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Extended Data Fig. 4 | Species phenological synchrony across suites of 
interactions when simulated for terrestrial and aquatic interactions 
separately. Species phenological synchrony across a, pollination (n = 47),  
b, predation (n = 24), c, herbivory (n = 10), and d, competitive (n = 18) interactions 
amongst terrestrial species (a–c), in comparison to e, predation (n = 13),  
f, herbivory (n = 10), and g, competitive (n = 54) interactions amongst aquatic 
species (e–g), showed no differences in the distributions of posterior estimates 

of consumer or resource species phenological shifts for pairs of known 
interacting species (in blue) and randomly paired species (in red) for any of 
the four types of interactions. Plots are normalized by counts, with the x-axis 
spanning the total density distribution. Above the figures, the two lines depict 
the 90% uncertainty intervals (thinner line) and 50% interval (thicker line), and 
the point the median.
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Extended Data Fig. 5 | Estimated phenological shifts of the well-studied 
interaction between Parus major and caterpillars. Our model replicates 
the strong asynchronies found in interactions of well studied species pairs. 

Illustrated here is the classic example of the estimated phenological shifts of 
Parus major and caterpillars, shown across each type of phenological event 
represented in our dataset.
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Extended Data Fig. 6 | Species phenological shifts across trophic levels, 
consumer types, habitats, and types of phenological events. Shifts in species 
phenology are similar across several grouping factors, in- cluding: a, trophic 
levels, b, consumer types, and c, habitat types. d, We also observed similar shifts 
across phenological events, with the exception of juvenile bird first ap- pearance. 
Eye-plots of the posterior estimates from our full phylogeny model (including 

phylogenetic effects, Table ED1) include a gray distribution as the density of the 
posteri- ors, black circles for the median value, thick dark lines depict the 50% 
quantile interval, and thin black lines depict the 90% quantile interval. Letters 
denote groups of species — f = fish, mo = mollusc, a = arachnids, am = amphibians, 
b = birds, c = copeopod, d = diatom, f = fish, fu = fungi, i = insects, m = mammals,  
p = plants, plk = plankton, t = turtle.

http://www.nature.com/natecolevol
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Extended Data Fig. 7 | Trophic level differences across our species phylogeny 
and well-studied evolutionary lineages. a, Within our highly diverse and global 
dataset, species trophic level is highly confounded with phylogeny, limiting our 
ability to model trophic level directly. This is further illustrated for the four most 

well-sampled evolutionary lineages in our dataset, each of which map strongly to 
certain trophic levels, b, as all plants are primary producers, c, while most insects 
are primary consumers, c, the majority of birds (aves) secondary consumers, 
d, and all of amphibia are secondary consumers.

http://www.nature.com/natecolevol
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Extended Data Fig. 8 | Species phenological shifts with temperature change 
across study sites. Shifts in species phenology show no strong relationships to 
the rate of temperature change at each site of observation across a & e, North 
America (n = 42 sites), b & f, Europe (n = 109 sites), c & g, the United Kingdom  
(n = 98 sites), d & h, or independent studies in the United Kingdom, not including 

data from RIS or the Woodland trust (n sites = 14). Analyses were replicated for 
both the three month period around which an event occurred (a–d) and for the 
annual monthly temperatures (e–h). Gray bands represent the 50% quantile 
interval and crosses the 50%.

http://www.nature.com/natecolevol
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Extended Data Table 1 | Summary of model outputs from our phylogenetic model, latitudinal model, and models of 
well-sample evolutionary lineages

Summary of model outputs from our phylogenetic model using all species and phenological event data (n = 1279), our latitudinal model testing for latitudinal relationships with phenology 
(across n = 263 sites), and models of lineages. Results are reported in days per year.
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Extended Data Table 2 | Bibliographic information of recent studies added to the database for 2015 to 2020

Bibliographic information for recent studies added to the database for 2015 to 2020, including details for phenological events recorded within a time-series, and their characteristics.
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