2016) Experimental field studies to measure behavioural 

responses of cetaceans to sonar. Endanger Species Res 31: 293-315  

Thomson, DJM, Binder, CM (2021) Recalibrating the Department of National Defence approach to active sonar 

impact management. J Mar Pol 173:113044 
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MODELL BASED CHARACTERIZATION OF NOISE MITIGATION SYSTEMS FOR 

PROTECTING AQUATIC INVERTEBRATES AND FISHES 

 Tobias Bohne*1; Raimund Rolfes2 
1Leibniz University Hannover - Institute of Structural Analysis, Lower Saxony, Germany, 

t.bohne@isd.uni-hannover.de; 2Leibniz University Hannover - Institute of Structural Analysis, Lower 

Saxony, Germany, r.rolfes@isd.uni-hannover.de 

 

The offshore wind energy represents an important pillar of the futural energy supply. Due to the 

construction and the pile driving in particular, high sound levels occur in the water column. These are 

potentially dangerous for the marine environment. In the last decade, different noise mitigation systems 

have been developed. Following Popper et al. (2022), the use of these systems focus on the protection of 

marine mammals. But there is less information about how effective sound mitigation systems are for 

protecting fishes and aquatic invertebrates, which often live close to the ground and can be sensitive to 

particle motions and substrate vibration. In this work, different noise mitigation systems are model-based 

characterized regarding their capabilitiy to reduce the impact on fishes and aquatic invertebrates due to pile 

driving. At the beginning, an overview of typical noise mitigation systems, e.g. the bubble curtain, and 

their working principles is given. Then, the modelling approach is shortly described. Finally, for a realistic 
test case with noise mitigation system, the sound pressure and particle motions close to the ground and 

substrate vibration are obtained at different distances to the pile and compared with those of a reference 

case without a noise mitigation system. The observed reduction potential is compared to the one, that is 

determined for marine mammals.  
 

Arthur N. Popper, Lyndie Hice-Dunton, Edward Jenkins, Dennis M. Higgs, Justin Krebs, Aran Mooney, Aaron 

Rice, Louise Roberts, Frank Thomsen, Kathy Vigness-Raposa, David Zeddies and Kathryn A. Williams (2022) 

Offshore wind energy development: Research priorities for sound and vibration effects on fishes and aquatic 

invertebrates. The Journal of the Acoustical Society of America 151, 205. doi: 10.1121/10.0009237 
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UNDERSTANDING MODIFIED BEHAVIOR AND MOVEMENT OF OREGON 

SPECIES IN RESPONSE TO SEISMIC SURVEY NOISE  

 Lauren Borland*1; Scott Heppell2; Taylor Chapple3; Kaus Raghukumar4; Sarah Henkel5 

1Oregon State University, Dept. of Integrative Biology, OR, United States, borlandl@oregonstate.edu;  
2Oregon State University, Department of Fisheries, Wildlife, and Conservation, OR, United States, 

scott.heppell@oregonstate.edu; 3Oregon State University, OR, United States 

taylor.chapple@oregonstate.edu; 4Integral Consulting, Inc., CA, United States, kraghukumar@integral-

corp.com; 5Oregon State University, Dept. of Integrative Biology, OR, United States, 
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 While many studies on the effects of anthropogenic noise have focused on marine mammals, fewer 

have investigated how economically and ecologically vital demersal species may respond behaviorally 

to both the pressure and particle motion components of sound. This project assessed the impacts of 

noise from a geophysical seismic survey of the Cascadia Subduction Zone along the Oregon coast on 

the movement and behavior of three fish - lingcod, black rockfish, and China rockfish - and Dungeness 

crab using telemetry data from an in situ tagging effort in the summer of 2021 before, during, and after 

the geophysical seismic survey. Acoustic measurements were obtained using a vector sensor array, the 

NoiseSpotter,® and are presented in Raghukumar et al. To understand short-term behavioral changes 

between species and in response to the changing soundscape, we analyzed instantaneous acceleration 

data (and vertical water column position for black rockfish) with a comparison of means analysis to 

identify abnormal behavior.  

Preliminary results suggest that black rockfish exhibit significant differences in both instantaneous 

acceleration and water column position before the period of human-generated noise as compared to 

during and after. China rockfish showed significant differences in acceleration before survey noise 

compared to during and after, but there was little difference in acceleration values between during noise 

and after. Longer-term impacts on spatial use were analyzed using virtual positioning of each animal to 

calculate the geographic activity center for each animal and subsequent shifts in centroids during and 

after the disturbance were assessed. For black rockfish, 95% kernel density estimates for time periods 

before survey noise are larger than the during and after survey noise periods, while there does not appear 

to be a significant difference in size of black rockfish utilization distributions between periods of noise 

presence compared to after survey noise presence. Hidden Markov models will be used to characterize 

behavior states, and a mixed effects model tested the effect of sound pressure and particle motion levels 

on behavioral movement metrics, taking environmental factors into account.  
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WIDE VARIATION IN SUMMER 2021 VESSEL NOISE LEVELS IN COASTAL 

FISH HABITATS AROUND THE NORTHERN GULF OF MEXICO 

 Kelly S. Boyle*1; T. Erin Cox2; Amanda M. Kirkland3; Bennett H. Price4 
1Department of Biological Sciences, University of New Orleans, LA, United States, ksboyle@uno.edu; 
2Department of Biological Sciences, University of New Orleans, LA, United States, tecox@uno.edu;  
3Department of Biological Sciences, University of New Orleans, LA, United States, amkirkla@uno.edu;  
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 Vessel noise is a growing concern for fishes. Noise can mask calls, impact behavior, increase predation 

risk, produce stress, and cause hearing loss. Fish habitats with human activity are expected to experience 

more vessel noise. Temporal variation presents a challenge for assessing vessel noise among habitats. 

We predicted vessel noise duration, intensity, and occurrence would vary among habitats, which could 

negatively impact associated fish communities. Further, we considered that diel patterns of noise may 

have ramifications for masking fish sounds that are more likely to occur at specific times. 

We used passive acoustic monitoring (6.7-40% duty cycles) from June–September 2021 at four 

northern Gulf of Mexico sites: Rig1, Rig2, GI, and SA. Rig1 and 2 are oil rigs off Terrebonne Bay, 

Louisiana (recorders at 12m). Reef fishes at these rigs are of fisheries importance, e.g., Red Snapper 

(Lutjanus campechanus), and Sheepshead (Archosargus probatocephalus). GI is a shallow estuarine 

boat channel (recorder at 1.7m) in Grand Isle, Louisiana with commercial and recreational vessels and 

has soniferous fishes like Silver Perch (Bairdiella chrysoura), and Spotted Seatrout (Cynoscion 
nebulosus). SA is a navigation channel (recorder at 9m) in St. Andrews Bay, Florida and contains 

estuarine and reef species, including Red Drum (Sciaenops ocellatus) and Gag (Mycteroperca 

microlepis). 

  

We calculated band sound pressure level (0–3kHz) in 15s increments and screened all cases exceeding 

135 dB re: 1μPa to identify intense vessel noise. We report noise events as a percentage (no. cases/total 

files x 100) at each site. Average daily noise events varied 19-fold among sites: GI-0.3%/d, Rig2-

0.9%/d, SA-3.9%/d, and Rig1-5.7%/d. Notably, rig sites had lower noise in early summer (Rig1-1.9%/d 

and Rig2-0.9%/d) that increased 8.7x at Rig1 in September and 40.7x at Rig2 in early October and was 

attributed to service vessels following Hurricane Ida. Noisiest days varied among sites: GI-2.6%/d, SA-

21.9%/d, Rig1-52.1%/d, Rig2-13.5%/d (June-Sept) and 100%/d (October). Most vessel noise (86–99% 

among sites) occurred during diurnal hours (6–20h). 

Species composition and vessel noise variation among sites indicates that species may be impacted 

unequally. Shallow sites, like GI, may have less noise exposure in part from reduced sound propagation 

of low frequencies. Diurnal bias in vessel noise means that sound masking is more likely to occur for 

diurnally active sound producers (e.g., damselfish, Stegastes spp.). Although vessel noise masking is 

less likely for nocturnally chorusing fishes, high incidents of diurnal vessel noise may have adverse 

impacts on sound reception that warrant continued study. 
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ADJUSTMENTS OF SONG UNIT FREQUENCIES AMONG 

HUMPBACK WHALES (Megaptera novaeangliae) 

IN RESPONSE TO SMALL BOAT NOISE 

 
 Astarte Brown*1; Kerri Seger2; Maria Paula Rey-Baquero3; Laura Valentina Huertas-Amaya4 

1UC Santa Cruz, CA, United States, astarteb@ucsc.edu; 2Applied Ocean Sciences, VA, United States, 

kerri.seger@appliedoceansciences.com; 3Pontificia Universidad Javeriana, Colombia, 

rey_m@javeriana.edu.co; 4Pontificia Universidad Javeriana, Colombia, laura.huertas98@gmail.com 

Communication serves a critical role in the social behavior of marine animals. Anthropogenic noise has 

been shown to negatively impact marine animal communication by compromising hearing ability and 

eliciting behavioral changes (Duarte, 2021). Humpback whales, which are known for their complex 

vocal displays (a.k.a song) that are produced most often in breeding grounds, commonly have them 

masked by vessel noise, resulting in the reduction of their communication space. 

  

In the Gulf of Tribugá, a part of the breeding grounds for humpback whale Stock G, the current 

prominent acoustic disturbance is noise from small boats (Rey-Baquero et al., 2021). In this relatively 

pristine soundscape, a marine port construction project was proposed and, if constructed, underwater 

noise would significantly increase, thus diminishing the current low level noise environment. 

  

To monitor the effects of vessel noise on the acoustic behavior of singing whales in this area a Before-

After Control-Impact (BACI) study was implemented. Data were collected at Morro Mico, a small 

island on the Gulf of Tribugá, using an Ecological Acoustic Recorder (EAR) that was placed on anchor 

using SCUBA at 25m depth at high tide. It recorded at a 15.625 kHz sampling rate and recorded for 10-

min at 30-min intervals for a duty cycle of 33.3%. Conducting a BACI study in this low-level noise 

habitat is ideal for assessing the baseline reactivity of humpback whales to small boat noise; that way, 

this baseline can be compared to any changes that occur as the noise levels increase. This study tested 

whether humpback whales in the Gulf of Tribugá changed the frequency content of their song units 

during and after boat noise as compared to before it was present to better understand how they cope 

with an increase in vessel noise if they need to adapt spontaneously.  

When compared to song unit frequencies from before boat noise was present, 38 comparisons found 

the frequencies were significantly different during boat noise 5 times, and after boat noise 4 times. In 

addition, out of 20 comparisons, the overall bandwidth of the song unit frequencies narrowed 11 times, 

broadened 9 times, shifted higher 6 times, and shifted lower 2 times. These results give greater insight 

into how humpback whales are able to alter their song structure during the times they may have been 

responding to small boat noise. This study adds to other research looking into the effects of small vessel 

noise on humpback whales. 

Duarte, Carlos M., et al. "The soundscape of the Anthropocene ocean." Science 371.6529 (2021).  

 Payne, Roger S., and Scott McVay. "Songs of humpback whales." Science 173.3997 (1971): 585-597.  

Rey-Baquero, Maria Paula, et al. "Understanding effects of whale-watching vessel noise on humpback whale 

song in the North Pacific Coast of Colombia with propagation models of masking and acoustic data 

observations." Frontiers in Marine Science (2021).  

Tsujii, Koki, et al. "Change in singing behavior of humpback whales caused by shipping noise." PloS one 13.10 

(2018): e0204112. 
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DO OPERATIONAL WIND TURBINES RADIATE VIBRATIONS THAT ARE 

DETECTABLE BY BENTHIC OR SEDIMENT-DWELLING INVERTEBRATES? 
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Operational turbine vibration occurs as a result of two main sources: internal mechanical noise and 

blade rotation. These sources can either produce airborne or structural borne noise, with the latter 

travelling through the turbine tower and into the surrounding medium, producing substrate vibration. 

Considering the propagation path of vibration (through soil or sediment inhabited by ecologically 

important species) and its operational life (25+ years), it is important to study vibration charac-teristics 

and subsequent impacts on marine (Sigray & Andersson, 2011) and terrestrial life (Velilla et al., 2021). 

In this study, we use onshore turbine measurements due to the scarcity of offshore wind turbine 

measurements and difficulty to measure offshore. We relate our findings to sensitivities of both marine 

and terrestrial life. Calibrated accelerometers were used to measure vibration at an onshore wind farm 

in Yorkshire. Turbine data were provided in 10-minute averages by the turbine operator (ENGIE, UK 

Renewables), including environmental, electrical and control variables. Acceleration was measured at 

multiple wind speeds on the turbine tower, foundation and at a 10m distance in the soil to understand 

vibration propagation. At wind speeds of 4.5, 3.8, and 8.1m/s, we see average accelerations (mms
-2

) of 

36, 13.8, and 12.3 at the turbine tower, these are at peak frequencies of 249Hz and 114Hz. At a 10m 

distance in the soil, frequencies are constant in the range of 43– 46Hz, along with some lower 

frequencies of 34, 22 and 0.5–0.8Hz. Amplitudes here are more than an order of magnitude lower than 

sensitivities of known invertebrates, ranging from 0.211 mms
-2
 to 2.141 mms

-2
. For example, the 

sensitivity of the blue mussel ranges from 60mms 
-2
 – 550mms 

-2
 (Roberts et al., 2015). However, there 

are examples of terrestrial invertebrates who detect acceleration at amplitudes as low as 3.1mms
-2
 

(Cividini et al., 2020), which are within the ranges recorded on the tower but below those measured in 

the soil. There are limited data surrounding sensitivities for both marine and terrestrial invertebrates. 
We suggest that further research is necessary to understand if short or chronic exposure to operational 

turbine noise has an impact on marine or terrestrial invertebrates that inhabit the space on or around the 

turbines. 

 Cividini, S., Sfenthourakis, S. and Montesanto, G. (2020) ‘Are terrestrial isopods able to use stridulation and 

vibrational communication as forms of intra and interspecific signaling and defense strategies as insects 

do? A preliminary study in Armadillo officinalis’, Science of Nature, 107(1). doi: 10.1007/s00114-019-

1656-3.  

Roberts, L. et al. (2015) ‘Sensitivity of the mussel Mytilus edulis to substrate-borne vibration in relation to 

anthropogenically generated noise’, Marine Ecology Progress Series, 538, pp. 185–195. doi: 

10.3354/meps11468.  

Sigray, P. and Andersson, M. H. (2011) ‘Particle motion measured at an operational wind turbine in relation to 

hearing sensitivity in fish’, The Journal of the Acoustical Society of America, 130(1), pp. 200–207. doi: 

10.1121/1.3596464.  

Velilla, E. et al. (2021) ‘Vibrational noise from wind energy-turbines negatively impacts earthworm 

abundance’, Oikos, 130(6), pp. 844–849. doi: 10.1111/oik.08166. 
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POTENTIAL INTEREFERENCE OF COMMUNICATION AND ECHOLOCATION OF 

SOUTHERN RESIDENT KILLER WHALES RESULTING FROM SOUNDSCAPE 

MODIFICATION WITH IMPLICATIONS  

ON FORAGING BEHAVIOURS 

 
 Rianna Burnham*1; Svein Vagle2 

1Department of Fisheries and Oceans Canada, British Columbia, Canada, rianna.burnham@dfo-mpo.gc.ca 
2Department of Fisheries and Oceans Canada, British Columbia, Canada, svein.vagle@dfo-mpo.gc.ca 

The southern resident killer whale (SRKW) population has been listed as Endangered with population 

numbers not exceeding 98 individuals since the mid-1970s. Key threats to population recovery and 

success include prey-depletion and the physical and acoustical disturbance from vessels. 

Critical habitat, used particularly for foraging in the summer months, around southern British Columbia 

and northern Washington State, collectively called the Salish Sea, experiences heavy traffic. 

International shipping lanes traverse this area with recreational boating also common. The passage rate 

of commercial vessels is currently approximately 1 ship/hour, each elevating the sound field, with this 

set to increase in the near future. 

Here we used recordings from passive acoustic moorings and modelling techniques to understand the 

implications of altered soundscapes on SRKW. We first consider the soundscape of the Salish Sea, 

giving special focus to the frequency ranges for SRKW communication (500 Hz–15 kHz) and 

echolocation (15–100 kHz). Impact of both natural, abiotic and anthropogenic noise additions to the 

soundscape were considered, and evaluated for their potential to reduce the ranges over which SRKW 

would be able to send and receive acoustic information. The use of communication and echolocation 

signals are critical to finding and capturing prey, with social calls allowing prey-sharing. Inputs to the 

SRKW-relevant frequency ranges were derived from extrapolation from wind speed measures for the 

abiotic noise, and vessel presence input into a shipping noise model to understand the commercial vessel 

additions. The potential impact was represented as a proportional reduction of communication and 

echolocation extent compared to a theoretical maximum range under ‘minimum ambient’ conditions, 

where the soundscape was void of wind and vessel-derived additions. The impacts were considered 

over hourly to seasonal timescales, and over the different locations the moorings were deployed. The 

potential of altered soundscapes to lessen SKRW group cohesion and foraging success was further 

examined by considering differing ambient noise scenarios, considering changes with sea state, vessel 

load and increased vessel passage, changes in prey size and availability, and depth as the whales dive 

and pursue prey. 
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PAPAM2: AN OPEN SOURCE TOOL FOR THE ANALYSIS AND REPORTING OF 

DIRECTIONAL PARTICLE MOTION 

 James Campbell*1; Sophie Nedelec2 
1Leibniz Institute of Freshwater Ecology and Inland Fisheries, Germany, jamesadamcampbell@gmail.com; 
2College of Life and Environmental Sciences, University of Exeter, United Kingdom, 

S.Nedelec@exeter.ac.uk 

 

Over the past decade, there has been a rising interest in the measurement and analysis of acoustic 

particle motion within marine fish and invertebrate research. Many species depend on particle motion 

for sound source localization which in turn drives important processes such as predator avoidance, mate 

attraction, synchronizing spawning aggregations, finding suitable habitat, etc. Beyond biological 

processes, acoustic particle motion is an important tool for environmental monitoring. Localizing sound 

sources allows for more accurate species abundance surveys and ambient noise measurements may 

serve as an indicator of environmental status due to masking of the aforementioned processes. Despite 

the growing interest in acoustic particle motion and the increasing availability of vector sensors, there 

remains a lack of accessible analytic tools for biologists along with no guidance on how to utilize 

directional data in their research. 

 

Here, an introduction to directional particle motion analysis is given. Additionally, a novel measure is 

presented for describing the quality of the directional information, termed eccentricity. In ideal far-field 

conditions, water particles generally oscillate linearly along the direction of sound propagation. In more 

complex conditions with multiple sound sources or multi-path detections, these water particles will then 

oscillate across two or three dimensions. Eccentricity describes the elliptical shape of these oscillations 

and can be used as an indicator of poor directional data resulting from complex processes. Thus, it has 

utility in robust localization of sound sources and also quantifying “how directional an anthropogenic 

noise source is” for consideration in directional masking contexts. 

 

Lastly, new open source software is introduced, paPAM2, which facilitates the calibration and analysis 

of vector sensor data. Vector sensor data can be reported as directional spectrograms along with 

measures of particle motion eccentricity. Case studies on boat noise and snapping shrimp at a reef are 

presented as examples of how eccentricity can be utilized in directional analysis. The availability of 

open source analysis tools, such as paPAM2, lower the bar of entry for particle motion analysis; and in 

turn, promote more widespread adoption of particle motion reporting by biologists.  
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REVIEW OF MARINE MAMMAL OBSERVER DATASET TO ASSESS MARINE 

MAMMAL RESPONSES TO HIGH RESOLUTION GEOPHYSICAL SURVEYS  

Sarah Canning*1; Carolyn Stone2 
1Joint Nature Conservation Committee, United Kingdom, United Kingdom, sarah.canning@jncc.gov.uk; 
2Joint Nature Conservation Committee, United Kingdom, United Kingdom, info@carolynbarton.co.uk 

 Marine mammal observer (MMO) data from 265 high-resolution geophysical surveys in UK and 

adjacent waters between 2014 and 2020 were examined to assess the effects on marine mammals in the 

vicinity of high-resolution geophysical survey operations. Acoustic sources used were predominantly 

sub-bottom profilers, e.g., pingers, CHIRP, sparkers and boomers, which were often used in 

combination. Frequencies and source levels were often not recorded but where noted, frequencies were 

3.5kHz, 1–10kHz and 50Hz–4 kHz for pingers, chirps and sparkers respectively and source levels were 

around 224 dB
pk-pk

 re. 1μPa @ 1m, 212–215 dB
pk-pk

 re. 1 μPa @ 1m and 213–222 dB
pk-pk

 re. 1 μPa @ 

1m respectively. In order to identify responses to a particular source type, the analysis only used data 

where sources were used singly, restricting analysis to pingers and CHIRP only.   

Species had to be combined to increase sample sizes. For the combined group of all cetaceans, detection 
rates were reduced when pingers were active and animals remained further from the source when chirps 

were active. Both responses indicate some degree of lateral displacement.  

This is the first-time marine mammal responses to this type of equipment have been analysed in UK 

waters. Further data are needed to examine responses of marine mammals to high resolution sources in 

more detail, but these preliminary results confirm that mitigation should continue to be applied on high 

resolution surveys. 
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REVIEW OF LONG-TERM MARINE MAMMAL OBSERVER DATASET TO ASSESS 

MARINE MAMMAL RESPONSES TO SEISMIC SURVEYS 

 Sarah Canning*1; Carolyn Stone2 
1Joint Nature Conservation Committee, United Kingdom, United Kingdom, sarah.canning@jncc.gov.uk; 
2Joint Nature Conservation Committee, United Kingdom, United Kingdom, info@carolynbarton.co.uk 

 

Marine mammal observer (MMO) and passive acoustic monitoring (PAM) data from 1,717 seismic 

surveys in UK waters between 1995 and 2020 were examined to assess the effects on marine mammals 

in the vicinity of operations. Total airgun array size ranged between 4 and 10,170 cubic inch (total 

volume) and broadly grouped into small arrays (< 1,200 cubic inch, n = 1,123) and large arrays (> 1,200 

cubic inch, n = 596). Small arrays typically produced frequencies up to 250Hz with source levels of 

around 242 dB
pk-pk

 re. 1μPa @ 1m. Large arrays typically produced frequencies up to around 200Hz, 

with source levels of around 262 dB
pk-pk

 re. 1μPa @ 1m. 

 

The most frequently reported cetacean was white-beaked dolphin followed by minke whale. Atlantic 

white-sided dolphins, long-finned pilot whales, and harbour porpoises were also frequently 

encountered. Responses to active sources included lateral displacement, localised avoidance, and 

changes in swimming or surfacing behaviour. Responses varied between species but were observed in 

all marine mammal functional hearing groups (Southall et al 2019) represented in UK waters. Minke 

whales responded to both large arrays and small arrays. All delphinids examined except Risso’s dolphin 

responded to active airguns, mainly to large arrays, while sperm whales responded to small arrays of 

airguns. Harbour porpoise appeared to be the most sensitive species examined, responding to both large 

and small arrays of airguns and being the only species to show an overall decline in detections after 

operations using large arrays commenced. 
 

Seals showed some responses to surveys with large airguns arrays, with lateral displacement of grey 

seals beyond the visual/acoustic detection range and localised avoidance and faster swim speeds 

observed when all seal sightings were combined. 

 

Some degree of displacement or avoidance during the soft start was evident for both large arrays and 

small arrays, with all species tested for large arrays having lower detection rates during the soft start 

than when the airguns were not active. However, not all animals displayed such responses so delays 

should continue to be implemented for marine mammals detected near the source.  

While MMO and PAM data have limitations, this data set has value in determining short-term, small-

scale effects which may not necessarily be significant for individual geophysical surveys but should be 

considered in the context of cumulative effects from multiple surveys or multiple stressors over wider 

spatial or longer temporal scales. 

Southal, B.L., Finneran, J.J., Reichmuth, C., Nachtigall, P.E., Ketten, D.R., Bowles, A.E., Ellison, W.T., 

Nowacek, D.P. and Tyack, P.L. 2019. Marine mammal noise exposure criteria: updated scientific 

recommendations for residual hearing effects. Aquatic Mammals 45(2), 125-232. DOI 
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ADAPTIVE MANAGEMENT IS CRITICAL FOR EFFECTIVE UNDERWATER NOISE 

MANAGEMENT OF OFFSHORE ACTIVITIES 

 Raquel Carter*1; Tim Carter2; Cameron Grebe3 
1NOPSEMA, Western Australia, Australia, raquel.carter@nopsema.gov.au; 2NOPSEMA, Western 

Australia, Australia, tim.carter@nopsema.gov.au; 3NOPSEMA, Western Australia, Australia, 

cameron.grebe@nopsema.gov.au 

 Environmental impact assessment is not a perfect discipline. It relies on a series of systematic impact 

predictions interpretated with available scientific studies, to determine the mitigation measures needed 

to adequately reduce the consequence of predicted impacts. The effectiveness of mitigation measures 

and how they will function and perform within the range of variables presented by a real-world setting 

is uncertain in many cases. For underwater noise generating activities, uncertainty in the effectiveness 

of mitigation measures can be addressed through the application of adaptive management. 

This presentation will highlight the need for regulators of environmental approvals for underwater noise 

generating activities to forego the ‘set and forget’ method to the management of underwater noise 

impacts. It will encourage post approval requirements to include the design and implement adaptive 

management approaches that address scientific uncertainties that could affect the effectiveness of 

mitigation measures. In addition, this presentation will highlight the importance of ensuring that 

suitably sensitive triggers are selected for initiating an adaptive management response which may 

include implementing additional or revised mitigation measures. This is critical for ensuring that 

underwater noise impacts can continue to be managed to acceptable levels throughout the full duration 

of an activity. 

NOPSEMA is Australia’s offshore energy regulator and has a unique perspective on adaptive 

management for the management of underwater noise impacts. This is due to our dual role in assessing 

the adequacy of proposed management programs for underwater noise generating activities and 

undertaking compliance inspections to ensure that management programs are effectively implemented 

as intended. NOPSEMA’s regular compliance monitoring of noise generating activities has revealed 

the importance for adaptive management to have the flexibility to respond to unforeseen circumstances 

and environmental data during implementation of activities to address key areas of scientific 

uncertainty. This presentation will provide some insights to the types of circumstances observed by 

NOPSEMA where adaptive management is warranted the management of underwater noise impacts 

such as in response to: 

•  an unforeseen change in presence, abundance, and behaviour of sound sensitive marine fauna 

within the area that may be affected by underwater noise; 

•  the unexpected ineffectiveness of marine fauna detection methods in real-world conditions; 

•  the ineffectiveness of control measures due to a change in offshore activity or environmental 

circumstance; and 

• the received sound levels within important fauna habitat are higher than predicted. 
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UNDERWATER HEARING AND NOISE EXPOSURE CONCERNS IN HUMANS 

 Brandon Casper*1; Matthew Babina2 
1Naval Submarine Medical Research Laboratory, CT, United States, brandoncasper1@gmail.com,  
2Naval Submarine Medical Research Laboratory, CT, United States, matthew.a.babina.civ@mail.mil 

Anthropogenic noise in aquatic environments has been a growing source of concern over the last few 

decades. The focus of this concern has been directed towards aquatic animals, including marine 

mammals, fishes, and invertebrates with research exploring how increasing noise levels impact their 

health and behavior. Less is known about the effects of underwater noise on humans. U.S. Navy and 

commercial divers may spend a substantial amount of time underwater and can potentially be affected 

by exposure to noise. 

The Naval Submarine Medical Research Laboratory (NSMRL) is the U.S. Navy’s lead on the bioeffects 

of underwater sound and blast on divers. Since the 1960’s, the lab has been conducting research on 

human hearing underwater, behavior and physiological responses to underwater sound exposure, and 

acoustic measurement of new technologies. Data collected from these studies have formed the backbone 

on which Naval safety guidance is developed. Safety guidance establishes safe standoff ranges that will 

protect divers from injury while keeping them in the water to complete their missions. Development of 

this guidance has been hindered by three major challenges: 1) the human auditory system functions 

differently underwater than in air, meaning that in-air safety guidance does not directly translate to the 

underwater environment, 2) new active acoustic technologies are being developed and used, yet many 

of these devices emit sounds at frequencies and levels that have not been studied with humans 

underwater, and 3) studies to determine safe exposure to high energy signals must be designed to avoid 

injury to humans. 

This presentation will build upon a recently published article (Casper and Babina, 2022) that discussed 

human hearing underwater. We will provide an overview of how humans hear underwater, provide 

examples of noise sources that raise concerns for divers, and illustrate our approaches to collecting 

information to develop data driven answers for safe exposure limits. This information will be presented 

through the lens of how our current knowledge can be used to address the challenges of providing safety 

guidance for divers working around active acoustic sources. Finally, we will identify gaps in our 

knowledge that we need to fill to ensure the safety and efficacy of our Navy and commercial divers. 

Casper BM, Babina MA (2022) Human hearing in the underwater environment. Acoustics Today 18(1):23-31 
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PROBABILISTIC ASSESSMENTS FOR CONTINUOUS NOISE: A SCIENTIFIC 

APPLICATION OF AN OPERATIONAL AND DECISION-MAKING NEED 

 Laura Ceyrac*1; David Dellong2; Florent Le Courtois3 
1Shom, France, laura.ceyrac@shom.fr; 2Shom, France, david.dellong@shom.fr; 3Shom, France, 

florent.le.courtois@shom.fr 

 

Since underwater noise has been recognized as a source of pollution, affecting all the ecosystem's 

compartments, efforts have been made to reduce the effects and design management tools to assess and 

regulate it. Consequently, over the last decades, governance regulations have been implemented 

internationally and converging risk assessment methodologies emerged to define threshold values. But 

including the complexity of impacts on species and marine habitats at the heart of the process is an 

ambitious challenge. It results in strong difficulties to define and to set threshold values for common 

regulation and management. The aim of this work is to investigate sensitivities of risk assessment in 

regard to threshold values setting and data uncertainties. The assessment framework relies on the 

definition of a sound pressure level threshold, related to biological impacts, and temporal and spatial 

thresholds, related to habitat degradation. First, several ranges of values for each threshold are 

investigated to estimate covariances in the decision-making process. Secondly, uncertainties on noise 

maps are added to assess the confidence in the decision-making process. Practical implementation in 

the Bay of Biscay is investigated. This study, combining probabilistic approach and noise mapping, can 

effectively support regulators to identify and prioritize impacted areas depending on availability of 

biological knowledge. Taking into account the uncertainties in the assessment of risk of impact is a 

major concern and may help in setting environmental targets regarding shipping noise. 
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CHANGES IN THE NOISE LEVELS OF THE INDIAN OCEAN AND THEIR 

RELATIONSHIP TO SHIPPING PATTERNS 

 Tarun Chandrayadula*1 
1Indian Institute of Technology Madras, Tamil Nadu, India, tkchandr@iitm.ac.in 

Most of the literature for long-term studies for deep water soundscapes have indicated that the intensities 

have been increasing. This has been attributed to the world-wide increase in ship-traffic. This study uses 

hydrophone recordings (for frequencies 0–100 Hz), provided by the Comprehensive Test Ban Treaty 

Organisation, to track the noise-levels in the central Indian Ocean. The observations show that the noise 

levels increased from 2002 to 2009, and then from around 2012, the intensities have been falling. This 

study investigates the relationship between the change in noise levels, and the shipping traffic. In order to 

model the noise due to ships, the paper uses satellite positions via the Automatic Identification System 

(AIS) system. The AIS maps give average ship densities, and the ship speed. Ship positions for the cargo 

and tanker varieties are simulated from these maps, and their noises propagated via a Parabolic Equation 

(PE) model. The resultant field is then used to calculate the mean noise levels at 50 Hz, 75 Hz, and 100 

Hz. This procedure is used to model the noises from 2012, 2014, and 2019, with their corresponding AIS 

maps. The change in noise levels in the data are compared with any change in shipping patterns, numbers, 

velocities, and any progress in ship technologies. Preliminary results indicate that the change in intensities 

is caused by variation in the source levels of ships due to slower speeds for 2019 in comparison to 2014.  
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ASSESSMENT OF LONG-TERM OFFSHORE WINDFARM NOISE AND ITS 

INFLUENCE ON FISH CHORUSING 

 Chi-Fang Chen*1; Shashidhar Siddagangaiah2; Wei-Chun Hu3 
1Department of Engineering Science and Ocean Engineering, National Taiwan University, Taiwan, 

chifang@ntu.edu.tw; 2Department of Engineering Science and Ocean Engineering, National Taiwan 

University, Taiwan, shashi.18j@gmail.com; 3Department of Engineering Science and Ocean Engineering, 

National Taiwan University, Taiwan, william_hu@outlook.com 

Offshore windfarms have recently emerged as a renewable energy solution. The effects of long-term 

impacts of operational noises on fish chorusing phenology are still, however, remain largely unknown. 

The passive acoustic monitoring deployed at ~10m from the turbine at the Miaoli offshore windfarm 

site situated off the ETS facilitated investigating the sound levels and assessing any possible impact of 

noise on seasonal fish chorusing patterns during 2017 and 2018. It was shown that windfarm operation 

was significantly higher in autumn and winter (median SPL: 138–143 dB) compared to other seasons, 

and the operational SPL is highly correlated with the wind speed (correlation coefficient r = 0.76, p < 

0.001). The fish chorusing was significantly higher in summer than compared to other seasons 

(p<0.001) and during both the year, consistently exhibited the annual phenology of fish chorusing 

commencing in spring, peaking in summer, starting to diminish in autumn, and silencing in winter. 

Further, the operational noise did not have any influence on the seasonal fish chorusing (r = -0.17, p < 

1). Since the offshore windfarms installations are growing in magnitude and capacity across the Taiwan 

Strait, this study provides essential insights for policy-makers and constitutes an important reference 

for assessing the operational noise levels and its influence on fish chorusing phenology. This research 

is funded by Ministry of Science and Technology of Republic of China (Taiwan). 
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IMPACTS OF PILE-DRIVING NOISE ON THE SWIMMING KINEMATICS OF THE 

LONGFIN SQUID (Doryteuthis pealeii) 

 Seth Cones*1; Youenn Jézéquel2; Sophie Ferguson3; Nadège Aoki4; Aran Mooney5 
1Woods Hole Oceanographic Institution, MA, United States, sfcones@mit.edu; 2WHOI, MA, United 

States, yjezequel@whoi.edu; 3WHOI, MA, United States, sophieferguson1899@gmail.com;  
4WHOI, MA, United States, naoki@whoi.edu; 5WHOI, MA, United States, amooney@whoi.edu 

Anthropogenic ocean noise is increasing globally. One pervasive and far-reaching form of man-made 

noise is pile-driving, a source commonly used to construct coastal and offshore platforms including 

windfarms. To date, many of the studies assessing the impacts of pile-driving noise on marine animals, 

particularly invertebrates, have been in tank settings. While these studies have been important in 

assessing physiological and behavioral impacts of noise, tank-based studies are unable to replicate real-

world acoustic fields and have the potential to influence animal behavior. To address this constraint, 

we uniquely quantified the behavior and swimming patterns of an ecologically and economically vital 

squid (Doryteuthis pealeii) during real-time pile-driving activity. Squid (n = 32) were placed in large 

open-ocean pens and affixed with novel high-resolution biosensors (100 Hz sample rate) to measure 

acceleration, movement dynamics, and swimming gaits during vibratory and impact pile-driving, and 

comparative quiet periods. Kinematic changes in response to noise exposure were assessed at multiple 

received sound levels and spatial scales: 2–8 m (Site 1; multiple cages) and 50 m (Site 2). Sound fields 

at the animal positions were calibrated in sound pressure (SPLs, 0-peak) and sound acceleration levels 

(SALs; 0-peak) throughout pile-driving as well as during control experiments when no pile-driving was 

conducted. 

Received sound levels at Site 1 were greater (SAL = 94-102 dB re 1 µm s
-1

) than Site 2 (SAL = 83 dB 

re 1 µm s
-1

; SPL = 163 dB re 1 µPa). Squid at Site 1 had a significantly higher probability for gait 

disruptions during both vibratory and impact pile-driving, suggesting there was a dose-dependent 

relationship between behavioral response and received sound level. Alterations to swimming 

kinematics were mostly restricted to the initial 1-3 hammer strikes of each pile-driving sequence or at 

the onset of vibratory driving, demonstrating rapid habituation to the noise or temporary threshold shifts 

in hearing sensitivity. Gait disruptions in response to pile-driving were almost exclusively high 

acceleration jet propulsion movements, which are associated with a high energetic cost. Altogether, 

these data suggest the influence of impact and vibratory pile-driving on squid swimming and 

movements are likely dose-dependent. The disruptions to swimming kinematics may be transient and 

mostly restricted to animals closer to the source. However, the frequency of energetically costly 

behaviors when animals are repeatedly exposed remains a key concern. 
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SHUSH! BACKGROUND NOISE IMPACTS HARBOUR PORPOISE DETECTIONS  

 Mel Cosentino*1; Jakob Tougaard2; Magnus Walhberg3 
1Aarhus University, Denmark, melcos@ecos.au.dk; 2Aarhus University, Denmark, jat@ecos.au.dk;  
3Southern Denmark University, Denmark, Magnus@biology.sdu.dk 

Passive acoustic monitoring (PAM) is instrumental to monitor many wide-ranging species, such as the 

harbour porpoise, and has been used for studies on distribution and abundance, and behavioural impact 

of noise. Although underwater noise can also affect PAM ability to detect sounds of interest, the 

phenomenon remains understudied. We studied this by merging recordings from the Danish Straits of 

ship noise and wild harbour porpoises clicks.  

Groups of porpoise clicks (‘click trains’) were inserted every 10 sec in a subset of files (n = 840 min) 

containing ship noise. Four click trains with different lengths, signal-to-noise ratios, and repetition rates 

were merged separately (n = 3360 min). Merged files were analysed to identify positive porpoise 

minutes (PPM) using a transient sound detector (PAMGuard), a porpoise click classifier (PorCC, 

Cosentino et al. 2019), and a click-train detector. PPM is a common metric used in monitoring of this 

species. The recall (probability of identifying a real PPM) was modelled using a generalised linear 

model with a binomial distribution and one explanatory variable: noise level (Lp,rms) in one of four 

frequency bands (<20 kHz, 20-80 kHz, 80-150 kHz, and the decidecade centred on 16 kHz). The 16 

kHz band was chosen because it has been identified as a useful proxy for predicting porpoise reactions 

to ship noise, when Lp, 16 kHz ddec exceeds 96 dB re. 1 µPa (Wisniewska et al. 2018).  

The best model for recall had Lp,rms, 20-80 kHz as the explanatory variable, showing a decline in detections 

for noise levels above 90 dB re. 1 µPa. The same was seen for the 80-150 kHz band. This means that 

when ship noise exceeds 90 dB re. 1µPa in either band, masking of the detector/classifier becomes a 

confounding factor. Thus, an observed decrease in PPM at these noise levels cannot be safely explained 

as noise effect on the porpoises, as it could also be due to masking of the PAM system. However, in the 

full dataset of this study (n = 9415 minutes), masking was expected to occur (Lp,rms, 20-80 kHz < 90 dB re. 

1µPa) in about 1/7 of the minutes where reactions to ship noise could be anticipated (Lp, 16 kHz ddec > 96 

dB re. 1µPa). In conclusion, it is possible to use PAM to study porpoise reactions to ship noise, as long 

as the noise level above 20 kHz is monitored and accounted for in the analysis.  

Cosentino M, Guarato F, Tougaard J et al (2019) Porpoise click classifier (PorCC): A high-accuracy classifier to 

study harbour porpoises (Phocoena phocoena) in the wild. JASA 145:3427-3434.  

Wisniewska DM, Johnson M, Teilmann J et al (2018) High rates of vessel noise disrupt foraging in wild 

harbour porpoises (Phocoena phocoena). Proc R Soc B Biol Sci 285:20172314. 
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CUMULATIVE EFFECTS OF MULTIPLE STRESSORS  

ON MARINE MAMMALS– ELEPHANT SEALS AS A MODEL SYSTEM 

 
 Daniel Costa*1; Daniel Crocker2; Rachel Holser3; Birgitte McDonald4; Sarah Peterson5; Josh 

Ackerman6 
1Institute of Marine Sciences, Dept of Ecology & Evolutionary Biology, University of California Santa 

Cruz, CA, United States, costa@ucsc.edu; 2Sonoma State Univesity, CA, United States, 

crocker@sonoma.edu; 3Institute of Marine Sciences, University of California, CA, United States, 

rholser@ucsc.edu; 4Moss Landing Marine Lab, CA, United States, gmcdonald@mlml.calstate.edu;  
5U.S. Geological Survey, CA, United States, sepeterson@usgs.gov; 6U.S. Geological Survey, CA, United 

States, jackerman@usgs.gov 

We examine the effects of multiple stressors on vital rates (survival and reproductive output) and health 

metrics (e.g., energy stores, allostatic load, stress hormones, immune status, contaminant burden) in 

female elephant seals. These metrics have been measured after exposure to combinations of acoustic 

disturbance, mercury load, increased cortisol (stress hormone), and body condition. 

 We found a significant relationship between energy gain over a foraging trip (foraging success) and 

circulating blood cortisol level (GLMM p < 0.001). Females with very poor energy gain had cortisol 

levels as high as 20 ug dl
-1,

 a value 20 times normal levels. These elevated cortisol levels were associated 

with a lower probability of pupping the following season. Multiple stressors can affect organisms in an 

additive or synergistic manner. Additive effects occur when molecular mechanisms are shared. In 

contrast, synergistic interactions occur when the stressors interact via different molecular mechanisms. 

A GLMM showed an interaction between muscle mercury and cortisol levels that affected circulating 

T3 levels additively, which is consistent with the same molecular mechanism (p<0.02). This contrasts 

with the synergistic interaction between cortisol and muscle mercury on T4 (p=0.006) and immune 

function (IgE). Cortisol and mercury affect T4 and IgE through different molecular mechanisms.  

We experimentally induced endogenous cortisol and aldosterone secretion in 24 adult females by 

administering an intramuscular injection of ACTH. This increase in cortisol lasted more than 24 hr. 

There was a strong negative relationship between the magnitude of the stress response and total adipose 

mass: animals with greater adipose stores showed a reduced stress response (p = 0.006 R
2
 0.3). The 

lactation duration of females with experimentally elevated cortisol levels was longer (28.9 ± 1.95 days 

vs. 26.0 ± 2.11 p = 0.0009). Finally, we examine the interaction between these stressors in free-ranging 

female elephant seals with the addition of an acoustic disturbance while the animals are at sea. Our 

research with elephant seals provides insight into the interaction of multiple stressors on vital rates that 

can be applied to the more challenging species of marine mammals to study. 
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FISHSOUNDS VERSION 1.0: A WEBSITE FOR THE COMPILATION OF FISH 

SOUND PRODUCTION INFORMATION AND RECORDINGS 

Kieran Cox*1; Audrey Looby2; Sarah Vela3; Amalis Riera4; Santiago Bravo5; Hailey Davies6; Rodney 

Rountree7; Laura Reynolds8; Charles Martin9; Francis Juanes10 
1Department of Biological Sciences, Simon Fraser University, British Columbia, Canada, 

kierancx@gmail.com; 2Fisheries and Aquatic Sciences, University of Florida, Florida, United States, 

alooby101@gmail.com; 3MERIDIAN, Nova Scotia, Canada, svela@dal.ca; 4MERIDIAN, Nova Scotia, 

Canada, ariera@uvic.ca; 5Instituto Oceanográfico, Universidade de São Paulo, São Paulo, Brazil, 

santiago.bravo@alumni.usp.br; 6Department of Biology, University of Victoria, British Columbia, Canada, 

davies.hailey@gmail.com; 7The Fish Listener, Massachusetts, United States, rrountree@fishecology.org; 
8Soil and Water Science, University of Florida, Florida, United States, lkreynolds@ufl.edu; 9UF/IFAS 

Nature Coast Biological Station, University of Florida, Florida, United States, charles.martin@ufl.edu; 
10Department of Biology, University of Victoria, British Columbia, Canada, juanes@uvic.ca 

Sound production is a widespread trait among fishes (Looby et al. 2022; Rice et al. 2022), yet the field 

of bioacoustics is constrained by the lack of an easily accessible, comprehensive repository of fish 

sound production. Despite the ecological importance of fish sounds, the evident passive acoustic 

monitoring applications, and extensive endeavours to document soniferous diversity, this issue has 

persisted. To alleviate this constraint, we developed FishSounds.net, a website that compiles and 

disseminates fish sound production information and recordings. FishSounds version 1.0 launched in 

2021 and catalogues active and passive sounds produced by 1,061 fish species, 239 exemplary sound 

recordings, and 837 references (Looby et al. 2021).  

FishSounds allows users to search this information by taxa (Class, Order, Family, or common name), 

sound type, reference, or by geographical distribution (region, climate, or water body). Sound 

production records indicate if the examinations involved physiological, auditory, and/or visual 

confirmation. Sound recordings include duration, frequency, and amplitude measurements when 

applicable. Forthcoming versions will update the data as well as improve the functionality through the 

implementation of a sound visualization plugin and data submission system. The functionality of this 

platform will provide the cyberinfrastructure required to consolidate and showcase ongoing efforts to 

document fish sound production. FishSounds.net will advance research into fish behavior, passive 

acoustic monitoring, and human impacts on underwater soundscapes while serving as a resource for 

public outreach.  

Looby A, Riera A, Vela S, Cox K, Bravo S, Rountree R, Juanes F, Reynolds LK, Martin CW (2021) 

FishSounds. http://www.fishsounds.net, version 1.0. Accessed 23 March 2022  

Looby A, Cox K, Bravo S, Rountree R, Juanes F, Reynolds LK, Martin CW (2022) A quantitative inventory of 

global soniferous fish diversity. Rev Fish Biol Fisher. doi:10.1007/s11160-022-09702-1  

Rice AN, Farina SC, Makowski AJ, Kaatz IM, Lobel PS, Bemis WE, Bass AH. (2022). Evolutionary patterns in 

sound production across fishes. Ichthyol. Herpetol. doi.org/10.1643/i2020172 

  

mailto:kierancx@gmail.com
mailto:alooby101@gmail.com
mailto:svela@dal.ca
mailto:ariera@uvic.ca
mailto:santiago.bravo@alumni.usp.br
mailto:davies.hailey@gmail.com
mailto:rrountree@fishecology.org
mailto:lkreynolds@ufl.edu
mailto:charles.martin@ufl.edu
mailto:juanes@uvic.ca
https://fishsounds.net/index.js


The Effects of Noise on Aquatic Life  Berlin, Germany, 2022 
 

Page 34 of 187 

RESPONSE OF INVASIVE BIGHEADED CARP TO AN ACOUSTIC  

AND CO2 DETERRENT 

 
 Jackie Culotta*1; Cassie Kramer2; Marie Ervin3; Brooke Vetter4; Allen Mensinger5 

1University of Minnesota Duluth, Minnesota, United States, culot007@d.umn.edu; 2University of St. 

Thomas, MN, United States, cakramer@stthomas.edu; 3University of St. Thomas, MN, United States, 

marie.ervin@stthomas.edu; 4University of St. Thomas, MN, United States, brooke.vetter@stthomas.edu; 
5University of Minnesota Duluth, MN, United States, amensing@d.umn.edu 

Invasive bigheaded carp (Hypophthalmichthys molitrix and H. nobilis, collectively) cause significant 

ecological and economic damage in their introduced range of the Mississippi River Basin and continue 

to migrate upstream. Reducing range expansion will require finding new methods to protect the 

Laurentian Great Lakes, as well as the nearly 5,000 tributaries to which they are connected. A promising 

method is the use of acoustic carp deterrents at lock chambers to allow vessel traffic to pass freely 

through dams (Putland and Mensinger 2019). This project seeks to improve sound barriers by 

evaluating acoustic conditioning as a method of deterring bigheaded carp. Broadband sound deters carp 

from passing through channels, although they may habituate to the acoustic stimulus after repeated 

playback (Murchy et al. 2017; Vetter et al. 2017). Carp also exhibit aversion behaviors to carbon dioxide 

(Hasler et al. 2019), suggesting that combining these two stimuli into one deterrent system could reduce 

habituation and increase nonphysical barrier efficacy. By training invasive carp to associate an acoustic 

stimulus with the presence of CO2, we aim to prolong the fish’s aversion to sound while decreasing the 

frequency of CO2 application. 

Here, we investigate the retention of acoustic and chemical conditioning in invasive bigheaded carps. 

Schools of five juvenile bigheaded carp (N = 10) were classically conditioned to associate elevated CO2 

(35K μatm) with recorded boat noise (0.06–10 kHz, 125 dB re 1 μPa). Phonotaxis responses were 

compared between control (N = 10) and conditioned schools. Phonotaxis trials were conducted at 

regular intervals over one month with sound alone played from one side of a two-side shuttle tank. All 

schools demonstrated negative phonotaxis. There was no difference in time to first exit between training 

groups (Mann-Whitney test, p = 0.245), suggesting noise is a deterrent for both groups initially. 

However, untrained schools returned to the sound chamber in 30 ± 4 s, whereas trained schools took 51 

± 6 s to return. Findings from this project could be applied to increase acoustic barrier effectiveness at 

the downstream lock gates along the Mississippi River. 

Hasler C, Woodley C, Suski C et al (2019) Avoidance of carbon dioxide in flowing water by bighead carp. Can 

J Fish Aquat Sci 76:961-969.  

Murchy K, Cupp A, Mensinger A et al (2017) Potential implications of acoustic stimuli as a non-physical 

barrier to silver carp and bighead carp. Fish Manage Ecol 24:208-216.  

Putland R, Mensinger A (2019) Acoustic deterrents to manage fish populations. Rev Fish Bio 29:789-807. 

Vetter B, Murchy K, Mensinger A et al (2017) Acoustic deterrence of bighead carp (Hypophthalmichthys 

nobilis) to a broadband sound stimulus. J Great Lakes Res 43:163-171. 
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MEASUREMENT PROCEDURES FOR UNDERWATER SOUND SOURCES 

ASSOCIATED WITH OIL AND GAS EXPLORATION  

AND PRODUCTION ACTIVITIES 

 
 Christ de Jong*1; Michele Halvorsen2; David Hannay3; Michael Ainslie4 

1TNO, Netherlands, christ.dejong@tno.nl; 2University of New Hampshire, NH, United States, 

michele.halvorsen@unh.edu; 3JASCO Applied Sciences, BC, Canada, david.hannay@jasco.com;  
4JASCO Applied Sciences, Hesse, Germany, michael.ainslie@jasco.com 

The International Association of Oil & Gas Producers promotes standard procedures for underwater 

sound measurements of activities related to offshore oil and gas exploration and production. After the 

development of standards for terminology, data processing and reporting (Ainslie et al. 2017), we have 

developed standard measurement procedures for underwater sound sources (de Jong et al, 2021), to 

enable the characterization of the sources in a clear manner, comparable between independently carried 

out measurements, and suitable as input for environmental impact assessments. The standard pertains 

to characterizing the acoustic emissions of the source and not the sound levels at distance from the 

source in a specific ocean environment. 

The focus of the development was on measurements of underwater sound sources associated with 

seismic acquisition, high-resolution geophysical surveys, and production activities. An initial review of 

existing methods revealed that there was a fair degree of commonality in reported measurements of 

airgun arrays and high-resolution geophysical sources, but very few reports or publications included all 

relevant parameters. Achieving comparability in measurements requires precise nomenclature and clear 

documentation of the various choices made concerning measurement geometry, instrumentation, and 

processing. 

The measurement procedures describe requirements and recommendations for equipment selection, 

calibration, placement in depth and range, sampling rates, and operational measurement procedures for 

the three source types. Signal analysis methods are specified, as well as reporting content and formats 

for the acoustic results and relevant metadata. Where possible, calculation procedures are described to 

determine source metrics from the measured acoustic field, which can be used as input for 

environmental impact assessments for future projects.  

Ainslie MA, de Jong CAF, Halvorsen MB, Ketten DR, Prior MK, Hannay, DE (2017) Acoustical measurement, 

processing, reporting and terminology standards for underwater risk assessment. Proc. Mtgs. Acoust. 30  

de Jong CAF, HWJ Jansen, MB Halvorsen, DE Hannay, MA Ainslie, RG Racca (2021) Measurement 

procedures for underwater sound sources associated with oil and gas exploration and production activities. 

Prepared for E&P Sound and Marine Life Joint Industry Programme. TNO 2021 R11210-A. Contract: 

JIP22 III-15-13, Schedule No: 04 (III-17). Pp 68 
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SATURN: HARMONIZED SHIPPING SOUND TEST SIGNALS 

 Christ de Jong*1 
1TNO, Netherlands, christ.dejong@tno.nl 

One of the main aims of the EU Horizon 2020 research programme SATURN (Developing solutions 

to underwater radiated noise, https://www.saturnh2020.eu/) is to determine the relevant metrics of ship 

radiated underwater sounds that can be related to detrimental effects on the physiology and behaviour 

of aquatic animals. Where possible, these metrics will then be related to the corresponding ship design 

and operational parameters, to enable the development of mitigation solutions. As part of the approach, 

controlled exposure experiments are conducted on representative fish and invertebrate species, 

involving playback of representative test signals. 

Playing back ship sound for controlled exposure experiments is not a trivial task (Erbe, et al., 2019). 

Recordings of ship sound are affected by the characteristics of the recording equipment and by the 

environment in which they are made. Playbacks of these signals are also affected by the characteristics 

of the playback equipment and by the environment. Consequently, relevant sound features may get lost 

in translation. 

The relevant temporal and spectral features that can be attributed to specific ship radiated sound 

characteristics have been characterized, based on data available in the literature (e.g. Arveson & 

Vendittis, 2000; MacGillivray & de Jong, 2021). A suite of artificially synthesized ship sound signals 

has been developed. These signals are considered suitable for the assessment of harmful underwater 

noise characteristics in the sense that they are relevant for the impact on marine life as well as subject 

to technically achievable mitigation measures. Using harmonized test signals for the different 

bioacoustics playback studies facilitates the comparability of results. These signals are offered as a 

standard reference for external stakeholders and future projects. 

Arveson P, Vendittis D (2000). Radiated noise characteristics of a modern cargo ship. J Acoust Soc Am 107(1): 

118-129  

Erbe C, Marley S, Schoeman R, Smith J, Trigg L, Embling C (2019). The effects of ship noise on marine mammals 

- A review. Front Mar Sci 6:606  

MacGillivray A, de Jong CAF (2021). A Reference Spectrum Model for Estimating Source Levels of Marine 

Shipping Based on Automated Identification System Data. J Mar Sci Eng, 9:369 
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RESPONSE TRIGGERING POTENTIAL OF DIFFERENT SOUND STUMILI IN 

PELAGIC FISH: A BEHAVIOURAL TEST USING WILD-CAUGHT HERRING 

 Jozefien Demuynck*1; Jeroen Hubert2; Tom van Tilburg3; Daniël Mirck4; Hans Slabbekoorn5 
1Institute of Biology Leiden (IBL), Leiden University, Netherlands, fiendemuynck4@gmail.com; 
2Institute of Biology Leiden (IBL), Leiden University, Netherlands, j.hubert@biology.leidenuniv.nl; 
3Institute of iology Leiden (IBL), Leiden University, Netherlands, t.van.tilburg.2@umail.leidenuniv.nl;  
4Institute of Biology Leiden (IBL), Leiden University, Netherlands, d.c.mirck@umail.leidenuniv.nl;  
5Institute of Biology Leiden (IBL), Leiden University, Netherlands, 

 h.w.slabbekoorn@biology.leidenuniv.nl 

Sounds are an important cue for marine animals, including fish. As anthropogenic sound sources 

increasingly contribute to the underwater soundscape, this can negatively impact these marine animals. 

