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Supplementary Material S2. Dispersion and zero-inflation in cones 
distribution 

Cone production are count data (e.g. Poisson distribution), but often characterized by overdispersion 

(e.g. an excess of variability) and zero-inflation (e.g. an excess of zeros) [19]. To test the dispersion and 

zero-inflation of cone production, we fitted GLMM with a Poisson link function, including clone, year 

and their interaction as random effects, with the package glmmTMB [40]. Package DHARMa [41] use 

simulated residuals to test the models residuals for dispersion and zero inflation (the functions 

testDispersion and testZeroInflation). Additionally, we tested zero-inflation also with the function 

check_zeroinflation of the package performance [42], which evaluate the model over-/underfitting by the 

amount of observed and predicted zeros: if the first is larger than the later, this is an indication of zero-

inflation in the data, as that the current model underfit zeros. Must be noted that in comparison with the 

dispersion tests or information criteria metrics, simulation is a recommended testing approach [43]. 

The results suggested no overdispersion in the fitted GLMM, but zero-inflation in data. 

 

Figure S2.1: Histogram of cones, pooled data. Histogram binwidth = 1. 
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# Packages used 
library(glmmTMB) # fitting the models 
library(DHARMa) # dispersion/zero-inflation tests 
library(performance) # zero-inflation 
 
# Fitting the model 
p <- glmmTMB(Cones ~ (1|Clone) + (1|Year) + (1|Clone:Year), data, family = 
poisson) 
# Scaled residuals by simulating from the fitted model  
simulationOutput <- simulateResiduals(p, n = 1000) 
# Testing dispersion 
testD <- testDispersion(simulationOutput) 

 

Figure S2.2: Dispersion test 

  

# Testing zero-inflation with the package DHARMa   
testZI <- testZeroInflation(simulationOutput) 



 

Figure S2. 3: Zero-inflation test 

 

# Testing zero-inflation with the package performance 
check_zeroinflation(p) 

# Check for zero-inflation 
 
   Observed zeros: 848 
  Predicted zeros: 45 
            Ratio: 0.05 
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