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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

Anonymous



For Ian Todd —
my best friend, wisest sounding board, and co-conspirator 
in all things life.

To our daughter, Petra Todd —
a brilliant whirlwind of laughter and logic,
who never knows what day it is.

To the late Bill (William A.) Watkins —
for believing in me and for being the only mentor I ever 
had.

To my dear Friend Phil Clapham —
who gave me my husband.

And in loving memory of Eugenia Ramsay —
beautiful in spirit and in form, and forever missed.



1.4.1 Temporary and Permanent Threshold Shift 40
1.4.2 Behavioural alterations 42
1.4.3 Stress 44
1.4.4 Masking 45
1.4.5 Strandings 45

Contents

About the Authors xviii

Foreword xxi

Acknowledgements xxiii

Ocean Science Consulting Ltd. xxv

Contributors xxviii

Preface xxx

Chapter 1 Introduction 1

SUMMARY 1

1.1 Introduction 2
Précis 5

1.2.1 Cetaceans 5
1.2.2 Pinnipeds 6
1.2.3 Sirenians 6
1.2.4 Marine mustelids 7
1.2.5 Polar bear 7
1.2.6 Marine reptiles 8

1.3 Marine Mammal Distribution 8



viii    |    MMO and PAM Handbook

1.5 Marine Mammal Hearing 48
1.5.1 Audiograms 48
1.5.2 Hearing ranges 51
1.5.3 Noise exposure criteria 51

Chapter 2 Mitigation Measures 63

SUMMARY 63

2.1 Introduction 64
Précis 65

2.2 Protective Legislation  65
2.3 Marine Protected Areas 67
2.4 Project Planning 68

2.4.1 Timings 69
2.4.2 Multiple operations 69

2.5 Control of Operational Procedures 69
2.5.1 Noise-reduction methods 70
2.5.2 Acoustic mitigation devices 71
2.5.3 Active acoustics 71

2.6 Real-Time Monitoring 72
2.6.1 MMO and PAMO requirements 73
2.6.2 Species for which mitigation applies 73
2.6.3 Exclusion zones 73
2.6.4 Pre-watch 74
2.6.5 Soft-starts 74
2.6.6 Noise-source testing 75
2.6.7 Operational issues and breaks in noise production 75
2.6.8 Delays and shut-downs 75
2.6.9 Night-time and low visibility working 75
2.6.10 Report writing 75
2.6.11 Mitigation in guideline ‘grey areas’ and unusual scenarios 75

2.6.11.1 Interpreting marine mammal presence 76
2.6.11.2 Conductor driving and continuous noise strategy 76

2.6.11.4 Unusual sightings  76

Chapter 3 Sources of Anthropogenic Noise 85

SUMMARY 85

3.1 Introduction  85
Précis 86

3.2 Shipping 86



Contents   |   ix

3.5 Tidal Turbines  93
3.6 Dredging 96
3.7 Drilling and Production 98

3.9 Acoustic Mitigation/Deterrent Devices  102
3.10 Seismic 103
3.11 Impact Pile and Conductor Driving 106
3.12 Vibratory Pile Driving 108
3.13 SONAR 109
3.14 Whale Finders 110
3.15 Explosions 111
3.16 Electromagnetic 112
3.17 Deep Sea Mining 113

Chapter 4 Training 115

SUMMARY 115

4.1 Introduction 115
Précis 116

4.3.1 MMO training 118
4.3.2 PAMO 119

4.4 Courses 120
4.4.1 UK and Ireland 120
4.4.2 USA (GoM) 120
4.4.3 Greenland 121
4.4.4 New Zealand 121

4.4.5.1 BOSIET with CA-EBS  121
4.4.5.2 HUET  122
4.4.5.3 Minimum Industry Safety Training 122
4.4.5.4 Safe Gulf Safety Training 123
4.4.5.5 Global Wind Organisation Basic Safety Training  123
4.4.5.6 STCW Basic Safety Training 123

4.4.5.9 Netherlands, Norway, and UK 124
4.4.5.10 Seafarers’ medicals 125

Chapter 5 Offshore Life 127

SUMMARY 127
5.1 Introduction 127

5.1.1 Contract award 129
5.1.2 Pay/day rate 130



x    |    MMO and PAM Handbook

5.1.3 Documentation 132
5.1.4 Vantage cards 133
5.1.5 Packing 133
5.1.6 Personal Protective Equipment 136
5.1.7 Pre-project research 138
5.1.8 Discretion 138
5.1.9 Mobilisation 139
5.1.10 Helicopters 140
5.1.11 Arrival 141

