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Why is 
Hearing 
Important to 
Fishes and 
Humans

• Communications
• Extending the world around 

the animal. Detection of 
signals:
• great distances
• three-dimensions
• when other senses non-

functional such as in the 
dark

• The ”Acoustic Scene”
• Auditory system provides 

“acoustic scene analysis”



Anything interfering with the 
ability of an animal to detect 
and use the acoustic scene 

may result in reduced fitness!

Man-made (anthropogenic) 
sound can interfere with 

hearing, thereby disrupt use 
of the acoustic scene!



Fish 
Hearing
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Hearing Thresholds for Select Species
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General 
Observations 
re Fish 
Hearing

• All fishes can hear
• Sound is important in the lives of 

fishes, even if they don’t make 
sounds

• Fishes use sound to learn about 
their environments.  

• Anything that disrupts this ability 
has a potential impact on survival

• Much more to learn about fish 
hearing – particularly considering 
that the >33,000 species show 
substantial variation in structure of 
the auditory system

• There is great variation in hearing 
capabilities

• As a consequence, criteria for 
potential effects of anthropogenic 
sound on fishes has to take into 
consideration variation in what 
fishes detect and how they behave 
in response to sounds – one 
“criteria” does not fit all fishes!!!
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In What Ways can 
Anthropogenic 
Sound Impact 

Fishes (and Other 
Aquatic 

Organisms)?
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What do We 
Actually 
Know 
about Effects 
on Fishes?

• Very little!
• Why very little?
• Not many experiments
• Hard to produce very loud 

sounds in the laboratory
• Do not know if we can 

extrapolate between:
• Sound sources
• Species

• Caged fish studies are not 
appropriate to give needed 
information on behavior
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Potential 
Effects of 
Pile Driving 
During Wind 
Farm 
Construction

• Close to the source, potential 
for tissue damage and 
immediate or delayed 
mortality
• Distance depends on the 

intensity of the source signal
• At greater distances may 

encounter hearing loss, 
masking, and/or behavioral 
effects
• Know a good deal about 

physical effects (studies in 
Popper lab) but very little 
about behavioral effects
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Current 
U.S. 
Criteria

• NMFS, 2008
• Peak SPL: 206 decibels dB re 

1 µPa
• SELcum: 187 dB re 1µPa2·s for 

fishes > 2 grams
• SELcum: 183 dB re 1µPa2·s for 

fishes < 2 grams
• Behavioral effects >150 dB re 

1µPa
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Studies Since 
2008 Show that 
Current 
Criteria Far 
too 
Conservative!

• Current criteria: 
• Well below levels that actually 

result in onset of physical 
effects on multiple species
• Not based on peer-reviewed 

science
• They were meant to be 

interim until new data 
available

• New data is now available and 
criteria are being updated around 
the world based on recent 
recommendations!



• In 2014 developed interim criteria
• Based on most recent data
• Pointed out major gaps in data 

that are needed to improve on 
the guidelines

• Interim criteria being adopted 
in Europe and other parts of 
the world

• More recent literature review 
(2018) suggests that these 
criteria are still valid

• HOWEVER
• Guidelines still only in terms 

of sound pressure and not 
particle motion

• Many gaps in the criteria 
where there is not peer-
reviewed science

• Also criteria needed for 
invertebrates (but almost no 
data) 



Type of Animal
Mortality and 

potential 
mortal injury

Impairment
BehaviorRecoverable 

injury TTS Masking

Fish: no swim 
bladder (particle 
motion detection)

>219 dB SELcum
or
>213 dB peak

>216 dB SELcum
or
>213 dB peak

>>186 dB 
SELcum

(N) Moderate
(I)  Low
(F) Low

(N) High
(I) Moderate
(F) Low

Fish: swim bladder 
is not involved in 
hearing (particle 
motion detection)

210 dB SELcum
or
>207 dB peak

203 dB SELcum
or
>207 dB peak

>186 dB 
SELcum

(N) Moderate
(I)  Low
(F) Low

(N) High
(I)  Moderate
(F) Low

Fish: swim bladder 
involved in hearing 
(primarily pressure 
detection)

207 dB SELcum
or
>207 dB peak

203 dB SELcum
or
>207 dB peak

186 dB  
SELcum

(N) High
(I)  High
(F) Moderate

(N) High
(I)  High
(F) Moderate

Sea turtles
210 dB SELcum
or
>207 dB peak

(N) High
(I)  Low
(F) Low

(N) High
(I)   Low
(F)  Low

(N) High
(I)  Moderate
(F) Low

(N) High
(I)  Moderate
(F) Low

Eggs and larvae
>210 dB SELcum
or
>207 dB peak

(N) Moderate
(I)  Low
(F) Low

(N)Moderate
(I)  Low
(F) Low

(N) Moderate
(I)  Low
(F) Low

(N) Moderate
(I)  Low
(F) Low

Example: Pile Driving Guidelines
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General 
Conclusions re 
Anthropogenic 
Sound & Fishes

• Criteria need continued updating
• Criteria from 2014 need to be 

adopted in the US for regulatory 
issues
• The most important issue 

regarding anthropogenic noise 
concerns behavioral effects
• Occur at far greater distances 

from the source
• Far more animals likely to be 

affected than show physical 
effects
• Problem: very hard to study 

and cannot be done in the lab!
• Still have substantial data gaps 

that need to be filled



General 
Conclusions 
for Wind 
Farms and 
Fishes

• Sounds from operating wind farms not 
likely to be detectable by fishes at any 
substantial distance from the source 
(probably measured in meters)

• Construction sounds (esp. pile driving) 
have the potential to be detectable at 
great distances and affect fishes
• Very close to the source (tens of 

meters) potential physical and 
physiological effects

• At greater distances, potential 
behavioral effects both from 
water-borne and substrate-borne 
sound

• Effects probably species-specific
• Additional concern is potential impact 

on invertebrates
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