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Abstract. The main processes underlying the generation andest Hmayx Structure. In contrast, the LGM—present anomaly
maintenance of biodiversity include both local factors suchin temperature was the factor with the strongest explanatory
as competition and abiotic filtering and regional forces suchpower for phylogenetic diversity, with modern climate also
as paleoclimate, speciation and dispersal. While the effectemportant. Hence, local contemporary and regional histori-
of regional and local drivers on species diversity are in-cal factors have highly contrasting importance for the geo-
creasingly studied, their relative importance for other aspectgraphic patterns of the functional (as represented by varia-
of diversity, notably phylogenetic and functional diversity tion in maximum canopy height) and phylogenetic aspects
is so far little studied. Here, we link data from large Chi- of Chinese forest’s woody plant diversity. Importantly, con-
nese forest plots to data on current and Last Glacial Maxtemporary factors are of overriding importance for functional
imum (LGM) climate as well as local disturbance regimes diversity, while paleoclimate has left a strong signature in the
to study their relative roles in determining woody plant phy- phylogenetic diversity patterns.

logenetic and functional diversity in this important hotspot

for woody plant diversity. Local disturbance was the best

predictor of functional diversity as represented by maxi-

mum canopy height Hmax), probably reflecting the dom-

inant role of competition for light in determining the for-
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1 Introduction mate via climatic niche conservatism (Wiens and Graham,
2005; Losos, 2008) or paleoclimatic effects on diversifica-
How biodiversity is generated and maintained is a central istion (Dynesius and Jansson, 2000). Climatic niche conser-
sue in ecology (Ricklefs, 1987; Pennisi, 2005; De Aguiar etvatism may also result in paleoclimatic effects via dispersal-
al., 2009; Tittensor et al., 2010). Traditionally, emphasis hadagged climate-change-induced range dynamics (Hortal et
been on local forces such as competition, abiotic filtering andal., 2011). In contrast, functional community structure may
predation (Chesson, 2000; Svenning et al., 2004; Chen et alhe more strongly related to contemporary ecological pro-
2010), but historical factors (e.g., paleoclimate) and relateccesses, e.g., succession (Purschke et al., 2013).
regional processes (speciation, extinction and dispersal) are Additionally, assembly mechanisms may differ among or-
increasingly also considered (Dynesius and Jansson, 200@anisms due to differences in dispersal ability or other func-
Sandel et al., 2011; Kissling et al., 2012). tional traits (Sandel et al., 2011; Lindstrom and Langenheder,
Many studies have considered the roles of local factors2012). In northeastern China, tree species richness was found
in determining diversity and structure in tropical, subtropi- to be mainly constrained by climate, while shrub richness
cal, and temperate forests (Svenning et al., 2004; Chen atias more correlated to local factors (Wang et al., 2009a).
al., 2010; Zhu et al., 2010; Wang et al., 2011). For instance ,Therefore, trees and shrubs may also exhibit different phy-
in one tropical forest, spatial location, environmental factorslogenetic and functional patterns across Chinese forests, but
and past land use were all found to have important impactshis has so far not been studied.
on species composition (Svenning et al., 2004). Moreover, Here, we linked data on woody plant communities in Chi-
strong effects of current climate have been found in stud-nese forests to data on local disturbance (representing succes-
ies spanning larger geographic extents (Wang et al., 2009aional dynamics), current climate, and paleoclimate (climate
b). At such scales important imprints of historical regional shifts between the LGM and now) to assess their relative
factors have also been found (Latham and Ricklefs, 1993roles in determining functional and phylogenetic diversity in
Ricklefs et al., 1999; Greve et al., 2011; Kissling et al., 2012;these ecosystems. We also tested if these relations differed
Rakotoarinivo et al., 2013). between the two main growth forms: trees and shrubs.
However, these studies mainly focused on species rich-
ness, which ignores ecological and evolutionary differences .
among species. During the past decade, forest ecologist¥ Material and methods
have increasingly used phylogenetic and functional infor-
mation to provide novel insights into studies on commu-
nity ecology (Webb et al., 2002; Kunstler et al., 2012; Mi .
et al., 2012; Swenson, 2013). Overall, phylogenetic patternsz'l'1 Forest communities
should reflect the imprints of evolutionary and biogeographicgqest community data was mainly collected from the Chi-
history on community structure (Kellermann et al., 2012a; hase Forest Biodiversity Monitoring Network (CForBio,
Kellermann et al., 2012b; Kissling et al., 2012). In contrast, http://www.cfbiodiv.org, which aims to study mechanisms
funf:tional traits should be directly Iinkgd to ongoing €CO- ynderlying biodiversity and community structure in Chi-
logical processes (Swenson, 2013), while phylogenetic pathege forests, with additional data from other published stud-
terns would only indirectly (via niche conservatism) or not jes |, total, data were included from 11 forest plots across
(Purschke etal,, 2013) relate to these. _China (Table A1, Fig. 1). The plots were located in forest
China is a global hotspot for plant diversity (L6pez-Pujol 1y heg ranging from temperate forests to subtropical and trop-
etal., 2006) and harbors a broad range of forest types (Qiaft4| forests, spanning tree diversities from 8 to 342 woody
and Ricklefs, 1999); its temperate forests are the most digpecies. Generally, plots in southern China have more precip-
verse on Earth (Qian and Ricklefs, 2000). The high speciesation and more complex topographic variation (Table Al;
richness has been attributed to high levels of topographic hetQian and Ricklefs, 1999). All woody individuals with diam-
erogeneity, strong connectivity to the tropics, and more stableyer at breast height (DBH) 1 cm were measured and iden-
paleoclimate with less influence of the Pleistocene glaciayifieq to species when possible. Here, we used the species list
tions than in other temperate areas such as much of Northg gpecies abundance data from each plot, representing a
America (Qian and Ricklefs, 1999, 2000). Previous studiesygtq) of 1102 species and 495 815 individuals, among which

