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Roar!!?



So how do we start to think about dinosaur 
sounds?



What are living animals we should be looking at-
that are closely related to dinosaurs?









Extinct 
dinosaurs

quiet
How these animals are 
related (or not so related)

More recent 
common ancestor

Less recent
common 
ancestor



Living dinosaur

Closest living cousins of dinosaurs





What do we know about the sounds cousins of 
dinosaurs and living dinosaurs actually make?



Noisy! Communication between babies and parents



Attracting a mate 



Not right before a meal



Much closer relatives of dinosaurs



Much closer relatives of dinosaurs

….. These sounds are made with the mouth completely closed….





Anatomy

esophagus

trachea

esophagus

for food 

airway

Esophageal inflation



Fitch, 1999 Riede, Eliason, Miller, 
Goller, and Clarke,  2016 Vocal tract 

modifications 
affect frequency 
characteristics

effectively lengthen 
the vocal tract



Riede et al. 2016

Closed–mouth vocal behavior

Lower F0

Closed mouth vocal behavior is a sound shaper not a sound maker 



Riede, Eliason, Miller, Goller, Clarke  2016 

Living dinosaur closed 
mouth sounds

Associated with 
increases in body size
Co-present with open 
mouth sounds..



Closed mouth vocalization likely 
present especially in large dinosaurs



Weishampel, 1981

Previous 
extinct 
dinosaur 
sound studies
found other 
sound shapers

Estimated resonant 
properties of nasal 
crest
(~50Hz-350Hz)



Nope



Many dinosaurs (living and extinct) had sound 
shapers that emphasize low frequencies-– deep 
voices especially at large size





A sound made with the mouth closed and not made by a resonating chamber but shaped



We need to talk about sound makers…



How do animals make sounds?









Larynx – contain a sound maker at the end of 
the airway…

Salamanders Frog Human



Sound makers: vocal folds

Larynx

Larynx

Syrinx



The Avian Syrinx

• Huxley, 1872, Manual of the anatomy of vertebrated animals.

Syrinx and Pan, Brueghel and Rubens, 17th Century

Syrinx



Living birdsCrocodylia Extinct diversity

Dinosaurs
Syrinx arises

Vocal behavior





• 68-66 Ma, Vega Island, Antarctica 

Clarke et al. 2016 Nature

Clarke et al. 2005 Nature



Clarke et al. 2016 Nature

?



2013, x-ray computed tomography (CT) data of the 
Vegavis fossil…

Clarke et al., 2016



Looking at CT data of the fossil… the oldest 
known fossil evidence of a dinosaur vocal organ!

Clarke et al., 2016



Clarke et al., 2016

New data: new questions.





Furbringer

Furbringer, 1888





Young, 1963



Gesner, 1551



Movie and 
segmentation by 
L. Legendre



• 3D data on the 
geometry of the 
syrinx in fossil and 
extant taxa, 
anatomy that had 
never before been 
compared

Clarke et al. 2016



Nicole Fuller



Clarke et al. 2016

The first anatomical (rather than functional) 
description of a syrinx; placement of the earliest 
fossils



What else might fossils tell us about dinosaur 
sound making ?



Yoshida et al. 2023

Larynx fossil reported 
– proposed to be 
“bird like”

(But no evidence of 
larynx function in 
sound shaping or 
producing in birds) 

What about this one?



March 21, 2023





Yoshida et al. 2023

Lizard-like

Bird -like

Rest of structure lizard like!

In birds Larynx
suspended behind
tongue bones

Li, Zhou and Clarke, 2017, 2021

In front of 
tongue 
bones



human

Larynx-based vocal organ 

But also the bird larynx has no function 
in sound production or modification

Similar 
suspended 

position of the 
larynx in frogs, 
mammals and 

birds 

dog

hyoid

Li et al. 2017

larynx

larynx



So… what do we know so far about dinosaur 
sound making?

• Closed and open mouth vocalization likely
• Riede et al. 2016

• Earliest evidence of a syrinx is still in modern 
birds – may have originated after origin of 
flight – explain increases in brain size in stem 
birds? 

• Clarke et al. 2016, Li et al. 2021

• Ankylosaurs are weird but not “bird-like”





Bird Song

RespirationSyrinx

Brain



Small brains….



Balanoff et al., 2013

forebrain

Torres et al. 2021

Major shifts 
in brain 
shape after 
evolution of 
flight



How else might we figure out what dinosaurs 
sounded like?



What about hearing?





Likely low frequency hearing
(pneumatic recesses)

Witmer and Ridgely, 
2008b; Witmer et 
al., 2008

Witmer lab

Gleich et al. (2005) hearing estimates T. 
rex: 573Hz best frequency and 2109 Hz 
max.

Jurassic Park: ~200Hz
A human male: 120 Hz
African Elephant:16 Hz



http://www.cochlea.org/en/hear/human-auditory-range

Jurassic Park dino: ~100-200Hz
A human male: 120 Hz
African Elephant: 16 Hz

Fundamental frequency or pitch of sound 

Human hearing in hertz 

Infrasounds are 
sounds not 
“heard” by us 
but felt …



Are many dinosaurs small or large?





Fundamental 
frequency 
scales with 
body size

Fletcher, 2004



Fundamental frequency (F0; “pitch”) and 
vocal fold (sound maker proportions) 

Baotic et al. 2015
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Thank you!

• Research partners and co-Pis on this research (Tabin, Goller, Riede)

• Undergraduate, graduate, and postdoctoral collaborators  (in particular C. 
Eliason, Z. Li, E. Kingsley, H. Bilger and L. Legendre)

• Insights from colleagues and at UT, MfN, and beyond: especially M. Ryan, S. 
Edwards, J. Bates, O. Laverde, J. Mueller, M. Colbert, K. Mahlow.

• Research support (especially the Gordon and Betty Moore Foundation, HHMI, 
Humboldt Foundation, NSF)


