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A primer on underwater sound and noise:  
Backgrounder for WWF’s 2013 workshop on finding management solutions for 

underwater noise in Canada’s Pacific.  
 
This background document is intended for those who know relatively little about sound, the differences 
between sound in water relative to sound in air, and some of the more common sources of underwater 
man-made sounds (anthropogenic noise).  It is not an exhaustive overview, but I hope that it will provide 
sufficient information to will give the reader some familiarity with the topic, and direct the reader to 
more detailed references that will be useful in the course of their own work. 
Many marine animals use sound in much the way that terrestrial animals use light- to detect predators 
and/or prey, to communicate, and to navigate- it is their primary underwater sensory modality.  This 
shouldn’t be surprising to us, since in water sound travels much further than light does.  Yet as the visual 
creatures we are, it is only within the last 10 years or so that concerns around the introduction of man-
made sound (anthropogenic noise) into the oceans has moved well beyond the domain of a specialized 
group of researchers into the broader public domain.  With this increased awareness has come 
motivation to understand and mitigate the impact of underwater noise on marine life. 
The ears of all terrestrial vertebrates, including humans, are functionally similar to those of marine 
vertebrates (Fay and Popper 2000).  In humans, hair cells in the inner ear that are sensitive to sounds 
that we hear can be damaged or destroyed by a number of causes, including aging processes, prolonged 
or intense exposure to noise, and chemical contaminants etc.   Similar results have been found in other 
species ranging from fish to reptiles to birds (Rubel et al. 2013).  Human noise exposure standards in the 
workplace have been developed in many countries around the world and significant progress has been 
made within the last decade to develop similar criteria for marine mammals (Southall et al. 2007).   
What is sound? 
A sound is produced by the mechanical vibration of particles in the medium (such as the ocean) through 
which the sound travels.  As the particles of the medium vibrate (particle motion), their density 
increases and decreases (compression and rarefaction).  These local oscillations result in disturbances 
that propagate, generating sound pressure waves.  These waves can travel through air, water and rock, 
as well as other substrates, the speed of which depends on the medium (Table 1).  While the ears of 
mammals primarily sense the very small pressure changes due to sound waves, the lateral lines and ears 
of fish are also sensitive to particle motion which occurs close to the source of the sound.  For the 
purpose of this workshop, we will not be addressing particle motion in significant detail, and will focus 
on pressure waves.     
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Table 1.  The speed of sound (m/s) in various media, from JASCO Applied Sciences (2009). 
 

Medium Speed of sound in m/s 

Air at 20oC 343 

Salt water at 25oC 1532 

Sand 800-2,200 

Clay 1,000-2,500 

Sandstone 1,400-4,300 

Granite 5,500-5,900 

Limestone 5,900-6,100 

 

 

How do we describe sound?   
Laypeople typically describe a sound by its loudness, and sometimes its pitch.  The criteria that 
determine these characteristics are basically the sound wave’s amplitude (loudness), frequency (pitch), 
and duration.  Waveforms are used to show time vs amplitude (Figures 1-2), and spectrograms show 
time vs frequency, much like a musical score (Figure 3).  Continuous sounds such as boat noise are 
described as chronic or non-pulsed whereas sounds that are of short duration, such as an explosion, or 
of repeated short durations, such as pile driving or airgun firing, are pulsed (or acute, intermittent or 
transient) sources of noise.   In the Atlantic Ocean, airgun firing is such a predominant sound that it is 
often described as chronic because it is ever-present, but the original signal is a pulsed sound.  Sounds 
such as killer whale whistles or military sonars are generally described as narrowband, whereas sounds 
that encompass a range of frequencies, such as shipping noise or pile driving, are broadband (Figure 3). 
 

 

     
 

 

Figure 1.  Waveforms of a low (a) and higher (b) frequency continuous sound wave. 
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Figure 2.  Waveforms of a quiet (a) and a louder (b) continuous sound wave of the same frequency. 

        
 

Figure 3.  Spectograms of a) the continuous and narrowband sound of a killer whale whistle, and b) the 
pulsed and broadband sound of pile driving.  
At age 10, the typical human hearing range is between 20 Hz and 20,000 Hz (20 kHz).  However, we do 
not hear equally well at all of the frequencies in between.  Hearing tests, or audiograms, have shown 
that human peak hearing frequencies range between 2-4 kHz, and fall off at frequencies above and 
below this range.  You can make your own audiogram at www.myhearingtest.net  Audiograms have 
been undertaken for a number of marine animals, and have been used as a tool to determine noise 
exposure criteria.  In the US, for the purposes of developing noise exposure criteria, marine mammals 
have been divided into functional groups depending on their best hearing sensitivity (Southall et al. 
2007).   
Table 2.  The five functional hearing groups for noise exposure criteria based on Southall et al. (2007). 
 

