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Appendix S1. Physiologically–structured population model 

The physiologically structured population model follows the approach introduced by Persson 

et al. (1998) for populations with seasonal reproduction, in which the population is 

represented by a dynamic set of cohorts or year classes. Since reproduction occurs as a 

discrete event at a specific time in the year, all individuals that are born in the same 

reproductive event are considered equal and hence lumped into a single cohort and assumed 

to grow at the same rate. Thus, we can describe the dynamics of each cohort 𝑖 ∈ ℕ by using a 

system of ordinary differential equations, which keeps track of the density of individuals 𝑁𝑖, 

their age 𝐴𝑖, their structural mass 𝑊𝑖 and their reversible mass 𝑆𝑖. Juveniles are defined as 

individuals with structural mass smaller than the structural mass at maturity 𝑊𝑝 and adults as 

individuals with structural mass equal or larger than 𝑊𝑝. For each cohort 𝑖, age is 

monotonically increasing with time, 

𝑑

𝑑𝑡
𝐴𝑖 = 1 

(1) 

The age of the individuals determines the stage, which in turn, determines the differential 

equations that describe the variation in density of individuals, their structural mass and stored 

energy reserves. The number of individuals decreases due to a mortality rate specific to each 

stage. In addition, the presmolts and postsmolts may die due to starvation. During the egg 

stage the structural mass and storage does not change. The dynamics of the structural and 

reversible mass in presmolts and postsmolts depend on the amount of food they encounter as 

well as the breeding migration period if they are adults. Equations (2), (3) and (4) below 

define the dynamics of eggs, presmolts and postsmolts, respectively. 
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(2) 

for 𝑎ℎ ≤ 𝐴𝑖 < 𝑎𝑠 
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−(𝜇𝑟𝑁𝑖 + 𝜑(𝑞𝑆
𝑊𝑖

𝑆𝑖
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𝑆𝑖
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−∞ otherwise
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(4) 

In this last equation 𝑐1, 𝑐2 and 𝑐3 represent the conditions 𝜅 𝑓𝑠 𝑗𝑎  𝑊𝑖
2
3⁄ > 𝑗𝑚   𝑊𝑖, 𝑡𝑢𝑚 ≤

𝑡 ≤ 𝑡𝑑𝑚, and 𝑊𝑝 ≤ 𝑊𝑖 respectively, while ~𝑐1, ~𝑐2 and ~𝑐3 refer to the situation that these 

conditions do not hold. When the conditions are true, the 𝜅 fraction of the amount of 

assimilates necessary is sufficient to meet metabolic maintenance (𝑐1), the current time 

corresponds to the breeding migration period (𝑐2) and the cohort is adult (𝑐3). 

Whenever a juvenile cohort reaches the maturation size 𝑊𝑖 = 𝑊𝑝, at a particular time 𝑡 = 𝑡𝑝, 

a maturation event occurs. At a maturation event, the juvenile cohort becomes an adult cohort. 

This does not affect any cohort statistics: 

{
 
 

 
 
𝐴𝑖(𝑡𝑝) = 𝐴𝑖(𝑡𝑝

−)

𝑁𝑖(𝑡𝑝) = 𝑁𝑖(𝑡𝑝
−)

𝑊𝑖(𝑡𝑝) = 𝑊𝑖(𝑡𝑝
−)

𝑆𝑖(𝑡𝑝) = 𝑆𝑖(𝑡𝑝
−)

 

(5) 

Reproduction occurs instantaneously at 𝑡𝑟𝑛 = 𝑛 𝑡𝑦+𝑡𝑟, where 𝑛 ∈ ℕ. At a reproductive event, 

a new cohort 0 is formed from the reversible biomass of adults, if their reversible:structural 

mass ratio exceeds the reversible:structural mass ratio with which the adults matured: 

{
  
 

  
 

𝐴0(𝑡𝑟𝑛) = 0

𝑁0(𝑡𝑟𝑛) = ( ∑ 𝑁𝑖 ∙max(𝑆𝑖 −
𝑆𝑝
𝑊𝑝

𝑊𝑖 , 0)

𝑖∈{𝑗≤𝑛|𝑊𝑗≥𝑊𝑝}

)
𝜁𝑒
𝑊𝑒

𝑊𝑜(𝑡𝑟𝑛) = 𝜅 𝑊𝑏

𝑆0(𝑡𝑟𝑛) = (1 − 𝜅) 𝑊𝑏

 

 (6) 



At the same time, all other cohorts are renumbered and the reversible mass of the reproducing 

adults is set to the amount that makes their reversible:structural mass ratio equal to their 

reversible:structural mass ratio at maturation. 

