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Research paper 1 

Species and phylogenetic endemism in angiosperm trees across the Northern Hemisphere is 2 

jointly shaped by modern climate and glacial-interglacial climate change  3 

Running title Modern and past climate affect tree endemism.  4 



Abstract 5 

Aims: Phylogenetic endemism describes the extent to which unique phylogenetic lineages are 6 

constrained to restricted geographic areas. Previous studies indicate that species endemism is related 7 

to both past and modern climate, but studies of phylogenetic endemism are relatively rare and mainly 8 

focused on smaller regions. Here, we provide the first assessment of the patterns of species and 9 

phylogenetic endemism in angiosperm trees across the Northern Hemisphere as well as the relative 10 

importance of modern climate and glacial-interglacial climate change as drivers of these patterns.  11 

Location: Northern Hemisphere. 12 

Major taxa: Angiosperm trees. 13 

Methods: Using tree assemblages at the scale of 100 km × 100 km grid cells and simultaneous 14 

autoregressive (SAR) models, we assessed the relationships between species endemism, phylogenetic 15 

endemism and modern climate variables, Last Glacial Maximum (LGM) to present temperature 16 

velocity. 17 

Results: Species and phylogenetic endemism were associated with both modern climate and glacial-18 

interglacial climate change, with higher values in areas with stable historical climate and warmer and 19 

wetter modern conditions. Notably, the multivariate SAR analyses showed that the combinations of 20 

variables with highest AIC weight always included both LGM-present climate instability and modern 21 

climate, i.e., modern precipitation and temperature.  22 

Main conclusions: Our results show that high phylogenetic endemism is partially dependent on long-23 

term climate stability, highlighting the threat posed by future climate changes to the preservation of 24 

rare, phylogenetically distinct lineages of trees. 25 

Keywords: climate-richness relationship, Northern Hemisphere, orbitally forced species’ range 26 

dynamics hypothesis, phylogenetic endemism, Quaternary-scale climate change, tree assemblages.  27 



Introduction 28 

Species with distributions confined to small geographic areas (endemic species) have traditionally 29 

attracted much conservation attention, e.g., for defining biodiversity hotspots (Myers, Mittermeier, 30 

Mittermeier, da Fonseca, & Kent, 2000). Endemic lineages are considered unique and irreplaceable 31 

results of evolution and are of high interest in biogeography and conservation. However, we still lack 32 

a comprehensive understanding of the causes of spatial variation in endemism. The orbitally forced 33 

species’ range dynamics (ORD) hypothesis proposes that strong glacial-interglacial climate 34 

fluctuations would force range dynamics inflicting extinction on small-range species, selecting for 35 

large-range species and reducing paleo-endemism, while also limiting speciation and reducing neo-36 

endemism (Dynesius & Jansson, 2000). Supporting these ideas, recent studies have identified long-37 

term climate stability as an important factor promoting endemism in vertebrates and plants (Feng, 38 

Mao, Sandel, Swenson, & Svenning, 2016; Sandel et al., 2011). These endemism-influencing 39 

mechanisms should affect current diversity patterns both via effects on the range sizes of extant 40 

species and via effects on the underlying evolutionary histories; hence, they should ideally be 41 

investigated using a combination of species distribution and phylogenetic data. 42 

Modern climate determines the energy and water available for plants and therefore could strongly 43 

influence the distribution of biodiversity (Currie et al., 2004). Specifically, tropical regions with 44 

higher temperature and precipitation could promote speciation and buffer extinction by providing 45 

higher productivity, greater ecological specialization, more species interactions, and faster evolution 46 

rates (Currie et al., 2004; Mittelbach et al., 2007; Qian, Wiens, Zhang, & Zhang, 2015). Consequently, 47 

modern climate should also be taken into account when explaining endemism. In addition, as species 48 

climatic niches are shaped by long-term evolutionary history (Wiens & Donoghue, 2004), we also 49 

expect modern climate to generate phylogenetically nonrandom patterns in biodiversity. Notably, the 50 

Tropical Niche Conservatism hypothesis assumes that the majority of Earth have tropical or near-51 

tropical climate from far back until the mid-Cenozoic, proposing that the tropics should host more 52 

basal phylogenetic clades, with only a few derived branches having adapted to non-tropical climate 53 

due to niche conservatism, with a higher species richness in the tropics as a consequence (Hawkins 54 

