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Abstract

Aims Evergreen (EBL) and deciduous broad-leaved (DBL) woody angiosperms are two major plant groups in
the subtropical broad-leaved forests of eastern Asia. Exploring the separation between these two groups in
ecological niche, will shed light on the biodiversity maintenance mechanisms of subtropical broad-leaved forests.
Methods Adopting statistical methods including the linear regression model and the multiple regression method
of Mantel test, we compared the phylogeny and ecological behaviors of the two plant groups in eight forest
dynamics plots in China.

Important findings We found that (1) leaf habit, be either EBL or DBL, was phylogenetically conserved in the
788 study angiosperm taxa. EBLs and DBLs differed in ecological behaviors towards light, temperature, water,
soil reaction and soil fertility. EBLs prefer low light and soil pH, high temperature, water and soil fertility; while
the opposite was true for DBLs. (2) Within plot, DBLs were more clustered in phylogenetic dispersion, but more
overdispersed in ecological behavior, compared with EBLs; similarly, between plots, DBLs were less diverse in
phylogenetic composition, but more diverse in ecological behaviors, than EBLs. On the other hand, divergence in
phylogenetic composition of DBLs between plots increased with difference in mean annual temperature (MAT).
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Further, we found that (3) the ratio of DBLs to EBLSs in species richness decreased with MAT increased, but not
with dry season length or annual precipitation. The findings show that EBLs and DBLs of the eight study plots

differ in both phylogeny and ecological behaviors, and imply that niche separation may be a major mechanism

that maintains the biodiversity of subtropical broad-leaved forests.
Key words leaf habit; ecological niche; biodiversity; subtropical forest; Chinese Forest Biodiversity Monitoring

Network
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Fig. 1 Difference in each ecological behavior between evergreen and deciduous plants (mean + SE). D, deciduous woody
angiosperms; E, evergreen woody angiosperms. Different letters above the bars indicate significant difference (p < 0.05). p-value
is estimated by the phylogenetic linear regression model (Supplement II).
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Fig. 2 Phylogenetic (A) and ecological behavior dispersions
(B) of evergreen and deciduous plants of the eight plots. D,
deciduous woody angiosperms; E, evergreen woody angio-
sperms. NRI, net relatedness index; NFRI, net functional
relatedness index. Different lowercase letters above the boxes
indicate significant difference (p < 0.05, Wilcoxon signed-
rank test with p-value adjusted by false discovery rate).
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Fig. 3 Phylogenetic (A) and ecological behavior compositional differences (B) of evergreen and deciduous woody angiosperms
of the eight plots. D, deciduous woody angiosperms; E, evergreen woody angiosperms. Different letters above the boxes indicate
significant difference (p < 0.05, Wilcoxon signed-rank test with p-value adjusted by false discovery rate). SNRI, inter-sample net
relatedness index; SNFRI, inter-sample net functional relatedness index.
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Table 1 Results of the multiple regression method of Mantel test of net
relatedness index among samples (SNRI) and net functional relatedness
index among samples (SNFRI) of deciduous and evergreen woody
angiosperms among the eight forest plots

S AR Y D WERABYTHEY E
Predictor variable SNRI PNFRI SNRI PNFRI
FEHBTHAR A 0.225 0.303 0.063 0.716
B 1 0.211 0.783 —0.617 2.154
IEREIKE AP 0.156 0.574 0.425 —0.465
ELE1TE DS 0.090 0.168 -0.035 0.667
PR MAT 0222 -0.217 -0.018 —0.332

D, deciduous woody angiosperms; E, evergreen woody angiosperms. A,
area; AP, annual precipitation; DS, dry season length; I, island; MAT, mean
annual temperature. *, p < 0.01.
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Fig. 4 Variation in the ratio of deciduous: evergreen woody
angiosperm richness with mean annual temperature. MAT,
mean annual temperature; D:E, the ratio of deciduous and
evergreen woody angiosperms in species richness. BDGS,
Badagongshan; BSZ, Baishanzu; DHS, Dinghushan; FS,
Fushan; GTS, Gutianshan; HSD, Heishiding; LHC, Lienhua-
chi; TT, Tiantong. Each soild black circle represents a plot,
the dark grey line represents the mean of deciduous: evergreen
plants richness ratio, and the grey area represents 95% con-
fidence interval of the mean, as fitted by the best supported
linear regression model (Supplement III). Adjusted r-square
of the linear regression model is Rﬁd, =0.707.
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Supplement Il Results of difference between evergreen and deciduous woody angiosperms in each ecological behavior as
fitted by the phylogenetic linear regression model in eight subtropical forest dynamics plots of China

