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08:00 - 09:00 Registration
09:00 - 09:30 Opening Registration Registration Registration Registration
09:30-10:15 Sonar
Riveri d
10:15 - 10:45 Renewable Energy Keynote fverine an Behaviour
coastal
10:45 - 11:00 5 min talks®
11:00- 11:30 Coffee Break Coffee Break Coffee Break Coffee Break Inter-session
11.30-12:30 Management and General Discussion
Impulsive sounds N
12:30 - 13:00 Shipping Policy Mitigation o
rap-up
13:00-13:30 Keynote Keynote
13:30-15:30 Lunch Lunch Lunch Lunch Lunch
15:30-17:00 M:lﬁ::ﬁ:;d Soundscapes Seismic Sensitivity and
atholo
17:00-17:30 P ey
5 min talks? 5 min talks® 5 min talks*
17:30- 18:00 5 min talks®
18:00 - 19:00 Posters Posters Posters Posters
19:00 - 20:00
Ice-breaker
20:00 - 23:00
Banquet
23:00 - 02:00
" Wine tasting

2 Renewable Energy, Impulsive sounds, Mapping and Modeling, Particle motion.
3 Shipping, Soundscapes.

4 Management and Policy, Seismic, Polar.

° Behaviour, Sensitivity and Pathology, Mitigation.
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Date: Monday 22/05 - 09h30-11h00
RENEWABLE ENERGY

Chairs
Sonia Mendes
JNCC, UK
Frank Thomsen
DHI Group, Denmark

How loud will it be? Scaling laws for offshore pile driving noise
Jonas von Pein
Hamburg University of Technology, Germany

The effects of piling on pelagic fish communities using bottom moored echosounders

Elisabeth Debusschere
Flanders Marine Institute (VLIZ), Belgium

A new methodology to manage and regulate construction noise related impacts of US
offshore wind farms

Jonas Mortensen

DHI A/S, Denmark

Seals and offshore wind farm construction: synthesis and future directions
Katherine Whyte
St. Andrews University, UK

Can offshore wind farm noise affect hearing and behaviour of marine mammals?

Frank Thomsen
DHI A/S, Denmark

Atlantic Deepwater Ecosystem Observatory Network (ADEON), Potential effects of
underwater noise from floating offshore wind on marine mammals and fishes

Adrian Farcas
CEFAS, UK
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Date: Monday 22/05 - 11h30-13h00
IMPULSIVE SOUNDS

Chairs
Roberto Racca
JASCO Applied Sciences, Canada
Stephen Robinson
NPL, UK
Klaus Lucke
JASCO Applied Sciences, UK

Strategies and implementation of underwater noise monitoring during piling
construction in offshore wind farms in Taiwan

Chiao-Ming Peng

OceanSound Co., Taiwan

Interpreting sound exposure ranges from concurrent pile driving operations — an
agent-based modelling approach

Klaus Lucke

JASCO Applied Sciences, UK

RaDIN: Range-dependent nature of impulsive noise
Cormac Booth
SMRU Consulting, UK

Modelling the effectiveness of noise abatement systems for large pile driving and
explosive clearing operations in the full context of the propagation environment
Marie-Noél Matthews
JASCO Applied Sciences, Canada

In-situ acoustic characterisation of unexploded ordnance (UXO) disposal using high
and low order detonation method

Sei-Him Cheong

National Physical Laboratory, UK

Environment-friendly blasting at sea (R&D project NAVESS)

Michael Bellmann
Institute for Technical and Applied Physics (itap), Germany
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Date: Monday 22/05 - 13h00-13h30

KEYNOTE

The Effects of Ocean Noise —It sometimes seems we’re making slow progress?

Christine Erbe
Centre for Marine Science and Technology, Curtin University, Perth, Australia
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Date: Monday 22/05 - 15h30-17h00
MAPPING AND MODELLING

Chairs
Thomas Folegot
Quiet-Oceans, France
Kevin Heaney
Applied Ocean Sciences (AOS), USA

Lessons learned from multi-site validation of shipping noise maps using field
measurements

Rosalyn Putland

CEFAS, UK, The Netherlands

Quantitative Comparison of Regional Soundscape Measurements and Models
Kevin Heaney
Applied Ocean Sciences (AOS), USA

Comparing soundmaps based upon their acoustic energy densities
Ozkan Sertlek
JASCO Applied Sciences, Germany

Sound particle motion modelling and mapping
Christ De Jong
TNO Acoustics & Sonar, The Netherlands

How much sound from recreational boating in Croatia is missing in Automated
Identification System-based sound maps?

Thomas Folegot

Quiet-Oceans, France

Simulations of the noise exposure from a high-density shipping lane in Kattegat with
the JOMOPANS-ECHO source level model

Dag Glebe
Swedish Environmental Research Institute, Sweden
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Date: Monday 22/05 - 17h00-18h00
SHORT TALKS AND POSTERS

RENEWABLE ENERGY

PURE WIND: imPact of soUnd on maRine Ecosystems from offshore
WIND energy generation

Ana Sirovié

Norwegian University of Science and Technology, Norway

Monitoring the effects of Norway’s first offshore floating wind farm on demersal fish

Kate McQueen
Institute of Marine Research, Norway

Potential biological impacts of infrasonic acoustical energy produced by offshore wind
turbine energy generation

Michael Stocker

Ocean Conservation Research, USA

Noise radiation measurements of an electric-hybrid passenger ferry
Torbjorn Johansson
IVL Swedish Environmental Research Institute, Sweden

MAPPING & MODELLING

On the use of an underwater sound speed dataset to bridge the gap between ocean
acoustics and climate change

Alice Affatati
University of Trieste and National Institute of Oceanography and Applied Geophysics -
OGS, ltaly

Examining the global warming induced changes to the Arctic Ocean soundscape
Kevin Heaney
Applied Ocean Sciences

PARTICLE MOTION

Particle velocity measurements of low order deflagration shaped charge for explosive
ordnance disposal

Leroy Morton

Loughborough University, UK

Measurement of Acoustic Particle Motion: Acoustic Impact on Fish and Invertebrates

Robert Lee
Seiche, UK
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Date: Tuesday 23/05 - 09h30-10h15
SONAR

Chairs
Frans-Peter Lam
TNO, The Netherlands

BRS overview and historical perspective
Brandon Southall
Southall Environmental Associates, USA

The Sea mammals & Sonar Safety (3S) project: BRS results, current trends and future
outlook

Frans-Peter Lam
TNO, The Netherlands

Quantifying the environmental footprint of naval sonar operations

Sander von Benda-Beckmann
TNO, The Netherlands
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Date: Tuesday 23/05 - 10h15-10h45

KEYNOTE

We cannot manage what we cannot measure - Is DAS a game-changer in ocean
soundscape mapping?

John Potter
Norwegian University of Science and Technology (NTNU) Norway
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Date: Tuesday 23/05 - 10h45-11h00

SHORT TALKS AND POSTERS
(MORNING SESSION 10H45-11H00)

SHIPPING

Estimation of propeller cavitation inception speed and detection of its occurrence
based on onboard vibration data

Kamal Kesour
Innovation maritime, Canada

The contribution of climate change on the propagation of shipping noise in the North
Atlantic Ocean

Luca Possenti
NIOZ, The Netherlands

Evaluation of the JOMOPANS-ECHO source level model with measurements in
Swedish waters

Mikael Svedendahl
Department of Defence Technology, Swedish Defence Research Agency (FOI), Sweden
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Date: Tuesday 23/05 - 11h30-13h30
SHIPPING

Chairs
Eric Baudin
Bureau Veritas, France
Christ de Jong
TNO, The Netherlands

URN measurements in the SATURN project; measuring vessel noise signature in
deep and shallow waters under different measurement standards and class societies’
notations

Roberto Yubero

TSI, Spain

Source measurement methods — the impact of averaging and directivity
Carl Andersson
IVL Swedish Environmental Research Institute, Sweden

MARS project: 2 years of feedback from an opportunistic ISO-17208 observatory of
acoustic signatures and internal vibrations of ships in the St. Lawrence seaway
Cedric Gervaise
CHORUS, France

Methodological analysis for the identification and extraction of ocean shipping noise
Myriam Lajaunie
Service Hydrographique et Oceanographique de la Marine (SHOM), France

Re-routing of a shipping lane changed the underwater soundscape in Kattegat
Mathias Andersson
Swedish Defence Research Agency

Ship URN self-estimation in the context of LIFE-PIAQUO project
Tomaso Gaggero
University of Genova, Italy

Underwater sound comparison between full electric and diesel electric conditions for
a road ferry

Renaud Gaudel

Damen Shipyard, The Netherlands

PONANT cruise line management of underwater noise
Daoud Wassim
PONANT, France

How to silence ships: preliminary results from the SATURN project

Frans Hendrik Lafeber
Maritime Research Institute Netherlands (MARIN), The Netherlands
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Date: Tuesday 23/05 - 15h30-17h00
SOUNDSCAPES

Chairs
Christine Erbe
Curtin University, Australia
Brandon Southall
Southall Environmental Associates, USA

A simple spectral classifier to provide robust indicators for the Ocean Sound EOV
Bruce Martin
JASCO Applied Sciences, Canada

Sources of patterns in soundscapes
Simone Bauman-Pickering
Scripps Institution of Oceanography University of California, USA

Using CNN classifiers as underwater sound source detectors: learning about noise
Clea Parcerisas
Flanders Marine Institute (VLIZ) / Ghent University, Belgium

Implications of altered active space for marine life, and how that might be used as a
mitigation metric

Rianna Burnham

Fisheries and Oceans, Canada

Acoustic monitoring of the Northern Adriatic Sea, a transnational assessment run in
the Mediterranean Sea

Marta Picciulin

CNR- Institute of Marine Sciences, Italy
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Date: Tuesday 23/05 - 17h00-18h00

SHORT TALKS AND POSTERS
(AFTERNOON SESSION 17H00-18H00)

SHIPPING
Assessing the Impact of Ship Traffic Noise on Short-Fin Pilot Whales in South
Tenerife: Implications for Conservation and Management

Olivia Marin-Delgado
BIOECOMAC, University of La Laguna, Spain

Evidence of Impacts of Underwater radiated noise on the Vocalization of Coastal
Dolphins

Roee Diamant

University of Haifa, Israel

A study on the temporal variability of underwater noise with AIS and V-pass data
around high ship density in Korea coastal waters

Sungho Cho
Korea Institute of Ocean Science & Technology, Korea

SOUNDSCAPES
Analysis of hydrophone sound recordings in a dolphin habitat with high exposure to
recreational shipping noise, monitoring, classification of sounds using deep learning
CNN artificial neural network, analysis of dolphin sounds in noisy environments with
special focus on modulations

Attila Aradi

University of Miskolc, Hungary

Soundscape of an Urban Shark Nursery
Clemency White
University of Exeter, UK

Variation in soundscape characteristics across temporal and spatial scales of a
shallow water coastal PAM array; Exploring marine soundscapes as a tool for
automating sound source detection in large datasets

Ellen White

University of Southampton, UK

Deuteronoise: A first approach to noise characterisation in Venice and Adriatic basins

Rosa Ma Alsina-Pagés
La Salle (URL), Spain
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Date: Wednesday 24/05 - 09h30-11h00
RIVERINE AND COASTAL

Chairs
Chi-Fang Chen
National Taiwan University, Taiwan
Tom Akamatsu
Sasakawa Peace Foundation, Japan

Large-scale monitoring of Indo-Pacific humpback dolphins and finless porpoises
using multiple static acoustic sensors

Songhai Li

Institute of Deep-sea Science and Engineering, Chinese Academy of Sciences, China

Impact of Pile-driving and Assessment of Offshore Windfarm Operational Noise on
Fish Vocalization Behaviour

Shashidhar Siddagangaiah

National Taiwan University, Taiwan

Foiling yachts and dolphins: how international regattas temporarily change regional
soundscapes, and the potential impacts for dolphins.

