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            Abstract
High species diversity may result from recent rapid speciation in a â€˜cradleâ€™ and/or the gradual accumulation and preservation of species over time in a â€˜museumâ€™1,2. China harbours nearly 10% of angiosperm species worldwide and has long been considered as both a museum, owing to the presence of many species with hypothesized ancient origins3,4, and a cradle, as many lineages have originated as recent topographic changes and climatic shiftsâ€”such as the formation of the Qinghaiâ€“Tibetan Plateau and the development of the monsoonâ€”provided new habitats that promoted remarkable radiation5. However, no detailed phylogenetic study has addressed when and how the major components of the Chinese angiosperm flora assembled to form the present-day vegetation. Here we investigate the spatio-temporal divergence patterns of the Chinese flora using a dated phylogeny of 92% of the angiosperm genera for the region, a nearly complete species-level tree comprising 26,978 species and detailed spatial distribution data. We found that 66% of the angiosperm genera in China did not originate until early in the Miocene epoch (23 million years ago (Mya)). The flora of eastern China bears a signature of older divergence (mean divergence times of 22.04â€“25.39 Mya), phylogenetic overdispersion (spatial co-occurrence of distant relatives) and higher phylogenetic diversity. In western China, the flora shows more recent divergence (mean divergence times of 15.29â€“18.86 Mya), pronounced phylogenetic clustering (co-occurrence of close relatives) and lower phylogenetic diversity. Analyses of species-level phylogenetic diversity using simulated branch lengths yielded results similar to genus-level patterns. Our analyses indicate that eastern China represents a floristic museum, and western China an evolutionary cradle, for herbaceous genera; eastern China has served as both a museum and a cradle for woody genera. These results identify areas of high species richness and phylogenetic diversity, and provide a foundation on which to build conservation efforts in China.
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                    Figure 1: Patterns of the MDTs for Chinese angiosperm genera.[image: ]


Figure 2: Spatio-temporal divergence patterns of the Chinese angiosperm flora.[image: ]


Figure 3: Angiosperm divergence pattern and conservation priorities in western and eastern China.[image: ]


Figure 4: Regression analyses between MDT and two environmental variables for the Chinese angiosperm genera.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Dated megaphylogeny of the Chinese angiosperms.
Major clades, including magnoliids, monocots, superrosids and superasterids, as well as the basal eudicot grade, are indicated with different colours. Divergence times were estimated using treePL.


Extended Data Figure 2 The 95% confidence intervals of divergence times and the Spearmanâ€™s rank correlation between our dating and those of recent publications.
a, b, Plots of divergence times and 95% confidence intervals (grey bars) for each family (a, nâ€‰=â€‰273) and genus (b, nâ€‰=â€‰2,909). The centre values are ages calculated based on the optimal maximum likelihood tree. c, Correlation of nodal ages between treePL and PATHd8 in this study (nâ€‰=â€‰5,863; râ€‰=â€‰0.94, Pâ€‰=â€‰0). d, Correlation of family ages between treePL and ref. 22 (nâ€‰=â€‰236, râ€‰=â€‰0.68, Pâ€‰=â€‰1.17â€‰Ã—â€‰10âˆ’33). e, Correlation of family ages between treePL and ref. 23 (nâ€‰=â€‰257; râ€‰=â€‰0.55, Pâ€‰=â€‰4.54â€‰Ã—â€‰10âˆ’22). f, Correlation of family ages between ref. 22 and ref. 23 (nâ€‰=â€‰235; râ€‰=â€‰0.75, Pâ€‰=â€‰2.11â€‰Ã—â€‰10âˆ’43). The solid line is yâ€‰=â€‰x.


Extended Data Figure 3 Number of angiosperm genera that originated during specified geological timespans.
Column with three colours shows the number of woody (grey), herbaceous (yellow) and mixed genera (light blue) that originated within a specific geological timespan. Number of woody genera, nâ€‰=â€‰995; number of herbaceous genera, nâ€‰=â€‰1,569; mixed genera (genera with both woody and herbaceous species), nâ€‰=â€‰101. The dashed line indicates the accumulated percentage of genera that have originated since the Early Cretaceous. Global temperature changes that have occurred since the Palaeogene are shown by the red curve (from ref. 39; reprinted with permission from AAAS). The x axis indicates the geological period and time in millions of years. The left y axis shows the total number of genera that have originated by any given time period; the right y-axis represents the accumulated percentage of genera that originated within a geological time period.


Extended Data Figure 4 Plot of divergence times of the Chinese angiosperm genera in each grid cell.
Mean and median values of the divergence times are indicated.