& DeVries, 2009; Hawkins, Diniz-Filho, Jaramillo, & Soelle, 2007; Wiens & Donoghue, 2004). 55 

Hence, we would expect higher paleo-endemism in currently warmer and wetter areas. Further, 56 

spatial patterns of modern climate can also produce endemism patterns, as regionally rare climates 57 

are more likely to contain many small-ranged species (Ohlemüller et al., 2008; Sandel et al., 2011).   58 



A metric used to determine the level of species endemism (SE) is the sum of the inverse global range 59 

sizes of a given local species assemblage, termed “weighed endemism” (Crisp et al., 2001). An 60 

alternative perspective defines phylogenetic endemism (PE) using both range sizes and phylogenetic 61 

branch lengths of species in an assemblage (Rosauer, Laffan, Crisp, Donnellan, & Cook, 2009). As 62 

PE reflects not just the ranges of the local endemic species, but also their sister groups, and 63 

emphasizes evolutionary uniqueness, it is a powerful tool for mapping biodiversity and conservation 64 

planning, e.g., of lemurs in Madagascar (Gudde, Joy, & Mooers, 2013) or trees in China (Huang et 65 

al., 2012). PE has also been applied to map global patterns of mammal endemism and assess its 66 

historical and modern climate determinants, with the results indicating PE to be more sensitive to 67 

historical climate than SE (Rosauer & Jetz, 2015).  68 

Climate stability has previously been found to be consistently associated with higher endemism of 69 

mammals, amphibians, birds and plants, with a stronger effect for groups with poorer dispersal ability 70 

(Feng et al., 2016; Sandel et al., 2011). Further, the global spatial pattern of mammalian PE was found 71 

to be best predicted by modern temperature variability and supplemented by post-LGM temperature 72 

(Rosauer & Jetz, 2015). As phylogenetically conserved cold intolerance traits of temperate trees 73 

resulted in phylogenetically non-random extinctions in response to the Pleistocene glaciations 74 

(Eiserhardt, Borchsenius, Plum, Ordonez, & Svenning, 2015), Quaternary-scale climate stability is 75 

expected to generate similar endemism patterns in the temperate angiosperm tree flora. 76 

The temperate forests of the Northern Hemisphere are interesting for studying the drivers of 77 

endemism, because of the regionally varying impacts of the Pleistocene glaciations via environmental 78 

filtering on extinction, species diversity and phylogenetic floristic structure (Eiserhardt et al., 2015; 79 

Ricklefs, Latham, & Qian, 1999; Svenning, 2003). In addition, there is also relationship between tree 80 

diversity and modern climate in the region (Currie et al., 2004). Therefore, we compiled distribution 81 

and phylogenetic data for three northern temperate angiosperm tree floras, China, Europe and North 82 

America, to assess the relative importance of modern and historical climate in determining endemism.  83 

We tested the following two hypotheses: 84 

H1. Angiosperm tree species and phylogenetic endemism across China, Europe and North America 85 

is lower in areas with unstable historical climate, i.e. where glacial-interglacial climate-change 86 

velocity is higher (Feng et al., 2016; Sandel et al., 2011), because of potential range contractions, 87 

incomplete range filling, and extinctions caused by fluctuating climate (Dynesius & Jansson, 2000).  88 



 H2. Angiosperm tree endemism is higher in currently warm regions (which were also historically 89 

relatively warm), because of concentrations of paleo-endemism and neo-endemism (Mittelbach et al., 90 

2007; Qian et al., 2015), or higher richness of species with narrower extent of suitable climate (Janzen, 91 

1967; Ohlemüller et al., 2008; Sandel et al., 2011). 92 



Materials and Methods 93 

Tree distribution 94 

Tree range maps for China and North America were compiled from the China Vascular Plant 95 

Distribution (Qian, Chen, Lin, Yu, & Wu, 1959) and the USGS digitized Atlas of United States Trees 96 

(Little, 1971). For Europe, data on tree occurrences were compiled from three sources: (i) Atlas Florae 97 

Europaeae (Jalas & Suominen, 1972), (ii) Range maps used in a previous study (Montoya, 98 