Matthew Pine

University of Victoria, Canada

The impact of underwater noise generated by offshore wind farm construction on the
ecology of cetaceans in the western waters of Taiwan

Chiao-Ming Peng

OceanSound CO., LTD.Taiwan

A guidance on measurement and evaluation methods for underwater sounds focusing
on offshore windfarms

Tom Akamatsu

Ocean Policy Research Institute, the Sasakawa Peace Foundation, Japan

Acoustic and Visual Investigation of Estuary Habitat on Indo-Pacific Humpback
Dolphin (Sousa chinensis) in Yunlin, Taiwan

Chi-Fang Chen

National Taiwan University, Taiwan
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Date: Wednesday 24/05 - 11h30-13h00
MANAGEMENT AND POLICY

Chairs
Jill Lewandowski
BOEM, USA

Peter Sigray
KTH, Sweden

TG Noise Recommendations on EU threshold values for underwater noise
Peter Sigray
KTH, Sweden

Update on Current Efforts to Address Underwater Vessel Noise at the International
Maritime Organization (IMO)

Michelle Sanders

Transport Canada, Canada

Germany offshore wind pile driving noise received level limit
Carina Juretzek
Federal Maritime and Hydrographic Agency, Germany

Setting noise limits for offshore wind pile driving in the U.S.
Jill Lewandowski
Bureau of Ocean Energy Management (BOEM), USA

Canada’s Efforts to Address Underwater Vessel Noise
Michelle Sanders
Transport Canada, Canada

The IUCN Western Gray Whale Advisory Panel: Managing noise from offshore oil/gas
exploration and production through a multi-stakeholder process

Doug Nowacek

Duke University Marine Lab, USA
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Date: Wednesday 24/05 - 13h00-13h30

KEYNOTE

Underwater noise management in perspective

Nathan D. Merchant
Centre for Environment, Fisheries and Aquaculture Science (Cefas), UK
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Date: Wednesday 24/05 - 15h30-17h00
SEISMIC

Chairs
David Hedgeland
BP, UK
Michael Jenkerson
ExxonMobil, USA

The General Dynamics Applied Physical Sciences Marine Vibrator: A New Paradigm in
Seismic Ensonification Options for Seismic Surveys

Daniel Roy

APS, USA

Marine Vibrators - Idea to Realisation
Ed Hager
Shearwater, UK

Behavioral Response Studies with Baleen Whales and Marine Vibroseis
Brandon Southall
Southall Environmental Associates, USA

Operational and Engineering Mitigation Options for Seismic Surveys
Vladimir Nechayuk
ExxonMobil, USA

Monitoring and modelling approaches for estimating sound exposure of moving
subjects from concurrent seismic surveys

Roberto Racca

JASCO Applied Sciences, Canada

Characterisation of noise emitted by sub-bottom profilers and its potential effects on
marine mammals

Craig Stenton

Ocean Science consultants, UK
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Date: Wednesday 24/05 - 17h00-18h00
SHORT TALKS AND POSTERS

MANAGEMENT AND POLICY

DORI, a line of underwater acoustic recorders with high acoustic performances and
large storage capacity
Caroline Magnier, Abyssens, France

Cetaceans and underwater noise monitoring in the South Atlantic Ocean
Eduardo Marcon, PETROBRAS - Petroleo Brasileiro S.A., Brazil

Best Available Technology (BAT) and Best Environmental Practise (BET) for Mitigating
Three Noise Sources: Shipping, Seismic Airgun Surveys, and Pile Driving
Lindy Weilgart, OceanCare & Dalhousie University, Canada

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, JNCC, UK

Piling noise and cetacean protection in offshore wind farm development
Pey-Yi Lee, National Taiwan Ocean University, Taiwan

SEISMIC

A lot of pressure? The copepod Acartia sp. is more sensitive to a rapid pressure drop
that occurs close to seismic airguns than Calanus sp.
Emilie Hernes Vereide, Institute of Marine Research, Norway

Comparing the effects of novel marine vibrator technology to conventional airguns
on the behaviour of wild, spawning cod
Lise Doksaeter Sivle, Institute of Marine Research, Norway

Zooplankton swimming behavior during real-life seismic survey airgun blasts
Saskia Kiihn, Kiel University, Germany

Assessing effects of seismic surveys on marine life in South African waters
Steve Kirkman, Department of Forestry Fisheries and Environment, South Africa

POLAR
A year within the Arctic marine soundscape near Cambridge Bay, Nunavut important
gateway for ship traffic passing through the Northwest Passage

Annika Heimrich

University of Victoria, Canada
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Date: Thursday 25/05 - 09h30-11h00
BEHAVIOUR

Chairs
Ana Sirovié
Norwegian University of Science and Technology, Norway
Katherine Whyte
BIOSS, UK

Time to talk. A case for including behavioural complexity into management
Karen de Jong
Institute of Marine Research, Norway

Behavioral responses of Cuvier’s beaked whales to simulated military sonar
Brandon Southall
Southall Environmental Associates, USA

Effects of anthropogenic noise and natural soundscape on larval fish behavior in four
estuarine species

Emily Waddell

Texas A&M University at Galveston, USA

Noise-induced vocal plasticity in harbour seal pups
Andrea Ravignani
Max Planck Institute, Germany

Vessel noise exposure impacts harbour porpoise energy balance
Laia Rojano-Donate
Aarhus University, Denmark

Environmental influences on calling behaviour of midshipman fish

Annebelle Kok
University of Groningen, The Netherlands
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Date: Thursday 25/05 - 11h30-13h30
MITIGATION

Chairs
Bruce Martin
JASCO Applied Sciences, Canada
Michael Macrander
Integral Consulting Company, USA

Mitigation Measures as Means to Minimize the Effects of Ocean Noise: Considering
the Full Range of Options

Michael Macrander

Integral Consulting Company, USA

Mitigation and Monitoring for Offshore Wind: Industry Perspectives
Laura Morse
N/A, USA

Marine Mammal Risk Mitigation Strategies for the Canadian Armed Forces

Craig Ressor
Defence Research and Development, Canada

Managing noise in a marine mammal protected area using area-time limits
Sonia Mendes
JNCC, UK

Advancing vessel technologies to contribute to a quieter marine soundscape

Michelle Sanders
Transport Canada, Canada

Cavitation Inception Speed of merchant ships: analysis and discussion based on data
collected in the ECHO program

Max Schuster
DW-ShipConsult GmbH, Germany

Small reductions in cargo vessel speed dramatically reduce noise impacts to marine
wildlife

Charlotte Findlay
Aarhus University, Denmark

Vessel Noise Mitigation: A Focus On Achievable Noise Reduction
Marie Noel Matthews
JASCO Applied Sciences, Canada

Strategic approaches to mitigation: Cross-sectoral partnerships to address priority
issues

Brandon Southall
Southall Environmental Associates, USA

Page 19



OCEANOC'= 2023

Vilanova i la Geltrd, BARCELONA 22-26 MAY

Date: Thursday 25/05 - 15h30-17h30
SENSITIVITY AND PATHOLOGY

Chairs
Marta Solé
LAB - UPC, Spain
Michel André
LAB - UPC, Spain

Sensitivity of zooplankton to noise: impaired feeding

Katja Heubel, Research and Technology Centre West Coast, Kiel University,
Germany

Physiological and behavioural effects of exposure to a commercial seismic survey on
the pale octopus, Octopus pallidus
Ryan Day, University of Tasmania, Tasmania

AquaVib: a laboratory setup for exposing aquatic organisms to low-frequency sounds.
Preliminary results for various marine invertebrate species
Pablo Pla, Laboratory of Applied Bioacoustics, BarcelonaTech (UPC), Spain

Stability between some and differences between others: which factors drive changes
in calling rhythms in Sciaena umbra? A potential influence of boat noise
Marta Picciulin, CNR - Institute of Marine Sciences, ltaly

Investigating Noise-Induced Physiological Stress, Hearing loss and Behavioral
Disruption in Fish
Raquel Vasconcelos, University of Saint Joseph, China

Assessing the effects of noise across spatial and temporal scales: from whales to
diatoms
Francis Juanes, University of Victoria, Canada

A multimodal, evidence-based approach to assessing cetacean central auditory
pathways in the context of acoustic trauma—the ventral cochlear nucleus as an
example

Ksenia Orekhova, University of Padova, Italy

Correlation between permanent noise-induced hearing loss and cochlear damage in a
harbour seal
Maria Morell, University of Veterinary Medicine, Hannover, Germany

Investigating Sensitivity: A Three-Dimensional Reconstruction of Striped Dolphin’s
External Ear Canal Neural Network

Steffen De Vreese, Laboratory of Applied Bioacoustics, BarcelonaTech (UPC),
Spain
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Date: Thursday 25/05 - 17h30-18h00
SHORT TALKS AND POSTERS

BEHAVIOUR

Testing the impact of antropogenic noise on behavior, reproduction and
transgenerational effects in marine medaka (Oryzias melastigma)
Andreia Ramos
University of Saint Joseph, China

Decreased resting and nursing in short-finned pilot whales when exposed to louder
petrol engine noise of a hybrid whale watch vessel.

Patricia Arranz

University of La Laguna, Spain

MITIGATION

The SATURN Virtual Research Environment Tools for Noise Mitigation

José Antonio Diaz
PLOCAN, Spain

SENSITIVITY AND PATHOLOGY

The Noisesome: a transcriptomic approach of the DeuteroNoise JPI-Oceans
consortium to understand how marine food webs are affected by noise contamination.

Eva Rodriguez Quintana
Departament de Genética, Microbiologia i Estadistica, Universitat de Barcelona, Spain

ORCHESTRA: Ecosystem responses to constant offshore sound spectra

Maarten Boersma
Alfred-Wegener-Insititut Helmholtz-Zentrum fur Polar- und Meeresforschung, Germany
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SESSION: Renewable Energy

HOW LOUD WILL IT BE? SCALING LAWS FOR OFFSHORE PILE DRIVING NOISE

von Pein, J.; Lippert, T; Lippert, S;von Estorff, O.

Jonas von Pein

jonas.pein@tuhh.de

Hamburg University of Technology

Hamburg University of Technology, Denickestr. 17, 21073 Hamburg

Offshore renewable energies such as offshore wind or floating solar power are usually
fastened to the seabed by piles. These can be monopiles with relatively large diameters
or anchoring piles of the foundation structure with comparably small diameters. Both
types of piles are typically driven into the seabed to their final penetration depth using
percussive pile driving. The pile driving process leads to high sound levels within the
water. Often, the influence of the emitted acoustical energy on the marine fauna needs
to be assessed. To protect the marine life, limits have to be fulfilled in many countries.
The emitted sound levels can usually only comply with these limits, if noise mitigation
measures are applied. With increasing dimensions of the structures, i.e. the offshore
wind turbines, the foundations and therefore the pile diameter of the piles increase.
To overcome the soil resistance with a bigger pile, higher strike energies and bigger
hammers are necessary. Furthermore, it is aimed for using monopiles also at greater
water depths, which again causes an increase of pile sizes. To assess the influence of
the different parameters on the sound levels, numerical models have been developed
that accurately predict the noise emission. However, such models are often only
available to experts. Furthermore, these models rely on parameters that are usually not
available at an early stage of the planning phase. This presentation is intended to show
how scaling laws for unmitigated and mitigated pile driving scenarios can be applied to
scale the influence of the parameters strike energy, pile diameter, ram weight, and water
depth on the emitted sound levels. Examples for different future pile driving scenarios
and the respective influence on the impact are provided to demonstrate which ranges
of sound levels have to be dealt with in the future.
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SESSION: Renewable Energy

THE EFFECTS OF PILING ON PELAGIC FISH COMMUNITIES USING BOTTOM
MOORED ECHOSOUNDERS

Debusschere E, Hubert J; Demuynck, J; Berges, B; Mufiz, CF; Slabbekoorn H

Elisabeth Debusschere
elisabeth.debusschere@vliz.be
Flanders Marine Institute (VLIZ)
Jacobsenstraat 1, 8400 Oostende

The number of offshore wind turbines in the Southern North Sea is expected to increase
substantially in the coming years, due to the increased effort by EU countries. Since
the beginning of the offshore wind farm construction, concerns have been raised on
the impact of construction noise on marine fauna. A multitude of studies have been
published on this topic and it is apparent that one group is underrepresented, namely
the pelagic fish. Wild ranging pelagic fish can be observed using bottom moored
scientific echosounders. Fish biomass can be derived with the 70 kHz transducer, while
the 200 kHz split-beam transducer provides more detail on the fish behaviour. Number
of fish schools, depth of the fish schools, fish school size can be derived from these
sensors. Four sets were deployed during construction work in two offshore wind farms
in The Netherlands. Consequently, the four echosounder sets could sample pelagic
fish during the installation of more than 30 monopiles, grasping the effects at different
distances to the sound source. The underwater sound was simultaneously recorded
on each of the four multi-purpose mooring. This study will elaborate on the scientific
method used to assess the impact of pile driving at different distances to the sound
source on pelagic fish behaviour and will provide preliminary results on the effects of
pile driving on the pelagic fish communities.
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SESSION: Renewable Energy

A NEW METHODOLOGY TO IMPROVE MARINE MAMMAL TAKE ESTIMATES FOR
US OFFSHORE WIND FARMS IN RELATION TO UNDERWATER NOISE

Mortensen, JB; Bell, MA; Mortensen, LO; Tuhuteru, N; Thomsen, F;

Jonas Brandi Mortensen
jom@dhigroup.com

DHI A/S

Agern Alle 5, 2970 Horsholm, Denmark

The very ambitious plans to establish offshore wind farms in the US and elsewhere
will lead to impacts on marine mammals that have to be predicted and managed
comprehensively so that planned project can go ahead while simultaneously minimizing
environmental footprint. One new way of assessing noise related effects are agent
based models that take the movement of marine mammals into consideration. This
makes such models potentially very powerful tools for environmental risk assessments.
Yet, data on the spatiotemporal distributions of marine mammals are often scarce and
associated with high level of variation and uncertainty. It is therefore common practice
when using ABMs to apply a wide range of conservative assumptions to prevent an
underestimation of potential impacts. This has led to a situation were using ABMs to
make predictions more powerful has in reality lead to gross overestimation of actual
exposure estimation and risks. Here we present a new way of applying ABMs in
offshore wind farm impact assessments including a Monte Carlo modelling extension
to an existing agent-based modelling (ABM) framework for marine mammal exposure
in relation to underwater noise. Our new way to use ABMs addresses the issue of
uncertainty whilst decreasing the risk of exposure overestimation. In that way we bring
back ABMs to what they really are: very powerful tools to be used in environmental
regulation and management.
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SESSION: Renewable Energy