5.1.13 Personal conduct 143
5.1.14 Phone and internet usage 145
5.1.15 Respect, inclusion, and harassment 146
5.1.16 Drugs and alcohol 146
5.1.17 Safety management systems 147
5.1.18 T-card system 148
5.1.19 Safety drills 149
5.1.20 Demobilisation 149
5.1.21 Vessels 150

5.1.21.2 Dealing with seasickness 150
5.1.21.3 Baseline surveys 151
5.1.21.4 Dredging 152
5.1.21.5 Hydrographical surveys 153
5.1.21.6 Seismic surveys 154
5.1.21.7 Piling 159
5.1.21.8 Military SONAR 160

5.1.22.1 Rigs-to-Reefs and OSC’s porpoise research 162
5.1.22.2 Learning the O&G ‘lingo’ 162
5.1.22.3 Arrival 168
5.1.22.4 Food 168

5.1.22.6 Personnel 169
5.1.22.7 Operational activities 170
5.1.22.8 Weather 170
5.1.22.9 General hazards 191
5.1.22.10 Rig tow 192
5.1.22.11 Drilling rig and production platform complexes 193
5.1.22.12 VSP 194
5.1.22.13 Conductor hammering 194
5.1.22.14 Statement on COVID-19 195

Chapter 6 MMO Theory and Practice 198

SUMMARY 198



Contents   |   xi

6.1 Introduction 199
Précis 200

6.2 Equipment 200
6.2.1 Fold-over clipboard 201
6.2.2 Stationery 201
6.2.3 Digital watch 202
6.2.4 Marine radio 202
6.2.5 Binoculars 202
6.2.6 GPS 203
6.2.7 Cameras 203

6.2.7.1 Camera type 203
6.2.7.2 Features 204
6.2.7.3 Memory Cards 205
6.2.7.4 Lenses 205

6.2.8 Plumb-bob 206
6.2.9 Field guides 206

6.3 Conducting an MMO Watch 206
6.3.1 Observation platform 207
6.3.2 Recording position 208
6.3.3 Recording vessel movements 209

6.3.5 Range estimation 213
6.3.6 Bearing estimations 217
6.3.7 Photographing marine mammals 219
6.3.8 Data collection 219

6.3.8.1 Cover page 220

6.3.8.3 Operations data 223
6.3.8.4 Sightings 223

6.3.9 Alternative low-visibility techniques 225
6.3.9.1 IR 225
6.3.9.2 RADAR 227
6.3.9.3 SONAR 228
6.3.9.4 Research studies 228

6.3.10 Distance sampling 231
6.3.11 Additional roles 234

6.3.11.1 ROV 234
6.3.11.2 ADD 235
6.3.11.3 Noise measurements 236
6.3.11.4 UAV 236

Chapter 7 PAM Theory 238

SUMMARY 238



xii    |    MMO and PAM Handbook

7.1 Introduction 239
Précis 239

7.2 Basics of Sound 240
7.2.1 Frequency 241
7.2.2 Amplitude 242
7.2.3 Sound energy, intensity, and power 244
7.2.4 Sound Pressure Level and the decibel scale 244
7.2.5 Source Level 246
7.2.6 Sound propagation and Transmission Loss 248
7.2.7 Received Level 252
7.2.8 SONAR equation 252
7.2.9 Sound Exposure Level 253
7.2.10 Duty cycle 253

7.3 Displays of Sound 253
7.3.1 Spectrogram 253
7.3.2 Power spectrum and Power Spectral Density 254
7.3.3 Sound pressure density spectrum 255
7.3.4 Frequency bands 256
7.3.5 Percentile levels 256
7.3.6 Equivalent Continuous Sound Pressure Level 258
7.3.7 Waveform 259

Chapter 8 Vocalisations 260

SUMMARY 260

8.1 Introduction 260
Précis 261

8.2 Marine Mammal Sounds 261
8.2.1 Echolocation and clicks 261
8.2.2 Pulsed sounds 262
8.2.3 Tonal sounds  263
8.2.4 Song 264

8.3 Functions of Sound 265
8.3.1 Hunting and navigation  265
8.3.2 Individual and group recognition  266
8.3.3 Social cohesion and behaviour coordination 268

