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‘If you can meet with Triumph and Disaster
And treat those two impostors just the same’
From ‘If” by Rudyard Kipling

‘It is the green-eyed monster which doth mock’
From “Othello’ by William Shakespeare

‘Anger, resentment and jealousy doesn’t change the heart of others —
it only changes yours’
Shannon Alder

‘The dolphins gonna dive, dive, dive, dive, dive,
And the sea lions bark and jive, jive, jive, jive, jive,
But me? I'll just glide, glide, glide, glide, glide
I shake it off, I ride the tide’
Anonymous
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Foreword

The often-repeated fact that the Earth’s surface is more than 70% water is a simple
observation that should remind us of the importance of the aquatic environment to
the planet as a whole. Yet the relative opacity of the ocean makes it a mysterious inac-
cessible world that presents a great many challenges when seeking to understand the
physical processes and ecosystems that exist within it.

In recent years, having significantly depleted the Earth’s land-based resources, there
has been a technological focus on greater exploitation of the marine environment, with
the associated danger of further degrading the ecosystems within it. Potentially dam-
aging anthropogenic activities include: the ever-expanding use of maritime transport;
large-scale fisheries; aquaculture; offshore renewable energy; and extraction of hydro-
carbons and other mineral resources. Additionally threats to the marine ecosystem can
arise from anthropogenic terrestrial activities, leading to pollution, for example from
microplastics, and global warming, which not only change the temperature of the seas,
but higher CO, concentrations in the atmosphere leading to acidification of the ocean.
Understanding and mitigating the impacts of these activities on marine ecosystems is
an imperative.

Marine mammals occupy a special place in the general public’s consciousness:
something that is seemingly a widely held cultural artefact. The reasons behind this
iconic status are debatable. The giant size of the great whales is almost certainly one
contributing factor, whilst the intelligence and inquisitiveness of various dolphin
species may be another. These animals’ occasional appearances at the water surface,
forced on them by their continued need to breathe air, affords the fortunate casual ob-
server the opportunity to see these creatures. Most other marine fauna remain hidden
beneath the waves: the occasional unexpected appearance of marine mammals may
be another reason for their favoured position in the public’s psyche. Alternatively,
one might speculate that this stems from a collective sense of guilt associated with the
hunting to near extinction of some of the larger whale species, associated with wide-
spread commercial whaling that has been greatly curtailed since the mid-1980s.
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For those seeking to study the behaviour of marine mammals, the fleeting glimpses
they offer at the sea surface provide a very incomplete view of their world. Workers
in this field can be heard to bemoan these problems, comparing their relative lack of
opportunity for observation with those whose study species are terrestrial, and fre-
quently have much greater opportunity to observe directly their chosen subjects for
extended periods. This overlooks the challenges associated with studying the non-
air breathing oceanic species, such as marine fishes, where direct observation is even
more challenging. Indeed, one factor that makes marine mammals an important spe-
cies group to investigate is the relative ease with which they can be monitored when
compared to many other large marine animals. Furthermore, as top predators, marine
mammals are well suited as an indicator of broader marine ecosystem health.

The cultural significance, and the growing need to be able to assess the health of
marine ecosystems, means that the protection of marine mammals is legally mandat-
ed in most of the world and, consequently, their protection has both commercial and
ethical importance, reinforced by strong public opinion. The enforcement of these pro-
tections leads to the need to be able to observe and monitor marine mammals. Both
factors have led to a continued growth in the need to observe and record the presence
of these animals.

The traditional method of visually observing marine mammals, typically from ves-
sels, remains an important tool; however, recent years have seen a significant rise in the
use of passive acoustic monitoring, which is particularly effective as a tool for toothed
whales, who tend to be more vocal than other marine mammals. This increased use
has been driven by the greater availability of reliable, cost-effective instruments that
can be deployed for extended periods, alongside a growing legislative requirement to
conduct such monitoring.

Passive acoustic techniques offer the advantage of long-term, traceable data col-
lection. Nonetheless, they face limitations: accurately estimating range to an animal
is difficult, distinguishing between certain species can be unreliable, and the meth-
od depends on animals actively vocalising. As a result, the most effective monitoring
strategies integrate both visual and acoustic approaches.

This dual methodology underscores the value of this book, which comprehensively
addresses both visual and acoustic monitoring. The extensive practical experience of
the authoring team brings the subject to life, offering an accessible and authoritative
resource on these vital areas of marine mammal research.