Pile driving during the construction of offshore wind farms and detonation of ordinance create high-

amplitude, impulsive sound, which can be harmful to nearby fish. However, sound can also be used as 

a mitigation measure by means of acoustic deterrent devices (ADDs). ADDs play back a selection of 

sounds with the intention of deterring animals away from a potentially dangerous site. Previous studies 

have explored the efficacy of several sound stimuli in deterring marine mammals and in guiding 

freshwater fish. However, we still have little insight into what type of sounds would be most efficient 

to deter marine fish. In a few studies in captive conditions, rapid pulse trains and broad-band sounds 

have been shown to elicit a behavioural response in marine, demersal fish species.  

our current study, we played back a set of 8 pulse train sound stimuli, varying in amplitude and temporal 

pattern, to test for their response triggering potential in pelagic Atlantic herring (Clupea harengus). 

Eighteen groups of 4 wild-caught herring were exposed to each sound stimulus, as well as a playback 

of silence, in a large indoor basin. We recorded individual behaviour and group coherence with 5 

underwater cameras placed evenly on the wall of the basin. A part of the data has been analysed by 

scoring the fish behaviour manually. We saw distinct behavioural responses when fish were exposed to 

sound, compared to the ambient control conditions. Interestingly, contrary to our expectations, 

preliminary data suggest that fade-out stimuli may elicit a stronger behavioural response than fade-in 

stimuli. It seems also that a stronger response is elicited by accelerating pulse trains compared to 

decelerating pulse trains. More detailed insights from the complete data set will come from our videos 

through 3D-position tracking using dedicated software. In the current phase of data processing, we have 

to be cautious, but it seems that temporal pattern and amplitude are both important acoustic parameters 

to take into account when designing effective ADDs for pelagic herring. Once we have all results, we 

will follow up and use the sound features with the highest response triggering potential to test for 

effectiveness in fish deterrence at sea. 
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TOWARDS AN ECOACOUSTIC STATE-PRESSURE SCORE:  

APPLICATION WITHIN AN MPA 
  

Lucia Di Iorio*1 

1CEFREM, Perpignan University, France, lucia.diiorio@univ-perp.fr 

Mediterranean coastal ecosystems are particularly affected by anthropogenic impact as they concentrate 

rich marine biodiversity, an important human population, and a wide range of human uses. The 

regulation of human activities in marine protected areas (MPA) has proven to be effective in protecting 

vulnerable habitats and species (Guidetti et al. 2014; Giakoumi et al. 2017). However, although 

anthropogenic noise is known to affect the physiology, behaviour, reproduction, development, fitness 

etc. of aquatic animals (Popper and Hastings 2009; Di Franco et al. 2020), noise regulation measures 

are still poorly adopted within MPAs. Particularly in areas targeted by summer tourism, a period 

coinciding with the reproduction of many fish species (e.g., dusky grouper Epinephelus marginatus), 

quantifying and monitoring motorized activities in conjunction with ecosystem metrics indicative of 

species or habitat condition is critical to help managers identifying vulnerable sites and targeting 

mitigation measures.  

Here we propose an ecoacoustic score that quantifies and visualizes the relationship between 

ecologically relevant metrics (“state” score) and metrics on motorized, mostly recreational activities 

(“pressure” score) that can be applied in any habitat and soundscape recorded. The “state” score is based 

on community ecology principles and takes into account normalized variables accounting for the 

diversity and abundance of sounds, including courtship sounds, while the “pressure” sore results from 

the combination of multiple normalized variables such as the number of passing vessels/h, the sounds 

pressure level of passing vessels, the duration of noise exposure, continuous noise levels, etc. The visual 

representation of the scores allows assessement of the weight of each variable for each site and the ratio 

of the two scores indicates a “state-pressure” measure that helps evaluate the risk of exposure of critical 

habitats. The use of these scores is demonstrated using acoustic data from three well-known sites within 

a Mediterranean MPA to quantify recreational traffic and estimate potential implications for the 

underlying fish assemblages as well as vulnerable species and behaviours (e.g., courtship) and therefore 

support environmental managers in their goals of sustainably protect coastal habitats and species. 

Di Franco E, Pierson P, Di Iorio L, Calò A, Cottalorda JM, Derijard B, Di Franco A, Galvé A, Guibbolini M, 

Lebrun J, Micheli F, Priouzeau F, Risso-de Faverney C, Rossi F, Sabourault C, Spennato G, Verrando P, 

Guidetti P (2020) Effects of marine noise pollution on Mediterranean fishes and invertebrates: A review. 

Mar Pollut Bull 159:  

Giakoumi S, Scianna C, Plass-Johnson JG, Micheli F, Grorud-Colvert K, Thiriet P, Claudet J, Di Carlo G, Di 

Franco A, Gaines SD, Garcia-Charton J, Lubchenco J, Reimer J, Sala E, Guidetti P (2017) Ecological 

effects of full and partial protection in the crowded Mediterranean Sea: a regional meta-analysis. Sci Rep 

1–12  

Guidetti P, Baiata P, Ballesteros E, Di Franco A, Hereu B, Macpherson E, Micheli F, Pais A, Panzalis P, 

Rosenberg AA, Zabala M, Sala E (2014) Large-Scale Assessment of Mediterranean Marine Protected 

Areas Effects on Fish Assemblages. PLoS One 9:e91841  

Popper AN, Hastings MC (2009) The effects of anthropogenic sources of sound on fishes. J Fish Biol 75:455–

489 
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SEABED IMPACTS ON ACOUSTIC TRANSMISSION LOSS MODELS FOR MARINE 

MAMMAL PROTECTION 

 Alexander Douglass*1; Warren Wood2; Shima Abadi3 
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2United States Naval Research Laboratory, Geology and Geophysics Section, MS, United States, 

Warren.Wood@nrlssc.navy.mil; 3University of Washington, School of Oceanography, WA, United States, 

abadi@uw.edu 

Marine seismic reflection surveys are a common class of experiment providing an array of useful data 

for geoacoustic analysis. However, with high amplitude airgun sources and individual cruises producing 

thousands to tens of thousands of acoustic events, the sound exposure levels for nearby marine 

mammals quickly become significant.  

In order to properly mitigate negative effects on marine mammals, it is important to understand the 

various factors that influence acoustic propagation. In particular, different seabed and sub-seabed 

characteristics may have significant impacts that are challenging to include in propagation models. 

These variables are important to understand and properly model when determining appropriate 

mitigation ranges for marine mammal sightings.  

In order to utilize this experimental data effectively, the experimental design of seismic surveys must 

first be taken into consideration. Specifically, the acoustic analysis is impacted by the airgun array 

geometry, receiver array group averaging, and by the depths of the arrays. These factors can potentially 

impact the apparent received levels by 10-20 dB if they are not considered. Once they have been 

accounted for, simulations and experimental analysis of these seismic surveys aim to quantify seabed 

properties and the effects of these properties on acoustic transmission loss [Work supported by ONR]. 
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USING BEHAVIORAL RESPONSE EXPERIMENTS TO ESTIMATE  

HEARING SENSITIVITY IN HUMPBACK WHALES 

 
 Rebecca Dunlop*1; Michael Noad2; Dorian Houser3 
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Queensland, Australia, mnoad@uq.edu.au; 3National Marine Mammal Foundation, California, United 

States, dorian.houser@nmmf.org 

Behavioral and electrophysical audiometry have culminated in a reasonable understanding of hearing 

in toothed whales and pinnipeds. Neither technique has been successfully applied to any species of 

baleen whale due to an inability to maintain them under human care and the large size of nearly all 

species. Other approaches to estimating baleen whale hearing sensitivity rely on anatomical studies and 

modeling of the ear (Houser et al., 2001a; Cranford & Krysl, 2015) and the use of behavioral response 

experiments with wild whales to estimate the detection of signals in background noise. 

We used a behavioral response approach based on the practice of Behavioral Observation Audiometry 

(BOA) to estimate the hearing sensitivity of humpback whales (Megaptera novaeangliae). Specifically, 

tones of varying sound pressure level (SPL, dB re 1µPa) and frequency were played to migrating 

humpback whales as they were observed for behavioral reactions. We used frequencies across the 

expected hearing range (1 to 16 kHz) and estimated the received level (also as dB SPL) at which we 

first detected a significant change in movement and/or dive behavior. Focal groups of whales were 

tracked from land as they migrated along the coastline. A source vessel was positioned in the predicted 

path of each group, so the group approached the vessel during the experiment.  

Frequency upsweeps (2 seconds long, one-third octave bandwidth repeated every 4 seconds) were 

played at levels such that the received level at the group was below the ambient noise when the whales 

were initially exposed but increased with their approach towards the source vessel. The behavior of a 

group was continually monitored and the distance at which behavior significantly changed estimated. 

Using acoustic measurements in near real-time along the path of the group, we estimated the received 

level and calculated the SNR at the response distance for the group. We found significant changes in 

behavior in all groups exposed to three test frequencies (1, 4, and 16 kHz); received levels at the distance 

of response ranged between 83 and 90 dB and spectral signal-to-noise ratios ranged from 16 to 38 dB. 

Future work will test additional frequencies. The cumulative results of the project will be used to 

determine the minimum response level at different frequencies and estimate hearing sensitivity in noise 

across the range of hearing. Results will also inform anatomical models, thus contributing to a multi-

faceted approach to understanding hearing in baleen whales. 

Cranford TW, Krysl P (2015) Fin Whale Sound Reception Mechanisms: Skull Vibration Enables Low-

Frequency Hearing. PLOS ONE 10(3): e0122298.  

Houser DS, D. Helweg, PWB Moore (2001) A bandpass filter-bank model of auditory sensitivity in the 

humpback whale. Aquat Mamm 27:82-91. 
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A SOUND IDEA: COMPARING UNDERWATER NOISE LEVELS  

BETWEEN THE COASTAL WATERS OF MALTA AND POLAND 

 
 Wenesa Dylewska*1; Adam Gauci2; Alan Deidun3; Jarosław Tęgowski4 
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Underwater noise can have a detrimental effect on marine life. Therefore, it has become recognised as 

a pollutant of the marine environment by the European Union Marine Strategy Framework Directive - 

MSFD – Descriptor 11, as well as within Regional Sea Conventions (e.g., Barcelona Convention, 

Helsinki Convention). An increasing number of countries are initiating monitoring programmes to 

study the levels of underwater noise pollution.  

As the data base is growing, there is a clear need to compare the observed levels of underwater noise 

between the different monitoring areas. The analysis of the differences or similarities and their causes 

can help to better manage the problem of underwater noise pollution. It is also important to discuss and 

share the experiences between the different scientific research groups in order to improve the 

measurements practices and forecast possible difficulties. The aim of this study is to compare and 

analyse the differences in underwater sound pressure levels recorded within the coastal waters of Malta 

(Mediterranean Sea) and Poland (Baltic Sea). 
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DOES HYDRODYNAMIC FLOW MASK BEHAVIOURAL RESPONSES TO 

ACOUSTIC STIMULI? 

 Philip Ericsson*1; Paul Kemp2; Paul White3 
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Acoustic deterrents are a commonly used behavioural guidance system for managing fish, however the 

efficacy of these systems can be highly variable. One potential reason for this variability is that 

perception and behaviour can be influenced by multiple sensory inputs, meaning that an individuals 

ability to properly detect and respond an acoustic deterrent might depend on the presence and intensity 

of other sensory signals. Specifically, sensory masking is a phenomenon that occurs when one stimulus 

interferes with an individual’s ability to detect and respond to another important stimulus. In lotic 

environments flowing water is a near-constant stimulus that fish are exposed to; thus, it is possible that 

flow may function as a masking stimulus that interferes with fishes ability to detect and respond to 

stimuli generated by behavioural deterrents.  

In the present study, we adopted a reductionist approach to determine if flowing water can mask the 

detection of acoustic stimuli. Startle response behaviours of common minnow (Phoxinus phoxinus) 

were recorded in response to an acoustic stimulus played from either an up- or downstream direction 

under either low or high flow speed. In total, 114 trials were conducted. Results showed that the 

probability of startle response was not significantly influenced by increased flow speed. However, 

application of Signal Detection Theory showed that P. phoxinus had higher discriminability and lower 

response criterion values for stimuli from the downstream direction, indicating that fish were better able 

to detect acoustic signals generated behind them and were more biased to express startle responses 

towards them.  

Together, results show that while flowing water likely does not function to mask behavioural responses. 

The sensitivity of P. phoxinus towards acoustic stimuli appears to depend on the direction of the 

stimulus. Studying behavioural responses under different environmental conditions and determining 

how the sensory environment influences response to acoustic signals is an important field of study, as 
output from this research could have significant influence on the design and implementation of new 

acoustic deterrents. 
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FOUR YEARS OF SHIP NOISE MAPPING  

IN THE NORTHEAST ATLANTIC: 2017-2020 
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Large-scale ship noise mapping is urgently needed to assess the risk of impact to marine fauna and to 

inform management measures (Erbe et al., 2014), but it remains a relatively new field of research. Few 

studies have yet produced multi-year maps, and techniques to validate maps with field measurements 

are still in their infancy. To further develop this area, we produced four years of shipping noise maps 

for a large portion of the Northeast Atlantic (including all UK waters) and investigated the effects of 

applying different ship source models on validation with field measurements, as well as the potential 

effects of COVID-19 restrictions during 2020. 

Using a computationally efficient modelling approach developed previously (Farcas et al., 2020), we 

produced maps at frequencies ranging from 63 Hz to 4 kHz for the period 2017-2020 (inclusive) at 
monthly and annual resolutions. The model was validated with long-term field measurements taken at 

three locations in English and Welsh waters, and subsequently optimised at frequencies below 250 Hz 

to improve its agreement to the measurements, while remaining within physically realistic model 

parameters for this region. To avoid overfitting the model to the measurements, a unique optimised 

model was sought, such that the same model corrections would be applied throughout the model 

domain. At all three measurement locations, there was good overall agreement, with 62% of modelled 

frequency bands having mean average errors within ± 6 dB, and 86% within ± 12 dB. 

To investigate interannual changes in noise levels and the possible effects of COVID-19 measures, the 

annual shipping noise maps for 2017-2020 were compared with the four-year average. Noise levels in 

2020 were consistently lower in the English Channel, reversing a pattern of generally increasing noise 

levels since 2017. This result is consistent with studies from other areas in reporting changes in noise 

levels due to the response to COVID-19 (e.g., Sertlek, 2021). 

We also used an updated ship source model which allows the inclusion of the dependence of noise 

levels on ship speed and ship type in the modelling (MacGillivray and de Jong, 2021). When validated 

against the field monitoring data, this source model performed similarly to the existing model, after re-

optimisation in the frequency bands below 250 Hz. However, the spatial distribution of sound levels 

was markedly different, a result which has significant implications for the validation of shipping noise 

maps going forward. 

Erbe, C., Williams, R., Sandilands, D., and Ashe, E. (2014). “Identifying modeled ship noise hotspots for 

marine mammals of Canada’s Pacific region”, PLoS One, 9, e89820. doi:10.1371/journal.pone.0089820  

Farcas, A., Powell, C.F., Brookes, K.L., Merchant, N.D. (2020). “Validated shipping noise maps of the 

Northeast Atlantic”, Sci. Total Environ, 735, 139509. doi.org/10.1016/j.scitotenv.2020.139509 

MacGillivray, A., de Jong, C. (2021). “A Reference Spectrum Model for Estimating Source Levels of Marine 

Shipping Based on Automated Identification System Data”, J. Mar. Sci. Eng., 9, 369. 

doi.org/10.3390/jmse9040369  

Sertlek, Hüseyin Ö. (2021). “Hindcasting Soundscapes before and during the COVID-19 Pandemic in Selected 

Areas of the North Sea and the Adriatic Sea”, J. Mar. Sci. Eng. 9, no. 7: 702. 

doi.org/10.3390/jmse9070702 
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CAN PRODUCTIVITY SUSCEPTIBILITY ANALYSIS REVEAL THE 

COMPARATIVE VULNERABILITY OF FISH POPULATIONS  

TO UNDERWATER NOISE EXPOSURE? 
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The adverse effects of underwater noise on fish populations are of increasing concern to scientists, 

regulators and policymakers. However, to prioritise management action, better information is needed 

on the relative vulnerability of fish populations to noise-induced injury and disturbance. To achieve 

this, methods developed to assess other anthropogenic pressures on fish populations may prove useful. 

One such approach is Productivity Susceptibility Analysis (PSA), an established method used in 

fisheries management to assess the vulnerability of a species or stock to fishing pressure (Patrick et al., 

2009). Using a set of pre-determined attributes, PSA considers the productivity of each species (i.e., the 

capacity of a stock to recover if the population is depleted) and relative susceptibility to a given stressor 

(i.e., fishing activity). Until now, PSA has yet to be applied to the effects of underwater noise exposure, 

although its potential has been noted (Hawkins and Popper, 2017; Slabbekoorn et al., 2019). To adapt 

PSA to underwater noise pollution, a new set of susceptibility attributes needs to be developed to 

describe the vulnerability of fish populations to the effects of noise exposure. 

In this exploratory study, we developed a PSA methodology for underwater noise exposure. We 

considered both the hearing abilities of the fish species (according to the Popper criteria) and the spatial 

and temporal overlap of impulsive and continuous anthropogenic noise with important fish habitats 

(spawning and nursery grounds) in UK waters, using risk mapping tools developed previously 

(Merchant et al., 2018). The resulting ranking and grading of fish populations according to vulnerability 

provides greater insight than prioritisation based solely on hearing ability, since it is both location 

specific (due to the assessment of noise overlap) and includes the important dimension of species 

productivity. 

This preliminary study demonstrates the strong potential to adapt the PSA framework to identify and 

prioritise fish populations that are most vulnerable to the effects of anthropogenic noise exposure. Our 

findings will have direct policy relevance for the ongoing regulation of underwater noise through 

national and intergovernmental fisheries management, environmental impact assessment, Regional 

Seas Conventions, and strategic environmental legislation such as the UK Marine Strategy and EU 

MSFD. 

Hawkins AD, Popper A (2017) A sound approach to assessing the impact of underwater noise on marine fishes 

and invertebrates. ICES Journal of Marine Science 74(3):635–651. doi:10.1093/icesjms/fsw205  

Merchant ND, Faulkner RC, Martinez R (2018) Marine noise budgets in practice. Conserv. Lett 11(3):1-8. doi: 

10.1111/conl.12420  

Patrick WS, Spencer, P, Ormseth, O, Cope J, Field J, Kobayashi D, Gedamke T, Cortés E, Bigelow K, Overholtz 

W, Link J, Lawson P (2009) Use of productivity and susceptibility indices to determine stock vulnerability, 

with example applications to six U.S. fisheries. U.S. Dep. Commer, NOAA Tech Memo NMFS-F/SPO-101, 

90p  

Slabbekoorn H, Dalen J, de Haan D, Winter HV, Radford C, Ainslie MA, Heaney KD, van Kooten T, Thomas L, 

Harwood J (2019) Population-level consequences of seismic surveys on fishes: An interdisciplinary 

challenge. Fish and Fisheries 20:653–685. doi:10.1111/faf.12367  
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GO STEALTHY OR GO SLOW:  

MODERATE REDUCTIONS IN VESSEL SOURCE LEVELS  

DRAMATICALLY REDUCE IMPACTS TO MARINE WILDLIFE 
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Underwater radiated noise (URN) from shipping is the most widespread source of human-made sound 

in marine ecosystems (Hildebrand, 2009) and is primarily the result of propeller cavitation (Ross, 1976). 

The pervasive presence of shipping noise is of increasing concern due to its potential impacts on marine 

mammals. Many marine mammals rely on hearing as their primary sense, and there is increasing 

evidence that URN can alter their behavior and/or mask their hearing (Erbe et al., 2019). Three general 

approaches have been proposed to mitigate URN from vessels: (1) vessel slowdowns; (2) technological 

modifications; and (3) increasing the distance between vessels and animals. However, the efficacy of 

these different mitigation measures at reducing impacts to marine mammals is uncertain. 

We used a modelling approach to examine how different mitigation measures for a fixed pitch propeller 

cargo vessel may reduce areas exposed to URN and the potential impacts to marine mammals. As the 

way URN affects animals remains unclear for many species, we used peak received level, acoustic 

looming (i.e., the change in received level per minute), and time with elevated noise level as impact 

proxies. 

We show that areas and hence the number of individuals exposed to URN reduce dramatically when 

vessel source levels are reduced via slowdowns or technological modifications. For example, a 10 dB 

reduction in source level results in 90% less area instantaneously exposed to URN from a moving 

vessel. Vessel slowdowns are an effective way to reduce source levels: for example, a 10 to 50% 

reduction in speed decreases source levels by 3 to 18 dB, due to URN scaling with the sixth power of 

speed regardless of frequency (Macgillivray and de Jong, 2021; Ross, 1976) as long as speed is above 

the cavitation inception speed. For an individual marine mammal, all impact proxies decrease when 

vessels are slowed and/or pass at greater distances. Most importantly, despite the longer time it takes a 

slower ship to pass through an area, the time with elevated noise levels and hence potential masking by 

the noise also decreases with decreasing speed. There is thus no trade-off between lower source level 

and longer time within the habitat for slower vessels. This work highlights the importance of 

considering the effects of different URN mitigation measures, and further supports ‘going slower’ as 

one of the most effective methods of dramatically reducing all noise impacts to marine wildlife. 

Erbe C, Marley SA, Schoeman RP, Smith JN, Trigg LE, and Embling CB (2019) The Effects of Ship Noise on 

Marine Mammals—A Review. Front Mar Sci 6:1–21. doi:10.3389/fmars.2019.00606  

Hildebrand JA (2009) Anthropogenic and natural sources of ambient noise in the ocean. Mar Ecol Prog Ser 

395:5–20. doi:10.3354/meps08353  

Macgillivray A, and de Jong C. (2021) A reference spectrum model for estimating source levels of marine 

shipping based on automated identification system data. J Mar Sci Eng 9:1–15. doi:10.3390/jmse9040369  

Ross D (1976). Mechanics of Underwater Noise. New York, NY. 
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USE OF MSFD REGIONAL PRESSURE INDEX IN THE 

NORTH-EAST ATLANTIC OCEAN TO ASSESS THE EFFICIENCY OF 

REGULATION MEASURES 
 

 Thomas Folegot*1 
1QUIET-OCEANS, France, thomas.folegot@quiet-oceans.com 

Concern for negative impacts of anthropogenic noise on the ocean’s ecosystems has increased over the 

recent decades. This concern leads to a similar increased willingness to regulate noise-generating 

activities, of which shipping is one of the most significant. Dealing with ship noise requires not only 

knowledge about the noise from individual ships, but also how the ship noise is distributed in time and 

space within the habitats of concern. 

The JONAS project created, as part of implementation of the EU Marine Strategy Framework Directive 

(MSFD), one year of monthly, quarterly, and annual statistical sound maps across the north-east of the 

Atlantic Ocean based on oceanographical data. Three types of statistical sound maps have been 

produced: the natural sound maps based on wind data, the shipping sound maps based on ship 

information from the Automatic Identification System (AIS), and the so-called excess sound maps 

which express the deterioration of the signal-to-noise ratio caused by the ship sound and hence the 

reduction in maximum communication and pray detection ranges. 

A methodology for the assessment of a Pressure Index has been developed in the framework of the 

MSFD that addresses the habitat of the key species and potential effects such as disturbance, barrier 

effect and masking. Regional and sub-regional pressure indexes have been produced for a number of 

key species in the Atlantic Ocean in areas located between the Irish sea in the north and the Canary 

Islands in the south. 

The pressure indexes obtained have highlighted large differences between sub-regions and, in some 

cases, seasonal variabilities. Based on those results, a series of mitigation measures have been 

suggested, modelled and their efficiency evaluated in the light to the re-assessment of the pressure 

indexes after mitigation. The results obtained demonstrate that the pressure index as developed in the 

JONAS project are a suitable candidate to help regulators in the design of management and mitigation 

measures to reduce the effect of anthropogenic sound on aquatic life. 
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MODELLING UNDERWATER NOISE IN THE NORTH ADRIATIC SEA 
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The Adriatic Sea hosts numerous Natura 2000 sites and protected areas, but it is known as an underwater noise hot-

spot in the Mediterranean Sea (Maglio et al. 2016). This claims for managing measures. The EU Interreg Italy-

Croatia SOUNDSCAPE project developed a transnational assessment of the underwater noise in the North Adriatic 
Sea for the very first time. The monitoring network was established, and acoustic data were recorded from March 

2020 to June 2021. The noise modelling was also performed, using Quonops© to simulate the noise levels in space 

and time. Bathymetry, grain size, temperature, and salinity as well as wind distributions were provided by CNR as 

input data, together with AIS vessel data (Folegot, 2009). The model was calibrated using the field data and 

performed a one-year 3D simulation in the whole study area. Maps showing baseline and natural Sound Pressure 

Levels for four 1/3 octave bands centred at 63 Hz, 125 Hz, 250 Hz and 4000 Hz were calculated for three depth 

ranges. Seven percentiles were made available monthly. Baseline noise maps include anthropogenic and natural 

noise. This atlas represents the first estimation of underwater noise due to vessel traffic with high temporal and 

spatial detail filling a previous knowledge gap. 

 
Maglio, A, Pavan, G, Castellote, M, Frey, S 2016. Overview of the Noise Hotspots in the ACCOBAMS Area, Part I-

Mediterranean Sea. Agreement on the Conservation of Cetaceans in the Black Sea, Mediterranean Sea and Contiguous 

Area. 

Folegot, T. (2009), Method for monitoring, predicting and reducing the level of acoustic energy of a plurality of sources in an 

aquatic environment and method for monitoring, predicting, and reducing the risk of noise annoyance for marine species, 

European Union Patent EP24 
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NEAR REAL-TIME UNDERWATER SOUND MODELLING CALIBRATED BY 
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DENMARK AND GERMANY 
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The Fehmarnbelt Fixed Link will consist of a 17.6 km long, immersed tunnel connecting the Danish 

island of Lolland and the German island of Fehmarn in the western Baltic Sea. Marine sediments are 

excavated since January 2021 to create a tunnel trench of about 90 m wide by 16m deep for the 

placement of the tunnel segments. The construction takes place in a natural habitat of harbor porpoise 

(Phocoena phocoena), which is the only cetacean species regularly reproducing in the Baltic Sea and 

is strictly protected by European and national laws. 

The project approval was set under two conditions to regulate underwater project noise to safeguard the 

staging and nursing habitat in the Fehmarnbelt for 2,000 to 4,000 harbor porpoises. The first condition 

demands that not more than 20% of the alignment between Lolland and Fehmarn shall be exposed to 

construction Sound Pressure Level exceeding 144 dB ref. 1µPa to avoid creating a barrier effect that 

may impede porpoise migration through Fehmarnbelt. The second condition states that not more than 

1% of the Natura 2000 area located in the Fehmarnbelt shall be exposed to construction Sound Pressure 

Level exceeding 140 dB ref. 1µPa during the reproductive period from June to September to minimize 

the impact on reproducing porpoises in the protected area. The compliance to these conditions shall be 

met at all times. 

A major shipping route connecting the North Sea and the Baltic Sea, and a busy ferry line between 

Germany and Denmark cause levels of ambient sounds which regularly exceed the sounds of the 

activities of the construction noise itself. As a result of this, monitoring of construction noise and 

compliance with the conditions of the project approval decision cannot be achieved by sound 

measurements alone. Therefore, a hybrid approach combining near real-time modelling provided by 

Quonops
©
 Online Services platform and calibrated by mobile continuous sound measurements along 

the construction sites has been developed. This approach allows for calibration of the model from 

cumulative sounds levels recorded from non-project and project noise on the one hand, and the 

assessment of both conditions to verify compliance every 15 minutes, 24/7, on the other hand. 

 

The results of the first months of dredging work revealed an average deviation of less than 1dB between 

the model and the measurements. Compliance with the regulation thresholds is therefore assessed with 

confidence and reliability despite the interference of sounds introduced by heavy commercial shipping. 
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EFFECT OF SHIP NOISE ON THE BEHAVIOUR OF HARBOUR PORPOISES 

(Phocoena phocoena) 

Caitlin Frankish*1; Jakob Tougaard2; Jonas Teilmann3; Rune Dietz4; Alexander M. von Benda-

Beckmann5; Bas Binnerts6; Christ de Jong7; Jacob Nabe-Nielsen8 
1Aarhus University, Denmark, ckf@ecos.au.dk; 2Marine Mammal Research Group, Aarhus University, 

Denmark, jat@ecos.au.dk; 3Marine Mammal Research Group, Aarhus University, Denmark, 

jte@ecos.au.dk; 4Marine Mammal Research Group, Aarhus University, Denmark, rdi@ecos.au.dk,  
5Acoustics and Sonar Research Group, Netherlands Organization for Applied and Scientific Research 

(TNO), Netherlands, sander.vonbendabeckmann@tno.nl; 6Acoustics and Sonar Research Group, 

Netherlands Organization for Applied and Scientific Research (TNO), Netherlands, bas.binnerts@tno.nl; 
7Acoustics and Sonar Research Group, Netherlands Organization for Applied and Scientific Research 

(TNO], Netherlands, christ.dejong@tno.nl; 8Marine Mammal Research Group, Aarhus University, 

Denmark, jnn@ecos.au.dk 

Shipping is recognized as the most dominant and widespread source of noise pollution in the world’s 

oceans, yet its impact on marine fauna is still poorly known. Cetaceans are thought to be especially 

vulnerable as they are dependent on sound for effective navigation, foraging and communication. In 

particular, coastal species, such as harbour porpoises (Phocoena phocoena), overlap in distribution with 

shipping lanes and areas of high recreational boat use where loud noise may repeatedly disrupt their 

natural behaviour with potentially worrying consequences for individual fitness.  

Here we combine biologging data (GPS locations and diving behaviour) from 12 porpoises tracked 

around Denmark between 2014-2021 with ship positions derived from AIS data and ship source and 

sound propagation models to quantify 1) the degree of exposure of tracked individuals to ship noise and 

2) determine whether free-ranging porpoises altered their behaviour (in both horizontal and vertical 

axes) in response to varying levels of received noise. Our results have important repercussions for 

predicting population-level impacts of noise pollution and informing the management of this pervasive 

source of disturbance in time and space. 
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FIRST ACOUSTIC DETECTION OF FRANCISCANA DOLPHIN  

(Pontoporia blainvillei) NEAR ARTISANAL FISHING NETS  

IN SOUTHERN COAST OF BUENOS AIRES, ARGENTINA 

 
 Gisela Giardino*1; Giuseppa Buscaino2; Ricardo Bastida3; Diego Rodríguez4 

1Universidad Nacional de Mar del Plata (UNMdP) and Instituto de investigaciones Marinas y Costeras 

(IIMyC-CONICET), Buenos Aires, Argentina, oflavescens@gmail.com;  
2Institute of Anthropic Impact and Sustainability in marine Environment (IAS) –National Research 

Council, Trapani, Italy, giuseppa.buscaino@cnr.it; 3Lab. Biol., Ecología y Conserv. de Mamíferos Marinos 

Universidad Nacional de Mar del Plata (UNMdP) IIMyC -CONICET, Buenos Aires, Argentina, 

bastidaricardo@gmail.com; 4Lab. Biol., Ecología y Conserv. de Mamíferos Marinos Universidad Nacional 

de Mar del Plata (UNMdP) IIMyC -CONICET, Buenos Aires, Argentina, dhrodri@gmail.com 

The biggest conservation problem that Franciscana dolphins (Pontoporia blainvillei) are facing 

nowadays is bycatch. In Argentina the species has been classified as Vulnerable (SAREM) under the 

IUCN criteria; along the northern coast (Buenos Aires Province) around 400 dolphins are entangled 

every year in coastal gillnets. The reason why this dolphin is entangled is still unknown, and several 

hypotheses are raised that include detection failures, immaturity of the echolocation system, or just 

passive listening. 

Our main interest is to obtain information that allows us to confirm the type of acoustic activity that 

Franciscana dolphins perform near of the gillnets. To meet this objective, two acoustic detectors 

(FPODS) were placed in two artisanal fishing nets that have high rates of entanglement in Buenos Aires 

Province, Argentina (Claromecó). The acoustic detectors were located in the near buoy of the gillnet at 

a depth of 15 m and 1.4 miles off the coast. We collected a total of 869 hours of recordings. We found 

eight high frequency and narrow band (HFNB) click trains compatible with those emitted by the 

Franciscana dolphins for one vessel and 18 for the other, which were more time operative. The highest 

number of positive detections per minute was recorded during the night between 20:00 and 5:00 a.m. 

These preliminary results confirm for the first time that Franciscana dolphins echolocate near gillnets. 

This first step is key to understand what mitigation strategy could be better. Understanding the 

echolocation behavior around the nets would lead to designing better mitigation tools in order to reduce 

bycatch. 

Barcellos DD, Santos MCDO (2021). Echolocation characteristics of franciscana dolphins (Pontoporia 

blainvillei). Marine Mammal Science:1-11.  

Bordino P, Mackay AI, Werner TB, NorthridgeS, Read A (2013). Franciscana bycatch is not reduced by 

acoustically reflective or physically stiffened gillnets. Endangered Species Research  

Melcón ML, Failla M, IñIiguez M (2012). Echolocation behavior of franciscana dolphins (Pontoporia 

blainvillei) in the wild. The Journal of the Acoustical Society of America 131: EL448-EL44821:1-12. 

Tellechea J,Ferreira SM, Norbis W (2017). Echolocation and burst clicks from franciscana dolphins 

(Pontoporia blainvillei) on the coast of Uruguay. Marine Mammal Science 33:687-694 
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KEYNOTE 

CRITICAL CONSIDERATIONS TOWARDS UNDERSTANDING THE 

INTERACTIONS AND OUTCOMES OF RENEWABLE ENERGY DEVELOPMENT 

 IN THE MARINE ENVIRONMENT 
 

Andrew B. Gill*1  
1CEFAS, Lowestoft, United Kingdom, andrew.gill@cefas.co.uk 

The development and operation of renewable energy technologies are an ever-growing part of our 

coastal and offshore waters in response to energy security and climate change policy worldwide. In 

particular, the current expansion and future plans for offshore wind (OSW) means our Anthropocene 

waters are set to become even busier in the coming decades. This will lead to increased overlap in 

marine activities, with the potential for restriction and conflict for some activities and/or potential 

coexistence. Add to this the current plans for halting the biodiversity crisis through nature recovery 

and restoration it is a complex picture that has emerged. Here, I will introduce that picture in relation 

to the interactions between OSW development and the environment, highlighting the current 

approaches we apply, which are mainly single effector assessments. I then will consider the current 

approaches balanced against the current evidence base, illustrated by two case studies. First, the 
energy emission that shares similarities with underwater noise, namely electromagnetic fields (EMF) 

emitted during electricity transmission (Hutchison et al., 2021), and second the consequences to 

fisheries species of OSW development (Gill et al., 2020). Through these case studies I aim to 

emphasize the key aspects that we should focus on, taking the perspective of the animals (Hutchison 

et al., 2021) and their exposure to multiple effectors and addressing the spatial and temporal scale of 

the interactions (Gill et al., 2020). 

Gill, AB, Degraer, S, Lipsky, A, Mavraki, N, Methratta, E, & Brabant, R (2020) Setting the context for offshore 

wind development effects on fish & fisheries. Oceanography, 33(4): 118-127.  
Hutchison, ZL, Secor, DH, & Gill, AB (2020) The interaction between resource species and EMF associated 

with electricity production by offshore wind farms. Oceanography, 33(4): 96-107. 
Hutchison, ZL, Gill, AB, Sigray, P, He, H, & King, JW (2021) A modelling evaluation of electromagnetic fields 

emitted by buried subsea power cables and encountered by marine animals: Considerations for marine 

renewable energy development. Renewable Energy, 177: 72-81. 
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BANG-BANG-A-BOOM! IMPULSIVE NOISE IN A HARBOUR PORPOISE 

SPECIAL AREA OF CONSERVATION IN 2015-2020 

 Abi Goulding*1; Sonia Mendes2; Lisa Mogensen3 
1JNCC, United Kingdom, abi.goulding@jncc.gov.uk; 2JNCC, United Kingdom, 

sonia.mendes@jncc.gov.uk; 3JNCC, United Kingdom, lisa.mogensen@jncc.gov.uk 

 

Guidance for assessing the significance of noise disturbances in harbour porpoise SACs (Special Area 

of Conservation) was published in the UK in 2020 (JNCC, 2020). It advised spatial and temporal limits 

on impulsive noise within these areas, with a daily threshold of 20% of the site (or seasonal area) 

subjected to disturbance on any given day and an average of 10% of the site (or seasonal area) 

throughout the relevant season. 

 

Using data extracted from JNCC’s Marine Noise Registry, this study aimed to investigate impulsive 

noise in the Southern North Sea SAC in 2015-2020, in order to determine the prevalence of impulsive 

noise in the site, and whether the thresholds had been exceeded at any point. Data were split into activity 

and winter/summer season, and each data point / polygon buffered appropriately according to the 

Effective Deterrence Range of that activity, as defined in the JNCC, 2020 Noise Guidance. The buffer 

areas were then used to calculate: 

1. Daily disturbed area from all activities combined for the relevant season and seasonal area 

2. Seasonal average disturbed area from all activities combined for the relevant seasonal area 

The results showed great variation in the number of days with impulsive noise in the relevant 

season/seasonal area of the SAC, ranging from 2 days to 107 days. The 20% daily threshold was 

breached in only one day, in the summer of 2015, when 21.02% of the relevant seasonal area was 

subject to impulsive noise, owing to three seismic surveys being conducted in the north of the summer 

area. The 10% seasonal average was not exceeded in any season, with the maximum seasonal average 

being 7.38% in winter 2016/17 (due to two adjacent mono-piling events). 

In the summer seasonal area, seismic surveys contributed most to the noise footprint, with 65.6% of the 

noise. The most frequent activity was sub-bottom profiling (167 days), which owing to a smaller 

potential disturbed area contributed less to the footprint;  in the winter area, mono-piling contributed 

most to the noise footprint (50.8%), with sub-bottom profiling occurring on the most days (81 days). 

 

It is increasingly likely in the future that the daily or seasonal thresholds could be exceeded in the SNS 

SAC, with at least ten winds farms planned in or around the SAC, likely requiring pile-driving and 

underwater explosive clearance campaigns. This highlights the need for careful planning and phasing 

of noisy activities but also the need for alternative, less noisy operations. 

 
JNCC (2020). Guidance for assessing the significance of noise disturbance against Conservation Objectives of 

harbour porpoise SACs (England, Wales & Northern Ireland). JNCC Report No. 654, JNCC, 

Peterborough, ISSN 0963-8091. 
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IMPULSIVE OR NON-IMPULSIVE? USE OF KURTOSIS TO DESCRIBE  

DOWN-THE-HOLE PILE INSTALLATION SOUNDS RELATED TO  

FREQUENCY RESPONSE OF MARINE MAMMAL HEARING 
  

Shane Guan*1; Tiffini Brookens2 
1Bureau of Ocean Energy Management, VA, United States, shane.guan@boem.gov;  
2Marine Mammal Commission, Maryland, United States, TBrookens@mmc.gov 

Down-the-hole (DTH) piling is a relatively new technology that uses percussive drilling to install piles. 

Recent studies on acoustic characteristics of DTH pile installation have shown that these sounds contain 

both impulsive and non-impulsive structures (Guan and Miner, 2020). Impulsive components result 

from DTH hammer strikes, while non-impulsive components comprise sounds from drilling and the 

pumping system, which airlifts debris and cuttings through the middle of the pile. Further, two different 

DTH piling techniques that generate slightly different sounds have been identified. DTH pile driving 

involves the hammer striking both the drill bit that cuts into the bedrock and the metal pile shoe to 

advance the pile. DTH pile drilling only involves the hammer striking the drill bit; the hammer does 

not contact the pile (Guan et al., 2022). 

In this study, kurtosis was used to quantify the impulsiveness of sounds from DTH pile installation 

based on the six marine mammal functional hearing groups used by the U.S. regulatory community. 

Non-impulsive, Gaussian sound has a kurtosis value of 3. As impulsiveness of sound increases, kurtosis 

also will increase (Müller et al., 2020). Martin et al. (2020) suggested that a fully impulsive sound has 

a kurtosis value of 40 or more. 

For unweighted sounds, median kurtosis values ranged from 10.4 to 30.0 during DTH pile driving and 

from 4.2 to 5.8 during DTH pile drilling. In addition, during DTH pile driving, median kurtosis values 

decreased as the distance to source increased. However, no clear trend was detected for kurtosis versus 

range during DTH pile drilling. When frequency weighting was considered, median kurtosis values 

generally were greater for species with better low-frequency sensitivity (i.e., low-frequency cetaceans, 

pinnipeds, and sirenians) than unweighted values, whereas kurtosis values for mid- and high-frequency 

cetaceans were similar to, or in some cases less than, unweighted values. Mean kurtosis values were 

greater than median values for both pile installation methods, unweighted sounds, and frequency-

weighted sounds for all functional hearing groups. 

These results indicate that sounds from DTH pile installation do not fit neatly into the two mutually 

exclusive categories of impulsive and non-impulsive sounds currently used for marine mammal 

auditory impact assessments. Research studies on marine mammal temporary threshold shifts from 

exposure to complex sounds that include both impulsive and non-impulsive components are needed to 

determine whether to continue to differentiate sound in binary categories when assessing auditory 

impacts. 

Guan S, Brookens T, Miner R (2022) Acoustic characteristics from an in-water down-the-hole pile drilling 

activity. J Acoust Soc Am 151(1):310–320 

Guan S, Miner R (2020) Underwater noise characterization of down-the-hole pile driving activities off Biorka 

Island, Alaska. Mar Pollut Bull 160:111664  

Martin SB, Lucke K, Barclay DR (2020) Techniques for distinguishing between impulsive and non-impulsive 

sound in the context of regulating sound exposure for marine mammals. J Acoust Soc Am 147(4):2159–

2176  

Müller RAJ, von Benda-Beckmann, Halvorsen MB et al (2020) Application of kurtosis to underwater sound. J 

Acoust Soc Am 148(2):780–792 
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MANAGING TECHNICAL AND ENVIRONMENTAL UNCERTAINTY OF SUBSEA 

NOISE IMPACTS IN PROJECT DESIGN 

 
Katie Gwynne*1; Paul de Lestang2; Christine Erbe3; Alec Duncan4; Daniel Wilkes5; Robert McCauly6 

1Chevron, Western Australia, Australia, katie.gwynne@chevron.com; 2Chevron, Western Australia, 

Australia, PdeLestang@chevron.com; 3Curtin University, Western Australia, Australia, 

C.Erbe@curtin.edu.au; 4Curtin University, Western Australia, Australia, A.J.Duncan@curtin.edu.au;  
5Curtin University, Scotland, United Kingdom, D.Wilkes@curtin.edu.au;  
6Curtin University, Western Australia, Australia, R.McCauley@cmst.curtin.edu.au 

Proponents of offshore oil and gas developments in Australia need to demonstrate an understanding of 

their noise sources and that their impacts are environmentally ‘acceptable’ and ‘as low as reasonably 

practicable’ (ALARP). Both have significant challenges. Engineers typically design industrial facilities 

in accordance with noise standards that provide source limits irrespective of location or receptor and 

which can be verified using defined monitoring methods. The absence of any such noise standards for 

subsea equipment makes designing for subsea applications challenging. Suppliers of subsea equipment 

have not typically included noise as a design criterion and available noise data is typically limited to 

total dB in air referenced to 1m to assess against human health requirements. 

Further contributing to the design challenge are the long lead times to obtain adequate site-specific 

environmental data and acoustic profiles required to inform propagation modelling. Once this 

information is in hand, data on which noise characteristics (frequency, duration, level, etc.) cause which 

biological effects for potentially exposed cetaceans is often still so limited that uncertainty remains on 

the acceptability of the design. These uncertainties can contribute risk to project schedules and budgets.  

We present several tools developed and implemented to address these uncertainties for an offshore 

project proposal in Western Australia. These include a staged baseline acoustic monitoring program 

and targeted visual surveys, informed by progressive data analysis, risk assessments and peer reviews, 

to adequately define the receiving environment. Habitat modelling is being undertaken to define the 

features of suitable versus unsuitable habitat. Limited or absent in-water source noise spectra for key 

sources were addressed by development of a finite element source model to convert in-air vibration 

data to sound power levels which, in turn, were used to generate in-water noise spectra. The challenge 

of predicting the likely behavioral responses and potential impacts of modelled noise contours to 

individuals or populations of various species of cetaceans was supported by advice from a panel of 

experts via a facilitated Sheffield Elicitation Framework (SHELF) process. 
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SANCTSOUND: BUILDING DATA SYSTEMS FOR SOUND DECISIONS 

Leila Hatch*1; Jack Barkowski2; Simone Baumann-Pickering3; Carrie Wall Bell4; Benjamin Best5; John 

Joseph6; Annamaria DeAngelis7; Jennifer Brown8; Ella Kim9; Danielle Kitchen10; Annebelle Kok11; 

Anke Kügler12; Anurag Kumar13; Marc Lammers14; Tetyana Margoli15; Megan McKenna16; Karlina 

Merkens17; Lindsey Peavey Reeves18; Timothy Rowell19; Mandy Shoemaker20; Jenni Stanley21; Alison 

Stimpert22; Brandon Southall23; Brian Stone24; Mitchell Tartt25; Sofie Van Parijs26; Eden Zang27 

1NOAA Office of National Marine Sanctuaries, Massachusetts, United States, leila.hatch@noaa.gov; 2Moss 

Landing Marine Laboratories, California, United States, john.barkowski@sjsu.edu; 3Scripps Institution of 

Oceanography, California, United States, sbaumann@ucsd.edu; 4NOAA National Centers for Environmental 

Information, Colorado, United States, carrie.wall@noaa.gov; 5EcoQuants LLC, California, United States, 

ben@ecoquants.com; 6Naval Postgraduate School, California, United States, jejoseph@nps.edu; 7NOAA 

Northeast Fisheries Science Center, Massachusetts, United States, annamaria.deangelis@noaa.gov; 8NOAA 

Office of National Marine Sanctuaries, California, United States, jennifer.brown@noaa.gov; 9Scripps 

Institution of Oceanography, California, United States, ebkim@ucsd.edu; 10Office of the Deputy Assistant 

Secretary of the Navy, D.C., United States, danielle.m.kitchen.civ@us.navy.mil; 11Scripps Institution of 

Oceanography, California, United States, akok@ucsd.edu; 12University of Hawaiʻi at Mānoa, Hawai'i, United 

States, anke.kuegler@gmail.com; 13U.S. Navy Living Marine Resources Program, California, United States, 

anurag.kumar.civ@us.navy.mil; 14Hawaiian Islands Humpback Whale National Marine Sanctuary, Hawai'i, 

U.S., marc.lammers@noaa.gov; 15Naval Postgraduate School, California, United States, tmargoli@nps.edu; 
16Hopkins Marine Station of Stanford University, California, United States, meganfmckenna@stanford.edu; 
17Pacific Islands Fisheries Science Center, Oregon, United States, karlina.merkens@noaa.gov; 18NOAA Office 

of National Marine Sanctuaries, California, United States, lindsey.peavey@noaa.gov; 19Northeast Fisheries 

Science Center, Massachusetts, United States, timothy.rowell@noaa.gov; 20U.S. Navy Living Marine 

Resources Program, California, United States, mandy.l.shoemaker.civ@us.navy.mil; 21University of Waikato, 

New Zealand, jstanley@waikato.ac.nz; 22Moss Landing Marine Laboratories, California, United States, 

alison.stimpert@sjsu.edu; 23Southall Environmental Associates, Inc., California, United States, 

brandon.southall@sea-inc.net; 24Axiom Data Science, Alaska, United States, brian@axiomdatascience.com; 
25NOAA Office of National Marine Sanctuaries, Maryland, United States, mitchell.tartt@noaa.gov; 
26Northeast Fisheries Science Center, Massachusetts, United States, sofie.vanparijs@noaa.gov; 27Hawaiian 

Islands Humpback Whale National Marine Sanctuary, Hawai'i, United States, eden.zang@noaa.gov 

In April 2022, the US National Oceanic and Atmospheric Administration, the US Navy, and partners 
launched a Sanctuary Soundscape Monitoring Project (SanctSound) web portal. The portal allows the 

public to learn about the importance of ocean sound and explore the findings from this collaborative effort 

by over fifty scientists spanning three years. Here, we aim to increase awareness of this new platform and 

discuss lessons learned and next steps for development of such assets in the future among international 

colleagues. The portal provides a tangible reference for discussing community-level progress in addressing 

the priorities that have guided the SanctSound project: (1) enhanced standardization through data collection 

and analysis steps; (2) development of new metrics, indicators, and visualization techniques to inform local 

to system-wide management needs; (3) centralization and public access for both raw recordings and data 
products; (4) data-driven communication and education products for a wide array of audiences; and (5) 

creation of sustainable data pipelines that can be leveraged broadly across projects. The portal also 

showcases how underwater sound monitoring helps resource managers design methods to better protect 

National Marine Sanctuaries. Examples ranging from informing large whale protections to coral reef 

restoration to fishery management will be provided to highlight both the achievements of the project and 

emerging opportunities through large-scale data collections to answer questions of interest to managers.
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REGIONAL AND GLOBAL SOUNDSCAPE MODELING 

Kevin Heaney*1; Andrew Heaney2 
1Applied Ocean Sciences, VA, United States, kevin.heaney@appliedoceansciences.com;  
2Applied Ocean Sciences, VA, United States, Andrew.heaney@appliedoceansciences.com 

There has been growing interest in and awareness of the impacts of anthropogenic sounds on the marine 

landscape. The term soundscapes, rather than ocean noise, has been adapted from the terrestrial ecological 

sciences, to refer to all sounds that are present within a given ecosystem, beyond those required to make 

the observations. This will include ships, seismic and geophysical surveys, wind, marine mammal 

vocalizations, fish and earthquakes. In order to better understand the impacts of anthropogenic sound on 

the marine ecosystem health, with an emphasis on marine mammals, various research projects have looked 

at ship noise and compared it to the wind noise. We present here an acoustic model for generating wind 

and shipping soundscapes in the frequency band from 20 Hz to 1 kHz on both a regional level and for a 

specific site. The regions presented will include the Atlantic Outer Continental Shelf, the Arctic, the 

Philippine Sea, the Gulf of Maine as well as a global model. Specific conclusions include a global reduction 

in ocean noise from Covid, shipping noise levels are higher on the seafloor than at shallow depths 

(migration depths for marine mammals), seafloor depth and type are important drivers of the overall sound 

level for ships and wind. A few direct comparisons of the model with observations will be made. 
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AUTONOMOUS SURFACE VESSEL PASSIVE ACOUSTIC BASELINE MONITORING 

OF MARINE MAMMALS OFFSHORE WEST AFRICA 

David Hedgeland*1; Chris Pierpoint2 
1bp, United Kingdom, david.hedgeland@uk.bp.com,  
2Seiche Ltd, Devon, United Kingdom, c.pierpoint@seiche.com 

A marine mammal baseline monitoring and data collection program was initiated offshore Sao Tome and 

Principe in 2018 and continued throughout 2019. Field work was completed during Q4 2019. Amongst a 

growing number of visitors to the islands are humpback whales and other marine mammal species. The 

overall program objective was to help improve knowledge and understanding of the presence and 

movement of marine mammals. 

An AutoNaut Autonomous Surface Vehicle (ASV) was deployed by Seiche Ltd. The aim of the study was 

to identify the distribution of marine mammal species as part of a wider baseline data collection program, 

which included the use of fixed PAM equipment for marine mammals. The ASV provided an opportunity 

to collect data over a wide area between the two islands and off the east coast of Sao Tome Island. Specific 

objectives included: 

•  confirming the presence/absence and seasonal variation of marine mammal species 

•  validating current understanding of start/end of humpback whale migration period 

•  understanding the background soundscape characteristics for the area 

The minimal footprint of equipment shipment, deployment, and autonomous control provided substantial 

cost and safety advantages compared to conventional vessel based towed PAM methods, which would 

otherwise have involved significant deployment resources and challenges. 

Assembly, launch, and recovery activities were based at a location with access to a small sandy beach. A 

two-person team with local logistics support conducted mobilization, service, and demobilization 

activities. With anticipation of artisanal fishing activity being present in the area a local outreach campaign 

was implemented to help explain the project aims and offered guidance to keep clear of the ASV. 

The mobility, low self-noise, and unobtrusive nature of the AutoNaut platform enabled successful 

acquisition of PAM data. Vocalizations of humpback whales, sperm whales, beaked whales (Pierpoint et 

al, 2021), and delphinid species were recorded throughout the survey period. 

C Pierpoint, E Oliver,L Scala, D Hedgeland (2021). An acoustic survey of beaked whale distribution at São Tomé 

and Príncipe, Gulf of Guinea, using an unmanned surface vessel. African J Marine Sci, Pages 443-454, Vol 
43,4, doi.org/10.2989/1814232X.2021.1982769  
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SLOW, FASTER, FASTEST – CONTEXTUALIZING MINKE WHALE  

SWIMMING BEHAVIOR RELATIVE TO THE ENVIRONMENT,  

CONSPECIFICS, AND NAVY SONAR 
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Behavioral responses to sonar have been observed in a number of baleen whales, including minke whales 

(Balaenoptera acutorostrata). Previous studies used acoustic minke whale boing detections to localize and 

track individual whales on the U.S. Pacific Missile Range Facility (PMRF) off Kaua‘i, Hawai‘i. Analyses 

showed both a spatial redistribution of localizations away from U.S. Navy sonar sources and a horizontal 

avoidance response of individual acoustic tracks when exposed to Navy sonar (Harris et al 2019). The 

whale movement kinematics (speed and direction) were recorded before, during, and after Navy sonar 

events that occurred during the month of February in 2014, 2015, and 2017, and it was determined that 

during periods of sonar the minke whales transitioned into a directional and fast-moving state (Durbach et 

al. 2021).  

For the purposes of contextualizing the change in animal movement relative to Navy sonar, we expanded 

on this research to examine the natural variation in minke whale movement when Navy sonar was not 

present. This study included 2,245 acoustically derived minke whale tracks spanning the years 2012-2017 

over all months that minke whales were detected (October–May). Minke whale movement was examined 

against season, day of the year, time of day, calling state (nominal or rapid), wind speed, and distance to 

the nearest calling conspecific. As in the Navy sonar study, hidden Markov models were used to identify 

two kinematic states (slower, less directional movement, and faster, more directional movement). Findings 

indicate that minke whales were more likely to travel in a faster, more directional state when other minke 

whales were nearby and when they were calling rapidly, but the changes in movement are less intense than 
the changes observed during exposure to Navy sonar, when swim speeds were the fastest. These results 

start to put behavioral responses to Navy sonar into an environmental context to understand the severity of 

responses relative to natural changes in behavior. 

