
1 
 

SUPPLEMENTAL MATERIAL 

Appendix A 

Fitted equations for relationships between each parameter and adult density and climate 

(Table 1), and details of the matrix population model (Fig. 1).   

Vital rates 

Germination rate (Figure 2b) 

Germ = Germmax (tn / (tn + Kn)                                                                             Eq. A.1 

with Germmax = 1, n = 4, K = 3, and t the number of times per year when soil moisture is 

above field capacity (> 130mm) for three consecutive days.   

Seedling survival rate (Figure 2c)         

Ssg, = Ssgmax (tn / (tn + Kn),                                                                                               Eq. A.2 

with Ssgmax = 0.5, n = 8, K = 4.1, and t the number of times per year when soil moisture is 

above field capacity (> 130mm) for seven consecutive days.     

Sapling survival rate for isolated to sparse density populations (Fig. 2d)    

Ssap = 0.025t + 0.02                         Eq. A.3 

with t the number of days per year where soil moisture is above field capacity (> 130mm). 

Sapling growth rate (Fig. 2e)          

Gsap,t = Gmax,sap,t e(-cd),                                                                                                      Eq. A.4 

with Gmax,sap = 1, c = 0.003 and d is the summed density of small and large adult trees.  
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Growth rates of small juveniles (SJ), large juveniles (LJ) and small adults (SA) (Fig. 2e)  

Gi,t = Gmax,i,t (1 – dn / (dn + Kn))                                                                                       Eq. A.5 

with n = 4, K = 1500, i ∈ [SJ, LJ, SA], with Gmax,SJ  = 0.55 or Gmax,LJ  = Gmax,SA = 0.06, and d 

is the summed density of small and large adult trees. 

Retrogression rates of large juveniles (LA), small adults (SA) and large adults (LA) (Fig. 2e) 

Ri,t = Rmin,t  + Rmax,t (1– e(-cd))                                                                                            Eq. A.6 

with RLJ,t  = RSA,t  = RLA,t ,  the minimum and maximum retrogression rate observed  Rmin =  

0.02, Rmax=  0.12, c = 0.003, and d is the summed density of small and large adult trees. 

Fertility rate of small adults (SA) and large adults (LA) (Fig. 2f)     

fd,i = pmax,i m(1 – dn / (dn + Kn))                                                                                        Eq. A.7 

with i ∈ [SA, LA], n = 3, K = 1500, pre-dispersal mortality rate m = 0.25, the maximum 

fertility rate of small adults pmax,SA = 20.75 or large adults pmax,LA = 63.6, and d is the summed 

density of small and large adult trees. 

 

Detail of the matrix population model 

The model projects at an annual-time step the population dynamics at different life-stages 

through a (6 × 6) transition matrix A (Pichancourt et al., 2012): 
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                                                                           Eq. A.8

 

where A contains the vital rates (Table 1) at the different life-stages and size-classes: 

 

 

Eq. A.9 
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