have investigated woody plant species richness patterns igymnosperms constitute 16 species and 23 940 individuals.
forests across China and did find important roles of both cur-

rent and historical factors (Qian and Ricklefs, 1999; Wang2.1.2 Phylogenetic tree

et al., 2009b). However, large-scale variations in phyloge-

netic and functional woody plant community structure acrossA phylogenetic tree (see Supplement) including the 1102

China have hitherto remained unstudied, but are the focuspecies was constructed by the plant phylogeny database
of the present study. Overall, one may predict that phyloge-Phylomatic (Webb and Donoghue, 2005), which uses the
netic structure should primarily reflect current or paleocli- Angiosperm Phylogeny Group 11l (2009) classification. The

2.1 Data
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2.1.4 Environmental data

Data on current climate came from the WorldClim database
(Hijmans et al., 2005). Here, we considered mean an-
nual temperature (MAT), maximum temperature of warmest
month (MTWM), minimum temperature of coldest month
(MTCM), mean annual precipitation (MAP), precipitation
of wettest month (PWM) and precipitation of driest month
(PDM). We used the finest-resolution current climate layers
available, i.e., 0.00833 We represented paleoclimate fac-
tors using the MAT anomaly (present-day MAT from World-
clim — LGM MAT from a paleoclimate model) and the ve-
locity of MAT (the ratio of the temporal MAT gradient to
the spatial MAT gradient, Loarie et al., 2009; Sandel et al.,
2011). Both used the mean of the Community Climate Sys-
tem Model version 3 (CCSM3) and Model for Interdisci-
- plinary Research on Climate version 3.2 (MIROC3.2) paleo-
Fig. 1. Locations of the 11 forest plots: Liangshui (LS), Jiache climatic simulations for the Last Glacial Maximum (LGM,
(JH), Changbaishan (CBS), Taiyueshan (TYS), Dujiangyan (DJY),0.021 Mya). CCSM3 is a coupled climate model, which
Ailaoshan (ALS), Xishuangbanna (XSBN), Dinghushan (DHS), has components representing the atmosphere, ocean, sea ice
Gutianshan (GTS), Baishanzu (BSZ). and land surface connected by a flux coupler (Collins et
al., 2006). MIROC3.2 includes a T42 global atmospheric
. ] spectral model and a medium-resolution ocean model (K-1
BLADJ (branch length adjustment) algorithm was used to\odel Developers, 2004). Both of these models have been
estimate phylogenetic branch lengths using Phylocom 4.1 iqely used in recent macroecological studies (Sandel et
(Webb et al., 2008). To investigate the difference betweeny| 2011: Kissling et al., 2012; Rakotoarinivo et al., 2013;
trees and shrubs, we also built two phylogenetic trees usingmith et al., 2013). The CCSM3 model had an initial reso-
the same method, with one including 570 species of trees anftion of 1.4 at the Equator, and the MIROC3.2 has a reso-
the other including 167 species of shrubs (365 spp. withoujytjon of 2.8125. These estimates were provided by World-
a clear growth form assignment). Species-level informationciim calibrated and statistically downscaled to a resolution
on growth form (shrub or tree) came from Flora of China ot 0.04167 using the WorldClim data for current climate
(http:/fwww.efloras.orgl (http:/Avww.worldclim.org/padt All climate variables were
processed in ArcMap 10.1.
Local disturbance (disturbances in these plots were mainly

