
  Studies from the European and North American floras 
demonstrated significant effect of evolutionary history 
on flowering phenology, i.e. more closely related 
species flowered at similar times [1,2]. In this paper we 
provide an independent test of this hypothesis with the 
much larger diverse angiosperm flora of China. We 
extend the analysis to ask whether phylogenetic 
conservatism of phenology varies by latitude. 
    Most angiosperm lineages originated in tropical 
environments prior to the Eocene (50–35 Ma), and as 
the planet cooled these lineages had to evolve cold 
tolerance in order to invade the new, less benign 
ecosystems [3]. Thus, because these extra-tropical 
ecosystems such as the boreal zone are younger than 
tropical ecosystems, and because cold appears 
evolutionarily difficult to overcome, species in colder 
regions tend to be more closely related to each other 
than expected by chance and clades tend to be 
younger [4]. For all these reasons, we would expect any 
phylogenetic signal in angiosperm phenology to be 
stronger in plant communities further from the 
equator. 
 

Study objectives 
(1) test the phylogenetic constraint hypothesis of 
flowering phenology for the Chinese angiosperm flora 
(19,631species); 
(2) assess variation in phenology as a function of four 
traits – growth form, deciduousness, pollination mode 
and fruit type; 
(3) examine whether the phylogenetic conservatism of 
flowering phenology tend to increase from tropical to 
temperate latitudes. 
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Phenology data 
We compiled the flowering dates of angiosperms listed 
in Flora of China (in Chinese version). A total of 19,631 
species were included. The flowering date for each 
species was the midpoint calculated using the start and 
end dates of flowering. 
 
Phylogenetic tree 
A supertree was constructed using the software 
PHYLOMATIC and the branch length was calculated 
using the ‘bladj’ module in Phylocom. The phylogenetic 
backbone was based on the APG III tree. 
 
Data analyses 
The phenology data (date of the midpoint of flowering) 
were transformed onto a circular scale. We quantified 
the strength of phylogenetic conservatism in flowering 
phenology based on the circular Blomberg K-value. 
Specifically, we adapted the function for calculating the 
significance test of the K statistic to account for the 
circular nature of the phenological data. We conducted 
an analysis of variance for circular data to test for 
differences in flowering time among growth forms. 
Watson–Williams tests were performed by comparing 
the effects of deciduousness (deciduous versus 
evergreen), fruit type (fleshy versus non-fleshy fruits) 
and pollination syndrome (animal versus wind 
pollination) on flowering date. To account for the 
potential effect of species’ shared evolutionary history, 
we calculated the effects of traits on flowering time 
using the ‘phylANOVA’ function in the package 
‘phytools’ in R. 
 

Evaluating phylogenetic conservatism 
Both at the country scale and province scale (28 provinces), flowering date 
showed significant phylogenetic signals (P<0.001) indicating that more closely 
related species tended to flower at more similar times. However, the phylogenetic 
signal strength at the country scale was lower than the signal in all 28 provinces. 
Latitude was positively correlated with phylogenetic signal, and was highest 
around 40° N (Fig. 1). 

Based on the largest flowering phenology dataset to date, we provided independent confirmation that the flowering 
phenology of angiosperms is constrained by phylogeny and often correlated with biological traits. Furthermore, the 
strength of phylogenetic conservatism is weaker at larger scales than at smaller scales and is greater in temperate regions 
than tropical regions. Combining this knowledge with data on how changes in flowering cues will affect phenology, it 
should be possible to predict how entire plant communities will alter their phenology in the future as a function of various 
climate change scenarios and their latitude. 
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Fig. 1. Regression between the strength  
of phylogenetic conservatism in flowering 
phenology (Blomberg's K) and latitude,  
and the geographical patterns of the K-  
values in China estimated at the province 
scale. Each point in the regression  
represents a province of China.  

Effect of biological traits 
Growth form 
The five major growth forms had significantly different flowering times 
(F=758.8, P<0.0001; Fig. 2). Trees were the earliest to flower, followed 
by shrubs, perennials and annuals. Woody vines flowered significantly 
earlier than herbs, but later than trees (P <0.001). There was no 
significant difference in flowering time between woody vines and 
shrubs. 
 
Deciduousness 
Evergreen species flowered significantly earlier (51 days earlier) than 
deciduous species for all growth forms pooled (Fig. 3a). This pattern 
was repeated for shrubs and woody vines, but not herbs (Fig. 3b). 
Direction and significance were maintained in phylogenetic analyses for 
all growth forms except woody vines. 
 
Pollination type 
Animal-pollinated species flowered significantly earlier (7 days) than 
wind-pollinated species for all growth forms pooled (Fig. 4a), but there 
were significant differences between growth forms. Herbs and shrubs 
followed a similar pattern, with animal-pollinated species flowering 
significantly than wind-pollinated species. Trees showed the opposite 
pattern, with wind-pollinated species flowering 8 days earlier (Fig. 4e). 
 
Fruit type 
Fleshy fruited plants flowered significantly earlier (43 days) than non-
fleshy-fruited plants for all growth forms pooled (Fig. 5a). For herbs, 
shrubs and woody vines, fleshy fruited plants flowered significantly 
earlier than non-fleshy-fruited plants (all P < 0.0001), but for trees 
there was no significant difference in flowering date between non-
fleshy species and fleshy-fruited species (Fig.5e). 
 

Fig. 2. Flowering dates (in Julian 
days) for five growth forms. The 
box indicates median (heavy line) 
and quartiles; whiskers reach to 
points ≤ 1.5 times the interquartile 
ranges.  

Fig. 3. Comparison of mean 
flowering dates between deciduous 
and evergreen species. We show 
estimates that account for phylogeny 
(squares) and that do not (circles). 
Significant differences between 
flowering dates are indicated by 
filled circles. 

Fig. 4. Comparison of mean 
flowering dates between animal- 
and wind- pollinated species. We 
show estimates that account for 
phylogeny (squares) and that do 
not (circles). Significant differences 
between flowering dates are 
indicated by filled circles.  

Fig. 5. Comparison of mean 
flowering dates between non-
fleshy fruited and fleshy fruited 
species. We show estimates that 
account for phylogeny (squares) 
and that do not (circles). 
Significant differences between 
flowering dates are indicated by 
filled circles.  


