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File S5: Details of fossil simulations  
 
The full hypothetical developmental sequence for the ichthyosaur Brachypterygius is 
shown below, with the corresponding parameters. For the other fossil forms, the 
structures of which are shown in Fig. 7, only the parameters are given.   

Brachypterygius 
 
The final time is 2.55. Let ( )x T  be the speed of the LALI zone and v  be the speed of the 
frozen zone. We have the parameter values: 
 
From T = 0 to 1.5 

 

( ) ( ) ,

' ( ) ' ( )
'( ) (0) (0) ' ( ),

(0) (0)

0.4621, 1.0.

x

upper lower
lower lower

upper lower

x

x T x vT v

y T y T
y T y y y T

y y

v





    


    
  

 

 
From T = 1.5 to 1.75 
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From T = 1.75 to 2.55 
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Since 0.4621x   is positive, the LALI zone is not shrinking anymore. 

The trajectory for upper ending point is  
 



 
3 2

3 2

( ), ( ) ,1 , from 0 to 0.5;

( ), ( ) ,0.1 0.05 0.025 1.0125 ,  from 0.5 to 1.5;

( ), ( ) 2 1.5, 10.8(2 1.5) 56.2(2 1.5) 95.2(2 1.5) 54 ,

upper upper

upper upper

upper upper

x T y T T T

x T y T T T T T T

x T y T T T T T

    
          
              

3 2

 

from 1.5 to 1.75;

( ), ( ) 3 3.25, 0.0556(3 3.25) 0.4167(3 3.25) (3 3.25) 2.7778 ,  

from 1.75 to 2.55.

upper upper

T

x T y T T T T T

T







 


              



 
And the trajectory for lower ending point is 
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Fig. S5.1 Simulation of hypothetical developmental sequence leading to the limb 
skeleton of the fossil form of the ichthyosaur Brachypterygius. Color legend: black/red/ 
violet corresponds to 7.0, white/blue to 0.0,  green corresponds to the median level 3.5. 

Sauripterus 

 
The final time is T=3.50 
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The trajectory for upper ending point is 
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The trajectory for lower ending point is 
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The simulation result shown for Sauripterus in Fig. 7 is inverted vertically relative to the 
above. 
 

 



Eusthenopteron 

The final time is T=5.00 
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The trajectory for upper ending point is 
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The trajectory for lower ending point is 
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The simulation result shown for Eustenopteron in Fig. 7 is inverted vertically relative to 
the above. 

 
 
 

 



Panderichthys 

The final time is T=4.00 
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The trajectory for upper ending point is 
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The trajectory for lower ending point is 
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The simulation result shown for Panderichthys in Fig. 7 is inverted vertically relative to 
the above. 

 

 

 

 



Tiktaalik 

 
The final time is T=5.50 
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The trajectory for upper ending point is 
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The trajectory for lower ending point is 
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The simulation result shown for Tiktaalik in Fig. 7 is inverted vertically relative to the 
above. 
 