Functional community structure was computed based on élatural disturbances, such as natural fires, typhoons and ice

single functional trait of key importance in plant commu- storms, as all the plots were built in core areas of natur.al
nities, maximum canopy heigh#ay). Other traits, such reserves or natural forests) was presented by the proportion

as seed size, wood density, leaf related traits, are also ime light-demanding species (LDSR) (Molino and Sabatier,

portant for plant communities, bufmay was the only trait ~2001)- Species were scored as light-demanding- 846
broadly available for the study specié&nay of each species spp.) primarily based on their habitat descriptions (occur-
was recorded from Elora of China. and. in total. we found "€N¢€ in open forest or in disturbed, anthropogenic habitats)

Hmay information for 958 species:(= 559 tree spp., 161 in FIora_of China (Feng et al., 2014). Finally, to accqunt for
shrub spp. and 238 spp. without a clear growth form assign-the varying plot areas (Table Al), plot area was also included

ment). A similarity distance matrix foHmay Of all species S @n explanatory variable in the modeling.
was then constructed, comparing tHgax values for all pairs

. i o X 2.2 Methods
of species using Euclidian distance. Subsequently, we con-

ducted a cluster analysis (complete linkage method that find:-‘rhe net relatedness index (NRI) (Webb et al., 2002) was used

similar clusters) of this distance matrix and constructed a quantify phylogenetic community structure (NRY).
dendrogram (see Supplement) based on the results of clustgf, o tormula is

analysis. Finally, two similar functional trees were computed
just for trees and shrubs. MPDgps— meanMPDRng