          Group        Examples 
Low-frequency cetaceans baleen whales- eg. gray, fin, and blue whales 
Mid-frequency cetaceans toothed whales and dolphins – eg. sperm, killer 

and beluga whales, Pacific white-sided dolphins 
High- frequency cetaceans porpoises – eg. Dall’s and harbour porpoises 
Pinnipeds in air all seals, sea lions and fur seals eg. Harbour 

seals, Steller sea lions 
Pinnipeds in water all seals, sea lions and fur seals eg. Harbour 

seals, Steller sea lions 

 

-1 

-0.5 

0 

0.5 

1 

-1 

-0.5 

0 

0.5 

1 

A
m

p
lit

u
d

e 

0               1       0               1 

     Time (s) 

a) quieter sound       b)    louder sound   

Fr
eq

u
en

cy
  k

H
z 

Time (s) 

a)                b)  

http://www.myhearingtest.net/


4 
General background on underwater sound and noise, in preparation for the WWF workshop on ‘Finding 
management solutions for underwater noise in Canada’s Pacific’ June 6 and 7, 2013.  Prepared by K. Heise 

It is critically important to appreciate that the lower the frequency of the sound, the further the sound 
will travel.  In water, a 100 Hz signal can travel over 1000 km with relatively little loss of sound energy.  
Most of the energy in shipping noise, and in baleen whale communication signals, lies in frequencies 
below 1000 Hz.  In many approaches to analysing sounds, the energy is measured within different 
frequency bands.  The bandwidth used most often in bioacoustics is 1/3 of an octave, where an octave 
represents a doubling of frequency (Table 3).  The European Union has chosen the 63 Hz and 125 Hz 1/3 
octave bands as the focus of their long term underwater noise monitoring program. 
How do we describe sounds quantitatively? 
There are a number of units that are used to describe sound, but unlike volume or length measurements 
that have absolute values, measures of sounds are relative.  The decibel (dB) is now the most commonly 
used unit when considering the biological impacts of sound, and it is simply a unit in a logarithmic scale 
that describes sound intensity level or pressure level relative to a fixed reference intensity or pressure.  
For every 3 dB increase, the sound energy doubles.  In air, the reference intensity is 20 micropascals 
(µPa) or .0002 microbars, which is considered to be the general lower limit of audibility to the human 
ear.  However, the reference intensity for sound in water is 1 micropascal (µPa).  Therefore sound 
pressure levels in air are not the same as sound pressure levels in water.  When evaluating sound 
measurements, the reference intensity should always be clearly stated.  In water, the reference intensity 
is typically expressed as dB re 1 µPa @ 1 m. 
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Table 3.  Octave and 1/3 octave band centre frequencies and band limits.  The lower the frequency, the 
further the sound will travel, in both air and water.  

Frequency (Hz)) 

Octave Band 1/3 Octave Band 

Lower 
Band 

Limit (Hz) 

Centre 
Frequency 

(Hz) 

Upper 
Band  
(Hz) 

Lower 
Band 

Limit (Hz) 

Centre 
Frequency 

(Hz) 

Upper 
Band  
(Hz) 

11 16 22 14.1 16 17.8 

 
17.8 20 22.4 

22.4 25 28.2 

22 31.5 44 28.2 31.5 35.5 

 
35.5 40 44.7 

44.7 50 56.2 

44 63 88 56.2 63* 70.8 

 
70.8 80 89.1 

89.1 100 112 

88 125 177 112 125* 141 

 
141 160 178 

178 200 224 

177 250 355 224 250 282 

 
282 315 355 

355 400 447 

710 1000 1420 891 1000 1122 

 
1122 1250 1413 

1413 1600 1778 

1420 2000 2840 1778 2000 2239 

 
2239 2500 2818 

2818 3150 3548 

1420 2000 2840 1778 2000 2239 

 
2239 2500 2818 

2818 3150 3548 

2840 4000 5680 3548 4000 4467 

 
4467 5000 5623 

5623 6300 7079 

5680 8000 11360 7079 8000 8913 

 
8913 10000 11220 

11220 12500 14130 

11360 16000 22720 14130 16000 17780 

 17780 20000 22390 

* The EU Marine Strategy Framework Directive on Noise
1
 has selected the 63 and 125 Hz 1/3 octave bands as the 

focus of their long term underwater noise monitoring program.  

 
There are a number of ways to describe sound pressure levels (SPL), but there is still disagreement 
amongst acousticians on what the best metrics are, and there are no internationally agreed upon 
standards to report SPLs.  Depending on how the pressure or sound energy is calculated or measured, 
the numerical value associated with a sound can vary significantly (by 20 dB or more).  Figure 4 shows a 
waveform and 3 different ways of describing the energy of the sound pressure wave of a continuous 
sound (root mean square [rms], peak amplitude (or 0-peak), and peak to peak amplitude). Rms 
measures are almost always lower than peak to peak or peak amplitude measures, because they are 
typically (but not always) averaged over one second.  The length of time that passes before a sound 

                                                           
1
 http://ec.europa.eu/environment/marine/pdf/MSFD_reportTSG_Noise.pdf  

http://ec.europa.eu/environment/marine/pdf/MSFD_reportTSG_Noise.pdf
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reaches its peak amplitude is the rise time.  The shorter the rise time, particularly for high amplitude 
sounds, the greater the concern for potential biological impacts.  Table 5 shows how rms pressures can 
be calculated for Figure 4.  Sound pressures reported for short duration pulsed sounds will have the 
same zero-peak and peak-peak amplitude as a continuous sound, but the rms value will be lower than 
for a continuous sound (Figure 5).  Thus rms values are not ideal for describing high energy pulsed 
sounds, since they don’t appropriately characterize the sound (Madsen 2005). 
Table 4.  Some examples of underwater sound pressure levels in different units, modified from JASCO 
Applied Sciences (2009).   