{
  
 

  
 

𝐴𝑖+1(𝑡𝑟𝑛) = 𝐴𝑖(𝑡𝑟𝑛
−)

𝑁𝑖+1(𝑡𝑟𝑛) = 𝑁𝑖(𝑡𝑟𝑛
−)

𝑊𝑖+1(𝑡𝑟𝑛) = 𝑊𝑖(𝑡𝑟𝑛
−)

𝑆𝑖+1(𝑡𝑟𝑛) = {
min (𝑆𝑖(𝑡𝑟𝑛

−),
𝑆𝑝
𝑊𝑝

𝑊𝑖(𝑡𝑟𝑛
−)) if 𝑊𝑖 ≥ 𝑊𝑝

𝑆𝑖(𝑡𝑟𝑛
−) otherwise

 

(7) 

The resource density in the breeding habitat grows following a semi–chemostat growth and 

declines by foraging of presmolts (8). 

𝑑

𝑑𝑡
𝑅𝑟 = 𝜌(𝑅𝑚𝑎𝑥 − 𝑅𝑟) −

𝑅𝑟
𝐾 + 𝑅𝑟

𝑗𝑎 ∑ 𝑁𝑖 𝑊𝑖
2
3⁄

𝑖∈{𝑗≤𝑛|𝑎ℎ<𝑎𝑗<𝑎𝑠}

 

(8)  



Appendix S2. Energy allocation effects of the habitat switch explained by dynamic energy 

budget theory 

Dynamic energy budget (DEB) theory provides a conceptual framework to describe the 

individual life history based on individual energetic dynamics. DEB theory describes the 

rules by which an individual assimilates energy and utilizes it to grow, reproduce and cover 

metabolic maintenance (Kooijman and Metz 1984; Kooijman 2010; Nisbet et al. 2000). It has 

been used to describe the life history of several species including salmonids (Pecquerie et al. 

2011). In particular, the net assimilation model offers a conceptual explanation for the 

negative effect on fecundity caused by an increase in food abundance. This model assumes 

that a fraction 𝜅 of assimilates is allocated to first meet metabolic maintenance with the 

remainder of this fraction allocated to growth in structural mass, while a fraction 1 − 𝜅 is 

allocated to growth in reversible mass to be used for reproduction and covering energetic 

deficits during starvation periods. Given the assumption that metabolic maintenance is 

deducted from the fraction 𝜅, a change in the proportion of assimilates required to meet 

metabolic maintenance affects the proportion of assimilates allocated to growth in structural 

mass but not the fraction allocated to growth in reversible mass. When an individual 

experiences a step-up change in food, the amount of assimilates available for growth, 

reproduction and metabolic maintenance increases. However, the amount of assimilates 

required to meet metabolic maintenance remains constant because the somatic structure of 

the individual does not suddenly change. Since the amount of total assimilates increases, the 

proportion of assimilates to meet metabolic maintenance thus decreases with the surplus now 

being allocated to growth in structural mass. Therefore, the proportion of assimilates 

allocated to growth in structural mass increases, while the proportion of assimilates allocated 

to reversible mass, and thus to reproduction remains constant. The model hence predicts that 

an individual that experiences a step-up change in food has lower energy density (lower ratio 



of reversible to structural mass) and consequently, lower mass-specific fecundity than an 

individual of the same size that never experiences a change in food, in line with data 

presented in Fig S6. Furthermore, the model predicts that this bias toward increased growth 

in structural mass compared to reversible mass is larger in individuals experiencing a large 

step-up change in food than in those experiencing a small one. Consequently, individuals that 

experience a large change in food grow larger (are bigger) and have a lower energy density 

(are leaner)



Table S1. Compensatory growth studies that reported fecundity 

 

*Data digitalized from figures in the original publication 

**Data listed in the original publication 

 

Species Growth 

Reduced 

fecundity due 

to step-up 

change? 

Average individual 

fecundity 

Units Reference After step-

up change 

in food 

Control 

Daphnia magna 

(Cladoceran) 
Indeterminate Yes 15.1 * 60.1 * eggs 

(Kooijman, 

unpublished) 

Poecilia reticulata 

(Fish) 
Indeterminate Yes 40.6 * 52.3 * eggs 

(Auer et al. 

2010) 

Phalloptycus 

januarius (Fish) 
Indeterminate Yes 4.5 * 7.5 * eggs/week 

(Pollux and 

Reznick 

2011) 

Uta stansburiana 

(Lizard) 
Indeterminate Yes 3.53 * 5.1 * 

eggs/ 

clutch 

(Sinervo and 

Doughty 

1996) 

Aedes aegypti 

(Insect) 
Determinate Yes 49 * 70 * eggs 

(Zeller and 

Koella 2016) 

Larinioides 

sclopetarius 

(Arachnid) 

Determinate Yes 384 ** 772 ** eggs 

(Kleinteich, 

Wilder, and 

Schneider 

2015) 

Coturnix coturnix 

(Bird) 
Determinate No    

(Hassan et 

al. 2003) 

Mus musculus 

(Mammal) 
Determinate No    

(Zamiri 

1978) 
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