8.3.5 Agonistic and aggressive behaviour 270

8.4.1 Likelihood of PAM detection 273
8.4.2 Balaenidae  274

8.4.2.1 Bowhead whale 274
8.4.2.2 Southern right whale 274
8.4.2.3 North Atlantic right whale 295



Contents   |   xiii

8.4.3 Neobalaenidae 296
8.4.3.1 Pygmy right whale 296

8.4.4 Eschrichtiidae 296
8.4.4.1 Gray whale 296

8.4.5 Balaenopteridae 297
8.4.5.1 Common/dwarf minke whale 297
8.4.5.2 Blue whale 297
8.4.5.3 Fin whale 298
8.4.5.4 Humpback whale 298

8.4.6 Physeteridae 298
8.4.6.1 Sperm whale 298

8.4.7 Kogiidae 300
8.4.7.1 Pygmy sperm whale 300
8.4.7.2 Dwarf sperm whale 300

8.4.8 Ziphiidae 300
8.4.8.1 Arnoux’s beaked whale 300
8.4.8.2 Baird’s beaked whale 301
8.4.8.3 Northern bottlenose whale 301
8.4.8.4 Southern bottlenose whale 302
8.4.8.5 Longman’s beaked whale 302
8.4.8.6 Sowerby’s beaked whale 303
8.4.8.7 Hubb’s beaked whale 303
8.4.8.8 Gervais’ beaked whale 303
8.4.8.9 Deraniyagala’s beaked whale 303
8.4.8.10 True’s beaked whale 304
8.4.8.11 Stejneger’s beaked whale  304
8.4.8.12 Blainville’s beaked whale 304
8.4.8.13 Shepherd’s beaked whale 304
8.4.8.14 Cuvier’s beaked whale 305

8.4.9 Pontoporiidae 306
8.4.9.1 Franciscana or toninha dolphin 306

8.4.10 Monodontidae 306
8.4.10.1 Narwhal 306
8.4.10.2 Beluga 308

8.4.11 Delphinidae 309
8.4.11.1 Commerson’s or Kerguelen dolphin 309
8.4.11.2 Chilean dolphin 310
8.4.11.3 Heaviside’s dolphin 310
8.4.11.4 South Island or Maui’s/North Island Hector’s dolphin 310
8.4.11.5 Rough-toothed dolphin 310
8.4.11.6 Atlantic humpback dolphin 310

8.4.11.8 Guiana dolphin 312
8.4.11.9 Common or Black Sea bottlenose dolphin 312



xiv    |    MMO and PAM Handbook

8.4.11.12 Atlantic spotted dolphin 314
8.4.11.13 Gray’s, Eastern, Central American, or dwarf spinner dolphin 316
8.4.11.14 Clymene dolphin 316
8.4.11.15 Striped dolphin 317
8.4.11.16 Short-beaked or Black Sea common dolphin 317

8.4.11.18 Fraser’s dolphin 319
8.4.11.19 White-beaked dolphin 319
8.4.11.20 Atlantic white-sided dolphin 320

8.4.11.22 African, South American, Peruvian, Chilean, or New
Zealand dusky dolphin 321

8.4.11.23 Peale’s dolphin 322
8.4.11.24 Hourglass dolphin 322
8.4.11.25 Northern right whale dolphin 323
8.4.11.26 Risso’s dolphin 323
8.4.11.27 Melon-headed whale 323
8.4.11.28 Pygmy killer whale 325
8.4.11.29 False killer whale 325

8.4.11.33 Irrawaddy dolphin 328

8.4.12 Phocoenidae 329

8.4.12.3 Harbour (common) porpoise 330
8.4.12.4 Vaquita 331
8.4.12.5 Dall’s porpoise 331
8.4.12.6 Spectacled porpoise 332

Chapter 9 PAM Practice 333

SUMMARY 333

9.1 Introduction 333
Précis 335

9.2 Existing PAM Technologies 335
9.3 PAM Equipment 336

9.3.1 Tow cable 336
9.3.2 Hydrophones 338
9.3.3 Depth sensor 339
9.3.4 Deck cable 340
9.3.5 Data Acquisition Unit 341
9.3.6 Sound cards 342



Contents   |   xv

9.3.7 Computers 343
9.3.8 Filters and gain 344
9.3.9 GPS 344
9.3.10 Serial-to-USB converter 344
9.3.11 Gender changer 345
9.3.12 Headphones 345
9.3.13 Connectors 345
9.3.14 Oscilloscope 346
9.3.15 Tool kit 347
9.3.16 Tape 348

9.4 PAM Mobilisation 349
9.4.1 Unpacking 349

9.5 Deck Cable Run  351

9.6.1 Data Acquisition Unit 354
9.6.2 DAU connectors 357
9.6.3 Sound cards 357
9.6.4 Computers 360
9.6.5 GPS or NMEA feed 361
9.6.6 Headphones 362