A4 211 Ecological behavior il 11{& Estimate TBE Lower Cl LB’ Upper CI p

S Light -0.484 -0.602 -0.367 <0.001
IR Temperature 0.836 0.719 0.950 <0.001
7K4> Moisture 0.336 0.216 0.451 <0.001
+IEAC S Soil fertility 0.137 0.070 0.204 <0.001
+IE ¥ Soil reaction -0.275 -0.365 -0.180 <0.001

T VHE R 8 S 5 0 P & A2 35 2V 2 ZEA TS R AR ME R A T, op IR B SRR S W I AN AR 2 SRR T v, B fEL D A e
THH Y. TR LR, 2308 THE R 95%E 5 X (CEM L TR, p NflitHES 0 Jo2 7 I mT et KD .

Estimate, the estimate of difference in ecological behavior between evergreen and deciduous plants, with positive value indicating evergreen plants have
higher ecological behavior than deciduous plants, negative value indicating evergreen plants have lower ecological behavior than deciduous plants. Lower CI
and upper Cl, the lower and upper limits of the 95% confidence interval (CI) of the estimate, respectively. p possibility of the estimate be not different from
zero.
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Supplement 111 Results of comparison of linear model of environmental factors effects on deciduous versus evergreen
woody angiosperms species ratio of each plot in eight subtropical forest dynamics plots of China
HFE TR Byl B PRI FERKE AmE AlCc A w
Intercept Area Island DM MAT MAP df

0.604 -0.395 3 10.021 0.000 0.844
0.604 2 15.478 5.457 0.055
0.604 -0.537 -0.503 4 16.764 6.743 0.029
0.604 -0.387 -0.104 4 17.513 7.492 0.020
0.604 0.059 -0.420 4 18.912 8.891 0.010
0.620 + -0.382 4 19.246 9.225 0.008
0.604 0.012 -0.401 4 19.337 9.316 0.008
0.712 + 3 19.364 9.343 0.008
0.604 -0.192 3 19.522 9.501 0.007
0.604 -0.134 3 20.357 10.336 0.005
0.604 -0.124 3 20.461 10.440 0.005
0.752 + -0.266 4 24.741 14.721 0.001
0.710 -0.117 + 4 28.019 17.998 0.000
0.604 -0.096 -0.177 4 28.420 18.399 0.000
0.722 + 0.024 4 28.684 18.663 0.000
0.604 -0.143 -0.152 4 28.795 18.774 0.000
0.604 -0.315 -0.208 -0.334 5 30.576 20.555 0.000
0.604 -0.104 -0.523 -0.506 5 32.789 22.768 0.000
0.523 + -0.446 -0.208 5 34.647 24.626 0.000
0.578 + -0.558 -0.552 5 35.242 25.222 0.000
0.604 0.040 -0.405 -0.098 5 35.935 25914 0.000
0.614 0.055 + -0.410 5 37.535 27514 0.000
0.604 0.060 0.018 -0.430 5 37.542 27.521 0.000
0.625 + -0.013 -0.371 5 37.901 27.880 0.000
0.748 -0.074 + -0.253 5 42.978 32.957 0.000
0.705 -0.119 + -0.014 5 46.681 36.660 0.000
0.521 + -0.319 -0.268 -0.445 6 82.836 72.815 0.000
0.604 -0.040 -0.349 -0.172 -0.365 6 86.179 76.158 0.000
0.563 -0.112 + -0.554 -0.584 6 88.124 78.103 0.000
0.519 0.050 + -0.471 -0.206 6 90.189 80.168 0.000
0.611 0.057 + 0.008 -0.418 6 93.530 83.509 0.000
0.523 -0.029 + -0.344 -0.239 -0.465 7 Inf Inf 0.000

IR DO (b th o 0BE, AEZUAREE, FRMLTIAR, FEILRIBCEIA, B5, REAT RIS E, I ARG, R, REFLSN; AlCe, RE
BEAZERBIED G K /R0E REAIC)HE; A, LS AICe fR/MERLEH AICC 2R, o, BAVRMBERIIMER .. BISFIK <+ 5 Rniih &
FizAE,

The best supported model is in bold. Intercept, intercept of the model; Area, projected area of a plot; Island, whether the plot is located on an island, can be
either mainland or island; DM, dry month; MAT, mean annual temperature; MAP, mean annual precipitation; DF, degree of freedom; AlCc, AIC (Akaike
information criterion) corrected by limited sample size; A, difference in AICc between the model and the parsimonious model; w, possibility of the model be
the best supported model. “+” in the “Island” column indicates the model include this variable.