Harris C et al (2019) Changes in the Spatial Distribution of Acoustically Derived Minke Whale (Balaenoptera 

acutorostrata) Tracks in Response to Navy Training. Aquatic Mammals 45(6):661-674 

Durbach I et al (2021) Changes in the movement and calling behavior of minke whales (Balaenoptera 

acutorostrata) in response to navy training. Frontiers in Marine Science. doi:10.3389/fmars.2021.660122  
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BEYOND MFAS: ANALYSIS OF ADDITIONAL SOURCES OF NOISE DURING U.S. 

NAVY TRAINING ACTIVITY 
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A recent analysis examined changes in passive acoustic detections of Blainville’s beaked whale foraging 

dives during two phases of multiple US Navy training events on an active Navy at-sea range (Jacobson et 

al. 2019). During the first half of these training exercises (Phase A) there was no hull-mounted mid-

frequency active sonar (MFAS) used, but there were other potential sources of noise present including 

exercise torpedoes with sonar, surface recovery vessels, and submarines. During the second half of these 

exercises (Phase B) there can be multiple surface ships present and operating MFAS. Results indicated 

there was a decrease (of 87%) in the probability of detecting foraging dive activity in Phase B relative to 

baseline, but there was also a decrease (of 44% relative to baseline) in Phase A (Jacobson et al. 2019).  

Here, we investigate the Phase A reduction in foraging dives to determine if it could be linked to specific 

activities not associated with the use of surface ship MFAS. Passive acoustic data were recorded on 

multiple hydrophones before and during six training events from 2013 through 2017, and acoustic 

detections of the start of beaked whale foraging dives (i.e., dives with echolocation clicks) were assigned 

to the closest hydrophone. Data were divided into thirty-minute bins, and for each hydrophone-time bin 

pair, the presence or absence of a foraging dive start was noted, along with the closest point of approach 

(CPA) for submarines, exercise torpedoes, and surface recovery boats, and the estimated received level of 

sonar from exercise torpedoes at their CPA. Due to the classified nature of the training activity, only the 

CPA for the closest source to any given hydrophone during each time bin was estimated. Generalized 

Additive Models were used to model the probability of foraging dive detections given covariates 

representing each noise source. Initial results indicate that inclusion does not improve model performance 

compared to a null model containing a single covariate indicating the overall presence of training activities. 

Given the nature of the training exercises, the sources largely overlapped in space and time, making it 

difficult to attribute effects to individual sources.  

Additional analyses will include more detailed examination of the spatial and temporal patterns of training 

activities relative to the detection of beaked whale foraging dives. However, the observed reduction in 

foraging activity from before training to Phase A could be a generalized response to the presence of training 

activity on the range. 

Jacobson EK, Henderson EE, Oedekoven CS, Miller DL, Watwood SL, Moretti DJ, and Thomas, L (2019) 

Quantifying the response of Blainville’s beaked whales to Naval sonar exercises in Hawaii. In: Abstracts of 

the World Marine Mammal Conference, Barcelona, 9-12 December 2019  
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IMPACTS OF AIRGUN BLASTS USED IN SEISMIC SURVEYS:   

SMALL EFFECTS ON SMALL COPEPODS 
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Anthropogenic underwater sounds such as boat traffic and seismic surveys are sources of environmental 

stress and may have negative impacts on marine life (Duarte et al. 2021). Seismic surveys emit low-

frequency sound waves and are conducted worldwide to explore for oil and gas deposits and subsea 

formations. Results from the few existing studies of zooplankton responses to seismic activity range from 

no effects to substantial mortality. 

We conducted a field experiment investigating mortality, egg hatching, and naupliar growth of the calanoid 

copepod Acartia tonsa when exposed to a seismic airgun cluster. Eggs and nauplii were put in plastic bags 

and attached to a line at 6 m depth. For each treatment, three bags of eggs and three bags of nauplii were 

exposed for 2.5 hours to either the sound of a small airgun cluster (two 40-inch airguns), a boat control, or 

a silent control in the field. After exposure, exposed eggs and nauplii were kept in filtered seawater without 

food in the laboratory. We measured egg hatching rates in exposed eggs and mortality and growth in 

exposed nauplii. 

Egg hatching success in exposed eggs was unaffected by treatment. However, both immediate and longer-

term mortality in the airgun exposed nauplii was significantly higher than in the control groups. Mortality 

in the airgun exposed nauplii was 13.5% (±3.8%) (mean±SD) immediately after exposure, compared to 

3.4±1.3% and 2.6±1.7% in the silent and boat control, respectively. Furthermore, the airgun exposed 

nauplii were dead by day five, whereas nauplii in the control treatments survived for up to six days post-

treatment (~27-51% survival). There was also a significant interaction between treatments and days after 

exposure on naupliar body length, indicating lower growth in the airgun exposed nauplii. 

Areal coverage, size, number of airguns, and exposure time were smaller in this study compared to a real-

life seismic survey. Therefore, seismic blasts associated with large-scale surveys could affect mortality and 

growth of the younger life stages of some copepods in close proximity to the airguns. The results obtained 

in this study must be broadened to a wider range of species and upscaled in order to assess the impact of 

such surveys on zooplankton realistically. 

Duarte, C. M., Chapuis, L., Collin, S. P., Costa, D. P., Devassy, R. P., Eguiluz, V. M., Erbe, C., Gordon, T. A. C., 

Halpern, B. S., Harding, H. R., Havlik, M. N., Meekan, M., Merchant, N. D., Miksis-Olds, J. L., Parsons, M., 

Predragovic, M., Radford, A. N., Radford, C. A., Simpson, S. D., Slabbekoorn, H., Staaterman, E., Opzeeland, 

I. C. V., Winderen, J., Zhang, X., and Juanes, F. (2021). "The soundscape of the Anthropocene ocean," 

Science, 371 (6529). doi:10.1126/science.aba4658.
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SOUNDSCAPE IN A NORTHERN PATAGONIAN FJORD WITH 

SALMON FARMS: IS IT POSSIBLE TO DETECT  

ANY BIOPHONY AROUND? 
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The soundscape is the combination of sound in a particular location and time. It can be decomposed as 

biophony, geophony, or anthrophony regarding their source of origin. In the Northern Patagonian Chilean 

fjords an explosive development of salmon aquaculture has occurred during the last decades and it is 

continuing. Chile is the second largest salmon producer of the world, and several environmental impacts 

of these sea-based activities on marine ecosystems have been described (increased nutrient supply, 

introduction of chemical substances, escape and invasion of exotic species, among others). However, 

descriptions of the underwater soundscape near their installations are scarce, despite the potential addition 

of anthrophony into the marine environment with their potential negative impact.  

 

A continuous recording of the soundscape from a salmon farm located in a fjord (~30 km long, ~6km wide) 

was conducted using a hydrophone (SoundTrap 300 STD; 0.02–60 kHz), which was anchored at 20m depth 

(2m from bottom) and 250m from the salmon structures, for 45 hours. Additionally, eight measurements 

were made at different distances from the salmon farm using a portable hydrophone (SQ26-H1; 0.02–50 

kHz) in order to estimate the sound propagation in situ.  

 

Fourteen different anthropogenic noises were identified ranging from 70 to 3000 Hz in peak frequency. 

The most dominant noise (23 hours) had a peak frequency of around 80 Hz, most likely due to electric 

generators (RMS ~120 dB re 1µPa), whereas the second dominant noise (11 hours) was around 2500 Hz, 

thought to be due to the automatic feeding systems (~142 dB re 1µPa). Outboard motor noises were 
normally present at all times (~130 dB re 1µPa). From the 45 hours of recordings from the salmon farm, 

only one hour was without anthropogenic noise (100 dB re 1µPa), where some invertebrate and fish sounds 

were possible to identify. With the portable hydrophone it was not possible to find a site without the salmon 

farm noise around the fjord. Even noises from other salmon farms apparently overlapped. To conclude, the 

soundscape of a northern Patagonian fjord was strongly dominated by anthrophony from the salmon 

industry (97% of the total recording and ~40 dB re 1µPa higher than biophony), raising concern and the 

necessity to evaluate the effect of these noises on the marine ecosystem. 
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A COMPARISON OF SOUND FIELDS IN TWO  

SMALL EXPERIMENTAL TEST ARENAS 
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Lab-based bioacoustic experiments on fish are advantageous because they enable variables of interest to 

be modified whilst confounding factors can be controlled. These experiments often use small tanks and 

have been criticized because the sound fields produced are spatially complex in terms of particle motion 

and sound pressure levels (SPL) originating from highly reflective walls. Thus, controlling the exposure 

of a freely-moving fish is difficult (controlling exposure by restraining the fish is often inconsistent with 

the aims of the experiment). One solution to this challenge is to consider an arena submerged in a large 

body of water, in which the arena walls become acoustically transparent. Therefore, the aims of this study 

were: (1) to compare SPL and particle acceleration (PA) fields in two lab-based experimental setups and 

(2) to compare the observed PA in both setups to the expected PA, predicted using a plane wave 

assumption. The first setup consisted of a rectangular acrylic tank surrounded by air (in-air tank) and placed 

on concrete blocks, with two transducers situated at either end of an experimental arena. The second setup 

was a cylindrical arena submerged in a large water tank (submerged arena) with a speaker situated 70 cm 

underneath. Point measurements were taken via a hydrophone of a 1 s pure tone calibrated at 125 dB re 1 

μPa in the center of the arena at 400, 600, 800, 1000, and 2000 Hz. SPLs were directly recorded, PA was 

calculated. The in-air tank possessed more heterogeneity in SPL (SD: 3.4–9.8 dB) than the submerged 

arena with high levels of PA (33.3–43.3 dB re 1 mm s
-2

). The submerged arena was more homogeneous 

(SD: 0.2–2.6 dB) and had lower levels of PA for 400–1000 Hz (17.9–24.8 dB re 1 mm s
-2

). The PA, based 

on a plane wave assumption, was compared to the observed PA for both setups, with the submerged arena 

setup providing a better approximation than the in-air tank for all frequencies (χ
2

redIn-air: 79.9–4.71; χ
2

red 

submerged: 21.4–4.57) except 2000 Hz (χ
2

red In-air: 3.16; χ
2

red submerged 24.5). This study demonstrates 

that the submerged arena gave greater control over the stimulus that a fish experiences in lab-based 

experiments. 
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The magnitude of underwater noise radiating from operational offshore wind turbines has not been 

investigated to the same extent as construction underwater noise. Particularly, there are only a limited 

number of studies that have examined the connection between underwater noise and the vibrations from 

an operating turbine (rotating blades, generators, cooling systems etc.). The lack of such studies has 

therefore led to an indefinite understanding of how the underwater noise level will scale with increasingly 

larger turbines. 

In an effort to gather knowledge on this issue, this study has recorded noise levels from three offshore wind 

farms in the Summer of 2020 and Spring/Summer of 2021. The monitored turbines have power production 

capacities of 6 MW (direct-drive) and 8MW (planetary gear). Each wind farm had 4-5 hydrophones 

recording simultaneously with the nearest being located 70-100 m from a turbine while the furthest was 

positioned 5 km outside the wind farm. Data was then collected over 5 weeks to facilitate a detailed 

statistical examination of how the magnitude of underwater noise changes with turbine activity (power 

production) and natural fluctuations (tides, wind, precipitation, waves etc.). 

The results imply that there is no significant relation between the broadband underwater noise levels and 

turbine activity for any of the examined wind farms in the monitored distances (up to 70 m). Influence 

from natural fluctuations were on the other hand evident from the measured noise levels. Moreover, a 

comparison between recorded noise levels and simulated noise levels from already-established empirical 

models shows that the models’ extrapolated noise levels greatly exceed that of the recordings. This suggests 

that one cannot extrapolate aggregated results from smaller turbines to the realm of new, larger turbines. 

Thus, a new approach or more data are required to assess underwater noise from operational wind turbines 

and impact on marine mammals. 
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ANTHROPOGENIC SHIP NOISE ALTERS DOPAMINE SYNTHESIS IN THE 

AUDITORY EFFERENT SYSTEM  

OF Opsanus tau (OYSTER TOADFISH) 
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Previous studies in fishes have shown that exposure to noise can induce both a stress response as well as 

temporary hearing loss, similar to other vertebrates (Slabbekoorn et al., 2010; Rogers et al., 2020). The 

oyster toadfish (Opsanus tau) is an excellent model species to examine the effects of anthropogenic noise 

on brain and behavior because they rely on acoustic signals for mate attraction and social interactions. We 

predict that the oyster toadfish has specific neural and physiological adaptations that enable them to 
effectively communicate and survive in noise-rich environments as they are common in waterways 

surrounding New York City. 

All vertebrates have auditory efferents which include cholinergic neurons in the hindbrain that regulate 

activity of the inner ear by inhibition; little is known about the functional significance of auditory efferents 

in general, and even less about the subtype of dopamine auditory efferents (Köppl, 2011). In midshipman, 

a close relative of toadfish, forebrain dopamine efferents innervate the saccule, the main end organ of 

hearing, as well as cholinergic auditory efferents in the hindbrain; in females, innervation of both targets 
changes with reproductive state and a release of dopaminergic inhibition of the saccule is proposed to 

enhance detection of the advertisement call of males in the reproductive season (Perelmuter et al., 2019). 

We hypothesized that toadfish exposed to anthropogenic noise would show: (1) changes in the synthesis 

and release of dopamine as measured by phosphorylated tyrosine hydroxylase (pTH), the rate-limiting 

enzyme in catecholaminergic synthesis, in neurons that directly or indirectly project to the saccule; (2) a 

stress response (i.e., an increase in cortisol levels). We exposed oyster toadfish to continuous ship engine 

noise or ambient sound for 30 minutes and examined changes in blood cortisol levels and pTH 

immunoreactivity (-ir) in the dopaminergic auditory efferent system. We found no significant differences 

in cortisol levels between conditions, suggesting this type of noise is insufficient to produce a stress 

response in O. tau. However, significantly greater pTH-ir innervation of cholinergic auditory efferent 

neurons was found in the noise condition. Our results suggest that in the presence of noise, forebrain 

dopamine neurons regulate activity of the inner ear indirectly, through modulation of the cholinergic 

auditory efferent system. Multi-layered regulation of the inner ear along with a reduced stress response to 

noise may serve as important adaptations for thriving in urban underwater soundscapes. 

Köppl C (2011) Evolution of the octavolateral efferent system. In: Auditory and vestibular efferents, Springer, New 

York, p 217-259  

Perelmuter JT, Wilson AB, Sisneros JA et al. (2019) Forebrain dopamine system regulates inner ear auditory 

sensitivity to socially relevant acoustic signals. Curr Biol 29(13):2190-8  

Rogers LS, Putland RL, Mensinger AF (2020) The effect of biological and anthropogenic sound on the auditory 

sensitivity of oyster toadfish, Opsanus tau. J Comp Phys A 206(1):1-4  

Slabbekoorn H, Bouton N et al. (2010) A noisy spring: the impact of globally rising underwater sound levels on 

fish. Tren in Eco and Evo 1;25(7):419-27  
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Anthropogenic sound has increasingly become part of the marine soundscape and may negatively affect 

animals across all taxa. Invertebrates, including bivalves, have received limited attention even though they 

make up a significant part of the marine biomass and are important for higher trophic levels. Behavioural 

studies are critical to evaluate individual and potentially population-level impact and can be used to 

compare the effects of different sounds. In a series of experiments, we equipped blue mussels (Mytilus 
edulis) with sensors that measure their valve gape and exposed them to various sound exposures. For part 

of the experiments, we also measured their filtration rate and also exposed them to predatory cues from 

shore crabs (Carcinus maenas).  

We found that mussels responded to sound by partially closing their valves. This response was consistent 

and repeatable and decayed over sequential exposures to the same sound stimulus. A stimulus specificity 

test, meant to determine whether the decayed response could be attributed to habituation or more general 

sensory adaptation, yielded interesting but ambiguous results. Additionally, we found no differences in the 

initial response and recovery (time to return to baseline levels) between mussels that were exposed to single 

pulses and pulse trains. This shows that initial pulses and changes in sound exposure are more critical than 

repetition or continuation of sound exposure in triggering responses.  

We found that the mussels’ valve gape was positively correlated with their feeding rate, but also that the 

sound exposure did not significantly affect the feeding rate. Individuals that were exposed to faster pulse 

trains returned to their baseline valve gape faster. This shows that different sound exposures can affect 

animals differently, which should be taken into account for noise pollution impact assessments and 

mitigation measures.  

Lastly, we found that mussels had a smaller valve gape with a crab in their tank and during boat noise, but 

the stimuli combined did not lead to a further reduction in valve gape. The sound treatment did not affect 

the stimulus crabs, but the behaviour of the crabs did affect the valve gape of the mussels. Future research 

is needed to examine whether these results also apply to in situ conditions and whether valve closure due 

to sound leads to a biologically and commercially relevant impact on the energy budget and growth of 

mussels. 
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A relatively pristine acoustic place in the world is the Gulf of Tribugá located in the Colombian North 

Pacific. Declared a Hope Spot in 2019, conservationists have been working against a Colombian 

government plan for the possible construction of an international seaport in this region. One strategy to 

promote the conservation of this marine and mangrove habitat is to visually illustrate how much space ship 

noise could occupy if a seaport were built.  

Using projected position and ship type data from the marinetraffic.com website, parabolic equation 

software called "Peregrine" was used to simulate noise footprints of possible shipping lane configurations. 

First, a current maritime traffic control map west of the Gulf of Tribugá and two simulated maps of possible 

shipping routes out of the Gulf of Tribugá were made. Second, acoustic propagation models were computed 

to determine the area exposed to container ship noise above the threshold of humpback whale audibility. 

These illustrate (a) the space that could be occupied by shipping noise in the Gulf of Tribugá if a port is 

ever built, and (b) the spatial differences between shipping lane configurations that could decrease the 

communication space of humpback whales.  

The figures from the acoustic models illustrate key points in the identification of how the sound propagates 

according to the bathymetry and sound speed profiles. Differences were found between a control map, a 

map of randomly placed shipping routes, and a map that simulated a shipping lane configuration that had 

ships transiting over deep-water trenches. The area of the map that occupied the definitely audible range 

of humpback whale hearing (between 80.1 and 123.4 dB) was 8.94% of the deep-water simulation and 

7.48% of the random simulation. Using a different humpback whale audiogram, the area of the map that 

occupied the possibly audible range of humpback whale hearing (51 to 80 dB) was 33.24% for the deep-

water simulation and 33.91% for the random simulation. Although the differences were minimal between 

deep-water and random simulation, they occupy much more space than the control map. These propagation 

models help us understand how ship noise could mask biological signals and change humpback whales' 

communication space. 

Ainslie, M. A. (2010). Principles of sonar performance modelling (Vol. 707). Berlin: Springer  

Erbe, C. (2011). Underwater acoustics: noise and the effects on marine mammals. A Pocket Handbook, 164(9), 10-

35.  

Erbe, C., MacGillivray, A., & Williams, R. (2012). Mapping cumulative noise from shipping to inform marine 

spatial planning. The Journal of the Acoustical Society of America, 132(5), EL423-EL428. DOI: 

10.1121/1.4758779  

MacGillivray, A.; de Jong, C. A Reference Spectrum Model for Estimating Source Levels of Marine Shipping 

Based on Automated Identification System Data. J. Mar. Sci. Eng. 2021, 9, 369. https://doi.org/ 

10.3390/jmse9040369  
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PHYSICAL EFFECTS OF UNDERWATER EXPLOSIONS ON  

PACIFIC MACKEREL (Scomber japonicus) 
Keith Jenkins*1; Peter Dahl2; Sarah Kotecki3; Victoria Bowman4; Brandon Casper5; Christiana Boerger6; 

Maria Zapetis7; Kevin Carlin8; Arthur Popper9 
1US Navy, CA, United States, arthur.k.jenkins.civ@us.navy.mil; 2Applied Physics Laboratory, University of 

Washington, WA, United States, dahl@apl.washington.edu; 3Naval Information Warfare Center, CA, United 

States, sarah.e.kotecki.civ@us.navy.mil; 4Naval Information Warfare Center, CA, United States, 

victoria.f.bowman.civ@us.navy.mil; 5Naval Submarine Medical Research Laboratory, CT, United States, 

brandon.m.casper4.civ@mail.mil; 6Naval Facilities Engineering Systems Command Southwest, CA, United 

States, christiana.m.salles.civ@us.navy.mil;7National Marine Mammal Foundation, CA, United States, 

maria.e.zapetis.ctr@us.navy.mil’ 8Naval Information Warfare Center Pacific, CA, United States, 

kevin.p.carlin2.civ@us.navy.mil; 9Department of Biology, University of Maryland, MD, United States, 

apopper@umd.edu 

Underwater explosions can injure and kill fish (e.g., Dahl et al., 2020). To better understand these effects, 

Pacific mackerel (Scomber japonicus) were placed in cages at distances of 24 to 807 m from a single mid-

depth detonation of C4 explosive (6.2 kg net explosive weight) for 11 trials across 2 field seasons. Control 

fish in a separate cage were included in every trial and treated identically with the exception of exposure. 

The experimental site was in the open ocean, near San Diego, CA, over a flat sandy bottom approximately 

20 m deep. Peak sound pressure level (SPL), sound exposure level (SEL), and pressure impulse were 

measured and calculated as a function of range. Five trials were conducted during the first field season.  

Primary effects were damage to the swim bladder and kidney that exceeded control levels at 333 m from 

the explosion (peak SPL 226 dB re 1µPa, SEL 196 dB re 1µPa
2
·s, pressure impulse 98 Pa·s). Fish stunning 

immediately following the explosion was observed in all cages recorded with underwater video at 35, 51, 

103, and 257 m. A proportion of fish were dead upon retrieval within 40 minutes post exposure in 50% of 
the cages located ≤157 m from the explosion. All fish that died within this period suffered severe injuries, 

especially swim bladder and kidney rupture. The second field season consisted of six trials and focused on 

non-lethal injuries, short-term survival, and the effect of fish depth. The most prevalent injury was swim 

bladder bruising that exceeded levels in controls at ranges ≤ 526 m from the explosion (peak SPL 222 dB 

re 1µPa, SEL 194 dB re 1µPa
2
·s, pressure impulse 105 Pa·s). In five of the six trials, fish were left at depth 

for > 3 hours post exposure to examine short-term survival. Out of over 250 fish only one was dead upon 

retrieval from a cage at range ~200 m from the detonation. Trial six focused on the effect of depth, placing 

cages near the surface (~ 6 m) and bottom (~ 18 m) at ~100 m from the detonation. A few injuries were 

significantly different between depths, but overall results were inconclusive. 

Dahl PH, Jenkins AK, Casper B et al (2020) Physical effects of sound exposure from underwater explosions on 

Pacific sardines (Sardinops sagax). J. Acoust. Soc. Am., 147.  
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BROADBAND EXCESS NOISE ESTIMATION VIA SAMPLE DISTRIBUTION FIELD 

CALIBRATION 
Sergio Jesus1; Cristiano Soares2; Miriam Romagosa3; Irma Cascão4; Ricardo Duarte*5; Mónica Silva6 

1LARSys - Universidade do Algarve, Portugal, sjesus@ualg.pt; 2Marsensing Lda, Campus de Gambelas, 

Portugal, csoares@marsensing.com; 3IMAR-OKEANOS, University of Azores, Portugal, 

m.romagosa4@gmail.com; 4IMAR-OKEANOS, University of Azores, Portugal, rima.cascao@gmail.com; 
5LARSYS, Universidade do Algarve, Portugal, rjduarte@ualg.pt;  
6IMAR-OKEANOS, University of Azores, Portugal, monica-silva.imar@gmail.com 

Economy globalization and the continuous search for food, energy, and raw materials led to an 

estimated 3 dB/decade increase of ocean noise intensity worldwide (Frisk, n.d.). The full impact 

of this increase is still unknown, but evidence is piling up towards a deterioration of the marine 

habitat, the disruption of the life cycle of a number of endangered species and biodiversity loss. 

Determining the level of anthropogenic noise, the so-called excess noise level (ENL) (Farcas et 

al., n.d.), and building identifiable meaningful indicators for supporting marine management 

policies currently require extensive observation data and computer modeling. 

Acoustic recordings in the 20–1000 Hz frequency band were performed 6 hours per day during 

June 2018 at three locations to the Southwest of Faial-Pico Islands in the Azores archipelago, 

a well-known habitat for over twenty cetacean species. For modeling purposes, anthropogenic 

noise was reduced to ship traffic drawn from AIS data and environmental sound was attributed 

to wind action on the ocean surface. Data versus model comparisons at these three locations allowed a field 

calibration procedure based on the linear transformation of sample distribution probability density 

functions in the sound pressure level domain. This transformation turns out to be non-linear in the power 

domain where ENL is estimated as the instantaneous difference between modeled sound and wind sound 

intensity levels. The broadband version appears as the sum of the 1/3 octave bands transformed power over 

the data recording frequency band. 

Assuming that model data may have a systematic bias, field calibration is extended to a larger 

area covering four islands of the Azores archipelago for the full month of June 2018. The 

results show that field calibrated ENL sound maps are in line with the shipping distribution in the area, 

revealing a number of potentially threatening hotspots due to sound propagation conditions off shipping 

routes and vessel traffic patterns between islands. Field calibrated ENL addresses the need for a 
quantifiable measure of ocean noise and therefore offers a basis for building suitable continuous 

anthropogenic noise pollution indicators as required to support EU ocean management policies under 

MSFD. 

Farcas, A., Powell, C. F., Brookes, K. L., & Merchant, N. D. (2020). Validated shipping noise maps of the 

Northeast Atlantic. doi: 10.1016/j.scitotenv.2020.139509  

Frisk, G. (2012). Noiseonomics: The relationship between ambient noise levels in the sea and global economic 

trends. doi: 10.1038/srep00437  
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TOWARDS A RISK ASSESSMENT BAYES ESTIMATOR 

Sérgio Jesus1; Ricardo Duarte*2; Giulia Spadoni3; Cristiano Soares4; Marc Fernandez5 
1LARSys, University of Algarve, Portugal, sjesus@ualg.pt; 2University of Algarve, Portugal, 

rjduarte@ualg.pt; 3LARSys, University of Algarve, Portugal, gspadoni@ualg.pt; 
4MarSensing Lda., Portugal, csoares@ualg.pt; 5MARE-Madeira/ARDITI, Portugal, marc.fern@gmail.com 

In the last decades, human pressure in the ocean has been increasing; therefore, marine environments are 

getting even further exposed to a myriad of anthropogenic noise sources which ultimately may put at risk 

marine communities. Over the years, several authors proposed methodologies to assess the potential risk 

to which species could be exposed (Erbe et al. 2014; Verling et al. 2021). However, the results of existent 

approaches do not allow an easy comparison of risk levels between species and/or in different locations 

nor monitoring periods. The objective of the present study is to propose an alternative methodology to 

assess quantifiable risk through the combination of noise pressure and species distribution maps. This 

combination is based on a Bayesian-inspired estimation method. 

The proposed method considers that: the quality of the habitat, as an indication of the species potential 

distribution in a given location, is characterized by a random variable A with an associated probability 

density p(a) and that the sound level/noise, at the same location, is represented by a random variable B, 

with an empirical probability density p(b). Considering that both A and B occur in the same given location 

and time, it is assumed that they are not independent nor separable so that the knowledge of B will have 

an impact on the habitat represented by random variable A, which may be summarized in the conditional 

probability p(b|a). From there, the Bayes theorem will allow to determine the posterior density of A after 

B was taken into account as, p(a|b). The proposed methodology was tested in the SW coast of Portugal, 

near Setúbal, by predicting the noise distribution due to a seismic survey and the common dolphin habitat 

suitability based on species observations of the last 15 years using Maxent (Phillips et al. 2006). Since time 

resolution was not sufficient to obtain proper estimations of pdf prior for habitat, it was further assumed 

that A and B were both Normal distributions, which allowed to readily obtain expressions for the Bayes 

conditional mean and variance estimates. 

Comparing Bayes and Erbes’ methods, it was possible to observe similar spatial risk distribution, 

highlighting several impacted areas. The results attest to the validity of the proposed methodology, 

encouraging its use in future risk assessment studies. Additionally, quantifying risk levels through the 

proposed Bayes-based methodology, makes it possible to compare for different species in different places 

and times, which is not possible with current methods. 

Erbe, Christine, Rob Williams, Doug Sandilands, and Erin Ashe. 2014, “Identifying Modeled Ship Noise Hotspots 

for Marine Mammals of Canada’s Pacific Region.” PLoS ONE 9(3): 1–10.  

Phillips, Steven J, Anderson, Robert P, Schapire, Robert E. 2006, Maximum entropy modeling of species 

geographic distributions, Ecological Modelling, Vol. 190, No. 3, 231–259. 

doi:10.1016/j.ecolmodel.2005.03.026  

Verling, Emma et al. 2021, “Application of a Risk-Based Approach to Continuous Underwater Noise at Local and 

Subregional Scales for the Marine Strategy Framework Directive.”  
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NEAR BUT NOT FAR: BEHAVIORAL EFFECTS OF PILE DRIVING ON THE GIANT 

SCALLOP (Placopecten magellanicus) 

Youenn Jézéquel*1; Seth Cones2; Frants Jensen3; Hannah Brewer4; John Collins5; T. Aran Mooney6 
1Biology Department, Woods Hole Oceanographic Institution, Massachussets, United States, 

yjezequel@whoi.edu; 2Biology Department, Woods Hole Oceanographic Institution, Woods Hole, MIT-

WHOI Joint Program in Oceanography/Applied Ocean Science & Engineering, Cambridge and Woods Hole, 

MA United States, scones@whoi.edu; 3Biology Department, Woods Hole Oceanographic Institution, Woods 

Hole, Department of Biology, Syracuse University, 107 College Place, New York, 13244, United States, 

frants.jensen@gmail.com; 4Geology and Geophysics Department, Woods Hole Oceanographic Institution, 

Woods Hole, MA USA, United States, hbrewer@whoi.edu; 5 Geology and Geophysics Department, Woods 

Hole Oceanographic Institution, Woods Hole, MA USA, United States, jcollins@whoi.edu; 61 Biology 

Department, Woods Hole Oceanographic Institution, Woods Hole, MA USA, United States, 

amooney@whoi.edu 

Pile driving is widely used for coastal and offshore windfarm constructions in marine habitats, producing 

intense noise of international concern that can harm marine life. However, little is known regarding the 

effects of substrate-borne vibrations from pile driving especially for benthic marine invertebrates. Here, 

we conducted a field-based experiment to quantify the behavioral impacts of repeated pile driving on three 

life-stages (juveniles, subadults and adults) of the giant scallop (Placopecten magellanicus), an 

ecologically and commercially important marine invertebrate species. Observations of the two primary 

pile driving types (impact and vibratory hammers) were made at multiple temporal (sub-second to daily) 

and spatial (close vs. far sites) scales, following a before-during-after gradient design. Substrate-borne 

vibrations (in 0-p) arising from pile driving were recorded with an ocean bottom seismometer and ranged 

from 110 to 87 dB re 1 µm.s
-2
 at the closest and furthest sites (respectively), which were similar to previous 

recordings made at 250 m from an offshore windfarm construction in the North Sea (Bruns et al. 2014). 

Scallop responses were measured using videos and biologging tags throughout a two-weeks exposure. 

Overall, daily pile driving induced partial closures in all scallop stages at shorter distances and higher 

substrate-borne vibrations levels, while no responses were seen at the greater range. At the near site, the 

impact (i.e., impulsive signals) hammer induced greater response rates compared to the vibratory hammer 

(i.e., continuous signals). Juveniles were more affected than subadults and adults suggesting an age-based 
response. In addition, while scallops quickly returned to their initial behavioral baselines after exposure, 

they showed no acclimatization to repetitive pile driving exposures across or within days. All tagged 

scallops also displayed a previously undescribed circadian rhythm (τ = 24.0 h) in valve opening angles, 

with maximum valve opening during nighttime and lesser opening during daytime. This pattern was not 

disturbed by daytime pile driving but suggests that nighttime exposures would have substantially greater 

effects. 

Taken together, these data underscore the important value of in situ studies with actual pile driving events. 

The results show a diverse array of pile driving impacts to scallops. The distance and temporal patterns 

can be used to suggest mitigation strategies but underscore concerns regarding the larger impact ranges 

from actual offshore windfarm constructions. 

Bruns, B., Stein, P., Kuhn, C., Sychla, H., Gattermann, J., 2014. Hydro sound measurements during the installation 

of large diameter offshore piles using combinations of independent noise mitigation systems. In Proceedings of 

the Inter-noise 2014 Conference, Melbourne, Australia. 
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CONTRIBUTIONS OF VESSEL NOISE TO DEEP-WATER PARTICLE MOTION 

SOUNDSCAPES AND POTENTIAL MASKING EFFECTS ON FISHES 
 

Ian Jones*1; Bruce Martin2; Jennifer Miksis-Olds3 
1Center for Acoustics Research and Education, University of New Hampshire, New Hampshire, United States, 

ian.t.jones@unh.edu; 2JASCO Applied Sciences, Nova Scotia, Canada, Bruce.Martin@jasco.com; 3Center for 

Acoustics Research and Education, University of New Hampshire, New Hampshire, United States, 

J.MiksisOlds@unh.edu 

Vessel noise is prevalent throughout the oceans and can lead to a multitude of adverse physiological and 

behavioral impacts on marine animal taxa. Vessel noise is typically reported in sound pressure and particle 

motion is rarely reported despite the relevance of particle motion to fish hearing. Additionally, many 

anthropogenic noise recordings focus on nearshore or shallow environments, and fewer data are collected 

from offshore and deeper environments. Although plane wave propagation conditions, and thus a direct 

relationship between pressure and particle motion, are typically assumed for deep-water environments, 

empirical validations of these conditions with respect to vessel noise are limited. Knowledge of particle 

motion levels of vessel noise is critical towards understanding noise impacts on fishes. 

Particle acceleration was measured from compact, orthogonal hydrophone arrays attached to bottom-

landers at six deep-water (300-900 m) sites on the U.S. Mid- and South Atlantic Outer Continental Shelf, 

as part of the Atlantic Deepwater Ecosystem Observatory Network (ADEON). Two of these sites were in 

close proximity to deep-water coral reefs. Data were analyzed from November 2017 to November 2018. 

Vessel presence was found in passive acoustic data using previously developed automated detectors 

(Martin 2013; Heaney et al., 2020) and a subset of detections were manually validated. We investigated 

the following questions: does particle motion of vessel noise differ across study sites along the South 

Atlantic shelf? Can particle motion accurately be predicted from sound pressure levels at these sites? We 

found that particle motion of most vessel passes followed a close 1:1 relationship with pressure, and 

accordingly, variability in magnitudes across study sites were similar for both metrics. However, particle 

motion magnitudes of some vessel noise detections exceeded those predicted from pressure (for a plane 

wave) by up to 20 dB; potential causes of these high particle motion levels will be discussed. 

We also investigated whether particle motion levels of vessel noise at these sites would be detectable by 

fish species inhabiting the study region. To address this, soundscape data were compared with available 

audiograms. Spectral data suggested that fishes could detect pressure and particle motion of vessel noise 

at amplitude percentiles above medians, at each study site. Implications for potential masking effects will 

be discussed. Reporting particle motion magnitudes and variability of anthropogenic noise is a key step to 

understanding conditions when fishes can detect and potentially be impacted by noise. 

Heaney K, Martin B, Miksis-Olds J et al. (2020) ADEON Data Processing Specification, Version 1.0 FINAL. 

Technical report by Applied Ocean Sciences for Prime Contract No. M16PC00003.  

Martin B (2013) Computing cumulative sound exposure levels from anthropogenic sources in large data sets. Proc 

Meet Acoust 19:1–9. doi:10.1121/1.4800967  
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HOW TO BEST ASSESS FOR IMPULSIVE UNDERWATER NOISE IN EUROPE 

DURING THE NEXT EU MSFD CYCLES? 
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Wiebke.Hahne@bsh.de; 11Bundesamt für Seeschifffahrt und Hydrographie, Germany, 

Isabella.Kratzer@bsh.de; 12Bundesamt für Seeschifffahrt und Hydrographie, Germany, Ben.Schmidt@bsh.de 

The Marine Strategy Framework Directive 2008/56/EC (MSFD) promotes sustainable use of the seas by 

requiring member states to achieve and maintain Good Environmental Status (GES). The EU recognized 

the importance of addressing the consequences of underwater noise input into the marine environment by 

including underwater noise as a specific criterion for Good Environmental Status. For the purpose of 

monitoring and managing GES each Member State should develop a marine strategy for its marine waters. 

These national marine strategies should address specific requirements of their marine waters while at the 

same time, they are to safeguard the coherence within marine regions or subregions. 

HARMONIZE was funded under the DG ENV/MSFD 2020 call to contribute a first cross-regional attempt 

to address the applicability of impulsive noise assessment approaches to the diverse marine areas; to 

identify immediately applicable methods for assessing impulsive noise based on regional impulsive noise 

registries and to analyze different requirements for an assessment in different sub-regions. Thus, the project 

supports and enables threshold setting and evaluation of GES to fulfil requirements in upcoming MSFD 

reporting obligations of EU Member States. 

We present a data-driven stepwise approach to implement an MSFD compatible assessment methodology 

and corresponding standardized practices that facilitate an assessment implementation, which is applicable 

in practice, scientifically justified, and comparable and replicable across regions, subregions, and Member 

States. For the data-driven evaluation of regional requirements and of the applicability of harmonized 

methodologies within specific regional areas, we summarize and illustrate key outcomes with exemplary 

regional case studies located in the Baltic Sea, North Sea, and Mediterranean Sea. 

Further, the estimation of effect ranges and corresponding risks of adverse effects is an important aspect 

of an impulsive noise assessment and regional differences in the marine environment, such as water depth, 
salinity or different noise-sensitive species, were included in the regional case studies. We identify main 

challenges of impulsive noise propagation modelling based on both numerical and analytical/empirical 

propagation modelling and present recommendations with respect to the different regional case studies. 

Müller, A., Juretzek, C., Borsani, J.F., Sigray, P., Eigenmann, R., Maquil, T., Niesterok, B., 2021. Towards regional 

harmonisation for descriptor 11 on impulsive noise. Interim Report of EU-Project “HARMONIZE”. Funded 

by DG Environment, Grant Agreement No. 110661/2020/839605/SUB/ENV.C.2  
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THE EFFECTS OF SOUNDS ON THE BEHAVIOR OF  

ATLANTIC GREEN TURTLES (Chelonia mydas) AND  

HAWKSBILL TURTLES (Eretmochelys imbricate) IN A POOL 
  

Ron Kastelein*1; Arie Smink2 
1SEAMARCO, Netherlands, rk@seamarco.nl;  
2Smink Electronics, Netherlands, arie.smink@gmail.com 

The effects of sounds on the behavior of adult captive sea turtles were investigated in this pilot study, in 

order to: (1) determine whether sound can be used to deter turtles from areas of human industrial activity 

at sea, to reduce injury or mortality of turtles; and (2) evaluate the effect of anthropogenic sound on turtle 

behavior to inform Environmental Impact Assessments. 

Two Atlantic green turtles and two hawksbill turtles in an indoor pool were exposed for 10 s per trial to 

synthetic sounds that varied in spectral and temporal complexity, to four 1.25-s HELRAS signals with 1-s 

inter-pulse intervals, and to 30 s recordings containing eight killer whale vocalizations; their behavioral 

response was recorded. Each sound was offered at two or three sound pressure levels (SPLs). 

Startle responses were not observed; sounds had to play for several seconds before the turtles responded. 

Typical responses were increased swimming speed and/or changes in swimming pattern or direction 

(including swimming across the middle of the pool, swimming in small circles, and swimming away from 

the transducer, instead of swimming along the pool wall as usual). The killer whale sounds elicited no 

response. The strongest response to series of sweeps (100% duty cycle) occurred when the sweep duration 

was around 0.5 s; longer and shorter sweeps elicited less or no response.  

Individual differences in responses to sounds were observed. When the turtles were resting, they rarely 

responded to sounds. The SPL required to elicit behavioral responses in turtles was above 152 dB re 1 µPa 

and, for sounds above a certain SPL, the spectrum and temporal pattern determined whether turtles 

responded or not. Responses were mainly observed during exposure to sounds with frequencies between 

0.2 and 1 kHz, within the known frequency range of hearing in turtles. 
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CHANGING SOUND LEVELS ON THE SOUTHERN CALIFORNIA ANTISUBMARINE 

WARFARE RANGE DURING A DEEP-WATER 12 KHZ MULTIBEAM MAPPING 

SURVEY 
  

Hilary Kates Varghese*1; Xavier Lurton2; Jennifer Miksis-Olds3; Larry Mayer4 
1Bureau of Ocean Energy Management (BOEM), Virginia, United States, hilary.katesvarghese@boem.gov; 
2Center for Coastal and Ocean Mapping, University of New Hampshire, NH, United States, 

xavier.lurton@orange.fr; 3Center for Acoustics Research and Education, University of New Hampshire, New 

Hampshire, United States, j.miksisolds@unh.edu,  
4Center for Coastal and Ocean Mapping, University of New Hampshire, NH, United States, 

larry@ccom.unh.edu 

In January 2017, a 3-day seafloor mapping survey was conducted over the Southern California 

Antisubmarine Warfare Range (SOAR) hydrophone array using a Kongsberg EM 122 (12 kHz) multibeam 

echosounder (MBES) hull-mounted to R/V Sally Ride. The acoustic data from a 9-hydrophone subset of 

the 88 bottom-mounted hydrophones were extracted for further analysis, providing a representative spatial 

sampling of the SOAR soundscape. The data were reviewed and annotated for acoustic activity, providing 

necessary context and ground-truthing for the subsequent analysis.  

Percentiles (i.e., 1, 5, 10, 25, 50, 75, 90, 95, 99
th
) for several sound level metrics, i.e., peak sound pressure 

(Lp,pk), sound exposure level (LE,100 ms), and select decidecade spectral bands (Lp,ddec,100 ms), were computed 

for each hydrophone over four analysis periods with respect to the mapping activity, i.e., No Activity (NA), 

Vessel Only (VO), Vessel and MBES (VM), and Mixed Acoustics (MA). Comparisons were made by 

computing the differences between percentiles of the same metric across different analysis periods at each 

hydrophone location. The differences were interpreted in four classes of relative change: (1) < 3 dB 

(negligible), (3) 10–20 dB (moderate change), (4) >20 dB (extreme change). 

The differences identified in Lp,pk were small and most consistently in the 75
th

 or higher percentiles between 

the NA period and periods with anthropogenic activity (i.e., VO, VM, MA). Moderate and extreme 

differences were identified in the 99
th
 percentile of the Lp,12.5 kHz,100 ms, suggesting the largest changes clearly 

attributed to the MBES were in a small proportion of the observations at the loudest levels. These findings 

were corroborated by the annotation results, which for a given hydrophone, revealed: (1) the mapping 

survey was discernible in the acoustic record for one quarter of the VM period on average, and (2) the 

MBES signal was discernible only when the survey vessel was within 17 km. While the observed impact 

of the survey on the soundscape (temporally and spatially intermittent, and narrow-band) was expected 

due to the characteristics of the MBES acoustic radiation, the thorough documentation of sound levels 

during this study provided important ground-truthing of the acoustic radiation of a typical deep-water 

mapping survey. These results corroborate the findings of parallel works (Kates Varghese et al. 2020, 

2021a, 2021b) that established that no adverse change in beaked whale foraging behavior was detected at 

the SOAR during this deep-water MBES mapping survey. 

Kates Varghese H, Miksis-Olds J, DiMarzio N et al. (2020) The effect of two 12 kHz multibeam mapping surveys 

on the foraging behavior of Cuvier’s beaked whales off of southern California. J Acoust Soc Am 147(6):3849-

3858.  

Kates Varghese H, Lowell K, Miksis-Olds J et al. (2021a) Spatial Analysis of Beaked Whale Foraging During Two 

12 kHz Multibeam Echosounder Surveys. Front Mar Sci 8:654184. doi:10.3389/fmars.2021.654184  

Kates Varghese HSC (2021b) The Effect of Deep-Water Multibeam Mapping Activity on the Foraging Behavior of 

Cuvier’s Beaked Whales and the Marine Acoustic Environment. Dissertation, University of New Hampshire  
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MEASURES AND MODELS OF DUGONG HEARING 
  

Darlene Ketten*1; Klaus Lucke2; Janet Lanyon3 
1Dept. of Neuroscience, Brown University; Woods Hole Oceanographic Institution, MA, United States, 

dketten@whoi.edu; 2JASCO Applied Sciences, Queensland, Australia, Klaus.lucke@jasco.com,  
3School of Biological Sciences, The University of Queensland, Queensland, Australia, j.lanyon@uq.edu.au 

Dugongs are listed as Vulnerable to Extinction (IUCN 2021). A critical feature for their survival is the 

sustainability and safety of their seagrass habitat. Therefore, additional concerns include anthropogenic 

impacts that can disrupt foraging and access to their grazing areas. As fully aquatic animals, underwater 

sound is considered a critical survival cue for dugongs, important for detecting predators, communication, 

localizing underwater features such as reefs and shoals, and detecting potential hazards such as vessels and 

nets. 

At present, there is a serious lack of auditory data for dugongs. Frequencies of underwater calls range from 

0.15 to 18 kHz for dugongs (Southall et al. 2019). One limited Auditory Evoked Potential (AEP) study 

was conducted on a single older captive male (Ketten et al, 1994). The tested frequencies ranged between 

2 kHz and 40 kHz. Best sensitivity was found at 10 kHz, however, there was a noticeable “notch” in the 

hearing response at 8 kHz suggesting that the individual had diminished hearing in at least that vicinity 

and therefore potentially at other frequencies as well. 

Recently, a pilot project has been initiated to explore new AEP measures of hearing in a wild dugong 

population in Australia (see Lucke et al. abstract). The AEP data will be collected from multiple wild 

dugongs undergoing health assessments. In support of this project, a parallel project is investigating the 

cranial and auditory anatomy of dugongs to determine the similarities and differences of these structures 

compared to those of manatees. Data from the parallel anatomical study will be used to determine the best 

locations for placement of surface hydrophones to deliver sound stimuli and to optimize placement of 

recording electrodes during the AEP measurements.  

 

Anatomical measurements thus far have been compiled from computerized tomography (CT) imaging of 

6 dugong specimens collected previously. Access to these specimens was made possible by Dr. Helene 

Marsh, Dr. Wendy Blanshard, Dr. Donna Kwan, and, most important, with the permission, assistance, and 

hospitality of the Torres Strait Islanders of Mabuiag. Preliminary findings show that there are significant 

differences in interaural distances of dugong vs. manatee ears; that the dugong eardrum and middle ear 

structures are stiffer; and that the auditory nerve fiber number is greater in dugongs. The preliminary 

conclusion is that the dugong ear is fundamentally Sirenian but likely to have a higher frequency peak 

sensitivity and better underwater localization than that of the manatee. 

 
Southall BL, Finneran JJ, Reichmuth CJ et al. (2019) “Marine Mammal Noise Exposure Criteria: Updated 

Scientific Recommendations for Residual Hearing Effects.” Aquat. Mamm. 45(2): 125-232.doi: 

10.1578/AM.45.2.2019.125  
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SEASONAL, MESOSCALE, AND SUBMESOSCALE CLIMATOLOGICAL 

CHARACTERISTICS OF  

UNDERWATER ACOUSTIC SOUND PROPAGATIONS 

  

Sung Yong Kim*1; Hajoon Song2 
1Korea Advanced Institute of Science and Technology, South Korea, syongkim@kaist.ac.kr,  
2Yonsei University, South Korea, hajsong@yonsei.ac.kr 

We examine the potential interactions of sound waves with mesoscale and submesoscale processes. We 

computed the sound speed profiles (SSPs) from two-/three-dimensional underwater acoustic propagation 

models and observed conductivity-temperature-depth profiles, collected from historical hydrographic 

surveys for the recent 25 years, and submesoscale realistic numerical model outputs. The density profiles, 

multivariate regressed with a temporal mean, seasonal basis functions, and a linear trend, are translated 

into the propagation and dissipation of the SSP. Moreover, the density profiles in the cross-shore direction 

are decomposed into a constant density profile in the cross-shore direction, and density profiles, having 

mesoscale and submesoscale features using a bandpass filter in the frequency domain and wavenumber 

domain. The propagation of sound waves is more influenced by the submesoscale variability of the hourly 

and km-scale oceanic processes than the mesoscale oceanic variability. Particularly, the transmission loss 

of the sound wave propagation is reduced and scatter under submesoscale fronts below hourly time scale 

and can be expected under slowly varying thermocline associated with mesoscale eddies. 

Kim, S. Y. and B. D. Cornuelle (2015) Coastal ocean climatology of temperature and salinity off the Southern 

California Bight: Seasonal variability, climate index correlation, and linear trend, Prog. Oceanogr. 138, 136 - 

157, doi:10.1016/j.pocean.2015.08.001  

Porter, M. B. (2011), The bellhop manual and user’s guide: Preliminary draft, Tech. rep  

Munk, W., P. Worcester, and C. Wunsch (2009), Ocean acoustic tomography, Cambridge University Press  

Yoo, J. G., S. Y. Kim, and H. S. Kim (2018), Spectral descriptions of submesoscale surface circulation in a coastal 

region, J. Geophys. Res., 123(6), 4224 – 4249, doi:10.1002/2017JC013428  
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JOINT MONITORING PROGRAMME FOR AMBIENT NOISE  

IN THE NORTH SEA 
 

Niels Kinneging*1; Mathias Andersson2; Stephen Robinson3; Christ De Jong4; Jens Fischer5; Nathan 

Merchant6; Jakob Tougaard7 
1Rijkswaterstaat, Netherlands, niels.kinneging@rws.nl; 2FOI, Sweden, mathias.andersson@foi.se;  
3NPL, United Kingdom, stephen.robinson@npl.co.uk; 4TNO, Netherlands, christ.dejong@tno.nl;  
5BSH, Germany, jens.fischer@bsh.de; 6Cefas, United Kingdom, nathan.merchant@cefas.co.uk;  
7Aarhus University, Denmark, jat@ecos.au.dk 

Jomopans (Joint Monitoring Programme for Ambient Noise in the North Sea, co-funded by EU Interreg 

North Region Programme) has developed a framework for an operational joint monitoring programme for 

ambient noise in the North Sea (see Kinneging et al, 2021). Validated soundscape maps were produced 

that quantified the ambient sound in the North Sea. From these maps the underwater noise can be assessed 

and measures will be developed to improve the quality of the environment. The Jomopans framework is a 

major building block for the assessment framework for continuous noise, which is adopted by the European 

Commission. International concern increasingly focusses on the potential negative effects of anthropogenic 

underwater noise on sensitive marine fauna. Questions regarding sound sources, sound transmission, and 

the distributions of vulnerable species in the North Sea must all be tackled transnationally, as specifically 

required by the EU Marine Strategy Framework Directive and by the OSPAR Convention. 

Jomopans developed soundscape maps for the North Sea based on acoustic modelling of the sound 

produced by ships and wind. Monthly statistical maps for the year 2019 provide insight in the North Sea 

soundscape for various frequency bands. The spatial and temporal exceedance of ship noise over wind 

noise is assessed through so called Dominance maps. In total 14 measurement stations around the North 

Sea were employed and gathered long term sound data. These data were used to validate the soundscape 

maps (Putland et al, 2022). 

Following that approach it was found that shipping noise dominates the low frequency part of the 

underwater soundscape of the North Sea. In the southern part and along the major shipping routes the noise 

exceeds the broadband natural sound by more than 20 dB for more than 50% of the time. 

In a management tool, distribution maps of sensitive species can be combined with the soundscape maps 

and indices for the threshold values of GES can be calculated. Marine policy makers can use this 

information to evaluate Good Environmental Status in relation to underwater sound. 

Jomopans is a collaboration project of 11 institutes: RWS (NL), AU (DK), BSH (DE), CEFAS (UK), FFI 

(NO), FOI (SE), IMR (NO), MSS (UK), NPL (UK), RBINS (BE), TNO (NL). 

Jomopans website, https://northsearegion.eu/jomopans Kinneging, N., Andersson, M.H., Robinson, S., De Jong, C., 

Fischer, J., Merchant, N., Tougaard, J. (2021) 10 Years of North Sea Soundscape Monitoring, Looking back 

on a four-year Interreg NSR project and looking forward to the six-year monitoring cycle, Available at 

https://northsearegion.eu  

Putland, R.L., De Jong, C.A.F., Binnerts, B., Farcas, A., Merchant, N.D. (2022), Multi-site Validation of Shipping 

Noise Maps using Field Measurements. Submitted for publication in Marine Pollution Bulletin.  
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IMPACT OF NATURAL AND ANTHROPOGENIC FACTORS ON CALLING BEHAVIOR 

OF MIDSHIPMAN FISH ACROSS OCEAN BASINS 
 

Annebelle Kok*1; Ella Kim2; Timothy Rowell3; Tetyana Margolina4; John Joseph5; Lindsey Peavey 

Reeves6; Leila Hatch7; Simone Baumann-Pickering8 
1Scripps Institution of Oceanography, California, United States, akok@ucsd.edu 
2Scripps Institution of Oceanography, California, United States, ebkim@ucsd.edu 
3NOAA Northeast Fisheries Science Center, Massachusetts, United States, timothy.rowell@noaa.gov;  
4Naval Postgraduate School, California, United States, tmargoli@nps.edu 
5Naval Postgraduate School, California, United States, jejoseph@nps.edu 
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Over evolutionary timescales, calling activity of animals in both terrestrial and marine environments has 

been influenced by phenological and environmental factors, such as light, temperature and season. Now, 

in the Anthropocene, calling activity is also influenced by new anthropogenic factors, such as increased 

noise levels. In the marine environment, many fishes call in chorus to attract mates, but the dynamics that 

drive fish calling behavior have been rarely studied in situ.  

We investigated how both natural and anthropogenic factors influenced the calling behavior of two species 

of toadfish, the plainfin midshipman (Porichthys notatus) and the Atlantic midshipman (Porichthys 

plectrodon). We studied how calling behavior changed in relation to season, lunar period, temperature, and 

noise level with a particular focus on changes in calling behavior before, during, and after ship passages. 

With acoustic recordings from a two-year period at eight different locations, spanning two ocean basins, 

we show that midshipman call presence was driven by seasonality and lunar period. Additionally, call 

frequency and call intensity were affected by temperature and noise levels, respectively. In contrast, the 

changes in calling behavior before, during, and after ship passages did not show consistent patterns across 

sites.  

