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A Typical Controlled Exposure Experiment

Selection and tagging of focal animal

Exposure to acoustic stimuli

Monitoring of behavioral response

I will use tactical sonars as the stimulus type and restrict my review to published 

descriptions of CEEs - I won’t discuss observational or captive studies



Behavioral Response Studies Are Particularly Difficult

Logistical challenges

Field trials are expensive

Sample sizes are typically very small

Experiments are typically of short duration

Responses can be very difficult to interpret



The Risk-Disturbance Hypothesis

If cetaceans perceive (or respond to) the acoustic stimulus as a 

potential threat, similar to that of the detection of a predator, then the 

response should reflect the species-specific anti-predator strategy.

“…the principle that nonlethal disturbance stimuli caused by humans are 

analogous to predation risk.” 

Frid & Dill (2002) Human-caused disturbance stimuli as a form of 

predation risk. Conservation Ecology 6(1): 11.



Prediction:

The response to a MFAS signal should reflect a species-specific 

anti-predator strategy and that this response should be mediated by 

factors (trade-offs) specific to the focal individual and it’s social 

group

Generalized Response to Perceived Threats

More about playbacks of predator calls from Doug later this 

morning

and

Charlotte Curé et al. Using behavioural responses of sperm 

whales to predator sound playbacks as a reference of disturbance 

to assess impact of naval sonar. Monday at 13:45 



Interpreting Response Within an Anti-Predator Context

Species-specific variation

Flight, fight or social defense

As modified by behavioral context

Behavioral state at time of exposure

Composition of social group

Perception of experimental stimulus

Habituation - history of prior exposure



How Do We Deal With Context?

1. For species which are relatively easy to study, conduct CEEs under a variety 

of conditions (e.g. behavioral state) and consider these states as covariates.

2. For other species, restrict CEEs to certain conditions.

3. Collect baseline data to better understand some of the drivers of variation in 

response (e.g. Quick et al. Monday 15:00).

4. Map prey fields of those species whose response will likely be mediated by the 

presence of a profitable prey patch.

5. To gain insight into the effects of prior exposure, compare response of focal 

species on and away from active training ranges.



Mysticetes

Balaenoptera Flight

Balaena Physical Defense

Eschrichtius Physical Defense 

Eubalaena

Physical Defense 

Megaptera Physical Defense

Odontocetes

Globicephala Social Defense

Physeter Social Defense

Mesoplodon Flight

Ziphius Flight

Berardius Social Defense 

(?)

Hyperoodon Social Defense 

(?)

Predicted Species-Specific Variation in Response



Blainville’s Beaked Whales

Stimulus: Simulated MFAS

Predicted Response: Flight

n = 1

Image Courtesy of Ari Friedlaender



Blainville’s Beaked Whales

When exposed to simulated MFAS, this whale stopped echolocating, 

ascended slowly and moved away from the source

Pre-Exposure

Simulated MFAS

Killer Whale



Blainville’s Beaked Whales

The whale reacted to the killer whale calls (at lower RLs) by stopping 

echolocation, ascending slowly and then moving away from the source for 10 

hours



Cuvier’s Beaked Whales

Stimulus: Simulated MFAS

Predicted Response: Flight

n = 2



Cuvier’s Beaked Whales

When exposed to simulated MFAS, this whale stopped echolocating and 

exhibited a strong avoidance response that included energetic swimming 

away from the source



Cuvier’s Beaked Whales

A second whale responded differentially to the distant, incidental exposure of 

real MFAS and nearby CEE of simulated MFAS, even though Received Levels 

of the two exposures were comparable 



Northern Bottlenose Whales

Stimulus: MFAS

Predicted Response: Social Defense (?)

n = 1

Image Courtesy of Hilary Moors



Northern Bottlenose Whales

The whale initially turned towards the source, then dove deeply without 

echolocating,  and moved away from the source in a series of shallow dives for 

seven hours



Baird’s Beaked Whales

Stimulus: Simulated MFAS

Predicted Response: Social Defense (?)

n = 1

Image Courtesy of John Durban



Baird’s Beaked Whales

The whale exhibited a mild behavioral response for the duration of the exposure, 

without moving away from the source, and the group soon resumed foraging  



Blue Whales

Stimulus: Simulated MFAS

Predicted Response: Flight (?)

n = 17

Image Courtesy of Ari Friedlaender



Blue Whales

Blue whales feeding at the surface exhibited little, if any, response 

when exposed to simulated MFAS signals



Blue Whales

Diving Body Orientation Displacement

Blue whales engaged in other behavior exhibited brief avoidance 

responses when exposed to simulated MFAS signals



Conclusions

1. Most of the species examined to date have responded to MFAS signals in a 

manner consistent with our predicted responses to the calls of predators.

2. Our understanding of the anti-predator response in many species is very 

rudimentary and certainly worthy of further study. 

3. The behavioral and ecological context in which a signal is received is important 

and complicates our interpretation of the responses observed.

4. It would be useful to examine other species that are relatively easy to study, to 

address the effects of behavioral state and other sources of behavioral context.
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