Rodríguez, Zavala, &  Hawkins, 2007). (iii) Digitalized ranges of Acer sempervirens and Malus 99 

trilobata based on personal communication with Arne Strid. Only angiosperm tree species with 100 

maximum canopy height ≥ 10 meters in were included in this study, resulting in a total of 2,154 101 

species for China, 159 species for Europe, and 367 species for North America. The range maps were 102 

rasterized in 100-km grid maps with Albers equal area projection for China and North America, and 103 

Lambert azimuthal equal-area projection for Europe. Only grid cells with at least 50% land area were 104 

included in the analysis. 105 

Endemism metrics 106 

A phylogenetic supertree for the full set of 2,664 species in this study was built using an unparalleled 107 

dated molecular phylogeny of land plants as a backbone (Zanne et al., 2014). PE was calculated using 108 

this supertree (Equation 1), compared to species endemism (SE) without phylogenetic information 109 

(Equation 2) and mapped for China, Europe and America, separately. 110 

    𝑃𝑃𝑃𝑃 =  ∑ 𝐿𝐿𝑐𝑐
𝑅𝑅𝑐𝑐𝑐𝑐∈𝐶𝐶                                                                             (1) 111 

                          𝑆𝑆𝑃𝑃 =  ∑ 1
𝑅𝑅𝑠𝑠𝑠𝑠∈𝑆𝑆                                                                             (2) 112 

, where C is phylogenetic clade spanned by minimal branches to join all taxa in one cell on the gridded 113 

maps, and c is any branch between two nodes within C; while S is all the species included in C, and 114 

s is each individual species within S. Lc is the length of branch c; and Rc or Rs is the range where this 115 

branch or species occurred, defined in numbers of grid cells (Rosauer et al., 2009). Calculations of 116 

PE were carried out by the “phylo.endemism” R function written by Nipperess (2012). 117 

Data Robustness 118 

The endemism estimates were subject to two sources of uncertainties. First, the dated molecular 119 

phylogeny covered less than half of the species in this study (Zanne et al., 2014). Therefore, species 120 

not included in the reference phylogeny were placed with random branch lengths under dated nodes 121 



in the phylogeny representing their most recent common ancestors. Fortunately, all relevant family 122 

ages were estimated in the dated molecular phylogeny (Zanne et al., 2014). To control the effect on 123 

PE caused by this random placement of species, we ran this random placement for 100 times, used 124 

the 100 phylogenies to calculate the PE, and used the mean value of the 100 PE to represent the final 125 

PE. 126 

The second source of uncertainty was that tree distribution maps were only available within the 127 

political boundaries of the study areas. This could lead to spuriously high endemism along the 128 

boundaries of the regions due to extralimital species just ranging into a given study region. The effect 129 

of artificial boundaries was assessed by null models of randomly generated species ranges, whose 130 

sizes followed the same distribution, and resulted in the same species richness within the boundaries 131 

as the real species distribution data. The null models showed that the observed geographic patterns 132 

of endemism were not related to the artificial boundaries (Fig S1-S3) so that the PE and SE 133 

calculations were robust. Details about these sensitivity tests are provided in the Supplementary 134 

Materials. 135 

Climate variables 136 

Climate change velocity since the Last Glacial Maximum (LGM) in mean annual temperature was 137 

used to capture the magnitude of glacial-interglacial fluctuation (Loarie et al., 2009; Sandel et al., 138 

2011). The velocity was a rate of local displacement of climate, interpreted as the pace at which a 139 

species would have to migrate in space to maintain the same climate condition over time (Sandel et 140 

al., 2011). The temperature values in LGM and modern climate measures, including mean annual 141 

temperature (MAT) and mean annual precipitation (MAP), were obtained from the WorldClim 142 

database (Hijmans et al., 2005). Mean values of temperature in LGM from two models, i.e., the 143 

Community Climate System Model version 3 (Otto-Bliesner et al., 2006) and the Model for 144 

Interdisciplinary Research on Climate version 3.2 (Hasumi & Emori, 2004), were used to calculate 145 

velocity. These climate variables (10 arc-min resolution) were projected to the 100-km grid cells of 146 

the regional maps. The extent of analogous modern climate was calculated as the total land area within 147 

1000 km from a focal grid cell that had a MAT within 1 °C and MAP within 100 mm of the focal cell 148 

(Sandel et al., 2011). 149 

Statistical Analyses 150 

SE, PE, MAP in China, North America and Europe, velocity in China and Europe, as well as extent 151 

of analogous climate (extent) in Europe were log transformed to get normal distributed residuals in 152 



the regression models. In China, the highest correlation among the independent variables was -0.65 153 