Taken together, these results indicate that midshipman calling behavior is influenced by interacting 

environmental conditions, and understanding how calling behavior varies due to anthropogenically 

induced changes in the environment is not straight-forward. Thus, a better understanding of the ecological 

drivers underlying fish calling behavior is essential to building our ability to predict how fish calling is and 

will in the future be affected by changes in water temperature and marine ambient noise levels. 
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KEYNOTE 

EVOLUTION OF VERTEBRATE HEARING 

Christine Köppl*1 
1Carl von Ossietzky University Oldenburg, Germany, mailto:Christine.Koeppl@uni-oldenburg.de 

As a rule, all vertebrates hear and the sensory organ for hearing sits in the labyrinth of the inner ear, but 

not all vertebrates hear the same way. The evolution of vertebrate hearing is one of the most diverse and 

surprising stories of sensory biology.  

Hearing in fish probably began as sensitivity to the particle-motion component of underwater sound, 

conveyed by any of the otolithic vestibular sensory organs of the inner ear. This was then supplemented 

by sensitivity to the sound-pressure component, which arose many times independently and to varying 

degrees, improving sensitivity and pushing the upper frequency limit of hearing. In general, fish hear best 

at low frequencies, between 100 and 1000 Hz. Importantly, fish do not share a dedicated hearing organ. 

Instead, different fish groups specialized different otolithic sensory organs to varying degrees for dual use 

in balance and hearing. This changed with the transition to life on land. All land vertebrates have an 

additional (in the case of many amphibians, even two) sensory inner-ear organ that is dedicated to hearing: 

the basilar papilla. In mammals, the organ is called the organ of Corti of the cochlea. Interestingly, its 

origin remains unclear. 

The transition to life on land changed the physical prerequisites of hearing. Airborne sound does not 

efficiently propagate into and stimulate the sensory cells of the basilar papilla. Early land vertebrates 

therefore probably did hear but not particularly sensitively and only low frequencies. It needed a middle 

ear to improve the transmission and make hearing as we now know it possible. Surprisingly, middle ears 

evolved fairly late and multiple times, after the main lineages of land vertebrates had already separated. In 

each group, however, it was a game changer that triggered enlargements and specializations of the basilar 

papilla that are very characteristically different in lizards, birds, and mammals. Independently of each 

other, those animals thus evolved sensitive hearing and broadened their frequency ranges of hearing. 

Uniquely in mammals, this typically extends into the ultrasonic range, beyond 20 kHz. 
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RECENT TRENDS IN THE SOUNDSCAPE FROM SCOTLAND’S NORTH SEA 

 Monika Kosecka*1; Ewan Edwards2; Hannah Millar3; Kate Brookes4 
1Marine Scotland Science, United Kingdom, monika.kosecka@gov.scot 
2Marine Scotland Science, United Kingdom, ewan.edwards@gov.scot 
3Marine Scotland Science, United Kingdom, hannah.millar@gov.scot 
4Marine Scotland Science, United Kingdom, kate.brookes@gov.scot 

A range of activities and industries in the northern North Sea contribute to the anthropogenic soundscape. 

Oil and gas exploration and production and commercial fishing are long-established industries. In recent 

years there has been a rapid expansion in the development of offshore wind farms. Future plans for the 

marine renewable energy industries, and more generally for Scotland’s Blue Economy, will likely lead to 

further changes to the underwater soundscape. This is occurring in a region known to host nationally 

important and protected populations of marine mammals (e.g. bottlenose dolphins). There is an ongoing 

requirement to monitor and assess the impact of underwater noise on the marine environment. 

To fulfil these and to investigate underwater noise contributors, Marine Scotland Science deployed 

autonomous sound recorders along Scottish East Coast. Data have been collected since 2013 as a part of 

ongoing passive acoustic monitoring of marine mammals within the East Coast Marine Mammal Acoustic 

Study (ECOMMAS). Underwater recorders are deployed 5-15 km from the shore, at ten sites off the 

Scottish North Sea coast, sampling at 96 kS/s at a pre-set duty cycle (10 min every 30 min). These data 

previously contributed to the first assessment of continuous noise levels in the North Sea (Merchant et al. 

2016). 

Here we present results of data analysis from five stations, selected based on data coverage in the years 

2018 - 2021, and covering areas that vary in terms of prevailing expected underwater noise sources. Results 

are presented in averaged sound pressure levels (SPL) (dB re 1μPa) over 1/3 octave bands, calculated 

monthly and yearly to enable seasonal comparison between sites. Obtained results are analysed in the 

context of anthropogenic pressures in the region and against available AIS and VMS data. Moreover, 

observed differences in mean SPL before and after the Covid 19 pandemic (and associated economic 

shutdowns) are discussed.  

Merchant N, Brookes K, Faulkner R, Bicknell AWJ, Godley BJ, Witt MJ (2016) Underwater noise levels in UK 

waters. Sci Rep 6, 36942. https://doi.org/10.1038/srep36942  
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EFFECTS OF BROADBAND BOAT MOTOR SOUND ON THE SCHOOLING 

BEHAVIOR OF INVASIVE BIGHEADED CARP  

 Cassandra Kramer*1; Jackie Culotta2; Allen Mensinger3; Brooke Vetter4 
1University of St. Thomas, Minnesota, United States, kram8837@stthomas.edu 
2University of Minnesota Duluth, Minnesota, United States, culot007@d.umn.edu 
3University of Minnesota Duluth, Minnesota, United States, amensing@d.umn.edu 
4University of St. Thomas, Minnesota, United States, brooke.vetter@stthomas.edu 

The introduction of silver carp (Hypophthalmichthys molitrix) and bighead carp (Hypophthalmichthys 

nobilis), collectively bigheaded carp, to the North American Mississippi River drainage has created 

significant ecological and economic distress. Bigheaded carp are closely related, and silver carp are well 

known for their jumping behavior in response to motorboats (Vetter and Mensinger, 2016). Therefore, 

the impact of boat motor sound on invasive bigheaded carp behavior has important implications for 

controlling range expansion.  

This project examined the effect of boat motor sound, recorded in the Illinois River from a 100 Hp 

Honda 4-stroke outboard motor, on the schooling behavior of bigheaded carp. In a two-choice shuttle 

tank, broadband (boat motor) sound (0.06–10 kHz; 145 dB re: 1 μPa) was played via an underwater 

speaker and bigheaded carp response behavior was recorded using overhead cameras. The schooling 

behavior (defined as groups of 3, 4, or 5) of silver (n=5 individuals, n=3 groups) and bighead (n=5 

individuals; n=3 groups) carp during broadband sound playback was compared to an acclimation period 

with no sound playback occurring. Broadband sound playback elicited negative phonotaxis and increased 

swim speed in all the bigheaded carp groups (n=6). However, the carp continued to school the majority 

(55–100%) of time during the 5-min sound trials, although the schools were often more fragmented (e.g., 

groups of 3–4 instead of 5) during the broadband playback compared with acclimation. These results 

indicate that schooling could contribute to the consistent negative phonotaxis observed in previous 

studies reporting the efficacy of broadband sound in deterring bigheaded carp swimming (Vetter et al., 

2015; Murchy et al., 2017; Vetter et al., 2017).  

Murchy KA, Cupp AR, Amberg JJ, Vetter BJ, Gaikowski MP, Mensinger AF (2017) Potential implications of 

acoustic stimuli as a non-physical barrier to silver carp and bighead carp. Fish Mgmt Eco 24(3):208-216. 

Vetter BJ, Cupp AR, Fredricks, KT, Gaikowski MP, Mensinger AF (2015) Acoustical Deterrence of Silver Carp 

(Hypophthalmichthys molitrix). Biol Invasions 17(12):3383-3392  

Vetter BJ, Mensinger AF (2016) Broadband sound can induce jumping behavior in invasive silver carp 

(Hypophthalmichthys molitrix). POMA 27(1):10.1121/2.0000279 

Vetter BJ, Murchy KA, Cupp AR, Amberg JJ, Gaikowski MP, Mensinger AF (2017) Acoustic deterrence of 

bighead carp (Hypophthalmichthys nobilis) to a broadband sound stimulus. J Great Lakes Res 43:163-171.  
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EXPLOSIVE DETERRENTS "SEAL BOMBS" IN FISHERIES AND THEIR EFFECTS ON 

SMALL CETACEANS 
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In California waters, commercially produced explosive deterrents, commonly known as “seal bombs”, are 

used to protect fishing gear and catch from pinniped predation. Common U.S. made seal bombs usually 

contain about 2.3 g explosive charge mixture and explode with a peak source pressure level of 234 dB re 

1 µPa m and a sound exposure source level (SEL) of 203 dB re 1 µPa
2
 m

2
s underwater (Wiggins et al. 

2021). Using long term passive acoustic monitoring data (2005-2016), Krumpel et al. (2021) revealed high 

numbers of these small-charge underwater explosions of up to 2,800/day during periods of peak occurrence 

at sites off Southern California. Almost 94 % of these explosions occurred at nighttime. Due to a significant 

correlation and similar spatio-temporal patterns of market squid landings (Doryteuthis opalescens) and 

explosions, it is concluded that the California market squid purse-seine fishery, one of the largest fisheries 

in the state, is a major source of recorded seal bomb explosions.  

Extensive seal bomb noise has also been recorded in the vicinity and within national marine sanctuaries, 

the Channel Islands and Monterey Bay, which is especially problematic as high source and received levels 

in combination with the persistence of recurring explosions present potential negative effects on cetaceans. 

Simonis et al. (2020) estimated, based on a local transmission loss model for seal bombs in Monterey Bay, 

that harbor porpoises (Phocoena phocoena) would experience a TTS from cumulative exposure of two 

seal bomb explosions within 1 km or six explosions within 2 km range, while the potential range of 

behavioral responses of  > 50 km is much more far reaching. Other species of small cetaceans might also 

be affected by seal bomb noise. Preliminary results imply that cumulative SEL of seal bomb explosions 

has opposite effects on Risso's (Grampus griseus) and Pacific white-sided dolphins (Lagenorhynchus 

obliquidens), the former being more present and the latter less present with higher seal bomb intensity, a 

pattern that could partly be explained by their foraging preferences. Risso’s dolphins are known to prey 

heavily on cephalopods while Pacific white-sided dolphins are more opportunistic feeders. Therefore, 

Risso's dolphin foraging habitats within the Southern California Bight and market squid fishing grounds 

(areas of seal bomb usage) largely overlap. To protect cetaceans and other species from hearing damage, 

the implementation of regulations like those proposed by NOAA (2020) and more research on the effects 

of seal bombs are greatly needed. 

Krumpel A, Rice A, Fraiser KE, Reese F, Trickey JS, Simonis AE, Ryan JP, Wiggins SM, Denzinger A, Schnitzler 

HU, Baumann-Pickering S (2021) Long-term patterns of noise from underwater explosions and their relation 

to fisheries in Southern California. Front Mar Sci 8: 796849.  

NOAA (2020) Proposed Guidelines for Safely Deterring Marine Mammals. Federal Register 85: 53763-53784.  

Simonis AE, Forney KA, Rankin S, Ryan JP, Zhang Y, DeVogelaere A, Joseph J, Margolina T, Krumpel A, 

Baumann-Pickering S (2020) Seal bomb noise as a potential threat to Monterey harbor porpoise. Front Mar 

Sci 7: 1-9.  

Wiggins SM, Krumpel A, Dorman LM, Hildebrand JA, Baumann-Pickering S (2021) Seal bomb explosion sound 

source characterization. J Acoust Soc Am 150: 1821-1829.  
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TOO NOISY TO HEAR THE DINNER BELL? DECREASED FEEDING RESPONSE OF 

CRUSTACEAN ZOOPLANKTON WHEN EXPOSED TO PLAYBACK UNDERWATER 

BOAT NOISES 
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The rise of anthropogenic underwater noise (AUN) from shipping, energy exploration and exploitation, 

wind farm construction and operation are increasingly changing the natural marine acoustic environment. 

Underwater sounds are cues or signals used by a variety of marine organisms for navigation, predator 

avoidance, and communication, e.g., in the context of mating and foraging. AUN evidently impairs these 

fitness relevant behaviours in marine mammals, fish and invertebrates (Duarte et al., 2021). 

 

In the marine environment crustacean zooplankton are of special importance due to their linkage between 

phytoplankton and higher trophic levels. With that, their ability to graze and predate has direct effects on 

the community structure of phytoplankton and other planktonic animals. This, in turn, may affect 

(in)directly the energy transfer to fish, invertebrates, sea birds, marine mammals (Steinberg and Landry, 

2017) and humans. Yet, despite their role in the marine ecosystem as most common group of crustacean 

zooplankton, no data exist on the impacts of AUN on copepods’ feeding behaviour. 

 

Here, in a laboratory setup, we studied the ingestion rates (IRs) of Acartia tonsa on different densities of 
the motile phytoplankton, Tetraselmis chuii, under ambient sound (silent) conditions and when exposed to 

playback boat noises. We show that the IRs of A. tonsa significantly decreased when exposed to playback 

boat noises compared to IRs in ambient sound conditions. This impact of noise was found at all given 

phytoplankton prey cell densities between 1k to 10k cells mL
-1
. In addition, we quantified the changes in 

IRs as a function of the food concentration (functional feeding response) and fitted the curves to a Rogers 

type II model for both the ambient (control) and boat noise exposure trials.  

 

These novel results are discussed in a greater picture for planktonic predator-prey dynamics in natural 

systems in increasingly noisy waters whilst taking into account different feeding modes in copepods. 

Follow-up studies should focus on noise driven planktonic community effects in adapted field experiments 

to predict the outcome of a changing world with multiple stressors. 

 

Duarte CM, Chapuis L, Collin SP et al. (2021) The soundscape of the Anthropocene ocean. Science 5:371. doi: 

10.1126/science.aba4658  

Steinberg DK, Landry MR (2017) Zooplankton and the ocean carbon cycle. Ann Rev Mar Sci 9:413-444. doi: 

10.1146/annurev-marine-010814-015924  
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THE EFFECTS OF VESSEL NOISE ON WALLEYE POLLOCK  

(Theragra chalcogramma) BEHAVIOUR 
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The results of experiments on assessing the reaction of walleye pollock (Theragra chalcogramma) during 

the spring season in the Okhotsk Sea to the noise of passing research vessel “Professor Kaganovsky” are 

presented. A floating buoy with built-in scientific echo sounder (38 kHz) was used in these experiments. 

The pollock response distances to vessel noise ranged from 140 to 180 m, which is consistent with the 

model estimates. The reaction of fish to an approaching vessel is similar to the defensive reaction to a 

predator (Fréon et al., 1993; Skaret et al., 2005). Pollock reactions were accompanied by horizontal and 

vertical movements of fish from the noise source. 

The total acoustic density curve has a tendency of a small initial rise (Kavoid >1, Kavoid – avoidance 

coefficient) and then a steady decrease with further approach of the vessel. A stronger decrease in the total 

acoustic density (dissipation) of fish in the upper horizons due to lateral avoidance is typical. The diving 

of fish when the vessel approaches causes a consistent increase in their density in a deeper layer. In the 

depth range of 0–100 m, the ratio of pollock density to the background density at the closest point of 

approach (CPA) of the ship’s transducers to the buoy was 0.56. At depths of 100–200 m, the decrease in 

total density was less significant (Kavoid = 0.86) due to the deepening of fish. 

The dive rate of walleye pollock in the ship’s noise field are an order of magnitude higher than during their 

natural vertical migrations. This is an indication of the strong irritating effect of the noise. The pollock dive 

rate gradually increases from 0.04 to 0.15 m/s at a distance between the buoy and the vessel from 350 to 

150–180 m. The dive rate of fish increases sharply at a distance of less than 120 m, and at distances of less 

than 50 m it becomes maximum: up to 35 cm/s. Such avoidance behaviour can be a source of error in echo 

integration and trawl survey fish stock estimations (De Robertis, Handegard, 2013). 

De Robertis A, Handegard NO (2013) Fish avoidance of research vessels and the efficacy of noise-reduced vessels: 

a review. ICES J Mar. Sci. 70: 34–45. doi:10.1093/icesjms/fss155 

Fréon P, Gerlotto F, Soria M (1993) Variability of Harengula spp. school reactions to boats or predators in shallow 

water. ICES J Mar. Sci. Sym. 196: 30–35.  

Skaret G, Axelsen BE., Nøttestad L, Fernö A, Johannessen A (2005) The behaviour of spawning herring in relation 

to a survey vessel. ICES J Mar. Sci. 62: 1061-1064. doi:10.1016/j.icesjms.2005.05.001  
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A SUMMARY OF 16 YEARS OF BEHAVIORAL RESPONSE STUDIES IN THE SEA 

MAMMALS, SONAR, AND SAFETY (3S) PROJECT 

Frans-Peter Lam*1; Petter Kvadsheim2; Charlotte Curé3; Saana Isojunno4; Paul Wensveen5; Alexander 

Von Benda-Beckmann6; Peter Tyack7; Filipa Samarra8; Lars Kleivane9; Patrick Miller10 
1TNO, Netherlands, frans-peter.lam@tno.nl; 2Norwegian Defence Research Establishment (FFI), Norway, 

Petter-Helgevold.Kvadsheim@ffi.no; 3CEREMA-UMRAE, Acoustics Group, France, 

charlotte.cure@cerema.fr; 4Sea Mammal Research Unit, School of Biology, University of St Andrews, United 

Kingdom, si66@st-andrews.ac.uk; 5University of Iceland, Iceland, pjw@hi.is; 6Netherlands Organisation for 

Applied Scientific Research (TNO), Netherlands, sander.vonbendabeckmann@tno.nl,  
7Sea Mammal Research Unit, School of Biology, University of St Andrews, United Kingdom, plt@st-

andrews.ac.uk; 8University of Iceland, Iceland, fips@hi.is; 9LKARTS-Norway, Norway, lkarts@lkarts.no; 
10Sea Mammal Research Unit, School of Biology, University of St Andrews, United Kingdom, pm29@st-

andrews.ac.uk 

The 3S-project has been conducting behavioral response studies at sea for 16 years. With all research 

partners and for five navies our goals have been to assess the nature, severity and significance of the 

behavioral responses to sonar exposure and to quantify thresholds and establish safe guidelines for sonar 

operations 

A summary and the latest findings of the project are reported (see Kvadsheim et al. 2021 for the associated 

data report). This includes the effect of new continuous active sonar (CAS) signals relative to conventional 

pulsed active sonar (PAS), potential masking effects, and discrimination between proximity and received 

level on sperm whales in northern Norway. Our results show that responses to CAS are similar to responses 

to PAS, even though the Sound Pressure Level (SPL) of PAS is higher than for CAS, as long as the Sound 

Exposure Level (SEL) is similar (Isojunno et al., 2020). This indicates that accumulated acoustic energy is 

an important driver for behavioral responses. The potential for masking is still higher for CAS (Von Benda-

Beckmann et al., 2021), but we found little indication of actual masking of sperm whales in our data set 

(Isojunno et al., 2021). In northern bottlenose whales we found no effect of proximity of the source on the 

response threshold. Using an operational sonar source on a Norwegian naval frigate in combination with 

the scaled source on the research vessel, we exposed sperm whales to different sound levels at different 

ranges. The results show that for sperm whales both source proximity and received level affects the 

behavioral onset. 

We will also provide an outlook of future research needed (3S4) to warrant the responsible use of active 

sonar. 

Isojunno S, Wensveen PJ, Lam FPA, Kvadsheim PH, Von Benda-Beckmann AM, López LMM, Kleivane L, Siegal 

EM, Miller PJO (2020) When the noise goes on: received sound energy predicts sperm whale responses to 

both intermittent and continuous navy sonar. J Exp Biol 223, jeb219741. doi:10.1242/jeb.219741  

Isojunno S, Von Benda-Beckmann AM, Wensveen PJ, Kvadsheim PH, Lam FPA, Gkikopoulou KC, Pöyhönen V, 

Tyack PL, Benti B, Foskolos I, Bort J, Neves M, Biassoni N, Miller PJO (2021) Sperm whales exhibit 

variation in echolocation tactics with depth and sea state but not naval sonar exposures. Mar. Mammal Sci. 

doi:10.1111/mms.12890  

Kvadsheim PH, Isojunno S, Curé C, Siemensma ML, Wensveen P, Lam FPA, Hansen RR, Benti B, Sivle LD, 

Burslem A, Kleivane L, Miller PJO (2021). The 3S3 experiment data report – using operational naval sonars 

to study the effects of continuous active sonar, and source proximity, on sperm whales. FFI report 21/00688.  

Von Benda-Beckmann AM, Isojunno S, Zandvliet M, Ainslie MA, Wensveen PJ, Tyack PL, Kvadsheim PH, Lam 

FPA, Miller PJO (2021). Modeling potential masking of echolocating sperm whales exposed to continuous 1-

2kHz naval sonar. JASA 149(4), doi:10.1121/10.0004769  
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FLUCTUATIONS IN THE PRESENCE OF HUMPBACK WHALES IN HAWAII OVER 

MULTIPLE YEARS DETERMINED FROM SONG CHORUSING LEVELS 

 Marc Lammers*1; Eden Zang2; Anke Kügler3 
1NOAA - Hawaiian Islands Humpback Whale National Marine Sanctuary, Hawaii, United States, 

marc.lammers@noaa.gov; 2NOAA - Hawaiian Islands Humpback Whale National Marine Sanctuary, Hawaii, 

United States, eden.zang@noaa.gov; 3University of Hawaii - Marine Biology Graduate Program, Hawaii, 

United States, akuegler@hawaii.edu 

Approximately half of the north Pacific humpback whale population migrates to the Hawaiian Islands to 

breed during the winter and spring months each year. This part of the population is known as the Hawaii 

Distinct Population Segment (DPS) and is one of the global humpback whale DPSs that was removed from 

the U.S. Endangered species list in 2016 after being deemed recovered. Coincidentally, around that same 

time, humpback whales in the north Pacific experienced substantial ecosystem-wide disturbances on their 

northeast Pacific feeding grounds off Alaska, Canada, and the western U.S. caused by oceanographic and 

climate-driven factors (Frankel et al. 2021). Reduced prey availability led to unusually high mortality and 

disrupted migration patterns in the population. In Hawaii, humpback whale presence has been monitored 

continuously since 2014 by recording the levels of male song chorusing on bottom-mounted acoustic 

moorings deployed off the island of Maui (Kuegler et al. 2020).  

The chorusing levels recorded during the past eight breeding seasons indicate that humpback whale 

presence around Maui declined by approximately 50% between 2015 and 2018 and that the annual duration 

of whale presence in Hawaii across that period was reduced by up to one month. Chorusing levels mostly 

recovered in subsequent years, but the timing of the migration and the whales’ residence time in Hawaii 

have continued to fluctuate annually. These results suggest that the Hawaii DPS is still adjusting to the 

ecosystem disturbances it experienced several years ago. Alternatively, it could point to the beginning of 

a more long-term shift in migration patterns in response to climate factors.  

Frankel AS, Gabriele CM, Yin S and Rickards SH (2021) Humpback whale abundance in Hawai‘i: Temporal trends 

and response to climatic drivers. Mar Mamm Sci 38:118-138.  

Kügler A, Lammers MO, Zang EJ, Kaplan MB and Mooney TA (2020) Fluctuations in Hawaii’s humpback whale 

Megaptera novaeangliae population inferred from male song chorusing off Maui. Endang Species Res 43:421-

434.  
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REGULATORY RESEARCH STRATEGY – COLLABORATIVE APPROACH 

 TO ADDRESS KNOWLEDGE GAPS ABOUT MANAGEMENT OF  

UNDERWATER NOISE FROM OFFSHORE ENERGY ACTIVITIES 
  

Christine Lamont*1; Raquel Carter2; Tim Carter3; Cameron Grebe4 
1NOPSEMA, Western Australia, Australia, christine.lamont@nopsema.gov.au 
2NOPSEMA, Western Australia, Australia, raquel.carter@nopsema.gov.au 
3NOPSEMA, Western Australia, Australia, tim.carter@nopsema.gov.au 
4NOPSEMA, Western Australia, Australia, cameron.grebe@nopsema.gov.au 

Although the science around the potential impacts of underwater sound on marine fauna is improving 

rapidly, there is still a need for targeted, transparent, and collaborative approaches to address key research 

priorities for offshore energy industry activities. NOPSEMA is the Regulator of the offshore energy 

industry in Australia and while it does not conduct nor commission research, it is in a unique position to 

identify key research gaps and priorities across industries that lead to uncertainty in risk and impact 

assessments and offshore activity management. 

NOPSEMA has been promoting industry-wide collaborative approaches for several years which has 
culminated in a published NOPSEMA Research Strategy. This Strategy is applicable to the offshore energy 

industry and is intended to guide industry, consultancies, and the research community to design studies 

that answer key environmental impact assessment questions and standard monitoring and management 

measures to support ecologically sustainable offshore energy developments. 

This presentation will highlight some of the broad research priorities identified in NOPSEMA’s Research 

Strategy that are needed to improve environmental impact assessments, reduce scientific uncertainty, and 

achieve better environmental management outcomes for sound sensitive marine fauna. These include: 

•  Baleen whales (focus on blue whales and southern right whales): long-term cumulative effects of 

noise on low frequency cetaceans from industrial activities (seismic, pile driving, dynamic 

positioning, drilling and cutting) and implications for feeding, migration, fitness, and breeding success 

in the context of species recovery potential. 

 

•  Marine turtles: behavioural and physiological responses to underwater noise and implications for 

feeding, fitness, and breeding success in the context of species recovery potential. 

 

•  Real time whale detection: best practices and innovative measures for detection of whales and 

mitigation of impacts from noise. 

 

•  Commercially important fish and invertebrate species: impacts from noise to fish and fisheries 

(reproduction, catchability). 

 

• Planktonic life stages for commercially important species (e.g., rock lobster): Ecological 

consequences of impacts to larval stages of commercially important species. 
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PILING AND LITTLE BLUE PENGUINS – A CASE STUDY 

Ben Lawrence*1; Victoria Warren2; Steve Arden3; Leigh Bull4 
1Marshall Day Acoustics, New Zealand, ben.lawrence@marshallday.co.nz 
2JASCO, New Zealand, victoria.warren@marshallday.co.nz 
3Marshall Day Acoustics, New Zealand, steve.arden@marshallday.co.nz 
4Boffa Miskell, New Zealand, leigh.bull@boffamiskell.co.nz 

 Kororā (little blue penguin; Eudyptula minor) are a small penguin species that is native to New Zealand and 

often found nesting in man-made structures near ports and marinas. They are nationally classified as ‘at risk 

- declining’ and must be carefully considered when coastal construction projects are planned close to active 

penguin burrows. However, very little is known about the onset thresholds for noise and vibration effects for 

this species.  

This paper presents the approach used to undertake a noise and vibration assessment for penguins for the 

construction of a new marina on Auckland’s Waiheke Island. The project involves piling and other intensive 

construction activities close to several penguin burrows during the breeding/moulting season. Our work 

included recommending noise threshold levels for penguin burrows, determining appropriate mitigation 

and management measures to meet the noise thresholds on-site, and carrying out monitoring during the 

work. The project is still underway so the overall effect of the construction on the kororā population is not 

yet known; however, recent surveys indicate that burrows remained active during the noisiest work, 

including the successful fledging of chicks. 
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DEFLAGRATION: A METHOD FOR LOWERING NOISE FROM UNDERWATER 

UNEXPLODED ORDINANCE (UXO) CLEARANCE OPERATIONS 

Paul Lepper1, Stephen Robinson2, Sei-Him Choeng2, Lian Wang2, Jakob Tougaard3, Emily T. Griffiths3, 

John Hartley4 

1Loughborough University, Loughborough, LE11 3TU, UK, p.a.lepper@lboro.ac.uk; 
2National Physical Laboratory (NPL), Teddington, TW11 0LW, UK, stephen.robinson@npl.co.uk, sei-

him.cheong@npl.co.uk, lian.wang@npl.co.uk; 3Aarhus University, Department of Ecoscience, section for Marine 

Mammal Research, Frederiksborgvej 399, DK-4000 Roskilde, Denmark. jat@ecos.au.dk, emilytgriffiths@ecos.au.dk; 
4Hartley Anderson Ltd, Regent House, 36 Regent Quay, Aberdeen AB11 5BE, UK, jph@hartleyanderson.com   
   

Significant amounts of historic WWI and WWII Unexploded Ordnance (UXO) are still located in our seas 

and waterways with an estimated 300,000 to 500,000 pieces in UK waters alone (DEFRA, 2022).  These 

weapons have individual historic explosive charge sizes ranging from a few 10’s of grammes to greater than 

500 kg of TNT equivalence. These have been largely left undisturbed in-situ in the post-war periods; however, 

in recent years there has been a significant increase in the number of required controlled Explosive Ordnance 

Disposal (EOD) operations due to offshore activities, such as offshore wind energy developments, ground 

fishing, and others, to make the areas of these operations safe.  

 
The most used method of UXO clearance (EOD) to-date involves the co-locating of a modern explosive 

charge, typically around 5-10 kg of TNT equivalence as a ‘donor’ charge and initiating a simultaneous ‘high-

order’ detonation of both the primary donor charge and the secondary, often-larger, historic charge. This 

process has the potential for generation of very large underwater explosions with associated high acoustic and 

vibrational energy levels in both the water column and the seabed. This has led to a growing concern of 

negative impacts from these events including acoustic noise, seabed vibration, seabed destruction, toxicity, 

etc.  

 

In 2019 the underwater acoustics of both traditional high order methodologies and an alternative low-order 

EOD method known as deflagration were investigated in trials in a flooded quarry in the UK. Deflagration 

uses a smaller-shaped explosive charge to initiate a ‘low-order’ burning process of the historic explosive 

material designed to render it safe for disposal. Data from acoustic measurements of like-for-like comparisons 

of both ‘high-order’ and ‘low-order’ methodologies will be presented.  These data show a significant reduction 

in the acoustic levels associated with the low-order methodology of around 20 dB for a 10 kg historic charge 

disposal.  

 

Provisional results will also be presented for open water trials that took place in the Great Belt, Denmark in 

January 2022 of both high and low order methodologies used on historic UXO of charge sizes in the range 

200-430 kg. As with the quarry significantly reduced acoustic noise outputs were observed using a deflagration 

process on these UXO’s. Potential noise impacts and relative noise levels of both high and low order 

methodologies will be discussed in the context of current EOD operations in aquatic environments as well as 
data for seabed vibration measurements. 

 

DEFRA (2022) Government sets out commitment to protecting seabed with joint statement on clearing unexploded 

ordnance. In: defra.blog.gov.uk. https://deframedia.blog.gov.uk/2021/11/16/government-sets-out-commitment-to-

protecting-seabed-with-joint-statement-on-clearing-unexploded-ordnance/. Accessed 20 Apr 2022 
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EXPOSURE TO MOTORBOAT NOISE PLAYBACK IMPAIRS  

ANTI-PREDATOR RESPONSES IN A REEF FISH SPECIES 

 Aléxia A. Lessa.*1; Fábio C. Xavier2; Carlos E. L. Ferreira3 
1Marine Biotechnology Graduation Program of Institute of Sea Studies Admiral Paulo Moreira, Rio de 

Janeiro, Brazil, alexiaalc@id.uff.br; 2Marine Biotechnology Graduation Program at Sea Studies Institute 

Admiral Paulo Moreira (IEAPM-UFF), Rio de Janeiro, Brazil, fabiofcx@gmail.com;  
3Marine Biotechnology Graduation Program at Sea Studies Institute Admiral Paulo Moreira (IEAPM-UFF), 

Rio de Janeiro, Brazil, carlosferreira@id.uff.br 

Anthropogenic noise is a major threat to biodiversity. Since marine organisms use sound in many activities 

in their life cycle, increased nautical traffic can have significant effects on critical behaviors, such as 

foraging and territoriality (Popper and Hawkings, 2019). The damselfish Stegastes fuscus (Pomacentridae) 

is a key species influencing the dynamics of shallow reef systems along the Brazilian coast (Ferreira et al., 

1998; Ceccarelli et al., 2001). This species represents an important model to assess the impacts caused by 

anthropogenic activities. The present work aims to evaluate the impact of noise generated by nautical 

tourism vessels on the behavior of S. fuscus in subtropical coastal rocky reefs of Arraial do Cabo (22°58'S 

42°01'W). For this, in situ experiments were carried out. Territories of S. fuscus were randomly selected 
from different sampling sites and an underwater loudspeaker was placed in a central position, at least 1 m 

from the individual's territories, so that it could cover more than one territory at once. For each replicate it 

was applied: Treatment 1: 10 min without sound transmission (control) + 10 minutes of boat playback 

(200Hz-1kHz) or Treatment 2: 10 minutes without sound transmission (control) + 10 minutes of an 

artificial sound (400Hz). Behavioral responses were analyzed by remote filming, considering the 

frequencies of agonistic behaviors (chases/minute), foraging rates (bites/minute) and refuge time (time 

spent hiding). S. fuscus increased its refuge time when exposed to sound (T1: mean 3.2s/min; s.e.±0.97, 

T2: mean 7.5s/min; s.e.± 3.20), compared to control (T1: mean 1.3s/min; s.e.±0.57, T2: mean: 1.8s/min; 

s.e.±0.79) in both treatments. And also had lower foraging rates (T1: mean 0.9 bites/min; se± 0.50, T2: 

mean: 0.1 bites/min; sd±0.13) during noise exposure period compared to control (T1: mean 1.6 bites/min; 

s.e.±0.40, T2: mean: 2.0 bites/min; s.e.±0.30). Such changes in foraging and territory defense rates may 

have potential effects on population fitness. Since the species has a functional role as the most abundant 

territorial herbivore in the system, the detected effects can significantly alter the reef dynamics. The 

underwater acoustic soundscape is changing rapidly and with it there is an urgent need to assess the impacts 

of this anthropogenic pressure and provide measures to mitigate this still-neglected impact. 

Ceccarelli DM, Jones GP, McCook LJ (2001) Territorial damselfishes as determinants of the structure of benthic 

communities on coral reefs. Oceanogr Mar Biol Annu Rev 39:355–389  

Ferreira CEL, Gonçalves JEA, Coutinho R, Peret AC (1998) Herbivory by the dusky damselfish Stegastes fuscus 

(Cuvier, 1830) in a tropical rocky shore: effects on the benthic community. J Exp Mar Biol Ecol 229:241–264. 

doi:10.1016/S0022-0981(98)00056-2 
Popper, A. & Hawkins, A. (2019). An overview of fish bioacoustics and the impacts of anthropogenic sounds on 

fishes. Journal of Fish Biology. 94. doi:10.1111/jfb.13948.   
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A QUANTITATIVE INVENTORY OF FISH SOUND PRODUCTION RESEARCH: 

HISTORICAL PRACTICES AND ONGOING CHALLENGES 
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4The Fish Listener, Massachusetts, United States, rrountree@fishecology.org 
5University of Victoria, British Columbia, Canada, juanes@uvic.ca 
6University of Victoria, British Columbia, Canada, ariera@uvic.ca 
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8University of Victoria, British Columbia, Canada, davies.hailey@gmail.com, 
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Active (i.e., intentional) sound production is geographically and taxonomically widespread—though not 

homogenous—among fishes, contributing a cacophony to soundscapes globally. Additionally, all fishes 

are capable of producing passive (i.e., incidental) sounds that may serve some signal potential. Despite the 

ecological importance of fish sounds, extensive endeavors to document them, and growing awareness of 

the impacts of anthropogenic noise on underwater sound producers, the field of fish bioacoustics has been 

constrained by the lack of an easily accessible, comprehensive inventory of known soniferous fish 

diversity. To create such an inventory while simultaneously assessing ongoing challenges in the study of 

fish sound production, we extracted information from 834 references from the years 1874–2020 to 

determine that 989 fish species had been shown to produce active sounds and 213 species had been studied 

for their passive sounds (Looby et al., 2021; 2022). We further extracted additional information on the 

study and sound-associated behaviors of marine, subtropical species from a subset of our assembled 

references. The datasets are available at FishSounds.net (Looby et al., 2021). 

Our compiled inventory allows us to provide a more comprehensive and quantitative assessment of some 

challenges in research of fish sound production, including some of which that have been identified 

previously (e.g., Rountree et al., 2019), while highlighting those that most need to be addressed. For 

example, in 459 of the 2,539 individual examinations of fish sound production included in our review, 

authors expressed some form of uncertainty in their results, such as in the correct identification of the 

species being studied. We found over 60 different names (e.g., boop, grunt) used to differentiate between 

active sounds produced by marine, subtropical fishes, often applied inconsistently among researchers or 

species. The field also struggles with inefficient documentation of soniferous species: if the scientific effort 

studying actively soniferous species throughout the history of the field up until the year 2020 were doubled, 

only roughly 500 new actively soniferous species would be documented. We anticipate that these data will 

provide needed insights to advance research into fish behavior, passive acoustic monitoring, and the effects 
of noise on fish sound production, as well as provide the foundation needed to investigate more of the 96% 

of fish species that still lack published examinations of sound production. 

Looby A, Riera A, Vela S, Cox K, Bravo S, Rountree R, Juanes F, Reynolds LK, Martin CW (2021) FishSounds. 

http://www.fishsounds.net, version 1.0. Accessed 23 March 2022 

Looby A, Cox K, Bravo S, Rountree R, Juanes F, Reynolds LK, Martin CW (2022) A quantitative inventory of 

global soniferous fish diversity. Rev Fish Biol Fisher. doi:10.1007/s11160-022-09702-1 

 Rountree RA, Bolgan M, Juanes F (2019) How can we understand freshwater soundscapes without fish sound 

descriptions? Fisheries 44:137–143. doi:10.1002/fsh.10190 
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THE GULF OF MEXICO PROACTIVE REGULATORY & OBSERVATIONAL 

PROGRAM: CONSERVATION THROUGH INDUSTRY COLLABORATION 

Alex Loureiro*1; Sarah Courbis2; Bernard Padovani3 
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3Marine Remote Services LLC, TX, United States, bernard@marineremote.com 

The United States National Marine Fisheries Service issues permits for incidental marine mammal 

harassment under the US Marine Mammal Protection Act. Authorizations are issued as individual 

incidental harassment authorizations (IHAs) for one year or under a five-year incidental take regulation 

(ITR), with individual projects receiving letters of authorization (LOAs). Historically, ITRs were applied 

to government programs. In January 2021, NMFS issued the first ITR that encompasses the programmatic 

activities of competitive industry interests. The Final Rule became effective in April 2021. LOAs are issued 

for individual geophysical activities related to oil and gas in the Gulf of Mexico. The ITR requires LOA 

holders to “collectively be responsible for compilation and analysis of [monitoring] data for inclusion in 

subsequent annual synthesis reports.”  

Four industry trade associations collaboratively developed a comprehensive program entitled the “Gulf of 

Mexico Proactive Regulatory and Observational Plan” (GOM-PROP) to achieve compliance with this 

provision. These associations, along with contractors, created a system that is adaptive and flexible and 

can serve as a model for future industry-focused monitoring and planning. The approach to achieving this 

comprehensive reporting across dozens of companies with various contractors and subcontractors 

considered issues such as: (1) managing confidential business information while facilitating collaboration; 

(2) achieving consistency in data collection and management; (3) logistics of compiling and storing data; 

(4) ensuring data collection meets analysis requirements; (4) achieving participation from LOA holders; 
(5) enabling industry to lead subsequent ITR development; and (6) funding the effort as an industry 

program.  

The GOM-PROP includes communications strategies, a comprehensive monitoring database, and data-

appropriate analysis methods that consider the focus of monitoring (mitigation rather than assessment). 

The associations worked closely with United States regulatory agencies to ensure reporting will meet the 

standards and needs and will appropriately inform compliance and future permit applications. GOM-PROP 

provides a path forward for understanding, monitoring, and mitigating seismic survey activities in the US 

GOM, while also demonstrating the collaborative power of industry to manage its underwater sound 

outputs and support conservation efforts far beyond this specific region.  
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MEASURING THE HEARING SENSITIVITY OF WILD DUGONGS IN  

MORETON BAY, AUSTRALIA 
 Klaus Lucke*1 

1JASCO Applied Sciences, Queensland, Australia, klaus.lucke@jasco.com 

Dugongs (Dugong dugon) occur in northern Australian waters from the Torres Straits southward to 

Moreton Bay on the east coast and Shark Bay in the west. The species is protected under Australian 

conservation regulations. As with other fully aquatic animals, it is expected that underwater sound is a 

critical cue for dugongs and that underwater noise may be a significant hazard for survival. 

  

Up to now, only one preliminary audiometric study of a single captive dugong has been done, which 

indicated a potential functional hearing range of 200 Hz to 40 kHz but also moderate hearing loss in the 

region of best sensitivity (see abstract, Ketten et al.). In comparison, data from multiple audiometric studies 

of manatees show that their hearing range spans frequencies from 150 Hz to 60 kHz. These studies found 

also substantial differences in hearing abilities across manatee species and individuals (Klishin et al. 1990; 

Gerstein et al. 1999; Supin et al. 2001). Sound production data reveal manatee underwater calls range from 

0.4 to 22 kHz versus 0.15 to 18 kHz for dugongs (Southall et al. 2019). These findings indicate that 

dugongs, like all sirenians, use sound actively and have a moderate hearing range at least. However, the 

full extent of dugong hearing range and auditory sensitivity remains unclear until more individual dugongs 

can be tested. 

As part of ongoing efforts to develop underwater noise guidelines for Australia, a project is underway to 

develop, test, and implement an approach for measuring auditory responses in temporarily restrained wild 

dugongs of both sexes and across age cohorts. It capitalises on an ongoing long-term health assessment 

study on this species in Moreton Bay, Australia, which provides access to dugongs during medical 
examinations. Each individual’s hearing will be tested using sound presentation via suction cup 

hydrophones and Auditory Evoked Potential (AEP) measurements, providing an equivalent of their 

underwater hearing capabilities. An expected high number (10+) of test subjects in combination with 

annual health assessment and diagnosis of evoked neurological signals can provide important indicators 

for potentially impaired hearing in the tested animals as well as measuring those with no evident loss. 

While AEP data tend to underestimate the hearing sensitivity in comparison to behavioural measures, our 

data will provide much needed, and substantially more representative data, of dugong hearing. The 

presentation will provide results of the first field season. 

Gerstein ER, Gerstein L, Forsythe SE et al. (1999). „The underwater audiogram of the West Indian manatee 

(Trichechus manatus).” J. Acoust. Soc. Am. 105(6): 3575-3583  

Klishin, VO, Diaz RP, Popov VV et al (1990). “Some characteristics of hearing of the Brazilian manatee, 

Trichechus inunguis,” Aquat. Mamm. 16(3):140-144  

Southall BL, Finneran JJ, Reichmuth CJ et al. (2019). “Marine Mammal Noise Exposure Criteria: Updated 

Scientific Recommendations for Residual Hearing Effects.” Aquat. Mamm. 45(2): 125-232.doi: 

10.1578/AM.45.2.2019.125  

Supin, AY, Popov VV, Mass AM (2001). “The sensory physiology of aquatic mammals.” Springer Science & 

Business Media 
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TWENTY YEARS OF UNDERWATER SOUNDSCAPES OF PAMLICO SOUND: FISH 

CHORUSES AND SPECIES CONTRIBUTIONS 

REVEALED BY POWER SPECTRAL ANALYSES 
 

 Joseph Luczkovich*1; Mark Sprague2 
1East Carolina University, NC, United States, luczkovichj@ecu.edu 
2East Carolina University, NC, United States, spraguem@ecu.edu 

Various species of fishes make sounds that we can use to locate spawning grounds and document habitat 

use. In Pamlico Sound, North Carolina, USA, we have been recording the sounds of fishes in mixed-species 

choruses for 23 years using multiple passive acoustic recording systems (a single hydrophone connected 

to a timer-controlled tape recorder that recorded for 90-s and shut down for a specified interval, and two 

versions of autonomous digital recorders that made either 10-s recordings every 900 s or continuous 

recordings) at a variety of locations (Krahforst, 2010; Luczkovich et al., 2012, 2008). But we have never 

looked at how the soundscapes have changed over time. Therefore, we conducted an analysis of 

soundscapes recorded in the Pamlico Sound and connected estuaries over a 20-year period. 

We used power spectral band (PSB) sums, which summed the acoustic energy in frequency bands 

associated with known soniferous fish species (Luczkovich and Sprague, 2022). We adjusted the analysis 

of the three recording platforms’ data to account for calibration of the hydrophone and recording systems, 

the different duty cycles used, and sampling effort. The analysis reveals some interesting patterns related 

to fish ecology: (1) most of the sound production occurs after sunset with a nightly peak in sound pressure 

levels; (2) there is a seasonal change in the power spectral band sums, with particular species in the family 

Sciaenidae dominating in May and June (silver perch Bairdiella chrysoura, weakfish Cynoscion regalis), 

July and August (spotted seatrout C. nebulosus), and September and October (Atlantic croaker 

Micropogonias undulatus, red drum Sciaenops ocellatus). We have plotted the temporal progression of 

these species in their spawning areas using PSB sums that indicate peaks in spawning activity. In addition, 

we documented other species (striped cusk eels Ophidion marginatum, oyster toadfish Opsanus tau, 

bottlenose dolphins Tursiops truncatus) and environmental conditions (rainfall hitting the surface, thunder, 

and wind events that produced audible sounds from wave action), anthropogenic activities (vessels, small 

boats, ferries, and barges) and military activities like noise from helicopters, vessels, and bombs (the mid-

Pamlico Sound bombing range). We present examples of these soundscapes and describe the changes we 

have observed in the soundscapes from samples taken over a 20-year period (1998, 2008, and 2018).  

Krahforst, C.S., 2010. Can passive acoustics be used to estimate the length of Atlantic Croaker (Micropogonias 

undulatus) within the Pamlico Estuary? East Carolina University, Greenville, NC. 

Luczkovich, J.J., Sprague, M.W., 2022. Soundscape Maps of Soniferous Fishes Observed from a Mobile Glider. 

Front. Mar. Sci. 9.  

Luczkovich, J.J., Pullinger, R.C., Johnson, S.E., Sprague, M.W., 2008. Identifying Sciaenid Critical Spawning 

Habitats by the Use of Passive Acoustics. Trans. Am. Fish. Soc. 137, 576–605.  

Luczkovich, J.J., Sprague, M.W., Krahforst, C.S., Corbett, D.R., Walsh, J.P., 2012. Passive acoustics monitoring as 

part of integrated ocean observing systems. J. Acoust. Soc. Am. 132, 1915.
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REVISED DANISH GUIDELINE FOR UNDERWATER NOISE FROM 

INSTALLATION OF IMPACT OR VIBRATORY DRIVEN PILES 

 

 René Smidt Lützen*1; Søren Enghoff2; Jakob Tougaard3 
1Vysus Denmark, Denmark, rene.smidtluetzen@vysusgroup.com 
2Danish Energy Agency, Denmark, snhf@ens.dk 
3Aarhus University, Dept. of Ecoscience, Denmark, jat@ecos.au.dk 

For some years now, underwater noise from the construction of offshore wind in Danish waters has been 

addressed by a Guideline (Danish Energy Agency, 2016). A revision of this Guideline has recently been 

made in a joint effort by the Danish Energy Agency, Vysus Denmark, Aarhus University, and the 

Environmental Protection Agency. 

The revised Guideline contains technical methods for performing numerical prognosis and on-site 

measurements. Also, sets of acoustic criteria are stated for compliance. The latter include Permanent 

Threshold Shift (PTS), Temporary Threshold Shift (TTS), and behavioural impact. The acoustic criteria 

are based on auditory frequency weighting functions as relevant to species in Danish waters. 

Impact pile driving as well as vibratory pile driving installation techniques are addressed with separate 

adapted methods for modelling and measurements. Requirements for permitted use of an Acoustic 

Deterrent Device (ADD) are stated. 

Concession Holder is required to carry out a Prognosis to estimate the environmental impact using the 

given sound source and propagation properties and calculate the acoustic metrics experienced by a receptor 

(marine mammal) while it is fleeing away from the noise source. The Prognosis must be carried out for 

two to three scenarios, all either fully numerical or on a semi-empirical basis: Reference Case (worst-case, 

without noise reduction techniques), Planned Construction Case (as planned, possibly with noise reduction 

and ADD) and, if relevant, Specific ADD Case (with the ADD as the only active noise source). 

Depending on the outcome of the Planned Construction Case, the use of an ADD may or may not be 

permitted within restrictions. For later direct comparison with measurements during pile installation, the 

Prognosis is required to provide certain acoustic metrics that are suited for direct measurement. 

  

On-site measurement of underwater sound is required for two purposes: verification of the propagation 

model used for the Prognosis, and demonstration of compliance with the acoustic criteria. The assessment 

of the compliance-related measurements involves correction for actual versus assumed hammer activity.  

Danish Energy Agency (2016). Guideline for underwater noise – Installation of impact-driven piles, Danish Energy 

Agency, Copenhagen, DK. Available at: 

https://ens.dk/sites/ens.dk/files/Vindenergi/guideline_underwater_noise_april_2016_0.pdf  
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EQUIPMENT 

Caroline Magnier*1 
1Abyssens, France, caroline.magnier@abyssens.fr 

Abyssens has developed DORI, a line of underwater acoustic recorders. This line is made for deployments 

at sea of about 15 days (for the S model), 3 months (for the M model) to 6 months (for the L model) of 

continuous recording. The target frequency range is divided into two categories for all models: Low 

Frequency equipped with an HTI96 MIN hydrophone and High Frequency equipped with an HTI99UHF 

hydrophone (allows click detection from marine mammals including the harbor porpoise).  

These recorders have high acoustic performance with more than 110 dB of dynamic range, listening up to 

250 kHz and with a maximum storage capacity up to 16 TB. Thanks to these features and a self-noise 

below sea state zero, ambient noise can be monitored together with high level sources. Used in the various 

ports of Lorient (France), these recorders established the acoustic impact of various human activities 

(fishing, commerce, pleasure and racing sailboat) on the ambient noise of a port city. 
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EVALUATING THE BENEFITS OF NOISE REDUCTION MITIGATION:  

ECHO PROGRAM CASE STUDY 
 

Chloe Malinka*1; Dom Tollit2; Krista Trounce3; Jason Wood4 
1SMRU Consulting (UK), United Kingdom, cm@smruconsulting.com; 2SMRU Consulting (Canada), BC, 

Canada, djt@smruconsulting.com; 3Vancouver Fraser Port Authority, Canada, 

krista.trounce@portvancouver.com; 4SMRU Consulting (USA), Washington, United States, 

jw@smruconsulting.com 

Mitigation measures to reduce underwater levels of radiated noise are of increasing interest. An example 

implementation is the Vancouver Fraser Port Authority’s ECHO (Enhancing Cetacean Habitat and 

Observation) Program, that has initiated voluntary, seasonal vessel slowdowns since 2017. ECHO’s goal 

is to reduce the acoustic disturbance of commercial shipping on the endangered Southern Resident killer 

whale (Orcinus orca), whose critical habitat coincides with major shipping routes (Burnham et al., 2021). 

This initiative requires the cooperation of many stakeholders, from vessel owners and pilots to port 

authorities and, therefore, it is imperative that acoustic monitoring along shipping routes appropriately 

evaluates the effectiveness of such mitigation measures (MacGillivray et al., 2019). However, doing so is 

not straightforward, as levels of ambient noise fluctuate not just in response to vessel slowdowns, but also 

with environmental, biological, and other anthropogenic noise sources (e.g., current, wind, marine 

mammals, small boats, etc.).  

By excluding confounding noisy periods – that is, periods exceeding thresholds for current speeds, wind 

speeds, and where small boats were detected – and only including periods in which slowdown vessels were 

close to our listening station, we were able to robustly measure the probability of noise exceeding a given 

level in baseline versus slowdown conditions. Presenting results in this way (as cumulative distribution 

functions, CDF) facilitates intuitive interpretations by regulators and stakeholders on how effective 

mitigation measures are, and this is further facilitated when data are presented in frequency bands relevant 

to the target species. For example, in 2021, mean broadband noise levels (from data that our exclusion 

criteria deemed to be from a period without confounding noise) were 3.7 dB lower in slowdown periods 

(Grooms et al., 2022). However, such outcomes are influenced by the threshold values selected for the 

several criteria for filtering out confoundingly noisy acoustic data from CDF analysis, and appropriate 

values for these can vary between sites, and between seasons at the same site (Eickmeier et al., 2021). It is 

therefore important to understand soundscape variability at the recording site to select both suitable 

variables and thresholds, prior to simply comparing overall noise levels between baseline and mitigation 

periods. The selection of a comparable baseline period is also vital and requires an understanding of 

seasonal sound transmission. This paper explores the sensitivity of CDF analysis to different noise filtration 

criteria metrics and orders of operation, and highlights factors to consider when evaluating the 

effectiveness of noise mitigation measures. 

Burnham RE, Vagle S, O’Neill C, Trounce KB. (2021). The Efficacy of Management Measures to Reduce Vessel 

Noise in Critical Habitat of Southern Resident Killer Whales in the Salish Sea. Front Mar Sci 8. 

doi:10.3389/fmars.2021.664691  

Eickmeier J, Tollit D, Trounce K, Warner G, Wood JD, MacGillivray AO, Li Z. (2021) Salish Sea Ambient Noise 

Study: Best Practices (2021). Vancouver, British Columbia, Vancouver Fraser Port Authority, Enhancing 

Cetacean Habitat and Observation (ECHO) Program, 50pp. doi: 10.25607/OBP-1068  

Grooms CH, Malinka CE, Warner GA, Wood JD, Houweling AE, Wladichuk JL, MacGillivray AO, Tollit DJ, 

Yack TM. (2022). ECHO Program 2021 Voluntary Vessel Slowdown Hydroacoustic Studies: Hydroacoustic 

Monitoring. Document 02626, Version 1.0. Technical report by JASCO Applied Sciences and SMRU 

Consulting for Vancouver Fraser Port Authority.  

MacGillivray AO, Li Z, Hannay DE, Trounce, KB, Robinson, OM. (2019). Slowing deep-sea commercial vessels 

reduces underwater radiated noise. J Acoust Soc Am 146:340-351. doi:10.1121/1.5116140  
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TEMPORARY THRESHOLD SHIFT IN TURTLES 

Lena Marie Mannes*1; Magnus Wahlberg2; Jakob Christensen-Dalsgaard3 
1Department of Biology, University of Southern Denmark, Denmark, lmann17@student.sdu.dk 
2Department of Biology, University of Southern Denmark, Odense, Denmark, Denmark, 

Magnus@biology.sdu.dk 
3Department of Biology, University of Southern Denmark, Odense, Denmark, Denmark, jcd@biology.sdu.dk 

Temporary threshold shift (TTS), an intermittent reduction in auditory sensitivity caused by noise 

exposure, has been studied in a variety of organisms from fish to marine mammals and is important both 

for understanding the control of sensitivity of the ear and for environmental regulation, since the TTS 

threshold is the threshold for physiological effects of noise (Saunders and Dooling 2018). 

Information on TTS in turtles is missing and would be highly desirable, particularly in marine turtles, many 

species of which are threatened and, therefore, vulnerable to environmental disturbances. 

It has been shown that the turtle ear is adapted for underwater hearing (Christensen-Dalsgaard et al. 2012), 

at least in the freshwater species Trachemys scripta elegans (red-eared slider), and likely also in marine 

turtles (Christensen-Dalsgaard and Manley 2013). The specializations of the middle ear, most notably an 

air-filled middle ear cavity, make the slider sensitive to underwater sound pressure in the 200–1000 Hz 

range with best sensitivity around 400 Hz and lowest thresholds at 80 dB re 1µPa. The audiogram has the 

same shape in air and water and a 5–12 dB higher sound threshold in water (Christensen-Dalsgaard et al 

2012). 