9.7 PAMGuard 362
9.7.1 Starting PAMGuard 363

9.7.2.1 Maps and mapping 365
9.7.2.2 Sound processing 366
9.7.2.3 Displays 367
9.7.2.4 Detectors 368
9.7.2.5 Utilities 368
9.7.2.6 SIDE module 369

9.7.3.1 Hydrophone frequency range 371
9.7.3.2 Hydrophone sensitivity 373
9.7.3.3 Sampling rate 373

9.7.4.1 Maps and mapping 375
9.7.4.2 Sound processing 376
9.7.4.3 Display 379
9.7.4.4 Detectors 379
9.7.4.5 Utilities 381
9.7.4.6 Hydrophone settings 381
9.7.4.7 Filters 382

9.7.5 PAMGuard troubleshooting 386
9.7.5.1 Freezing and/or restarting 386

9.7.5.3 Erratic cursor 389
9.7.5.4 Spectrogram 389



xvi    |    MMO and PAM Handbook

9.8 Tap [Noise] Test 390
9.9 Earthing 390
9.10 Depth Sensor Calibration 391
9.11 Tow Cable Deployment 394

9.11.1 General deployment 395
9.11.2 Seismic survey vessels 399

9.11.4 Vertical deployment 402
9.12 PAM Monitoring 404

9.12.1 Shifts 405
9.12.2 Monitoring methods 405
9.12.3 Data collection 407
9.12.4 Detection metrics 408
9.12.5 Sound playback 409

9.13 PAM Detections During Industrial Operations 410
9.13.1 Localising animals 410
9.13.2 Zero marine mammal detections: possible explanations 412
9.13.3 Non-target noise 414

9.14 Equipment Responsibilities: Routine Housekeeping 418
9.14.1 Retrieval in bad weather 419
9.14.2 Loss of propulsion 420
9.14.3 Wiring, soldering, and potting 420

9.15 PAM Demobilisation 420
9.15.1 Handover notes 421
9.15.2 Tow cable 421
9.15.3 Connectors, hydrophones, and depth sensors 422
9.15.4 Deck cable removal 423
9.15.5 Cable reels and drums 423
9.15.6 PAM Monitoring station 425
9.15.7 Pallet preparation 425
9.15.8 Documentation 426

9.16 OSC PAM Systems 426
9.16.1 Towed PAM system: Holly Hop Drive 427
9.16.2 Static PAM system: Kryten 428
9.16.3 Smartphone-compatible System: Talkie Toaster 429
9.16.4 Summary  430

Chapter 10 Report Writing 431

SUMMARY 431

10.1 Introduction 431
Précis 432

10.2 Requirements 432
10.3 Content 433
10.4 Report Sections 433



Contents   |   xvii

10.4.1 Summary 433
10.4.2 Introduction 434
10.4.3 Methodology 434
10.4.4 Results 435

10.4.4.1 Sightings 436
10.4.4.2 Delays or shutdowns 437
10.4.4.3 Environmental results 437

10.4.5 Discussion and conclusions 437
10.4.6 Recommendations 439
10.4.7 Acknowledgements, references, and data submission 439

List of Acronyms, Units, and Symbols 440

Glossary of Terms 454

References 470

Index 511



About the Authors

Dr. Victoria Todd & Ian Todd – Founders, Ocean Science Consulting Ltd.

Dr. Victoria Todd and Ian Todd are the visionary co-founders and Managing Directors 
of Ocean Science Consulting Ltd. (OSC), an independent, globally recognised marine 
science company headquartered in Dunbar, East Lothian, Scotland. Together, they 
have built OSC into a pioneering force in marine mammal research, monitoring, un-
derwater acoustics, and environmental consultancy, with operations extending across 

Victoria Todd, a British–Greek marine biologist/oceanographer, has charted an ex-
traordinary path through academia and applied science. Her early fascination with 
marine life led her to a B.Sc. in Marine Biology from the University of Liverpool, fol-
lowed by an M.Sc. in Oceanography at Woods Hole Oceanographic Institution (WHOI) 
and the National Oceanography Centre (NOC), and a Ph.D. from the University of 
Leeds. Her career has spanned continents and extremes – from Arctic expeditions and 

-
cial diver and relentless innovator, she founded OSC in 2004 to bridge rigorous science 

of academia!), enabling her to pursue independent research while delivering high-im-
pact consultancy. Victoria is a Research Fellow at the Institute of Sound and Vibration 
Research (ISVR) at the University of Southampton.