Extended Data Figure 5 Histograms and distribution of skewness and kurtosis for divergence times in each grid cell.
aâ€“c, Range of skewness for all genera (a), woody genera (b) and herbaceous genera (c). dâ€“f, Range of kurtosis (computed as the fourth standardized moment) for all genera (d), woody genera (e) and herbaceous genera (f). gâ€“i, Spatial distribution of skewness for all genera (g), woody genera (h) and herbaceous genera (i). jâ€“l, Spatial distribution of kurtosis for all genera (j), woody genera (k) and herbaceous genera (l). Skewness values in most grid cells are positive and around 1â€“2, which implies that divergence times of genera are slightly right-skewed (there are more young ages in each grid cell). Kurtosis values in most grid cells are within a range of 4â€“8, larger than the value (3) for a normal distribution, which implies that the distribution of divergence times has more extreme outliers than the normal distribution. For eastern China, kurtosis values of approximately 4 for all genera are consistent with grid cells having a range of divergence timesâ€”including very young and very old agesâ€”as expected for an area that is both a cradle and a museum.


Extended Data Figure 6 Geographic patterns of median ages for the Chinese angiosperm genera.
aâ€“i, Median ages for all genera, woody genera and herbaceous genera (from left to right), based on all sampled genera (aâ€“c), the youngest 25% of genera (dâ€“f), and the oldest 25% of genera (gâ€“i) in each grid cell. jâ€“l, Null-model test to identify recent (blue grid cells) and ancient (red grid cells) divergence centres for all genera (j), woody genera (k) and herbaceous genera (l). The analyses include 2,592 angiosperm genera (woody genera, nâ€‰=â€‰925; herbaceous genera, nâ€‰=â€‰1,501; genera with both woody and herbaceous species, nâ€‰=â€‰166). Maps adapted from National Administration of Surveying, Mapping and Geoinformation of China (http://www.sbsm.gov.cn; review drawing number: GS(2016)1576).


Extended Data Figure 7 Spatial distribution of MDTs based on geographic range-size quartiles and the youngest 25% and oldest 25% of genera in China.
aâ€“d, MDT patterns of the first (a), second (b), third (c) and fourth quartiles (d) of the sampled Chinese angiosperm genera. The first, second, third and fourth quartiles range from the narrowest to the widest geographic distribution, and represent 0.6%, 3.5%, 13.7% and 82.1% of 1,409,239 records, respectively. The Spearmanâ€™s rank correlation coefficients between the overall MDT (including all genera) and MDT of the first, second, third and fourth geographic quartile are 0.12 (Pâ€‰=â€‰1.46â€‰Ã—â€‰10âˆ’3), 0.59 (Pâ€‰=â€‰1.21â€‰Ã—â€‰10âˆ’87), 0.43 (Pâ€‰=â€‰2.51â€‰Ã—â€‰10âˆ’43) and 0.99 (Pâ€‰=â€‰0), respectively. e, MDT pattern of the youngest 25% of genera in China, showing that there are young genera in both western and eastern China. f, MDT pattern of the oldest 25% of genera in China, confirming that older genera mainly occur in eastern China. Maps adapted from National Administration of Surveying, Mapping and Geoinformation of China (http://www.sbsm.gov.cn; review drawing number: GS(2016)1576).


Extended Data Figure 8 Patterns of generic richness, phylogenetic diversity and phylogenetic structure for the Chinese angiosperm genera.
aâ€“c, Richness for all genera (a), woody genera (b) and herbaceous genera (c). dâ€“f, Phylogenetic diversity for all genera (d), woody genera (e) and herbaceous genera (f). gâ€“i, SES-PD for all genera (g), woody genera (h) and herbaceous genera (i). jâ€“l, NRI for all genera (j), woody genera (k) and herbaceous genera (l). mâ€“o, NTI for all genera (m), woody genera (n) and herbaceous genera (o). The analyses include 2,592 angiosperm genera (woody genera, nâ€‰=â€‰925; herbaceous genera, nâ€‰=â€‰1,501; genera with both woody and herbaceous species, nâ€‰=â€‰166). Maps adapted from National Administration of Surveying, Mapping and Geoinformation of China (http://www.sbsm.gov.cn; review drawing number: GS(2016)1576).


Extended Data Figure 9 Patterns of species-level phylogenetic diversity for all Chinese angiosperms.
aâ€“l, Observed phylogenetic diversity for all species (a, d, g, j), woody species (b, e, h, k) and herbaceous species (c, f, i, l) based on species trees 210, 30, 174 and 461 (species trees were randomly selected from 1,000 post-burn-in trees). mâ€“o, SES-PD for all species (m), woody species (n) and herbaceous species (o) based on species tree 461. The analyses include 26,978 angiosperm species (woody, nâ€‰=â€‰10,169; herbaceous, nâ€‰=â€‰16,809). Phylogenetic diversity and SES-PD based on 10 species trees produce similar patterns; Spearmanâ€™s rank correlation coefficients, râ€‰>â€‰0.99, Pâ€‰<â€‰2.20â€‰Ã—â€‰10âˆ’16. Maps adapted from National Administration of Surveying, Mapping and Geoinformation of China (http://www.sbsm.gov.cn; review drawing number: GS(2016)1576).


Extended Data Table 1 Number of genera that occur only in western or eastern China, with the number of woody, herbaceous and mixed genera in each order indicatedFull size table
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