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Extended Data Fig. 2 | Comparison of phenological forecasts by phylogenetic 
and non-phylogenetic models. Maps comparing projections of phylogenetic 
(PMM) against non-phylogenetic (HMM) models into the European distributions 
of two overlapping species, one well represented in the dataset Betula pendula 

(a) and one underrepresented Acer campestre (b). The color scale shown in maps 
and histograms reflects budbreak differences between models where days are 
relative to start of forcing conditions, not calendar days.
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Extended Data Fig. 3 | Comparison of uncertainty around cue sensitivities 
estimated by the phylogenetic and non-phylogenetic models. Species 
uncertainties in model estimation of sensitivity to chilling (a), forcing (b) and 
photoperiod (c) of individual species between the phylogenetic model with 
estimated λ (PMM), and the non-phylogenetic model with λ = 0 (HMM).  

The non-phylogenetic model increases uncertainty. Box plots are calculated 
for (n = 191) uncertainty measurements corresponding to each species in our 
dataset. Box upper and lower limits represent the first and third quartiles (25th 
and 75th percentiles, respectively), the median is represented as the horizontal 
line internal to the box and whiskers reach 1.5 times the interquartile range.
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Extended Data Fig. 4 | Comparison of overall model accuracy between the 
phylogenetic model and the non-phylogenetic models. Accuracy is measured 
by Bayes R2. There are no differences in accuracy even if individual species 
estimates markedly differ between models. Bayes R2 was computed across the 
posterior distributions of predicted values for each model (effective sample size 

is, n = 636 for PMM, and n = 649 for HMM). Box upper and lower limits represent 
the first and third quartiles (25th and 75th percentiles, respectively), the median 
is represented as the horizontal line internal to the box and whiskers reach  
1.5 times the interquartile range.
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Extended Data Fig. 5 | Comparison of observed vs. predicted values of our 
response variable (number of days to budburst) for held out species in cross-
validation analyses. Predicted values for days to budburst are modelled by the 
more traditional hierarchical mixed model (HMM; panel a) and the phylogenetic 

mixed model we present (PMM; panel b). Observed and predicted values 
according to the leave-one-clade-out scheme (see Extended Methods section in 
Supplementary Information) were for the 2435 observations belonging to the  
112 species in the 25 genera with more records.
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Extended Data Fig. 6 | Comparison of correlations between cue sensitivities 
based on a leave-one-clade-out cross validation. Correlations are computed 
between estimated slopes for species in subset models after leaving out a genus, 
and the full model including forcing as the predictor, for both the phylogenetic 
mixed model (PMM) and the hierarchical mixed model (HMM). Box plots are 

computed across (n = 25) iterations where one genus with at least 2 species was 
left out. Box upper and lower limits represent the first and third quartiles (25th 
and 75th percentiles, respectively), the median is represented as the horizontal 
line internal to the box and whiskers reach 1.5 times the interquartile range.
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Extended Data Fig. 7 | Bias in estimation of sensitivity to environmental cues 
by non-phylogenetic vs. phylogenetic models. Histograms show the difference 
between the phylogenetic model (PMM) with estimated λ against the non-
phylogenetic (HMM) model with λ = 0, in their estimations of species sensitivities 

to three environmental cues: chilling (a), forcing (b) and photoperiod (c). 
Positive values indicate that sensitivities estimated by the non-phylogenetic 
model are smaller than those estimated by the phylogenetic model.
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