(between extent and MAP), followed by 0.43 (between extent and velocity); in North America, the 154 

highest correlation was -0.47 (between extent and MAP), followed by 0.44 (between MAT and MAP); 155 

in Europe, the highest correlation was -0.66 (between extent and MAP), followed by 0.65 (between 156 

extent and velocity) and -0.37 (between velocity and MAT). All variables were standardized to make 157 

the regression coefficients comparable. Ordinary Least Squares (OLS) linear regressions were used 158 

to explore the bivariate relationships between SE, PE and each explanatory variable. Then, multiple 159 

regression models were built for each region, using exhaustive model search from all submodels 160 

including all four predictors. To account for spatial autocorrelation in the residuals, spatial error 161 

simultaneous autoregressive (SAR) models were also built for both single variable and multi-variable 162 

analyses. Model selection of all submodels was done by Akaike’s an Information Criteria. AIC 163 

weights of models were used to calculate model averaged coefficients for the predictors, and the sum 164 

of the AIC weights of each predictor in all models was used to describe its statistical support. Because 165 

SE and PE could be affected by species richness, we also conducted residual analyses of SE, PE 166 

against species richness, i.e., assessed the associations between the residual of SE, PE regressed 167 

against species richness and the explanatory variables using OLS and SAR models. All data were 168 

prepared and analyzed in R 3.2.2 (R Core Team, 2015), using the following packages: MuMIn (Bartoń, 169 

2015), ncf (Bjornstad, 2015), raster (Hijmans et al., 2015), and spdep (Bivand et al., 2015). 170 



Results 171 

In all the three regions, species endemism (SE) and phylogenetic endemism (PE) show similar 172 

patterns, generally following a latitudinal gradient, i.e., with both SE and PE increasing towards the 173 

equator (Fig. 1). Also, each region exhibits unique local patterns. In China, endemism is highest in 174 

the southern region adjacent to tropical South-East Asia (Fig. 1A,B). In Europe, high endemism 175 

occurs along the Mediterranean coasts, especially in the southeast Balkans near Asia Minor (Fig. 176 

1C,D). Lastly, endemism is high in southeastern North America, notably in Florida where tropical 177 

endemics occur at the tip of the peninsula (Fig. 1E,F).  178 

Both OLS and SAR models showed that SE and PE were negatively associated with late-Quaternary 179 

climate change velocity and extent of analogous modern climate, and positively associated with 180 

modern temperature and precipitation (Table 1). The negative associations between velocity, extent 181 

of analogous climate and SE, PE still existed after controlling the effect of species richness (Table 2, 182 

Fig. 2, Fig. 3). The positive associations between modern temperature and SE, PE also still existed 183 

after controlling the effect of species richness, but only in Europe and North America (Table 2, Fig. 184 

2, Fig. 3).    185 

Most of the models with the highest AIC weights for SE and PE included both modern climate and 186 

temperature velocity, except for PE in China and North America when controlling for species richness 187 

(Table 3). In particular, SE and PE consistently increased with higher modern precipitation and 188 

temperature, and consistently decreased with higher late-Quaternary temperature velocity (Table 3).  189 



Discussion 190 

The present study for the first time simultaneously assesses species and phylogenetic endemism (SE 191 

and PE) of tree assemblages across the Northern Hemisphere, and assesses the importance of modern 192 

climate and historical climate change as drivers of these patterns. We find that both SE and PE 193 

consistently declined with higher late-Quaternary climate change velocity, and consistently increased 194 

with higher modern temperature and precipitation, suggesting that Northern Hemisphere angiosperm 195 

tree endemism patterns are co-shaped by historical climate instability, as suggested by the orbitally 196 

forced species’ range dynamics hypothesis, and modern climate-richness relationships. Notably, the 197 

models with the highest AIC weights for both SE and PE always included both modern climate and 198 

the glacial-interglacial climate change (except for PE in China and North America when controlling 199 

for species richness), indicating their complementary role in shaping tree endemism patterns in the 200 