Sound source dB re 1 µPa Bar Pascal (Pa) 

Peak pressure of one GI 45 in3 airgun @ 1 m 228 2.5 2.5 x 105  

Peak pressure of a sperm whale click 223 1.4 1.4 x 105 

Peak pressure of pile driving (75 cm diameter, 13 
mm wall thickness, 180 kJ hammer @14 m) 

207 0.2 20,000 

Source level (rms) of a zodiac with twin 175 hp 
outboards travelling at 55 km/hr 

169 2.8m 280 

Source level (rms) of a zodiac with twin 175 hp 
outboards travelling at 10 km/hr 

147 0.2m 20 

Source level of a killer whale whistle 140 0.1m 10 

Snapping shrimp power spectrum density level at 
4 kHz 

72 40n 4m 
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Figure 4.   A waveform showing several ways of expressing the amplitude of a continuous sound.  The 
root mean square (rms) amplitude is 0.8, the peak amplitude is 1 and the peak to peak amplitude is 2. 
Table 5.  Sample calculation for the rms pressure of the sound wave in Figure 4.   

Steps for calculating the rms 
pressure in Figure 4 

Sample calculation 

Measured pressure along the wave 1,0,-1,0,1,0,-1 

Square the measured pressures 1,0,1,0,1,0,1 

Average the squared pressures (1+0+1+0+1+0+1)/7= 0.57 

Take the square root of the averaged 
sound pressures to calculate the 
rms.  This is the sound pressure 
averaged over one second. 

=0.76 

 

 
Figure 5.  A waveform of a hypothetical pulsed sound.  The rms is ~0.35, the peak amplitude is 1 and the 
peak to peak amplitude is 2.  The rise time for the pulse to reach peak amplitude is ~0.08 s. 
 
For simplicity, in the previous figures I have ignored the very basic rule that should be followed when 
evaluating sounds:  the units and their reference pressure should be clearly stated.  The units for 
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underwater sound pressure levels (SPL) are dB re 1 µPa2 although they are often presented as dB re 1 
µPa (Ainslie 2010).  Sound pressure levels are commonly expressed as peak  or zero to peak sound 
pressures (SPLpk), root mean square (rms) sound pressures (SPLrms), or peak to peak sound pressures 
(SPLp-p or SPLpk-pk) depending on the source and duration of the sound. If SPLrms is used to describe a 
pulsed sound, the duration of the pulse is the time between 5 and 95% of the total sound energy of the 
signal.   
 
Unlike sound pressure levels, sound exposure levels (SEL) measure the total energy of a signal over time.  
In water, the sound exposure units are dB re 1 µPa2 ·s and can be used to compare sounds that are 
continuous, single, or multiple pulses, and can also be used to describe the cumulative exposure of a 
sound over the duration of a specified time period.  SELs are often used to compare transient sound 
events that have different durations and pressures.  They are also reported as energy flux densities.  
It is also very important to note whether the sound energy is reported at the source, or is a received 
level.  Source levels are most commonly described as occurring at 1 m from the source, yet for sources 
over a few cm in size, this is technically impossible to measure, because the sound is actually produced 
over a distance greater than 1 m.  The noise produced by a 200 m ship occurs over the length of the 
ship, and similarly in a multi-airgun array used in a seismic survey, there are multiple individual sources 
of noise (each airgun).  Source levels are therefore mathematically back-calculated from measures of 
received sound levels at a distance from the source, which are then modeled to compute the pressure at 
1 m range, as if the real source was collapsed into a point-source.   
What is a sound and what is noise? 
The answer is qualified- it depends on the perspective of the listener.  Noise is unwanted sound. It can 
include ambient background noise, and local interfering sounds. There are many naturally occurring 
sounds in the ocean, and they can be quite loud.  These range from abiotic sources (eg. rainfall, wind 
and wave noise, thunder and earthquakes etc.) to the sounds of marine animals (made by fish, 
invertebrates and marine mammals).  The reader should appreciate that the marine environment is not 
a naturally quiet place.  However, for the purpose of this backgrounder, we will consider ‘noise’ to be 
anthropogenic (man-made) ‘sounds’ that may potentially impact marine animals.  
What are some of the sources of anthropogenic noise in the marine environment?   
On the BC coast, the most common source of anthropogenic underwater noise is vessel traffic, and 
finding solutions to manage it is the main focus of this workshop. Source levels of a selection of 
anthropogenic noise sources are listed in Table 6.   In the open Pacific, ambient noise levels have 
increased ~2.5- 3 dB per decade during the last 40 years, particularly at frequencies below 300 Hz, and 
much of this is attributed to increased commercial shipping (McDonald et al. 2006, Spence et al. 2007, 
Chapman and Price 2011 amongst others).  Recall that each 3 dB increase is effectively a doubling of the 
amount of sound energy produced, because dB measurements are based on a logarithmic scale.  In 
inshore waters, characterizing the contribution of vessels to the ambient noise environment is more 
variable, as some areas have relatively few boats, whereas others, such as the vessel traffic approaches 
to major harbours, can be incredibly noisy (see Erbe et al. 2012a, b).  As shipping traffic grows in BC, we 
can expect the overall ambient noise levels to increase, unless there is a mandate to reduce underwater 
noise levels.  
Table 6.  A selective list of source levels of anthropogenic noise sources in the marine environment, 
modified from Hildebrand (2009).  
 

