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Supplementary Material S1. Description of the Dynamic Energy Budget (DEB) model. 

Dynamic Energy Budget (DEB) describes the energy flows within an individual between three compartments 

(state variables) in the organism: the reserve (E), the structure (V) and the reproduction buffer (ER) and a 

state variable, maturity (EH), that determines its life stage: embryo, juvenile or adult
1
 (Fig. S1). The standard 

DEB model considers an isomorphic organism assuming that food assimilation rate is dependent on surface 

area (i.e. structural volume to the power 2/3) and maintenance is proportional to structural volume. During 

the embryo stage, there is no assimilation, and the individual uses its reserve inherited from the mother. 

During this stage and the juvenile stage, a fraction (1-κ) of the mobilized flux is dedicated to maturity and its 

maintenance. During the adult stage, the fraction (1-κ) is dedicated to reproduction and maturity maintenance 

of the level reached at puberty. For a constant food density, the standard DEB model follows the so-called 

von Bertalanffy growth model. The calibration of a set of 12 primary parameters offers the description of the 

full-life cycle dynamics and life-history traits using a specific estimation method
2
. DEB theory predicts many 

types of intra- and interspecific scaling relationships, and offers a sound theoretical basis of energy budget 

compared to the metabolic theory in ecology 
3
. A DEB model consists in a system of three ordinary 

differential equations following first order dynamics. Assimilated substrate first enters a reserve pool (E) 

which is then mobilized to fuel two pathways following the κ-rule: a fixed κ fraction is allocated to perform 

growth of the structural volume (V) and its maintenance and the remaining fraction (1-κ) is available for 

maturity (i.e. increase of complexity, EH, and its maintenance) and reproduction (ER)
3
. The three ordinary 

differential equations use a combination of seven different fluxes (Table S1) 
1
. Temperature corrections are 

made to the rates considered by the model in the equation of fluxes (e.g. the surface-area specific maximum 

assimilation rate,         J.cm
-2

.d
-1

), the energy conductance,    (cm.d
-1

), the specific volume-linked somatic 

maintenance rate,       (J.cm
-3

.d
-1

), and the maturity maintenance rate coefficient,     (d
-1

), see Table S1). 

Rates are temperature corrected using  

                
  

    
 

  

 
  ,  

where TA is the Arrhenius temperature (K),    the rate of interest at the reference temperature Tref and    the 

rate of interest at temperature T. 

The assimilation rate     is proportional to the surface area 

                
  

with parameters explained in the Table S1. The scaled functional response f is a Michaelis-Menten function 

called also the Holling type II functional response. This is a limiting function that varies between 0 (i.e. 

starvation) and 1 (i.e. satiety) depending on the substrate concentration (i.e. food availability). 
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with   the concentration of food and    the half saturation constant. Within the typified DEB models, the 

abj type was used. The abj model differs from the standard model by having an extra juvenile life stage 

between birth (b) and metamorphosis (j). During this period, a metabolic acceleration
4
 is considered, which 

is found to happen in many species that have a larval phase, frequently coinciding with morphological 

metamorphosis
2
, and resulting in an exponential growth of the organism between birth and metamorphosis. 

The links between observable metrics (physical length and wet weight) and the DEB model quantities are 

made with the shape coefficient   (varying between = Me for embryo and = M after metamorphosis), 

the density of wet structure dV (g.cm
-3

) of wet reserve dE (g.cm
-3

) and of dry reserve dEd (g.cm
-3

), the specific 

chemical potential of reserve μEd (J.Cmol
-1

 of reserve), and the molar weight of reserve wEd (g.Cmol
-1

) (Table 

S1). Here, we assume that dV  = dE = 1 g.cm
-3

, dEd = 0.16 g.cm
-3

, μEd = 550 000 J.Cmol
-1

 and that wEd = 23.9 

g.Cmol
-1

. 

 

 

 

 

 

Supplementary Figure S1. Schematic representation of DEB model but modified from its initial origin
5
. 

Boxes are the state variables with (1) E, the reserve; (2) V, the structure; (3) the energy invested either in 

Maturity, EH or in reproduction buffer, ER. All arrows are energy flows and are detailed in Table S1. 



 

 

 

Supplementary Table S1: State variables, fluxes, metric relationships, acceleration and shape 

coefficient of the abj-DEB model and associated mathematical expressions
1,3,4,6

. L is the structural 

length (cm) with        and Lb and Lj are the structural lengths at birth and metamorphosis 

respectively. dV is the density of wet structure, dE the density of wet reserve, dEd the density of dry 

reserve, μEd the specific chemical potential of reserve and wEd the molar weight of dry reserve. Lw is 

the physical total length at time t of the individual. Ww is the wet weight at time t of the individual. Wd 

is the dry weight at time t of the individual.  