Here we report on a pilot study of TTS in red-eared sliders. We exposed turtles to 24h noise exposure in 

air (Gaussian white noise, approx. 80 dB Leq at the turtle). We measured auditory sensitivity by auditory 

evoked potentials from the brainstem in lightly anesthetized turtles (Christensen-Dalsgaard et al. 2012) 

before exposure, immediately after exposure, and during the following recovery period. In all animals we 

saw a depression of sensitivity immediately after exposure and a full recovery 3–5 hours after exposure. 

Although we chose to expose turtles to air-borne sound, which is easier to control, these preliminary results 

can be applied to underwater sound exposure. Following the threshold differences in the two media 

reported by Christensen-Dalsgaard et al. (2012), we assume that the air-borne sound exposure corresponds 

to an underwater sound exposure of 70–75 dB Leq.  

Christensen-Dalsgaard J, Brandt C, Willis KL, Christensen CB, Ketten DR, Walton PL, Fay RR, Madsen PT, Carr 

CE (2012) Specialization for underwater hearing by the tympanic middle ear of the turtle, Trachemys scripta 

elegans. Proc R Soc B 279:2816–2824.  

Christensen-Dalsgaard J, Manley GA (2013) The malleable middle ear: an underappreciated player in the evolution 

of hearing in Vertebrates. In Köppl C, Manley GA, Fay RR, Popper A (eds): Insights from comparative 

hearing research. Springer Handbook of Auditory Research, Springer New York, p. 157-191.  

Saunders JC, Dooling RJ (2018) Characteristics of Temporary and Permanent Threshold Shifts in Vertebrates. In: 

Effects of Anthropogenic Noise on Animals (Slabbekoorn H, Dooling RJ, Popper AN, Fay RR, eds), pp 83–

107. Springer: New York, NY.  
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SOUND EMISSIONS FROM ULTRASONIC ANTI-FOULING EQUIPMENT 

Bruce Martin*1; Alex MacGillivray2; Jason Wood3; Krista Trounce4; Dominic Tollit5; Kanachi Angadi6 
1JASCO Applied Sciences, Canada (+1), Canada, bruce.martin@jasco.com; 
2JASCO Applied Sciences, British Columbia, Canada, alex.macgillivray@jasco.com 
3SMRU Consulting, Washington, United States, jw@smruconsulting.com 
4Vancouver Fraser Port Authority, British Columbia, Canada, krista.trounce@portvancouver.com 
5SMRU Consulting, Washington, United States, djt@smruconsulting.com 
6SMRU Consulting, Washington, United States, Ka@smruconsulting.com 

The Vancouver Fraser Port Authority-led Enhanced Cetacean Habitat and Observation (ECHO) Program 

has managed underwater listening stations (ULSs) on the approach to the Port of Vancouver since 2015, 

measuring the sound levels generated by thousands of vessels. Since 2017, these systems have measured 

at or above a 128 kHz sampling rate. These measurements found anomalously high sound levels at higher 

frequencies (above 20 kHz) that have been attributed to depth sounders, navigation sonars, fisheries sonars, 

and a variety of other sources. 

JASCO Applied Sciences analysed almost 16,000 vessel passages from ULS systems, and high frequency 

sources were identified in 210 of these. The most common sound source were echosounders at a variety of 

center frequencies, with 110 being single-frequency systems and 41 being multi-frequency. The remaining 

59 detections were a novel continuous sound source in the 20–30 kHz range. The received sound levels 

reached a maximum twice during the passage of larger vessels, suggesting distribution along the vessel 

hull, and did not appear to have the downward beampattern of a typical echosounder.  

During a separate underwater noise monitoring program conducted by SMRU Consulting in 2019, 

similarly elevated sound levels were detected at the Port of Vancouver using Coastal Acoustic Buoys 

equipped with hydrophones sampling at 250 kHz. A high-frequency continuous noise source centered at 

23 kHz was identified proximate to a berthed vessel. The vessel engineer identified the sound source as an 

ultrasonic anti-fouling system. These relatively new devices place ultrasonic transducers along the hull or 

in onboard water piping and storage equipment to deter biofouling and the transfer of invasive species. 

These systems are available for full size commercial vessels and pleasure craft. 

In a frequency range between 20–30 kHz, the ultrasonic devices elevated the received levels measured by 

the CAB by 40 dB. On the ULS these sources had the highest received sound levels of all the high 

frequency sources with radiated noise levels measured to the side of the vessel tracks having a median 

energy source level (0.1 seconds) of 183 dB re 1 µPa²s compared to 166 dB re 1 µPa²s for single frequency 

echosounders and 170 re 1 µPa²s for multi-frequency echosounders. The source was detectable at ranges 

of 4–6 km from vessel. The potential auditory injury, behavioural, and masking effects of these sources on 

mid and high-frequency marine life are substantial.  
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PRESENCE OF ODONTOCETES IN THE VICINITY OF DEEP-WATER MOBILE 

OFFSHORE DRILLING UNITS 

 Bruce Martin*1; Katie Kowarski2; Julien Delarue3 
1JASCO Applied Sciences, Canada (+1), Canada, bruce.martin@jasco.com 
2JASCO Applied Sciences, Nova Scotia, Canada, katie.kowarski@jasco.com 
3JASCO Applied Sciences, Nova Scotia, Canada, Julien.delarue@jasco.com 

Anthropogenic sounds can negatively impact marine mammals, limiting their ability to effectively forage 

or communicate, displacing them from a portion of their range, or causing physical damage. To date, 

potential impacts of sounds associated with mobile offshore drilling units (MODUs) on cetaceans have not 

been investigated. We used acoustic recordings collected at 1–2 km and 20–40 km from three MODUs to 

investigate variation in the occurrence of odontocetes with distance from the MODUs. 

MODUs are large platforms used to drill oil and gas wells in the ocean for exploration and extraction. For 

deep water operations, there are two common forms: semi-submersible rigs and drill ships. In waters 

greater than ~200 m the MODUs typically hold their position over the wells using dynamic positioning 

(DP) thrusters. Drilling operations typically take 2–4 months at each well. Over the past several years 

JASCO has made acoustic measurements of deep-water MODU drilling operations by the semi-

submersibles West Aquarius and West Hercules as well as drillships Stena Forth and Stena IceMax offshore 

eastern Canada. In all cases it was noted that the location of elements of the drill string as well as the 

wellhead are measured using ultra-short baseline (USBL) beacon systems. The sound emitted by the 

beacons at 25–27 kHz is a prominent component of the acoustic footprint of the MODU operations. 

Comparable sounds in this frequency band are sonar and echosounders that have been associated with 

avoidance, or at least a cessation in echolocation, by beaked and sperm whales (Cholewiak et al. 2017, 

Stanistreet et al. 2022). 

The West Aquarius, West Hercules, and Stena Forth acoustic measurements lasted for at least 2 months 

each and included at least one minute in 20 with high enough sampling rates to record the echolocation 

clicks of delphinids, beaked whales, and sperm whales. Recordings in the general area of the operations 

from previous years were also available. A comparison of the odontocete presence near the operations to 

the presence at the longer distances showed a substantial difference for dolphins, pilot whales, and beaked 

whales that could not be attributed to masking of detections by sounds from the operations. 

Cholewiak, D., A.I. DeAngelis, D.L. Palka, P.J. Corkeron, and S.M. Van Parijs. 2017. Beaked whales demonstrate 

a marked acoustic response to the use of shipboard echosounders. Royal Society Open Science 4(12). 

https://doi.org/10.1098/rsos.170940.  

Stanistreet, J.E., W.A.M. Beslin, K. Kowarski, S.B. Martin, A. Westell, and H.B. Moors-Murphy. 2022. Changes in 

the acoustic activity of beaked whales and sperm whales recorded during a naval training exercise off eastern 

Canada. Scientific Reports 12(1): 1973. https://doi.org/10.1038/s41598-022-05930-4. 
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Danionella cerebrum AS A MODEL SPECIES TO INVESTIGATE THE EFFECTS OF 

NOISE ON DEVELOPMENT AND ONSET OF VOCAL COMMUNICATION 

 André B. Matos*1 
1Institute of Science and Environment, University of Saint Joseph. Macau S.A.R., China; cE3c - Centre for 

Ecology, Evolution and Environmental Changes, Faculdade de Ciências, Universidade de Lisboa, Lisbon, 

Portugal, bmatos.andre@gmail.com 

Increasing evidence points to the role of the acoustic environment shaping the development of auditory-

vocal systems in early ontogeny, which is a critical period for the development and establishment of 

phenotypic traits. Although noise pollution is widely present in most aquatic soundscapes, very limited 

information is known on how this environmental stressor impacts fish in early development and the 

carryover effects to subsequent life stages. Species that rely on acoustic communication for social 

interactions and reproduction are particularly vulnerable to the impacts of noise pollution even at moderate 

noise levels. 

 

Danionella cerebrum (Cyprinidae) is a vocal and transparent miniature fish, potentially promising to study 

the structure and function of the adult vertebrate brain and the vocal-auditory neural circuitry at the cellular 

level. This cyprinid species is genetically tractable (same family as zebrafish) and remains transparent 

throughout life, exhibiting the smallest known adult vertebrate brain. 

 

Our project relies on this model to investigate the impact of chronic exposure to increased noise levels (c. 

100/control, 130 and 150 dB re 1 μPa, white noise treatments) on embryonic development, physiological 

stress, and onset of vocal communication, as well as on additional behavioral endpoints related to social 

and anxiety behavior. 
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EFFECTS OF AMPLITUDE AND DURATION OF NOISE EXPOSURE ON THE 

HEARING AND ANTI-PREDATOR BEHAVIOUR OF COMMON ROACH (Rutilus rutilus) 

AND SAND GOBY (Pomatoschistus minutus) 
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Siebert6 
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Tobias.Schaffeld@tiho-hannover.de; 4University of Veterinary Medicine Hannover Institute for terrestrial and 
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5University of Veterinary Medicine Hannover Institute for terrestrial and aquatic wildlife research, Germany, 
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Although fishes use acoustic signals to perceive their environment, to reproduce, to communicate and to 

avoid predation, knowledge on effects of underwater noise is limited to a few species and noise sources. 

This study compared the exposure of a habitat to louder noise for a shorter time period or quieter noise for 

a longer time period. Therefore, we exposed fishes to different received sound pressure levels (SPL), while 

the absolute received sound exposure level (SEL) were equal. A comparable situation can be caused by 

vessel slowdowns as a management strategy to reduce the impact of ship noise on fish.  

We evaluated how these noise exposures affect common roach (Rutilus rutilus) and sand goby 

(Pomotoschistus minutus) anti-predator behaviour and hearing thresholds. Goby and roach were chosen 

due to their differing hearing abilities and ways of life. Using white noise as a proxy, we simulated a fast 

vessel passage with a received SPL varying from 166–176·dB re 1·μPa, and a slow vessel passage with a 

3 dB lower received SPL from 163–173·dB re 1·μPa, within the arena. The sound was played for 256 s 

and for 512 s, respectively, in order to reach a cumulative SEL ranging between 190 and 200 dB re 1 µPa²s. 

These values were deliberately chosen to induce a TTS, but preclude injury, as an SELcum of 186 dB re 1 

µPa²s can induce TTS in fishes with swim bladders, and hearing injury can occur at an SELcum of 203 dB 

re 1 µPa²s, but is reversible in fishes. 

By measuring auditory evoked potentials (AEPs), we found significant temporary threshold shifts (TTS) 

in hearing in roach with 11.9, 13.4 and 8.4 dB at 250, 1,000 and 2,000 Hz for fast vessel exposures and 8, 

9.2 and 7.2 dB for slow vessel exposures, respectively. At 125 Hz gobies exhibited their best hearing and 

a non-significant shift of 6.6 dB for fast vessel exposure. Roach increased group cohesion upon presenting 

the artificial predator in the control group, but not during noise exposures. Gobies did not significantly 

change their immediate behaviour (startle response, duration of time frozen, response latency) due to the 

predation attempt. 

Our results confirm that vessel noise can cause TTS and behavioural changes in fishes. Effective mitigation 

measures must weigh up between reducing effects on hearing and behaviour, while considering habitats in 

its entirety. 

  

mailto:Johannes.Baltzer@tiho-hannover.de
mailto:Tobias.Schaffeld@tiho-hannover.de
mailto:Andreas.Ruser@tiho-hannover.de
mailto:Joseph.Schnitzler@tiho-hannover.de


The Effects of Noise on Aquatic Life  Berlin, Germany, 2022 
 

Page 103 of 187 

AN ECOLOGICAL RISK ASSESSMENT APPROACH FOR UNDERWATER SOUNDS 

FROM DREDGING OPERATIONS 
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1US Army Engineer Research and Development Center, Mississippi, United States, 
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There is an increasing international focus to understand and quantify the potential ecological risks of low-

frequency underwater sounds produced from anthropogenic activities (e.g., commercial shipping, 

dredging, construction, and offshore energy production). For dredge operations, a risk-based approach has 

been proposed for identifying, assessing, and managing risks (WODA 2013); however, specific details of 

the framework and demonstration of the approach are lacking. Thus, the goal of this study was to provide 

a practical, concise, and reliable framework for assessing the effects of dredging sounds on aquatic life. 

The specific objectives were to: (1) outline a risk-assessment approach for assessing underwater sounds 

from dredging operations, (2) demonstrate the approach using a real-world dredge operation case study, 

and (3) document the strengths and limitations of the approach. Established and accepted ecological risk 

principles (e.g., USEPA 1998; ISO 2018) were adapted for assessing underwater sounds. The tiered 

framework applies a problem formulation step, an analysis step where characteristics of exposure and 

biological responses are assessed, a risk characterization process where the preceding steps are integrated 

and uncertainty is addressed, and lastly a risk management step (McQueen et al. 2020). 

Using a port expansion dredging project as a case study, a screening‐level assessment was developed using 

1) the maximum level of sound produced during the dredge monitoring period (192 dB re 1µPa-m 

[broadband] with 95% of energy below 2.5 kHz), 2) publicly available sound exposure modeling tools, 

and 3) published biological effects thresholds for marine mammals (harbor porpoises [Phocoena 

phocoena]; harbor seals [Phoca vitulina]) and fish (herring [Clupea harengus]; whiting [Merlangius 

merlangus]). Risk characterization indicated no auditory risks (temporary threshold shift [TTS] or 

permanent threshold shift [PTS]) for harbor seals. However, TTS thresholds for harbor porpoises were 

exceeded within 74m of the sound source with no risk of PTS. The exposure scenarios developed in the 

screening assessment for fish indicated exceedances for TTS and therefore should be carried forward for a 

refined risk evaluation to decrease uncertainties. These data indicate a screening step using readily 

available information may decrease time and resources necessary to inform decisions. A primary strength 

of this method is the intrinsic flexibility of the framework to adapt as the scientific understanding improves 

and new data become available in the rapidly evolving field of underwater acoustics. 

International Organization of Standardization (2018) Risk Management – Guidelines. ISO 31000: 2018. Second 

Edition 2018-02, International Standards Organization, Geneva  

McQueen AD, Suedel BC, de Jong C, Thomsen F (2020). Ecological risk assessment of underwater sounds from 

dredging operations. Integr Environ Asses 16(4):481-493  

US Environmental Protection Agency (1998) Guidelines for ecological risk assessment. Washington (DC): Risk 

Assessment Forum. 124 p. EPA/630/R‐95‐002F.  

World Organization of Dredging Associations (2013) Technical guidance on underwater sound in relation to 

dredging. Delft (NL). 8 p.  
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BEHAVIOURAL RESPONSES OF SPAWNING COD TO SEISMIC AIRGUN EXPOSURE  
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Seismic surveys that use airguns to map petroleum deposits in the seabed produce low frequency sound 

that can disturb marine animals over large distances. Hearing ranges of teleost fish typically overlap with 

the sound produced by seismic surveys. This type of anthropogenic noise may have a range of impacts on 

fish, including triggering behavioural responses, such as avoidance reactions, and through masking of 
important acoustic communications, for example, during spawning. Under-standing whether fish spawning 

behaviour is affected by seismic exposure is particularly pertinent, as compromised reproductive success 

could lead to population level consequences. 

 

To investigate whether spawning cod (Gadus morhua) abandon their spawning grounds or change their 

behaviour in response to seismic exposure, acoustic telemetry arrays were deployed on two coastal cod 

spawning grounds: a test and a reference site. During 2019-2021, 136 mature cod from the test site and 45 

from the reference site were tagged with acoustic transmitters. In 2020 and 2021, the test site was exposed 

to intermittent seismic airgun shooting over 1 week during the spawning period. The fluctuating sound 

levels received at the spawning ground during the seismic exposure mimicked a full-scale industrial survey 

15–40 km away. 

 

To investigate whether cod abandoned their spawning grounds, residency, survival, and state-transitions 

were modelled with multistate-Cormack-Jolly-Seber models fit to cod detection data. Fine-scale movement 

was investigated through spatial analyses of triangulated positions of cod within the spawning site. Fine-

scale behaviour of cod while at the spawning ground was investigated by analysing behavioural metrics 

(swimming depth, acceleration, displacement) from sensor data transmitted by tags using linear mixed 

effects models. 

 

Residency of tagged cod declined at a similar rate throughout the spawning periods at both the test and 

reference sites. Seismic exposure did not explain patterns in residency or survival. Cod demonstrated only 

weak behavioural responses to the disturbance during repeated 3-hour treatment periods over 5 days, 

swimming slightly deeper during seismic exposure compared to silent control periods. Longer-term effects 

of seismic exposure on swimming depth were not detected. No changes in swimming acceleration, spatial 

displacement or space use occurred. 

 

These results indicate that exposure to airguns at received levels of up to approx. 145 dB re 1 µPa
2
s SEL 

neither induced premature departure of cod from the spawning ground nor substantially altered cod 

swimming behaviours within the spawning ground. This suggests that spawning cod were not greatly 

disturbed by noise equivalent to a seismic survey 15–40 km away. 
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THE MANAGEMENT OF NOISE IN A HARBOUR PORPOISE PROTECTED AREA  
  

Sonia Mendes*1; Abi Goulding2; Lisa Mogensen3 
1JNCC - Joint Nature Conservation Committee, Aberdeen City, United Kingdom, sonia.mendes@jncc.gov.uk 
2JNCC - Joint Nature Conservation Committee, Aberdeen City, United Kingdom, abi.goulding@jncc.gov.uk 
3JNCC - Joint Nature Conservation Committee, Aberdeen City, United Kingdom, lisa.mogensen@jncc.gov.uk 

The Southern North Sea Special Area of Conservation (SNS SAC) is the largest of a suite of sites 

designated to protect harbour porpoise (Phocoena phocoena) and its habitats in UK waters. The sites were 

chosen based on persistently high densities of harbour porpoise, presumably owing to optimal foraging 

opportunities. The SNS SAC was identified despite it being highly industrialised and, therefore, a noisy 

area. Activities in and around the site include geophysical surveys, clearance of unexploded ordnance, and 

construction activities involving pile driving. 

Given the potential conflict between maintaining a favourable habitat status and continuing noisy 

activities, in 2020 the UK nature conservation agencies published guidance on how to assess and manage 

operations that could cause significant noise disturbance in porpoise SACs. The approach provides an 

equitable way of managing noise across industries, by defining area/time noise limits – i.e., no more than 

20% of the area subjected to disturbance in any given day, and no more than 10% on average in half of the 

year (a summer and winter seasons). The guidance is applicable to all regulated activities that result in 

impulsive noise. Default activity-specific disturbance ranges based on published field evidence of harbour 

porpoise disturbance are used to estimate affected area in the absence of project specific empirical data. 

The 10/20% limits are used as references in impact assessments when planning activities and measures are 

agreed between industry and regulators to ensure limits are not exceeded. The measures can include noise 

abatement techniques, the scheduling of activities to avoid temporal overlap with higher porpoise density 

periods or with other activities occurring on the same day or season; less noisy techniques, etc. 

At the core of this approach is the UK Marine Noise Registry (MNR), a database recording when and 

where operations resulting in impulsive noise occur, for both past and future planned activities. Currently 

the MNR has been used, amongst other applications, to retrospectively evaluate the distribution of 

impulsive noise in the SNS SAC, providing useful insights for management. A forward look function is to 

be implemented shortly, allowing industry and regulators to plan and coordinate to not exceed the noise 

limits. Examples of these applications will be presented and discussed. 

This is a pragmatic approach that allows some level of activity to continue to take place in the SAC whilst 

limiting noise both in time and space. The approach will evolve with time based on feedback received. 
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MMDPM: MARINE MAMMAL DETECTION PROBABILITY MODELLING,  

A NEW TOOL TO IMPROVE ACOUSTIC MONITORING STUDIES 
  

Baptiste Menetrier*1; Morgane Pommier2; Joanne O'Brien3 
1ENSTA Bretagne, France, baptiste.menetrier@ensta-bretagne.org 
2Marine and Freshwater Research Centre - Atlantic Technological University, Ireland, 

morgane.pommier@research.gmit.ie 
3Marine and Freshwater Research Centre - Atlantic Technological University, Ireland, Joanne.OBrien@gmit.ie 

 

Underwater acoustics can reveal a lot about the marine environment and thus represents one of the most 

efficient ways to monitor marine species. Yet, the rising use of marine mammals passive acoustic 

monitoring comes with its share of technical challenges. For instance, unknown or variable detection ranges 

is one of the obstacles to address before being able to derive accurate animal abundance and density 

estimations from acoustics data alone (Zimmer 2011). Indeed, many factors can influence the capability of 

a device to detect acoustically active animals including features such as, bathymetry, ocean and seabed 

properties and even biological factors. Therefore, assessing the efficacy of detectors to receive and identify 

acoustic cues should be an essential step prior to any passive acoustic study, especially as it may influence 

the reliability of results and interpretation of the data. 
 

Marine Mammal Detection Probability Modelling (MMDPM) is a standalone graphical user-interface 

coded on MATLAB that allows users to estimate a detection probability. It uses state of the art propagation 

model BELLHOP to simulate the propagation of a species-specific cue around the detector. The bathymetry 

for the area of interest is automatically retrieved from GEBCO-2021 global grid and ocean properties are 

queried from Copernicus online models to derive sound absorption coefficient based on the deployment 

period and position of the mooring. The app allows users to specify environment parameters such as seabed 

characteristics, marine mammal signal properties (i.e., source level, frequency, directivity index) and the 

ambient noise, which can be derived directly within the app, either from an input sound file or from the 

Wenz model. All these parameters are then combined to estimate a detection probability map. 

 

Ultimately this software can be used by any researcher using passive acoustic monitoring and provide them 

with a detection probability specific to their location. 

  
Zimmer WMX (2011) Detection functions. In: Passive Acoustic Monitoring of Cetaceans. Cambridge University 

Press, Cambridge, pp 259–273  
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REGIONAL NOISE MANAGEMENT IN THE NORTHEAST ATLANTIC 

 Nathan Merchant*1; Niels Kinneging2; Alexander Liebschner3 
1Cefas, United Kingdom, nathan.merchant@gmail.com; 2Rijkswaterstaat, Netherlands, 
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International coordination is essential for the management of underwater noise pollution. National 

boundaries do not limit the propagation of sound waves, nor do they constrain the movement of sound-

sensitive species. Protecting marine ecosystems from the effects of underwater noise is therefore a 

collective responsibility among nations. In the Northeast Atlantic, marine environmental policy is 

coordinated through the OSPAR Convention. Since 2014, the OSPAR technical group on underwater noise 

(ICG-Noise) has pioneered the monitoring, assessment, and management of underwater noise at a regional 

scale. This paper consolidates this work and sets out the pressing challenges currently facing large-scale 

noise management initiatives. 

ICG-Noise made early progress in 2015 with the establishment of the first international impulsive noise 

register, which monitors the occurrence of impulsive sound sources according to a standardized 

methodology (Merchant et al, 2020). Building on this work, ICG-Noise developed an indicator for 
assessing the risk of impact from impulsive noise on individual species, which now forms the basis of the 

framework recommended for EU Marine Strategy Framework Directive D11C1 (Dekeling et al, 2020). 

Shipping noise was recognized as a priority for ICG-Noise in 2015 with the publication of the OSPAR 

ambient noise monitoring strategy for the North Sea. Since then, ICG-Noise has provided oversight to joint 

monitoring projects for shipping noise in the North Sea (JOMOPANS; Kinneging et al, 2021) and the 

wider Northeast Atlantic (JONAS). Going forward, ICG-Noise will integrate the legacy of these projects 

to form a coordinated ambient noise monitoring program across OSPAR waters, enabling the assessment 

of continuous noise indicator. 

Thus far, ICG-Noise activity has focused on monitoring and assessment. While this work is important, it 

will only be meaningful if linked to management measures which can reduce noise levels when they are 

deemed unsustainable. In 2021, OSPAR adopted the Northeast Atlantic Environmental Strategy, whose 

eighth Strategic Objective is to “reduce anthropogenic underwater noise to levels that do not adversely 

affect the marine environment.” To deliver on this pledge, ICG-Noise is developing a Regional Action 
Plan for noise, which will set out a series of national and collective actions to reduce noise pollution in 

OSPAR waters. Taken together with OSPAR’s innovative noise indicators, the Regional Action Plan 

promises to deliver an integrated noise assessment and management regime at an unprecedented scale, 

enabling the implementation of noise targets throughout the Northeast Atlantic. 

Dekeling, R.P.A., Ainslie, M.A., Anderson, M., Borsani, J.F., Le Courtois, F., Hedgeland, D., Kinneging, N.A., 

Leaper, R., Liebschner, A., Merchant, N.D., Prospathopoulos, A., Sanchez, M., Sigray, P., Taroudakis, M., 

Tasker, M.L., Tougaard, J., Weilgart, L., Ferreira, M. 2020. Towards threshold values for underwater noise: 

Common methodology for assessment of impulsive noise. TG Noise Technical Advice report DL.1.  

Kinneging, N., Andersson, M.H., Robinson, S., De Jong, C., Fischer, J., Merchant, N., Tougaard, J. (2021) 10 

Years of North Sea Soundscape Monitoring, Looking back on a four-year Interreg NSR project and looking 

forward to the six-year monitoring cycle, Available at https://northsearegion.eu/jomopans  

Merchant, N.D., Andersson, M.H., Box, T., Courtois, F. Le, Cronin, D., Holdsworth, N., Kinneging, N., Mendes, 

S., Merck, T., Mouat, J., Norro, A.M.J., Ollivier, B., Pinto, C., Stamp, P., Tougaard, J. 2020. Impulsive noise 

pollution in the Northeast Atlantic: Reported activity during 2015-2017. Mar. Pollut. Bull. 152, 110951. 
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ASSESSMENT OF THE ST. LAWRENCE SOUNDSCAPE 

AT THE MARS STATION 
 Jeanne Mérindol*1 
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The St. Lawrence estuary is known for the abundance and diversity of marine mammals which frequent it 

and contribute to its underwater soundscape. This area is also a major seaway linking the Great Lakes to 

the Atlantic Ocean. These maritime highways have negative impacts including exposure to underwater 

noise and collisions with marine mammals. In current context of sustainable development and protection 

of species at risk in Canada, such as the North Atlantic right whale (Eubalaena glacialis) and the beluga 

whale (Delphineptarus leucas), there is a need for research to objectively determine the effects of noise on 

marine mammals.  

The MARS project is an applied research project that aims to understand and measure underwater noise 

radiated by ships and to propose relevant methods for its reduction. An acoustic recording station was 

deployed in the center of the Laurentian Channel to measure the acoustic signature of ships and provide 

continuous measurements of the underwater ambient noise. In this context, I studied the underwater 

soundscape, recorded from August to October 2021: the songs of whales that seasonally contribute to 

biophony; wind and rain noise audible underwater, which makes up geophony; and vessel traffic noise, 

which contributes to anthropophony.  

 I focused on analyzing the ambient noise measured at the station, identifying the contributors (natural or 

anthropogenic) and comparing the observed noise levels to the reported acoustic behavior of the local 

cetacean species. Analysis of the relative contribution of wind noise and traffic noise to sound level at 

frequencies relevant to cetacean communication allows estimation of the disturbance range of a ship and 

its dependence on weather conditions. Such soundscape analysis provides valuable information for 

conservation purposes. Wind speed and ship distribution can be used to estimate the effects of traffic noise 

on cetacean communication conditions. Cumulative sound exposure can be compared to cetacean tolerance 

thresholds reported by the scientific literature to estimate effects on the cetacean populations using the St. 

Lawrence habitat. 

Committee on Potential Impacts of Ambient Noise in the Ocean on Marine Mammals; Ocean Studies Board; 

Division on Earth and Life Studies; National Research Council. (2003). Ocean Noise and Marine Mammals. 

National Academies Press. https://doi.org/10.17226/10564  

Gervaise, C., Simard, Y., Roy, N., Kinda, B., & Ménard, N. (2012). Shipping noise in whale habitat: 

Characteristics, sources, budget, and impact on belugas in Saguenay–St. Lawrence Marine Park hub. The 

Journal of the Acoustical Society of America, 132(1), 76–89. https://doi.org/10.1121/1.4728190  

MacGillivray, A., & Williams, R. (2012). Mapping cumulative noise from shipping to inform marine spatial 

planning. The Journal of the Acoustical Society of America, 132(5), EL423–EL428. 

https://doi.org/10.1121/1.4758779  

Mathias, D., Gervaise, C., & di Iorio, L. (2016). Wind dependence of ambient noise in a biologically rich coastal 

area. The Journal of the Acoustical Society of America, 139(2), 839–850. https://doi.org/10.1121/1.4941917  

Simard, Y., Lepage, R., & Gervaise, C. (2010). Anthropogenic sound exposure of marine mammals from seaways: 

Estimates for Lower St. Lawrence Seaway, eastern Canada. Applied Acoustics, 71(11), 1093–1098. 
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OCEAN SOUND: MORE THAN JUST AMPLITUDE 

 Jennifer Miksis-Olds*1; Bruce Martin2; Dylan Wilford3 
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Canada, bruce.martin@jasco.com; 3University of New Hampshire, NH, United States, dylan.wilford@unh.edu 

The ocean soundscape is a term used to define and describe a marine environment in terms of its acoustic 

properties. The underwater soundscape was formally defined by IOS 18405 as the characterization of 

ambient sound in terms of its spatial, temporal, frequency attributes, and the types of sources contributing 

to the sound field (ISO, 2017). Traditionally, variability in amplitude across time, space, and frequency 

has been the focus of soundscape studies utilizing metrics of sound pressure level, power spectral density, 

sound exposure level, and other source-amplitude related parameters such as number of sources and source 

classification. Indices such as the Acoustic Complexity Index and Entropy Index seek to capture measures 

of biodiversity by relating measures of frequency and amplitude over specified time periods.  

Here we advocate for the consideration of properties that capture elements of a soundscape in addition to 

the more common amplitude metrics. A number of soundscape metrics, statistical measures, and acoustic 

indices were assessed to quantify salient properties of marine soundscapes in terms of amplitude, 
impulsiveness, periodicity, and uniformity. The metrics were calculated over approximately 30 hours of 

semi-continuous passive acoustic data gathered in seven unique acoustic environments. The resultant 

metric values were compared to a priori descriptions and cross-examined statistically to determine which 

combination most effectively captured the characteristics of the representative soundscapes.  

The best measures were determined to be SPLrms and SPLpk for amplitude, kurtosis for impulsiveness, an 

autocorrelation-based metric for periodicity, and the Dissimilarity Index for uniformity. The metrics were 

combined to form the proposed Soundscape Code, which allows for rapid multidimensional and direct 
comparisons of salient soundscape properties across time and space (Wilford et al., 2021). The proposed 

soundscape code was then applied to a series of recordings from several deep ocean environments along 

the US outer continental shelf and the Great Barrier Reef. The comparison and assessment afforded by the 

soundscape code showed the soundscapes exhibited both similarities and unique acoustic properties that 

were property dependent. This initial characterization will aid in directing further analyses and guide 

subsequent assessments to more comprehensively understand soundscape dynamics and the impact of 

sound on marine life. 

ISO (2017) 18405.2. Underwater Acoustics—Terminology. Geneva: International Organization for 

Standardization.  

Wilford DC, Miksis-Olds JL, Martin BS, Howard DR, Lowell K, Lyons, AP, Smith MJ (2021) Quantitative 

soundscape analysis to understand multidimensional features. Frontiers in Marine Science 8: 949.  
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A WORLD BIOSPHERE RESERVE UNDER CONCERNING ACOUSTIC PRESSURE: 

THE CASE OF LAKE SAINT-PIERRE  

IN THE FRESH WATERS OF THE ST. LAWRENCE RIVER, CANADA 
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The St. Lawrence River is a large river system in North America, connecting the Great Lakes to the Atlantic 

Ocean (~1,500 km), and is a major commercial waterway in the world. The fluvial portion has a highly 

diverse mosaic of habitats that support ~100 species of freshwater fish. Fed by numerous tributaries of 

varying quality, the St. Lawrence includes three large, shallow, slow-flowing fluvial lakes that alternate 

with narrow, fast-flowing stretches and numerous islands sometimes grouped in archipelagos, all of which 

are exposed to various anthropogenic pressures. Lake Saint-Pierre (LSP), located downstream, has been 

recognized as a World Biosphere Reserve (UNESCO 2000) for its rich biodiversity and extensive wetlands. 

However, this UN status does not protect it from intense pressures related to agricultural practices, water 

discharge regulation... and especially to acoustic pressures, some of which are of particular concern. 

Indeed, the Canadian Department of National Defence tested numerous bombshells on 16,000 hectares of 
shallow habitats in the LSP between 1952 and 1999, many of which remained unexploded. For public 

safety reasons, a cleanup began, involving removal of bombshells but also detonation directly in the lake 

of those deemed too dangerous to be moved, sometimes accompanied by mitigation measures. 

Of the 21,778 magnetic anomalies detected, several hundred are UXOs with an explosive charge of 0.5–

7.0 kg. They are in productive habitats used by ~40 fish species for spawning and juvenile growth, some 

of which are threatened. Second, the navigation channel, which is ~300 m wide and ~12 m deep, is used 

year-round by commercial vessels, whose noise contribution to the soundscape has never been 

characterized in these fresh waters. In addition, during the ice-free season, the LSP and its archipelago are 

frequented by numerous recreational vessels, whose acoustic effects have not yet been measured. Also, the 

exposure to winds and waves of this large shallow lake is likely to generate significant ambient noise, 

which would deserve to be quantified. Finally, there is great interest in characterizing biophony in this 

unique environment and testing some of the effects of particle movement on fish and invertebrates, 

especially during bombshell explosions. It is in this singular context that a joint Ministry-University 

acoustic research program has been initiated with the aim of preparing a first portrait of the soundscape in 

this World Biosphere Reserve and eventually proposing recommendations for mitigation measures 

regarding the most important anthropogenic noise sources. 
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THE OFFSHORE WIND ENVIRONMENTAL EVIDENCE REGISTER (OWEER):  

A NEW TOOL FOR CATALOGUING AND ASSESSING KEY EVIDENCE GAPS 

 IN ENVIRONMENTAL RESEARCH IN OFFSHORE WIND 
 

Lisa Mogensen*1 
1Joint Nature Conservation Committee, United Kingdom, lisa.mogensen@jncc.gov.uk 

The UK government department (Defra), nature conservation government agency (JNCC), and The Crown 

Estate (TCE) have been collaborating to produce the second version of the UK’s Offshore Wind 

Environmental Evidence Register (OWEER
1
). The register aims to act as a publicly available register of 

prioritised strategic evidence gaps and current research projects relating to offshore wind developments 

relating to four receptor groups: fish, ornithology, benthic, and marine mammals. The purpose of this 

register is to act as a live resource to increase understanding and raise awareness of current research, as 

well as enable discussion and improved consideration for the environment in the industry. The register has 

been populated by requesting information from a wide range of stakeholders in the offshore wind industry, 

including academia, developers, statutory bodies, charities, and other research organisations. The content 

of the OWEER is expanding internationally but is currently predominantly UK focused. A steering group 

consisting of UK Statutory Nature Conservation Bodies (SNCBs) has been directing the format and content 

of the OWEER throughout. 

Along with general environmental evidence gaps, the register acts as a log of gaps on the effects of 

underwater noise on marine mammals, fish, and benthic organisms. Each gap details species and receptors, 

recommended research, and estimated cost and time needed to fill it. All gaps have been prioritised based 

on urgency by a scoring process agreed with the steering group. The register also details current underwater 

noise-based research projects (predominantly UK based) and research into related mitigation and guidance 

for all the receptor groups covered. All entries in the register can be filtered and searched for topics and 

species of interest. 

This register acts as a central portal of information but also intends to contribute to reducing consenting 

risk and to help facilitate expansion of offshore wind energy to meet the UKs ambitious energy and net 

zero goals. The OWEER can be used to ensure there is no duplication of research effort and can assist with 

prioritising environmental research funding to areas with most urgency. Information is also collated on the 

outputs of any research projects included. such as publications and policy changes, and feedback from 

stakeholders is implemented regularly to improve the content and structure of the OWEER. More widely, 

it is hoped the OWEER can foster collaboration both in the UK and internationally and can act as a database 

for those working in the underwater noise and offshore wind industries. 

1TCE, Defra, JNCC (2022) Offshore wind environmental evidence register (OWEER) V2. Available from: 

https://www.marinedataexchange.co.uk/details/3480/2021-jncc-offshore-wind-evidence-and-change-

programme-offshore-wind-environmental-evidence-register-/summary [Accessed 20th January 2022]  
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GETTING HOT, LOUD OR NOT? CLIMATE IMPACTS CAN INFLUENCE  

REEF SOUNDSCAPES AND ANIMAL CALL RATES IN DIVERGENT WAYS 
 

T. Aran Mooney*1; Ashlee Lillis2; Amy Apprill3 
1Biology Department Woods Hole Oceanographic Institution, MA, United States, amooney@whoi.edu 
2Sound Ocean Science, US Virgin Islands, United States, ashlee@soundoceanscience.co 
3Marine Chemistry and Geochemistry Woods Hole Oceanographic Institution, MA, United States, 

aapprill@whoi.edu 

There is growing concern that climate-driven changes impact ocean soundscapes and the animals that 

produce those sounds. Yet little is known precisely how soundscapes are altered by environmental changes. 

Initial observations suggest a quietening effect associated with coral bleaching. However, controlled 

evidence, data addressing underlying mechanisms that may drive these changes, and observations of how 

widespread such trends may be remains sparse. Here, using controlled laboratory experiments and field 

data collected from several ocean habitats, we show climate-driven changes can profoundly affect both 

fish and snapping shrimp sound production, but in divergent ways. 

Snapping shrimp are among the loudest marine organisms, creating a pervasive broadband crackling in 

temperate and tropical coastal seas. We measured snapping activity rates in multi-year monitoring field 

recordings from the Caribbean and temperate Atlantic (areas of lower and greater temperature fluctuations) 

and found that snap production and associated broadband sound pressure levels were positively correlated 

to water temperature. Snap rates changed by 15-60% per ºC, accompanied by changes in sound level 

between 1-2 dB per ºC. Lab experiments using snapping shrimp widespread in coastal habitats of the 

Western Atlantic (Alpheus heterochaelis and A. angulosus) showed this relationship was due to a direct 

effect of temperature on snap rates. Temperature had a significant effect on snap rates for shrimp under all 

social groups tested (individuals, pairs, and mesocosm-groups). Snap production more than doubled 

between mid-range (20ºC) and high (30ºC) temperature treatments. 

We compared those data to focal recordings on Caribbean reefs, adjacent to reef-building pillar corals 

(Dendrogyra cylindrus) which attract large, diverse fish communities. Corals were either live or recently 

dead. Overall sound levels and lower-frequency bands of fish sounds were significantly lower at dead D. 

cylindrus colonies, suggesting that loss of these community hubs affects community interactions, 

distributions, and overall sound levels. Surprisingly, snapping shrimp sound levels did not differ. 

The data underscore the value of long-term acoustic monitoring and paired experiments. They suggest that 

climate change may have a divergent effect on reef soundscapes and their fish and snapping shrimp 

communities. This work predicts a quieting of fish calls as vital reef-building coral structures are lost, but 

greater acoustic activity for a dominant marine soundscape component (snapping shrimp). These results 

suggest we may see a fundamental change in some of the richest ocean soundscapes, an effect that could 

have ecological implications for a wide range of organisms that utilize sound in the sea. 
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THE INFLUENCE OF LOG TRANSPORT TUGBOATS ON THE UNDERWATER 

SOUNDSCAPE IN COWICHAN BAY, BRITISH COLUMBIA, CANADA 
 

Kelsie Murchy*1; Svein Vagle2; Francis Juanes3 
1University of Victoria, BC, Canada, kmurchy23@gmail.com 
2Fisheries and Oceans Canada, Institute of Ocean Sciences, BC, Canada, Svein.Vagle@dfo-mpo.gc.ca 
3University of Victoria, BC, Canada, juanes@uvic.ca 

In recent decades shipping traffic has been increasing, leading to elevated underwater noise and research 

on the impacts to marine species. Extensive research has been conducted on the changes to ambient noise 

levels of large commercial vessels and potential mitigation measures. However, little is known about 

smaller commercial vessels (e.g., tugboats) moving throughout coastal waters and what can be done to 

decrease their influence on marine species. Vancouver Island, British Columbia has a long history of using 

tugboats to transport logs through local waters and into estuaries for processing. These tugboats are moving 

through weekly, but sometimes daily, and have raised concern about what impacts they might be having 

on the soundscape and marine organisms that inhabit these key locations.  

Cowichan Bay, British Columbia is an industrialized bay and a key migration corridor for Pacific Salmon 

(Oncorhynchus spp.). To understand changes to the ambient noise levels in Cowichan Bay, seven 

stationary hydrophones were deployed between August and October 2019 and 2020. In 2019, no log 

transportation occurred in Cowichan Bay due to a logging strike in British Columbia that provided control 

conditions for Cowichan Bay. In 2020, logs returned to Cowichan Bay and results show substantial changes 

in the soundscape during various log transport activities with elevated sound pressure levels detected near 

the estuary where log storage occurs. Our results demonstrate the impact log transport activities have on 

underwater soundscapes and are the first step in understanding the impact these activities have on marine 

organisms and important ecosystems. 
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THE VIABILITY OF USING SEISMIC SURVEY DATA FOR REPORTING IMPULSIVE 

NOISE FROM UNDERWATER EXPLOSIONS 

 Mirko Mustonen*1; Aleksander Klauson2 
1Tallinn University of Technology, Estonia, mirko.mustonen@taltech.ee 
2Tallinn University of Technology, Estonia, aleksander.klauson@taltech.ee 

The clearance of mines and other unexploded ordnance in the sea is an ongoing task with controlled 

explosions carried out each year. Impulsive noise is known to be of utmost danger for marine life, 

as it can cause injuries and even mortality (Lewis 1996). According to the EU Marine Strategy 

Framework Directive (MSFD) the spatial distribution, temporal extent, and levels of noise produced 

by the explosions should not exceed levels that would have adverse effects on the populations of 

marine animals. In order to achieve these aims, the data about the underwater explosions have to be 

collected and reported to the impulsive noise registries: the ICES impulsive noise register for the 

North East Atlantic and the Baltic Sea (ICES Data Portal). The data are reported in accordance with 

the recommendations of the Technical Group on Underwater Noise (Dekeling et al., 2014).  

Reporting of impulsive noise data can be quite challenging, as data collection methods vary by 

countries and are subject to local legislation restrictions (Merchant et al., 2020). One way to 

facilitate reporting impulsive noise data is to use publicly available seismic survey data. This study 

aims to analyse the feasibility of using national seismic survey data for this task. The 

correspondence between a national seismic survey data and other datasets provided by an authority 

responsible for the mine clearance operations is analysed. The performed correspondence study 

indicates that in cases when no other data are available, the seismic survey data is indeed an 

invaluable resource for estimating the pressure that underwater explosions pose for the marine 

animals. Case studies of individual explosions that have been recorded during passive acoustic 

monitoring are additionally used for verifying the results. 

Dekeling, R., Tasker, M., Van der Graaf, A.J., Ainslie, M., Andersson, M., André, M., Castellote, M., Borsani, 

J.F., Dalen, J., Folegot, T., Leaper, R., Pajala, J., Redman, P.,Robinson, S.P., Sigray, P., Sutton, G., 

Thomsen, F., Werner, S., Wittekind, D., Young, J.V. (2014) Monitoring Guidance for Underwater Noise in 

European Seas, Part II: Monitoring Guidance Specifications. A guidance document within the Common 

Implementation Strategy for the Marine Strategy Framework Directive by MSFD Technical Subgroup on 

Underwater Noise.  

Lewis, J. A. (1996) Effects of underwater explosions on life in the sea. Defence Science and Technology 

Organization Canberra (Australia). Impulsive noise events registry in support of OSPAR and HELCOM, 

ICES. https://www.ices.dk/data/data-portals/Pages/impulsive-noise.aspx. Accessed 20 Apr 2022. 

Merchant, N.D., Andersson, M.H., Box, T., Le Courtois, F., Cronin, D., Holdsworth, N., et al. (2020) Impulsive 

noise pollution in the Northeast Atlantic: reported activity during 2015-2017. Marine Pollution Bulletin, 

152, 110951.  
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LIMITING MOTORBOAT NOISE ON CORAL REEFS BOOSTS  

FISH REPRODUCTIVE SUCCESS 
 Sophie Nedelec*1 

1University of Exeter, Devon, United Kingdom, s.nedelec@exeter.ac.uk 

Anthropogenic noise is a major global issue listed among the top environmental risks to human health (1), 

and a serious concern for wildlife including mammals, birds, amphibians, fishes and invertebrates (2). 

Noise pollution can cause stress, distraction, masking, and injury, leading to disruption at all levels of 

biological organization (2,3).  

Here we experimentally test the hypothesis that protecting vulnerable habitats from noise pollution can 

improve animal reproductive success. Anthropogenic noise impacts are pervasive across taxa, ecosystems 

and the world. Using a season-long field manipulation with an established model system on the Great 

Barrier Reef, we demonstrate that limiting motorboat activity on reefs leads to the survival of more fish 

offspring compared to reefs experiencing busy motorboat traffic. A complementary laboratory experiment 

isolated the importance of noise and, in combination with the field study, showed that the enhanced 

reproductive success on protected reefs is likely due to improvements in parental care and offspring length. 

Our results suggest noise mitigation could have benefits that carry through to the population-level by 

increasing adult reproductive output and offspring growth, thus helping to protect coral reefs from human 

impacts and presenting a valuable opportunity for enhancing ecosystem resilience. 

1. Brown L, van Kamp I (2017) WHO environmental noise guidelines for the European region: A systematic 

review of transport noise interventions and their impacts on health. Int. J. Environ. Res. Public Health. 14, 

873.  

2. Shannon G, McKenna M F, Angeloni L M, et al (2016) A synthesis of two decades of research documenting the 

effects of noise on wildlife. Biol. Rev. 91, 982–1005.  

3. Duarte M, Chapuis L, Collin S, et al (2021) The soundscape of the Anthropocene ocean. Science. 371, eaba4658.  
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DOES SHIPPING NOISE AFFECT ABUNDANCE AND DISTRIBUTION OF HARBOUR 

PORPOISE (Phocoena phocoena) AT HIGH LEVELS OF MARINE TRAFFIC IN THE 

BALTIC SEA? 
 

Georg Nehls*1; Ramunas Zydelis2; Rainer Matuschek3; Miriam Brandt4; Ansgar Diederichs5; Caroline 

Hoeschle6; Frank Thomsen7 
1BioConsult SH, Germany, g.nehls@bioconsult-sh.de; 2DHI, Lithuania, zydelis@ornitela.eu 
3ITAP, Germany, matuschek@itap.de; 4BioConsult SH, Germany, m.brandt@bioconsult-sh.de 
5BioConsult SH, Germany, a.diederichs@bioconsult-sh.de; 6BioConsult SH, Germany, 

c.hoeschle@bioconsult-sh.de; 7DHI, Denmark, frth@dhigroup.com 

Increasing evidence documents effects of impulsive underwater noise on hearing and behavior of marine 

mammals, but knowledge about the impacts of extensive or chronic exposure of cetaceans to continuous 

noise from shipping is still scarce. We analyzed the distribution of harbour porpoises (Phocoena phocoena) 

in relation to shipping noise and other environmental variables in an area with intense marine traffic, the 

Fehmarnbelt in the Baltic Sea.  

Autonomous noise recorders were deployed at 18 positions within the Fehmarnbelt between September 

2009 and November 2010 (bandwidth = 16 Hz–16 kHz). Harbour porpoises were surveyed from April–
August 2010 using aerial visual line transect surveys (altitude = 76 m and 250 m). The acoustic data were 

analyzed using 10 s intervals (CI = L5, L50 and L95). Noise maps were derived using AIS data for each 

month in 2010 in a grid of 750 x 750 m cells and applying an empirical geometrical spreading loss model.  

Ambient noise in the Fehmarnbelt was dominated by shipping noise (Median SPL: 109–132 dB re 1µPa), 

and noise levels found are typical for busy waterways. Distribution modelling was used for analyzing 

correlations between environmental variables and porpoise densities. The best fitting distribution model 

included variables such as current components at the bottom, water temperature at the bottom, water depth, 

and underwater noise. The model shows porpoise densities declining with increasing median sound levels 

starting from 117 dB and further declining up to about 130 dB re 1 µPa. Thus, median shipping noise levels 

significantly affected the distribution of harbour porpoises in the study area, but little habitat displacement 

appeared as a result. This finding might reflect habituation and a tradeoff: the benefits for the porpoises to 

stay in the study area outweigh the disruptions of disturbance due to underwater noise exposure. 
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HUMPBACK WHALES INCREASE THE LENGTH OF THEIR SONGS  

DURING NEARBY AIRGUN OPERATIONS 
 

Michael Noad*1; Rebecca Dunlop2 
1The University of Queensland, School of Veterinary Science, Qld, Australia, m.noad@uq.edu.au 
2The University of Queensland, Cetacean Ecology Group, School of Biological Sciences, Qld, Australia, 

r.dunlop@uq.edu.au 

There is currently concern that noise from ‘airguns’ used during oil and gas exploration may cause 

behavioural changes in marine mammals. One important behaviour of humpback whales is the production 

of complex songs by mature males, but little is known about how airgun noise might impact its production. 

In the only study to date, Cerchio et al. (2014) found that singing humpback whales exposed to a distant 

opportunistic seismic source reduced singing effort.  

The BRAHSS project aimed to quantify the behavioural response of migrating humpback whales to 

airguns. During this study we also acoustically tracked and recorded singing males passing through the 

study area, allowing us to test the hypothesis that airgun noise reduces singing activity.  

The airguns ranged from 20 in
3
 to a 3130 in

3
 array and were towed through the study area, operating for 

between 30 and 60 min with a shot every 11 secs (‘active’ trials), or towed and not operated (‘control’ 

trials). Singing whales were also recorded when no vessels or airguns were in the area (‘baseline’). We 

used two approaches to test for changes in singing behaviour due to the airguns. First, we compared the 

amount of singing activity in the study area during active trials, controls and in baseline periods to 

determine if it was reduced during periods when the airguns were active. After accounting for seasonality, 

there was no evidence that this was the case. Further, singers did not start or stop singing more often during 

airgun operation compared with baseline. Second, we compared the duration of individual singers’ songs 

during active trials and baseline periods. Surprisingly, we found that singers exposed to airguns whilst 

singing sang significantly longer than singers during baseline conditions.  

Previous work at this site has shown that song duration is influenced by social factors, such as the presence 

of conspecifics, and the outcome of singing, such as being joined by another whale (Dunlop and Noad 

2021). To test if social context could account for the increase, social data were also collected for singers 

in the current study. Social context did differ between active and baseline periods in that there were 

significantly fewer conspecifics in the area after airgun use, which could account for extended periods of 

singing. This study demonstrates that the impacts of noise may be more complex than a simple direct 

impact on whales and social context should be considered. 

Cerchio S, Strindberg S, Collins T et al (2014) Seismic surveys negatively affect humpback whale singing activity 

off northern Angola. PloS One 9(3):e86464  

Dunlop R, Noad M (2021) The eavesdropping risk of conspicuous sexual signaling in humpback whales. Behav 

Ecol Sociobiol 75(8):1-11  
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FOOTPRINT OF SOUND EMISSIONS FROM FISHING VESSELS IN THE ADRIATIC 

SEA 

Federica Pace*1; Sam Welch2; Nicola Ferri3; Aurora Nastasi4 
1JASCO Applied Sciences (Deutschland) GmbH, Netherlands, federica.pace@jasco.com; 
2JASCO Applied Sciences Ltd, United Kingdom, sam.welch@jasco.com;  
3General Fisheries Commission for the Mediterranean, Food and Agriculture Organisation, Italy, 

nicola.ferri@fao.org; 4General Fisheries Commission for the Mediterranean, Food and Agriculture 

Organisation, Italy, Aurora.Nastasi@fao.org 

The General Fisheries Commission for the Mediterranean commissioned an underwater noise modelling 

assessment of fishing activities in the Jabuka / Pomo Pit Fisheries Restricted Area (FRA) in the Adriatic 

Sea, offshore of Italy and Croatia. 

Underwater sound fields were modelled at six different locations for two types of fishing vessels: vessels 

employing set longlines (LLS) and otter-bottom trawls (OTB). Each vessel type was split into small, 

medium, and large categories. The typical fishing schedule of these vessels according to the area was also 

considered in the modelling to generate realistic scenarios. Broadband monopole source levels for the 

small, medium, and large LLS vessels were 149, 151, and 153 dB re 1 μPa∙m respectively, and for the 

small, medium, and large OTB vessels were 171, 173, and 175 dB re 1 μPa∙m respectively. 

Two multiple vessel scenarios were modelled based on realistic fishing schedules: Scenario 1 involved 

Croatian OTB vessels operating in Zone C and a mixture of Italian vessels in Zone B of the FRA; Scenario 

2 involved Croatian LLS vessels operating in Zone C and a mixture of Italian vessels in Zone B. Since 

modelled source levels for OTB vessels were significantly higher than those for LLS vessels, the overall 

ensonified area was larger in Scenario 1 than Scenario 2. 

Estimated underwater sound fields were calculated for sound pressure levels (SPL) to compare with 

established impact criteria for fish and marine mammals. The SPL thresholds for recoverable injury and 

temporary hearing threshold shift (TTS) in pressure sensitive fish from Popper et al. (2014) of 170 and 158 

dB re 1 μPa, respectively, were not reached for any vessel at any location within the resolution of the 

modelling. The maximum modelled range to the behavioural response threshold for marine mammals from 

NOAA (2019) of 120 dB re 1 μPa was 0.91 km. 

National Oceanic and Atmospheric Administration (US) (2019). ESA Section 7 Consultation Tools for Marine 

Mammals on the West Coast (webpage), 27 Sep 2019. https://www.fisheries.noaa.gov/west-coast/endangered-

species-conservation/esa-section-7-consultation-tools-marine-mammals-west. (Accessed 10 Mar 2020).  