SEALS AND OFFSHORE WIND FARM CONSTRUCTION: SYNTHESIS AND
FUTURE DIRECTIONS
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Transitioning to renewable energy is essential in mitigating climate change and
improving energy security; however, it is important to consider the potential impact of
new technologies on wildlife. For animals that spend extended time periods underwater,
such as marine mammals, a key environmental concern are the high intensity sounds
produced during pile driving for offshore wind farm construction. Over the past decade,
a series of studies have investigated the interactions between harbour seals (Phoca
vitulina) and offshore wind farm construction. Here, | present an overview of our
current understanding using data from 24 harbour seals fitted with GPS tags during the
construction of Lincs offshore wind farm (UK), and how this relates to knowledge gaps
and future directions for this area of research. Previous (and ongoing) work in this area
have substantially improved our understanding of the potential effects of pile driving
sounds on seal hearing, spatial distribution, movements, and dive behaviour; however,
information on how responses vary with factors such as location, habitat type, species,
and how seals interact with offshore wind farms in the long-term is critical to ensure
that seals can co-exist with developments at the scales currently being envisaged for
the industry.
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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
offshore wind farms (OWF). Here, we synthesize the knowledge gained on operational
noise from OWF and its potential effects on marine mammal behavior. In a case study,
effects of a 10- and 20-MW direct drive OWF turbine on the hearing of marine mammals
were assessed. In general, impact ranges for PTS were small (i.e., up to 50 m from the
sound source) and are thus likely negligible. The same was true for TTS impact ranges
for 10 MW. However, impact ranges for TTS from a 20 MW turbine could reach a little
over 700 m for low frequency cetaceans. Such impact rages could lead to impact areas
from single turbines overlapping. In that case, 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.
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Floating Offshore Wind (FLOW) is a relatively novel technology which will enable the
offshore wind energy sector to expand into deeper waters. In contrast to fixed wind
turbines, the potential effects of underwater noise from FLOW turbines are poorly
understood. To help improve knowledge in this area, we assessed the potential acoustic
impacts on sensitive marine mammal and fish species during the installation and
operational phases of FLOW. Using a key habitat for UK FLOW development (the Celtic
Sea) as a case study, numerical modelling was conducted using illustrative scenarios
of dredging, vessel activity, anchor piling and operational turbine noise at two example
locations. For impact piling, the predicted temporary hearing impairment (TTS) from
cumulative noise exposure scaled with the number of anchoring piles installed within
24 hours. Additionally, some modest effect zones were predicted for permanent hearing
impairment (PTS) in harbour porpoise, and for mortality and recoverable injury in fish
species for scenarios with multiple piles installed within 24 hours. For the non-impulsive
activities, only modest TTS ranges were predicted for fish exposed to continuous 24
h dredging. Operational noise produced by illustrative 10- and 24-turbine arrays was
also modelled using in-situ measurement data from an operational FLOW development
reported in the literature. Modelled sound pressure levels (SPLs) for these operational
FLOW developments increased with the number of turbines and windspeed, but in
general SPLs were relatively low, at <130 dB. For a given windspeed, the SPL was
relatively uniform inside the perimeter of the turbine array (within 5 dB), and largely
insensitive to the number of turbines in the array (for the same turbine spacing). These
relatively low noise levels are likely to be masked in high ambient noise environments,
such as near shipping or other noise-generating anthropogenic activities. Overall, there
remain significant knowledge gaps on noise from FLOW which increase uncertainty —
and therefore risk — for impact assessment of prospective FLOW developments, not
least the noise levels generated by the installation of FLOW turbine anchors, whether
by pile driving or otherwise. Focused work to measure noise from such activities in a
standardised way should be undertaken as a priority for new FLOW installations.
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In recent years, Taiwan is developing several offshore wind farms. To reduce the impact
of underwater noise on the environment, the Environmental Protection Agency has
referred to 1ISO18406 and IEC 61260-1 to formulate underwater noise measurement
methods (NIEA P210.21B) as a monitoring standard for piling noise. To comply with the
localization policy, the personnel, instruments, and procedures that perform monitoring
operations must comply with local regulations, and services must be provided locally.
When the underwater noise exceeds the threshold, there are also regulations for
punishing developers. Monitoring operations are usually carried out in real-time while
piling operations. The challenge for the piling operation is to ensure that the noise
reduction measures are operating normally and that the monitored underwater noise
level must not exceed 160 dB. This threshold is calculated based on the SEL(30s)
divided by the pile counts per 30 seconds, but not just a single strike sound exposure
level. Due to the different understanding of measurement methods, operators often have
doubts about the adjustment of hammer energy and piling frequency, and even cause
the soft-start was also exceed the threshold. This study illustrates Taiwan’s experience
in implementing underwater noise monitoring, which can be used as a reference for
developers and constructors.
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Impact hammering of the piles used as foundations for wind turbine generators in
offshore wind farms introduces impulsive sound into the water column. This impulsive
sound has the potential to adversely affect marine fauna, and therefore regulations,
including mitigation and monitoring, are put in place to protect sensitive species.
Regulatory criteria impose sound exposure thresholds that define areas over which
mitigation measures are required. Agent-based modelling is used to estimate exposures
of marine animals to sound by using simulated animals (animats) to sample 3D sound
fields with movement rules derived from marine animal studies. In our methodology,
each animat’s closest point of approach (CPA) to the sound source is recorded in the
simulation and used to define the exposure range (ER). The ER95% is the horizontal
distance from the sound source that includes 95% of the CPAs of all animats in the
simulation whose sound exposure level exceeds a given threshold. ER95% can be used
to estimate monitoring zones for mitigation in a manner that is realistically accurate
because it includes the behavior of the animal. In contrast, traditional methods assume
that a receiver remains stationary for the duration of the sound event. This presentation
will show results of test simulations to demonstrate the challenges of interpreting
ER95% for monitoring and mitigation purposes in realistic situations where concurrent
impulsive sources are operating.
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A key issue for offshore wind farm consent is the emission of underwater noise during
the disposal of items of unexploded ordnance and during the installation of turbine
and offshore substation foundations using impact pile driving. These noise sources
introduce high-amplitude impulsive underwater noise into the marine environment,
which can result in physical or auditory injury to marine mammals and fish. Impulsive
sounds are more damaging to the mammalian ear than non-impulsive sounds due to
their ability to increase the hearing threshold faster. This means less sound energy is
needed to induce a temporary (TTS) or permanent hearing threshold shift (PTS) for
an impulsive sound, than for a non-impulsive sound. Therefore, different sets of noise
thresholds for TTS- and PTS-onset have been recommended for impulsive and non-
impulsive sound sources in Southall, Finneran, Reichmuth, Nachtigall, Ketten, Bowles,
Ellison, Nowacek, and Tyack [(2019). Aquat. Mamm. 45, 125-232]. In discussing the
development of criteria for TTS- and PTS-onset, Southall et al. (2019) acknowledge that
acoustic signals produced by impulsive sources lose their impulsive characteristics as
a function of distance from the source and could be characterized as non-impulsive
beyond a certain distance. The changes in signal characteristics with distance generally
result in exposures becoming less physiologically damaging with increasing distance
as sharp transient peaks become less prominent. The Southall et al. (2019) criteria
for TTS- and PTS-onset proposed that, while keeping the same source categories,
the exposure criteria for impulsive and non-impulsive sound should be applied based
on the signal features likely to be received by the receptor (i.e., the marine mammal)
rather than those emitted by the source. The funded R&D project RaDIN aims to provide
a more comprehensive understanding of how the impulsive characteristics of sounds
from impact pile driving and unexploded ordnance detonations change with increasing
distance from the source. The findings of this project will be incorporated into a tool for
future impact assessments. This presentation will provide an overview of the metrics
of impulsiveness that have been identified in studies of noise-induced hearing loss and
soundscape analysis. Additionally, the empirical data sets will be presented, along with
the next steps and the timeline of this funded R&D project.
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Noise Abatement Systems (NASs) such as single or double Big Bubble Curtains are
increasingly being deployed as mitigation methods to minimise harmful noise exposure
to marine life, effectively reducing the range of exposure to levels of sound that have
the potential to cause physical injury. Many regulators are routinely demanding the
estimation of the effectiveness of NASs as integral part of the impact assessment for
offshore wind farms given that unexploded ordnance (UXO) clearing campaigns and
percussive driving of extra-large piles (>10m diameter), both of which generate high
levels of impulsive sound, are the norm in new planning applications. This work explores
two different approaches for incorporating NASs both in the near and the far field within
the sound propagation modelling. In the first approach, we introduce in the medium one
or more regions with defined acoustic permeability that can be positioned at any range
from the source, thus simulating the effect of bubble curtain rings or similar barriers. In
the second approach, we apply the frequency-dependent mitigation performance curve
of the NAS to the marching field of a parabolic equation model. These approaches
enable the modelling of impact ranges from arbitrary sources, including pile driving
and explosions, in a manner that considers waterborne sound propagation as well
as seafloor borne energy that could bypass the attenuation from a NAS deployed in
the water column. The methods allow to explore at the planning stage the maximum
potential of any NAS achievable through its optimal placement along the propagation
path, as well as to assess the ability of meeting a specified threshold on a project- and
location-specific basis.
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European seas are littered with unexploded ordnance (UXO) which pose a hazard when
constructing offshore developments such as wind turbine installations. The favoured
removal method is to explode them by detonating an additional donor charge placed
adjacent to the munition, a process known as high-order detonation. This disposal has
a number of adverse environmental consequences, such as risk to marine mammal
populations from the high sound levels produced. There has been a significant increase
in the number of controlled Explosive Ordnance Disposal (EOD) due to the UK and
Europe commitment to the transition to green energy. This study describes work to
study the characteristics of the sound produced during the EOD operations and its range
of influence. This included analysis of in-situ UXO measurement data obtained during
EOD campaigns at a number of UK windfarm sites and the use of deflagration charges
on UXO during a trial in Danish water in order to investigate the effect of low order
disposal method on the acoustic output and its potential to reduce environment impact.
Measurement were made using underwater recorders and results were presented as
the sound pressure pulses along with their spectra, the levels of peak sound pressure
and sound exposure are presented as a function of range from the source. Measured
levels are compared to data from a shallow-water propagation model, and to widely-
adopted exposure level thresholds used for marine mammals, illustrating the potential
for injury at distances of several kilometres. In addition, the measurements were made
in both in a controlled field experiment in a flooded quarry and in-situ in the ocean, with
the results demonstrating that the deflagration method offers a substantial reduction in
output over traditional high order methods, with its peak sound pressure being much
more predictable than for high order detonations.
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Unexploded ordinance (UXO) is a major health and safety concern and environmental
issue, which poses significant risk to offshore construction projects. As part of a
construction project, it is required to locate, identify and dispose any UXO located in
the area of development before the start of construction. Explosive ordnance disposal
is usually carried out by blasting, which generates underwater noise posing a possible
risk to marine wildlife. Marine mammals may be at risk of fatality, auditory injury and
disturbance (Southall, et al., 2019) (Lucke, Siebert, Lepper, & Blanchet, 2009) (Kastelein,
Schop, Hoek, & Covi, 2015). Some studies are available which provide hints on the most
important site- and project-specific influencing parameters on blasting noise (Robinson,
etal., 2022). However, there are currently only a few measurement data publicly available.
Therefore, there is a lack of scientific knowledge on how to reduce the noise generated
and emitted during UXO blasting. In the funded R&D Project NAVESS by the Federal
Agency for Nature Conservation, supported by the German Navy, the underwater noise
caused by mitigated and unmitigated detonation of new ammunition were measured in
distance between 750 m and 10 km. Different layouts of single and double Big Bubble
Curtains (BBC) were used as noise abatement systems. The aim of this R&D project is
to investigate the most important site- and project-specific influencing parameters on
blasting noise such as place of the detonation (on the seabed or in the water column),
transmission loss, hydrophone height or (TNT-equivalent) charge weight. An evaluation
of the achievable noise reduction by application of single and double BBCs according
to DIN SPEK 45653 (017) will also be possible. Within a first measurement campaign 21
detonations with TNT-equivalent charge weights from 0,085 kg to 66 kg were monitored
by 12 measurement positions, partly with two hydrophone heights, in different distances
and cardinal directions to the blasting position. The distinctive feature of this study is
the use of new ammunition, so that the exact TNT-equivalent mass of the detonation
can be determined. In addition, blastings with and without BBCs were performed under
nearly identical project- and site-specific conditions. First results regarding the source
level of such defined detonations and its sound propagation over long distances as well
as possibilities of the noise reductions will be presented.
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Ocean noise and its potential effects on marine life have been studied intensely for 40
years. Our community has been growing steadily. Papers are coming out at an ever-
increasing rate. At every conference, we are hungry for new data, new research outputs.
But are we making progress as a community at a reasonable rate? Does progress
sometimes seem slow to you? Are we running in circles? Let me take you on a journey
over the last decade. Working on a book on Marine Mammal Bioacoustics (including
noise), it has been a race to stay up-to-date with the literature, and regular, big
advancements have repeatedly required stepping back, reworking, updating, editing.
We’ve drawn the line, we’re almost there. Join me in revisiting just some of the major
developments from the last 10 years.
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Advances in soundscape modelling have made it possible to map underwater noise
over large areas and long timescales, and to test various mitigation scenarios such
as ship speed reduction or spatial restrictions. However, if such maps are to be used
by decision makers, they must be validated against field measurements to ensure
confidence in their predictions. The Joint Monitoring of Ambient Noise in the North
Sea (JOMOPANS) programme carried out a multi-site validation of monthly and annual
shipping noise maps for 2019 and 2020. International partners provided data from a
wide range of locations to test the model performance under various bathymetry, sea
state, seabed, and water properties. Spectral, spatial, and temporal differences between
predictions and measurements were analysed, with differences linked to uncertainty in
model input data and additional sources of anthropogenic noise in the measurements.
Here, we present the lessons learned from this first-of-its-kind international monitoring
effort, and discuss implications for the developing field of ship noise mapping and its
use to support the effective management of this most pervasive of underwater noise
sources.
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An array of seafloor mounted acoustic recording devices (the JASCO AMAR Lander)
was deployed continuously in 7 sites off the US East coast outer continental shelf
(OCS) for the Atlantic Deep Ecosystem Observing Network (ADEAN) from November
2017 through 2021. This time-series provides measures of the underwater acoustic
soundscape in 1-minute decidecade band sound pressure level (SPL) for frequencies
ranging from 5 Hz to 10 kHz. As part of this work, two soundscape models were
developed. A regional model computes the shipping and wind SPL for a select set of
decidecade bands for the entire OCS. This model has a temporal sampling interval of
1 hour. Decidecade levels were computed for 20 Hz, 63 Hz, 125 Hz, 200 Hz and 400
Hz. This model was a major undertaking computationally, particularly in the volume of
data produced. The second model was a site-specific model, where the soundscape
was computed for each lander position. With a single receiver location, this problem
was 2 orders of magnitude easier. As a result, the time resolution was 5 min and
uncertainty was included by computing a 28 member ensemble for each snapshot.
The monte-carlo method of capturing uncertainty included a random draw of shipping
source level (per ship), oceanography (temporally sampled over the month), ship source
depth and a linear sweep through the geo-acoustic uncertainty. On the OCS the
sediment uncertainty is huge, as the seafloor can range from medium to hard sand
all the way to silt and mud. This widespread in sediment uncertainty led to a 20 dB
spread in predicted levels. Comparison of the model with the measurements provided
an approach (matching medians) to performing a geo-acoustic inversion. Three of the
six sites compared for January 2019 had sediments which matched the climatology
(silt). Three other sites required a change in the sediment to a sand seafloor. Video
observations as well as core samples near two of those sites confirmed that the
sediment was sand and not silt or mud. A qualitative comparison of the shipping and
wind noise model will be presented using the inverted sediment profiles.