Northern Hemisphere. 201 

Glacial-interglacial climate change and tree endemism 202 

The cause of reduced endemism from large glacial-interglacial climate-change could be both 203 

increased extinction and reduced speciation. The loss of paleo-endemism by extinction should be 204 

better captured by the phylogenetic structure of species assemblages, as deep-time glacial-related 205 

extinctions have been ecologically selective and phylogenetically non-random, especially in Europe 206 

and North America (Eiserhardt et al., 2015; Svenning, 2003). Neo-endemism is also possible in low 207 

climate-change velocity areas (Dynesius & Jansson, 2000; Tedesco et al., 2012), as long-term refugia 208 

retaining stable climate in repetitive glacial-interglacial fluctuations may also favor speciation (Weber, 209 

VanDerWal, Schmidt, McDonald, & Shoo, 2014). A previous study finds that Chinese endemic plants, 210 

including both paleoendemic species and neoendemic species, are concentrated in areas with stable 211 

glacial-interglacial climate (Feng et al., 2016). Previous studies about endemic (small-range) plant 212 

species richness at a global scale, in Europe, Australia and Africa also find a strong effect of 213 

paleoclimate change (Crisp et al., 2001; Jansson, 2003; Linder, 2001; Svenning & Skov, 2007). While 214 

not differentiating paleo- and neoendemism, in line with these studies our results also showed 215 

significant effects of glacial-interglacial climate change on species endemism of tree assemblages in 216 

the Northern Hemisphere. Further, in the case of angiosperm trees the patterns likely mainly reflect 217 

paleoendemism, as most tree species from the study regions are older than the late Quaternary or even 218 

the whole Quaternary, notably as indicated by a range of phylogeographic studies on individual tree 219 

species (Kou et al., 2016; Magri et al., 2007).  220 



Apart from the direct impacts of extinction and perhaps to a limited extent speciation, dispersal 221 

limitation has played a key role in translating these responses to past climate fluctuations to 222 

geographic endemism patterns, via selective recolonization by the more vagile taxa (Sandel et al., 223 

2011). Notably, limited postglacial dispersal of trees towards their potential suitable habitats resulted 224 

in incomplete range filling and strengthened the impact of the glacial-interglacial climate fluctuations 225 

on endemism patterns (Normand et al., 2009; Svenning & Skov, 2007). Even in southern China where 226 

patches of subtropical forest persisted during the LGM (Ni, Cao, Jeltsch, & Herzschuh, 2014), 227 

phylogeographic studies of tree species suggest their retraction to glacial refugia and various degrees 228 

of limited postglacial recolonization (Chen, Compton, Liu, & Chen, 2012; Li, Ge, Cao, & Ye, 2007; 229 

Wang, Gao, Kang, Lowe, & Huang, 2009). 230 

While there have been many studies about the links between species endemism and paleoclimate 231 

change, only a few attempts have linked phylogenetic endemism with paleoclimate change. For 232 

example, phylogenetic endemism of terrestrial mammals at a global scale is significantly associated 233 

with late-Quaternary climate stability (Rosauer & Jetz, 2015). Phylogenetic endemism of Australian 234 

eucalypts would also be affected by future climate change (González-Orozco et al., 2016). Consistent 235 

with these findings, our results showed significant associations between phylogenetic endemism and 236 

glacial-interglacial climate change of tree assemblages in Northern Hemisphere, providing strong 237 

supplementary evidence on the role of long-term climate instability in shaping the phylogenetic 238 

endemism patterns.   239 

Modern climate and tree endemism 240 

Modern climate, including temperature and precipitation, affects biodiversity distribution via their 241 

effects on energy and water balance (Currie et al., 2004). Higher temperature and precipitation in 242 

tropical-like climates, which historically occupied the majority of the Earth, could both promote 243 

speciation and buffer extinction through their effects on productivity, evolution rate, biotic 244 

interactions and ecological specialization (Mittelbach et al., 2007; Qian et al., 2015; Wiens & 245 

Donoghue, 2004). Furthermore, spatial patterns of climate could also affect endemism patterns, as 246 

regionally rare climates are likely to contain more small-ranged species (Ohlemüller et al., 2008; 247 

Sandel et al., 2011). 248 

The positive associations between tree endemism (including both species and phylogenetic endemism) 249 

and modern climate, i.e., temperature and precipitation, in this study support our second hypothesis, 250 

i.e., tree endemism is high in currently warm regions. Moreover, an association of endemism with a 251 



narrow extent of analogous modern climate was also significant in Europe and North America, 252 

supporting a role for this factor in promoting endemism. Consistent with our findings, water 253 

availability is found to be positively correlated with plant relative phylogenetic endemism in Baetic-254 