Popper, A.N., A.D. Hawkins, R.R. Fay, D.A. Mann, S. Bartol, T.J. Carlson, S. Coombs, W.T. Ellison, R.L. Gentry, 

et al. (2014). Sound Exposure Guidelines for Fishes and Sea Turtles: A Technical Report prepared by ANSI-

Accredited Standards Committee S3/SC1 and registered with ANSI. ASA S3/SC1.4 TR-2014. Springer Briefs 

in Oceanography. ASA Press and Springer. https://doi.org/10.1007/978-3-319-06659-2.  
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UNDERWATER SOUND EMISSIONS FROM FLOATING WIND TURBINES: 

HYWIND CASE STUDY 
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Canada, bruce.martin@jasco.com; 4JASCO Applied Sciences (UK) Ltd, United Kingdom, 

michael.wood@jasco.com; 5JASCO Applied Sciences (Canada) Ltd, Canada, colleen.wilson@jasco.com; 
6JASCO Applied Sciences (Canada) Ltd, Canada, eric.lumsden@jasco.com; 7Equinor ASA, Norway, 
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Understanding the nature of underwater sound from floating offshore wind turbines (OWTs) is a topic of 

increasing interest in the renewable energy industry. There are ambitious plans to develop large floating 

offshore wind farms (OWFs) around the world – up to 54 GW if all currently proposed OWFs are 

constructed. Each will be required to submit detailed impact assessment studies that include an estimate of 

the effects of sound on marine life. 

 

While sound emissions from fixed structure OWTs, such as monopiles, have been extensively measured 

and evaluated both during installation and operation, no public literature is available on measurements 

from floating foundations since only a few have been installed to date. This work presents the findings 

from the measurements of the operational WTGs from Equinor’s HYWIND demo site (Martin et al. 2011) 

and the first operational floating OWF at HYWIND Scotland (Burns et al. 2022). The 2011 study identified 

both tonal elements and transient ‘snapping/clicking’ sounds likely originating from the mooring cables. 

The 2022 study aimed to further understand the characteristics of the floating WTG as a source of 
underwater sound. 

 

Two acoustic recorders were deployed for four months: one at a control site 10 km from HYWIND, and 

one within the OWF that had a directional hydrophone array to distinguish between sound sources from 

different components of the mooring and turbine system. Continuous tonal sounds associated with the 

turbines operation and transient sounds originating from the moorings were identified. The total sound 

levels from one of the turbines were extracted and back propagated to derive decidecade band source levels 

at five winds speeds between 5 and 25 kts. Unexpectedly, the source level was higher in 5 kts of wind than 

at 10 kts of wind. The median broadband source levels (10–32000 Hz) ranged from 162.5 to 167.2 dB re 

1 µPa²m² with the 95th percentile at 25 kts of 172 dB re 1 µPa²m².  

 

The source levels were used to model a sound footprint for the entire five turbine windfarm. The distance 

to the 110 dB re1µPa² sound pressure level from the centre of the OWF (i.e., where the radiating noise 

decays to approximately the broadband ambient level) ranged between 4 km at 10 kts of wind to 13 km at 

25 kts. Analysis of the sounds from HYWIND indicates that it conforms more closely with the definition 

of non-impulsive than impulsive noise.  
 

Burns, R.D.J., B.S. Martin, M.A. Wood, C.C. Wilson, E. Lumsden, and F. Pace. (2022). HYWIND Scotland 

Floating Offshore Wind Farm: Sound Source Characterisation of Operational Floating Turbines. Document 

Number 02521. JASCO Applied Sciences (UK) Ltd. Available via Equinor’s website. Impact assessments - 

Impact assessments - equinor.com.  

Martin, B., J. MacDonnell, J. Vallarta, E. Lumsden, and R.D.J. Burns. (2011). HYWIND Acoustics Measurements 

Report. Ambient Levels and HYWIND Signature. Ver 1.3. Document Number 00229. JASCO Applied 

Sciences (UK) Ltd. Available via Equinor’s website.  

Renewable UK (2021) Global floating wind pipeline reaches 54 gigawatts - with UK leading the world. Available 

via RenewableUK website.  
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CATEGORIZING BELGIAN MARINE SOUNDSCAPES USING  

MACHINE LEARNING 
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Marine life is threatened by the increasing number of human activities at sea. A common approach to 

monitor the ecological status of marine ecosystems is to use passive acoustics monitoring (PAM). This can 

be done by detecting specific acoustic events of biological relevance, such as whales’ calls and songs or 

boat presence. The ecological status is then assessed by quantifying these detections, and it is considered 

a soundscape analysis when all the different sound sources are considered. This approach requires knowing 

key sounds produced by key species. For this reason, effort has been put into trying to understand the 

different sounds produced by marine animals. Yet, because this effort has nearly solely been focused on 

the study of cetaceans, there is a big knowledge gap about other important groups such as fish and 

crustacea.  

 

In the Belgian Part of the North Sea (BPNS) visibility is very low, which makes it extremely difficult to 

relate sounds to species via visual observation; thus, it is not known which species contribute to the 

soundscape. Therefore, quantifying species detections is not an option to perform eco-acoustics monitoring 

in the BPNS. That’s why an approach to monitor underwater soundscapes at the ecosystem level is 

necessary. Moreover, monitoring at the ecosystem level also allows for a more holistic approach to 

underwater soundscapes including the interaction of biophonic with geophonic and anthropogenic sounds. 

Because of its information richness and the vast quantities of acquired data, manually analyzing acoustic 

data is too labor-intensive and automatization has become necessary to extract meaningful information. 

Consequently, in situations where not all sound sources are known, the automatization process has to be 

unsupervised or semi-supervised. 

 

In this study an approach to categorize and characterize marine habitats acoustically is developed. A 

methodology to quantify acoustic dissimilarity between different soundscape categories is proposed. These 

categories are defined using an unsupervised density clustering algorithm. To understand these clusters, a 

Decision Tree is built from environmental variables, which is similar to a taxonomic classification graph. 

This approach offers an alternative to eco-acoustic indices that have been controversial in several marine 

studies and to the mammal-only detection-classification models, proposing a generalizable approach to 

marine soundscape analysis. The proposed method would allow identification of which soundscapes can 

be identified in noise-polluted waters such as the BPNS. Moreover, the acoustic characterization would 

allow detection of changes in the under-water soundscape in a fast and automated way. 
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A GLOBAL LIBRARY OF UNDERWATER BIOLOGICAL SOUND:  

AN ONLINE PLATFORM WITH  

MULTIPLE PASSIVE ACOUSTIC MONITORING APPLICATIONS  

Miles Parsons*1; Tzu-Hao Lin2; T. Aran Mooney3; Christine Erbe4; Francis Juanes5; Marc Lammers6; 
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Aaron Rice13; Laela Sayigh14; Jenni Stanley15; Ed Urban16; Lucia Di Iorio17 
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Center, Academia Sinica, Taipei, Taiwan, lintzuhao@gate.sinica.edu.tw; 3Biology Department, Woods Hole 

Oceanographic Institution, MA, United States, amooney@whoi.edu; 4Centre for Marine Science and 
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Committee on Oceanic Research, University of Delaware, DE, United States, ed.urban@scor-int.org; 
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Marine and freshwater ecosystems are some of the world’s most diverse environments, and their 

soundscapes are often teeming with sounds from a wealth of different sources (e.g., 1-3). Passive acoustic 

monitoring has become increasingly accessible and offers an unprecedented, non-extractive technique to 

monitor these ecosystems, many of which are too deep, dark, turbid, or remote to sample easily with other 

methods. Acoustic properties of the local soundscape can provide information on habitat type and 

condition. Detecting species-specific calls and monitoring their presence and quantity through time can 

assist in determining the spatio-temporal distribution of source species and, where essential life functions 

(e.g., foraging, spawning, resting) are associated with these calls, identification of biologically important 

areas (e.g., feeding areas of the great whales). Declining biodiversity and constantly changing environ-

ments in response to anthropogenic activities have increased the need to measure, record, and better 

understand biotic sounds, potentially before they disappear. Here we outline the need for a new global 

library of underwater sounds (4), an open-access, web-based platform that provides: (1) a reference library 

of sounds; (2) a data repository portal for audio recordings; (3) a training platform for artificial intelligence 

algorithms to detect, categorise, and classify sounds and soundscapes; (4) species distribution maps based 

on sound; and (5) a citizen science-based “look-up” application. To achieve this requires a multi-

disciplinary approach from web engineers, signal processing (e.g., artificial intelligence) specialists, 

ecoacousticians, bioinformaticians, and acoustic propagation experts, matched with significant on-going 

support and funding. We examine the benefits of developing such a platform, previous calls for global 

data-sharing and reference libraries, and challenges that need to be overcome to realise a sustainable and 

scalable platform that could address the needs of all contributors and stakeholders into the future. We 

present a concept of how those goals can be brought together to create this integrated library. 
 

1. Erbe C, Dunlop R, Jenner KCS et al (2017) Review of underwater and in-air sounds emitted by Australian and 

Antarctic marine mammals. Acoust Aus 45(2):179-241. doi: 10.1007/s40857-017-0101-z  

2. Nakamachi T, Asakura A, Hirohashi N (2021). Chapter 4 - Acoustic/vibration behaviors in crustaceans. In: 

Rosenfeld CS, Hoffmann F (Eds.), Neuroendocrine Regulation of Animal Vocalization, Academic Press, 

Cambridge, p 39-54 doi: 10.1016/B978-0-12-815160-0.00024-4  

3. Looby A, Cox K, Bravo S et al (2022) A quantitative inventory of global soniferous fish diversity. Rev Fish Biol 

Fisheries. doi:10.1007/s11160-022-09702-1  

4. Parsons MJG, Lin T-H, Mooney TA et al (2022) Sounding the call for a global library of underwater biological 

sounds. Frontiers Ecol Evol 10 doi:10.3389/fevo.2022.81015 
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MEASUREMENT OF UNDERWATER SOUND LEVELS IN NORTH ADRIATIC SEA 
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Information on underwater sound levels is poorly available, especially in the Mediterranean Sea. The EU 

Interreg Italy-Croatia SOUNDSCAPE project filled this knowledge gap, developing a basin-scale, cross-

national acoustic monitoring in the Northern Adriatic Sea. Data were measured and collected from March 

2020 to June 2021, encompassing the first full lockdown period related to the COVID-19 pandemic. 

Underwater noise was measured at nine monitoring stations located in Italian and Croatian shallow waters 

not exceeding 50m, covering different natural conditions and anthropogenic pressures. Calibrated 

stationary recorders featured an omnidirectional Neptune Sonar D60 Hydrophone and recorded data 

continuously 24 h/day (48 kHz, 16 bit). The entire dataset was analysed at 20-sec resolution in all 1/3 

octave frequency bands from 63 Hz to 20000 Hz. Overall, the median values of sound pressures ranged 

between 80 and 95 dB re 1 µPa, with higher variability characterizing the lower frequency bands (approx. 

below 2–3 kHz) compared to the higher frequency bands. The levels varied significantly between 

measurement locations and seasonal variation was observed as well, with noise levels generally higher in 

the autumn-winter period than during the spring-summer one. Sound levels for the 63 Hz and 125 Hz one-

third frequency octave bands were further described in compliance with the Criterion D11C2 of the EU-

Marine Strategy Framework Directive. The difference of about 30–33 dB between the quietest and the 

noisiest monitoring stations was found in these frequencies, confirming a high spatial variability. This 

dataset represents a benchmark for scientists and policymakers addressing the risk of noise impacts on 

marine fauna in the Mediterranean Sea and worldwide.
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MITIGATING NOISE EFFECTS FROM SHIPPING INSIDE  

BOWHEAD WHALE CORE-USE AREAS IN CANADA’S ARCTIC 

Matthew Pine*1; William Halliday2 
1Juanes Lab, Department of Biology, University of Victoria, BC, Canada, mattpine@uvic.ca;  
2WCS Canada, BC, Canada, whalliday@wcs.org 

Underwater noise is one of the primary threats to Canada’s bowhead whales (Balaena mysticetus) 

according to COSEWIC. Key to formulating conservation pathways is quantifying the effectiveness 

of available mitigation strategies. Shipping noise, the most prevalent and threatening source today, 

is being widely investigated through innovative ship design and operational changes (such as speed 

restrictions through sensitive habitats). While changes to ship design are showing stable predictions 

in reducing noise emissions at the source for new ships, the effectiveness of operational changes at 

reducing noise exposure at animal receivers is far less understood. We therefore investigated how 

effective speed restrictions and corridors may be at reducing noise levels inside the core use areas 

of two bowhead whale populations (the Bering-Chukchi-Beaufort (BCB) and the Eastern Canada-

West Greenland (ECWG) populations) in the Inuvialuit Settlement Region and Nunavut.  

Three mitigation options were explored: (1) 10 knot speed restriction to all vessels; (2) restricting 

the transit of bulker carriers and tankers to corridors away from the core-use areas; and (3) a 

combination of both speed restrictions and corridors. The effectiveness of each mitigation option 

was quantified by way of comparing monthly LEQ, cumulative SEL, and instantaneous SPLs of 

each option with those from the AIS tracks and speeds for August and September 2019. Using a new 

ship noise model that batch-processes the AIS data and extracts the vessel’s details from an 

automated web search of the MMSI number, speed- and vessel-dependent noise maps were 

generated.  

The results showed that while each mitigation option led to reduced cumulative SEL, LEQ, and SPL 

in core-use areas, the size of that reduction varied by month and location. Essentially, the best 

mitigation option depended on the size of the core-use areas, the vessel types, and the maximum 

distance between corridors and core-use areas. For example, the use of corridors generally provided 

the highest noise reduction in the BCB areas partly because of the increased distances from the core-

use area, as well as the most common vessel type being bulkers and tankers. However, for the ECWG 

core-use areas, corridors were not as effective as the speed restriction (1–3dB less reduction) due to 

the lower ratio of bulkers/tankers to other vessel types. Nevertheless, speed restrictions and corridors 

are effective at reducing noise inside core-use areas. However, the benefits are not equal over large 

regions and perhaps mitigation should be considered in the context of the core-use area being 

protected. 
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HISTORY OF MEETINGS ON ”EFFECTS OF NOISE ON AQUATIC LIFE” (2007-

2022) 
 

Arthur N. Popper1 and Anthony D. Hawkins2 
1Dept. of Biology, University of Maryland, College Park, MD USA, apopper@umd.edu 
2 Loughine Ltd, Aberdeen, UK, a.hawkins@btconnect.com 

 

The idea for holding what became the “Effects of Noise” meetings arose in 2005, when the two of us, 

along with our wives, got together in Aberdeen, Scotland.  We realized that we had a shared interest in 

the effects of anthropogenic sound upon aquatic animals. We also realized that anthropogenic sound 

was a very wide scientific field but that most of those people interested in different animal groups, 

different sound sources, and other issues such as the regulation of adverse effects, almost never came 

together to share ideas and knowledge. Thus, we agreed that having a meeting that encouraged 

participation by a wide range of individuals, with diverse interests, could have a major impact on the 

field.  This led to our first meeting in Nyborg, Denmark, in 2007, which we co-organized with Magnus 

Wahlberg. The meeting was very successful, and led to the next meeting in Cork, Ireland, and 

subsequent meetings in Budapest, Hungary; Dublin, Ireland; and Den Haag, the Netherlands, every 

three years. 

 

Prior to the Cork meeting, we agreed on a number of goals for the meetings. These included having a 

wide range of topics, not having parallel sessions to encourage people from different disciplines to learn 

from one another, facilitating the participation of students by providing them with financial support, 

and having meetings in locations that facilitated networking. In addition, we considered it very 

important that the meetings result in impactful publications based on the presentations. 

 

The meetings continued to be successful.  Two books have been issued (Popper and Hawkins, 2013 and 

2016) and their chapters have been downloaded well over 750,000 times. As the two of us have now 

stepped down from attending the meetings, we still see our original goals as guiding principles for the 

subsequent meetings. In addition, we suggest that the organizers continue to broaden topics to meet the 

full needs of the field. We also suggest that future meetings, in addition to continuing to support 

students, also include efforts to engage students from underrepresented groups to encourage their 

learning about our field and potentially pursuing it for their careers. 
 

Finally, we want to thank our wives, Helen Popper and Susan Hawkins, for their wise guidance and 

immense support for our doing the meetings from the very first time we met in Aberdeen.  We are very 

grateful to Terri Cullinane of VenuesWorld, who first assisted us in organizing the Cork meeting, for 

the major and invaluable contributions she has made, and continues to make, that have led to our having 

outstanding conferences.  We are also very grateful to the great colleagues who have worked with us in 

organizing the meetings. In particular, we are very pleased that all have become close and valued 

friends. 
 

Popper, A. N., and Hawkins, A. D. (2013). The effects of noise on aquatic life.  Springer Science+Business 

Media. New York. 

Popper, A. N., and Hawkins, A. D. (2016). The effects of noise on aquatic life, II.  Springer Science+Business 

Media. New York. 
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MEASUREMENTS OF ACOUSTIC PARTICLE MOTION NEAR AN OFFSHORE 

WIND FARM IN THE U.S. DURING OPERATION 
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MA, United States, ytlin@whoi.edu; 4Applied Ocean Physics and Engineering. Woods Hole 

Oceanographic Institution, MA, United States, anewhall@whoi.edu; 5Marine Acoustics, Inc., RI, 
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The Coastal Virginia Offshore Wind (CVOW) project, which consists of two 6- megawatt wind 

turbines is located 43 km east of Virginia Beach, Virginia. A suite of particle motion sensors was 

deployed to monitor the acoustic particle velocities in the water column and on the seabed near the 
Coastal Virginia Offshore Wind (CVOW) project during December 2021 to January 2022. The 

sensors consisted of a geosled with a tetrahedral array of hydrophones and a 3-axis geophone, and 

two Ocean Bottom Recorders (OBXs). To examine the potential effects of sound on fishes and 

invertebrates, the sensitivity of many of these animals to the particle motion component of sound 

needs to be considered (1).  

 

The objective of the measurements summarized in this poster was to monitor the particle motion 

introduced by the wind turbines during their operation. These measurements were part of the Bureau 

of Ocean Energy Management (BOEM) sponsored Real-time Opportunity for Development 

Environmental Observations (RODEO) Program. Measurements of particle motion was an 

important aspect of this study since many fish and invertebrates detect and use the particle motion 

component of sound (1,2,3). Results from this study will be presented in this poster and data 

collected near CVOW will be compared with other published results and earlier measurements made 

near the Block Island Wind Farm. Levels of particle motion will be compared to audiograms for 

fishes. [Work supported by Bureau of Ocean Energy Management (BOEM)]. 
 

1. Popper, A. N., and Hawkins, A. D. (2018). “The importance of particle motion to fishes and 

invertebrates,” J. Acoust. Soc. Am. 143, 470–486.  

2. Hawkins, D., Hazelwood, R. A., Popper, A. N., and Macey, P. C. (2021) “Substrate vibrations and their 

potential effects upon fishes and invertebrates,” J. Acoust. Soc. Am., 149, 2782-2790.  

3. Popper, A. N., Hice-Dunton, L., Jenkins, E., Higgs, D. M., Krebs, J., Mooney, A., Rice, A., Roberts, L., 

Thomsen, F., Vigness-Raposa, K., Zeddies, D., and Williams, K. A. (2022) “Offshore wind energy 

development: Research priorities for sound and vibration effects on fishes and aquatic invertebrates,” J. 

Acoust. Soc. Am., 151 (1), 205-215, (2022).  
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THE EFFECTS OF SHIPPING NOISE ON MIGRATING RINGED SEALS 

 Muhammad Saladin Prawirasasra*1; Mart Jüssi2; Mirko Mustonen3; Aleksander Klauson4 
1Tallinn University of Technology, Harjumaa, Estonia, muhammad.prawirasasra@taltech.ee 
2ProMare MTÜ, Estonia, info@promare.ee 
3Tallinn University of Technology, Estonia, mirko.mustonen@taltech.ee 
4Tallinn University of Technology, Estonia, aleksander.klauson@taltech.ee 

To understand the impact of anthropogenic underwater noise to marine life it is crucial to collect 

more data about the reactions of marine fauna to excessive sound exposure. Three adult free-ranging 

ringed seals have been marked by GPS tracking tags to map their migrating routes. Telemetry data 

confirmed that ringed seals regularly migrate between their haul outs in Väinameri and the feeding 

grounds in the southern part of the Gulf of Riga (Halkka et al., 2017). While moving through 

Moonsund (Suur strait), the ringed seals have to cross the ferry line between Muhu Island and the 

mainland, where they likely are exposed to underwater ship-borne noise (Prawirasasra et al., 2021). 

Avoidance reactions due to elevated levels of ship radiated noise were searched from the ringed 

seals' dive profiles. As a result, some diving profile irregularities were found in the form of a deep 

dive or multiple surfacings that can be attributed to the impact of shipping noise. Similar reactions 

were observed by other researchers (Mikkelsen et al., 2019). Pronounced reactions were found only 

in case of close encounters of a seal and a ship at distances less than 50 meters. The ship source 

spectrum was estimated from in situ measurements. The received levels causing disturbance of 

ringed seals were estimated based on sound propagation modeling results. Obtained results are in 

line with previous studies made on captive harbour seals (Kastelein et al., 2006).  

Halkka A and Tolvanen P (2017) “The Baltic Ringed Seal – An Arctic Seal in European Waters – WWF 

Finland report 36.  

Prawirasasra MS; Mustonen M; Klauson A (2021) “The Underwater Soundscape at Gulf of Riga Marine-

Protected Areas”. J. Mar. Sci. Eng., 9, 915. https://doi.org/10.3390/jmse9080915  

Mikkelsen L; Johnson M; Wisniewska DM; van Neer A; Siebert U; Madsen PT and Teilmann J (2019) 

“Long-term sound and movement recording tags to study natural behavior and reaction to ship noise of 

seals”. Ecol Evol 9(5):2588-2601. 

 Kastelein RA; van der Heul S; Terhune JM; Verboom WC; and Triesscheijn RJ (2006) “Deterring effects of 

8–45 kHz tone pulses on harbour seals (Phoca vitulina) in a large pool”. Mar. Environ. Res 62(5), 356-

373.  
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IMPACTS ON SCIAENID VOCALIZATIONS BY VESSEL NOISE IN THE 

NORTHERN GULF OF MEXICO 
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Noise pollution is increasing in aquatic coastal environments (Frisk et al., 2012). For fishes, this 

noise can lead to a variety of impacts that include tissue damage, changes in hearing sensitivity, 

altered calling behavior, and may hold implications for spawning success (Cox et al., 2018). With 

an abundance of commercially and ecologically important soniferous fishes present (e.g., family 

Sciaenidae) in the northern Gulf of Mexico (nGoM), an in depth understanding of how biotas are 

impacted by vessel noise is warranted. 

 

We monitored several sites throughout nGoM to measure noise levels and temporal overlap between 

soniferous fishes and vessel noise. When sites experience heavy boat traffic, we predict masking of 

fish calls and decreased overall calling. We used passive acoustic monitoring to identify calls of 

different species and measured anthropogenic noise. We are currently identifying possible impacts 

on calling behavior by fish exposed to vessel noise. Quantification of fish calls relative to amount 

of boat noise (in progress) will reveal if anthropogenic noise elicits modifications in call rate. At 

each site, we measured band (0–3kHz) sound pressure level in 15 s increments within sound files 

and manually screened all high-amplitude events (>135 dB re: 1µPa) to quantify intense vessel 

noise. Data were also screened for spawning calls of local fishes in the time domain using custom 

detection routines in MATLAB and are being manually validated. In the navigation channel into St. 

Andrews Bay, Florida, recordings examined in August–October 2021, which is Red Drum 

(Sciaenops ocellatus) spawning season (Murphy and Taylor, 1990), there were high levels of boat 

noise. Intense vessel noise occurrence in August averaged 2% of the day (range 0–17%), September 

2% (0–7%), and October 2% (0–5%). 

 

Preliminary analyses indicate that in these same months Red Drum choruses occur up to ~8% of a 

single day. This joint use of coastal habitat by boaters and chorusing fishes is the focus of our 

continued research. This study will allow us to understand whether fish alter or limit calls during 

heavy boat traffic days, increase call amounts between boat events, or carry on with a normal call 

rate in the presence of vessel noise. We will also use these recordings to test physiological and 

behavioral responses in laboratory studies, such as shifts in hearing thresholds, in other sciaenids 

exposed to simulated vessel noise. 

 
Cox, K., Brennan, L.P., Gerwing, T.G., Dudas, S. E., and Juanes, F. (2018) “Sound the alarm: A meta-

analysis on the effect of aquatic noise on fish behavior and physiology.” Glob. Chang. Biol., 24, 3105-

3116. https://doi.org/10.1111/gcb.14106 

Frisk, G. V. (2012). “Noiseonomics: the relationship between ambient noise levels in the sea and global 

economic trends.” Sci. Rep. 2, 437. https://doi.org/10.1038/srep00437  

Murphy, M. D., and Taylor, R. G. (1990). “Reproduction, growth, and mortality of red drum Sciaenops 

ocellatus in Florida waters.” Fish. Bull., 88, 531-542.  
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A HIGHER FITNESS OF A FRESHWATER ZOOPLANKTON UNDER 

BROADBAND NOISE 

 Loïc Prosnier*1; Emilie Rojas2; Olivier Valéro3; Vincent Médoc4 
1Jean-Monnet University, France, lprosnier@gmail.com;  
2Equipe Neuro-Ethologie Sensorielle, ENES/CRNL, CNRS UMR 5292, Université de Lyon/Saint-

Etienne, France, emilie.rojas@univ-st-etienne.fr;  
3Equipe Neuro-Ethologie Sensorielle, ENES/CRNL, CNRS UMR 5292, Université de Lyon/Saint-

Etienne, France, olivier.valero@etu.univ-st-etienne.fr;  
4Equipe Neuro-Ethologie Sensorielle, ENES/CRNL, CNRS UMR 5292, Université de Lyon/Saint-

Etienne, France, vincent.medoc@univ-st-etienne.fr 

Sound emissions from shipping, recreational boating, and industries are increasing in freshwaters, 

which harbour a disproportionate fraction of earth’s biodiversity compared to terrestrial and marine 

habitats. Although the responses of top-chain predators to noise are well-documented, effects on 

lower-trophic level species like plankton communities have been largely overlooked (Jerem and 

Mathews, 2021). There are rare works on zooplankton fitness and behavior exposed to acute sound. 

For instance, exposure to the impulsive and very loud sound emissions from air guns has been found 

to induce mortality in marine zooplankton (McCauley et al., 2017), but no modification of Daphnia 
magna mobility with acute boat noise (Sabet et al., 2015). However, the impacts of chronic exposure 

to moderate sounds, like boat noise, remain unknown. 

We performed experiments on Daphnia magna, a widespread freshwater crustacean (Cladocera), 

exposed to three noise conditions: silence (control), intermittent motorboat noise, and continuous 

broadband noise. Individuals were isolated in a microcosm during all their lives, allowing 

measurements of survival, fecundity, and swimming speed. 

Boat noise did not alter D. magna fitness surprisingly, while continuous exposure to broadband 

noise resulted in higher survival and fecundity compared to silence. D. magna exposed to broadband 

noise also exhibited a reduced mobility. Thus we suggest that the energy not allocated to mobility 

was re-allocated to survival and reproduction. Differences in results between both treatments could 

be due to differences in sound frequencies and temporal exposition (continuous versus intermittent 

noise). These questions are also asked for fish responses to noise (de Jong et al., 2020) without clear 

responses. 

We show in our work that zooplankton could be affected by chronic exposition to artificial noise, 

with some surprising effects. Consequently, our study highlights the necessity to focus also on 

zooplankton to predict effects of acoustic pollution on an aquatic community. 

de Jong K, Forland TN, Amorium MCP et al (2020) Predicting the effects of anthropogenic noise on fish 

reproduction. Rev Fish Biol Fisheries (2020) 30:245–268. doi:10.1007/s11160-020-09598-9  

Jerem P, Mathiews F (2015) Trends and knowledge gaps in field research investigating effects of 

anthropogenic noise. Conserv Biol 35(1):115-119. doi:10.1111/cobi.13510  

McCauley RD, Ryan DD, Swadling KM et al (2017) Widely used marine seismic survey air gun operations 

negatively impact zooplankton. Nature Ecol Evol 1:0195. doi:10.1038/s41559-017-0195  

Sabet SS, Neo YY, Slabberkoorn H (2015) The effect of temporal variation in sound exposure on swimming 

and foraging behaviour of captive zebrafish. Anim Behav 107:49-60. 

doi:10.1016/j.anbehav.2015.05.022 
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KEYNOTE 

THE VALUE OF A KURTOSIS METRIC IN THE EVALUATION  

OF NOISE-INDUCED HEARING LOSS 

Wei Qiu*1 
1State University of New York at Plattsburgh, United States, qiuw@plattsburgh.edu 

 

Researchers have long found that impulsive noise or complex noise with impulse/impact 

components is more hazardous to hearing than continuous steady-state noise at similar noise 

exposure levels. The fundamental problem with current noise exposure criteria (e.g., ISO 1999) is 

their reliance on an energy metric to quantify an exposure, which completely ignores the effects of 

temporal characteristics of noise exposure known to be important in affecting noise-induced hearing 

loss (NIHL). Because complex noise, the combination of continuous steady-state noise and transient 

impulsive noise, presents an increased risk of developing NIHL, the analysis of noise exposures 

needs a metric to account for the differential risk.  

 

Over the last 20 years, multi-national, collaborative teams have addressed the issue of complex noise 

exposure. Both animal and human research studies have found that the kurtosis statistic, a metric 

that describes the probability for a noise signal to include high-level impulsive events, can account 
for the risks observed for groups with complex exposures. Kurtosis holds great promise in 

addressing the complexity associated with measuring and characterizing such exposures. A better 

understanding of the role of the kurtosis metric in NIHL may lead to its incorporation into a new 

generation of more predictive hearing risk assessments for noise exposure.  

 

This presentation introduces background on kurtosis and how it relates to determining noise 

exposures. Based on the results of numerous animal experiments and epidemiological studies, it also 

provides information about how kurtosis can be used to adjust noise-risk predictions and facilitate 

estimates of noise-induced permanent threshold shifts. 
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OCEAN SEISMIC SURVEY IMPACTS ON THE MOVEMENT AND 

DISTRIBUTION OF NEARSHORE TEMPERATE MARINE SPECIES  

 I. ACOUSTIC MEASUREMENTS 

 Kaus Raghukumar*1; Frank Spada2; Sarah Henkel3 
1Integral Consulting Inc., CA, United States, kraghukumar@integral-corp.com;  
2Integral Consulting Inc., CA, United States, fspada@integral-corp.com;  
3Associate Professor, Oregon, United States, sarah.henkel@oregonstate.edu 

 

The current consensus among the scientific community is that the majority of fish and invertebrate 

species experience sound through the particle motion component rather than through pressure to 

acquire information about their environment (e.g., an approaching predator, the presence of a 

potential mate) as well as for communication or navigation. There is, however, a lack of field 

measurements that relate behavioral responses of demersal and semi-pelagic species to elevated 

acoustic particle motion from anthropogenic activities. 

 

Here, we present results from a recently concluded field effort to understand the effect of particle 

motion levels from a geophysical seismic survey on rockfish, lingcod, and Dungeness crab located 

within the Redfish Rocks Marine Reserve near Port Orford, Oregon. The study was conducted in 
summer 2021 during a 40-day geophysical seismic survey along the Cascadia Subduction Zone off 

Oregon and Washington. The study collected acoustic pressure and particle motion measurements, 

accompanied by acoustic tagging of the aforementioned species. Presented in this talk are the 

acoustic measurements, while an accompanying talk (Borland et al.) presents behavioral responses 

of the tagged species. 

 

Acoustic measurements were obtained on a vector sensor array, the NoiseSpotter®, deployed in 25 

m deep water, which measured acoustic particle motion and pressure using three sensors mounted 

35 cm, 50 cm, and 75 cm above the seabed, and sensitive to the frequency band 50 Hz to 3 kHz. The 

near-seabed sensor was used to characterize sound transmission along the seabed boundary and 

substrate while the other two sensors characterized in-water sound transmission. 

 

Results show that particle motion signals measured during the seismic surveys consist of both the 

in-water component as well as interface waves that propagate along the seafloor. Received peak 

particle velocity levels were found to exceed 95 dB re 1 nm/s (corresponding to peak pressure levels 

of 160 dB re 1 uPa) at a distance of 27.5 km from the NoiseSpotter®. In contrast, band-averaged 

ambient particle velocity levels were in the 60 dB re 1 nm/s range (corresponding to pressure levels 

that were in the 100–120 dB re 1 uPa range) with contributions from wind, rain, and occasional 

small boat traffic. Measurable signals from the seismic surveys were detected at distances that 

exceeded 100 km, resulting in a rich multipath pattern whose propagation physics are further 

explored in this talk. The accompanying talk by Borland et al. delves into the impacts of alterations 
to the ambient sound field on tagged species. 
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FROM PASSIVE TO ACTIVE:  

RCAF SONAR IMPACT MANAGEMENT STRATEGY 

Craig Reesor*1; Dugald Thomson2; Carolyn Binder3 
1Defence Construction Canada, Manitoba, Canada, craig.reesor@dcc-cdc.gc.ca;  
2Defence Research and Development Canada, Nova Scotia, Canada, dugald.thomson@forces.gc.ca;  
3Defence Research and Development Canada, Nova Scotia, Canada, carolyn.binder@forces.gc.ca 

Department of National Defence (DND) active sonar operations are critical to the defence of Canada 

by providing opportunities to improve and maintain proper proficiencies, but they can negatively 

impact marine mammals. Noise-related impacts range along a spectrum from echolocation masking 

and behavioural disturbance to death or population-level consequences depending on frequency, 

sound exposure level, and duration of exposure. Endangered species found in maritime training areas 

are protected under federal legislation such as the Species at Risk Act. Operational sonar crews have 

relied primarily on visual observation to detect the presence of marine mammals, and this approach 

can be limited in its effectiveness. 

To refocus risk mitigation measures from operator-centric to planning-centric, DND identified four 

pillars to the marine mammal mitigation (M3) program: (a) Research; (b) Mitigation; (c) Monitoring 

& Reporting; and (d) Governance, with technological investigation focused on autonomous systems, 

automatic detections, and a risk management system that integrates the data generated by these 

approaches (Thomson and Binder, 2021).  

DND is working collaboratively with government, academic and private sector partners (Binder et 

al., 2022) to develop advanced air, space, probabilistic, and acoustic-based marine mammal 

detection methods. These multiple streams of live data, historical observations, and models will 

allow DND to develop a tool that optimizes M3 trade-offs by minimizing the risk of harm. This 

important long-term monitoring and baseline data collection will support a better understanding 

of behavioural response in marine mammals during sonar operations (Stanistreet et al., 2022) and 

reflect the Government of Canada’s priority of protecting our oceans. 

Thomson, M. D. J. M., & Binder, C. M. (2021). “Recalibrating the Department of National Defence approach 

to active sonar impact management”. J Mar Pol, 173: 113044. doi.org/10.1016/j.marpolbul.2021.113044  

Binder, C. M., Thomson, M. D. J. M., et al. (2021). “Employing Royal Canadian Air Force Sonobuoys for 

Passive Acoustic Monitoring of Whales”. In: 6th Underwater Acoustics Conference and Exhibition, 

Virtual Conference, 20–25 June, 2021, 44:010002. doi.org/10.1121/2.0001502  

Stanistreet, J.E., Beslin, W.A.M., Kowarski, K. et al. (2022) “Changes in the acoustic activity of beaked 

whales and sperm whales recorded during a naval training exercise off eastern Canada”. Sci Rep 

12:1973. doi.org/10.1038/s41598-022-05930-4
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NOISE POLLUTION FROM SMALL VESSELS, SINGING CYCLE OF 

HUMPBACK WHALES (Megaptera novaeangliae), AND THE SOUNDSCAPE 

OF THE GULF OF TRIBUGÁ, COLOMBIA 

 

Maria Paula Rey Baquero*1; Kerri D Seger2; Andrea Luna Acosta3 
1Pontificia Universidad Javeriana, Bogota, Colombia, rey_m@javeriana.edu.co; 
2Applied Ocean Sciences, Washington, United States, kerri.seger.d@gmail.com;  
3Pontificia Universidad Javeriana, Colombia, andrea-luna@javeriana.edu.com 

Noise pollution in marine ecosystems has increased during the last decades. In the Pacific Ocean, 

like the rest of the seas, the most continuous source that contributes noise to the ambient acoustic 

environment is maritime transport (Hildebrand, 2009). Noise produced by ships reduces the 

communication space of marine species, likely causing immediate or chronic population and 

individual effects, such as acoustic and behavioural (Putland et al., 2018). 

The study area for this project was the Gulf of Tribugá, characterized as the second rainiest place in 

the world. It is a part of the breeding grounds for humpback whales of Stock G. Because of its 

relatively pristine condition being remote from large shipping lanes and containing little 

infrastructure, and having high biodiversity, it was named a Hope Spot in 2019. The goals of the 

project were to quantify the contribution of noise to the ambient environment generated by small 

boats (used in artisanal fishing and whale-watching) and to document the baseline (current) 

soundscape/noise budget. Acoustic samples were recorded at Morro Mico and Nuquí using 

ecological acoustic recorders (EARs) in 2018 and 2019. The samples were analyzed using 

spectrograms in Raven Pro and power spectral densities from Ulysses software. 

Both sites were dominated by biophony. Compared with Caribbean marine parks, which contain 

contributions of vessel noise between 20% and 30% of the time (Heenehan et al., 2019), Nuquí only 

had noticeable noise from vessels 16% of the time. In 2019, humpback whale song activity (in terms 

of minutes with song activity out of total recorded minutes) peaked in the mornings at the Morro 

Mico site and in the evenings at the Nuquí site. However, the acoustic intensity of the singing activity 

was highest around midnight at both sites, like in previous studies (Seger et al., 2016). Importantly 

for conservation, these singing peaks coincided with peak boat activity, making masking effects 

more probable since boat noise was more present at times of day when whale singing activity also 

appears to be important. The various interpretations of these peak singing activity and intensity 

cycles and whether they are natural a response to vessel diel cycles will be discussed in this talk. 

Heenehan H, Stanistreet JE, Corkeron PJ, Bouveret L, Chalifour J, Davis GE, Henriquez A, Kiszka JJ, Kline 

L, Reed C, Hoetjes P, Van Parijs SM (2019) Caribbean Sea soundscapes: Monitoring humpback 

whales, biological sounds, geological events, and anthropogenic impacts of vessel noise. Frontiers in 

Marine Science 6(JUN). doi:10.3389/fmars.2019.00347 

 Hildebrand JA (2009) Anthropogenic and natural sources of ambient noise in the ocean. Marine Ecology 

Progress Series 395:5–20. doi:10.3354/meps08353  

Putland RL, Merchant ND, Farcas A, Radford CA (2018) Vessel noise cuts down communication space for 

vocalizing fish and marine mammals. Global Change Biology 24(4):1708–1721. 

doi:10.1111/gcb.13996 

 Seger KD (2016) Ambient acoustic environments and cetacean signals: Baseline studies from humpback 

whale and gray whale breeding grounds. Doctoral dissertation, California University, San Diego  
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SOUNDS OF WALLEYE POLLOCK: A QUANTITATIVE DESCRIPTION 
 

Amalis Riera*1; Rodney Rountree2; Francis Juanes3 
1University of Victoria, BC, Canada, ariera@uvic.ca 
2The Fish Listener, Massachusetts, United States, rrountree@fishecology.org 
3University of Victoria, BC, Canada, juanes@uvic.ca 

 

We present the first quantitative description of walleye pollock (Gadus chalcogrammus) sounds 

based on over 67 h of audio recordings of captive specimens at the Hatfield Marine Sciences Center 

(Oregon). Over 6000 sounds attributed to walleye pollock were recorded in April 2018. Preliminary 

measurements on 436 sounds revealed an average duration of 152 ms, a frequency range of 18 to 

839 Hz, and an average peak frequency of 84 Hz.  

 

Quantification of the acoustic parameters of walleye pollock is an essential precursor to the 

implementation of passive acoustic monitoring (PAM) surveys for the species. The ability to include 

PAM surveys in studies of walleye pollock distribution would greatly enhance ongoing efforts to 

document how rapid changes in the species distribution due to climate change are affecting the 

Arctic and North Pacific ecosystems. In particular there is concern about possible negative 

interactions with Arctic cod (Boreogadus saida), which has also recently been shown to be 

soniferous. 
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COMPARISON OF UNDERWATER OPERATIONAL NOISE OF  

TWO TIDAL STREAM TURBINES AND MODELLING OF  

SINGLE TURBINES VS TURBINE ARRAYS 
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The UK has committed to a goal of net-zero greenhouse gas emissions by 2050. Clean energy 

alternatives will by then have to replace electricity technologies emitting carbon. Tidal stream 

energy generation will likely play an important part in this transition and could grow to provide an 

equivalent of 11% of the UK’s annual electricity demand (34 TWh/year) (Coles et al., 2021). 

This study compares the underwater noise signatures of two different types of tidal stream turbines: 

the Atlantis AR1500 and Andritz Hydro Hammerfest AH1500 turbines. Both turbines are 1.5 MW 
three bladed horizontal axis turbines and were measured, independent of each other, at the MeyGen 

project site, located in the Pentland Firth, Scotland, UK. Noise measurements were used to calibrate 

the turbines’ source level, and to develop and validate a three-dimensional noise model. Several 

acoustically sensitive marine species, such as phocid seals and harbour porpoises, regularly use this 

area and predicted noise exposure from these devices can aid in interpreting the biological 

ramifications of their operation. 

Highest broadband sound levels were observed in the range from 50–1,000 Hz for both turbines. 
However, turbine sound levels for the Andritz turbine were concentrated below 500 Hz, showed less 

harmonic structure and were generally lower compared to those recorded from the Atlantis turbine. 

A tonal signal at approximately 20 kHz observed during monitoring of the Atlantis turbine was not 

recorded from the Andritz turbine. 

The propagation of noise was modelled for one-third octave bands from 25 Hz to 25 kHz. Given 

median broadband ambient sound levels of about 100 dB re 1 μPa (Risch et al. 2020), modelled 

unweighted noise levels for the currently deployed four turbine (1 x Atlantis and 3 x Andritz) array 

are above ambient across an area of 11.6 km
2
 around the turbines. Predicted sound exposure levels 

(SELw,24h) for this scenario exceeded the TTS threshold for phocid seals over an area of 0.2 km
2
 and 

the PTS threshold over an area of 0.03 km
2
. 

 

Starting from this scenario, results for several future realistic and hypothetical array scenarios, 

including >30 turbines, will be modelled and the resulting spatial extent of underwater noise levels 

presented. 

 
Coles D, Angeloudis A, Greaves D, et al (2021) A review of the UK and British Channel Islands practical 

tidal stream energy resource. Proceedings of the Royal Society A 477:20210469  

Risch D, van Geel N, Gillespie D, Wilson B (2020) Characterisation of underwater operational sound of a 

tidal stream turbine. J Acoust Soc Am 147:2547–2555  
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KEYNOTE 

SHAKING UP AQUATIC SUBSTRATES:  

TAKING LESSONS FROM BIOTREMOLOGY 

 
Louise Roberts*1 

1Cornell University, New York, United States & Liverpool University, United Kingdom, 

louise.roberts@cornell.edu 

Sound pressure and particle motion form the basis of discussions regarding potential effects of 

anthropogenic signals on fishes and aquatic invertebrates. However, we are increasingly aware of 

the need to acknowledge, and understand, a third class of stimuli, those in and emanating from, 

substrates. The vibrational channel, which is mostly undetectable by human senses, is a major 

sensory mode in the animal kingdom thought to pre-date acoustic communication (Endler 2014). 

Numerous terrestrial animals, from the fruit flies to the largest of land mammals, use substrate-borne 

vibrations to find prey, detect predators, sense environmental change and to communicate (Hill and 

Wessel 2016). Yet although many aquatic organisms reside on, in, and around substrates such as 

soft sediments, plant fronds, or hard substrata, how animals use vibrational information in this 

environment has, to date, been largely overlooked (Roberts and Elliott 2017; Hawkins et al. 2021).  

To better understand the role of vibrational signals to aquatic animals, we need to take lessons from 

research in the terrestrial environment, where the study of substrate-borne mechanical waves, a 

discipline now known as biotremology, can inform our understanding of aquatic substrates. This 

talk will provide an overview of biotremology, including the diversity of vibration users, the 

function of vibrations, and the terminology required to apply vibrational principles to the aquatic 

world. Most importantly, researchers are encouraged to develop approaches to analysing 

sensitivities and responses to vibration in the aquatic environment and to measure substrate-borne 

vibration (alongside water-borne particle motion and pressure, where appropriate) in any noise 

exposure study involving animals residing upon, in, or just above a substrate. This is particularly 

important given that many anthropogenic activities directly contact the seabed, eliciting significant 

vibrations in the substratum. 

Endler JA (2014) The emerging field of tremology. In: Studying vibrational communication. Springer, 

Heidelberg.  

Hawkins AD, Hazelwood RA, Popper AN, Macey PC (2021) Substrate vibrations and their potential effects 

upon fishes and invertebrates. J Acoust Soc Am 149:2782–2790. https://doi.org/10.1121/10.0004773  

Hill PSM, Wessel A (2016) Primer: Biotremology. Curr Biol 26:R181-191. 

https://doi.org/10.1016/j.cub.2016.01.054  

Roberts L, Elliott M (2017) Good or bad vibrations? Impacts of anthropogenic vibration on the marine 

epibenthos. Sci Total Environ 595:255–268. https://doi.org/10.1016/j.scitotenv.2017.03.117  
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THE AUDITORY FUNCTIONS OF THE UTRICLE AND ITS POTENTIAL 

SUSCEPTIBILITY TO ANTHROPOGENIC NOISE 
  

Loranzie Rogers*1 
1University of Wasington, WA, United States, loranzie@uw.edu 

The utricle of the inner ear in teleost fishes is often considered to function primarily as a vestibular 

end organ, while the saccule and lagena, the two other end organs of inner ear, are thought to 

primarily function in the detection of auditory stimuli. However, a few studies have shown that the 

utricle is sensitive to behaviorally relevant acoustic stimuli in the horizontal plane (azimuth). Given 

the utricle’s capacity to detect auditory stimuli in the directional plane nearly orthogonal to the 

saccule and lagena, it likely complements the vertically oriented saccule and lagena and aids in 

auditory driven behaviors such as sound source localization. Moreover, given the morphological 

diversity of the fish inner ear, it is important that future research evaluates the auditory role of the 

utricle in other teleost species. Furthermore, given the utricle functions in sound detection, it is likely 

that anthropogenic sounds may adversely affect acoustic communication in fishes and other social 

acoustic behaviors. Here, we summarize previous research on the auditory sensitivity of the fish 

utricle, its contribution to hearing, and how anthropogenic sound may interfere with, or mask, 

acoustic communication in underwater soundscapes. 
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VESSEL NOISE EXPOSURE IMPACTS HARBOUR PORPOISE  

ENERGY BALANCE 
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Harbour porpoises (Phocoena phocoena) live in coastal waters that face some of the highest 

shipping densities in the world. Studies suggest that moderate to high levels of vessel noise disrupt 

their behaviour (Dyndo et al., 2015; Wisniewska et al., 2018), but it is not known how often such 

exposures occur, whether the response to vessel noise is context-dependent, nor the impact that 

noise-induced behavioural disruptions have on harbour porpoise energy balance. Here, we test the 

hypotheses that (i) responses to vessel noise are mediated by diel patterns in individual behaviour, 

and (ii) that vessel noise reduces net energy gain either by reducing foraging or by increased energy 

expenditure. 

Using 17 high-resolution sound and movement recording digital tag (DTAGs) deployments on wild 

porpoises (323 hours of data), we show that porpoises in the Kattegat and Belt Seas are on average 

exposed to 12 vessel passes (>90dB re 1µPa in the 16 kHz decidecade band) a day. Tagged porpoises 

during and after vessel-noise exposures decrease on average the number of prey-capture attempts 

(i.e., energy intake) by 59% during daytime and 26% during night-time. Respiration rates (i.e., 

energy expenditure) also decrease during and after exposures by 13% during daytime, while they 

slightly increase by 3% during night-time. These changes in foraging and respirations have a 

cumulative impact on the energy balance of the exposed porpoises that reduce their daily net energy 

gain by ~6%. Unless compensated for by increased foraging, this deficit may have important 

energetic consequences for the growth, reproduction and survival of porpoise populations in 

industrial coastal areas. 

Direct measures of the rates of vessel noise exposure to wild animals, and the associated energetic 

costs are critically needed for Population Consequence of Disturbance (PCoD) models linking 

disturbance parameters to fitness and population dynamics. Our results can thus inform the 

management of underwater noise levels and mitigation measures that will aid the conservation of 

wild populations of porpoises. 

Dyndo M, Wisniewska DM, Rojano-Doñate L and Madsen PT (2015) Harbour porpoises react to low levels 

of high frequency vessel noise. Sci Rep 5:1–9.  

Wisniewska DM, Johnson M, Teilmann J, Rojano-Doñate L, Shearer J, Sveegaard S, Miller LA, Siebert U. 

and Madsen PT (2016) Ultra-high foraging rates of harbor porpoises make them vulnerable to 

anthropogenic disturbance. Curr Biol 26:1–6.  
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FISH RESPONSE TO ANTHROPOGENIC NOISE DOES NOT ALTER  

TROPHIC CASCADE ALONG A FRESHWATER FOOD CHAIN 
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Noise generated from human-related activities (transportation networks, commercial shipping, 

recreational activities) in aquatic habitats is known to compromise fitness related to behavior, such 

as foraging and antipredator responses (Simpson et al. 2015). Individual’s responses have been 

documented repeatedly but they do not reflect community interactions, which are poorly explored 

(Popper et al., 2019). Trophic cascades are the indirect effect of predators on non-adjacent lower 

trophic levels, commonly used for studying community structure and monitor their dynamics. This 

concept is often used to investigate the effect of environmental stressors on communities. The impact 

of noise has already been studied in the context of a terrestrial cascade (Barton et al. 2018) but none 

on aquatic communities. 

 

Here, we conducted a six-week playback experiment in mesocosms to study the dynamics of 

freshwater zoo- and phyto-planktonic communities in the presence or absence of fish (Rutilus 
rutilus) and of boat noise. At the end of the experiment, we did predation tests with fish coming 

from both noise conditions to investigate their behavioural responses to boat noise. 
 

In both noise conditions and as predicted by the trophic cascade hypothesis, fish presence had a 

negative effect on dominant zooplanktonic groups and a positive effect on phytoplankton. Predation 

tests under boat noise showed a decrease in the quantity of prey eaten by the fish of the control 

mesocosms (no boat noise) and no effect on the fish from the mesocosms with boat noise, suggesting 

habituation. However, whatever the noise treatment the fish experienced during the mesocosm 

experiment, they tended to prefer water fleas over dipteran larvae in the presence of boat noise. This 

could be linked with the alteration in group cohesion found. Moreover, mesocosms without fish 
revealed a change in the composition of invertebrate communities. Our results show that fish 

individual responses to anthropogenic noise do not necessarily spread to the level of communities. 

 
Barton BT, Hodge ME, Speights CJ et al (2018) Testing the AC/DC hypothesis: Rock and roll is noise 

pollution and weakens a trophic cascade. Ecol. Evol, 8(15), 7649-7656. 

https://doi.org/10.1002/ece3.4273. 

Popper AN, Hawkins AD (2019) An overview of fish bioacoustics and the impacts of anthropogenic sounds 

on fishes. J Fish Biol, 94(5), 692–713. https://doi.org/10.1111/jfb.13948.  

Ripple WJ, Estes JA, Schmitz OJ et al (2016) What is a trophic cascade? Trends Ecol. Evol, 31(11), 842-

849. https://doi.org/10.1016/j.tree.2016.08.010. 

 Simpson SD, Purser J, Radford AN (2015) Anthropogenic noise compromises antipredator behaviour in 

European eels. Glob Chang Biol, 21(2), 586-593. https://doi.org/10.1111/gcb.12685.  
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PASSIVE ACOUSTIC MONITORING POWER ANALYSIS:  

A TOOL FOR DESIGNING AN ACOUSTIC MONITORING PROGRAM 
 

Megan Ryder*1; Cormac Booth2; Cornelia Oedekoven3; Danielle Harris4; Ruth Joy5; Tiago 

Marques6; Laura Marshall7; Len Thomas8 
1SMRU Consulting, United Kingdom, mr@smruconsulting.com; 2SMRU Consulting, United Kingdom, 

Cgb@smruconsulting.com; 3Centre for Research into Ecological and Environmental Modelling, United 

Kingdom, cso2@st-andrews.ac.uk; 4Centre for Research into Ecological and Environmental Modelling, 

United Kingdom, dh17@st-andrews.ac.uk; 5Simon Fraser University, United Kingdom, rjoy@sfu.ca;  
6Centre for Research into Ecological and Environmental Modelling, United Kingdom, 

tiago.marques@st-andrews.ac.uk; 7Centre for Research into Ecological and Environmental Modelling, 

United Kingdom, lhm@st-andrews.ac.uk; 8Centre for Research into Ecological and Environmental 

Modelling, United Kingdom, len.thomas@st-andrews.ac.uk 

 

To effectively manage a population or management unit, it is important to understand the abundance 

or density of animals within the area of interest. This can inform regulators of the risk to populations 

exposed to anthropogenic threats. Passive Acoustic Monitoring (PAM) is a well-established 

monitoring approach for cetacean species, with opportunities for cost-effective, long-term data 

collection and the possibility of estimating density (Marques et al., 2013). As monitoring programs 

for cetaceans often require long term investigation before they have the statistical power to detect a 

population level change (Moretti, 2019), this open-source tool could be applied to a range of 

cetacean species, to maximise acoustic survey power, and to increase the probability of detecting 

changes in local occurrence. 

 

We present a PAM power analysis tool that demonstrates how survey design impacts the power to 

detect a decline in the density of animals within the surrounding area and that highlights the 

sensitivity of certain input parameters in acoustic density estimation (Booth et al., 2017). We 

demonstrate how altering aspects of the monitoring program (e.g., the number of recorders, the type 

of recording device, the number of density estimates calculated per year) may increase the power to 

detect an annual decline. We focus particularly on the number and configuration of recorders; 

passive acoustic arrays are often comprised of a series of single (i.e., non-localising) hydrophones 

or click detectors, but density estimation methods such as distance sampling require distances to 
calls/clicks. Estimating distance generally requires an array of recorders, which, for a given number 

of devices, can create a survey design trade-off between number of sites monitored and the ability 

to localise calls/clicks.  

 

This PAM power analysis tool allows for flexibility in the survey design, facilitating hybrid survey 

designs with a mix of non-localising and localising sites, to understand how power to detect change 

can be maximised within the practical constraints of deploying a set number of recorders. 

 

Booth CG, Oedekoven CS, Gillespie D, Macaulay J, Plunkett R, Joy R, Harris D, Wood J, Marques TA, 

Marshall L, Verfuss UK, Tyack PL, Johnson M, Thomas, L (2017) Assessing the Viability of Density 

Estimation for Cetaceans from Passive Acoustic Fixed Sensors throughout the Life Cycle of an 

Offshore E&P Field Development. SMRU Consulting.  