NRI = —1 :
x SAMPDing

2.1.3 Functional trait data

where MPDQs is the observed mean phylogenetic distance
(MPD) of a plot, meanMPRq is the mean MPD of the
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null models (shuffle distance matrix labels), and sdgD els, so models accounting for spatial dependence were not
is the standard deviation (SD) of MPD of the null models. implemented.
MPD mainly reflects the deep phylogenetic structure in a Considering bivariate rank correlations, functional com-
phylogeny. In other words, MPD is usually thought to be munity structure (NRiyn) was only significantly correlated
more sensitive to the tree-wide patterns of phylogenetic overwith proportion of light-demanding species (LDSR), no mat-
dispersing or clustering (Webb et al., 2002; Swenson, 2009jer if species abundances were considered or not, and al-
than to the structure near the tips. As the deeper parts afvays so that functional clustering increased with increas-
the phylogeny used are well supported, coming from An-ing proportions of LDSR (Table 1). In contrast, phylogenetic
giosperm Phylogeny Group Il classification, there shouldstructure (NRpyy) was significantly and positively corre-
not be any important bias in NRI measures caused by théated with the LGM—present MAT anomaly in most cases,
limited tip resolution in the phylogeny used. Functional di- i.e., phylogenetic clustering tended to increase with increas-
versity was calculated in the same way as NRI (Swenson anthg late Quaternary temperature change. pilwas also
Enquist, 2009), but using the functiondl,ax-based dendro-  significantly correlated with current MAT and LGM—present
gram described above (NRJn). Both abundance weighted MAT velocity in some cases, except for NRl gym_ps
and presence—absence based fNRIand NREyny were  which had no significant relations with any variables (Ta-
computed (indicated by _ab and _pr subscripts). As phylo-ble 1).
genetic outliers may strongly influence phylogenetic com- Considering single-predictor OLSs, NRRl was also best
munity structure (Letcher et al., 2012; Feng et al., 2014),explained by LDSR, while NRyy considering angiosperms
NRIpyy was furthermore computed including both gym- was best explained by the LGM—present MAT anomaly and
nosperms and angiosperms or only angiosperms (indicatedurrent MAT. Again, functional clustering increased with
by gym and _ang subscripts). LDSR, while phylogenetic clustering increased with the in-
To avoid including large numbers of correlated variablescreasing late Quaternary temperature shift. No significant re-
in the later analyses, we conducted a correlation analysis ankhtions were found for NRIyy with gymnosperms included
removed redundant climate variables. Spearman correlatiofiTable 2, Fig. 2).
between each diversity index and explanatory variable was Considering both one- and two-predictor OLSs, LDSR
used to assess pairwise relationships. Ordinary least squarésd the strongest support for functional community struc-
models (OLSs) were applied to fit the relationship betweenture, while the LGM—present MAT anomaly was the most
each diversity index and all combinations of 1 or 2 explana-important factor for NRéyy considering only angiosperms
tory variables. More complex models could not be fit with the (Table 3), and again with similar relations as indicated by
available sample size. Model explanatory power was reprethe bivariate correlations and single-predictor OLSs. No par-
sented by adjuste&?, while the small-sample-size corrected ticular variable was strongly supported for NRY with
version of the Akaike Information Criterion (Algwas used gymnosperms included, although the LGM—present MAT
to select the best model for each diversity index. The over-anomaly was among the most supported (Table 3).
all multi-model support for a given explanatory variable was Tree and shrub communities showed different functional
estimated as the summed Akaike weights €alculated by  and phylogenetic patterns (Table 4). Generally, for NRI
“importance” function) for all OLSs including this variable. the bestand only important predictor was LDSR for trees and
We used Moran’d test to check for spatial auto-correlation current MAP and MAT for shrubs. Although no significant
(SAC) in the residuals of all OLSs. relationships for growth-form-specific phylogenetic structure
The statistical calculations were performed in R 2.15.1 (Rto any of the explanatory variables were found, the LGM—
Development Core Team, 2010) using the packages picantpresent MAT anomaly again tended to be among the more
(Kembel et al., 2010), spdep (Dormann et al., 2007), psclimportant for phylogenetic structure of shrubs, but not for
(Jackman, 2010) and MuMiIn (Barton, 2010). trees (Table 4).

3 Results 4 Discussion

There were high correlations with groups of the environmen-For woody plant communities in forests across China, phy-
tal variables representing paleoclimate and representing cutegenetic and functional (as represented by variation in max-
rent climate (Table A2). In the following, we therefore used imum canopy height) community structure show highly di-

MAT to represent current temperature (correlations betweervergent relations to potential driving factors, with the for-

MAT and MTWM and MTCM were 0.69 and 0.98, respec- mer most-strongly constrained by paleoclimate and the lat-
tively) and MAP to represent current precipitation (correla- ter most-strongly determined by contemporary local ecolog-
tions between MAP and PWM and PDM were 0.96 and 0.93,ical dynamics. Hence, these two key aspects of woody plant
respectively). The residuals of most of the OLSs had no spadiversity appear to be predominantly shaped by divergent
tial autocorrelation, except for a few weakly supported mod-assembly mechanisms, i.e., climatic niche conservation for
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Table 1. Spearman correlationssf between each diversity index and each explanatory variablep¥RIfunctional Hmax) NRI, and
NRIpHy: phylogenetic NRI, based on either presence—absegprer(abundancesf) with gymnospermsgym) or only considering an-
giosperms4ng). Significant values are given in boli;p < 0.05;** p < 0.01.

rs Velocity ~ Anomaly MAT MAP LDSR Area
NRIFUN_pr 0.02 —0.04 0.40 0.48 0.64° -0.40
NRIFUN ab 0.09 0.08 0.38 0.57 0.65° -0.51
NR|pHy:ang_pr 0.57 0.72 -0.69° -0.49 -0.35 0.11
NRIpHY ang ab 0.61* 0.82* —-0.66° -0.32 -0.38 0.05
NRIpHY gym_pr 0.32 0.27 -0.13 -0.22 -0.18 0.27

NRIPHY gym_ab 0.45 0.6 —0.16 0.35 —0.03 0.34

Table 2. Adjusted R? for single predictor OLSs of each diversity index against each explanatory variable. Significant values are given in
bold;* p < 0.05;** p < 0.01.

