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Additional file 3: Matrix population Modelling 

We re-parametrized a published matrix population model to investigate the impact of the 

measured changes in egg survival fraction on long term population growth rate and extinction 

probability (Additional Fig. 2, Additional Table 2, [1]). The model was initially parametrized 

in that paper with realistic estimates of present-day mean B. wolfi life history trait values, which 

were based on data from a large number of empirical studies [2-5]. For the purpose of the 

current study, we chose to retain all life history trait values, save for egg survival fractions, 

which were shown to be significantly affected by the future temperature treatment in our 

laboratory experiment. Egg survival (e0 and e1), was determined by calculating the mean 

survival across the four evaluation moments within each temperature regime. The life history 

trait values that were used for the present study can be consulted in Additional Table 2. 

Additionally, to explore a ‘worst-case-scenario’ we also ran the model with egg survival set to 

the lowest values measured within every treatment (Additional Fig. 3).  

 

 

 

 

 

 

 

 

Additional Figure 2 Population dynamics of Branchipodopsis wolfi when inundations are long 

enough to allow maturation and reproduction. Three life stage classes are distinguished; young 

eggs that were produced during the previous inundation (N0), older eggs (N1) and individuals 

of the active population (N2). Figure from [1]. 
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Additional Table 2 Branchipodopsis wolfi life history trait values were obtained from the 

literature, field and laboratory experiments (see also [1]). The egg survival parameters were 

adjusted based on the results from our long term experiment (Additional Table 3). 

Vital rate Mean Source 

Egg survival:            e0: 92 % 

e1: 88 % 

Long term experiment (Constant 18 °C) 

Long term experiment (Constant 18 °C) 

Egg survival:            e0: 88 % Long term experiment (Present temperature cycle) 

 e1: 83 % Long term experiment (Present temperature cycle) 

Egg survival:            e0: 85 % Long term experiment (Future temperature cycle) 

 e1: 77 % Long term experiment (Future temperature cycle) 

Adult survival(a) a: 74 % [Unpublished data; L. Brendonck field observations] 

Hatching fraction(h) h0: 47 % [4,5,Unpublished data] 

 h1: 9 % [4,Unpublished data] 

Maturation time (m) m: 6 [2,3,5] 

Daily fecundity (f) f: 13 [2,3] 

 

The simulations were performed in R version 3.12 (R Development Core Team, Vienna, 

Austria, 2014) with starting values of N0 = N2 = 0 and N1 = 25000. Since inundation lengths 

can be highly variable in the investigated rock pools, we accounted for the impact of stochastic 

variation in the lengths of inundations on population dynamics, iterated our model 1000 times 

and based our conclusions on the average of these iterations. Each iteration ran over a sequence 

of 1100 inundations (each inundation time-step denoted by sub-script, t), with each inundation 

represented by a hydroperiod (length of inundation denoted by the sub-script j). The length of 

each hydroperiod, j, was simulated to match inundation lengths found in nature [6], by 

randomly drawing 1100 values from a log-normal distribution where the log-mean represented 

the log-median inundation length in days and the log-standard deviation was 1. By doing so, 

we were able to easily simulate a sequence of hydroperiods, with a pre-defined median length. 

Of the resulting sequence of 1100 independent inundations, most were short (<3 days); closely 
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resembling the frequency distribution of hydroperiods for mechanistically simulated 

inundations of the studied rock pools on Korannaberg [6,7]. 

For each iteration of our model, we simulated the population size of dormant eggs in the 

egg bank (N1) for every one of the 1100 time-steps (t). After allowing a burn-in period of 100 

time-steps to account for transient dynamics based on the starting conditions, we calculated the 

stochastic population growth rate (logλ) as: 

 log𝜆 =
1

1000
∑ log (

𝑁1(𝑡+1)

𝑁1(𝑡)

)1100
𝑡=101    

If an inundation was long enough for hatched individuals to reach sexual maturity (m) and 

reproduce (i.e. m < j), we modelled changes as (1): 
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Since survival and hatching rates differ between newly produced and old eggs, we distinguished 

between the egg survival (e) and hatching (h) rates of N0 (e0 and h0, respectively) and N1 (e1 

and h1, respectively). The fairy shrimps only reproduce sexually so daily fecundity (f) for N2 

was averaged per breeding pair. Therefore, N0 for any given inundation was the sum of the total 

fecundity on each day, considering that only a proportion of adults (a) survived to the next day. 

If the active population could not reach sexual maturity (m>j), population dynamics were 

modelled as (2): 
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In case of negative long term growth rates, the probability of population extinction is 100 %. 

Yet, extinction is even possible with positive growth rates if the variance in short-term changes 
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in population size is high. We therefore estimated the probability of population extinction (E), 

according to Caswell [8], as (3):  

E=exp (
-2. log N1(0). log𝜆

𝜎2 ) (3) 

Where N1(0) is the starting number of dormant eggs in the egg bank. 

  

 

 

 

 

 

 

Additional Figure 3 Fractions of surviving Branchipodopsis wolfi eggs were determined 

during an eight month laboratory experiment under three different temperature treatments; a 

present-day cycle (Present), a future cycle (Future) and constant 18 °C (18 °C). When survival 

parameters of old and young eggs are set to the minimum measured values under the future 

temperature treatment, matrix population models indicate that (a) the median hydroperiod 

required for positive population growth increases and that also (b) the extinction risk of 

populations in pools with a certain median hydroperiod increases. The grey bands represent 

standard errors of population growth rate estimates. 
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