Marques TA, Thomas L, Martin SW, Mellinger DK, Ward JA, Moretti DJ, Harris D, Tyack PL (2013) 

Estimating animal population density using passive acoustics. Biological reviews 88:287-309.  

Moretti DJ (2019) Determining the effect of Mid-Frequency Active (MFA) sonar on fitness of Blainville’s 

beaked whales (Mesoplodon densirostris) in the Tongue of the Ocean. PhD, University of St Andrews.  
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BEHAVIORS OF A SEMITERRETRIAL KEY CRAB SPECIES 
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Maternal care (MC) in marine decapods involves eggs caring in the brood compartment until larvae 

hatch. MC allows embryo mass oxygen supply, the cleaning of eggs, and elimination of metabolites 

ensuring healthy embryonic development. The aim of the present study was to analyze the effect of 

different sound sources and temporal patterns of exposure on the MC of the crab Neohelice 

granulata.  

In the laboratory, three acoustic stimuli were presented: artificial white noise (10Hz–40kHz), 

anthropogenic noise of motorboat passages, and biological signals from known predatory fish, both 
obtained from the natural crab habitat. Two patterns of emissions were considered: continuous, 

containing 1 min of the sound stimulus + 1 min of silence; and intermittent, containing 1 min of the 

sound stimulus + 5 min of silence (N=10 for each one). Seven treatments were conducted: white 

noise, fish, motorboat, continuous and intermittent in each case, and a control without sound. One-

hour experiments were divided into “before” and “experimental” phase (30 min each). The durations 

of three behavioral variables were considered: abdominal flapping and chelae probing, both proxies 

of MC behaviors, and staying still in position. For the statistical analysis, the flapping was 

considered individually and jointly with the chela probing and named MC. Results demonstrated no 

differences among treatments compared to the “before” phases. Considering the “experimental” 

phases, differences between the continuous and intermittent patterns were found only for the white 

noise stimulus and flapping: females diminished this behavior under the continuous stimulus. For 

all the other stimuli and variables, no differences were found between the two patterns of emission; 

therefore, data were pooled. 

All stimuli negatively affected the MC behaviors compared to control conditions. Motorboat and 

fish stimuli reduced MC but not flapping; chela probing was the behavior affected the most. 

However, flapping is the most frequent maternal behavior displayed in this species (Silva et al. 

2007). Consequently, flapping is suggested as a conservative behavior not modified under stress 

conditions. Only anthropogenic stimuli, both motorboat and white noise, favored the still position. 

It is proposed that anthropogenic noise cause distraction, which is linked to the increased still 

position, while the predator stimulus would be associated with an alert behavior not affecting the 

locomotion behavior. This study contributes the first data assessing the effect of different artificial 

and habitat sound sources on the maternal behavior of a crustacean species, revealing a negative 

effect of anthropogenic and predatory sounds on MC. 

Silva PV, Luppi TA, Spivak ED (2007) “Epibiosis on eggs and brooding care in the burrowing crab 

Chasmagnathus granulatus (Brachyura:Varunidae): comparison between mudflats and salt marshes”. J 

Mar Biol Ass UK 87:893–901.  
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NOISE-INDUCED HEARING LOSS IN TWO FRESHWATER TURTLES  

(Trachemys scripta elegans, Chrysemys picta) 
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Turtles, tortoises, and terrapins are predicted to experience noise-induced hearing loss, but there are 

no empirical data informing if and to what degree hearing loss occurs in this threatened taxon. Noise-

induced temporary threshold shifts (TTS) can occur after exposure to intense sound, and data 

informing the sound exposure levels (SELs) that induce TTS are critical to estimate the potential 

impacts of anthropogenic noise in both freshwater and marine habitats. These data are necessary to 

support the development of acoustic guidance and thresholds for effective management of this 

stressor. Underwater sound is important to aquatic turtles for environmental awareness and 

communication, supported by their higher underwater hearing sensitivity compared to aerial 

(Christensen-Dalsgaard et al. 2012; Willis et al. 2013). To provide the first data on underwater 

hearing loss in Testudines, we tested if continuous white noise (50–1000 Hz) induced TTS, 

compared to control conditions, in both the freshwater red-eared slider (Trachemys scripta elegans) 

and Eastern painted turtle (Chrysemys picta). 

We addressed TTS at frequencies (400 and 600 Hz) in the range of most sensitive hearing and used 

auditory evoked potential methods to assess hearing thresholds. We exposed three individuals of T. 

scripta elegans to 16 noise conditions with SELs ranging from 155–193 dB re 1 µPa
2
s. TTS was 

observed at 400 Hz in all individuals with maximum shifts up to 30–40 dB re 1 µPa. There was 

individual variability in shift magnitude, recovery time, and susceptibility, with TTS occurring in 

15/16 and 9/16 sound exposures in the most and least susceptible individual, respectively. Recovery 

was observed within the approximate hour of testing post-exposure or by the next time they were 

tested two days later. Using the mean response, the predicted TTS onset at 400 Hz was 160.2 dB re 

1 µPa
2
s. 

Temporary threshold shifts were also observed in three individuals of C. picta, with TTS occurring 

after 17/24 total noise exposures (151–171 dB re 1 µPa
2
s). Maximum shifts ranged from 12–20 dB 

at 400 Hz and 20–40 dB at 600 Hz, supporting frequency-dependent TTS. The mean predicted TTS 

onset at 400 Hz was 158.4 dB re 1 µPa
2
s, similar to that observed for T. scripta elegans. When 

considered alongside current predictions of TTS onset in aquatic turtles (U.S. Department of the 

Navy), these results indicate we may be underestimating the effects of noise on underwater hearing 

in Testudines, of which over half are threatened (Rhodin et al. 2018). 

Christensen-Dalsgaard J, Brandt C, Willis KL, et al. (2012) “Specialization for underwater hearing by the 

tympanic middle ear of the turtle, Trachemys scripta elegans”. Proc. Biol. Sci. 279, 2816–2824  

Rhodin AGJ, Stanford CB, van Dijk PP, et al. (2018) “Global Conservation Status of Turtles and Tortoises 

(Order Testudines)”. Chelonian Conserv. Biol. 17, 135–161  

U.S. Department of the Navy (2017) “Criteria and Thresholds for U.S. Navy Acoustic and Explosive Effects 

Analysis (Phase III)”. San Diego, CA: Space and Naval Warfare System Command, Pacific. 194pp  

Willis KL, Christensen-Dalsgaard J, Ketten DR, et al. (2013) “Middle ear cavity morphology is consistent 

with an aquatic origin for testudines”. PLoS One 8, e54086  
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Individually distinctive signature whistles of common bottlenose dolphins (Tursiops truncatus) are 

the predominant whistles produced when animals are isolated from conspecifics. Signature whistles 

are learned early in life and used to recognize and maintain contact with group members. Health 

assessments of the Sarasota, Florida (USA) dolphin community, during which animals are briefly 

separated from conspecifics, provide a unique opportunity to record signature whistles of individuals 

of known age, sex, and matrilineal relationships. The Sarasota Dolphin Whistle Database now 

contains 927 recording sessions of 295 individual dolphins, including 171 individuals recorded more 

than once (average = 3.1; maximum = 18), 85 of which have been recorded over a decade or more.  

Turning our recording library into a rigorous, systematic database has allowed us to expand its reach 

in facilitating new research projects. One of these focuses on developing machine learning tools to 

automate classification of signature whistles, a goal that has eluded researchers for decades due to 

the complex range of features in signature whistle contours. Typically, signature whistles are 
classified manually by visually inspecting spectrograms, but such an approach is time-consuming 

and prevents scaling up for acoustic monitoring. We tested how a widely available off-the-shelf 

convolutional neural network (CNN)-based classifier, MobileNetV2, could detect and recognize 

different signature whistles. For 70 individuals with 200 samples each, the model achieved 98.8% 

accuracy on a clean validation set (non-noisy backgrounds). When evaluated on a validation set with 

noisy backgrounds mixed into the whistle audio, accuracy of the same model dropped to 68%. By 

adding audio augmentation to the training of the model, accuracy on this noisy set increased to 81%.  

These results demonstrate that CNN-based classifiers can differentiate between individual 

bottlenose dolphin signature whistles with a high degree of accuracy even in cases where data are 

noisy. Automatic signature whistle classification techniques could potentially enable monitoring of 

movements and habitat use of individual bottlenose dolphins acoustically. Furthermore, if a large 

enough sample of the population is known, automated detection of individual dolphins can be 

combined with mark-recapture analyses to estimate population size and ultimately to monitor how 

populations change as a function of increasing coastal development or other anthropogenic impacts, 

including noise. Thus, especially in areas that are difficult to survey visually, CNN-based 

classification of dolphin signature whistles has strong conservation potential. 
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Ecosystem impacts of offshore wind energy development to the marine environment are not yet 

fully understood and hence shall be predicted within the project “Coastal Futures”. In this context, 

harbour seals are equipped with video camera bio-logging tags (CATS), which allow fine-scale 

behavioural recordings. Foraging behaviour can be classified in the video recordings and correlated 

to signals in the movement data. This ground truth data will allow for a validation and further 

improvement of state-of-the-art methods (Vance et al. 2021) that are only based on movement data. 

This detector will be applied to a large data set of harbour seal sound and movement tag data 

(DTAG) from the German North Sea to identify foraging behaviour. 

 

This novel approach allows identifying prey species, as the videos are recorded out of the seal’s 

view and prey capture and handling at the surface can be observed occasionally. Caloric content of 

prey fish will be assessed. The energetic intake will be estimated based on the detected foraging 

events, which will be assigned to different prey species and caloric content. 

 

In addition to movement data, the DTAG records received underwater noise on the animal. Noise 

events deriving from pile-driving activities or vessel noise will be identified as well as potential 

reactions. The vulnerability to noise exposure will be assessed by dose response curves, which 

predict likeliness of behavioural reactions of harbour seals to different noise sources of varying 

received levels and in different behavioural states. 

 

An agent-based model will be developed, which simulates free-ranging harbour seals in a modelled 

sound field. The simulated seals will respond to noise exposures as predicted from the dose response 

functions. Missed foraging opportunities and additional energetic costs due to anthropogenic noise 

exposures will be predicted. Simulations in high numbers will allow for predictions of population 

consequences of disturbance. Effects of increased future offshore energy production on harbour 

seals will be predicted by adjusting the sound fields to potential future scenarios with rapidly 

increasing numbers of offshore windfarms. This will enable a multifactorial, more comprehensive 

assessment of human-induced underwater noise and generate urgently needed action knowledge for 

the implementation of political-social targets. 

 

Vance, H. M., Hooker, S. K., Mikkelsen, L., van Neer, A., Teilmann, J., Siebert, U., & Johnson, M. (2021). 

Drivers and constraints on offshore foraging in harbour seals. Sci. Rep., 11(1), 1-14. 

https://doi.org/10.1038/s41598-021-85376-2  
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OF INTERMITTENT IMPULSE NOISE ON DOLPHINS (Tursiops truncatus) 
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Impulse noise of sufficient sound pressure, duration, and rate of occurrence can adversely affect the 

hearing of marine mammals. Adverse auditory effects can be revealed as changes in auditory 

thresholds, e.g., a temporary threshold shift (TTS). Efforts to predict and mitigate these effects are 

hampered by a lack of knowledge regarding specific auditory effects, how those effects are related 

to exposure parameters, and how long it takes the auditory system to recover. More data are needed 

to better understand how the auditory effects of noise are affected by the temporal pattern of the 

exposure, especially when the sound sources of concern produce short duration or impulsive signals 

with a low duty cycle. 

The current study addressed this need by behaviorally measuring auditory thresholds before and 

after three bottlenose dolphins (Tursiops truncatus) were exposed to sequences of underwater 

impulses with varying SPL, number of impulses, and interpulse interval. The objectives were to 

develop mathematical models for the growth of TTS and recovery of hearing loss experienced by 

cetaceans exposed to underwater impulses. 

Fatiguing stimuli were 10-ms, band-limited noise bursts centered at 8 kHz, with source levels up to 
183 dB re 1 µPa. The number of pulses ranged from 40 to 2,560 with exposure durations up to 53.3 

min and interpulse intervals between 1.25 and 40 s. The lowest sound exposure levels (SELs) 

required to produce 6 dB of TTS – defined as TTS onset – were 176 dB re 1 µPa
2
s for two dolphins 

and 188 dB re 1 µPa
2
s for the third. Findings indicate that TTS onset decreased as interpulse interval 

increased, challenging traditional assumptions that more recovery occurs during longer quiet 

intervals. 
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THE STORIED JOURNEY FROM DOLPHIN CLICKS TO INTERACTIVE 

MOUSE CLICKS 
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2National Marine Mammal Foundation, CA, United States, sacha.stevenson@nmmpfoundation.org 

From the 1960s, Dr. Sam Ridgway studied dolphin hearing, and encouraged colleagues and Navy 

managers to support real science on noise impacts. Now we have an opportunity to showcase his 

accounts of those studies through a collaboration with a progressive production company, StoryFile, 

that used a new technology to not simply film, but capture the life story of the “Father of Marine 

Mammal Medicine.” This innovative, interactive, 3D format allowed him to tell his stories now and 

enable current and future generations to actually engage with him, interview him, hold a 

conversation with him, so that they can better learn about his life experiences in the areas of 

bioacoustic research, marine mammal medicine, marine conservation, and more. 

StoryFile is an interactive, holographic, storytelling filming process that preserves legacy and 

removes the traditional boundaries of time and space, allowing people to intimately connect with 

the storyteller. The technology embodies the same unique, groundbreaking, and cutting edge 

advancements in filming, as those for which Dr. Ridgway is known in the fields of marine mammal 

science and stewardship. The platform was built for education by connecting with human interest 

stories to develop deeper connection with the end user. StoryFile’s proven process made it simple 

to capture Sam’s wisdom, personality, and memories, including stories about the first investigation 

into temporary threshold shift in dolphins and beluga whales in 1997. Filming took place over five 

days using hi-resolution cameras, artificial intelligence and natural language to produce and process 

a conversational interview featuring over 550 questions. Unlike sifting through photos, watching 

hours of edited video, or reading long biographies hoping to answer your burning question, if you 

have a question for Sam, you can simply ask him, verbally or with the click of a mouse. The 

StoryFile technology allows virtual visitors from around the world at any hour, progressing outreach 

programming and curricula into a new virtual learning environment with unlimited engagement 
opportunities on the National Marine Mammal Foundation’s (NMMF) website, mobile applications, 

and email, to venues such as theaters, museums, universities, veterinary schools, and conferences 

like this. 

This project came from the heart and out of the desire to preserve the legacy of Dr. Sam H. Ridgway. 

Sponsored by Carolyn E. Schlundt Melka, Sam Ridgway, the NMMF, and the Office of Naval 

Research, we invite you to engage in Sam’s StoryFile now, because Dr. Ridgway has an 

extraordinary story to tell. 
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MEDITERRANEAN FIN WHALE SONG NOTES AND PATTERNS  

IN THE IONIAN SEA 
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1Istituto di Scienze Polari - Consiglio Nazionale delle Ricerche (CNR-ISP), Italy, 

virginia.sciacca@cnr.it; 2DISTAV, Università degli Studi di Genova, Italy, 

giuseppe.morello97@gmail.com; 3Istituto Nazionale di Fisica Nucleare - Laboratori Nazionali del Sud 

(INFN-LNS), Italy, sviola@lns.infn.it; 4Istituto di Scienze Polari - Consiglio Nazionale delle Ricerche 

(CNR-ISP), Italy, francesco.filiciotto@cnr.it; 5Istituto Nazionale di Fisica Nucleare - Laboratori 

Nazionali del Sud (INFN-LNS), Italy, riccobene@lns.infn.it; 6Istituto Nazionale di Geofisica e 
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Mediterranean fin whale (Balaenoptera physalus) vocalizations are grouped into two main call types 

(Sciacca et al., 2015): type A, also known as classic pulse, a downswept pulse from 23 to 17 Hz, and 

type B, often called back-beat, with a constant frequency between 18 and 20 Hz. These sounds can 

be produced in short, isolated series or in long, stereotyped sequences called songs or bouts (Watkins 

et al., 1987). Songs are usually structured into complex patterned series. 

 

Several studies examined the 20-Hz calls and songs of fin whale populations worldwide (Širović et 

al., 2017). Songs have been previously studied in the western Mediterranean Sea (Castellote at al., 

2012). Previous works considered only the alternation of different inter-call-intervals (ICI). Here we 

describe for the first time the structure of the songs recorded in the Ionian Sea. Both the ICI and call 

type alternation were considered to investigate the occurrence of recurrent patterns or notes over 

different months. 

  

As described in Sciacca et al. (2015), the dataset used in this work was collected between 2012 and 

2013 in the Ionian Sea. Data were sampled continuously at 2 kHz by a hydrophone installed aboard 

the cabled NEMO-SN1 observatory, deployed on the seafloor at 2100 m, 25 km E from the harbor 

of Catania. 20-Hz calls were initially detected by using an automatic signal detector. Spectrograms 

of all the recordings containing fin whale calls were eventually analyzed with the aim of discerning 

separate songs, as defined by Watkins et al. (1987), and of classifying A and B types. Once calls 
were categorized, the song structure was studied in terms of ICIs and alternation of call types. Hence, 

“notes” were defined as a sequence of 2 or more calls with the same alternation of type and ICI. 

  

 Throughout one year of continuous monitoring, about 2300 calls were studied over 28 fin whale 

songs detected. The 35% of detected calls was classified as type A, 24% was type B, whilst the 

remaining 41% was noted as “unknown”. Six main notes were found, and ICIs were classified as 

either singlet, doublet, or triplet (Širović et al.,2017). The same patterns were found repeatedly over 

different months, indicating a recurrent song structure in the area. Preliminary results show how the 

classification of call type, together with ICI, is essential towards the characterization of fin whale 

song structures and for the definition of recurrent patterns in Mediterranean fin whale songs. 

 

Castellote, M., Clark, C. W., & Lammers, M. O. (2012). Fin whale (Balaenoptera physalus) population 

identity in the western Mediterranean Sea. Marine Mammal Science, 28(2), 325-344.  

Sciacca, V., Caruso, F., Beranzoli, L., Chierici, F., De Domenico, E., Embriaco, D., ... & Riccobene, G. 

(2015). Annual acoustic presence of fin whale (Balaenoptera physalus) offshore eastern Sicily, central 

Mediterranean Sea. PloS one, 10(11), e0141838.  

Širović, A., Oleson, E. M., Buccowich, J., Rice, A., & Bayless, A. R. (2017). Fin whale song variability in 

southern California and the Gulf of California. Scientific reports, 7(1), 1-11.  

Watkins, W. A., Tyack, P., Moore, K. E., & Bird, J. E. (1987). The 20‐Hz signals of finback whales 

(Balaenoptera physalus). The Journal of the Acoustical Society of America, 82(6), 1901-1912.  
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MODELLING PILE DRIVING SOUND AND MITIGATION IN  

RANGE-DEPENDENT ENVIRONMENTS 
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3Faculty of Civil Engineering and Geosciences, Department of Hydraulic Engineering, Delft University 
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Impact pile driving is one of the transient anthropogenic underwater sound sources that can 

potentially affect the marine life. The mathematical modelling tools play an essential role to predict 

the sound levels prior to the installation of a new offshore wind farm. Different modelling 

approaches are required for the modelling of the sound generation in the pile proximity, the 

mitigation of the noise with the use of air-bubble curtains and the sound propagation at a larger 

distance. Besides that, the interface and coupling between the different modelling approaches should 

be carefully considered without losing significant details.  

In this work, illustrative examples from the prediction of the pile driving noise are introduced for 

the short and long ranges to the pile. The impact of pile size, soil conditions, and mitigation systems 

analysed based on the virtual pile locations. The short-range predictions (up to 750 m) provide 

detailed spectral and temporal output in various metrics in the water (acoustic pressure, particle 

velocity) and sediment layers (stress and displacement vectors). The modelling of the particle 

motion in the seawater and seabed surface caused by pile installation is significant to assess the 

impact of the pile driving sounds on the marine animals which are both sensitive to the pressure and 

the particle motion. For the long-range predictions beyond 750 m, only acoustic pressure metric is 

calculated including the range dependent properties of the acoustic environment. Based on the 

combination of short and long-range models, sound maps are created to identify the contribution of 

the pile-driving to the underwater soundscape. 

Tsouvalas A., Metrikine, A.V. (2014), A three-dimensional vibroacoustic model for the prediction of 

underwater noise from offshore pile driving. J. Sound Vib., 333, 2283–2311.  

Sertlek H.Ö., Slabbekoorn H., ten Cate C., Ainslie M.A. (2019), Source-specific sound mapping: Spatial, 

temporal, and spectral distribution of sound in the Dutch North Sea. Environmental Pollution, 

247,1143-1157  

Peng Y., Tsouvalas A., Stampoultzoglou T. and Metrikine A. (2021), Study of the Sound Escape with the 

Use of an Air Bubble Curtain in Offshore Pile Driving, J. Mar. Sci. Eng., 9(2), 232.  
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SPATIO-TEMPORAL TRENDS AND EFFECTS OF  

OCEANIC NOISE ON WHALE ACOUSTIC OCCURRENCE  

OFF THE WEST COAST OF SOUTH AFRICA 
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Department of Zoology and Entomology, University of Pretoria, Private Bag X20, Hatfield, Pretoria 

0028, South Africa, fannie.shabangu@yahoo.com; 
2Fisheries Management Branch, Department of Forestry, Fisheries and the Environment, Foreshore & 

Department of Biological Sciences and Marine Research Institute, University of Cape Town, South 

Africa, dawityemane@gmail.com; 
3K. Lisa Yang Center for Conservation Bioacoustics, Cornell Lab of Ornithology, Cornell University, 

New York, United States, bje37@cornell.edu;  
4eORBCOMM, Apartado Correos 59, O Grove, Portevedra 36980, Spain, best.george@orbcomm.com 

Oceanic noise has been globally shown to negatively affect marine organisms; yet little to no noise 

research has been done around most African coasts, including the coast of South Africa. Here, we 

aimed to quantitatively describe seasonal spatio-temporal trends of ambient noise and its effect on 

acoustic detection of six whale species (Antarctic blue, fin, minke, southern right, humpback, and 

sperm whales) off South Africa’s west coast between 2014 and 2017. Noise levels were categorized 

according to frequency bands (Hz): 10–500, 500–1000, 1000–2000, 2000–3000, and 3000–4000.  

We evaluated effects of oceanographic conditions (wave height and period, ocean current speed, 

zonal and meridional wind speed, total precipitation, month, and hour) and vessel traffic on noise 

levels at different frequency bands for each recording site using random forest (RF) models. Due to 

high correlation between frequency bands, the lowest and highest frequency band for each recording 

site were used to model effects of noise levels on whale acoustic detection.  

Spring had lower noise level than other seasons. Recorders deployed at 855 and 4400 m water depth 

had higher ocean current speed-induced pseudo-noise levels than those deployed at 1118 m. 

According to RF models, vessel traffic-induced noise dominated the soundscape below 500 Hz, 

while wind speed-generated noise dominated the soundscape above 500 Hz. Low frequency (10-

500 Hz) band noise highly influenced acoustic detection of all six whale species. We provide 

baseline noise level trends and noise influence on whale acoustic detection off the west coast of 

South Africa. 
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THE FRESHWATER RED CHERRY SHRIMP Neocaridina davidi: 

A MODEL SPECIES TO STUDY ANTHROPOGENIC SOUND IMPACTS  

ON INVERTEBRATES 
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email: sasanazarm721@gmail.com 
3Universidad de Buenos Aires, CONICET, Instituto de Biodiversidad y Biología Experimental y 

Aplicada (IBBEA) - Facultad de Ciencias Exactas y Naturales, Departamento de Biodiversidad y 

Biología Experimental, Laboratorio de Biología de la Reproducción, Crecimiento y Nutrición de 

Crustáceos Decápodos, Ciudad Autónoma de Buenos Aires, Argentina, email: 

laura_lopez_greco@hotmail.com 

Sound-generating human activities have increased considerably ambient sound levels and are almost 

ubiquitous in marine and freshwater ecosystems across the globe. Anthropogenic (man-made) sound 

is an issue of international concern and that a rise in ambient sound levels may have negative 

consequences on aquatic animals at individual and community level (Slabbekoorn et al., 2010; 

Shafiei Sabet et al., 2016). Anthropogenic sound can affect negatively the behaviour of aquatic 

animals in several ways. Some studies addressed the effects of sound on fish species. However, there 

are considerable gaps in our understanding of the effects of sounds especially on invertebrates 

(Hawkins et al., 2015). Our interest is on the effect on the “lower levels of food web members”, i.e., 

small crustaceans as the red cherry shrimp, that are important invertebrate prey for freshwater 

predators. The red cherry shrimp Neocaridina davidi is a gregarious species abundant in freshwater 
habitats native from Asia and an excellent experimental model (López Greco et al 2022). Despite 

the fact that this invertebrate species has potential economic (ornamental) and ecological 

importance, there is no documentation about its behavioural performance in response to 

anthropogenic sound. This study deals with the effect of sound exposure on the behaviour of the red 

cherry shrimp under laboratory conditions. Both swimming activity and foraging performance were 

affected by sound exposition and could impair shrimp survival or fitness. These first results could 

also be a baseline to define welfare status in other crustacean species. Although some interesting 

sound related behavioural observations were observed in the freshwater red cherry shrimp, the 

results are preliminary. 

Hawkins, A. D., Pembroke, A. E., & Popper, A. N. (2015). Information gaps in understanding the effects of 

noise on fishes and invertebrates. Reviews in fish biology and fisheries, 25(1), 39-64.  

López Greco, L.S., Pantaleao, J.A.F., Tomas, A.L., & Bauer, R.T. (2022). Neocaridina davidi: una especie de 

interés ornamental y un modelo animal de alta plasticidad biológica con múltiples aplicaciones. Ciudad 

Autónoma de Buenos Aires, Argentina, Especialización en Pesca y Producción Acuícola, FCV-UBA. 

ISBN 978-987-88-1834-4  

Shafiei Sabet, S., Neo Y.Y., Slabbekoorn H. (2016) Impact of Anthropogenic Noise on Aquatic Animals: 

From Single Species to Community-Level Effects. In: Popper A., Hawkins A. (eds) The Effects of Noise 

on Aquatic Life II. Advances in Experimental Medicine and Biology, vol 875. Springer, New York, NY.  

Slabbekoorn, H., Bouton, N., van Opzeeland, I., Coers, A., ten Cate, C., & Popper, A. N. (2010). A noisy 

spring: the impact of globally rising underwater sound levels on fish. Trends in ecology & evolution, 

25(7), 419-427.  
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ASSESSING THE EFFECT OF HATCHERY NOISE ON THE DEVELOPMENT 

OF CHINOOK SALMON MECHANOSENSORY SYSTEMS 
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Modern fish hatcheries present unique rearing conditions for commercial fish. Excessive noise 

from common hatchery operations can lead to the improper development of important 

mechanosensory systems and, potentially, reduced fitness. We sought to determine if noise 

exposure influenced the lateral line or inner ear development of Chinook salmon (Oncorhynchus 

tshawytscha) fry. Experiments were conducted at Spring Creek National Fish Hatchery located 

along the Columbia River. In addition to producing industrial noise typical of hatcheries, this 

facility is also situated less than 30 m from a highway and active train track. We exposed 

developing fry to white noise @ 150 dB (re 1 µPa), ambient hatchery noise, or a sound dampening 

treatment. Samples were taken regularly until smoltification, after which all remaining fish were 

released. Otolith development was assessed visually after inner ear dissections to quantify the 

relative proportion of otoliths containing vaterite; an aberrant calcium carbonate polymorph that 

negatively impacts hearing thresholds in salmon. We also performed hair cell density measures 

along the saccular epithelium and performed auditory evoked potential measurements to assess 

potential hearing damage caused by prolonged sound exposure. We assessed changes to lateral line 

morphology using DASPEI, a vital dye that specifically labels lateral line neuromasts. To evaluate 

the effects of abnormal lateral line development we quantified neuromasts on the head and body of 

the fish and conducted rheotaxis assays to assess lateral line function. Developing fish were placed 

in a Loligo swim tunnel to determine their ability to maintain position in a current. Collectively, 

this research will inform hatchery practices that may ultimately increase fitness of important 

commercial fish populations. 
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ACOUSTIC ECOLOGY IN DIVING ALCIDS: AERIAL HEARING AND 

NESTING SOUNDSCAPES OF THE COMMON MURRE (Uria aalge) AND 

MARBLED MURRELET (Brachyramphus marmoratus) 
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Seabirds are important components of holarctic coastal ecosystems. As humans increasingly utilize 

these sensitive areas, deep-diving seabirds like Alcids face a unique combination of exposure to 

pervasive anthropogenic sound in both terrestrial and marine environments. However, the sound-

sensitivities and sensory ecology of this threatened group are largely unknown and shaped by 

different evolutionary pressures than non-diving birds (Zeyl et al., 2022), which complicates 

assessment of potential impacts from anthropogenic noise. 

Here, we present baseline data on aerial auditory sensitivities and nesting soundscapes of two diving 

Alcids: the deep-diving common murre (Uria aalge) that nests colonially, and the endangered 

marbled murrelet (Brachyramphus marmoratus) that nests solitarily. Auditory evoked potentials 

(AEPs) were used to assess aerial hearing in wild individuals (n=22) that were temporarily sedated 

and placed inside a field-deployed anechoic chamber. For both species, AEPs were detected across 

a 0.5 to 6 kHz frequency range, similar to other birds. Lowest mean auditory thresholds for the murre 

and murrelet occurred at 2 kHz and were 30 and 33 dB SPL, respectively, while hearing was 

generally sensitive across a range extending from 1 to 3.5 kHz. If in-air sensitivities are also 

indicative of underwater hearing sensitivity (Larsen et al., 2020), these Alcid species may have 

underwater hearing comparable to some pinnipeds. The short-term soundscape dynamics of each 

species’ nesting habitat also were investigated via passive acoustic recordings. Broadband sound 

levels were significantly higher at the sea-cliff nests of the murre (56–69 dB) than the old-growth 

forest nests of the murrelet (46–54 dB). In both nesting environments, the short-term soundscape 

dynamics were primarily caused by abiotic factors but driven by different cycles (tidal vs diel). 

These data provide baseline nesting soundscape descriptions for both species, as well as the first 

empirical audiograms for the marbled murrelet and an important update to previous hearing 

estimates of a single common murre (Mooney et al., 2019). Overall, frequencies of sensitive hearing 

in both species overlap with many anthropogenic noise sources, indicating Alcid susceptibility to 

disturbance from a range of noise types. Additionally, a comparison of these species’ audiograms to 

the broader avian literature suggests that while most diving seabirds studied to date have poorer 

aerial hearing than fully terrestrial species, aerial hearing of the tested Alcids was quite sensitive 

and largely comparable to most terrestrial birds. This suggests that auditory adaptations for deep-

diving (Zeyl et al., 2022) have not reduced aerial hearing in some Alcids. 

Larsen ON, Wahlberg M, Christensen-Dalsgaard J (2020) Amphibious hearing in a diving bird, the great 

cormorant (Phalacrocorax carbo sinensis). J Exp Biol 223:jeb217265. doi:10.1242/jeb.217265  

Mooney TA, Smith AB, Larsen ON, Hansen KA, Wahlberg M, Rasmussen MH (2019) Field-based hearing 

measurements of two seabird species. J Exp Biol 222:jeb190710. doi:10.1242/jeb.190710  

Zeyl JN, Snelling EP, Connan M, Basille M, Clay TA, Joo R, Patrick SC, et al (2022) Aquatic birds have 

middle ears adapted to amphibious lifestyles. Sci Rep 12:5251. doi:10.1038/s41598-022-09090-3  
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EFFECTS OF EXPLOSIVE SOUNDS ON THE INNER EAR OF PACIFIC 

MACKEREL (Scomber japonicus) 
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Studies of the effects of sounds from underwater explosions on fishes have not, until now, included 

examination of potential effects on the ear. We exposed caged Pacific mackerel (Scomber japonicus) 

located at seven distances (between approximately 35 and 800 m) to a single detonation of 4.5 kg 

of C4 explosives. After fish were recovered from the cages, the sensory epithelia of the saccular 
region of the inner ears were prepared and then examined microscopically. The number of hair cell 

ciliary bundles were counted at 10 pre-selected 2500 μm
2
 regions. Hair cells were significantly 

reduced in fish exposed to the explosion as compared to controls. The extent of these differences 

varied by saccular region, with damage greater in the rostral and caudal ends and minimal in the 

central region. The extent of the effect also varied in animals at different distances from the 

explosion, with damage occurring in fish as far away as 400 m. While extrapolation to other species 

and to other conditions (e.g., depth, explosive size, distance) must be done with caution, the effects 

on fish ears should be considered when estimating environmental impacts for underwater projects 

using explosives. 
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The last hundred years have seen the introduction of many sources of artificial noise in the sea 

environment that negatively affect marine organisms (Hildebrand et al. 2009). Little attention has 

been devoted to how much this noise could affect sessile organisms. Analyses by scanning (SEM) 

and transmission (TEM) electron microscopy revealed morphological and ultrastructural changes in 

seagrass after exposure to sounds in a controlled environment. These results are new to aquatic 

plants pathology. 

 

Low-frequency sounds produced alterations in Posidonia oceanica root statocysts, which sense 

gravity and process sound vibration (Hashiguchi et al. 2013). Nutritional processes of the plant were 

affected as well: we observed a decrease in the number of rhizome starch grains (Kuo, 1978), which 

have a vital role in energy storage, as well as a degradation in the specific fungal symbionts (Vohník, 

M., et al 2013) of P. oceanica roots. 

 

This sensitivity to artificial sounds revealed how sound can potentially affect the health status of P. 
oceanica. Moreover, these findings address the question of how much the increase of ocean noise 

pollution may contribute in the future to the depletion of seagrass populations and to biodiversity 

loss.  

 
Hashiguchi Y, Tasaka M, Morita MT (2013) Mechanism of higher plant gravity sensing. Am. J. Bot. 100, 

91–100  

Hildebrand JA (2009) Anthropogenic and natural sources of ambient noise in the ocean. Mar. Ecol. Prog. 

Ser. 395, 5–20 

 Kuo J (1978) Morphology, anatomy and histochemistry of the australian seagrasses of the genus Posidonia 

könig (Posidoniaceae). I. Leaf blade and leaf sheath of Posidonia australis hook F. Aquat. Bot. 5, 171–

190  

Vohník M, Borovec O, Župan I, et al. (2015) Anatomically and morphologically unique dark septate 

endophytic association in the roots of the Mediterranean endemic seagrass Posidonia oceanica. 

Mycorrhiza 25, 663–672  
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ANTHROPOPHONY CONTRIBUTION TO ACOUSTIC METRICS IN A 

MARINE SOUNDSCAPE 

Renata Sousa-Lima*1; Lara C. Lopes2; Elizane G. Oliveira3; Christopher Clark4 
1Laboratory of Bioacoustics, Department of Physiology & Behavior, Universidade Federal do Rio 

Grande do Norte, Brazil, sousalima.renata@gmail.com;  
2Laboratory of Bioacoustics, Department of Physiology & Behavior, Universidade Federal do Rio 

Grande do Norte, Brazil, lara.cunhalopes@gmail.com; 
3Laboratory of Bioacoustics, Department of Physiology & Behavior, Universidade Federal do Rio 

Grande do Norte, Brazil, elinerwen@gmail.com; 
4K. Lisa Yang Center for Conservation Bioacoustics, Laboratory of Ornithology, Cornell University, 

United States, cwc2@cornell.edu 

Anthropogenic noise (anthropophony) increasingly affects the oceans. Metrics to quantity acoustic 

energy are promising for application in long term environmental monitoring given its viability and 

low invasiveness and cost. However, acoustic indices have been showing controversial biases such 

application in marine environments.  

Here, we aimed to understand how acoustic metrics performed at different anthropophony levels in 

the most important humpback whale breeding site in the western South Atlantic Ocean. We 

calculated Power Spectrum Density, nine acoustic indices (SNR, ACT, 1-H[t], NDSI, 1-H[s], ACI, 

SPD, ACT, BGN), Long Duration False Color spectrograms (LDFCs) and ribbon plots for two areas 

in the Abrolhos Bank (Brazil). A Control (low vessel traffic) area and a Treatment (high vessel 

traffic) area with similar habitats and whale densities were acoustically sampled. The identified 

sound sources within those areas included humpback whale (Megaptera novaeangliae) 

vocalizations, fish choruses, and boat noise. The PSD analysis, the Treatment area showed higher 
sound pressure levels below 600 Hz, a frequency range characteristic of vessel noise. Some indices 

discriminated the areas but only NDSI appeared to be a useful metric to assess anthropogenic noise 

in our study site. ACI was influenced by the abundance of a single species (humpback whales) and 

should be used with caution as a diversity proxy. LDFCs and ribbon plots revealed humpback whale 

vocalizations but failed to expose vessel noise with the configuration settings used. Our findings 

contribute to the improvement of the methods to monitor marine soundscapes. 
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SEISMIC SURVEY RISK ASSESSMENT FOR THE COMMON DOLPHIN 

POPULATION IN THE SOUTH-WESTERN COAST OF PORTUGAL 

Giulia Spadoni1; Ricardo Duarte*2; Cristiano Soares3; Marc Fernandez4; Sérgio Jesus5 
1LARSys, University of Algarve, Portugal, gspadoni@ualg.pt; 2LARSys, University of Algarve, 

Portugal, rjduarte@ualg.pt; 3MarSensing Lda., Portugal, csoares@marsensing.com;  
4MARE-Madeira/ARDITI, Portugal, marc.fern@gmail.com; 5LARSys, University of Algarve, 

Portugal, sjesus@ualg.pt 

 

The soundscape of the marine environment suffers from a significant influence of anthropogenic 

noise sources. While the main source of noise resulting from human activities in the ocean is 

shipping, there are others such as military sonar, energy harvesting, seismic surveys, etc,, that 

contribute to potentially harmful effects on the surrounding marine life. In the past, several proposals 

involving seismic exploration were raised along the coast of Portugal, regardless of the fact that the 

Portuguese south-west coast is of great interest in terms of marine biodiversity. Several methods to 

assess the potential risk to which species could be exposed were proposed over the years (Erbe et 

al. 2014; Verling et al. 2021). The objective of this study is to assess the risk areas through the 

combination of species distribution maps and noise maps in the region of Setúbal as proposed by 

Erbe et al.,2014. 

 

A seismic survey was simulated in the region of Setúbal, between W[-8.92º;-8.87º] and 

N[38.42º;38.34º], in January and June 2019 using a GEO-Source200 Sparker as reference for the 

frequency range of 300-1000Hz. Concerning species distribution maps, the population of common 

dolphins was chosen as a representative of the small cetaceans present in the area. Ecological Niche 

Models (ENMs) were developed for the Portuguese coast combining observations records from 

multiple sources and environmental variables through maximum entropy modeling. 
 

The results on noise modelling indicate that sound levels of up to 190 dB are received in some areas, 

impacting the species hearing perception in a range of 40km around the surveying zone. 

Additionally, it was also possible to observe the influence of the seasons in the sound propagation. 

On the other hand, results from the ENM for the common dolphin (Delphinus delphis) showed high 

habitat suitability values along all the coast of Portugal, with a particularly strong habitat quality 

near the region of Setúbal, confirming this region as of great interest in terms of risk assessment and 

protection measures. 

 

The results on risk assessment were obtained by multiplying species distribution and noise maps in 

a normalized scale between 0 and 1, and by normalizing again the result of this multiplication. The 

results show the sensitivity of coastal areas, especially until the bathymetric line of 250m. 

Furthermore, during the summer season, higher levels of risk were found in a broader area than in 

winter, reflecting a seasonality and consequently indicating periods of the year less suitable for these 

practices. 

 
Erbe, Christine, Rob Williams, Doug Sandilands, and Erin Ashe. 2014. “Identifying Modeled Ship Noise 

Hotspots for Marine Mammals of Canada’s Pacific Region.” PLoS ONE 9(3): 1–10.  

Verling, Emma et al. 2021. “Application of a Risk-Based Approach to Continuous Underwater Noise at Local 

and Subregional Scales for the Marine Strategy Framework Directive.” Marine Policy 134(September): 

104786.  
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SOUNDSCAPES FROM A SALTWATER MARSH CAPTURED BY A 

HYDROPHONE ARRAY 
 

Mark Sprague*1; Phillip DeVille2; Joseph Luczkovich3 
1Department of Physics, East Carolina University, NC, United States, spraguem@ecu.edu;  
2Department of Physics, East Carolina University, NC, United States, 

phillip.deville.physics@gmail.com;  
3Department of Biology, East Carolina University, NC, United States, luczkovichj@ecu.edu 

Soundscape recordings allow listeners to know about the presence and activities of soniferous 

animals in an area (Pijanowski et al., 2011), and these recordings have been used to learn about both 

terrestrial (Fischer et al., 1977) and aquatic environments (Parks et al., 2014; Luczkovich and 

Sprague, 2022). If we want to learn about animals that we cannot see, we can listen to them. But 

most soundscapes recorded with a single hydrophone provide little information about the locations 

and movements of the sound-producing animals in the recording because hydrophones are 

omnidirectional at low frequencies. Therefore, we deployed a seven-hydrophone array in a very 

shallow saltwater marsh to learn about the locations of sound producers and their movements.  

The study site was at the University of South Carolina Baruch Marine Field Laboratory in the North 

Inlet-Winyah Bay National Estuarine Research Reserve near Georgetown, SC, USA. We deployed 

the hydrophones in water of depths of 1–1.70 m and recorded sounds using an eight-track 

simultaneous-sampling digital recorder for 24 hours. We determined the hydrophone positions by 

triangulating to known reference positions using a laser rangefinder and validated them using a Wide 

Area Augmentation System-enabled Global Positioning System (WAAS-GPS). We measured the 

time delays between the receivers by producing impulsive sounds underwater at known positions to 

calibrate the array.  

Although the array was deployed in a sub-optimal configuration, we were able to adjust the delays 

between the recordings to augment sounds produced at specific positions and identify the locations 

of sound sources. We detected sounds produced by Atlantic croaker Micropogonias undulatus, 

bighead searobin Prionotus tribulus, oyster toadfish Opsanus tau, silver perch Bairdiella chrysoura, 

spotted seatrout Cynoscion nebulosus, and striped blenny Chasmodes bosquianus as well as 

snapping shrimp (family Alpheidae). While many of the sound producers were stationary, we were 

able to track a silver perch that was calling as it swam by the array. In this presentation we describe 

the soundscape and show positions and times for many of the soniferous animals we recorded. 

Fischer, FP, Schulz, U, Schubert, H, Knapp, P, and Schmöger, M (1997) Quantitative assessment of 

grassland quality: acoustic determination of population sizes of orthopteran indicator species. 

Ecological Applications, 7(3):909–920. doi:10.1890/1051-0761(1997)007[0909:QAOGQA]2.0.CO;2  

Luczkovich, JJ and Sprague, MW (2022) Soundscape maps of soniferous fishes observed from a mobile 

glider. Frontiers in Marine Science, 9(2296-7745). doi:10.3389/fmars.2022.779540  

Parks, SE, Miksis-Olds, JL, and Denes, SL (2014) Assessing marine ecosystem acoustic diversity across 

ocean basins. Ecological Informatics, 21:81–88. Ecological Acoustics. 

doi:10.1016/j.ecoinf.2013.11.003  

Pijanowski, BC, Farina, A, Gage, SH, Dumyahn, SL, and Krause, BL (2011) What is soundscape ecology? 

An introduction and overview of an emerging new science. Landscape Ecology, 26(9):1213–1232. 

doi:10.1007/s10980-011-9600-8  
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BALANCING OF PARAMETERS FOR USE OF ADDS, SLOW START,  

AND SOFT START FOR OFFSHORE IMPULSIVE PILING TO DETERMINE  

THE MOST EFFECTIVE MITIGATION STRATEGY FOR EIAS 
 

Simon Stephenson*1; Stephen Cook2; Charlotte Birch3 
1Seiche Ltd, Hampshire, United Kingdom, s.stephenson@seiche.com;  
2Seiche, Devon, United Kingdom, s.cook@seiche.com; 
3Seiche Ltd, Hampshire, United Kingdom, c.birch@seiche.com 

Injury to marine mammals due to noise from impact piling of the foundations for offshore wind 

farms has become a significant concern in the UK and worldwide. With increasing pile sizes and 

hammer energies being proposed for future developments, this concern remains a significant 

consenting risk. 

The use of soft start (where the initial hammer energy is reduced for a period at the start of piling) 

and slow start (where the hammer strike rate is reduced) are common mitigation strategies for 

reducing the potential for injury to marine mammals in the UK. More recently, the use of Acoustic 

Deterrent Devices (ADDs) has become commonplace as an additional mitigation strategy for 

deterring marine mammals from the area where piling will take place.  

The range at which injury can occur depends upon numerous different factors, including the source 

level of sound radiated by the pile into the water column, hammer energy, strike rate, swim away 

speed, timings for each phase and propagation of sound away from the pile. In order for the 

mitigation strategy to be most effective, the animal needs to swim some distance from the pile before 

full power piling occurs. However, at present there is no definitive methodology for determining the 

most effective combination of ADD, soft start, and slow start in order to reduce the risk of injury to 

as low as practicable. 

This paper examines the various factors that affect the efficacy of a combined ADD, slow start and 

soft start piling mitigation protocols and makes recommendations as to how to design the most 

effective mitigation strategy. 
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OFFSHORE WIND TURBINES AS AN ANTHROPOGENIC NOISE SOURCE  

Michael Stocker*1 
1Ocean Conservation Research, CA, United States, mstocker@OCR.org 

The pivot from offshore oil to offshore wind has ushered in the advancement and development of 

offshore windfarms. While wind energy generation is an environmental improvement with regards 

to decreasing atmospheric carbon associated with fossil fuel energy generation, it does not come 

without environmental costs. Siting, construction, installation, operation, and maintenance are all 

accompanied by noise from benthic substrate vibration and mechanical impulse propagation of pile 

driving and other installation activities and from airborne and underwater sound transmission of 

operational noise. Operational noises include transmission of gearbox and propellor noises down 

the masts into the water and benthic substrate, but also infrasonic noise from propellor and mast 

interactions propagated into the barometric “soundscape.” These noises will be transforming the 

soundscapes of large areas of our Outer Continental Shelf habitats, both above and below the 

waterline, with known and unknown impacts on marine and avian biota. 

This presentation will provide an overview of turbine and windfarm noise sources with a focus on 

the known and potential biological impacts. 

Bradbury, Gareth, et al. (2014) Mapping seabird sensitivity to offshore wind farms, PLOS ONE, 9(9), 

e106366  

Creagh W. Breuner, Rachel S. Sprague1, Stephen H. Patterson and H. Arthur Woods (2013) Environment, 

behavior and physiology: do birds use barometric pressure to predict storms? The Journal of 

Experimental Biology 216, 1982-1990 doi:10.1242/jeb.081067 

Pine MK, Jeffs AG, Radford CA (2012) Turbine Sound May Influence the Metamorphosis Behavior of 

Estuarine Crab Megalopae. PLoS ONE 7(12): e51790. doi: 10.1371/journal.pone.0051790 

Solan, M., Hauton, C., Godbold, J. et al. (2016) Anthropogenic sources of underwater sound can modify 

how sediment-dwelling invertebrates mediate ecosystem properties. Sci Rep 6, 20540 

https://doi.org/10.1038/srep20540  

Stöber, Uwe and Frank Thomsen (2021) “How could operational underwater sound from future offshore 

wind turbines impact marine life?” J. Acoustical Society of America 149, 1791 

doi:10.1121/10.0003760 

Tougaard, Jakob, Oluf Damsgaard Henriksen, and Lee A. Miller (2009) Underwater noise from three types 

of offshore wind turbines: Estimation of impact zones for harbor porpoises and harbor seals. J. Acoust. 

Soc. Am., Vol. 125, No. 6  
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SUMMER INTERACTIONS BETWEEN ANTHROPOGENIC NOISE AND 

MARINE MAMMALS IN THE NORWEGIAN ARCTIC 
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North Research Centre for Climate and the Environment, Norway, lca@akvaplan.niva.no 

 

Increasing interest in petroleum and gas exploration in northern Norway has raised concerns about 

possible impacts on its marine ecosystem where noise has the potential to disrupt individuals. 

Particularly, the Lofoten-Vesterålen (LoVe) archipelago has a rich diversity of wildlife, and 

economical activities such as commercial fish stocks, nature tourism, and oil and gas exploration. 

There is a high degree of seasonal overlap in activities related to several of these components and 

marine mammals in the summer season. 

 

To investigate the current contribution of human-made sounds, we deployed one autonomous 

underwater vehicle (Seaglider
TM

) equipped with a hydrophone AMAR G4. The glider recorded 

passive acoustic data from July 22 to August 31, 2018, with a total sampling time of over 42000 
minutes. PAMGuard open-source bioacoustics software was used to process the acoustic data, 

monitor cetacean vocalizations, and measure noise levels. 

 

Noise from shipping was detected throughout the entire study period and represented the most 

predominant source of noise. Seismic shootings associated with oil and gas exploration were also 

detected in mid-August. Our analyses show that vessel noise dominates the study area, strongly 

contributing to noise levels at 63 and 125 Hz, frequencies at which the current legislation proposes 

to monitor ambient sound levels. Fin whales were the only baleen species identified and were 

detected during the entire study period, with a peak in the end of August. Conversely, blackfish 

(killer whales and pilot whales), sperm whales, and unidentified delphinids were mostly detected in 

early-August. Frequency overlaps between whale vocalisations and seismic and vessel noise were 

also observed. In conclusion, the glider was successfully deployed to monitor cetacean presence and 

assess the degree of temporal overlap between vocalising cetaceans and anthropogenic noise 

sources.  
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HABITAT-ASSOCIATED SOUNDSCAPES OF A LOWLAND DUTCH RIVER 

SYSTEM: POTENTIAL AND VULNERABILITY OF AUDITORY CUES TO 

MIGRATORY FISH 

 Kees te Velde*1 
1Leiden University, Gelderland, Netherlands, k.te.velde@biology.leidenuniv.nl 

 

Migratory fish encounter many challenges on their way up- and down-stream rivers. Important 

decisions that may affect survival, growth, maturation, and reproductive success, include how long 

to stay at a particular river section or what direction to take at bifurcations. There is a long history 

of scientific research investigating the effects of environmental stimuli that can affect these 

decisions, such as chemical cues and hydrodynamics. Only in recent years, a growing body of 

research indicates that also the natural soundscape may be an important cue for fish orientation. 

However, to date, we know almost nothing about the river soundscapes that are encountered by a 

wide range of migratory fish species. 

Migratory fish populations are among the most vulnerable in the world, with many species that are 

in danger of extinction. Meanwhile, anthropogenic disturbance and degradation of the natural 

soundscape is widespread and becoming increasingly prevalent. This research is a part of the 

SATURN project, which aims to investigate the impact and potential for mitigation of anthropogenic 

shipping noise on a wide range of taxonomic groups. The objective of our study is to investigate 

whether different river habitats have distinct soundscapes to ultimately test its potential as a cue for 

migratory fish species. 

We developed a methodology for acoustic recordings in rivers and gathered a replicated set of 

recordings in three different river habitats (brooks; small, slow-flowing river; and large, slow-

flowing river) in the Valleikanaal-Eem river system in the Netherlands. We sampled 20 locations 

with a total of 273 one-minute recordings. We measured a wide range of variables related to weather, 

water quality, and hydro-geomorphological features, such as wind, rain, transparency, oxygen level, 

and water depth, width, and velocity, that could all relate to or affect the natural soundscape. 

We found significant variation in spectral profiles between the large slow-flowing river and the two 

other river types. This was most prominent in the lower frequency range below 2.0 kHz, in which 

fish have best hearing ability. Additionally, we compared the spectral profiles of a limited number 

of biotic and anthropogenic sounds, which illustrated the relatively low amplitudes of natural 

soundscapes and severe masking potential of vessel noise in rivers. 
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CAN OPERATIONAL UNDERWATER SOUND FROM FUTURE OFFSHORE 

WIND TURBINES AFFECT THE BEHAVIOR OF MARINE MAMMALS?  
 

Frank Thomsen*1; Uwe Stöber2 
1DHI, DK-84, Denmark, frth@dhigroup.com;  
2WDP, Germany, u.stoeber@wpd.de 

Offshore wind farms are part of the transition to renewable sources of energy and both the total 

numbers and sizes of wind turbines are rapidly increasing. While the impact of underwater sound 

related to construction work has been in the focus of research and regulation, few data exist on the 

potential impact of underwater sound from operational wind farms. Here, we reviewed published 

sound levels of underwater sound from operational wind farms and found an increase with size of 

wind turbines expressed in terms of their nominal power. This trend was identified in both 

broadband and turbine-specific spectral band sound pressure levels (SPLs). For a nominal power of 

10MW, the trends in broadband SPLs and turbine-specific spectral band SPLs yielded source levels 

of 170 and 177 dB re 1 µPa m, respectively.  

The shift from using gear boxes to direct drive technology is expected to reduce the sound level by 

10 dB. Using the U.S. regulatory criterion for behavioral disruption for continuous noise (i.e., level 

B), a single 10MW direct drive turbine is expected to cause behavioral response in marine mammals 

up to 1.4 km distance from the turbine, compared to 6.3 km for a turbine with gear box. Impact 

ranges might then, however, still be larger than distances between wind turbines, so impact areas 

from single turbines overlap and the whole wind farm can be considered an impact area. We 

conclude that for larger size wind turbines, operational noise needs to be considered in sufficient 

detail as a part of the environmental impact assessment in the wind farm planning phase. In addition, 

further observations and modeling efforts are necessary to increase the accuracy of the estimates 

and resolve for further parameters like pile type and dimensions. 
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RESEARCH PRIORITIES FOR SOUND AND VIBRATION EFFECTS ON 

FISHES AND AQUATIC INVERTEBRATES FROM OFFSHORE WIND 

ENERGY DEVELOPMENT 
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11JASCO Applied Sciences, United States, david.zeddies@jasco.com; 12Biodiversity Research Institute, 

United States, kate.williams@briwildlife.org 

There are substantial knowledge gaps regarding both the bioacoustics and the responses of animals 

to sounds associated with pre-construction, construction, and operations of offshore wind (OSW) 

energy development. A workgroup of the 2020 State of the Science Workshop on Wildlife and 

Offshore Wind Energy recommended priority studies for the next five years to help stakeholders 

better understand potential cumulative biological impacts of sound and vibration to fishes and 

aquatic invertebrates as the OSW industry develops (Popper et al. 2022). The workgroup identified 

seven short-term priorities (defined as the next five years) that include a mix of primary research 

and coordination efforts.  

Key research needs include the examination of animal displacement and other behavioral responses 

to sound, as well as hearing sensitivity studies related to particle motion, substrate vibration, and 

sound pressure. Other priority needs include identification of priority taxa on which to focus 

research; standardization of methods; development of a long-term highly instrumented field site; 
and examination of sound mitigation options for fishes and aquatic invertebrates. Effective 

assessment of potential cumulative impacts of sound and vibration on fishes and aquatic 

invertebrates is currently hindered by these and other knowledge gaps. Filling such critical gaps in 

knowledge will improve our understanding of possible sound-related impacts of OSW energy 

development to populations and ecosystems.  

