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When lizards are under attack, they break off their tails 

in a fraction of a second and escape. Scientifically, this 

is known as tail or caudal autotomy. Since the tail is an 

important organ of lizards for survival as it helps them 

nourish, run, leap, mate, and escape the next predator, 

losing the tail is a costly sacrifice. Therefore, in normal 

circumstances, lizards retain their tails sturdily fixed to 

the body. But, in life-threatening situations, they can 

shed them off quickly. This seemingly paradoxical  

 

nature of tail attachment has fascinated scientists and 

remained a mystery for a long time. To answer the 

question of how the lizard effectively balances its tail's 

sturdy attachment and quick detachment, we studied 

the tails of three common lizards, Hemidactylus 

flaviviridis, Cyrtopodion scabrum, and 

Acanthodactylus schmidti. Using high-speed 

videography, we found out that the lizards bent their 

tails to start the autotomy process along with one of 
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ABSTRACT 
Quick breakage of lizard tails to escape predation has remained a mystery for centuries. Our study explains the balance 
between firm attachment and the quick release of the tail and highlights the lizard's way of achieving the “just right” 
connection for its best chance of survival. 
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several breaking points, which allowed a specific 

segment of the tail to be sacrificed rather than losing 

the whole tail in one go. Surprisingly, the tails did not 

break when we pulled them straight. It was the bending 

that triggered the tail's fracture initiation process and 

ultimately led to a tail loss. 

 

To investigate the tail connection with the body more 

closely, we imaged the fractured surfaces from both the 

tail and the body counterpart. On the wedge-shaped 

"plugs" (found on the tail), we found tightly packed 

micropillars with mushroom-shaped tops as the ends 

of muscle fibers. The surface of the mushroom tops 

had many nanopores. The complementary "sockets" 

(found on the body) showed the corresponding surface 

imprints of the mushroom-shaped tops. These surface 

imprints implied that the mushroom-shaped tops did 

not penetrate into the surface of "sockets," which would 

have resulted in a stronger connection. Instead, the 

lizard has adopted a different strategy for tail 

attachment with many micro- and nanoscale structural 

features that created a surface contact with an 

"intermediate optimal" adhesion strength that was 

neither too weak nor too strong. 

 

To explore the role of the microscale and nanoscale 

structural features, we built a biomimetic model. It 

consisted of an array of micropillars with nanoporous 

tops using a soft tissue-like elastomer known as 

polydimethylsiloxane (PDMS). We performed pulling 

and peeling tests with this model and validated the 

experimental findings with computational modeling. 

The main outcomes of our experimental and 

computational study suggested that the presence of the 

reported features made the tail-body connections 

strong via micro- and nanoscale toughening 

mechanisms, which allowed the tail to attach to the 

body firmly, avoiding any accidental loss. These 

toughening features, however, turned out to be highly 

vulnerable to peeling. The breaking process eased off 

by 17 times under bending than in non-bending cases. 

In agreement with the high-speed analysis, bending was 

clearly the key to quick tail release. Furthermore, the 

computer model suggested that momentarily 

contracting muscle fibers around the tail-body 

connections could accelerate the shedding process 

along with the bending motion. 

 

Our findings can help bioengineers and scientists to 

rationally design and optimize tissue adhesives in 

biomedical areas. Potential applications include 

adhesive patches that stick to the wet environment 

inside the body firmly to provide medicinal or 

therapeutics but come off quickly after treatment. We 

hope that our biomimetic study encourages other 

scientists and researchers worldwide to look closely at 

nature and find more innovative bioinspired solutions 

to pressing problems in the world. 

  

 

 
 
 
 