Velocity Anomaly MAT MAP LDSR Area

NRIFUN_ pr —011  -010 013  0.26 0.62* —0.02
NRIFUN ab —011  -011 015 0.37 043 —0.04
NRIPHY ang_pr 0.11 0.38 055* 028  0.09 —0.03
NRIpHY ang_ab 020 053* 034 -002 002 -0.08
NRIpHY gym pr ~ —0.04 0.03 000 004 —0.03 0.06
NRIpHy gym ab  0.15 020 —0.11 003 —0.09 0.7

Table 3. Summed Akaike weightsu() for each predictor variable based on all possible single- and two-predictor OLSs. Variables with
w > 0.50 are given in bold.

Velocity Anomaly MAT MAP LDSR Area

NRIFUN_ pr 0.05 005 006 0.09 095 0.10
NRIFUN ab 0.06 008 012 0.32 054 0.09
NRIPHY ang_pr 0.06 052 045 046 006 0.06
NRIpHY ang_ab 0.08 082 016 011 018 0.05
NRIpHY gym_ pr 0.11 015 013 016 011 0.9
NRIpHY gym_ab 0.21 033 012 017 008 0.5

Table 4. Adjusted R? for single-predictor OLSs of each diversity index for the two functional groups (trees and shrubs) against each
explanatory variable. Significant values are given in bdlg; < 0.05.

Velocity Anomaly MAT MAP LDSR Area

NRIFUNTIEE ap —0.08 0.02 -0.08 -0.08 0.11 -0.04
NRIguNShrub ap -011  -0.09 -0.08 003 -0.06 -0.11
NRIFUNTree pr —0.09  -004 -011 -0.04 035 —0.09
NRIFUNShrub pr ~007  -0.05 032 037 004 -0.11
NRIpHY angree ap -0.09 -003 000 0.7 —0.08 -0.03
NRIpHy_angShrub ap 0.06 011 006 -0.03 002 -0.07
NRIpHY angTree pr -011  -0.10 -011 -011 001 0.5
NRIpHy anghrubpr  —0.03 0.13 0.01 -0.11 -0.03 -0.08
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Fig. 2. Scatter plots of each diversity index against its best predictor. Linear regression fits are given for significant relationshipg. NRI
functional (Hmax) NRI, and NRppy: phylogenetic NRI, based on either presence—-abseggpcer(@abundances) with gymnospermsgym)
or only considering angiospermg(.