There is also a dearth of data from field studies conducted under real-world conditions that examine 

behavioral, physiological, and ecosystem effects of sound that may have possible fitness 

consequences. It is suggested that OSW-related sound research over the next five years focus on 

filling some of the most critical gaps in knowledge identified in this study. In the long term, the aim 

of such research should be to inform cumulative impact models, thereby substantially enhancing our 

understanding of possible sound-related impacts of OSW energy development to populations and 

ecosystems. 

Popper, A N, Hice-Dunton, L, Jenkins, E et al. (2022). Offshore wind energy development: Research priorities 

for sound and vibration effects on fishes and aquatic invertebrates. J. Acoust. Soc. Am. 151(1): 205-215.  
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PORPOISES DINE AT THE NEW RESTAURANT IN TOWN, BUT IT’S JUST 

YOUR AVERAGE FISH AND CHIPS 

Victoria Todd*1; Laura Williamson2 
1Ocean Science Consulting Limited, East Lothian, United Kingdom, vt@osc.co.uk;  
2Ocean Science Consulting Limited, East Lothian, United Kingdom, lw@osc.co.uk 

Offshore Oil and Gas (O&G) exploration and production activities have been cycling from cradle 

to grave for over a hundred years, spanning lifespans of many generations of marine fauna. 

Despite global occurrence of offshore infrastructure, implications of their presence for marine 

apex predators, including cetaceans, is understudied.  

We analysed Before After Control Impact data from autonomous underwater passive-

echolocation-click detectors (C-PODs) deployed at an offshore O&G production platform (70 m 

from legs) and at control locations 5 and 10 km away to investigate acoustic activity of harbour 

porpoise (Phocoena phocoena) from 2015 to 2020, before, during, and after platform construction, 

and exploration drilling activities. Despite a statistically significant decrease in porpoise detections 

following platform construction and initial drilling operations (2015–2016), daily detection values 

returned to baseline levels within five months. Previous noise measurements from a comparable 

location resulted in drilling-rig-produced Sound Pressure Levels (SPL) of 120 dB re 1µPa in the 

frequency range of 2–1,400 Hz. Over transient periods, Received Levels (RLs) varied by 15–20 

dB between softest (holding) and noisiest (drilling) operations.  

Porpoise forage regularly near offshore O&G rigs and platforms, and it is predicted that animals 

experience different noise regimes as they traverse the water column and can potentially detect the 

higher-frequency components of drilling noise to a distance of 70 m from the source. While 

measurements of operational noise and C-POD studies are currently ongoing at this platform, our 

findings have important implications for decommissioning, which does not currently consider 

impacts of platform presence on marine mammals in anything other than a noise-mitigation 

context. 
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FREQUENCY WEIGHTED THRESHOLDS FOR HEARING LOSS AND 

BEHAVIOURAL DISTURBANCE IN PORPOISES AND PHOCID SEALS 

Jakob Tougaard*1; Kristian Beedholm2; Peter T. Madsen3 
1Aarhus University, Dept. of Ecoscience, Denmark, jat@ecos.au.dk;  
2Aarhus University, Dept. of Biology, Denmark, kristian.beedholm@bio.au.dk;  
3Aarhus University, Dept. of Biology, Denmark, peter.madsen@bio.au.dk 

Substantial work has gone into establishing common criteria and thresholds for acoustic injury and 

behavioural disturbance to marine mammals (Southall et al., 2019; Southall et al., 2021). This 

process is iterative, however, and thresholds should be revisited as new data becomes available. 

Particular concern for acoustic impact is for harbour porpoises and phocid seals, partly because they 

are abundant in northern hemisphere shelf waters heavily influenced by human activities, partly 

because they are available in captive facilities and thereby lend themselves to controlled studies. 

Thus, a significant number of new studies have become available since the completion of the recent 

reviews. 

The commonly accepted criterion for acoustic injury is permanent threshold shift. The most recent 

guidance (Southall et al., 2019) provides auditory weighting curves for functional hearing groups of 

marine mammals, including very-high frequency (VHF) cetaceans (incl. harbour porpoise), and 

phocid seals in water (PCW). For impulsive sounds (from pile driving and air guns), there was strong 

support in new data for the thresholds proposed by Southall et al. (2019). For non-impulsive sounds 

there was good correspondence between exposure functions and empirical thresholds below 10 kHz 

for porpoises (applicable to assessment and regulation of military sonars) and between 3 kHz and 

16 kHz for seals. Above 10 kHz for porpoises and outside 3–16 kHz for seals, there were substantial 

differences (up to 35 dB) between predicted thresholds for TTS and empirical results. These 

discrepancies call for further studies. 

No common criteria and thresholds are available for behavioural disturbance by sound (Southall et 

al., 2021). However, it has been proposed, at least for porpoises, that perceived loudness of sounds 

may serve as predictor of acoustic disturbance and that frequency weighted sound pressure levels, 

could form the basis for reaction thresholds (Tougaard et al., 2015; Kastelein et al., 2022). A revisit 

of six previous studies on the effect of pile driving noise on porpoises, both in the wild and in 

captivity, where exposure could be quantified in terms of VHF-weighted sound pressure levels, 

shows that porpoises react to pile driving noise at received levels above 103 dB re. 1 µPa (VHF-

weighted). The two studies available for phocid seals are indicative of a PCW-weighted threshold 

for this group between 120 and 138 dB re. 1 µPa. 

Kastelein, RA, de Jong, CAF, Tougaard, J, Helder-Hoek, L, Defillet, LN (2022) Behavioral Responses of a 

Harbor Porpoise (Phocoena phocoena) Depend on the Frequency Content of Pile-Driving Sounds. Aquat 

Mamm 48:97-109. doi:10.1578/am.48.2.2022.97  

Southall, BL, Finneran, JJ, Reichmuth, C, Nachtigall, PE, Ketten, DR, Bowles, AE, Ellison, WT, Nowacek, 

DP, Tyack, PL (2019) Marine Mammal Noise Exposure Criteria: Updated Scientific Recommendations 

for Residual Hearing Effects. Aquat Mamm 45:125-232. doi:10.1578/am.45.2.2019.125  

Southall, BL, Nowacek, DP, Bowles, AE, Senigaglia, V, Bejder, L, Tyack, PL (2021) Marine Mammal Noise 

Exposure Criteria: Assessing the Severity of Marine Mammal Behavioral Responses to Human Noise. 

Aquat Mamm 47:421-464. doi:10.1578/am.47.5.2021.421  

Tougaard, J, Wright, AJ, Madsen, PT (2015) Cetacean noise criteria revisited in the light of proposed exposure 

limits for harbour porpoises. Mar Poll Bull 90:196-208. doi:10.1016/j.marpolbul.2014.10.051  
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ULTRASONIC ANTIFOULING SYSTEMS: A NOVEL BUT INCREASINGLY 

PERVASIVE NOISE POLLUTANT 

Jennifer Trickey*1; Gustavo Cárdenas-Hinojosa2; Lorenzo Rojas-Bracho3; Gregory Schorr4; 

Brenda Rone5; Eva Hidalgo-Pla6; Ally Rice7; Simone Baumann-Pickering8 
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Biofouling control has historically relied on paints to slow the accumulation of marine growth on 

vessel hulls. However, environmental concerns about the leaching of toxic chemicals from these 

coatings has led to the development of sound-based technologies. Ultrasonic antifouling (UA) 

systems use transducers that produce high frequency (>20 kHz) signals to disrupt and prevent the 
settlement of biofouling organisms. UA devices are unregulated, commercially available products 

and have become increasingly common in numerous international maritime industries. Although 

they are marketed as an eco-friendly alternative to antifouling paints, we found that these hull-

mounted devices elevate underwater noise levels in frequencies used by marine mammals, and can 

be an acoustic disturbance to marine wildlife. 

 

Long-term monitoring at Guadalupe Island, México revealed that seasonal operation of UA systems 

by tourist vessels resulted in the habitat displacement of a potentially resident population of Cuvier's 

beaked whales (Ziphius cavirostris). Passive acoustic recordings showed that the sustained use of 

these devices during the 2019 shark cage diving tourism season was associated with a decline in 

beaked whale acoustic presence, and a shift in beaked whale distribution was also evident from 

sighting data collected during visual surveys for cetaceans. The spectral content of the recorded UA 

signal directly overlaps with the communication space of Cuvier’s beaked whales and many other 

odontocetes, and this sort of habitat displacement could have negative impacts on the foraging 

success, reproductive rates, and health of these animals. 

 

A global variety of commercial, military, and passenger vessels are equipped with these devices, 

and they appear to be especially prevalent among cruise ships. The increasingly widespread use of 

this anthropogenic noise source raises concerns about potential impacts on marine fauna, particularly 

if the tourism industry is using this technology as they visit some of the more pristine marine areas 

worldwide. In addition to the hull-mounted ultrasonic systems documented in our study, acoustic 

antifouling devices can also be installed on stationary structures, such as aquaculture pens, offshore 

wind farms, and oil rigs. Furthermore, infrasonic antifouling systems that emit 17–27 Hz signals are 

also available, which likely pose risks to a diverse assortment of marine species with hearing 

sensitivities in the lower frequencies. Sound is highly relevant for the health and conservation of 

oceanic ecosystems, and policy frameworks should consider implementing regulations on these 

acoustic devices, particularly in marine sanctuaries and other biologically sensitive areas. 
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ENCOURAGING QUIETER SHIPPING: ALIGNMENT AND 

INCENTIVIZATION OF QUIET VESSEL NOTATIONS 

Krista Trounce*1; Michael Ainslie2; David Hannay3; Justin Eickmeier4 
1Vancouver Fraser Port Authority, British Columbia, Canada, krista.trounce@portvancouver.com,  
2JASCO Applied Sciences (Deutschland), Germany, michael.ainslie@jasco.com; 3JASCO Applied 

Sciences (Canada) Ltd., British Columbia, Canada, David.Hannay@jasco.com, 4SLR Consulting 

(Canada) Lt., Ontario, Canada, jeickmeier@slrconsulting.com 

The measurement and analysis of underwater vessel source levels is complex and evolving. As 

vessel-generated underwater noise gains increased attention internationally, vessel owners and 

operators are faced with the challenge of understanding their fleet noise emissions. A proactive 

vessel owner seeking to determine if their existing or future vessel design may qualify for a quiet 

vessel notation from a classification society must carefully evaluate the available certification 

options and consider the cost.  

In 2017, the Vancouver Fraser Port Authority became the first port in the world to offer financial 

incentives to ships with quiet vessel notations through reduced harbour dues. Differences in 

terminology, methodology, and approach from international ship classification societies, coupled 

with the current lack of a standardized approach for acoustic measurements of vessels in shallow 

water (Ainslie et al, 2022), can make quiet vessel certification daunting to the owner. Recognizing 

this challenge for regional and international ship operators calling the Port of Vancouver, the ECHO 

(Enhancing Cetacean Habitat and Observation) Program, supported by Transport Canada, initiated 

a three-year project to work with ship classification societies towards the alignment of quiet vessel 

notations. The project aims to improve the alignment of measurement, analysis procedures, and 

reporting metrics used by various class societies, to provide customers with more clarity on how 

quiet ship notations are obtained, and to compare them.  

JASCO Applied Sciences prepared an unpublished memorandum comparing the five quiet vessel 

notations available at the time of project inception in 2019 (as of 2022, there are seven societies 

offering quiet ship notations). A series of three annual stakeholder workshops was initiated in 
October 2020 with representatives from ship classification societies with quiet vessel notations and 

the International Association of Classification Societies, supplemented by subject matter experts 

associated with the development of ISO standards for underwater vessel noise measurement 

(ISO/AWI 17208-3). The workshop participants discuss and refine the proposed alignment 

document based on expertise, opinion, and emerging science. The document will continue to be 

refined over the three-year span, with an intended outcome of recommended amendments to existing 

quiet ship notations to reflect the consensus from the three workshops. The overarching goal of this 

project for the ECHO Program is to increase the number of vessels striving for and receiving quiet 

vessel notations and being recognized and rewarded for this practice. 

Ainslie, M. A., Martin, S. B., Trounce, K. B., Hannay, D. E., Eickmeier, J. M., Deveau, T. J., Lucke, K, 

MacGillivray, A.O., Nolet, V, & Borys, P. (2022). International harmonization of procedures for 

measuring and analyzing of vessel underwater radiated noise. Marine pollution bulletin, 174, 113124 

ISO/AWI 17208-3 Underwater acoustics — Quantities and procedures for description and measurement of 

underwater sound from ships — Part 3: Requirements for measurements in shallow water 

https://www.iso.org/standard/81321.html?browse=tc  

  

mailto:krista.trounce@portvancouver.com
mailto:michael.ainslie@jasco.com
mailto:jeickmeier@slrconsulting.com


The Effects of Noise on Aquatic Life  Berlin, Germany, 2022 
 

Page 167 of 187 

REAL-TIME MONITORING OF COASTAL & OFFSHORE CONSTRUCTION 

FOR IMMEDIATE DECISION MAKING 

Corentin Troussard*1; Yvan Eustache2; Laurent Dufrechou3 
1RTSYS, France, ctroussard@rtsys.fr,  
2RTSYS, France, yeustache@rtsys.fr,  
3RTSYS, France, ldufrechou@rtsys.fr 

With the global awareness of the need to make our energies cleaner, marine constructions, especially 

offshore, has multiplied in recent years, and we can expect to see these numbers increase even more 

rapidly. The presence of marine mammals during offshore infrastructure work (pile driving, drilling, 

dredging) is now a major environmental concern, as it’s been proven that they could be severely 

harmed by exceeding noises. 

In order to safeguard species and their natural habitats, more and more local legislations impose a 

cap on sound levels caused by all offshore activities. Wind farm developers, therefore, are required 

to measure, monitor, and mitigate noise caused by building work, and, today, underwater noise 

monitoring regulations are enforced in most countries as a means of protecting aquatic life. 

Expert in underwater acoustics and involved for several years in this field, RTSYS has perfected the 

onboard processing and communication capabilities of its RUBHY buoy to make it the ideal ally for 

this type of monitoring. A specific software has been developed in close collaboration with end-

users to facilitate analysis and understanding of the indicators while remaining accessible to 

newcomers in acoustics thanks to simple indicators. Allowing real-time visualisation of noise level 

information (such as SEL, SPL, Leq, 1/3 octave bands, etc.) it enables contractors to adapt in real-

time the power of their machines to best comply with the standards. At short distance, a WIFI link 

also allows to retrieve the raw acoustic data, allowing MMOs to process the audio files immediately 

to detect the possible presence of mammals and eventually put the work on hold until they leave. 

Finally, 4G or satellite link allows users far from the field to monitor levels via a dedicated web 

interface, accessible from anywhere in the world. Interface and thresholds are configurable to best 

fit the in-country recommendations and standards set by local agencies and the calculations 

obviously respect the international standards. 

Thanks to RTSYS commitment to these standards, RUBHY buoy is now officially recognized by 

many authorities around the globe, and nearly ten years after the initial product testing, the buoys 

are now deployed on offshore wind throughout America, Northwest Europe or Southeast Asia by 

some of the industry leaders like Jan de Nul, Boskalis, Iberdrola, Gardline, DEME, etc. 
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VARIATION OF UNDERWATER SOUNDSCAPES IN TAICHUNG PORT 

SURROUNDINGS 

Meng-Fan Tsai*1; Shih-Hsien Weng2; You-Ren Lin3; Chiao-Ming Peng4; Chi-Fang Chen5 
1Oceansound CO., LTD, Taiwan, mftsai@oceansound-tw.com; 2Oceansound CO., LTD, Taiwan, 

wengshihhsien@gmail.com; 3Taiwan International ports Corporation, LTD, Taiwan, 

Jack@twport.com.tw; 4Oceansound CO., LTD, Taiwan, pcmtsl@ms7.hinet.net; 
5National Taiwan University, Taiwan, chifang@ntu.edu.tw 

This study aims to investigate the underwater noise and the sounds of the Sousa chinensis 

taiwanensis (Taiwanese White Dolphins, TWD) near the Taichung port sea area. The survey site is 

between the north bank of the Tachia River and the south bank of the Dadu River which is about 15 

km long and covered the entire Taichung port. The measurement was carried out twice a year from 

2019 to 2021 by deploying three bottom-mounted acoustic recorders for 14 days each time. The 

variation in the ambient noise levels was measured at the different sampling sites. Also, whistles 

that are used for communication and socialization, and clicks used as navigation and foraging sounds 

of dolphins were identified together with anthropogenic activities and other biological sources. In 

order to do this, an application algorithm is developed to analyze by using Matlab program to detect 

the whistles and clicks of dolphins. 

The results show that Taichung port site (TP-2) was the most affected by continuous low-frequency 

noise generated by ship noise. The ambient noise at TP-2 is about 10 dB higher than others. The 

night chorus of croakers and whistles of dolphins can be detected in waters near the mouth of the 

Tachia River (TP-1 site). That is, it may be a feeding location for TWD. In addition to this, piling 

noise was recorded during the monitoring process because of the development of offshore windfarm 

in recent years. These underwater noises can also impact marine mammals and aquatic life. 

The results also indicate that passive underwater acoustic monitoring can contribute to 

understanding the change in dolphins' and fishes' activities. The evaluation will serve as a scientific 

basis to formulate ecological protection policies for marine biodiversity. Rich information is 

contained within ocean soundscapes, but real analytical challenges remain. 

Wang JY, Yang SC, Hung SK (2015). Diagnosability and description of a new subspecies of Indo-Pacific 

humpback dolphin, Sousa chinensis (Osbeck, 1765), from the Taiwan Strait. Zoological studies 54, 36.  
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FAUNAGUARD: AN ACOUSTIC DETERRENT DEVICE (ADD) BASED ON 

SPECIES SPECIFIC HEARING AND BEHAVIOURAL RESPONSE 
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In order to prevent adverse effects of marine infrastructural development works., such as physical 

interaction with equipment and/or exposure to high levels of underwater sound, Acoustic Deterrent 

Devices (ADDs) are one of the industry-standard solutions for deterring fauna temporarily from the 

worksite prior to potentially harmful activities. Most ADDs apply one singular tone at a fixed sound 

level that has been recognised as having a deterrence effect on the targeted fauna.  

The FaunaGuard is different in the sense that it applies several sounds at the lowest sound levels 

possible to trigger responses from particular species, which is determined by investigation of the 

species’ Behavioural Response Level. The sound emission is programmed to limit habituation risks 

by randomizing the different type of sounds and the pauses between sounds. Furthermore, 

FaunaGuard is a modular system, as it applies different sounds through different transducers for a 

variety of species, allowing for a species-specific solution and avoiding sound emissions in 

unnecessary frequency ranges. This, combined with robust, offshore-ready hardware makes the 

FaunaGuard a preferred solution in the ADD-sphere, as was recognized for porpoises in German 

waters (Voß, 2021). 

Within this paper, the FaunaGuard philosophy and the various development stages are explained. It 

provides the current development stages for various species modules (porpoise, seals, fish, and 

turtles). As an ultimate goal, the FaunaGuard system will comprise modules that can deter a range 

of targeted species without producing any unnecessary noise, both in sound levels and frequencies 

that may affect other species. This truly allows for safe fauna protection around marine construction 

sites. 

Voß, J. (2021). Response of harbour porpoises (Phocoena phocoena L., 1758) to the FaunaGuard and 

subsequent piling during the construction of offshore wind farms (Master's Thesis). Carl von Ossietzky 

Universitat Oldenburg.  
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Offshore wind is a rapidly developing industry and has become a priority for many countries seeking 

to meet their goal to reduce greenhouse gas emissions. Floating offshore wind (FOW) is expected 

to add significant additional energy generation capacity soon. While the operational noise of fixed 

offshore wind turbines has been described and cumulative noise levels from turbine arrays assessed 

(Tougaard et al., 2020), systematic measurements of underwater noise generated by floating offshore 

wind turbines are currently lacking. 

Here we present data on the underwater noise signature and levels of two existing FOW turbines 

and associated infrastructure. Underwater sound measurements were obtained over a period of 

several weeks at two FOW array locations on the east coast of Scotland. This dataset allows 

comparison of underwater noise from a 6 MW spar-buoy platform (HyWind (Scotland) Ltd., 

Peterhead) to those of a 9.5 MW semi-submersible platform (Kincardine Offshore Wind Ltd., 

Aberdeen). 

Multi-channel acoustic recorders were placed in close proximity (200–300 m) to one of the FOW 

turbines at each of the two study sites. This enabled characterisation of the sounds produced by 

individual turbines. Additionally, two calibrated single-channel recorders were placed at 500–600 

m and 2–3 km from the same FOW turbine, to compare noise levels and signal structure at different 

distances from the turbine and record local ambient noise conditions unaffected by turbine noise, 

respectively. 

This work will present sound pressure levels (Lp,rms dB re 1µPa) quantified in third-octave bands 

from all available recordings. Noise levels will further be correlated with various environmental and 

turbine related parameters (e.g., distance from turbine, wind speed, background noise level, current 

flow speed, turbine size, generator speed, rotor speed, vessel presence data, etc.) to characterise the 

noise of the two different FOW turbines across a range of varying conditions. 

 
Tougaard J, Hermannsen L, Madsen PT (2020) How loud is the underwater noise from operating offshore 

wind turbines? J Acoust Soc Am 148:2885–2893  
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SENSING IN A NOISY ENVIRONMENT: HEARING LOSS, PHYSIOLOGICAL 

STRESS AND BEHAVIORAL CHANGES IN ZEBRAFSH 

 Raquel Freire Pereira de Ornelas Vasconcelos*1 
1University of Saint Joseph, Lisbon, Portugal, raquel.vasconcelos@usj.edu.mo 

Although anthropogenic noise is known to cause hearing dysfunction and physiological stress in 

fish, limited knowledge is available on the mechanisms underlying noise-induced hearing loss, 

physiological stress responses, and the behavioral evidence of acoustic stress and anxiety. 

In this presentation, we will cover different topics of our ongoing research on the zebrafish model 

related to the effects of noise on (1) development, physiological stress, and anxiety-related behavior; 

(2) inner ear structure and function; and (3) gene expression of the inner ear saccule of ageing and 

young adults. 

So far, we have provided first baseline data of noise-induced hearing loss in this species and verified 

that such stressor causes physiological stress and behavioral disturbance in both larval and adult 

stages. Our research also identified noise-induced effects on inner ear structure–function in larval 

fish, which were paralleled by a decrease in auditory-evoked sensorimotor responses. Finally, our 

work provides first data on the interaction between noise and age effects in this model species. 
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IMPACT OF VESSEL TRAFFIC ON UNDERWATER SOUNDSCAPE AND 

MARINE MAMMALS IN THE PEARL RIVER DELTA 
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The waters of Hong Kong Special Administrative Region (SAR) are home for two resident species 

of marine mammals, Indo-Pacific finless porpoises (Neophocaena phocaenoides) and Indo-Pacific 

humpback dolphins (Sousa chinensis), which depend on sound to communicate and for orientation. 

However, noise pollution and habitat degradation brought on by heavy marine traffic and 

construction activities are posing unprecedented threats to the long-term survival of these resident 

species. 

On 4th February 2020, the Hong Kong-Macau high-speed ferry service was stopped due to the 

COVID-19 pandemic. The present study aimed to investigate the changes in acoustic biodiversity 

and occurrence of Indo-Pacific finless porpoises and Indo-Pacific humpback dolphins in Hong Kong 

waters associated with high-speed ferry cessation. 

In general, both ACI and H indices showed significant increases following the cessation of the high-

speed ferries. The occurrence of humpback dolphins showed significant increases in both seasons 

and more activity during the day after the ferry cessation. The occurrence of finless porpoises did 

not show a significant change with ferry cessation, which may be the result of the ongoing pressures 

such as construction activities that are already impacting the local population. This study is the first 

attempt to evaluate the effects of noise pollution reduction associated with marine traffic cessation 

on the occurrence of two key resident cetaceans in Hong Kong waters, as well as the first assessment 

of underlying changes in biodiversity and habitat health based on ecoacoustic metrics. 
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Johannes Veith*1; Lena Dressler2; Maximilian Hoffmann3; Thomas Chaigne4; Benjamin 

Judkewitz5 
1Charité Universitätsmedizin Berlin, Einstein Center for Neurosciences, NeuroCure Cluster of 

Excellence, Charitéplatz 1, 10117 Berlin, Germany, johandinox@gmail.com; 2Charité 

Universitätsmedizin Berlin, Einstein Center for Neurosciences, NeuroCure Cluster of Excellence, 

Charitéplatz 1, 10117 Berlin, Germany, lena.dressler@outlook.delena; 3Charité Universitätsmedizin 

Berlin, Einstein Center for Neurosciences, NeuroCure Cluster of Excellence, Charitéplatz 1, 10117 

Berlin, Germany, maximilian.hoffmann@charite.de; 4Aix Marseille Univ, CNRS, Centrale Marseille, 

Institut Fresnel, Marseille, France, thomas.chaigne@fresnel.fr; 5Charité Universitätsmedizin Berlin, 

Einstein Center for Neurosciences, NeuroCure Cluster of Excellence, Charitéplatz 1, 10117 Berlin, 

Germany, benjamin.judkewitz@charite.de 

Telling the direction of a sound source is crucial for many animals, including fish. How fish achieve 

this is subject to debate. One of the prominent models for directional hearing is the so-called phase 

model put forward by Schuijf’s et al. [1] and adjusted by Sisneros & Rogers [2]. It requires the fish 

to sense and compare pressure and particle motion components of a sound wave. Experimental tests 

of this theory have been challenging because pressure and motion components are difficult to control 

independently. 

We investigated directional hearing behavior in a recently introduced model organism [3], the 

otophysan fish Danionella cerebrum. To circumvent acoustic problems of small tanks [4] and to 

control particle motion and pressure components of sound, we implemented a multi-speaker system 

to actively cancel undesired pressure or particle motion content. We observed that Danionella 

startles away from an underwater speaker that emits a sudden loud sound, a signature of directional 

hearing. 

To probe into the mechanism of directional hearing, we played back sound from one side as well as 

an inverted sound from the other side. These two signals share the same particle motion but have 

opposing pressure polarity. Using this experimental paradigm, we found evidence that the 

relationship between pressure and particle motion is used as a cue of sound directionality. 

In addition, we found that inversion of the pressure waveform can double startle probability, which 

can be interpreted as evidence of yet another hearing skill: pressure polarity hearing. Our results 

confirm that Danionella can tell the direction of a sound source, using a strategy that is consistent 

with the phase model. 

[1] Schuijf A, Buwalda R J A (1975) On the mechanism of directional hearing in cod (Gadus morhua L.). J. 

Comp. Physiol. doi:10.1007/BF00709804  

[2] Sisneros  JA , Rogers P H, (2016) Directional Hearing and Sound Source Localization in Fishes, In: 

Sisneros J A (ed) Fish Hearing and Bioacoustics. Springer International Publishing, Cham, pp 121–

155.  

[3] Schulze L, Henninger J, Kadobianskyi M, Chaigne T, Faustino A I, Hakiy N, Albadri S, Schuelke M, 

Maler L, Del Bene F, Judkewitz B (2018) Transparent Danionella translucida as a genetically tractable 

vertebrate brain model. Nature Methods. doi:10.1038/s41592-018-0144-6  

[4] Akamatsu T, Okumura T, Novarini N, Yan H Y (2002) Empirical refinements applicable to the 
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THE EFFECT OF BOAT NOISE ON LUSITANIAN TOADFISH BREEDING 

MALES, SPAWNING SUCCESS AND EARLY LIFE STAGES DEVELOPMENT 
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Anthropogenic noise has been increasing during the last decades, altering soundscapes throughout 

most aquatic environments. In a field study we compared the effect of boat noise and ambient noise 

playback on the Lusitanian toadfish (Halobatrachus didactylus), a species that relies on 

advertisement calls for mate attraction. We inspected nests for occupation and the presence of eggs 
and assessed male vocal activity and stress responses. Furthermore, eggs were photographed before 

being assigned to a new nest, and after a new fortnight of exposure, survival, development and 

oxidative stress of eggs and/or larvae were assessed. Males exposed to boat noise showed less 

likelihood of receiving eggs, lower number of live eggs and higher number of dead eggs. Calling 

activity was also affected. Cortisol levels increased but other biomarkers showed lower antioxidant 

responses and pointed towards a decrease in metabolism. In the larvae, boat noise induced higher 

stress response and reduced growth, but offspring survival did not differ between treatments. These 

results suggest that males exposed to boat noise depressed their metabolism, their activity and ability 

to attract females. Furthermore, it shows evidence of detrimental effects on fish larvae. Together, 

our study demonstrates that boat noise can have severe impacts due to the effects on reproduction 

and development. 
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THE EFFECT OF BOAT NOISE ON MEAGRE:  

MASKING AND CHORUSING BEHAVIOUR 
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Aquatic noise has increased in the last decades, especially along the routes of freighter liners and in 

harbours areas, likely augmenting the pressure on aquatic animals’ acoustic communication and 

causing enhanced stress on populations inhabiting such regions. One of such areas, the Tagus 

estuary, holds important maritime harbours and a network of ferryboat connections, and is used as 

breeding grounds for several fish species, namely the meagre. Meagre (Argyrosomus regius) might 

be impacted by anthropogenic noise since it produces loud choruses during the breeding season. We 

assessed the impact of boat noise on this species acoustic communication by evaluating the masking 

effect using Auditory Evoked Potentials (AEP) and inspecting changes in chorus sound levels in the 

field upon boat passages. Our results show a significant masking effect with a reduction of ca. 20 

dB on the ability to discriminate conspecific calls when exposed to boat noise. Furthermore, we 

verified that although the effect of boat passages on adult meagre choruses is variable, on average 

we observe a reduction in chorus energy during ferryboat passages, a behavioural effect that might 

ultimately impact spawning. 
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SUSCEPTIBILITY OF HARBOUR PORPOISE HEARING  

TO INTERMITTENT SOUND EXPOSURES 
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The effects of intermittent sound exposures on the hearing of marine mammals are not well 

understood. Here we explore two different models to predict growth of Temporary Hearing 

Threshold Shift (TTS) in harbour porpoises, a species considered having vulnerable hearing. Based 

on a literature review, two different approaches for predicting TTS were considered: a modified-

power law (MPL) model, and a kurtosis-corrected equal energy model. These models were evaluated 

using TTS growth data obtained for harbour porpoises under different exposure conditions 

(intermittent and continuous sonar, and intermittent pile driving and airgun exposures). 

An adapted version of the MPL model was introduced, which attempted to overcome some 

shortcomings of the original model that required growth and recovery from individual exposures to 

be measurable (Humes and Jesteadt, 1991; Finneran et al., 2010). Fitting of the data to this model 

resulted in parameters that could explain TTS growth observed in a wide range of sonar exposure 

conditions (various SPLs, 10% duty cycle vs continuous exposure, and various exposure durations), 

but underestimated the TTS growth of exposure to impulse sound (airguns and pile driving) and 

sonar with higher (6-7 kHz) frequencies. These results suggested that the approach may be 

promising, but requires further development and validation, as well as additional data of TTS growth 

due to different signal parameters of the fatiguing sound. 

 

The kurtosis correction to frequency weighted SEL, which has been proposed for humans and 

terrestrial mammals, led to more predictable TTS onset thresholds, especially when the free 

parameter in this model was tuned specifically to the harbour porpoise TTS growth data (von Benda-

Beckmann et al., in review). However, the model failed to account for recovery between pulses. 

Kurtosis correction may be useful to inform underwater noise criteria for different sound types with 
different degrees of impulsiveness. However, further replication with more individuals, as well as 

studies in other marine mammal species are required to evaluate how broadly applicable any kurtosis 

correction is. At present, application of kurtosis corrections to a wider range of marine mammal 

species and exposure conditions should be used with caution. 

 

It was concluded that an adapted version of the modified-power law (MPL) model was a promising 

model for TTS growth for intermittent exposures which allows integrating the effect of hearing 

recovery between intermittent airgun shots. This should be explored further to better address the 
frequency-dependent TTS growth and a wider range of interval times between exposures. 

 
Humes LE and Jesteadt W (1991) Modeling the interactions between noise exposure and other variables. 

The Journal of the Acoustical Society of America 90, 182  

Finneran JJ, Carder DA, Schlundt CE and Dear RL (2010) Temporary threshold shift in a bottlenose dolphin 

(Tursiops truncatus) exposed to intermittent tones. The Journal of the Acoustical Society of America 

127, 3267-3272  

von Benda-Beckmann AM, Ketten DR, Lam FPA, de Jong CAF, Müller RAJ, and Kastelein RA (in review) 

Evaluation of kurtosis-corrected sound exposure level as a metric for predicting onset of hearing 

threshold shifts in harbor porpoises (Phocoena phocoena) in review with JASA  
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Before piling of offshore wind farm foundations, acoustic harassment devices are used to drive 

harbour porpoises out of the area where they could suffer injuries. In Germany, the so-called seal 

scarer was mandatory as an acoustic harassment device until 2017. However, seal scarers led to 

decreased porpoise detection rates at much larger distances than intended, when 1 km is usually 

rendered sufficient to avoid injuries. Therefore, a special porpoise scarer (FaunaGuard Porpoise 

module) is now prescribed and used as a harassment device to achieve a lower disturbance effect on 

harbour porpoises. 

 

The presented study evaluated the effectiveness of a FaunaGuard. In four offshore wind farm 

projects in the North Sea, harbour porpoise detection rates were monitored acoustically using C-

PODs. Pile driving took place between March 2018 and April 2019. 

 

Assuming that detection rates indicate physical presence, the FaunaGuard was found to be a highly 

effective acoustic harassment device to displace harbour porpoises from a small-scale area in the 

short term and thus to avoid injuries. Detection rates decreased by 48% during FaunaGuard 

operation at distances up to 1.5 km, compared to an average of six hours before FaunaGuard 
operation. Furthermore, reduced detection rates were observed only in up to 2.5 km distance during 

FaunaGuard operation, so that in contrast to the seal scarer obviously no far-reaching deterrence 

occurred. Due to the shorter effect range of the FaunaGuard and improved noise mitigation systems, 

the response of harbour porpoises to the FaunaGuard and subsequent pile driving at larger distances 

seemed to be lower than shown by studies where pilings with a seal scarer as acoustic harassment 

device were investigated. 

 

All results from the present study indicate that a FaunaGuard should be used instead of a seal scarer 

for future construction of offshore wind farms, assuming there is no habituation effect. Although 

this study only covers projects in the North Sea, we suppose that a FaunaGuard will also work in 

the Baltic Sea. Specific porpoise scarers such as a FaunaGuard are an important step forward to a 

less harmful piling procedure.  
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ON MARINE BENTHIC INVERTEBRATES 
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Low-frequency noise (LFN), or sound waves with frequencies from 10 Hz to 500 Hz, has increased 

substantially in coastal and shelf waters over the last decades. This is in large part due to the 

escalation in human activities such as shipping, wind farming, and pile-driving. Concern over how 

LFN affects marine mammal and fish welfare (e.g., foraging efficiency, acoustic communication 

interference) has led the European Marine Strategy Framework Direction to include noise as a 

descriptor for achieving “good” environmental status. While the effects of anthropogenic noise on 

marine mammals and fish are by no means well documented, the effects of such noise on marine 

benthic invertebrates, crucial ecosystem engineers that continually rework sediment, are even less 

understood.  

Here, we present how LFN affects the behavior and sediment reworking activities of select 

macrobenthic invertebrate species from the North Atlantic in controlled laboratory setups. The 

polychaete Lanice conchilega, an abundant benthic invertebrate, exhibited behavioral responses to 

LFN in the form of modified pumping behavior. The amphipod crustacean Corophium volutator 

was negatively affected by LFN, exhibiting lower bioturbation rates and shallower burial depths 

compared to controls. The effect of LFN on the polychaete Arenicola marina and the bivalve 

Limecola balthica remained inconclusive, though A. marina displayed greater variability in 

bioirrigation rates when exposed to LFN. Benthic macroinvertebrates may be in jeopardy alone with 

the crucial ecosystem-maintaining services they provide, thus more research is urgently needed to 

understand, predict, and manage the impacts of anthropogenic noise pollution on marine fauna and 

their associated ecosystems. 
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Anthropogenic noise is of global concern and recognized as a major stressor for animals. However, 

despite the evidence of detrimental effects of noise exposure on fish, knowledge about the chronic 

effects on the critical early life stages, larvae period of development, is still scarce. To test the impact 
of long-term exposure to increased anthropogenic noise on growth, behaviour, stress, and cognition 

during the larvae stage, we exposed half-siblings of African cichlid (Metriaclima zebra) larvae 

immediately after mouthbrooding to boat noises (~130dB), and the other half of the siblings from 

the same female were reared under the same water condition without noise (~100dB) to exclude the 

genetic effect. Boat noise fish were exposed to motorboat noises that were randomly positioned on 

the 24h audio track from 9 am to 6 pm and silence was played the rest of the day to mimic the daily 

activity of a leisure base. During 6 months of the experimental period, the length of each fish was 

measured every week, and feeding and social behaviours were recorded by 10-min videos filmed 

once a week. Individual behaviours such as stress, swimming activity, and aggressiveness of each 

larva under different conditions were tested after 3 months. One of our results shows that fish under 

boat noise condition are smaller than the control fish in the first 3 months, however, there is a reverse 

in the size subsequently. Moreover, the length variability in boat noise groups after 3 months was 

larger than in control groups. Thus, the results indicate that long-term exposure to increased boat 

noise has different impacts on fish growth in different life stages. In the next step, we will conduct 

further analysis of the changes in growth by combining social and feeding behavior over their 

development. These findings have implications for our understanding of increasing anthropogenic 

noise effects on growth and behaviours in the early stage of aquatic organisms. 
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ON FISH OTOLITHS 
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Previous experiments have shown evidence that exposure to high intensity sounds (e.g., air-gun 

signals) may cause damage to the sensory hair cells of the fish ears and impair fish hearing 

(Popper et al., 2005; Hastings et al., 1996; McCauley et al., 2003). It was suggested that the angle 

of sound energy arrivals at the fish ears may play a part in the propensity of causing damage to 

hair cells on the membrane coupled to the otoliths (McCauley et al., 2003; McCauley et al., 2007). 

To further study this and gain insight into specific details of the relative motion driving the otolith, 

which stimulates sensory hair cells, when impulse sounds arrive from different directions, a 3D 

finite element model was constructed based on the microCT imaging of the ears of the red snapper 

(Centroberyx gerrardi). The models simulated the fish otolith response to the sounds arriving from 

the horizontal and vertical directions. Sound pressure levels, relative displacement, and shear 

stress of the otoliths and macula with hair cells on them were calculated and compared. The results 

suggest that the angle of sound energy arrivals at the otoliths and the geometry of the otolith itself 

may contribute to the differential motion of membrane and otolith in the fish ears. 

Hastings MC, Popper AN, Finneran JJ et al (1996) Effect of low frequency underwater sound on hair cells 

of the inner ear and lateral line of the teleost fish Astronotus ocellatus. J Acoust Soc Am 99:1759–1766 

 McCauley RD, Fewtrell J, Popper AN (2003) High intensity anthropogenic sound damages fish ears. J 

Acoust Soc Am 113:638-642  

McCauley RD, Salgado Kent C, Levings A et al (2007) Observations, catch and ear pathology of caged fish 

exposed to seismic survey passes. Report prepared for Santos Ltd., CMST Curtin University R2007-

19, 62:45  

Popper AN, Smith ME, Cott PA, et al (2005) Effects of exposure to seismic air-gun use on hearing of three 

fish species. J Acoust Soc Am 117:3958–3971  
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The application of Best Available Techniques/Technology (BAT) and Best Environmental Practice 

(BEP) is required under several international agreements and conventions. For shipping noise, this 

includes minimizing cavitation, better maintenance, and optimizing the propeller design to the hull 

and to usual operating conditions, which often also improves efficiency. Focusing quieting on the 

10-15% of the noisiest ships will go furthest in reducing overall shipping noise. Slow steaming, or 

reducing ship speed mainly to save fuel, from an average of 16 kts to 14 kts (12% speed reduction) 

as was done in the Mediterranean, probably reduced the overall broadband acoustic footprint by 

over 50%. Slow steaming has the advantage that no retrofitting is required and GHG emissions are 

reduced. For seismic airgun surveys, quieting technologies, such as Marine Vibroseis (MV) that 

could replace airguns, show the most promise, as much of the energy (the mid- or high-frequencies) 

emitted by airguns is wasted. A controlled sound source, like MV, tailor-made to the specific 

environmental conditions and without the damaging short rise time of airguns would likely be more 

environmentally friendly towards marine life. Mitigation measures for airgun surveys should show 

proof of efficacy and should include: avoiding sensitive areas and times, not proceeding in 

conditions of poor visibility such as at night (unless techniques that are as effective as mitigation in 

good visibility are developed), establishing statistically meaningful baseline studies of biological 

abundance and distribution, and providing a thorough quantitative analysis of synergistic and 

cumulative impacts from other noise and non-noise stressors. Quieting technologies would almost 

certainly require much fewer mitigation measures. Many new quieting technologies and alternative 

low-noise foundation concepts have been developed for pile driving, mainly due to the German 

government setting an action-forcing standard and noise limit. The great variety of quieting 

technologies and noise abatement systems for pile driving is in stark contrast to the lack of 

innovation that is occurring for quieter alternatives to the seismic airgun, where, for instance, MV 

has been in development since 2008 yet has made little progress. Even though >150 marine species 

have shown impacts from ocean noise pollution, managing this threat is best done using a 
precautionary approach (i.e., quieting), due to the difficulty in detecting the exact scenario where 

ecosystem and population consequences from underwater noise occur. Especially where quieting 

also reduces greenhouse gas emissions and encourages technological innovation, this approach is 

likely the most effective.  
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Fisheries and Oceans Canada’s Coastal Acoustic Monitoring project aims to better understand 

baleen whale presence and characterize the soundscape at coastal sites off Nova Scotia, Canada. We 

began deploying passive acoustic monitors for this project in December 2018. In order to compare 

the contribution of various sources of sound to the soundscape at the different sites, we have taken 

a sound energy budget approach to the initial data analysis.  

 

We present results here for the longest-running site, Chedabucto Bay, near the approaches to one of 

the largest ports in Nova Scotia. The percent contributions of wind, vessels, and “other” sources to 

the total noise energy budget for the 1/3 octave bands centred at 100 Hz, 500 Hz, 1 kHz, 2 kHz, 5 

kHz, and 10 kHz were calculated. Vessel noise was the dominant contributor to sound energy in the 

lowest frequency band in almost every month except during the August–November 2020 period, 

during which irregular vessel movements are suspected to have impacted the accuracy of the noise 

modelling, and in April 2021. The sound energy budget analysis can be useful for comparing 

different sites, as well as the same site over time, but should be complemented by other analyses 

that can present information on levels of sound energy.  
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DEVELOPMENT OF UNDERWATER ACOUSTIC DETERRENTS FOR 

INVASIVE SPECIES CONTROL 
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Globally, aquatic invasive non-native species (INNS), due to anthropogenic activities, are a form of 

aquatic pollution that has severe consequences on the environment, ecological diversity, and 

economics. INNS are often unconstrained by competition and predation, exploit resources 

throughout their range, and thus continuously expand into vulnerable environments. As a part of the 

national effort to prevent invasive carp from expanding into the Great Lakes and into naïve habitats, 

ERDC & USACE are developing, evaluating, and deploying prototype non-structural technologies 

to assist with limiting invasive carp and other aquatic invasive species.  

“Isolation management,” “selective fragmentation,” and “intentional fragmentation,” involve the 

use of deterrents, and barriers are typically used within freshwater systems to control movement and 

population expansion (Jones et al. 2021). Underwater acoustics is currently the only non-structural 

deterrent or attractant that can be managed to be species-agnostic (Putland et al. 2019) or more 

species-specific (Vetter et al. 2019), thereby reducing the ecosystem impact (Altenritter et al. 2019), 

cost to deploy and maintain, and risk to humans compared to other non-structural technologies. 

An underwater acoustics deterrent system (uADS) along with a flushing lock, an automated barge 

clearing deterrent (ABCD), air dispersal curtain (AiD) are proposed as a multi-deterrent system for 

Brandon Road Lock and Dam (Joliet, IL, USA) on the Des Plaines River. We will provide updates 

on the technological advancements and limitations of uADS, current research, and how it is 

informing the design and deployment of upcoming uADS deployments. Results of ongoing 

underwater acoustic research will help managers and stakeholders understand the effectiveness of 

uADS, and importantly provide considerations for introducing noise into an ecosystem and impacts 

on native species. 

Altenritter ME, Pescitelli SM, Whitten AL, and Casper AF (2019) Implications of an invasive fish barrier 

for the long-term recovery of native fish assemblages in a previously degraded northeastern Illinois 

River system. River Res Appl 35:1044-1052. doi:10.1002/rra.3457  

Jones PE, Tummers JS, Galib SM, Woodford DJ, Hume JB, Silva Luiz GM, Braga RR, Garcia de Leaniz C, 

Vitule JRS, Herder JE, Lucas C (2021) The Use of Barriers to Limit the Spread of Aquatic Invasive 

Animal Species: A Global Review. Front Ecol Evol 9:611631. doi:10.3389/fevo.2021.611631  

Putland RL, Mensinger AF (2019) Acoustic deterrents to manage fish populations. Rev Fish Biol Fisheries 

29:789-807. doi:10.1007/s11160-019-09583-x  

Vetter BJ, Brey MK, Mensinger AF (2018) Reexamining the frequency range of hearing in silver 

(Hypophthalmichthys molitrix) and bighead (H. nobilis) carp. PLOS ONE 13(3): e0192561. 

doi:10.1371/journal.pone.019256  
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CONTEXT-DEPENDENT EFFECTS OF NOISE ON NEST DEFENCE IN THE 

SONIFEROUS PLAINFIN MIDSHIPMAN FISH 
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Noise pollution has been steadily increasing in the ocean, negatively affecting aquatic ecosystems 

by causing both behavioural and physiological deficits for many marine animals, including fishes. 

Until recently, most research investigating the effects of noise on fish has been performed in 

controlled laboratory settings; however, these experimental conditions may lack ecological validity, 

and it is largely unknown whether the effects observed in aquaria are representative of real-world 

responses for animals experiencing noise in the wild. While the number of field studies has grown 
drastically in recent years, there is still a deficit of empirical in situ research examining the effects 

of noise on fish, and there have been few lab-field integrative studies to date.  

In this study, we used a combination of laboratory and field experiments to assess the effects of 

noise on nest defence and parental behaviour in a soniferous intertidal-breeding toadfish, the plainfin 

midshipman (Porichthys notatus), which relies on acoustic communication for mate attraction and 

nest defence. Nest-guarding males (without eggs) in aquaria exhibited a nearly fourfold increase in 

defensive behaviours during boat noise playbacks through an underwater speaker compared to 

ambient conditions. However, in the field, we observed no clear changes in the defensive or parental 

behaviours exhibited by guarding males (with eggs) during exposure to noise produced by vibrating 

Noise Eggs, which emit a low-frequency tone accompanied by several harmonics. Our study 

demonstrates that anthropogenic noise can alter nest defence behaviour in plainfin midshipman fish, 

but also that its impact depends on contextual cues, such as testing environment, presence of eggs, 

and type of noise stimulus used. Our results highlight the importance of considering testing 

environment when designing experiments and interpreting results, and the need for more field 

studies and lab-field integrative studies to quantify and mitigate the harm noise pollution causes to 

marine animals and populations in coastal environments. 

 

  

  

mailto:katrinan@uvic.ca
mailto:whalliday@wcs.org
mailto:sigal@mcmaster.ca


The Effects of Noise on Aquatic Life  Berlin, Germany, 2022 
 

Page 185 of 187 

MEASUREMENTS OF THE RESONANT PROPERTIES OF FISH SWIM 

BLADDERS USING AN IMPEDANCE TUBE 
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The resonant properties of fish swim bladders have been widely discussed and utilised in the 

application in marine environments like fish school detection and biomass estimation. 

Measurements and analysis of swim bladder resonance had been carried out on saltwater species 

using the ring method (McCartney and Stubbs, 1971), which required complicated experimental 

arrangements in open water. For freshwater ecosystems, the application of resonant properties of 

fish swim bladders is not sufficiently established. Towards that end, a method was developed for 

the purpose of measuring the resonance frequency and damping of fish swim bladders using an 

impedance tube. This tube was designed to be operated in the limit for frequencies below the lowest 
tube resonance, which was near 500 Hz. As a special form of bubbles in water, the acoustical 

properties of fish swim bladders can also be measured using the same method developed for 

measuring free bubbles (Leighton et al., 2002) and large encapsulated bubbles (Lee et al., 2012). 

Individual swim bladder resonance frequencies and quality factors were measured for recently 

euthanised fish of various sizes. The resonance was observed to be highly damped due to the 

surrounding fish tissue as expected. The experimental results were also compared with the existing 

data and predictive models (Sand and Hawkins 1973) of swim bladder resonance and damping. 

 

McCartney BS, Stubbs AR (1971) “Measurements of the acoustic target strengths of fish in dorsal aspect, 

including swimbladder resonance” J. Sound. Vib. 15(3): 397-420.  

Leighton TG, White PR, Morfey CL and Clarke JWL (2002) “The effect of reverberation on the damping of 

bubbles” J. Acoust. Soc. Am. 112(3): 1366-1376.  

Lee KM, McNeese AR, Tseng LM, Wochner MS and Wilson PS (2012) “Measurements of  resonance 

frequencies and damping of large encapsulated bubbles in a closed, water-filled tank” J. Acoust. Soc. 

Am. 132(3): 2039-2039. 

Sand O, Hawkins AD (1973) “Acoustic Properties of the Cod Swimbladder” J. Exp. Biol. 58(3): 797-820.  
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PROPAGATION EFFICACY MAY BE ONE OF THE IMPORTANT 

ECOLOGICAL DRIVERS OF STEREOTYPIC DESIGN OF KILLER WHALE 

CALLS TO ESCAPE MASKING IN NOISY ENVIRONMENTS AND TO 

PRESERVE COMPLEX SOCIAL FUNCTIONS OF CALLS 
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Aside from echolocation clicks, killer whales (Orcinus orca) produce narrowband whistles and 

pulsated broadband calls, some of which contain narrowband whistle-like components parallel or in 

sequence to the more broadband components. Since first described as moans or squeals, pulsed calls 

have been extensively studied.  

 

This research primarily focused on social functions, such as maintaining contact by members of 

family groups or hunting parties, recognition of communities, sub-populations of interacting versus 

non-interacting whales. Social learning and intergenerational social transmission of call structure 

was seen as the main driver for stability of group or population specific repertoires of stereotyped 

calls that appear to change very slowly over generations. Other ecological drivers potentially 

influencing call stability have been given less attention and especially the influences of propagation 

and ambient noise on structural conformity has not been a focus. The stereotypic design of calls, 

however, allows identification of group and population membership at considerable distances and 

at least in some populations appears to be associated with assorted mate choice. In order for calls to 

be recognizable at greater distances the design needs to allow reliable propagation in differing 

ambient noise conditions.  

 

In a number of experimental field trials, the influence of noise on propagation of calls from two 

different populations of fish-eating specialists was examined. The goal of these experiments was to 

determine if call design allows some degree of noise masking escape and to determine whether 

specific call features allow for better propagation of calls. Model simulations of call detection range 

variation suggested that calls from different sub-populations who spend the majority of time in 

different acoustic environments show differences in detection probabilities based on whether the 

calls were transmitted in noisier environments. The field experiments showed that the propagation 
of dominant frequencies of calls that varied over the course of calls between call components also 

varied in propagation distances and propagation was correlated with the ambient noise levels present 

at different receiver locations such as upper or lower parts of the water column. Furthermore, certain 

buzz-type call components, which are a common feature of killer whale calls, differed in propagation 

based on whether the call was from a sub-population spending more time in noisy environments 

versus those spending more time in less noisy environments. 
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IMPULSIVE OR NON-IMPULSIVE: DETERMINING HEARING LOSS 

THRESHOLDS FOR MARINE MAMMALS 
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It has long been known that short, loud sounds may cause hearing loss as well as long-duration, 

lower-level sounds. The idea that equivalent sound energy results in equivalent hearing loss, the so-

called equal energy hypothesis, has formed the basis of our thinking about hearing loss, including 

regulations to protect hearing (e.g., NIOSH 1998). It has also been recognized that temporal aspects 

of sound may result in different amounts of hearing loss and, for regulatory purposes, lower 

thresholds are often used for predicting hearing loss in marine mammals exposed to impulsive 

sounds compared to non-impulsive sounds (e.g., NMFS 2018). Determining whether a sound is 

impulsive or non-impulsive, however, is not quantitatively defined.  

 

A qualitative approach is currently taken to classify the sound source. The qualitative approach and 

guidance by exemplar is problematic when considering the variety of sounds that sources can 

produce and for sources that do not neatly fit into one category, such as down-the-hole hammering 

that consists of drilling (non-impulsive) and hammering (impulsive). Quantitative definitions have 

been suggested to classify signals as impulsive or non-impulsive to better gauge their potential 

impacts on hearing. For hearing, kurtosis is a measure of the probability distribution of received 

sound levels (Müller et al, 2020) and has been successfully used to predict hearing loss from 

exposure to sounds with differing amounts of transients (Qiu et al. 2020). 

 

Binary categorization of sound sources as impulsive or non-impulsive based on qualitative 

definitions may lead to misclassification of received sounds and inaccurate assessment of potential 

impacts on animals. Physiological studies of terrestrial mammals find that differences in hearing 

loss resulting from exposure to differently structured sounds of the same total energy is predicted 

by the distribution of received levels and quantified by the kurtosis of the signal. The impulsive and 

non-impulsive thresholds for predicting hearing loss in marine mammals establish the range over 

which sound types may affect hearing but not the transition between the two end points.  

 

To better predict hearing loss in individuals exposed to signals with sudden changes in sound 

pressure (high kurtosis), an adjustment to the reported sound level based on the signal kurtosis can 

be implemented. Using an adjustment factor based on kurtosis allows for smooth transition between 

the end points, recasts the focus to the received sounds instead of the sources, and accounts for the 

hearing sensitivity of animals (hearing groups). 

 
Müller RA, von Benda-Beckmann AM, Halvorsen MB, et al (2020) Application of kurtosis to underwater 

sound. J Acoust Soc Am 148(2):780-792.  

[NIOSH] National Institute for Occupational Safety and Health (US) (1998) Criteria for a Recommended 

Standard: Occupational Noise Exposure. Revised Criteria. US Department of Health and Human 

Services, NIOSH, Cincinnati, OH, p 122  

[NMFS] National Marine Fisheries Service (US). (2018) 2018 Revision to: Technical Guidance for 

Assessing the Effects of Anthropogenic Sound on Marine Mammal Hearing (Version 2.0): Underwater 

Thresholds for Onset of Permanent and Temporary Threshold Shifts. US Department of Commerce, 

NOAA, Silver Spring, MD, NOAA Technical Memorandum NMFS-OPR-59, p 167  

Qiu W, Murphy WJ, Suter A (2020) Kurtosis: A New Tool for Noise Analysis. Acoustics Today 16(4):39-

47. 
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