Ian Todd

Economics (University of Edinburgh), as well as diplomas in Agricultural and Marine 
Engineering from Glasgow College of Nautical Studies. In addition, he possesses a 



About the Authors   |   xix

wealth of operational and technical expertise to OSC, Ian’s maritime background laid 
the foundation for his transition into marine science consultancy. Since joining OSC in 
2005, he has served as Director of Operations, overseeing logistics, safety, and project 

in shaping OSC’s reputation for excellence in acoustic monitoring and environmental 
compliance.

Together, the Todds have authored the original Marine Mammal Observer & Passive 
Acoustic Monitoring Handbook, a globally adopted reference that has elevated industry 



xx    |    MMO and PAM Handbook

-
tions and international collaborations.

Their shared life – both personal and professional – embodies a rare synergy of sci-

they present the second edition of the Handbook, their legacy continues to shape the 
future of marine mammal science and acoustic monitoring.



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.

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; 

-
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 CO2
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, 

-
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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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-

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. 

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-

whales, who tend to be more vocal than other marine mammals. This increased use 

can be deployed for extended periods, alongside a growing legislative requirement to 
conduct such monitoring.

-
lection. Nonetheless, they face limitations: accurately estimating range to an animal 

-

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 

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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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 

-
-

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). 

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 

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 

MMO and PAM reports. The Handbook focusses on all forms of visual and acoustic 

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
Consulting Limited (OSC) were chosen to perform avant-garde Sound 
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and Marine Life Joint Industry Programme (JIP) (www.soundandmarinelife.org/).

-
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 

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-

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 

-
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 

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 

readership includes, inter alia:

1. 
2. Marine science (and other disciplines) and new graduates considering enter-

3. -
ence;

4. MMO/PAM trainers and course providers;
5. PAM equipment manufacturers, suppliers, owners, and distributors;
6. Environmental consultancies supplying MMO/PAM services;
7. Intermediary consultancies and recruitment agencies supplying MMO/PAM 

services;
8. Client and contractor representatives with job titles such as Health, Safety, 

) Advisor, 

Director of Environment, Environmental Coordinator, Regulatory Compliance 
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Environmental Policy Analyst, Environmental Supervisor or Manager, 
Environmental and Community Relations Manager, Environmental Survey 

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, 

OIM), Head of Mining Installation (HMI), 
Drilling Rig Manager, Head Drilling Engineer or Manager, Well Intervention 

(OCM
( ) Manager, Fisheries Liaison Manager, and Reports Coordinator;

9. 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 

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 

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;

10. Non-Governmental Organisations (NGOs) such as whale, dolphin, and por-
poise charities;

11. 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 

we’re still not including it in this new edition, no matter how many times you 
ask us to);

12. Members of the public e.g. amateur professionals;
13. Media e.g. television, press, and radio;
14. Tourism industry representatives such as wildlife-watching cruise operators; 

and,
15. Commercial charter vessel operators.
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Chapter 1 Introduction introduces marine mammal species and their global distri-
-

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 

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 

PAMOs.

Chapter 4 Training -

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-

 (www.youtube.com/@victoriatodd7765

conduct, and operations on vessels and installations. Emphasis is placed on profes-
sional behaviour, health and safety, risk assessments, and PPE. The chapter prepares 

-
itary SONAR.

Chapter 6 MMO theory and practice -
work, covering essential equipment, observation techniques, data collection, and ma-

-
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 
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Chapter 7 PAM theory presents the physical principles of underwater sound rele-
vant to PAMOs. 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 

Chapter 8 Vocalisations covers marine mammal vocalisations, detailing sound types, 
frequency ranges, and source levels across species. It supports PAMOs in species iden-

-
teristics for seals, sea lions, walruses, and other marine mammals, providing essential 

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
and fault resolution. A very convenient table summarises PAM detection metrics and 
operational responsibilities, helping operators maintain system integrity and respond 

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 

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-

-

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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• MMOb – 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
then acronyms are used thereafter; abbreviations and technical terms listed conven-
iently in the Acronyms and sections. Likewise, terminologies in the 
glossary are in italics
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 

Table 1.1 and Table 
1.2; for brevity, species are referred to using British common names throughout, and 

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
PAM Handbook feedback’. We’ll do our best to respond promptly. 

Enjoy!

Managing Directors, Ocean Science Consulting Ltd. 
www.osc.co.uk