Prof. Paul White
Institute of Sound and Vibration Research
University of Southampton
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urement, and machine learning tools for imagery and acoustic data analysis. Core
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(FLOs), and European Seabirds at Sea (ESAS) observers. OSC also provides inter-
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ysis, taxonomic identification, and Net Environmental Benefit Analysis-Comparative
Assessment (NEBA-CA). ROV and drone services support infrastructure inspection,
marine mammal surveys, and environmental monitoring. OSC also offers bespoke
experimental design, instrumentation advice, and statistical modelling, including
Interim Population Consequences of Disturbance (iPCoD), Disturbance Effects on the
Population Consequences of Noise (DEPONS), and Geographic Information Systems
(GIS)-based species distribution and collision risk models. ISO-certified (9001, 14001,
45001), OSC is a trusted scientific partner delivering rigorous, policy-shaping marine
environmental solutions.
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ries, please email recruitment@osc.co.uk.
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Preface

The purpose of the second edition of this Handbook is to provide an all-in-one, com-
prehensive yet concise and, mercifully, simple user manual on the topic of marine
mammal mitigation during offshore industrial activities for all stakeholders, regard-
less of their training, qualifications, or experience. Specifically, this Handbook con-
cerns potential interferences of man-made (anthropogenic) noise sources with acoustic
spectra exploited by marine mammals, the mitigation steps taken by industry, regula-
tory authorities and ultimately Marine Mammal Observers (MMOs), Protected Species
Observers (PSOs), Marine Fauna Observers (MFOs), and Passive Acoustic Monitoring
Operators (PAMOs).

Drawing on the overwhelmingly positive feedback on the first edition, the second
version aims to update and improve the status quo of MMO and PAM standards uni-
versally, by bringing together all aspects of this discipline into one easily accessible
resource. The Handbook serves as a platform to offer clear and reliable advice and
dispel myths on what is achievable currently in the industry field of marine mammal
mitigation, considering the physics of sound propagation, limitations of visual observa-
tion, and current industrial PAM technologies. If used correctly, the Handbook should
edify the reader on how to understand sensible and practical mitigation techniques
and to recognise substandard mitigation procedures and equipment in use currently
throughout industry. Moreover, an MMO or PAMO armed with this book should be
able to implement mitigation measures and respond knowledgeably to questions on
the job during general client liaison and project kick-off meetings, or when writing
MMO and PAM reports. The Handbook focusses on all forms of visual and acoustic
mitigation from vessels and offshore installations (rigs and platforms), and includes a
new section on use of drones, and other autonomous marine mammal detection meth-
ods, including exciting new (and as of yet, unpublished) content on Forward-Looking
InfraRed (FLIR), Radio Detection And Ranging (RADAR), and SOund Navigation
and Ranging (SONAR), specifically because the authors of this book at Ocean Science
Consulting Limited (OSC) were chosen to perform avant-garde field trials for the Sound
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and Marine Life Joint Industry Programme (JIP) (www.soundandmarinelife.org/).

Detecting marine mammals in field conditions is always challenging; for example,
visual watches are constrained typically by weather, whilst PAM relies firstly on an-
imals vocalising in sufficient proximity to an underwater microphone (hydrophone),
and in some cases, as for the harbour porpoise (Phocoena phocoena), animals vocalising
towards a hydrophone. Consequently, use of MMO and PAM is not 100 percent (%) ef-
fective, but with adequate training and knowledge, MMO and PAMOs equipped with
a well-engineered, installed, optimised and properly configured PAM system (no, that
should not be an oxymoron), can offer the most effective mitigation solution available.

While a proficient PAMO should have a sound understanding of the physics of
sound propagation (and a thorough grasp of units involved) the Handbook avoids
overwhelming the reader with equations. It does not attempt to cover the broader
domains of anthropogenic noise (and its modelling), noise-related behaviour, or mech-
anisms of sound production and hearing in marine mammals. These subjects are ad-
dressed comprehensively in a wide range of scientific reviews, papers, reports, and
books, many of which are cited for further reading and listed in the bibliography;
therefore, if you're an academic in pursuit of the universal panacea for underwater
acoustics, complete with nested integrals, frequency-dependent absorption coeffi-
cients, and a generous helping of coupled wave equations (yes, we all know who you
are, so no more Schadenfreuderesque comments about why we didn’t do this in the
first edition — it was deliberately so!), then this is not the book for you. In fact, if your
idea of a good time involves solving Helmholtz equations in spherical coordinates
while debating the merits of parabolic equation models versus ray theory, you may
find this book alarmingly simple, and THAT’s the point. Our intended worldwide
readership includes, inter alia:

1. Trainees, existing MMOs, PAMOs, and fisheries Observers;

2. Marine science (and other disciplines) and new graduates considering enter-
ing the field;

3. Non-graduate (school-leavers) with no prior scientificc MMO, or PAM experi-

ence;

MMO/PAM trainers and course providers;

PAM equipment manufacturers, suppliers, owners, and distributors;

Environmental consultancies supplying MMO/PAM services;

Intermediary consultancies and recruitment agencies supplying MMO/PAM

services;

8. Client and contractor representatives with job titles such as Health, Safety,
Environment, & Quality Manager (HSEQ), Health & Safety (H&S) Advisor,
Marine or Offshore Environment Manager, Environmental Development
Manager, Environmental or Scientific Advisor, Environmental Policy Manager,
Director of Environment, Environmental Coordinator, Regulatory Compliance
& Environmental Manager, Environmental or Project & Consents Manager,

NG
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10.