Sound source Source level 
(dB re 1UPa @ 1m) 

Duration 
(s) 

Short duration sounds 
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Ship shock trial (4536kg explosive) 304 2 

Torpedo MK-48 (44 Kg explosive) 289 0.1 

Air-gun array 260 0.03* 

Pile driving 1000 kJ hammer 237 0.05* 

US Navy 53C ASW sonar 235 2* 

Multi-beam shallow water sonar 232 0.002* 

Seal bomb (2.3 g explosive) 205 0.03 

Continuous sounds 

Cargo vessel 173 m @ 16 knots 192 Continuous 

Acoustic telemetry 190 Continuous 

Outboard powered small boat @20 knots 160 Continuous 

Operating wind turbine 151 Continuous 

               *Short duration but repetitive pulses    

 
Noise comes from a variety of sources on a vessel, but the largest contributor is cavitation of the ship’s 
propeller.  Generally speaking, the faster a vessel travels, the greater the cavitation noise, especially at 
speeds in excess of 8 to 12 knots (Spence et al. 2007, McKenna et al. 2013).  However, some vessels 
have variable pitched or controllable pitched propellers, and shafts that are rotating continuously (eg. 
the new BC Ferries), and these vessels can generate more noise at slower speeds than when operating 
at full speed (Renilson Marine Consulting 2009).  Other sources of noise on a vessel include bow 
thrusters, machinery noise (esp. the propulsion system), pumps, and propeller singing2.  Manoeuvring, 
loading, hull design and operator’s behaviour also affect the amount of noise each vessel generates.  
Poor vessel maintenance can increase the noise of a vessel: McKenna et al. (2013) found that 10 % of all 
container ships transiting Santa Barbara Channel produced additional narrowband high frequency tones: 
these are likely associated with propeller damage and/or onboard machinery requiring maintenance.  
Shipping noise is broadband and can extend to greater than 100 kHz, but it is usually the lower 
frequencies that are of concern because they travel furthest.   Although often not considered in 
describing large scale changes to the ambient noise environment in an area, small to medium size 
vessels, including coastal freighters, tugs, fishing vessels, pleasure craft, and whale-watching vessels, 
also contribute to the underwater soundscape.   
 
Table 7.  Source spectral densities for different types of commercial vessels underway, for several 
frequencies (from NRC 2003). 

                                                                        Source spectral density (dB re 1 µPa2/Hz @ 1 m) 

Ship Type Length 
(m) 

Speed 
(m/s) 

10 Hz 25 Hz 50 Hz 100 Hz 300 Hz 

Supertanker 244-355 7.7-11.3 185 189 185 175 157 

Large tanker 155-214 7.7-9.3 175 179 176 166 149 

Tanker 122-153 6.2-8.2 167 171 169 159 143 

Merchant  84-122 5.1-7.7 161 165 163 154 137 

Fishing 15-46 3.6-5.1 143 143 141 132 117 

                                                           
2
 Propeller singing is audible to the human ear and typically ranges from 10-1,200 Hz but up to 12 kHz, and is due 

to the vortices associated with the trailing edge of the propeller as it turns. It is often mediated by notching the 
trailing edge of the propeller. 
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Noise associated with construction and industrial activities is also a significant concern.  Harbours can be 
particularly noisy, not just due to vessel traffic, but because of pile driving, dredging, and shipyard 
activities, amongst other sources.  An additional and possibly significant but poorly documented source 
of noise in harbours is nearshore land based machinery noise that propagates through the substrate into 
the marine environment (NRC 2003).    
Pile driving noise is of concern both in air and in water because the sound energy of each pulse has a 
very fast rise time and high peak pressure, and the strikes are repeated for up to thousands of times per 
day.  Driven piles are used to support structures such as docks, bridges, wind turbines and navigational 
aids.  The piles are driven into the substrate using impact hammers, or alternatively, vibratory hammers 
or press-in piles.   The amount of noise produced by driving piles depends on the diameter of the pile, 
the hammer size, the material the pile is constructed of, the characteristics of the substrate, etc.  In 
addition, the pulse that propagates down the pile can couple with the substrate and cause pressure 
waves to propagate through the sediment (recalling that sound travels through rock even more readily 
than through water, Table 1).   Thus it is possible that a distance from the pile, there can be localized 
areas of very high or very low sound pressure and acoustic particle motion than at distances closer to 
the pile.  See Popper and Hastings (2009) for a more detailed discussion of this topic.  Table 8 shows 
sound pressure levels reported for different types of piles and hammers, and illustrates how the range 
of reported values varies depending on which metrics are used. 
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Table 8.  Sound pressures from marine pile driving expressed in different metrics, from Rodkin and Reyff 

(2007). 

 

Pile type (diameter)/ 
Hammer type 

 

Distance 
from pile 

(m) 

Peak sound 
pressure 

(dB re 1 µPa) 

RMS sound 
pressure 

(db re 1 µPa) 

Sound exposure 
level 

(dB re 1 µPa2·s) 

Timber (0.3 m)/drop 10 177 165 157 

Steel shell (0.3m)/drop 10 177 165 152 

Concrete (0.6 m)/impact 10 183 171 160 

CISS (0.3m)/impact 10 190 180 165 

CISS (2.5m)/impact 25 212 197 188 

(CISS = Cast in steel shell piles = concrete piles within a steel shell) 