phylogenetic diversity and disturbance for functional diver- scape in southern China and concluded that this might reflect
sity, acting on very different spatiotemporal scales. Growth-the important role of competition for light in determining
form specific relations were generally weaker and less conforest structure. Across Chinese forests there was increas-
sistent, perhaps reflecting reduced species-wise sample sizegy functional clustering and thus decreasing variability in
as well as growth-form specific dynamics. Hmax With increasing LDSR. Notably, the standard devia-
Functional structure in this study was only represented bytion of Hpyax of the 30 % most abundant species in the four
Hmax. Maximum canopy height is a key component of plant plots with the highest LDSR was 7.6, while it was 10.8 in the
ecological strategies (Westoby, 1998), because it reflects thour plots with the lowest LDSR, even after excluding the
ability to compete for light, especially in dense, tall vegeta- TS plot (with the lowest LDSR and the higheS,ax stan-
tion such as forests, and may also be correlated with othedard deviation, 40.3) due to its low number of species8
traits such as canopy area, leaf mass per area, leaf area ratia, total). Studies from other areas and vegetation types have
metabolic rates, and dispersal ability (Enquist et al., 1998;also found functional clustering to increase with disturbance
Falster and Westoby, 2003; Moles et al., 2009; Thomson efCianciaruso et al., 2012; Purschke et al., 2013).
al., 2011). Nevertheless, it is important to note that other as- A global study of plant height patterns showed that pre-
pects of functional diversity may very well show other geo- cipitation in the wettest month was the best predictor of
graphic patterns and ecological relationships (Wright et al.,height (Moles et al., 2009), which is partly consistent with
2007; Swenson and Weiser, 2010). In the present case, fun@ur finding as the annual precipitation (highly correlated with
tional NRI was most correlated with the proportion of LDSR, the precipitation in the wettest month) was the second best
an indicator of local-scale disturbance dynamics (Molino andpredictor for Hmax-defined functional NRI. Furthermore, the
Sabatier, 2001; Feng et al., 2014). In a smaller study are&rend towards increasing clustering with increasing temper-
(8107 ha), Feng et al. (2014) also found LDSR to be wellature and precipitation (Table 1) also agreed with Moles et
linked with functional diversity in a subtropical forest land- al. (2009) who found that cold, dry, and low productivity
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systems tended to have species with a wide range of heigltity, acting on very different spatiotemporal scales. Func-
strategies, perhaps reflecting more shady conditions and irtional structure was more determined by contemporary local
creased competition for light under warm, wet conditions.  dynamics, while paleoclimate was more important for phylo-
Long-term historical factors have been reported to be wellgenetic structure. These differences are consistent with the-
correlated with various aspects of diversity at large geo-oretical expectations, i.e., phylogenetic patterns reflect bio-
graphic scales (Jansson, 2003; Kissling et al., 2012; Sandel gfeography history and functional structure reflect ongoing
al., 2011; Rakotoarinivo et al., 2013). Notably, several stud-ecological processes, and the few existing empirical stud-
ies have found the phylogenetic community structure to beles (Kissling et al., 2012; Purschke et al., 2013), pointing
strongly shaped by historical factors (Kissling et al., 2012).to their potential wider generality. Many further studies will
As a key example, Kissling et al. (2012) find that global be needed for assessing this. Furthermore, functional diver-
patterns in phylogenetic structure for country-level palm as-sity in the present study was represented by a single — albeit
semblages is strongly linked to deep-time Cenozoic climatevery important — functional trait, namely, maximum canopy
change, while there are also imprints of Quaternary climateheight. Other aspects of functional diversity may well re-
change within some biogeographic regions. Notably, a strondlect different determining factors, e.g., interactions among
increase in clustering with increasing LGM—present MAT traits or climate (Wright et al., 2007; Swenson and Weiser,
anomaly is found within South America. Hortal et al. (2011) 2010). As both phylogenetic structure and functional traits
found a similar relation for scarab beetles within Europe, may affect forest ecosystem functioning and ecosystem ser-
and a consistent pattern emerged for Chinese forest’'s woodyvices, our findings illustrate that these may be shaped by both
plant communities in the present study. Considering only andocal contemporary and long-term regional processes.
giosperms, we also found an increase phylogenetic clustering
with the LGM—present MAT anomaly. Such a pattern may re-
flect strong filtering on phylogenetically conserved traits by Supplementary material related to this article is
the Pleistocene glaciations (Hortal et al., 2011). While eastavailable online athttp://www.biogeosciences.net/11/
ern Asia was less affected by the Pleistocene glaciations thah361/2014/bg-11-1361-2014-supplement.zip
Europe or North America, these nevertheless caused massive
vegetation changes and retraction of forests (Yu et al., 2000;
Liu et al., 2003, 2013). The much weaker and often inconsis-

tent patterns that resulted when gymnosperms were includeg knowled hank Bi ina f f usi
probably reflect the potentially strong effects of such phylo-olC nowledgementsive thank Bingyang Ding for support of using
. . . - ata from the Baishanzu plot, Mide Rao for the improvement of the

genetic outlier groups on phylogenetic community structurey ¢ .4 Dongmei Jin for the help of building the phylogeny trees.
(Letcher etal., 2012; Feng et al., 2014). We are grateful for economic support from the Chinese Scholar-

Tree and shrub communities showed substantially differ-ship Council (file no. 201204910187 to G. Feng), the European
ent patterns in terms of functional structure, which was inResearch Council (grant ERC-2012-StG-310886-HISTFUNC to
line with previous studies about species diversity (Wang etJ.-C. Svenning) and the Danish Council for Independent Resgarch
al., 2009a; Sandel et al., 2011) and further emphasized th8latural Sciences (grant 12-125079 to J.-C. Svenning).
importance of considering different taxonomic and func-
tional groups regarding assembly mechanisms (LindstronfFdited by: K. Thonicke
and Langenheder, 2012). High correlation between LDSR
and Hpax-defined functional NRI was only found in tree
communities, while MAP was the best predictor of this mea-

sure for shrub communities. Wright (1992) argued that UN-Angiosperm Phylogeny Group IIl.: An update of the Angiosperm
derstory shrub diversity is critically affected by dry sea-  phylogeny Group classification for the orders and families of
son rainfall, which may explain the particular importance flowering plants: APG Ill, Bot. J. Linn. Soc., 161, 105-121,
of MAP for shrub functional NRI. For growth-form-specific 2009.

