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SUPPLEMENTARY MATERIAL 
 

Supplementary Figures 

 

 
 
Supplementary Figure S1. Nomenclature of embryonic, larval, and juvenile axes. 
Schematic representations of the terminology used to refer to the developmental axes of the 
embryos, larvae, and juveniles of Paracentrotus lividus. The embryonic period is represented 
by a mid-gastrula stage, the larval period by an 8-arm pluteus stage bearing a rudiment at the 
primary podia stage, and the adult period by an early juvenile stage. In the rudiment and the 
juvenile, the water vascular system is highlighted in light gray. In the juvenile, the pentaradial 
symmetry of the body plan is shown according to Carpenter's nomenclature (1884). Therefore, 
A, B, C, D, E correspond to the five axes delimitated by the ambulacral fields, and AB, BC, 
CD, DE, EA correspond to the five interambulacral fields. Of note, the axes are indicated on 
the juvenile, in aboral view, using a counterclockwise Carpenter’s nomenclature, as the original 
clockwise Carpenter’s nomenclature was defined from observing the adult from the oral side 
(Carpenter, 1884; Paul and Hotchkiss, 2020). In the aboral view of the juvenile, the central disk 
of the aboral surface is further indicated: it is composed of 4 genital plates plus the madreporite 
(marked by a yellow asterisk). Ab: aboral; An: animal; Ant: anterior; D: dorsal; L: left; O: oral; 
P: posterior; R: right; V: ventral; Veg: vegetal. 
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Supplementary Figure S2. Larval skeletal rod nomenclature. (A, B) Schematic 
representations of the skeletal rods of an 8-arm pluteus larva in anterior view, with the ventral 
side up and the left side to the left in (A), and in lateral view, with the ventral side to the left 
and the anterior side up in (B). Each rod is identified by two numbers marking its extremities. 
(1-2) dorsoventral connecting rods, (1-3) ventral transverse rods, (1-4) body rods, (1-5) postoral 
rods, (2-6) anterolateral rods, (2-7) recurrent rods, (8-9) posterodorsal rods, (8-10) anteroventral 
rods, (8-11) anterodorsal rods, (12-13) anteromedial rod, and (12-14) preoral rods. 
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Supplementary Figure S3. Defining characters for the Paracentrotus lividus staging 
scheme. As in Figure 3, since development of the coeloms and the adult rudiment proceeded in 
parallel to that of the larva, the events related to the development of the coeloms and the adult 
rudiment are provided in the subsection in the right panel, in parallel to the 4-, 6-, and 8-arm 
pluteus stages.   
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Supplementary Figure S4. Phylogenetic relationship of echinoid species and groups 
referred to in the discussion. The tree is based on Mongiardino Koch et al., 2018, Lin et al., 
2020, and the World Register of Marine Species (WoRMS) (Horton et al., 2022). The cidaroids 
form an independent clade and are the sister group of all other echinoids, which are called the 
euechinoids.  

 

Supplementary Videos 

Supplementary Video S1. Larval swallowing. Movie showing the muscular movements at 
the level of the esophagus and the cardiac sphincter in a 4-arm pluteus stage larva shown in 
lateral view. Cs: cardiac sphincter; Es: esophagus. 

 
Supplementary Video S2. Axocoel pumping. Movie showing the activity of the left axocoel 
in a larva bearing an adult rudiment at the primary podia papilla stage in anterior view. The 
black arrow marks the left axocoel. Es: esophagus; St: stomach. 

 
Supplementary Video S3. Circulating coelomocytes. Movie showing coelomocytes moving 
back and forth in the ring and radial canals of the water vascular system in a larva bearing an 
adult rudiment at the primary podia papilla stage in left, deep view.  

 
Supplementary Video S4. Podia motility. Movie showing the motility of the primary podia 
within the vestibular cavity in a larva bearing an adult rudiment at the primary podia papilla 
stage in left, deep view.  
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Supplementary Video S5. Pedicellaria opening and closing movement. Movie showing the 
opening and closing movements of the three jaws of a pedicellaria on the aboral surface of a 
larva at the 8-arm pluteus stage. 
 
Supplementary Video S6. Paracentrotus lividus metamorphosis. Movie showing a 
Paracentrotus lividus larva undergoing metamorphosis. The ventral side of the larva, marked 
by the position of the larval arms, is directed towards the bottom left corner. The vestibular 
pore is on the opposite side. 

 
Supplementary Video S7. Aristotle's lantern motility. Movie showing the motility of 
Aristotle's lantern and of the teeth in an 8-day post-metamorphic juvenile in oral view.  
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