Page 37



OCEANOC'= 2023

Vilanova i la Geltrd, BARCELONA 22-26 MAY

SESSION: Mapping & Modelling

COMPARING SOUND MAPS BASED ON THEIR ACOUSTIC ENERGY DENSITIES

Sertlek H.O.; Ainslie M.A; MacGillivray A.O.; Pace F.; Racca R.; Wood M.

Ozkan Sertlek

ozkan.sertlek@jasco.com

JASCO Applied Sciences (Germany)

JASCO Applied Sciences GmbH Lise-Meitner-StraBe 9 24223 Schwentinental
Deutschland

Identifying the contribution from individual sound sources to the soundscape helps
understand, manage, and mitigate the risks arising from underwater noise, and facilitates
comparison between different regions. Sound maps are commonly used to visualise
the spatial distribution of underwater sound in a specified frequency band and time
window, and thus contain detailed information about the soundscape. Various metrics
could be used to analyse and compare the sound maps as a post-processing step. One
of these metrics is the acoustic energy density which can be easily computed from the
sound maps. This work demonstrates the use of acoustic energy density for various
purposes. In the first example, the shipping sound maps are calculated for the Southern
North Sea and the Northern Adriatic Sea before and during the Covid19 pandemic. The
acoustic energy densities are used to rank the contribution of the different ship types
and compare the results at two selected regions. In the second example, the acoustic
energy density is used in convergence tests for the different spatial resolutions for
the sound maps of the NAVISON project. These examples show that acoustic energy
density could be used as a complementary output in the soundscape modelling to
improve the results during the pre-and post-processing steps.
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Underwater sound maps usually present sound pressure level, with a specified
frequency and depth weighting. Such maps are used to assess the potential impact
of anthropogenic underwater sound on aquatic animals. However, many fish and
invertebrate species are more sensitive to the particle motion associated with the
sound field than to the sound pressure. The Horizon 2020 project SATURN (Solutions
at Underwater Radiated Noise) studies the effects of shipping sound on marine animals
and possible mitigation. Sound particle motion effects on fishes and invertebrates are
being quantified in laboratory studies. The presented studies focus on quantifying the
sound exposure. Different models for sound particle motion have been tested for a
selection of benchmark scenarios, and model validation experiments have been
performed. Results of these studies are presented to illustrate in which cases detailed
sound particle motion modelling is required and when quantifying the sound pressure
provides an appropriate approximation to the exposure.
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Recreational boating is an omnipresent activity in coastal areas: many studies provide
empirical evidence that, when in sufficient numbers/presence, they may influence ambient
sound levels. Recreational vessels are currently not comprehensively accounted in the
Automated Identification System (AIS) maritime data since they are not legally obliged
to carry an AIS transponder. As a result, underwater sound levels in coastal areas may
be largely underestimated by modelling effort. The objective of this study is to evaluate
the uncertainty in sound mapping related to the known gap of recreational vessel data
in the AIS. A case study has been conducted in the Croatian waters of the Northeastern
Adriatic Sea, at the western side of the Cres-LoSinj archipelago in the framework of the
EU Interreg IT-HR Soundscape project. Part of this archipelago is a Site of Community
Importance for bottlenose dolphins (Tursiops truncatus) (Cres-LoSinj SCI, HR3000161)
within the European Union NATURA 2000 ecological network. It is also a well-known
tourist destination, characterized by the intense nautical tourism especially during
summer months. A theodolite survey was conducted from June until September 2020
with an alternating schedule at three set hours (09:30h, 13:30h, and 17:30h) and from
October 2020 until March 2021 with an alternating schedule at two set hours (9:30h
and 13:30h) during the day. The survey was performed using an observation platform
from fixed points on land to collect data on the positions and number of vessels,
divided into nine different categories, visible within the study area. A methodology has
been developed that uses the theodolite data to complement the AIS dataset with a
realistic estimation of recreational vessel traffic. A comparison of the underwater sound
levels under-estimated due to the lack of recreational boat sound inputs in the original
AIS data with the sound levels based on the enhanced AIS data has been done. The
period of analysis was during the summer following the first lockdown due to Covid19.
Two different scenarios have been evaluated (i) a first scenario where the recreational
boating is considered the only source of sound in the study area, (ii) a second scenario
that includes all the vessel traffic and the natural component of sound originated by the
wind. Results show that the sound generated by the recreational activity in summer in
this region is only marginally contributing to the overall sound levels.
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The environmental pressure that underwater radiated noise has on the marine
environment is often visualised with Soundscape maps. A common basis for such
calculations is source level (SL) models, such as the JOMOPANS-ECHO (J-E)
model. Another approach based on the J-E model, but with simplified calculations,
was evaluated in a project to evaluate the impact of underwater radiated noise from
ships in an area in Kattegat with heavy traffic and sensitive habitats. In a series of
simulations, the sum of the momentary noise exposure from all the ships trafficking the
area at certain times was calculated for a number of immission points. The simulations
included both calculations of a real case based on the actual speed of the ships in the
area, as well as hypothetical cases with their speed adapted to speed limits at 11 and
13 knots, respectively. The calculations were based on AlS-data of the area from 2021,
sampled from whole days (24 hours) during the whole year. Since a number of ships
did not correspond accurately to the vessel classes of the J-E model (e.g. RoRo ships),
some alternative approaches were evaluated to test the robustness of the simulation.
The simulations confirmed several of the effects that were implied in the models. For
instance, the net effect of a speed reduction is a reduction of noise level in the affected
area. The extra time ships spend in the area has very little significance for the resulting
reduction. The simulations showed that the noise level will be fairly constant over time
and place for immission points located a few kilometres away from the heavily trafficked
route. Therefore, also the resulting noise reduction showed very small variations in
the area over the year. The average noise reduction which can be achieved with a
speed limit of 11 knots in the area was estimated to approximately ALeq =~ 4 dB in the
simulations.
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Sounds from offshore wind farms (OWF) are among the main contributors of
anthropogenic noise to the marine environment. Substantial effort has been expanded
on understanding possible impacts of noise resulting from the development stages
of the OWF lifecycle, but despite 30 years of their operation in the EU waters, our
understanding of the impacts of the operational phase on marine ecosystems is more
limited. In this consortium, we aim to address this gap by expanding our knowledge of
the radiating noise and the biological consequences of these operations and placing
them in appropriate regulatory contexts, including provisions for adaptive mitigation
advice. From the source and medium side, we will quantify key features of radiated noise
from fixed and floating OWF, to increase understanding and simulate cumulative effect
of clusters on radiated noise, helping us to identify sensitive habitats in cross-basin
soundscapes. From the biological perspective, we will identify spatial and qualitative
use of operating OWF by top predators, harbour porpoises and harbour seals, and
study the impacts of OWF noise on fish and zooplankton. These efforts will advance
our knowledge of acute and cumulative effects of operational OWF noise across the
food web. Harmonising and combining these two sides, we will develop knowledge and
tools for integration of all aspects of noise production and propagation from operational
OWF to facilitate assessment of planned OWF expansion for spatial planning and
environmental impact. Finally, we will synthesise relevant learnings and best practices
from EU and international experiences with fixed offshore wind development and
translate for application in the development of policy, mitigation, and regulation for the
floating OWF within national EU frameworks, as well as internationally. With expected
substantial expansion in OWF infrastructure globally as part of the green shift, our
data and approaches will help facilitate this transition while minimizing impacts on the
marine ecosystems.
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MONITORING THE EFFECTS OF NORWAY’S FIRST OFFSHORE FLOATING WIND
FARM ON DEMERSAL FISH
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Wind farm operational noise will increasingly contribute to anthropogenic noise in the
oceans, as the offshore wind power industry continues to grow. The noise produced
by wind farm operations is continuous and low frequency, overlapping with the hearing
ranges of fish. Continuous anthropogenic noise can impact fish by causing stress,
masking communication, interfering with predator-prey interactions, and impacting
reproduction. Floating offshore wind farms (FOWF) are a novel development, and there
are currently minimal data available about their impacts on marine ecosystems. In
the Norwegian part of the North Sea, the largest FOWF currently existing globally is
under construction. This new FOWF is located close to a known Atlantic cod (Gadus
morhua) spawning site and overlaps with spawning grounds of other commercially and
ecologically important demersal fish species. The aim of this ongoing study is to gather
data on the fine-scale distribution of demersal fish before, during and after construction
of this novel FOWF. Baseline data on the local demersal fish assemblage around the
FOWF site were collected from a 10-day survey in March 2022, during the spawning
period of several demersal fish species, and immediately before wind farm construction
began. Using a chartered commercial fishing vessel, 4 replicates of 8 gillnet fleets were
set at increasing distance from the wind farm site, at 0 - 20 nmi. Fish sampling from the
gilinet sets provided information on abundance and species richness, and biological
information including maturity stages, stomach contents, weight, and length. This
survey will be repeated in March 2023, now that some of the turbines are in place and
have been in operation for several months. The results from the 2022 survey indicate
that abundance and distribution of fish species varied along the transect in relation
to depth, as expected. The data from the 2023 survey will reveal how the fine-scale
spatial distribution of demersal fish may have changed due to the operation of several
floating wind turbines at the site. Potential effects of the FOWF on demersal fish include
attraction of predatory species to the wind farm as a novel feeding ground. Another
possibility is that noise produced by the operating turbines may deter fish from the
area, or impact spawning or predator-prey interactions. Monitoring changes in fish
assemblages is a key step towards understanding the impacts of FOWF on marine
ecosystems.
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Offshore wind turbine farms are being planned and installed throughout the coastal areas
of the global ocean. These will be introducing a panoply of noises into the environment,
from siting, through installation, to operations, and eventually decommissioning. Noise
concerns from these activities are typically framed within frequency bands of concern
defined by governmental regulatory agencies. A less considered noise source are the
various infrasonic noises generated by large rotating blades in a pressure-dynamic
medium. One of these noises are the very low frequency “thumps” generated by
the motion of the turbine blades as they intersect the “stagnate wind area” on the
windward side of the mast. The period of these thumps is correlated to the frequency
of blade intersection with the mast. A second source of infrasonic energy is the gradual
collapse of tip vortices generated by the sudden air pressure gradient transitions as
the turbine blades harvest directional energy from the oncoming wind and converts
it to the tortional energy that drives the turbine. These “infrasonic” sources contain
a lot of energy and is in the perceptual range of migratory birds and baleen whales.
Given that whales and birds use “infrasonic” sound and barometric pressure signals
for navigation and migration cues, the installation of thousands of turbines globally may
impose significant impacts on migratory birds along avian coastal migratory routes.
Additionally, increasing infrasonic noise throughout the ocean is likely to impact and
compromise mysticete communication channels and potentially infrasonic navigation
cues used by these animals.
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With increasing incentives to reduce carbon emissions, the shipping industry is looking
for sustainable propulsion solutions. At the same time, the electrification of the land-
based transport system is also spreading into shipping. Many expect that such modern
propulsion will not only reduce carbon emissions, but noise emissions as well. As part of
a larger research project, we have measured the noise radiation from an electric hybrid
passenger ferry in electric and hybrid propulsion modes. Our results show that electric
propulsion leads to a reduction of noise emissions by up to 10 dB in the frequency
range between 100 Hz to 200 Hz. This reduction can be directly tied to the removal of
a series of harmonics related to the ignition rate of the diesel generator. At the same
time, radiation of airborne noise was measured with much larger reductions. Overall,
the underwater noise is only reduced in a small frequency range, which is due to the
fact that most of the noise is created by the propeller. This can be compared to a similar
situation on land, where electrical cars are only quieter at low speeds, above which the
noise emissions are dominated by tyre- and aerodynamic noise. Similarly, electrical
ships are likely only substantially quieter at speeds below the cavitation inception
speed, such that the noise otherwise would be dominated by engine noise. This means
that ships with electrical propulsion have to be considered separately in future trials
when studying the relations between slow-steaming and noise emissions, as they likely
are much quieter at these slow speeds.
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Few datasets assess underwater acoustic variables such as sound speed. We computed
a 3D global ocean sound speed dataset in the period 2006-2016, and estimated the
projected relative sound speed differences at the end of the century (RCP8.5 scenario).
Temporal trends in the acoustic properties of seawater in 3D global datasets can be
useful to better predict the environment of marine species that perform vital functions
in the entire water column. Our results highlighted that sound speed is expected to
increase globally as a consequence of climate change. In particular, we identified
two areas (“acoustic hotspots”) where the climatic signal is larger than the seasonal
variability and the model uncertainty at 50 and 500 m depths. The identification of
acoustic hotspots supports the analysis of anthropogenic pressures and the evaluation
of cumulative and synergistic impacts. We assessed sound propagation in the present
and future scenarios for the characteristic frequency of the up-call produced by a North