11.

12.
13.
14.

15.

Environmental Policy Analyst, Environmental Supervisor or Manager,
Environmental and Community Relations Manager, Environmental Survey
Manager, Operations or Project Manager, Marine or Offshore Project Officer
or Manager, Technical Manager, Technical Superintendent, Technical Director,
Permitting or Project Engineer, Permitting or Legal Advisor, Business or Product
Development Manager, Sourcing or Procurement Manager, Commercial or
Supply Chain Manager, Operations or Project Coordinator, Subcontractor
Coordinator or Manager, Contracts Manager, Operations Manager, Vessel
Manager or Superintendent, Dredging Supervisor or Superintendent,
Hydrographic Party Chief or Manager, Chief Surveyor, Hydrographic Surveyor,
Survey Engineer, Geophysicist, Geotechnical or Geophysical Engineer,
Processing Geophysicist, Seismic Party Chief or Manager, Deputy Party
Chief or Manager, Seismic Observer, Seismic Navigator, Air-Gun Mechanic,
Navigation Officer (including vessel Master, Captain, Skipper, or Coxswain),
Offshore Installation Manager (OIM), Head of Mining Installation (HMI),
Drilling Rig Manager, Head Drilling Engineer or Manager, Well Intervention
Supervisor, Marine or Offshore Supervisor, Offshore Construction Manager
(OCM), Military Exercise or Operations Manager, Research & Development
(R&D) Manager, Fisheries Liaison Manager, and Reports Coordinator;
Governmental organisations such as the United Kingdom’s (UK) Joint Nature
Conservation Committee (JNCC) and the Marine Management Organisation
(MMO) - yes, we know, deeply unfortunate acronym for our industry, and
we had ours first (!) — National Parks and Wildlife Service (NPWS) in Ireland,
Bureau of Minerals and Petroleum (BMP)in Greenland, National Environmental
Research Institute (NERI) in Denmark, Bureau of Ocean Energy Management
(BOEM) and Bureau of Safety and Environmental Enforcement (BSEE) in
USA, Department of Fisheries & Oceans (DFO) in Canada, Department of the
Environment, Water, Heritage and the Arts (DEWHA) in Australia and, most
recently, Department of Conservation (DOC) in New Zealand;
Non-Governmental Organisations (NGOs) such as whale, dolphin, and por-
poise charities;

Scientists, Research Assistants, and universities (but only if you don’t give
us a hard time for not including the Westervelt equation, and yes, while we
do know about nonlinear propagation, diffraction, and thermoviscous losses,
we're still not including it in this new edition, no matter how many times you
ask us to);

Members of the public e.g. amateur professionals;

Media e.g. television, press, and radio;

Tourism industry representatives such as wildlife-watching cruise operators;
and,

Commercial charter vessel operators.
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Chapter 1 Introduction introduces marine mammal species and their global distri-
butions, enabling readers to identify likely species in specific regions. It explores ma-
rine mammal hearing and potential impacts of anthropogenic noise. This foundational
chapter equips readers with essential biological and acoustic context for understand-
ing mitigation strategies discussed in subsequent chapters.

Chapter 2 Mitigation measures outlines global strategies to mitigate industrial noise
impacts on marine mammals. It covers legislation, Marine Protected Areas (MPAs),
planning, operational controls, and real-time monitoring. Techniques include acoustic
deterrents, noise-reduction technologies, and SONAR. A global table of MMO and
PAM guidelines highlights legal and ecological responsibilities, offering a structured,
practical approach to effective marine mammal protection.

Chapter 3 Noise sources explores anthropogenic noise sources in marine environ-
ments, distinguishing between ambient and background noise. It categorises sound
types — impulsive, continuous, and intermittent — and examines their acoustic proper-
ties and biological impacts. The chapter underscores the importance of understanding
each industrial activity’s acoustic footprint to guide effective mitigation by MMOs and
PAMOs.

Chapter 4 Training clarifies training, qualifications, and certifications required to be-
come an MMO or PAMO. It covers global course standards, offshore survival, and
medical requirements. A useful table summarises Personal Protective Equipment
(PPE) and survival training across jurisdictions. The chapter also guides Curriculum
Vitae (CV) preparation and highlights the importance of continual professional devel-
opment and practical field readiness.