phylogenetic structure, we did not find significant relations Barton, K.: MuMin: Multi-model inference R package [version
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sistent and often weak relations for the growth-form-specificBivand, R.: spdep: spatial dependence: weighting schemes, statis-
diversity measures may simply reflect the lower species-wise_ !ics and models, 2007.

sample size for these subsets and thus greater sensitivity {g"e" b Mi. X, Comita, L. S,, Zhang, L., Ren, H., and Ma, K. -
- Community-level consequences of density dependence and habi-
stochastic processes.

dv sh hat f . | db . tat association in a subtropical broad-leaved forest, Ecol. Lett.,
Our study shows that functional (as represented by varia- 13, 695-704, 2010.
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Appendix A

Table Al. General information of 11 forest plots in China. No.species: number of species in each plot. Anomaly: LGM—present MAT
anomaly. MAT: mean annual temperature. MAP: mean annual precipitation. LDSR: proportion of light demanding spegigsg: fRt-

tional (Hmax) NRI, and NRpHy: phylogenetic NRI, both based on either presence—absgpcer(abundancesyf) with gymnosperms

(gym) or only considering angiospermgng).

ALS BSzZ CBS DHS DJY GTS JH LS TS TYS XSBN
No. species 68 152 50 198 98 158 48 45 8 21 342
Longitude 101.03 119.2 128.08 112.54 103.45 118.12 127.74 128.89 87.47 112.15 101.58
Latitude 2454 27.76  42.38 23.17 30.73 29.25 4396 47.18 43.43 36.69 21.61
Area (ha) 6 5 25 20 5 24 42 9 8 1.96 20
Velocity 0.3 2.23 4.35 0.63 0.58 1.88 0.85 2.28 0.27 0.67 0.39
Anomaly 2.65 5.8 5.6 2.4 3.4 5 5.65 5.55 2.9 4 2.2
MAT 13.2 114 2.3 20.9 15 14.4 2.6 0.8 25 6.5 21.9
MAP (mmyear 1) 1116 2147 693 1698 1202 1935 671 648 239 588 1575
LDSR 0.1 0.32 0.04 0.43 0.29 0.37 0.05 0.18 0 0.1 0.13
NRIFUN_pr -0.23 1.33 -1.13 2.32 2.33 213 -229 -219 -132 -0.15 -292
NRIFUN ab 1.12 141 -1.54 0.62 1.48 0.34 —-1.77 -1.49 -4.78 -05 -2.29
NR|pHy:ang_pr —0.36 1.71 4.77 0.43 2.62 0.08 5.2 2.99 1.64 3.6-0.75
NRIpHY ang ab 1.7 2.3 3.38 -0.66 0.79 0.66 3.44 1.88 —-0.6 294 -0.74
NRIpHY gym_pr —-0.34 0.56 2.93 0.98 2.65 0.17 3.19 0.78 0.24 2.3 0.87
NRIpHY gym ab 1.74 2.41 225 -04 0.98 0.65 2.43 0.35 —2.69 —-2.75 -0.49

Table A2. Matrix of correlation coefficients (CorCoe)among the 10 environmental variables. The bold value in each column indicates the
most correlated variable within that column.

CorCoe Velocity Anomaly MAT MAP MTWM MTCM PWM PDM LDSR Area

Velocity 1 0.74 -0.42 0.03 -0.17 -0.44 0.02 0.12 0 021
Anomaly 0.74 1 -0.63 -0.04 -0.32 -0.64 -0.02 0.1 -0.03 0.29
MAT —-0.42 —0.63 1 0.76 0.69 098 0.77 0.58 0.63 -0.1
MAP 0.03 —0.04 0.76 1 0.5 0.77 096 0.93 0.82 0.01
MTWM -0.17 —-0.32 0.69 0.5 1 0.55 0.52 0.4 0.6 0.33
MTCM —-0.44 —0.64 0.98 0.77 0.55 1 0.76 0.61 0.62 -0.2
PWM 0.02 —0.02 0.77 0.96 0.52 0.76 1 082 0.79 0.03
PDM 0.12 0.1 0.58 0.93 0.4 0.61 0.82 1 0.79 0.07
LDSR 0 —0.03 0.63 0.82 0.6 0.62 0.79  0.79 1-0.1
Area 0.21 0.29 -0.07 0.01 0.33 -0.2 0.03 0.07 -0.1 1
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