Atlantic right whale (Eubalaena glacialis) vocalizing in the acoustic hotspots at 50 m
depth. The formation of a surface duct will improve communication at ranges of 1-2 km
in the future scenario. We are currently working on a new global sound speed dataset
with a spatial resolution of 1/12 degree, spanning 27 years, using a global reanalysis
provided by the EU Copernicus Marine Service. The new multi-decadal global sound
speed dataset provides a starting point for mapping and modeling expected changes in
underwater sound propagation. Global-scale sound speed datasets also support a wide
range of applications, such as the identification of areas where substantial changes are
expected (hotspots), and the definition of specific monitoring efforts. Although reanalysis
datasets are often used in oceanography, to the best of our knowledge the application to
ocean acoustics is novel and unexplored. The new multi-decadal reanalysis 3D dataset
will benefit from the inclusion of acoustic parameters, aiding in assessing impacts on
marine ecosystems linked to climate change. Future work will explore other climate
scenarios to evaluate how sound propagation will differ for other pathways. We also
plan to improve the uncertainty assessment of our modeling results using in situ data
collected from ARGO floats. 20 years of global data are already available, and it would
be crucial to compare sound speed trends in recent years.
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The most notable effect of the impact of man-made climate change on the planet has
been the precipitous loss of sea-ice extent in the Arctic Ocean. With declining sea-ice
extent the soundscape of the Arctic is undergoing rapid change. The Arctic is home
to many endemic marine mammal species who have evolved in an ocean soundscape
dominated by ice covered acoustic propagation free from anthropogenic sound
sources. An Arctic soundscape model has been developed to hindcast and predict
shipping sound pressure levels (SPL) relative to the background wind/ice levels. A
study, funded by the World Wildlife Fund (WWF), NOAA and the Government of Canada
for the Protection of the Arctic Marine Environment (PAME), computed the shipping
levels at multiple frequencies for the years of 2013-2019, using an AIS database.
Increases of greater than 6 dB were found in many areas of the Arctic. In this paper,
the modeling approach and the results will be presented. A new study is looking at
forecasting the shipping noise to 2030. It is expected there will be an increase in
shipping, made possible by the retreating sea-ice. AOS developed a shipping noise
model, which propagates acoustic energy from each ship position to all positions
in the Arctic, including the effect of under-ice propagation (where appropriate). An
economics and sea-ice extent model for the forecast shipping levels of 2030 has been
developed, providing an indication of the expected changes in the soundscape in the
absence of governmental mitigation strategies.
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The United Kingdom’s goal of achieving net zero carbon emissions by 2050 has
accelerated the development of offshore wind power generation along its coastline.
However, this construction results in noise pollution and particle motion components
that can harm the surrounding environment. One significant contributor to noise pollution
during offshore wind farm construction is the clearing of unexploded ordnances (UXO)
that litter the UK coastal regions. The use of deflagration charges, a smaller shaped
charge or low order explosive device that split the casing and make the ordnance inert
for removal of the UXO can alter the acoustic output of high order to the equivalence
of the low order shaped charge, severely reducing the impact on underwater wildlife.
This study presents the results of an evaluation of several methodologies and different
sensing types for collecting particle velocity data of a short high energy explosive
source at a relative close proximity. A propagation description of the particle velocity
of a UXO in the water column is evaluated against theoretical models derived from
pressure sensing methodologies. The analysis of the equations and comparison of the
captured data highlights the advantages and pitfalls associated with each system. The
research sheds light on the impact of UXO detonation on marine taxa, contributing to
future planning and mitigation efforts for offshore wind farm construction. The findings
of this study have broader implications beyond offshore wind farms, providing insights
into the impact of human activities on the marine environment. Understanding the
impact of UXO detonation on underwater wildlife is critical for minimizing the impact of
offshore wind farm construction on marine ecosystems.
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As offshore developments grow at a rapid pace it is important that we fully understand
our impact on the marine environment. Marine acoustics is a significant area of
research and has been used to establish our impact ranges on marine mammals around
offshore construction. Mitigations are often used now to ensure that marine mammals
are kept safe around offshore work. The same is not true for fish and invertebrates.
However, fish and invertebrates do not hear in the same way as marine mammals and
so a different measurement technique is required. Fish and invertebrates detect sound
by picking up the vibration of the molecules in the water. To measure this, we have
used a technique that relies on a neutrally buoyant sphere. This sphere responds to
acoustic excitation, this excitation is then measured with an accelerometer and the
velocity vector of the sound wave can then be calculated. By using this technique we
can improve our understanding of the marine soundscape and improve our impact on
fish and invertebrates. This project is specifically focused on the impact from large scale
offshore construction and the high amplitude sounds that are associated with this. As
such the sensor prototype that we have developed is aimed at these higher amplitude
sound waves. These are the sound waves likely to cause the most damage at long
range in an instant. As opposed to the masking sounds of lower amplitude sources. So
far the prototype system has been tested in a tank with data analysis ongoing. We are
aiming to complete further testing this year with a sea ready prototype.
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This talk will provide an overview of the arc of now two decades of research on behavioral
responses of marine mammals to active sonar. Early drivers included litigation and some
of the first widely recognized mortal stranding events. Initial adaptations of behavioral
response studies (BRS) from established methods from terrestrial taxa required both
substantial initial modifications as well as lessons learned through challenges. Evolutions
of these methods tuned to different species, contexts, and source types (eventually
including operational military sonar systems) have occurred rapidly and have benefited
from substantial interdisciplinary, inter-institutional, and international collaboration.
Twenty years of BRS with sonar have yielded major insights into the nature, probability,
and consequences of exposure to sonar in a growing number of marine mammal taxa.
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Behaviorial Response Studies (BRS) have been important to reveal critical knowledge
on the impact of the use of military sonar. The 3S project started around 2006 and has
delivered a substantial part of the BRS data from experiments in the field. This paper
will provide an overview of the project and highlight some of the most recent results (like
the response to continuous active sonar, CAS), together with an outlook of future plans
that will be evaluated with a perspective of trends in other noise contributions.
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Research over the past two decades has shown that anthropogenic activities that
produce loud underwater sounds, such as active sonar, can interfere with important
marine mammal behaviour. To determine acceptable levels of disturbance more insight
is required on how much disturbing activities mairne mammal populations are exposed
to, and what the effects of the activities are on individuals animal and populations.
We implemented a risk-assessment framework to determine the total disturbance
to marine mammals ('sonar footprint’) caused by naval active sonar operations. This
framework follows the international trend within the European Union (EU) to evaluate
the accumulation of disturbance over large areas and over long timeframes, which
are compared to occurrence of marine mammals. The assessment is carried out by
combining information on active-sonar use, sound propagation, and insights on dose-
response relationships that quantify how sensitive marine mammals are to sound and
their marine mammal distributions. We demonstrate the assessment method using
controlled exposure experiments with marine mammals involving two 1-2 kHz active
sonars and highlight current gaps in knowledge. A poor understanding of how long-
term consequences of disturbance to marine mammals limits the ability to assess the
significance of disturbance. Nevertheless, the output of the assessment can be used
to identify which sensitive species are mostly affected, which sonars contribute most
to the sonar footprint, and how the footprint compares to other underwater sound
producing activities.
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Traditional acoustic sensing methods in the ocean are generally expensive and
sparse. We are now embarking on a new era, beyond the ’‘century of
undersampling’, enabled by marine robotics and other technical advances. One
of these is Distributed Acoustic Sensing (DAS). DAS is an exciting idea that has
been around for a couple of decades, but which has only recently reached
sufficient signal-to-noise to be considered a practical sensing system. DAS is
able to turn a Fibre-Optic (FO) cable into a string of virtual hydrophones using a
photo-electronic ‘interrogator’. The interrogator is able to sense along more than
100km of FO cable with (typically) 4m resolution, resulting in an unprecedented
long array of some 25,000 or more virtual hydrophones. Recent results from data
acquired from two FO cables off Svalbard in the high north have shown that we
can detect, locate and track multiple whales (including swim speed and direction)
along a corridor around a cable over 60km long by 19km across. An example 5
hours data tracked some 8 fin whales simultaneously. We believe that DAS as an
exciting new tool for remote real-time acoustic sensing in the ocean that could be
developed and integrated with other observational systems to empower
responsible management and risk mitigation through near real-time information
from extended regions
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Underwater radiated noise (URN) generated by marine transport has been continuously
increasing over the last decades, to the point of being recognized as a major
environmental problem. This increase in noise level is closely related to the increase in
the number and size of commercial vessels. Adverse effects of underwater noise have
been established for various species, including mammals, fish, and invertebrates. The
ship’s URN is mainly composed of machinery noise, propeller noise, and hydrodynamic
noise. Machinery noise is considered dominant at low speeds, while propeller noise
dominates at high speeds when the propeller cavitation becomes more important.
Detection of cavitation and its inception is crucial to reducing the propeller noise and
mitigating the impact on the surrounding aquatic environment. This abstract discusses
the use of onboard vibration data to estimate the cavitation inception speed and detect
its occurrences. By analyzing the vibration data generated by the propeller, unique
frequency patterns generated by cavitation can be identified and used to indicate the
onset of cavitation. In this context, Detection of Envelope Modulation On Noise (DEMON)
is employed along with vibrational levels to indicate the occurrence of cavitation. The
effectiveness of the algorithms used for analyzing the onboard vibration data has been
tested on three ships with different lengths, and the results show that this method of
detecting cavitation is accurate and reliable across various vessels. The use of onboard
vibration data has the potential to become a standard practice for detecting propeller
cavitation, estimate URN and reducing noise pollution in the maritime industry, thereby
mitigating the adverse effects of underwater noise on marine species.
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Since the industrial revolution oceans have become substantially noisier. The main
source of this increase is shipping together with climate change is altering the oceans
globally. In the coming century, we will witness an increase in seawater temperature,
ice melting, a decrease in ocean pH and a rise in the frequency of storms. In the North
Atlantic seawater temperature is projected to decrease due to the Atlantic Meridional
Overturning Circulation (AMOC) current system slowdown. To explore the impact of
climate change on shipping noise, we modelled sound at 125 Hz from a single ship
navigating in deep waters. We calculated the propagation losses with the parabolic
equation acoustic model RAM taking into account sound absorption and sound speed
profiles. The worldwide effect of climate change was explored as the difference between
2022 and 2099 assuming two different climate scenarios (Shared Socioeconomic
Pathways 8.5 and 4.5) for atmospheric and seawater temperature, salinity, pH and wind
speed. The results show a global increase of sound speed at different depths (from
5 to 640 m) except for the North Atlantic Ocean and the Norwegian Sea where in the
upper 125 m sound speed will decrease by up to 40 m s-1. This decrease in sound
speed results is consistent in the two climate scenarios where a new sub-surface duct
is visible in the upper 300 m allowing ship noise to propagate over large distances (>500
km). We relate the appearance of this new sub-surface duct with the slowing down of
AMOC. The increase of sound speed in other regions will not have a significant effect
on sound propagation that will remain similar to those of the current day. Also, at 125
Hz sound absorption will decrease by more than 50 % but the effect on the PL will be
negligible (<1 dB).
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Source level (SL) models such as the JOMOPANS-ECHO (J-E) model are used to
produce soundscape maps, which are later used to study the environmental pressure
that underwater radiated noise has on the marine environment. It is therefore necessary
to evaluate the models on their agreement with measured data, even though the SL
of individual ships will deviate. This is especially important when applying the J-E
model on a different composition of ship classes, sizes, and speeds than the ECHO
dataset range used to develop the model. The J-E SL model was evaluated using data
from opportunistic measurements of commercial ships trafficking Swedish waters
and passing a cabled real-time hydrophone station in relatively shallow (46 m) waters.
More than 250 ship passages were detected using Automatic Identification System
(AIS) data recorded locally, and suitable time periods in the recorded acoustical data
were selected based on several criteria, including the closest approach distance and
the minimum distance to other ships. Common ship classes in the measurement data
set were Tankers and General cargo ships and the evaluation showed a discrepancy
between the model and the SL measurements, most likely due to smaller and slower
ships compared to the ECHO dataset. In terms of number of passages, RoRo ships
were the most common ship type in the measurement dataset, while this class does not
exist in the J-E model. Therefore, an in depth analysis of this particular ship type was
done that showed that the SL measurements of the RoRo class showed similarities to
the predicted SL spectra of the J-E classes Vehicle Carriers and Container ships.