Rifan biodiversity hotspot (Molina-Venegas, Aparicio, Lavergne, & Arroyo, 2017). Chinese endemic 255 

plant species richness is also positively associated with modern temperature and precipitation (Feng 256 

et al., 2016). 257 

The analyses had some limitations. Notably, the available phylogenetic information (Zanne et al., 258 

2014) does not cover all the relevant species, and the distribution data was artificially delimited by 259 

political borders. Although the robustness test using random null models showed that the biases 260 

introduced by the data restriction were small, further studies certainly could provide improved 261 

assessments with more available data.  262 

In conclusion, our analyses show that species and phylogenetic endemism in angiosperm trees is 263 

consistently linked to relatively high glacial-interglacial climate stability within the three major 264 

temperate forest areas, China, Europe and North America. The role of climate stability in promoting 265 

endemism was in line with previous studies on species endemism (Feng et al., 2016; Jansson, 2003; 266 

Sandel et al., 2011; Weber et al., 2014) and species diversity more generally (Svenning et al., 2015). 267 

As in previous studies, this historical signal is estimated to act alongside important modern climate 268 

factors. These results raise concerns over the effects of future climate change on the phylogenetic 269 

endemism hotspots, as the spatial patterns and environmental impacts of the ongoing change may be 270 

not analogous to the Pleistocene glaciations (Sandel et al., 2011). 271 
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Tables  384 

Table 1. Results of single variable Ordinary Least Squares linear regressions model (OLS) and simultaneously autoregressive model (SAR) 385 

for predicting species endemism (SE) and phylogenetic endemism (PE).  386 

  China Europe North America 
SE CoefOLS r2

OLS CoefSAR r2
SAR CoefOLS r2

OLS CoefSAR r2
SAR CoefOLS r2

OLS CoefSAR r2
SAR 

Velocity -0.23**  0.05   -0.06**  0.914 -0.69**  0.48   -0.07*  0.911 -0.08**  0.01   -0.05**  0.951 
Extent -0.48**  0.23  -0.01  0.913 -0.31**  0.10  -0.05  0.910  -0.45**  0.20   -0.02  0.951 
MAT 0.65** 0.42  0.01  0.913 0.68**  0.46   0.06  0.910  0.89** 0.79 -0.02  0.951 
MAP 0.78**  0.61   0.15**  0.914 0.09* 0.01  0.04  0.910  0.52**  0.27 0.13**  0.953 
PE             
Velocity -0.21**  0.04   -0.05**  0.932 -0.67**  0.45  -0.06*  0.932  -0.07**  0  -0.03* 0.952 
Extent -0.48**  0.23   -0.01  0.931 -0.32**  0.11  -0.03  0.931  -0.45**  0.20   -0.04**  0.952 
MAT 0.70**  0.49 0.01  0.931 0.76**  0.58   0.04  0.931  0.90**  0.80  -0.02  0.951 
MAP 0.78**  0.61   0.13**  0.932 0.16**  0.03   0.03  0.931  0.51**  0.26  0.14** 0.953 

Note. Regression coefficients (Coef) and r2 were given. Velocity, temperature-change velocity since Last Glacial Maximum; Extent, extent 387 

of analogous climate; MAP, mean annual precipitation; MAT, mean annual temperature. ** p < 0.01. * p < 0.05. 388 



Table 2. Results of single variable Ordinary Least Squares linear regressions model (OLS) and simultaneously autoregressive model (SAR) 389 

for predicting the residuals of species endemism (SE) and phylogenetic endemism (PE) against species richness.  390 

  China Europe North America 

SE CoefOLS r2
OLS CoefSAR r2

SAR CoefOLS r2
OLS CoefSAR r2

SAR CoefOLS r2
OLS CoefSAR r2

SAR 
Velocity -0.08**  0.13 -0.01*  0.731 -0.30**  0.28 -0.06*  0.797 -0.17**  0.15 -0.01 0.895 
Extent -0.02**  0.01 0 0.73 -0.20** 0.13 -0.05*  0.797 -0.17**  0.15 -0.02**  0.896 
MAT -0.02**  0.01 0 0.73 0.07**  0.02 0.06*  0.797 0.20**  0.21 0.09**  0.896 
MAP 0 0 0.04*  0.731 -0.07**  0.02 0.02 0.795 -0.04**  0.01 -0.02 0.895 
PE             

