
Fig 3.  Examples of the fundamental frequency countour distribution of the model a) and the imitated vocalization b) for the 
human sound “Hello”. The vertical red lines mark areas of stable frequency corresponding to vowels and {e} and {o}.  

•  This study provides experimental evidence of vocal imitation, including vocal 
production imitation in killer whales. 

•  These findings suggest that some of the group-specific dialects reported in 
field studies of killer whales may be supported by imitative learning, which 
may drive the transmission of non-genetic, potentially fitness-enhancing 
group-specific traditions. 
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Vocal  imitation  of conspecific sounds and human 
speech in the  killer  whale (Orcinus orca)  !

 

Although previous observational evidence suggests that killer whales (Orcinus orca) are capable of vocal contextual and production learning (Filatova et al., 
2015), the extent of the capacity for vocal imitation in this species has not been investigated experimentally. In this study we tested vocal imitative learning of 
sounds emitted both by a conspecific demonstrator and by a human demonstrator.   
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Methods


Procedure 

We tested one killer whale (Orcinus orca), housed at Marineland Aquarium in 
Antibes, France: Wikie (W) a 14 year-old female. The subject had 
participated in a previous action imitation study, so she was already trained 
to the “copy” command (Abramson et al., 2013). 

1)  Interobserver agreement on similarity 
The interobserver agreement was very high (ICC= 0.92; p < 0.001). 
According to the judges the subject: 

(i) successfully copied all vocalizations emitted by a conspecific for both 
familiar and novel sounds  

(ii) took no longer than 3 trials to accurately copy any familiar sound, and no 
longer than 17 trials to copy any novel sound  

(iii) successfully copied all of the human demonstrator’s familiar vocalizations 

(iv) copied several components, sometimes reaching almost a 100% accurate/
recognizable copy of the human demonstrator’s novel vocalizations, and  

(v) took no longer than 5 trials to accurately copy any familiar sound produced 
by a human demonstrator, and no longer than 30 trials to copy any human 
novel sound, with most full matches achieved within the first 10 trials, 
including one in the first attempt.  

2) Spectrogram analysis 
Spectrogram analysis revealed that several components (number of elements/
bursts, rhythm, energy or intonation/pitch contour) matched model sound in 
most vocalizations judged by the experimenters as correct imitations.  

For the conspecific familiar and novel sounds, perfect matching occurred in 
most of the cases. Here we show the results obtained for the copy of the new 
orca atonal sound “Strong Raspberry” and for the human tonal sound “Hello” 
as an example of the most demanding conditions for the subject. 
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We used a “do-as-I-do” paradigm in which the subject first listened to a 
conspecific demonstrator’s performance that included 3 familiar and 3 novel 
sounds, and was asked to copy (condition 1). The sounds were presented in 
two formats: 1) performed by a killer whale model and 2) played through a 
speaker. Then the subject also listened to 3 familiar and other 3 novel sounds, 
but now they were produced by a human demonstrator (condition 2).     

Experimental set up: conspecific model (a)  speaker (b) 
and human model (c). In a) both trainers were positioned 
at different sides of a white wooden panel in such a way 
that the subject couldn't see the other trainer’s signal 

Conspecific model 

Two methods were used 1) Inter-observer agreement: Imitated sounds 
were presented to two blind observers to the experiment that were asked to 
say if the copy corresponded to the model sample (Yes or No) across 6  
samples (3 correct and 3 incorrect) for each model. 2) Spectrogram 
analysis: Model and Imitated sounds were analysed using “Matlab”. They 
were compared in terms of the total number of vocal bursts, time duration 
and peak frequency. Tonal frequency was also analysed for tonal sounds.  

Data analyses 
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Fig 3.  Examples of the fundamental frequency countour distribution of the model a) and the imitated vocalization b) for the 
human sound “Hello”. The vertical red lines mark areas of stable frequency corresponding to vowels and {e} and {o}.  

Wave form and spectrogram. Model (a) and imitated vocalization (b) 

Chromagram of the model (a) and the imitated vocalization (b) 

Familiar Orca sounds 
1.  SONG 
2.  BIRDY 
3.  BLOW 
  

New Orca sounds  
1.  BREATHY RASPBERRY 
2.  CREAKING DOOOR 
3.  STRONG RASPBERRY 
  

New Human sounds 
1.  HELLO 
2.  ONE TWO THREE 
3.  BYE BYE 

Fundamental frequency contour distribution of the model (a) and the imitated 
vocalization (b). The vertical red lines mark areas of stable frequency 

corresponding to vowels {e} and {o}.  
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Wave form and spectrogram”. a) model and b) the imitated vocalization 

Time energy distribution of the model (a) and the imitated vocalization (b) 

Chromagram of the model (a) and the imitated vocalization (b) 

Example 1: human sound “Hello” 

Example 2: new killer whale sound “Strong Raspberry” (atonal) 