 

 

State variables Reserve   

  
         

 Structure   

  
 

   
    

 

 Maturity 
        

 
 
   
  

          
   
  

   

 Allocation to 
reproduction 

        
 
 
   
  

              
   
  

   

Fluxes Ingestion     
  
  

 

 Assimilation               
    

 Mobilisation 
     

     
           

        
 

 Somatic maintenance 
costs 

           

 Maturity maintenance 
costs 

          

 Growth              
 Reproduction and 

Maturity 
                 

Metric relationships Physical length (cm)         

 Wet weight (g) 
      

   
  

     
 

 Dry weight (g) 
       

  
 

  
 

Acceleration 
coefficient 

        
             

       
 
                               

 
 

Shape coefficient 
        

            
       

 
             

    
     

      

           
 
 

 
 

 

 

 

 

 

 

 



 

 

 

Supplementary Table S2. Data used in the abj-DEB parameters estimation for Xylonora atlantica. 

 

Type of data Data Abj-DEB notation References 

Zerovariate Age at hatching (trochophore) ah 
7 

Age at birth (first feeding) 

(umboveliger) 

ab 
7 

Time since birth until metamorphosis 

(until the juvenile stage) 

tj 
7 

Time since birth to puberty tp 
8 

Lifespan am 
9 

Height of the trochophore Lwh 
7 

Shell height of the umboveliger Lwb 
7 

Shell height at the metamorphosis Lwj 
7 

Shell height at puberty Lwp Gaudron unpublished 

Wet weight at puberty Wwp Gaudron unpublished 

Total maximum shell height Lwi 
9 

Maximum reproduction rate Ri 
10 

Univariate Time -Total Length (2 substrates) tL1, tL2 
8 

Total Length –Wet Weight LW Gaudron unpublished 

 

 

   

  

   

   

   

  

  

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure S2. Data (dots) and predictions (lines) of the wet weight as a function of shell 

height from juvenile to adult Xylonora atlantica individuals (this study) using an abj-DEB model.  The 

corresponding value of the shape (δM) was 0.599 with a relative error of 0.16.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Supplementary Table S3.   Synthesis of the primary and auxiliary parameters provided  

by the parameterization of the abj-DEB model for Xylonora atlantica. The values of  
    was taken from the generalized animal

1
 and sM is given for a scaled functional response of 1 after 

metamorphosis and is the ratio of the structural lengths Lj to Lb. 

 

 

Parameter Symbol Value from abj-DEB 

model 

Unit 

Reference temperature Tref 293.15 K 

Fraction of food energy fixed in reserve κX 0.8 - 

Arrhenius temperature fixed TA 8000 K 

Energy conductance          5.3
-3 

(1.4e
-2

) cm.d
-1

 

Allocation fraction to soma κ 0.73 - 

Reproduction fraction fixed in eggs κR 0.95 - 

Volume specific costs of structure [EG] 2349 J.cm
-3

 

Maturation threshold for hatching   
  7.5e

-6
 J 

Maturation threshold for birth   
  1.04e

-3
 J 

Maturation threshold for metamorphosis   
 
 2.04e

-2
 J 

Maturation threshold for puberty   
 

 1.65 J 

Weibull ageing acceleration     5.9e
-5

 d
-2

 

Gompertz stress coefficient sG 1.00e
-4

 - 

Acceleration rate sM 2.7 - 

Maximum assimilation rate        14.36 J.cm
-2

.d
-1

 

Specific somatic maintenance rate       29.22 J.cm
-3

.d
-1

 

Maturity maintenance rate     0.002 d
-1

 

Specific density of wet structure and 

reserve 

dV= dE 1 g.cm
-3

 

Specific density of dry structure and 

reserve 

dVd= dEd 1 g.cm
-3

 

Shape juvenile/adult δM 0.5994 - 

Shape larve 

 

δMe 0.629 - 

Zoom factor z 0.3582 - 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Supplementary Figure S3.   Prediction of the abj-DEB model of the evolution of (a) a young juvenile 

Xylonora atlantica shell height that grew very slowly its dissoconch shell and (b) its energy allocated 

to reproduction being null at T = 4°C with f = 0.05 at juvenile stage. 
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