In the Atlantic Ocean, industrial activity related to offshore oil and gas production is a very significant 
source of underwater noise.  Airguns used for seismic surveys generate high-amplitude broadband 
pulsed sounds that have been a source of concern for decades, because of their potential impacts on 
marine life.  Much of the sound energy they generate is at low frequencies, which can be detected 4,000 
km away (Nieukirk et al. 2012).  At greater distances, the duration of the pulse increases (due to multi-
path propagation), increasing the background noise level.  However, airguns are rarely used in British 
Columbia, except for research purposes.  Other sources of underwater noise include vessel sonars, and 
military activities (including low, mid and high frequency sonars, torpedos, ship-shock trials etc.).  New 
and emerging technologies (autonomous underwater vehicles, modems etc.) also add noise to the 
underwater environment. 
Why is underwater noise a concern for marine life? 
Anthropogenic noise has the potential to interfere with the ability of marine animals to carry out vital 
life processes, such as foraging, reproduction, predator avoidance, communication and navigation.  
Noise can impact animals by causing behavioural changes, although these are often subject to 
interpretation and can depend on the age, sex, health, context and prior experience of the animal.  
Noise can mask important biologically important sounds such as communication and echolocation 
signals and the ability of animals to passively listen for predators, prey or environmental cues (eg. 
beaches, high surf areas).  High energy sound can cause physiological responses, including changes in 
stress hormone levels, tissue resonance, and acoustic trauma, as well as temporary and/or permanent 
threshold shifts in hearing ability.  Marine animals that lose their ability to hear the sound of 
approaching predators or the ability to detect their prey acoustically are at greater risk of mortality.  
Ultimately, in certain conditions high-energy noise can result in direct mortality. 
 
It is not within the scope of this backgrounder to provide a full review of the potential impacts of 
underwater noise on marine life, and there are many references that address this topic in significant 
detail.  A number have been published within the last 10 years, almost all of which call for further 
research (Table 9).  This list is not comprehensive, but rather a sampling of the literature.  The complete 
reference is provided in the Relevant Literature section of this backgrounder. 
Table 9.  A selection of recent literature on the effects of underwater noise on marine life. Complete 
details of each reference are provided in the Relevant Literature section below.  This list is not 
comprehensive.  
 

Author (date) Focus of paper 

NRC (2003) A synthesis of what is known about marine mammals and noise 

IACMST (2006) A summary report on the effects of underwater noise on marine life from 
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a UK perspective 

Nowacek et al. (2007) A review of behavioural response of marine mammals to noise 

Southall et al. (2007) A review of the impacts of noise on marine mammals with criteria for 
noise exposure standards for the US 

Weilgart (2007) A synthesis of the impacts of noise on cetaceans 

Wright and Highfill (2007) A collection of papers on the effects of noise on marine life 

Wright (2008) A review of the impacts of shipping noise on marine mammals 

Boyd et al. (2008)  A draft research strategy to assess the effects of noise on marine 
mammals 

Hawkins et al. (2008) A collection of papers presented at the 2007 ‘Effects of noise on aquatic 
life’ conference in Nyborg, Denmark 

OSPAR (2009) A synthesis of the impacts of underwater noise on marine life 

Popper and Hastings (2009) A synthesis of the effects of anthropogenic noise on fish 

Slabbekoorn et al. (2010) A synthesis of the consequences of increasing ambient noise levels for 
fish 

Normandeau and associates 
(2012) 

A synthesis of the effects of noise on fish and invertebrates 

Popper and Hawkins (2012) A collection of papers presented at the 2010 ‘Effects of noise on aquatic 
life’ conference in Cork, Ireland 

 

Acknowledgements 
A sincere thanks to WWF Canada for providing me the opportunity to share my thoughts on underwater 
noise with others, and to Ross Chapman, Lindy Weilgart and Lance Barrett-Lennard for their feedback on 
earlier drafts.  Any errors or omissions are completely my own. 
 

Relevant Literature  

A selection of reviews or papers, some of which are cited in this backgrounder, which may be helpful in 

dealing with underwater noise management issues. All have been published within the last 10 years, and 

this list is not comprehensive. 

Ainslie, M.  2010.  Principles of Sonar Performance Modeling.  Spinger Praxis Publ. Chichester, UK. 

Abramson, E. 2012.  Vessel strikes and acoustic impacts. Gulf of the Farallones and Cordell Bank National 

Marine Sanctuaries:  Report of a joint working group of the Gulf of the Farallones and Cordell Bank 

National Marine Sanctuaries Advisory Councils. 44pp. Accessed on May 22, 2013 at 

http://sanctuaries.noaa.gov/protect/shipstrike/pdfs/strikes_acoustic.pdf 

Agardy, T., N.  Aguilar,  A. Cañadas., M. Engel et al., 2007.  A global scientific workshop on spatial-

temporal management of noise: report of the scientific workshop.  44 pp.  Accessed on May 22, 2013 at 

http://whitelab.biology.dal.ca/lw/publications/OKEANOS.%20Agardy%20et%20al.%202007%20Manage

ment%20noise.pdf 

Bingham, G. (editor) 2011.  Status and applications of acoustic mitigation and monitoring systems for 

marine mammals:  workshop proceedings; November 17-19, 2009.  Boston, MA.  US Dept. of the 

Interior, Bureau of Ocean Energy Management.  OCS Study BOEMRE 2011002.  384 pp.  Accessed on 

