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Research approaches to quantify the effects of 
underwater noise on cetaceans:

Recommendations for U-IoT standards
• Sound is important underwater, useful for communication!!  

• U-IoT standards ignore potential impacts of acoustic transmissions

- human divers, animals that use sound

• Cetacean (whales and dolphins) and seals hear well in data bands, can 
(possibly illegally) harass marine mammals and lead to negative impacts 

- avoidance and feeding cessation are common responses

→ “Mammal-Friendly” ← standards could reduce impacts:                                  

- minimize transmissions, use cables whenever feasible

- minimum source level, higher frequency, directional transmission

- avoid areas with sensitive species, age-classes
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4 Kao et al., 2017
Domingo, 2012

Potential harms: radiation Risk to Divers  
Animals also use sound!



U-IoT can aid environmental monitoring
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Domingo, 2012

Coutinho and Bourkerche, 2021



Potential impact from acoustic signalling not addressed!
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Delphin et al., 2021



noisy underwater world

Acoustic 
Modems
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Duarte et al., 2021
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U-IoT data transmissions: 

not the first noise source to face the concern of 

effects on Marine Mammals

Richardson et al., 1998audibility

masking

responsiveness

injury“zones of influence”



Haro Strait, 2003

Navy sonar: widely recognized that sonar can 
impact behaviour / physiology in a harmful way

ICES, 2005; NRC, 2005; IACMST, 2006; Nowacek et 

al., 2007; Southall et al., 2007; 2009; Boyd et al., 2008



Risk-assessment framework
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Risk assessment framework
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Boyd et al., 2008 ESF Marine Board – Oxford 2005 

How many sound sources?
How loud? Frequency?
Sensitive Species nearby?



Risk assessment framework
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How many sound sources?
How loud? Frequency?
Sensitive Species nearby?

How much is an 
individual affected by 
hearing the sounds?
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Dose-response: key for understanding impacts
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“All substances are poisons: there is 

none which is not a poison. The right 

dose differentiates a poison and a 

remedy.”

Paracelsus (1493-1541)

How loud is the sound at the animal?

http://upload.wikimedia.org/wikipedia/commons/4/4a/Paracelsus.jpg
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Dose-response: key for understanding impacts
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Harassing a cetacean is 

illegal in the USA.

Marine Mammal Protection Act

US Navy EIS (2008)How loud is the sound at the animal?



Risk assessment framework
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US Navy EIS (2008)
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BRS experiments:

free-ranging cetaceans

Sonar source

1-2 kHz

‘LFAS’

214 dB max source level

Tagged focal whale
visual observations:
- location & 
- social context
- mitigation

Tag a random 
‘representative’ 
whale subject

Behavioural Response Studies

Sound and movement recording tag



tagging difficult species
often a limiting factor in BRS
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Dtag deployed onto northern bottlenose whale

at 15m distance using ARTS launching system

desirable to be able to tag any whale within a species
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Behavioral Response Studies: Experimental design

Sonar

or control

single-exposure version



Behavioral Response Studies - Experimental design
Multiple-exposure version

Outcome Objective
Quantify behavioral response of cetaceans to sonar as a 

function of the frequency band utilized by the sonar.  

Relate to hearing curve if available. Use to establish 

safety limits for sonar operations, and to evaluate ramp-

up procedures.

Dose-response study

killer whale 

playback

1-2 kHz 6-7 kHz control



BRS  data - analysis
Rich observations

- natural patterns

- multi-variate, time-series

- cross / auto-correlation

• Analytical challenge!!!
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Behavioural Responses:
disruption of ongoing behavior

Miller et al., 2014

8 km
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Behavioural Responses:
disruption of ongoing behavior

Miller et al., 2014

Ping-by-ping

calling

Responses started:
94dB re 1Pa
(very low level)

Miller et al., 2014. J Acoust Soc Am 



What Behavioral Response Studies have taught us:
and what it means for U-IoT



What Behavioral Response Studies have taught us:
and what it means for U-IoT

• Cessation of feeding and avoidance of NOISE is common

→ Adding noise is a form of habitat degradation 



What Behavioral Response Studies have taught us:
and what it means for U-IoT

• Cessation of feeding and avoidance of the sounds is common
→ Adding noise is a form of habitat degradation 

Duarte et al., 2021

Shipping Noise



→ “Mammal-Friendly” U-IoT ← 
standards that could reduce impacts:                                  

Key Point 1: every transmission has an “environmental cost”

- minimize transmissions, use cables whenever feasible (relay to surface sinks)

Data Modem Sound

https://www.youtube.com/watch?v=gsNaR6FRuO0


→ “Mammal-Friendly” U-IoT ← 
standards that could reduce impacts:                                  

Key Point 1: every transmission has an “environmental cost”

- minimize transmissions, use cables whenever feasible

- minimum source level, higher frequency, directional transmission

Kao et al., 2017



→ “Mammal-Friendly” U-IoT ← 
standards that could reduce impacts:                                  

Key Point 1: every transmission has an “environmental cost”

- minimize transmissions, use cables whenever feasible

- minimum source level, higher frequency, directional transmission

- avoid areas with sensitive species, age-classes

Beaked whalesHarbor porpoise

Blue Planet 
Society

Bottlenose whales near Jan Mayen



→ “Mammal-Friendly” U-IoT ← 
standards that could reduce impacts:                                  

Key Point 1: every transmission has an “environmental cost”

- minimize transmissions, use cables whenever feasible

- minimum source level, higher frequency, directional transmission

- avoid areas with sensitive species, age-classes

Key Point 2: Environmental Impact Assessments should be done!



Thank 
you!!


