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Supplementary Discussion

We propose that the CC and TAF mechanisms we demonstrate in vitro represent two important vocal mechanisms that provide a robust physiological framework to explain the majority of whale vocalisations in vivo. First, the vibrating tissues show anatomical specializations for vibration, and could be set into vibration with airflows and pressures in plausible physiological ranges. Second, the locations and means of muscular control are consistent with control of key vocal parameters such as fo and source level. Third, the sounds produced in vitro overlap, in frequency and source level range, with those observed in natural vocalizations. Nevertheless, we cannot exclude that mysticetes use other mechanisms for sound production for more unusual and fascinating sounds that have been reported in ongoing research1,2. The difficulty in obtaining very fresh laryngeal tissue from mysticetes is a challenge to the study of voice physiology and biomechanics in these species, leaving many issues open, including the capability to adduct TAFs, across species. Important future analyses of size scaling, individual variation, changes related to postnatal development or sex, injuries, and pathologies will also remain challenging. However, by establishing two phonation mechanisms, our data allow predictions concerning what anatomical and biomechanical parameters are relevant to voice production in whales, such as CC and TAF thickness and structure, and lay the groundwork for further quantitative anatomical observations in existing museum preparations in a comparative evolutionary context.
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Video S1. CC against TAF phonation in the Sei whale larynx.  The movie shows a full frame image (left) filmed at 25 Hz and a linescan image  (right) filmed at 7200 Hz taken at the horizontal white line in the fullframe image. In the fullframe image, the U-shaped arytenoid with TAFs is located on the left and the CC on the right. Film is during egressive sound production; from lungs to air sac. 

Video S2. CC against TAF in the Minke whale larynx. Full frame highspeed movie (1000 fps) of the vibrating TAF (left) and mucosal waves on CC (right) during egressive sound production (from lungs to air sac). 

Video S3.  CC against TAF phonation in Humpback whale larynx.  The movie shows a full frame image (left) filmed at 25 Hz and a linescan image (right) filmed at 7200 Hz taken at the horizontal white line in the fullframe image. In the fullframe image, the CC is in the top middle, and both TAFs are on the sides. Vibration is filmed during egressive sound production (from lungs to air sac).

Video S4.  CC surface waves in FSI model.

Video S5.  Ingressive flow simulation.

Video S6.  Contraction of the tensor pulvini muscle in the FSI model.

Video S7.  Bilateral TAF adduction in excised larynx experiment Humpback whale.  View as in Video S3 with CC op top, TAFs left and right. 



Audio S1. Aerial sound signal of CC against TAF phonation in Sei whale.

Audio S2. Acceleration signal of CC against TAF phonation in Sei whale

Audio S3. Electroglottograph signal of CC against TAF phonation in Sei whale

Audio S4. Aerial sound signal of CC against TAF phonation in Minke whale

Audio S5. Electroglottograph signal of CC against TAF phonation in Minke whale

Audio S6. Aerial sound signal of CC against TAF phonation in Humpback Whale. 

Audio S7. Acceleration signal of CC against TAF phonation in Humpback Whale. 

Audio S8. Electroglottograph signal of CC against TAF phonation in Humpback Whale.

Audio S9. Aerial sound signal of bilateral TAF phonation in Humpback Whale. 

Audio S10. Acceleration signal of bilateral TAF phonation in Humpback Whale. 
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