May 22, 2013 at 

http://sanctuaries.noaa.gov/protect/shipstrike/pdfs/strikes_acoustic.pdf
http://whitelab.biology.dal.ca/lw/publications/OKEANOS.%20Agardy%20et%20al.%202007%20Management%20noise.pdf
http://whitelab.biology.dal.ca/lw/publications/OKEANOS.%20Agardy%20et%20al.%202007%20Management%20noise.pdf


13 
General background on underwater sound and noise, in preparation for the WWF workshop on ‘Finding 
management solutions for underwater noise in Canada’s Pacific’ June 6 and 7, 2013.  Prepared by K. Heise 

http://mhk.pnnl.gov/wiki/images/5/5d/Status_and_Applications_of_Acoustic_and_Monitoring_Systems

.pdf 

Boyd, I., B. Brownell, D. Cato, C. Clark. et al.  2008.  The effects of anthropogenic sound on marine 

mammals: a draft research strategy.  European Science Foundation.  Position Paper 13.  Accessed May 

25, 2013 at http://www.esf.org/fileadmin/Public_documents/Publications/MBpp13.pdf 

Chapman, N.R. and A. Price.  2011.  Low frequency deep ocean ambient noise trend in the Northeast 

Pacific Ocean.  J. Acoust. Soc. Am.  Express Letters  129:  EL161-EL165. 

DFO.  2012.  Risk-based assessment framework to identify priorities for ecosystem-based oceans 

management in the Pacific region.  DFO Can. Sci. Advis. Sec. Rep 2012/044. 

Ellison, W.T., B.L. Southall, C.W. Clark, and A.S. Frankel. 2011. A new context-based approach to assess 

marine mammal behavioral responses to anthropogenic sounds. Conservation Biology 26: 21-28. 

Erbe, C., A. MacGilvay and R. Williams.  2012a.  Mapping cumulative noise from shipping and marine 

spatial planning.  J. Acoust. Soc. Am. Express Letters 132: EL423-428. 

Erbe, C., A. Duncan and M. Koessler.  2012b.  Modelling noise exposure statistics from current and 

projected shipping activity in northern British Columbia.  Report submitted to WWF Canada by Curtin 

University, Australia.  Accessed on May 25, 2013.   

http://awsassets.wwf.ca/downloads/modelling_noise_exposure_statistics_from_current_and_projecte

d_shipping_activity_in_n.pdf 

Fay, R.R. and A.N. Popper. 2000. Evolution of hearing in vertebrates: The inner ears and processing. 

Hearing Research 149: 1-10. 

Hawkins, A.D., A.N. Popper, and M. Wahlberg. (editors) 2008.  International conference on the effects of 

noise  on aquatic life.  Bioacoustics 17: 1-350.  

Hatch, L. and A.J. Wright.  2007.  A brief review of anthropogenic sound in the oceans.  International 

Journal of Comparative Psychology 20: 121-133 

Henderson, D.  2007.  Creation of noise standards for man: 50 years of research.  In Hawkins et al.  2008 

(above). 

Inter-Agency Committee on Marine Science and Technology (IACMST). 2006. Report of the IACMST 

Working Group on underwater sound and marine life.  Report No. 6. Accessed on May 25, 2013 at 

http://www.nmfs.noaa.gov/pr/pdfs/acoustics/iacmst_report_2006.pdf 

JASCO Applied Sciences.  2009.  Underwater acoustics: noise and the effects on marine mammals.  A 

pocket handbook.  Accessed on May 22, 2013 at 

http://oalib.hlsresearch.com/PocketBook%203rd%20ed.pdf 

Jasny, M., J.Reynolds, C. Horowitz, and A. Wetzler.  2005.  Sounding the depths II: the rising toll of sonar, 

shipping and industrial ocean noise on marine life.  NRDC: California.  Accessed May 22, 2013 at 

http://www.nrdc.org/wildlife/marine/sound/sound.pdf 

http://mhk.pnnl.gov/wiki/images/5/5d/Status_and_Applications_of_Acoustic_and_Monitoring_Systems.pdf
http://mhk.pnnl.gov/wiki/images/5/5d/Status_and_Applications_of_Acoustic_and_Monitoring_Systems.pdf
http://www.esf.org/fileadmin/Public_documents/Publications/MBpp13.pdf
http://awsassets.wwf.ca/downloads/modelling_noise_exposure_statistics_from_current_and_projected_shipping_activity_in_n.pdf
http://awsassets.wwf.ca/downloads/modelling_noise_exposure_statistics_from_current_and_projected_shipping_activity_in_n.pdf
http://www.nmfs.noaa.gov/pr/pdfs/acoustics/iacmst_report_2006.pdf
http://oalib.hlsresearch.com/PocketBook%203rd%20ed.pdf
http://www.nrdc.org/wildlife/marine/sound/sound.pdf


14 
General background on underwater sound and noise, in preparation for the WWF workshop on ‘Finding 
management solutions for underwater noise in Canada’s Pacific’ June 6 and 7, 2013.  Prepared by K. Heise 

Lawson, J.W. and V. Lesage.  2013.  A draft framework to quantify and cumulate risks of impacts from 

large development projects for marine mammal populations: A case study using shipping associated 

with the Mary River Iron Mine Project.  DFO Can. Sci. Advis. Sec. Res. Doc. 2012/154  22 pp. 

Le Prell, C.G., D. Henderson, R.R. Fay, and A.N. Popper (editors). 2012. Noise-induced hearing loss: 

Scientific advances. New York.  Springer Science + Business Media, LLC. 

