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Comparing behavioral responses of cetaceans to naval sonar 
versus killer whale sound playbacks 



I n t r o d u c t i o n 

Represents a yardstick to assess the level of disturbance  
induced by anthropogenic stimuli. 

What is a disturbed behavior in cetaceans? 
 

Need for a reference model of natural high-level disturbance  

Predation risk      Anti-predator behavior 

Biologically costly but selected by evolutionary processes. 
 

3S aim: to investigate the potential disturbance 
effects of naval sonar on cetaceans’ behavior. 



Similar reactions ? 
Anti-predator behavior  

=  
 reference model of natural  

high-level behavioral disturbance 

Jefferson et al. 1991; Morell 2011  

Killer whale 
potential predator of other cetacean species 

Comparing behavioral responses to sonar versus KW playbacks 
in order to assess the level of disturbance induced by sonar 

I n t r o d u c t i o n 

Acoustic stimuli exposure 
SONAR 

VS. 
Playbacks 

of KW 
vocalisations 



Sperm whale 

 (Globicephala melas) 
Long-finned pilot whale 

(Physeter macrocephalus) 

Humpback whale 
(Megaptera novaeangliae) 

S t u d i e d      s p e c i e s 



Tagging Baseline Sonar exposure 

3 S   P r o t o c o l 

Tag recovery Killer whale playback 

LFAS (1-2kHz) 

Controls (CTRLs): 
 

- Silent vessel path 
   (no-sonar CTRL)  
 

- Noise playback 

Behavioral measurements 
- Horizontal movement 
- Surface social behavior 
- Dive profile 
- Acoustics (foraging & social sounds) 



From Curé et al. 2013. Nat. Sci. Rep. 

 

Study 1: Sperm whale 
 

 Interruption of the foraging activity in response to KW sound playbacks. 
 Initiation of a social behavior (grouped with other whales). 

Dive profile of tagged animal sw10_150a 

Responses to KW playback and to CTRL noise playback:  

        Killer whale = potential predator 
 (at least for calves in breeding grounds) 



 Wiggle in the dive profile. 
 

 Increase of social sounds. 

Zoom on response to LFAS sonar 

12:00 13:00 19:00 20:00 

 Shallower and shorter dive. 
 

 Increase of social sounds. 
 

 Grouped with 3 more whales.  

Zoom on response to KW playback 

KW PB

Social sounds:
Slow clicks

Social sounds:
Slow clicks
codas

LFAS

Dive profile of sw09_141a and indication of social sounds production: 

LFAS 
Local time 

Example 
From 3S technical report 

 

Study 1: Sperm whale 
 

KW 



Sperm whale 

KW LFAS 

Alteration of foraging yes yes 

Horizontal avoidance yes yes 

Social response 

Magnitude of the response  
(duration, severity, consistency) 

 
 Good match between responses to sonar and KW playbacks. 

≠ 

> 

 

Study 1: Sperm whale 
 
 Summary  



From Curé et al. 2015. Mar. Ecol. Pro. Ser 

 

Study 2: Humpback whale 
 

Clear horizontal 
avoidance in 

response to KW 
playbacks. 

        Killer whale = potential        
             predator (mostly for calves) 

Track of tagged whale mn12_180a.  

Responses to KW playback and to CTRL noise playback  

Pre exposure 
 

Post exposure 
KW playback  

CTRL noise playback  



LFAS 

Interruption of feeding in response to sonar and to KW playback. 

Dive profile of mn12_171a with indication of feeding activity (  ) 

KW 

Example 
From 3S2 technical report 

 

Study 2: Humpback whale 
 



Humpback whale 
KW LFAS 

 
Alteration of foraging 
 

yes yes 

 
Horizontal avoidance 
 

yes yes 

 
Social response 
 

- - 

Magnitude of the response 
(duration, severity, consistency) > 

  
 

Very good match between responses to sonar and KW playbacks. 

 

Study 2: Humpback whale 
 
 Summary  



Track of gm10_158d.  

Curé et al. 2012. Plos One 

Responses to KW playback and to CTRL noise playback:  

 

Study 3: Long-finned pilot whale 
 

        Killer whale = potential 
predator and/or  

competitor for food 

Aggregation of animals in 
response to KW sounds. 

Attraction: clear horizontal 
turn towards the KW 

sound source. 
 



Response to LFAS (1-2kHz) 

Source track 
(sonar pings) 

Horizontal AVOIDANCE and whales’ aggregation. 

Example 
From 3S technical report 

 

Study 3: Long-finned pilot whale 
 

Track of gm09_156b  



Dive profile and acoustic cues of gm09_138b 

Cessation of feeding 
in response to LFAS 

 

Study 3: Long-finned pilot whale 
 

Example 
From 3S technical report 

D
ep

th
 (m

) 

LFAS 



      Long-finned pilot whale 
KW LFAS 

Alteration of foraging 
 - yes 

Horizontal avoidance - 
(attraction) 

yes 

Social response ≠ strategies 
Magnitude of the response 
(duration, severity, consistency) 
 

 
Very low match between responses to sonar and KW playbacks. 

33%  

50% 

> 

 

Study 3: Long-finned pilot whale 
 Summary  

80%  



 
1 - Consistency of the responses: 
 

 Anti-predator responses are species-specific and overall more consistent within species 
than responses to sonar. 

 

2 - Concordance between reactions to sonar and KW playbacks: 
 
 The level of concordance between responses to sonar and to killer whale playbacks vary 
across species => higher for species having a greater predation risk by killer whales. 

 
 Pilot Whale Sperm Whale Humpback Whale 

Match between responses 
to KW and sonar LOW MEDIUM HIGH 

Predation risk by KW 
low high 

C o n c l u s i o n 

Our observations support that for SW and HW,  
LFAS sonar-induced disturbance is comparable to  

the disturbance caused by the presence of a predator. 



 Perspectives:  
 

We can expect anti-predator behavior to be a good predictor of responsiveness to 
sonar for particularly sensitive species. 
 
Futur research: applying similar approach on Minke whales and beaked whales.  

 L i m i t s    &   P e r s p e c t i v e s 

 Limits:  
 

 
• Behavioral responses may vary according to various factors: behavioral context 

(foraging, mating, etc.), age, gender, body condition, group size and composition (e.g. 
presence of calf), source characteristics, etc. 
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