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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
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(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
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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 A (PMM), and the non-phylogenetic model withA=0 (HMM).
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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 s represented as the horizontal
lineinternal 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 is,n=636 for PMM, and n = 649 for HMM). Box upper and lower limits represent
phylogenetic model and the non-phylogenetic models. Accuracy is measured the first and third quartiles (25th and 75th percentiles, respectively), the median
by Bayes R’. There are no differences in accuracy evenif individual species isrepresented as the horizontal line internal to the box and whiskers reach
estimates markedly differ between models. Bayes R* was computed across the 1.5times the interquartile range.

posterior distributions of predicted values for each model (effective sample size
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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
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mixed model we present (PMM; panel b). Observed and predicted values
accordingto the leave-one-clade-out scheme (see Extended Methods sectionin
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 computed across (n=25) iterations where one genus with at least 2 species was
based on aleave-one-clade-out cross validation. Correlations are computed left out. Box upper and lower limits represent the first and third quartiles (25th
between estimated slopes for species in subset models after leaving out agenus, and 75th percentiles, respectively), the median s represented as the horizontal
and the fullmodelincluding forcing as the predictor, for both the phylogenetic lineinternal to the box and whiskers reach 1.5 times the interquartile range.

mixed model (PMM) and the hierarchical mixed model (HMM). Box plots are
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Extended Data Fig. 7| Bias in estimation of sensitivity to environmental cues to three environmental cues: chilling (a), forcing (b) and photoperiod (c).
by non-phylogenetic vs. phylogenetic models. Histograms show the difference  Positive values indicate that sensitivities estimated by the non-phylogenetic
between the phylogenetic model (PMM) with estimated A against the non- model are smaller than those estimated by the phylogenetic model.
phylogenetic (HMM) model with A =0, in their estimations of species sensitivities
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed
|X| The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
|:| A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
/N 0Only common tests should be described solely by name; describe more complex techniques in the Methods section.

X| A description of all covariates tested

|X| A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

000 0XOS

< A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
Z~ AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

X

[ 00 [
XXX []

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection All data collection and data cleaning tasks were performedin R 4.0.4

Data analysis Data analyses were performed in R 4.0.4 and Bayesian Hierarchical and Phylogenetic Mixed Models (HMM and PMM, respectively) were
performed within the Stan environment. All custom code will be made available through GitHub.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

Lcoc Y210y

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

All data supporting the findings of this study are publicly available (see Supporting Information for details and online links).




Human research participants

Policy information about studies involving human research participants and Sex and Gender in Research.

Reporting on sex and gender n/a

Population characteristics n/a
Recruitment n/a
Ethics oversight n/a

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

|:| Life sciences |:| Behavioural & social sciences |X| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Ecological, evolutionary & environmental sciences study design

All studies must disclose on these points even when the disclosure is negative.
Study description This study analyzes phenological responses of 191 woody plant species to known environmental drivers (i.e., temperature, daylight)
while accounting for both species variability and phylogenetic relationships. Specifically, it models time to budbreak as a function of

forcing, chilling and photoperiod in a hierarchical setting, where phylogenetic structure is allowed to inform species level sensitivities
to each cue.

Research sample The research sample comprises phenological responses of 191 species to experimental treatments of temperature and daylight. Data
were extracted from an existing dataset published by the authors (OSPREE, doi:10.5063/F1CZ35KB), which assembles the largest
available dataset on experimentally determined woody plant phenology. The analysis focuses on angiosperms as gymnosperms are
very poorly represented in spring phenology experiments, and included all budburst experiments where we could quantify chilling,
forcing and photoperiod levels, resulting in 44 studies from 33 papers.

Sampling strategy All data available at the intersection between species in the OSPREE dataset and in the Smith and Brown (2018) phylogenetic
megatree, were utilized to parameterize phenological models and thus, no extra subsampling procedures were applied.

Data collection n/a

Timing and spatial scale  The database includes experimental observations for specimens sampled within the 1974-2019 period, for temperate species
distributed across North America and Europe.

Data exclusions No data were excluded from analyses.

Reproducibility The findings of our modelling approach are reproducible given the code and data that accompanies our work (see data and code
availability statement). Reproducibility of results from Bayesian models have been verified by three co-authors who run the models in
their computers and checked that results were compatible.

Randomization n/a

Blinding Blinding was not relevant to our study's approach.

Did the study involve field work? |:| Yes |Z| No

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.




Materials & experimental systems

Methods
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Involved in the study

Antibodies

Eukaryotic cell lines
Palaeontology and archaeology
Animals and other organisms
Clinical data

Dual use research of concern

n/a | Involved in the study

|:| ChiP-seq

|:| Flow cytometry

|:| MRI-based neuroimaging
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