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Bohne 

  Cochlear (i.e., mammalian) 
micromechanics still not well 
understood 

  Increasing focus 
on structural detail 
(e.g., tectorial membrane, 
organ of Corti geometry) 



OAEs tied to forward auditory transduction 

Taschenberger et al (1997)"

  SOAE ‘suppression’ tuning curves 
match those of ANFs 

Joris et al (2011)"

  SFOAE ‘phase-gradient delays’ also 
accurately estimate ANF sharpness of tuning 

Long & Tubis (1988)"

  Audiometric ‘dips’ correlate to 
presence of SOAEs 



 But what do OAEs tell us about cochlear mechanics? 



OAE Taxonomy 

  BM traveling waves 

Shera & Guinan (1999) 

  Wave-centric framework, 
including notion of ‘coherent 
reflection’ 



Present goal 

  Useful framework, but... 

Argue that: 

Shera & Guinan (1999) 

 Illustrate via a comparative viewpoint  

  ... wave-centric focus 
hides a more general/
powerful biophysical 
principle at work 



Tyto alba 



Konishi (1973) 

Hunting in 
absolute darkness 



Anolis carolinensis 



Comparative Approach: Morphological differences 

Manley (2000) 



Human 
  BM length: ~30-35 mm 
  # of hair cells: ~20000 
  overlying tectorial membrane (TM) 

Lizard (Anolis) 
  BM length: ~0.45 mm 
  # of hair cells: ~150 
  free-standing bundles (i.e., no TM) 
  no BM traveling wave 

Barn owl (Tyto alba) 
  BM length: ~10 mm 
  # of hair cells: ~16000 
  Thick TM coupled to papilla 
  BM waves = ??? 

Comparative approach: Morphological differences 



Manley (2001) 

Behavioral audiograms 

How does morphology affect performance? 

 Non-mammalian ears can exhibit 
similar thresholds/tuning as mammals* 

* In general, high frequency hearing (>10 kHz) is unique to mammals  

Auditory nerve fiber frequency selectivity 
(higher Q = sharper tuning) 

Manley (2001) 





  Lightly anesthetized 

  Middle ear vented 





Results: Spontaneous OAEs (SOAEs) 





  Strong interactions with (flat-level) stimulus tone at ear canal  
        (even for small SOAE peaks)  

Animal 1 Animal 2 

Results (owl): SOAE Interactions with (External) Swept Tones   

Tone level = 20 dB SPL 

Data from two 
representative animals 



Results (owl): SOAE Interactions with (External) Swept Tones   

  SOAEs appear as horizontal lines, (external stimulus) swept tone as diagonal 

  Localized interactions (e.g., ‘suppression’) apparent 

  Allows for determinations of SOAE frequencies during SFOAE measurements 

Animal 1 Animal 2 

Data from two 
representative animals Tone level = 20 dB SPL 



Results (owl): SFOAEs   

  Robust SFOAEs (e.g., residual can be stronger than evoking stimulus!)  

  SOAE and SFOAE peak locations not always correlated 

  Allows estimation of SFOAE phase accumulation between adjacent SOAEs 

Lp = 20 dB SPL 
Ls= 35 dB SPL 
fs= fp+ 40 Hz 

Animal 1 Animal 2 



Results (owl): SFOAE phase accumulation re SOAEs  
Data compiled from 
15 ears of 9 owls 

  Integral number of cycles of phase accumulation between SOAE peaks  
          

  Independent of frequency and phase (un)wrapping 

Lp = 20 dB SPL 



Putting the pieces together... 

Bergevin et al. (2012) 

Human Owl Anolis 

All species show integral # of cycles of SFOAE phase accumulation between 
adjacent SOAE peaks......  

.... despite gross morphological/biomechanical differences (e.g., no BM waves) 



Connecting back to models (of SOAE generation) 

  To first order, data consistent with 
seemingly disparate models 

 Is this telling us something important? 

Traveling wave framework Coupled oscillator framework 

Vilfan & Duke (2008) 
Wit et al. (2012) 

Shera (2003) 



De-waving coherent reflection 

Recast the basic biophysical picture: 

Basic gist: 

  Consider inner ear as collection of coupled nonlinear/active oscillators 

  ‘Systems’ view: The whole is more than the sum of the parts 
          

Coherent reflection  ‘phase coherence of coupled oscillators’ 



A more general biophysical principle emerges... 

Bergevin & Shera (2010) 

  More universal/parsimonious 
framework for describing/
understanding inner ear 
mechanics 

  Basic idea likely holds in other 
areas of hearing (and beyond)... 

phase coherence of 
coupled oscillators 

(i.e, human/owl/lizard ears 
are both similar & different) 
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Fini 





  OAEs used for newborn hearing 
screening (only ‘healthy’ ears emit) 

  Much faster/easier than evoked 
electrical potentials 

Otoacoustic Emissions (OAEs) 

  Presumably by-product of  
    amplification mechanism 