Madsen, P.T.  2005.  Marine mammals and noise: Problems with root mean square sound pressure 

levels for transients J. Acoust. Soc. Am.  117: 3952-3957. 

McDonald, M.A., J.A. Hildebrand and S.M. Wiggins.  2006. Increases in deep ocean ambient noise in the 

northeast Pacific west of San Nicolas Island, California.  J. Acoust. Soc. Am. 129: 711-718. 

McKenna, M.F., D. Ross, S.M. Wiggins and J.A. Hildebrand.  2012.  Underwater radiated noise from 

modern commercial ships.  J.Acoust. Soc. Am. 131: 92-103. 

McKenna, M.F., S.M. Wiggins and J.A. Hildebrand.  2013.  Relationship between container ship 

underwater noise levels and ship design, operational and oceanographic conditions.   Sci. Rep. 3. 1760; 

DOI:10.1038/srep01760. 

Nieukirk, S.L., D.K. Mellinger, S.E. Moore, K. Klinck et al. 2012. Sounds from airguns and fin whales 

recorded in the mid-Atlantic Ocean, 1999-2009. J. Acoust. Soc. Am. 131: 1102-1112. 

Normandeau Associates, Inc. 2012.  Effects of noise on fish, fisheries and invertebrates in the US Atlantic 

and Arctic from energy industry sound-generating activities.  A literature synthesis for the US Dept. of 

the Interioir, Bureau of Ocean Energy Management.  Contract # M11PC00031.  153 pp.  Accessed on 

May 22, 2013 at 

http://www.boemsoundworkshop.com/documents/Literature_Synthesis_Effects_of_Noise_on_Fish_Fis

heries_and_Invertebrates.pdf 

Nowacek, D.P., L.H. Thorne, D.W. Johnston, and P.L. Tyack. 2007. Responses of cetaceans to 

anthropogenic noise. Mammal Review 37:81-115. 

National Research Council (NRC). 2003. Ocean noise and marine mammals. Washington, DC: National 

Academy Press.  

National Research Council (NRC). 2005. Marine mammal populations and ocean noise: Determining 

when noise causes biologically significant effects. Washington, DC.  National Academy Press. 

OSPAR (Oslo and Paris Commission). 2009. Overview of the impact of anthropogenic underwater sound 

in the marine environment. Biodiversity Series. OSPAR Commission.  Accessed on May 25, 2013 at 

http://www.ospar.org/documents/dbase/publications/p00441_Noise%20Background%20document.pdf 

Popper, A.N., R.R. Fay, C. Platt, and O. Sand. 2003. Sound detection mechanisms and capabilities of 

teleost fishes. In: Collin, S.P. and N.J. Marshall, eds. Sensory processing in aquatic environments. New 

York: Springer-Verlag. P. 3-38. 

Popper, A.N. and M.C. Hastings. 2009. The effects of anthropogenic sources of sound on fishes. Journal 

of Fish Biology 75: 455-489. 

http://www.boemsoundworkshop.com/documents/Literature_Synthesis_Effects_of_Noise_on_Fish_Fisheries_and_Invertebrates.pdf
http://www.boemsoundworkshop.com/documents/Literature_Synthesis_Effects_of_Noise_on_Fish_Fisheries_and_Invertebrates.pdf
http://www.ospar.org/documents/dbase/publications/p00441_Noise%20Background%20document.pdf


15 
General background on underwater sound and noise, in preparation for the WWF workshop on ‘Finding 
management solutions for underwater noise in Canada’s Pacific’ June 6 and 7, 2013.  Prepared by K. Heise 

Popper, A.N. and A. Hawkins (editors). 2012.  The effects of noise on aquatic life. (Editors).  Advances in 

Experimental Medicine and Biology 730:  695 pp. 

Renilson Marine Consulting Pty. Ltd.  2009.  Reducing underwater noise pollution from large commercial 

vessels.  Commissioned by IFAW.  Accessed on May 22, 2013 at 

http://www.ifaw.org/sites/default/files/Reducing%20Underwater%20Noise%20Pollutions%20for%20Lar

ge%20Commercial%20Vessels.pdf 

Rodkin, R.B. and J. A. Reyff.  2007.  Underwater sound from marine pile driving.  In Hawkins et al. (2008) 

cited above. 

Rubel, E.W., S.A. Furrer and J. Stone.  2013.  A brief history of hair cell regeneration research and 

speculations on the future.  Hearing Research 297: 42-51. 

Slabbekoorn, H., N. Bouton, I. van Opzeeland, A. Coers et al. 2010.  A noisy spring: the impact of globally 

rising underwater sound levels on fish.  TREE 1243: 419-427 

Small, R.J., S.E. Moore, and K.M. Stafford. 2011. Chukchi sea acoustics workshop, final report for coastal 

impact assistance program. Minerals Management Service, U.S. Department of the Interior. MMS Award 

#M09AF15248.  Accessed on May 22, 2013 at: 

http://www.adfg.alaska.gov/static/home/about/management/wildlifemanagement/marinemammals/p

dfs/csaw_2011.pdf 

Southall, B.L. 2005. Final Report of the National Oceanic and Atmospheric Administration (NOAA) 

International Symposium: “Shipping Noise and Marine Mammals: A Forum for Science, Management, 

and Technology,” 18-19 May 2004, Arlington, VA. Accessed on May 22, 2013 at: 

http://www.nmfs.noaa.gov/pr/pdfs/acoustics/shipping_noise.pdf 

Southall, B.L., A.E. Bowles, W.T. Ellison, J.J. Finneran, et al. 2007. Marine mammal noise exposure 

criteria: Initial scientific recommendations. Aquatic Mammals 33:411-521. 