Page 56



OCEANOC'= 2023

Vilanova i la Geltrd, BARCELONA 22-26 MAY

SESSION: Shipping

URN MEASUREMENTS IN THE SATURN PROJECT; MEASURING VESSEL
NOISE SIGNATURE IN DEEP AND SHALLOW WATERS UNDER DIFFERENT
MEASUREMENT STANDARDS AND CLASS SOCIETIES’ NOTATIONS.

Yubero, R.

Roberto Yubero de Diego

roberto.yubero@tsisl.es

TSI

Avda. Pio XIl, 44 torre 2 bajo izquierda — 28016. Madrid. Spain.

In November 2022, TSI executed an eleven-day test campaign to measure the
URN signature for a specific vessel for deep and shallow water, following different
procedures described in international standards or classification societies’ notations.
These tests, performed within the EU-funded project SATURN, aimed to compare
the selected procedures regarding instrumentation, deployment, test execution, data
processing and obtained vessel signature. It was also intended to study the results
differences, probably caused by the different procedures followed. Furthermore,
being part of the ISO working group allowed TSI to test the available committee draft
of the first international standard to measure vessel noise in shallow water, the ISO
17208-3, where TSI provided feedback as an end user to the ISO working group.
The test campaign lasted 11 days, while 9 of them were dedicated to performing the
measurements. These tests covered 8 instrumentation setups (hydrophone depths),
with 4 different deployments (drifting buoy, surface buoy moored, and two hydrophone
seabed configurations), performing the measurements at fixed speeds (7kn, 8kn, 9kn,
10kn, 11kn) and fixed power (66% of Maximum Continuous Rate; approximately 11kn).
The complete setup was deployed and recovered every day (9 times in total), spending
in water more than 45 hours, where almost 190 vessel passes were measured, and
80 background noise measurements were recorded, ending up with more than 140
GBytes of acoustic raw data. The instrumentation used for performing the tests was:
i) 1 communication surface buoy, ii) 3 hydrophones, iii) 2 GPS (one to track the vessel
position and the other to monitor the communication buoy location) and iv) 1 CTD
(Conductivity, Temperature and Depth transducer) to measure the sound speed profile
in the water column and to also record the lowest hydrophone depth. During the tests,
the TSI's CourseAssistant© software was used to continuously compute the vessel-
buoy distance, providing the required course that would allow the vessel’s captain to
meet the target CPA for each pass, notably reducing the number of invalid passes and
therefore reducing the testing time, with the consequent fuel consumption reduction.
Finally, the gathered raw data were processed using the TSI’'s URNSoftware®© tool. The
current findings of the measurements are shown in this paper.
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With the upcoming regulations on underwater noise from the EU and the updated
guidelines on underwater noise from the IMO, measurements of noise emissions from
ships will likely be more common. Several classification societies have developed
measurement procedures, and ISO has one published measurement standard with
more on the way. Most of these measurement methods are thorough, involving
measurements when the ship is sailing in certain test courses and averaging the emitted
acoustical power in with specific methods. Essentially, this is to average over any
directivity that the acoustical source has. The averaging will only faithfully represent the
noise emission if the ship was operated in a consistent way over the entire test course,
which sometimes presents significant logistical difficulties. One simple way to relax
the requirements on both the logistical aspects of sailing a ship in a strict test course,
as well as the subsequent data processing, is to determine the ship source signature
from a much shorter time-segment of the signal received at the hydrophone. Here, we
compare two simplified methods to quantify the radiated noise: using a short segment
at the closest point of approach; and using a short time segment selected from when
the highest level was received at the hydrophone. We use these two methods as well
as a straightforward average of the radiated noise to quantify the radiated noise from 91
ship passages in lake Malaren in Sweden. We compare the results from the simplified
methods with the averaging method to see how large the influence of ship directivity
is on the calculated source power. Early results indicate that these simplified methods
typically deviate 1 dB from the averaged method, as well as 1 dB from each other.
We also see up towards 10 dB deviations between the methods for single passages,
mostly in the frequency range below 150 Hz. This indicates that these methods are not
interchangeable, and that the purpose of a measurement must be considered when
performing a measurement. If the result will be used as the input to a noise map, it is
reasonable to average over the directivity. If the result will be used to judge close range
environmental impact, perhaps the peak output power is also relevant.
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MARS PROJECT: 2 YEARS OF FEEDBACK FROM AN OPPORTUNISTIC ISO-
17208 OBSERVATORY OF ACOUSTIC SIGNATURES AND INTERNAL VIBRATIONS
OF SHIPS IN THE ST. LAWRENCE SEAWAY

Cedric Gervaise, P. Cauchy, P . Mercure-Boissonault, G. St-Onge, K. Kesour, JC.
Gauthier-Marquis, ML.Bazinet, P. Camerin, S.c Lafrance

Cedric Gervaise

CHORUS Research Institute, France

The MARS project, 2021-2024, co-funded by Transport Canada, the Ministére de
I’économie et de l'innovation du Québec, SODES, IMAR, ISMER, MTE inc, OpDAQ
inc and the shipowners FEDNAV, Desgagnés, CSL, Algoma is an ambitious project in
Eastern Canada that simultaneously measures the acoustic signatures of volunteer or
opportunistic vessels and internal vibrations of vessels to assess the noise radiated by
ships, identify the causes and finally propose and test solutions for reducing radiated
noise. The MARS project is based on a station for measuring the acoustic signatures of
vessels located near the St. Lawrence seaway (22 +- 3 vessels / day) in a flat channel
350 meters deep. The measuring station is compatible with the ISO-17208 standard. It
makes it possible to measure the signatures of voluntary vessels (150 per year) at the
cost of a slight deviation from their normal course (5 minutes of delay max) and it makes
it possible to capture more than 1000 opportunistic signatures. The signature measuring
station is complemented by instrumentation specifically developed to measure the
internal vibrations of ships (8 per year) as they pass through the station in order to identify
the internal sources that generate radiated underwater noise. In the presentation, we
will detail the instrumentation developed for the project and we will give feedback from
2 seasons of operation (May-November 2021, 2022). Then we will study the accuracy
of measuring signaturesthanks to the multiple passages of same shipsseveral months
apart and thanks to the passages of sister-ships. We will present how we analyze these
signatures to evaluate the contributions due to cavitation and machinery. Starting from
two ships of very different design (Ro-Ro with pod, bulk carrier), we will present the
vibration diagnostics on board and how we can identify the sources of radiated noise.
Finally, we will identify several perspectives under development such as the estimation
of the URN and the detection of cavitation from on-board vibration measurements.
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METHODOLOGICAL ANALYSIS FOR THE IDENTIFICATION AND EXTRACTION OF
OCEAN SHIPPING NOISE.

Lajaunie, M; Ollivier, B; Pihan, H; Kinda, G.B;

Myriam Lajaunie
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Service Hydrographique et Oceanographique de la Marine (SHOM), France
183, rue du Chatellier, 29200 Brest, France

In some areas of the global oceans, ocean ambient noise has experienced an important
intensification in the past decades, due to the global increase in marine traffic and
anthropogenic activities at seas. In this context, the 11th descriptor of the Marine
Strategy Framework Directive (MSFD) aims at quantifying, monitoring the evolution
and evaluate the impact of the anthropogenic contribution to ocean ambient noise,
ultimately to guide the European legislation in the regulation of anthropogenic activities
at seas. The monitoring of the anthropogenic contributions to ocean noise relies
notably upon the ability to separate these contributions from noise generated by natural
sources. Extracting a certain type of perturbation from a random noise of natural origin
represents a very different challenge when targeting impulsive noise (such as airguns
or pile-driving) or continuous noise, slowly emerging from the natural ambient noise
(such as shipping noise). The research proposed here faces this last challenge, and
exposes an analysis of available methods that could enable to extract shipping noise
within underwater acoustic recordings operated through vertical hydrophones antennas
located at different positions in deep and shallow waters in the French EEZ.
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RE-ROUTING OF A SHIPPING LANE CHANGED THE UNDERWATER
SOUNDSCAPE IN KATTEGAT

Andersson, MA; Lalander, E; Larsson Nordstrom, R.

Mathias Andersson

mathias.andersson@foi.se

Department of Defence Technology, Swedish Defence Research Agency
Swedish Defence Research Agency, Stockholm, Sweden

In July 2020, the main route for commercial ships in Kattegat, Route T, was split into
two: one route for large ships and one for smaller ships closer to the Swedish coast.
The potential effect of this major re-routing on the marine environment, for example on
the communication space, is investigated in this study. In particular, the focus is the
harbour porpoises (Phocoena phocoena) and one of their prey, the Atlantic cod (Gadus
morhua). Both species use natural sound for orientation and cods communicate at low
frequencies (<200 Hz). Data on ship movement, wind, sound speed profile and both
modelled and measured sound levels were recorded for one year before the rerouting
and one year after. In addition, two methods were utilized to study any impact of the
change in environment on the selected species. The results revealed a generally high
sound pressure level along the shipping lanes. The rerouting resulted in an increase
in number of passing ships, from 5600 to 16300, causing an increased noise level, in
the 1/3 octave band with the centre frequency of 100 Hz, along the coastal route, in
both northern (by 5-6 dB) and southern (3-4 dB) Kattegat. The shipping noise has also
extended over a larger area. The acoustic habitat quality in terms of communication
range has decreased for species like the cod but not for harbour porpoises. However,
their ability to detect natural sounds has been reduced. The harbour porpoises potentially
avoid larger areas due to more ships in the new shipping lane after the re-routing.
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SHIP URN SELF-ESTIMATION IN THE CONTEXT OF LIFE-PIAQUO PROJECT

Gaggero, S; Gaggero, T; Tani, G; Villa, D; Rizzuto, E; Viviani, M;

Tomaso Gaggero
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University of Genova

Via Montallegro 1, 16145, Genova, ltaly

Underwater radiated noise from commercial ships has a negative impact on the
marine fauna. Even if worldwide compulsory requirements for ships have not yet been
established by the International Maritime Organisation (IMO), at national or regional
levels several voluntary requirements and good practices have been established for
noise control and reduction. Possible strategies for ship underwater noise control and
reduction range from optimized design for new constructions, to propeller or machinery
refitting for existing ships, to operational actions valid in both cases. All the above-
mentioned strategies are implemented in the context of the LIFE-PIAQUO project.
As regards the latter, and in particular noise impact operational management by the
crew, a fundamental aspect is represented by the possibility of knowing the amount of
noise emitted by ships in a specific working condition. To carry out a self-estimation
of underwater radiated noise, the application of the Operational Transfer Path Analysis
technique is analyzed. OTPA technique takes advantage of vibration information coming
for a set of accelerometers onboard to give a real time estimation of the URN. In the
present work an overview of the preliminary results in the context of the LIFE-PIAQUO
project is reported and indications on the applicability of the technique for URN are
discussed.
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UNDERWATER SOUND COMPARISON BETWEEN FULL ELECTRIC AND DIESEL
ELECTRIC CONDITIONS FOR A ROAD FERRY

Gaudel R

Renaud Gaudel

renaud.gaudel@damen.com

N/A

Avelingen-West 20, 4200 AA Gorinchem, The Netherlands

Based on the underwater sound measurements of 87m road ferries in different operating
conditions, a comparison was made between two configurations: full electric (power
generated by batteries only) and diesel electric (power generated by genset). For these
two conditions the same vessel speed (i.e. electric motor and propellers speed) was
considered. Since the dominant source was the gearing from the thruster’s Z-drives, no
significant difference in underwater sound was observed between the two conditions.
This was also observed in the prediction models using finite element analysis. The
conclusion is that despite the assumption that full electric propulsion can achieve lower
underwater sound levels, it might not always be the case. It should then be taken into
account in future design and mitigation plans to reduce the impact of underwater sound
on marine life.
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PONANT CRUISE LINE MANAGEMENT OF UNDERWATER NOISE

Wassim Dadoud

Wassim Daoud
wdaoud@ponant.com
PONANT France

PONANT is a leading cruise line company that is committed to minimizing its impact
on the marine environment. As part of this commitment, PONANT has recognized
the importance of reducing the underwater noise generated by their vessels. We will
discuss the measures taken by PONANT to address this issue and the impact of
these measures on marine ecosystems. PONANT’s efforts to minimize underwater
noise include the use of electric propulsion systems, which significantly reduce noise
levels compared to traditional propulsion systems. The company has also installed
an underwater detection system on its vessels to monitor the noise levels generated
and adjust operations accordingly. In addition, PONANT has partnered with leading
scientific organizations to study the impact of underwater noise on marine life and
develop best practices for minimizing this impact. These partnerships have resulted
in the implementation of guidelines for navigating in sensitive areas and a commitment
to reducing engine noise during wildlife observation activities. By minimizing URN,
PONANT is not only contributing to the protection of marine life but also enhancing
the guest experience. Reducing noise levels can create a more peaceful and enjoyable
environment for passengers, enhancing the overall cruise experience. The URN
notation granted to Le Jacques-Cartier by Bureau Veritas is a significant achievement
for PONANT and demonstrates the company’s commitment to sustainable tourism and
responsible environmental practices. By minimizing the ship’s impact on the marine
environment, PONANT is contributing to the long-term health and sustainability of the
oceans while also enhancing the guest experience for its passengers. Through these
efforts, PONANT has demonstrated a strong commitment to responsible environmental
practices and has set an example for the wider cruise industry. Our presentation will
showcase PONANT’s leadership in addressing the issue of underwater noise and
highlight the importance of industry-wide efforts to minimize the impact of cruise ships
on the marine environment.
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HOW TO SILENCE SHIPS: PRELIMINARY RESULTS FROM THE SATURN
PROJECT

Frans Hendrik Lafeber

Frans Hendrik Lafeber
f.lafeber@marin.nl
Maritime Research Institute Netherlands (MARIN)

Shipping is one of the main contributors to anthropogenic underwater radiated noise
(URN). Two of the biggest noise sources of a ship are the machines inside the ship —their
vibrations excite the hull, which then radiates noise into the water — and the cavitation —
the formation of vapour bubbles in regions of low pressure — on the propellers. Methods
to reduce the contribution of those noise sources are topic of the EU-funded Horizon
2020-project SATURN (Solutions AT Underwater Radiated Noise). Within that project,
several mitigation technologies are being investigated:

- Updating the propeller design to delay the onset of cavitation and to reduce the
amount of cavitation

- Replacing the propeller by a different, quieter, propulsor concept ? Using a layer of air
bubbles to reduce the machinery-induced noise

- Inject air bubbles into the cavitation to dampen the collapse and thus reduce the
noise.