Velocity -0.06**  0.08 -0.01 0.756 -0.27**  0.27 -0.04 0.827 -0.15**  0.10 0 0.869 
Extent -0.02**  0.01 0 0.755 -0.22**  0.17 -0.04*  0.828 -0.17**  0.13 -0.04**  0.87 
MAT 0.02**  0.01 0.01 0.755 0.13**  0.06 0.05 0.827 0.22**  0.22 0.11**  0.87 
MAP 0 0 0.03 0.756 -0.01 0 0.01 0.826 -0.04**  0.01 0 0.869 

Note. Regression coefficients (Coef) and r2 were given. Velocity, temperature-change velocity since Last Glacial Maximum; Extent, extent 391 

of analogous climate; MAP, mean annual precipitation; MAT, mean annual temperature. ** p < 0.01. * p < 0.05. 392 



Table 3 Combinations of variables most associated with species endemism (SE) and phylogenetic endemism (PE) as well as their residuals 393 

against species richness by simultaneous autoregressive models in China, Europe and North America.  394 

  China Europe North America 
  Coef w Coefresi wresi Coef w Coefresi wresi Coef w Coefresi wresi 
SE             
Velocity -0.08**  1  -0.02*  0.81  -0.15**   1  -0.10**   0.99  -0.04**   0.95  -0.02  0.70  
Extent  0.46  0.01  0.52  -0.05* 0.67  -0.06**   0.94   0.33  -0.03**   1  
MAT 0.13**   0.99  0.02  0.48  0.18**   1  0.14** 1  0.15**   1  0.11**   1  
MAP 0.18** 0.94  0.04*  0.76   0.35   0.47  0.16**   1   0.27  
r2 0.92   0.734   0.91   0.806   0.95   0.898   
w 0.50   0.18   0.48   0.49   0.64   0.51   
PE             
Velocity -0.06**   1   0.41  -0.11**   0.99  -0.08**   0.98  -0.03  0.70   0.35  
Extent  0.44   0.31  -0.04  0.55  -0.05**   0.97  -0.03**   0.92  -0.05**   1  
MAT 0.12**   0.98   0.52  0.13**   1  0.12** 1  0.16**   1  0.13**   1  
MAP 0.16**   0.95  0.03  0.77   0.32   0.49  0.16**   1   0.28  
r2 0.93   0.756   0.93   0.834   0.95   0.872   
w 0.52    0.19    0.40    0.48    0.65    0.46    

Note. Standardized coefficients (Coef) of the variables in the model with highest Akaike weight (w), Nagelkerke pseudo r2 and w of the 395 

model, as well as the w for each variable based on all models per group were given. Coefresi and wresi are the results of residual analyses. SE, 396 

species endemism; PE, phylogenetic endemism; Velocity, temperature-change velocity since Last Glacial Maximum; Extent, extent of 397 

analogous climate; MAP, mean annual precipitation; MAT, mean annual temperature. ** p < 0.01. * p < 0.05. 398 



Figures    399 

Figure. 1. Maps of tree species endemism (SE, left column) and phylogenetic endemism (PE, right 400 

column) in China, Europe and North America in 100-km grid cells.  401 

 402 



Figure 2. Scatter plots showing the relationships between each associated environmental variable and 403 

the residuals of species endemism (SE) in China (CN), Europe (EU) and North America (NA) against 404 

species richness. Velocity, temperature-change velocity since Last Glacial Maximum; Extent, extent 405 

of analogous climate; MAT, mean annual temperature; MAP, mean annual precipitation. Ordinary 406 

Least Squares linear regression lines were added. ** p < 0.01. * p < 0.05.  407 

408 



Figure 3. Scatter plots showing the relationships between each associated environmental variable and 409 

the residuals of phylogenetic endemism (PE) in China (CN), Europe (EU) and North America (NA) 410 

against species richness.. Velocity, temperature-change velocity since Last Glacial Maximum; Extent, 411 

extent of analogous climate; MAT, mean annual temperature; MAP, mean annual precipitation. 412 

Ordinary Least Squares linear regression lines were added. ** p < 0.01. * p < 0.05. 413 

 414 
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