Chapter 5 Offshore life (www.youtube.com/@victoriatodd7765) offers a detailed
guide to offshore life for MMOs and PAMO:s. It covers contracts, mobilisation, safety,
conduct, and operations on vessels and installations. Emphasis is placed on profes-
sional behaviour, health and safety, risk assessments, and PPE. The chapter prepares
readers for real-world offshore conditions, including surveys, seismic work, and mil-

itary SONAR.

Chapter 6 MMO theory and practice provides a comprehensive guide to MMO field-
work, covering essential equipment, observation techniques, data collection, and ma-
rine mammal identification. It includes practical methods for range and bearing es-
timation, low-visibility detection tools (IR, RADAR, SONAR), and additional roles
such as ROV and UAV support. A very useful table summarises MMO data recording
procedures and behavioural classifications.
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Chapter 7 PAM theory presents the physical principles of underwater sound rele-
vant to PAMO:s. It explains frequency, amplitude, sound pressure levels, propagation,
and the (only!) SONAR equation. The chapter also covers visualisation techniques like
spectrograms and waveforms. A convenient table summarises source levels of anthro-
pogenic, biological, and natural noises, supporting practical understanding of acoustic
environments encountered offshore.

Chapter 8 Vocalisations covers marine mammal vocalisations, detailing sound types,
frequency ranges, and source levels across species. It supports PAMOs in species iden-
tification and acoustic analysis. A very helpful table summarises vocalisation charac-
teristics for seals, sea lions, walruses, and other marine mammals, providing essential
reference data for fieldwork and report writing.

Chapter 9 PAM practice gives practical guidance for PAMOs, covering equipment set-
up, deployment, monitoring, troubleshooting, and demobilisation. It includes detailed
procedures for Passive Acoustic Monitoring Guardianship (PAMGuard) configuration
and fault resolution. A very convenient table summarises PAM detection metrics and
operational responsibilities, helping operators maintain system integrity and respond
effectively during industrial activities.

Chapter 10 Report writing explains how to write clear, professional MMO and PAM
reports. It covers structure, content, and formatting for summaries, methodologies,
results, and recommendations. A handy table outlines daily and weekly reporting ac-
tivities for seismic surveys. The chapter emphasises brevity, clarity, and accessibility
for non-specialist clients, supporting both contract and salaried roles in the field.

HOW TO USE THIS BOOK

This Handbook is structured to allow quick and easy access to relevant information
on all aspects of marine mammal mitigation. Each section provides contextual back-
ground, practical knowledge, and illustrative examples to support timely and effec-
tive responses to mitigation scenarios encountered in the field.

For brevity, MMOs, PSOs, MFOs, and all other visual observers are referred to col-
lectively as ‘'MMOs’ throughout the Handbook.

A note on the use of the acronym MMO: within this Handbook, we have used the
term MMO to mean Marine Mammal Observer, as this is in general use throughout
the industry; however, there are, confusingly, two other organisations which use this
acronym, and they have indicated that the following designations should be used, so
be aware of this when reading around the subject elsewhere:

* MMOa - Marine Management Organisation: a UK Government body responsi-
ble for licensing, regulating, and planning marine activities in UK waters;
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e MMODb — Marine Mammal Observer: a trained professional who monitors and
mitigates potential impacts of industrial activities (e.g. seismic surveys, pile driv-
ing, dredging) on marine mammals;

¢ MMOA - Marine Mammal Observer Association: a professional member-
ship-based organisation that supports and represents MMOs globally.

Abbreviations are written in full, and highlighted in blue font on first mention, and
then acronyms are used thereafter; abbreviations and technical terms listed conven-
iently in the Acronyms and Glossary of terms sections. Likewise, terminologies in the
glossary are in italics (excepting scientific names) on first mention, but not thereafter.
Units follow the International System of Units (SI) and those referred to in the text are
included in the units list and explained in detail in Chapter 7 PAM theory. The term
‘offshore’ refers to any marine environment activities, including those in coastal areas.

Scientific names of all marine mammal species are included in Table 1.1 and Table
1.2; for brevity, species are referred to using British common names throughout, and
therefore unlike scientific convention, are not presented on first mention in the core
text. Likewise, subspecies are not discussed in text, but distributions, hearing, and
vocalisation ranges are addressed separately in Table 1.2, Table 1.4, and Table 8.3
respectively.

We hope you enjoy this Handbook and welcome all feedback — positive or construc-
tive. Please send your comments to info@osc.co.uk, using the subject line ‘MMO &
PAM Handbook feedback’. We’ll do our best to respond promptly.

Enjoy!

Dr. Victoria & Ian Todd
Managing Directors, Ocean Science Consulting Ltd.
WWW.0SC.co.uk
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