A boundary condition for these solutions is that the emissions (such as CO2, NOX, etc.)
of the ship should not increase or, ideally, even decrease. For the propeller design, for
example, the efficiency level should be maintained while making the propeller quieter.
The propeller performance is studied by means of numerical methods. These allow
for a quick evaluation of many thousands of propeller designs, which are generated
using genetic algorithms. The results thereof show the trade-off between efficiency
and noise and the best propeller can be found. For the machinery noise study, model
tests were carried out where a ship model was excited by a shaker to mimic the main
engine. A layer of air bubbles, which should cover the vibrating part of the hull, was
released from porous hoses in a recess in the hull. The noise reduction due to the air
layer was determined by comparing measurements of the URN with and without air
layer. Air injection into the cavitation was investigated on model scale by releasing air
bubbles from a duct upstream of the propeller. The noise-reducing effect of the air
was determined by measuring the URN of a cavitating propeller with and without air
injection. The model tests concerning the use of air bubbles have been completed.
The analysis of the model tests and the propeller design studies are currently ongoing.
This presentation will give an overview of the work carried out so far including some
preliminary results.
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A SIMPLE SPECTRAL CLASSIFIER TO PROVIDE ROBUST INDICATORS FOR THE
OCEAN SOUND EOV

Martin, SB; Hotkani, MM; Bousquet, JF.

S. Bruce Martin
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JASCO Applied Sciences

20 Mount Hope Avenue, Dartmouth, NS, Canada

The study of underwater sound has progressed rapidly over the past 20 years with
many research groups proposing diverse methods for analyzing soundscapes. The
International Quiet Ocean Experiment (IQOE) has led the effort to build an acoustic
monitoring community to find consensus in approaches to Passive Acoustic Monitoring
(PAM). Meetings sponsored by the IQOE have proposed that a one-minute sample time
of the acoustic spectrum should be the standard unit for soundscape reporting. The
IQOE consensus was a key input to an ISO Working Group developing standard 7605
for PAM data analysis and reporting. The IQOE has also developed an Implementation
Plan for the Ocean Sound Essential Ocean Variable (EOV). The Plan provides a
roadmap for researchers to provide PAM data to the international community. This
data addresses the core mission of the Global Ocean Observation System (GOOS),
which seeks observations that can help society: (1) understand and manage climate
changes, (2) maintain ocean health, and (3) monitor threats and provide forecasts and
warnings. For the Ocean Sound EQV to reach its full potential, countries and individual
researchers will be encouraged to contribute their data. ISO 7605 will provide a
framework for standardized data collection, calibration, analysis and reporting of sound
pressure levels with known temporal observation windows and frequency resolutions.
However, it does not provide guidance on data analysis that yields indicators to directly
address the observation goals of GOOS. In this work, long-term acoustic recordings
are analyzed from a wide variety of water depths and locations to develop a robust
soundscape classification algorithm. For each minute of data, the wind speed is
estimated using a cubic function of power spectral density (PSD) at 6 kHz and recording
depth. The classification algorithm employs the PSD level at twelve frequencies in
the range of 0.03-30 kHz, as well as spectral slopes and kurtosis to identify minutes
with rain, drizzle, heavy and light shipping, fin and blue whales, as well as odontocete
clicks and whistles. A key objective is developing a low-power system that can be
operated on autonomous platforms. The classification algorithms are being embedded
on a processor using Xilinx’s Zynq System-on-Chip that produces a 32-kHz hybrid
millidecade spectrum in real-time.
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SOURCES OF PATTERNS IN SOUNDSCAPES

Baumann-Pickering, S
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9500 Gilman Drive, La Jolla, CA 92093-0205, USA

Soundscapes are complex composite acoustic environments made up by contributions
from biotic, abiotic, and anthropogenic sources. These sources are readily identifiable
by human analysts in long-term, autonomous passive acoustic data but are more
difficult to capture in an automated manner. Describing marine soundscapes based on
sound levels gives an incomplete picture of complexity and context. This may at times
be misleading in a management application unless sources contributing to these levels
are quantified and possible interactions of sources better understood. Over recent
years, efforts have been made to a) calibrate across time and instrument response for
a consistent metric by using ambient sound from wind as a guiding factor; b) develop
software to generate soundscape metrics in the Matlab-based package Triton — the
Remora (plug-in) “Soundscape Metrics”; c) assess contributions of sources in tens
of years of cumulative passive acoustic data and how it relates to temporal cyclical
patterns such as day, lunar cycle, season; and d) to automate the separation and
classification of chronic and transient sources using long-term spectral averages.

Page 67



OCEANOC'= 2023

Vilanova i la Geltrd, BARCELONA 22-26 MAY

SESSION: Soundscapes

USING CNN CLASSIFIERS AS UNDERWATER SOUND SOURCE DETECTORS:
LEARNING ABOUT NOISE

Parcerisas, C; Igaz-Kaya, i; Botteldooren, D; Devos, P; Debusschere, E; Schall, E.

Clea Parcerisas

clea.parcerisas@vliz.be

Flanders Marine Institute (VLIZ) / Ghent University
Slipwaykaai 2, 8400, Oostende, Belgium

Passive acoustic monitoring (PAM) creates massive amounts of valuable data to monitor
fauna with bioacoustic methods. The continuously increasing volume of PAM data
make the manual review of these data by human experts more and more impractical.
Automatized approaches to process and analyze data are required to gain knowledge
on spatio-temporal patterns of soundscapes, species presence and behavior. With the
raise of the development of high-performance Convolutional Neural Networks (CNN) for
speech recognition and computer vision, there has been an increase in CNN application
for underwater sound sources recognition. These applications are usually based on the
use of spectrograms featuring high temporal and spectral resolutions as the graphical
input to the models. CNNs have a great potential to detect and differentiate underwater
sound sources in spectrograms, but when it comes to automatic classification methods
it still remains a challenge to cope with low signal-to-noise ratios, simultaneous
species presence, and overlapping vocalizations. Furthermore, classifier algorithms are
sometimes applied to segmented snippets with the objective of detecting all the signals
in long-term recordings. The fact that noise is the dominant class (usually more than
95% noise in marine PAM data) which results in highly imbalanced datasets affects
the performance of most models if not tackled accordingly. In this project we explore
which effects have (1) the size of the dataset for the classification of different marine
mammal’s vocalization, (2) the testing of the model on unseen data from a new location,
and (3) the proportion of noise in the training and testing dataset on the performance of
a classic CNN model to detect baleen whale sounds in a real-world bioacoustic open-
access dataset recorded in different locations of the Southern Ocean. Knowing these
effects can help us better assess the potential of using CNNs to detect and classify
underwater sound sources.
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IMPLICATIONS OF ALTERED ACTIVE SPACE FOR MARINE LIFE, AND HOW THAT
MIGHT BE USED AS A MITIGATION METRIC
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Increases in ambient noise levels globally have been attributed to a globalisation of the
economy and an increased reliance on oceanic transportation routes. The additions
are most acute along major shipping routes, but can propagate to areas remote to the
source. Coastal areas near large urbanised areas and ports also demonstrate elevated
ambient noise levels. More and more, these increases are being realised as a hindrance
to species success, recovery and ultimately population survival. Impact is currently
defined by quantifying changes in soundscapes, and the potential for behavioural
modifications and temporary or permanent hearing loss. Here, we explore different
species-centric metrics to understand the potential impact on whales from changes
in the sound field. The potential of interference to successful communication calling or
echolocation use through masking is suggested as a means to quantify disturbance,
identify hotspots of impact for species, and understand the level of acoustic stress
they may experience over time and space. We look to a case study of the endangered
southern resident killer whale in an area of critical habitat to understand how the
effective use of acoustic signals to way-finding, maintain group cohesion, and identify
and capture prey could be impacted by current levels of presence as well as near-future
predicted increases. How this masking metric, and its application to knowing the time
or area that might be impacted by noise, can be used to guide the development of
mitigation measures is also discussed.
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Human-generated noise has been recognized as a pollutant for aquatic animals, claiming
for underwater soundscape monitoring. Worldwide several monitoring programs have
been carried out but very poor data are available for the Mediterranean Sea, despite
it being a biodiversity hot-spot. SOUNDSCAPE project is the first yearly continuous
acoustic monitoring project, that encompasses nine stations in the Northern Adriatic
Sea both on the Croatian and ltalian sides. Stations located close to harbors, shipping
lines and touristic areas resulted to have higher and more variable noise levels than
those sited close to protected/managed areas. Seasonal variation in sound pressure
levels was observed, mostly related to weather conditions. Median sound pressure
levels are similar to those characterizing other busy EU basins. However, by including
the COVID-19 related lockdown period, in the monitoring period, the presented dataset
could reflect a reduced human activity in the study area; in its turn higher levels could
be hypothesized during a business-as-usual period
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LARGE-SCALE MONITORING OF INDO-PACIFIC HUMPBACK DOLPHINS AND
FINLESS PORPOISES USING MULTIPLE STATIC ACOUSTIC SENSORS
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28 Luhuitou Road

