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Appendix S3: Incorporating both demographic and environmental stochasticity in a single 
framework 

Model 
description 

How demographic 
stochasticity is 
incorporated 

How environmental 
stochasticity is incorporated 

References 

Beverton-Holt 
(Figs. 2-4) 

Poisson distribution 
of population sizes 
around the mean 
predicted by the 
deterministic model 
(Eqns. 2,4,6,8) 

Temporally autocorrelated 
random variable that alters 
population size via the term 
𝑁"𝜁𝜎" with 𝜎" = 𝑎𝜎"'( + 𝑏𝜙". 
Parameters modify the magnitude 
(𝜁) and autocorrelation (𝑎) of the 
stochasticity. 
(Eqns. 3,4,7,8) 

(Beverton and Holt 
1957, Ripa and 
Lundberg 1996, 
Shoemaker and 
Melbourne 2016) 

Beverton-Holt 
+ seed bank
(Fig. 5)

none Temporally autocorrelated 
random variable that alters the 
germination rate 𝑔/," = 𝑔/+𝜁/𝜎/,", 
with independent 𝜎/," = 𝑎𝜎/,"'( +
𝑏𝜙/," for each species i.  
(Eqn. 9) 

(Beverton and Holt 
1957, Ripa and 
Lundberg 1996, 
Levine and 
HilleRisLambers 
2009) 

Ricker 
(Appendix S4, 
Fig. S1)  

none Same as Beverton-Holt model. 
(Appendix S4) 

(Ricker 1954, Ripa 
and Lundberg 
1996) 

Rosenzweig-
MacArthur 
(Figs. 6A,6B) 

none Same as Beverton-Holt model 
with independent 𝜎",1	and 𝜎",3 for 
prey and predator. We use 𝑎 = 0 
(temporally uncorrelated 
stochasticity) in this examples. 
(Appendix S5, Eqn. 1,2) 

(Rosenzweig and 
MacArthur 1963) 

Freedman-
Wolkowicz 
(Fig. 6C) 

none Same as Rosenzweig-MacArthur 
model. 
 (Appendix S5, Eqn. 3,4) 

(Freedman and 
Wolkowicz 1986) 



Table S1: Description of the models used throughout the manuscript and how both demographic 
and environmental stochasticity are incorporated. 
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