Southall, B.L. and A. Scholik-Schlomer. 2008. Final report of the NOAA International Conference:  

“Potential Application of Vessel-Quieting Technology on Large Commercial Vessels,” 1-2 May,2007, 

Silver Spring, MD. Accessed May 22, 2013 at: 

http://www.nmfs.noaa.gov/pr/pdfs/acoustics/vessel_symposium_report.pdf 

Spence, J., R. Fisher, M. Bahtiarian, L. Boroditsky et al. 2007.  Review of existing and future potential 

treatments for reducing underwater sound from oil and gas industry.  Noise Control Engineering Report 

to the Joint Industry Programme on E & P Sound and Marine Life.  NCE Report 07-001  Accessed on May 

22, 2013 at http://www.soundandmarinelife.org/Site/Products/NCE07-

001_TreatmentsForUnderwaterSoundFromOil.pdf 

Van der Graaf, A.J. M.A. Ainslie, M. André, K. Brensing et al. 2012. European Marine Strategy Framework 

Directive - Good Environmental Status (MSFD GES): Report of the Technical Subgroup on Underwater 

noise and other forms of energy. Accessed on May 22, 2013 at 

http://ec.europa.eu/environment/marine/pdf/MSFD_reportTSG_Noise.pdf 

http://www.ifaw.org/sites/default/files/Reducing%20Underwater%20Noise%20Pollutions%20for%20Large%20Commercial%20Vessels.pdf
http://www.ifaw.org/sites/default/files/Reducing%20Underwater%20Noise%20Pollutions%20for%20Large%20Commercial%20Vessels.pdf
http://www.adfg.alaska.gov/static/home/about/management/wildlifemanagement/marinemammals/pdfs/csaw_2011.pdf
http://www.adfg.alaska.gov/static/home/about/management/wildlifemanagement/marinemammals/pdfs/csaw_2011.pdf
http://www.nmfs.noaa.gov/pr/pdfs/acoustics/shipping_noise.pdf
http://www.nmfs.noaa.gov/pr/pdfs/acoustics/vessel_symposium_report.pdf
http://www.soundandmarinelife.org/Site/Products/NCE07-001_TreatmentsForUnderwaterSoundFromOil.pdf
http://www.soundandmarinelife.org/Site/Products/NCE07-001_TreatmentsForUnderwaterSoundFromOil.pdf
http://ec.europa.eu/environment/marine/pdf/MSFD_reportTSG_Noise.pdf


16 
General background on underwater sound and noise, in preparation for the WWF workshop on ‘Finding 
management solutions for underwater noise in Canada’s Pacific’ June 6 and 7, 2013.  Prepared by K. Heise 

Webb, J.F., A.N. Popper, and R.R. Fay (editors). 2008. Fish bioacoustics. New York: Springer Science + 

Business Media, LLC. 

Weilgart, L. 2007.  The impacts of anthropogenic ocean noise on cetaceans and implications for 

management.   Can. J. Zool. 85: 1091-1116. 

Wright, A.J. and L. Highfill (editors). 2007.  Considerations of the effects of noise on marine mammals 

and other animals.  International Journal of Comparative Psychology 20: Volumes 2-3. 

 Wright, A.J.  2008.  International workshop on shipping noise and marine mammals, Hamburg, 

Germany, 21-24th April 2008.  Okeanos- Foundation for the Sea, Auf der Marienhöhe 15, D-64297 

Darmstadt. 33+v p.   Accessed on May 22, 2013 at: 

http://whitelab.biology.dal.ca/lw/publications/OKEANOS.%20Wright%20(ed)%202008.%20Shipping%20

noise..pdf 

Wright, A.J. (ed) 2009. Report of the Workshop on Assessing the Cumulative Impacts of Underwater 

Noise with Other Anthropogenic Stressors on Marine Mammals: From Ideas to Action. Monterey, 

California, USA, 26th-29th August, 2009. Okeanos - Foundation for the Sea, Auf der Marienhöhe 15, D-

64297 Darmstadt. 67+iv p. Accessed on May 22, 2013 at:   

http://whitelab.biology.dal.ca/lw/publications/OKEANOS.%20Wright%20(ed).%202009.%20Cumulative

%20impacts%20noise..pdf 

http://whitelab.biology.dal.ca/lw/publications/OKEANOS.%20Wright%20(ed)%202008.%20Shipping%20noise..pdf
http://whitelab.biology.dal.ca/lw/publications/OKEANOS.%20Wright%20(ed)%202008.%20Shipping%20noise..pdf
http://whitelab.biology.dal.ca/lw/publications/OKEANOS.%20Wright%20(ed).%202009.%20Cumulative%20impacts%20noise..pdf
http://whitelab.biology.dal.ca/lw/publications/OKEANOS.%20Wright%20(ed).%202009.%20Cumulative%20impacts%20noise..pdf


17 
General background on underwater sound and noise, in preparation for the WWF workshop on ‘Finding 
management solutions for underwater noise in Canada’s Pacific’ June 6 and 7, 2013.  Prepared by K. Heise 

 