Passive acoustic monitoring (PAM) is increasingly being adopted as a non-invasive
method for the assessment of ocean ecological dynamics. PAM is an important sampling
approach for acquiring critical information about marine mammals, especially in areas
where data are lacking and where evaluations of threats for vulnerable populations
are required. The Indo-Pacific humpback dolphin (IPHD, Sousa chinensis) and finless
porpoise (IPFP, Neophocaena phocaenoides) are coastal species which inhabit tropical
and warm-temperate waters from the eastern Indian Ocean throughout Southeast Asia
to central China. The distribution pattern of these animals around the Hainan Island
(China) is unclear, but evidences for a resident population of both the species have
recently emerged. An array of passive acoustic platforms was deployed at depths of
10-20 m (the preferred habitat of humpback dolphins, and potential habitat of finless
porpoises), across sites covering more than 100 km of coastline. In this study, we
explored the spatiotemporal patterns of distribution and acoustic behavior of these
species by using the PAM data through supervised machine learning algorithms. Our
work demonstrates that the distribution and habitat use of the coastal and resident
odontocetes can be monitored over a large spatiotemporal scale, using an array of
passive acoustic platforms and a data analysis protocol that includes both machine
learning techniques and spectrogram inspection.
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ASSESSING THE IMPACT OF SHIP TRAFFIC NOISE ON SHORT-FIN PILOT
WHALES IN SOUTH TENERIFE: IMPLICATIONS FOR CONSERVATION AND
MANAGEMENT
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Low-frequency anthropogenic noise, particularly from shipping activities, is a growing
concern for the acoustic environment of marine animals, including whales. This study,
within Solutions to Underwater Radiated Noise (SATURN) project aims to investigate
the impact of underwater noise from vessels on short-fin pilot whales (Globicephala
macrorhynchus) in the Special Area of Conservation Teno-Rasca, located in the South
of Tenerife, Canary Islands. This area includes a commercial harbor and two smaller
ports hosting intense ferry, whale watching and recreational vessel traffic, as well as
areas with lower marine traffic. During 2021 and 2022, we deployed digital acoustic
tags (DTAGs) on 17 short-fin pilot whales, which recorded sound generated by both the
whales and passing ships for a total of 106 hours, as well as GPS data of the location
of the whales. We related the location of the whales with respect to the harbors with
the noise budget received in the tags. This was extracted from long-time spectrogram
analyses and extracting vessel passages from the acoustic records of the tags. The
results evidence spatial differences in the acoustic quality of the waters within the ZEC
and are readily applicable to Environmental Assessments of new harbor developments
in the area.
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EVIDENCE OF IMPACTS OF UNDERWATER RADIATED NOISE ON THE
VOCALIZATION OF COASTAL DOLPHINS
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With the large increase in human marine activity, our seas have become populated
with boats and ships projecting acoustic emissions of extremely high power that
often affect areas of up to 20 square km and more. The underwater radiated noise
(URN) level from large ships can exceed 100 PSI and is wideband, such that even
at distances of several kilometres from the vessel, the acoustic pressure level is still
high with a clear disturbance impact on the hearing and behavior of marine fauna.
While standards were set to limit the transmitted acoustic power per exposure the
magnitude of noise from ships remains under-explored. Bridging this gap, we report
on a quantitative study that examines if and how shipping URN is a main factor of
disturbance. While a variety of marine animals may be affected by shipping URN, we
focus on two coastal dolphin species — the Bottlenose dolphin (Tursiops truncatus)
and the Common dolphin (Delphinus delphis). Dolphins are known to express stress
also through acoustics manners. The large range of distribution of these two species
makes them ideal representatives in this study as they show plasticity in habitat choices
and can migrate to another environment in case of a strong disturbance, such as
sound. They are apex predators in the Israeli marine environment, thereby acting as
sentinel species and important bioindicators. In this talk, we will present the results
of a quantitative study performed to examine the relation between shipping URN and
the vocalization of coastal dolphins. We explored the dolphins’ response to vessels by
deploying two long-term acoustic recorders near a shipping lane and a dolphin habitat
in Eilat, Israel. Using a deep learning method, we detected 50,000 whistles, which were
clustered to associate whistle traces and to characterize their features to discriminate
dolphin behavior. Post processing included noise cancellation, whistle clustering and
feature selection, as well as manual tagging. The whistles were categorized into two
classes, representing the presence or absence of a nearby vessel. We obtained true
positive and true negative rates exceeding 90% accuracy on separate, left-out test
sets. Data is shared with the community for reproducibility and further research. We
argue that this success in classification serves as a first systematic proof for the impact
of shipping URN on dolphins’ behavior.
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A STUDY ON THE TEMPORAL VARIABILITY OF UNDERWATER NOISE WITH AIS
AND V-PASS DATA AROUND HIGH SHIP DENSITY IN KOREA COASTAL WATERS
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In areas with frequent ship traffic, such as ports and coastal areas, ship noise dominates
underwater noise in the low-frequency band below 1 kHz. This study analyzed
underwater noise below 1 kHz in over a period of 14 days using SRH (Self-Recording
Hydrophone), which is deployed in the water, collected in the high-traffic coastal waters
in Korea. The study area is a port where various types of large vessels and fishing
boats are constantly present. In addition to the installation of the AIS system on large
ships, small ships in Korea are obliged to install the V-PASS (vessel pass) system. The
system, introduced in 2013, is one of the location transmitters for small fishing boats
(below 10 tons) and is an automatic communication device that must be installed on all
fishing boats in order to quickly respond to marine accidents. During the same period of
underwater noise measurement, the navigational information from the large vessels and
fishing boats was obtained using AIS and V-PASS system. A technique for modeling
shipping noise was applied to compare and analyze the observed underwater noise
data. In the shipping noise modeling technique, the source level of individual ships
was calculated using an empirical formula (ROSS, 1987). The transmission loss from
the ship to the receiver was calculated using the Range-dependent Acoustic Model.
In this study, we present the results of a comparison and analysis of underwater noise
measurement data obtained through sea trials with ship noise modeling data based on
AlS and V-PASS System. We also discuss the limitations and causes of the differences
between the measurements and the modeling, and propose research directions to
overcome these limitations.
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ANALYSIS OF HYDROPHONE SOUND RECORDINGS IN A DOLPHIN
HABITAT WITH HIGH EXPOSURE TO RECREATIONAL SHIPPING NOISE,
MONITORING, CLASSIFICATION OF SOUNDS USING DEEP LEARNING CNN
ARTIFICIAL NEURAL NETWORK, ANALYSIS OF DOLPHIN SOUNDS IN NOISY
ENVIRONMENTS WITH SPECIAL FOCUS ON MODULATIONS.
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In the Adriatic Sea of Croatia, we conducted hydrophone underwater sound recordings
in dolphin habitat in the Veli Losinj area of the Adriatic Sea, in a water area highly
noisy with recreational and tourist vessels. The recorded underwater sound files
were classified using an artificial neural network, Tensorflow CNN algorithm. We
also automated the detection of dolphin sounds in the large sound files using deep
learning. In this way, large sound files can be processed quickly without human manual
monotonous work. In noisy environments, dolphins use the higher frequency “quieter”
frequency spectrum weighted by the spectral sensitivity of their auditory system above
the noisy frequency spectrum. Dolphins use modulations to make whistle sounds
unique, and dolphin’s frequency and amplitude modulations also a potential indicator
of emotional states, including danger, alertness and stress. Dolphin whistle sound files
recorded in a noisy environment were demodulated using Gnu Radio python function
blocks. From the amplitude- and frequency-modulated whistle signal, we generated the
baseband modulating signals generated by the dolphin individual that make the whistle
sounds unique. The baseband modulating signal generated by the dolphin contains a
lot of interesting information, the profiling of which is the subject of further investigation.
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Soundscaping has been used as a tool for understanding habitat health and developing
contexts for animal behaviour across taxa, as well as identifying the presence and
patterns of noise pollution in the environment. Anthropogenic noise has been shown
to have negative consequences on a range of marine taxa, including marine mammals,
teleost fish and invertebrates. Yet, despite our understanding that sharks are sensitive to
low-frequency sounds (<1500Hz) and display multiple behavioural responses to sound,
we have a very limited understanding of if and how they respond to anthropogenic
noise. This is particularly concerning considering that the spectral characteristics of
many anthropogenic noise pollutants, including motorboat noise, overlap with shark
hearing sensitivities. Further, shark-boat interactions happen in a variety of contexts that
influence their behaviour and conservation, such as commercial fishing, depredation
and provisioning for tourism. Therefore, soundscaping key shark habitat is a valuable
first step to understanding the acoustic context of shark hearing and identifying the
biological and anthropogenic sounds they may be detecting and responding to in-situ.
We begin to address this by providing the first soundscape conducted in the context
of shark hearing. Using the Biscayne Bay (Miami, FL) as a study site, we verified the
presence of three species of juvenile shark (Ginglymostoma cirratum, Sphryna mokarran
and Negaprion brevirostris) that have restricted home ranges within the bay. This area
is directly adjacent to the major city of Miami, and the nursery area directly overlaps
with a popular site for boating, fishing and coastal recreation. Using a combination of
hydrophones and accelerometers, we characterised the temporal trends and relative
contributions of biophony and anthrophony in the bay across both the pressure and
particle motion domain. Further, using machine learning algorithms, we quantified boat
activity and described how noise levels vary on diel and weekly cycles, and during
exceptional events such as 4th July celebrations. We discuss our results in the context
of coastal resource management and how bioacoustics could contribute to shark
conservation and protection.
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Passive acoustic monitoring (PAM) of marine environments has led to an explosion
in the quantity of acoustic data, at scales unsuitable for human analysis. There is a
growing demand for sophisticated detection and classification algorithms capable
of automating the identification of specific marine sound sources, to reduce manual
labour and extract meaningful information on appropriate timescales to research and
industry projects. Research and development of sophisticated Al systems require a
baseline understanding of ambient noise levels, across seasonalities and temporal
ranges of the environment in the algorithm will be deployed in. Characteristics of ocean
noise vary regionally, with shallow water coastal regions controlled by an abundance
of environmental features. Understanding small-scale variation in soundscape
components in shallow water environments is essential to build up an understanding
of how automated detections systems may behave when deployed over large datasets
which vary in noise characteristics. In this work passive acoustic data is analysed for the
detection and classification of marine sound sources using broadband and third-octave
level (TOL) sound pressure levels to understand the effect of biology, geophony and
anthropogenic sound sources on baseline ambient noise trends across a shallow water
coastal PAM array. The effect of soundscape variation across a network of nine PAM
moorings, from the COMPASS array (West of Scotland), is investigated to characterise
small-scale seasonal and diurnal trends in anthropogenic and biological sound source
contributors, using data collected between 2018 and 2020. This work demonstrates
inter-site variability in soundscape characteristics, despite close geographic locations,
as a result of environmental factors, highlighting the importance of site-specific baseline
data for developing automated approaches to mining big acoustic datasets. We
highlight the difficulty of predicting site specific noise trends due to local correlations
with tidal and weather features. To demonstrate the ability to detect marine sound
sources in long-term PAM datasets we couple PAM data with AIS and oceanographic
modelling data to correlate ambient noise trends with site specific events. We illustrate
the ability to mine large PAM datasets for labelled acoustic frames using long term
ambient noise analyses.
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In the Patagonian Fjords (Chile) an explosive development of salmon aquaculture
has occurred, making Chile the second largest salmon producer in the world. Several
environmental impacts of this industry on marine ecosystems have been identified.
However, descriptions of the underwater soundscape near the sea-based salmon
installations are scarce. A continuous recording of ~45 hours was conducted using
a calibrated hydrophone (0.02-60 kHz) anchored at 20m depth (2m from bottom) and
250m from a salmon net pen. Thirteen noises were identified. The dominant noise
had a peak frequency of ~80 Hz, probably due to electric generators (SPLRMS ~120
dBre1uPa). The second dominant was ~2500 Hz, probably from automatic feeding
systems or well-boats in use (SPLRMS ~142 dBre1pPa). Outboard motor noises were
also present (SPLRMS ~130 dBre1pPa). During only one-hour, anthropogenic noises
were absent (SPLRMS ~100 dBrel1uPa), where snapping shrimps and fish sounds
were found. Therefore, the soundscape was strongly dominated by anthrophony from
the salmon net pen with 97% of the total time and ~40 dBre1puPa higher than natural
sounds. Moreover, the highest noise was estimated as ~200 dBre1uPa at 1m from the
net pen. Therefore, it is raising the necessity to evaluate the effects of these noises on
the marine fauna.
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Among noise sources, maritime traffic is of relevance on animal wellness, although
its impact is not much known nowadays in many European sea-basins. Furthermore,
most of the analysis have had an almost exclusive focus on vertebrates, in which noise
involves the mechanoreceptor cells of the ear and can cause hearing impairment or
deafness. But homolog cells have been discovered in tunicates, marine invertebrates
closely related to vertebrates, thus opening the research question on their ability to
sense and be affected by noise. Tunicate mechanoreceptors sense sound waves and
particle movement, and therefore are predictable targets of noise pollution. JPI Oceans
project Deuteronoise, recently started, aims to characterize the noise pollution caused
by maritime traffic in selected sites of the North Adriatic Sea, Lagoon of Venice, North
Sea, Black Sea, and Barcelona shore, characterize the gathered sounds and afterwards,
test its effects on behavior, nervous system and sensory organs, immune system,
and resilience in marine invertebrates closely related to vertebrates (deuterostomes):
hemichordates, echinoderms, cephalochordates, and tunicates. All these animals are
common in European seas and cover different levels of the trophic network, from the
holoplankton-meroplankton to sessile or sedentary primary consumers. Noise levels
have started to be recorded on site, to be analyzed and, after characterization, will
be simulated in the laboratory, in order to conduct a behavioral, morphological and
genetic survey on sampled animals living in acoustically polluted vs non-polluted
areas. Recordings and measurements have started in the Lagoon of Venice, and also
in two different sites in the North Adriatic Sea. First results analyzed in the laboratory
allow us to identify the passages of different kind of ships, and the presence of several
characteristic frequences. Several clear differences between sites have started to be
identified, which will allow to generate simulate noise pieces in order to test in the
laboratory with all deuterosomes.
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Offshore windfarms have recently emerged as a renewable energy solution. The effects
of pile-driving and long-term impacts on fish vocalization behavior are largely unknown.
We investigated the variations of fish chorusing intensity and duration during the
construction (2016) and the fish vocalization seasonal phenology during the operational
phases (2017-2018) of the wind turbines at the Eastern Taiwan Strait (ETS). At the
ETS, two types of fish choruses (Types 1 and 2) were found to repeat over a diurnal
pattern. In the 2?days after the pile driving, Type 1 chorusing showed lower intensity
and longer duration, while Type 2 chorusing exhibited higher intensity and no changes
in its duration. Our findings document, for the first time, different behavioral responses
of two chorusing types exposed to pile-driving and windfarm noise pressure. Wind
turbine operation was significantly higher in autumn and winter compared to other
seasons. Furthermore, the operational noise was highly correlated with the wind speed
and did not influence the seasonal fish chorusing and followed the annual phenology
of fish chorusing commencing in spring, peaking in summer, starting to diminish in
autumn, and falling silent in winter. Because offshore windfarms installations are
growing in magnitude and capacity worldwide, this study provides essential insights for
policymakers and constitutes an important reference for assessing the effects of noise
from pile driving and operational noise on fishes.
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Competitive sailing regattas are significant sporting events commonly held within
coastal marine environments. These events attract thousands of additional spectator
vessels, resulting in substantial changes to the coastal soundscape, potentially
exposing marine animals to noise levels that far exceed 'normal’ for that region. In
recent decades, technological advancements have led to the development of foiling
yachts over 15m in length, which can exceed 100 kmh-1 and may pose significant
collision risk to marine mammals. Furthermore, there is spatial overlap between marine
mammal habitat and regattas, smaller race courses which tend to see vessel huddling
and multiple races per day held n