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Abstract
The neutral theory of biodiversity and biogeographyides a promising framework

that can be used to integrate stochastic and dcalqgocesses operating in ecological
communities. Based on the mechanistic non-neutoaeithat incorporates
density-dependent mortality, we evaluated the diewvidrom a neutral pattern in tree
species abundance distributions and explored ¢magires of historical and ecological
processes that have shaped forest biomes. We aahgpdataset documenting species
abundance distributions in 1,168 plots encompasking73 tree species across tropical,
temperate, and boreal forests. We tested whethwgtams from neutrality of species
abundance distributions vary with climatic and dvital conditions, and whether these
patterns differ among regions. Non-neutrality ie@ps abundance distributions was
ubiquitous in tropical, temperate, and boreal ftxesnd regional differences in patterns
of non-neutrality were significant between biom@gecies abundance
evenness/unevenness caused by negative densityegp®r abiotic filtering effects
had no clear macro-scale climatic drivers, althotgghperature was non-linearly
correlated with species abundance unevenness loba gcale. These findings were
not significantly biased by heterogeneity of platal(the differences of plot area,
measurement size, species richness, and the nahinelividuals sampled). Therefore,
our results suggest that environmental filteringas universally increasing from warm
tropical to cold boreal forests, but might affeftedtently tree species assembly
between and within biomes. Ecological processesrgéing particularly dominant
species in local communities might be idiosyncraticegion-specific and may be
associated with geography and climate. This stlidstiates that mechanistic

non-neutral model enables the analysis of thepragrof historical and ecological



processes that influence community assembliestendyinamics of biodiversity.



Introduction

Unravelling the mechanisms that structure ecoldgicenmunities has long been a
central aim in ecology (Hutchinson 1959). The asialpf biodiversity gradients
associated with physical environments has demdedtthe importance of species
packing through local ecological processes sudiabgat selection and energy
availability (Currie et al. 2004). However, undargling anomalous patterns of species
richness under ecologically comparable environmesatgalled “diversity anomalies”,
remains elusive and pose a significant challengetdogists (Jiménez and Ricklefs
2014). Geographical differences in non-neutral esses such as niche diversification,
evolutionary radiation, selective extinction, anspersal are believed to ultimately
generate regional diversity anomalies among logairaunities (Qian and Ricklefs
2000, Harrison and Cornell 2008, Ricklefs and Re2042). Therefore, a key task in
understanding patterns of diversity is to creai@ified framework related to the origin
and maintenance of biodiversity that includes letzlle ecological processes and
regional-scale biogeographical, historical, and@anary processes (Wiens and
Donoghue 2004).

In this context, Hubbell’s (2001) unified neuttléory of biodiversity and
biogeography provides a concrete quantitative fraonk for integrating local- and
regional-scale processes that generate diversagignts and anomalies (Ricklefs 2006).
This theory assumes ecological equivalence ohdlviduals and thereby is formulated
as a process-based statistical model (samplingytheonsisting of four demographic
processes: individual birth, death, dispersal, spetiation (Volkov et al. 2003, Etienne
2005, Etienne and Alonso 2005). Latimer et al. Ba&ed this neutral model to

quantify the importance of speciation and dispersttie highly diverse and endemic



fynbos flora of southern Africa. Jabot and Chav@0@ further developed this model
using phylogenetic information to rigorously estimeegional diversity and
immigration rates. Their analysis stressed the mapce of continental-scale dispersal
events in shaping local diversity patterns of nguitral forests.

Ecologists have not always welcomed this radigapsification of the natural
world (McGill 2010); thus, this theory is sometimegicized as being process-free
(Clark et al. 2008). Nonetheless, the conceptradwtral model also means that the
model can be seen as a mechanistic null model [Garted McGill 2006, Alonso et al.
2006). Additionally, the parsimony of the neutradahel makes neutral theory an ideal
basis from which to infer the influences of compéeological and evolutionary
processes (Alonso et al. 2006). These types offearral models function as heuristic
tools that can be used to evaluate the roles bierémd adaptive radiation in
non-random macroecological patterns. Indeed, readvrdnces in the studies in
neutral-based ecology investigate the impact oidgdependence or environmental
filtering on species abundance distributions (Velkb al. 2005, Jabot et al. 2008, Jabot
and Chave 2011, Rosindell et al. 2012), effectspetiation and long-distance dispersal
on species-area relationships (Rosindell and Clo206B), key innovation effects on
phylogenetic tree topologies (Davies et al. 20ah)Yl community assembly as it is
related to historical processes (Rosindell andiRtate 2011).

Here, we focus on the degree of non-neutralityed species abundance
distributions in local communities across the gldbar aim is to test whether
consistent trends exist in the way communitiesrabg® along environmental gradients
and in different biomes. Previous pioneering stsidigggested that taxon origination

and historical migration may influence regionaletiyences of forest biomes, such as



the area of tropical biomes that persisted througgeological times (Gentry 1988,
Fine and Ree 2006). Another example can be sethie iemperate and boreal biomes
that originated from particular lineages that addyb global cooling and dispersed out
of tropical Asia (as a macroevolutionary sourceh Holarctic regions during the
Miocene (Latham and Ricklefs 1993, Donoghue 208®)eover, many local-scale
studies have shown that the variability of diversiithin and between biomes is
operated by species sorting caused by abioticsséned biotic pressure (e.g. Harms et al.
2000, Gilbert and Lechowicz 2004). Therefore, we logpothesize that tree species
diversity in local communities was shaped by regi@ombinations of in situ
diversification and dispersal, and that the pattérspecies abundance was further
influenced by niche partitioning linked to phyloggic niche conservatism and habitat
conditions (Ricklefs and Renner 2012). Global patef tree communities provide an
opportunity to disentangle the hierarchy of reglaral local influences on anomalies
and latitudinal gradients of biodiversity (ter Sjeeand Zagt 2002).

In this study, we assess the degree of deviatamn & neutral pattern and the
direction of deviation in tree species abundansg&itiutions in relation to
environmental conditions and geography. Specifycale test (1) whether deviations
from neutrality differs among regions that are elctarized by different environmental
conditions, and (2) how deviations from neutratifyspecies abundance distribution
vary with climatic conditions including Quaternaymate changes. Finally, we
determine how macro-scale environmental factorasseciated with the
evenness/unevenness of tree species abundancesamssdhe geographical forces
related to evolutionary and ecological determinahigping forest communities, based

on a conceptual framework unifying regional andalammunity perspectives.



M aterials and methods

Species abundance data

We searched the I1SI Web of Science (Thomson-ReuWtiens York, NY, USA) to find
scientific literature using the following stringelative abundance’ OR ‘species
abundance’ OR ‘community’ OR ‘assemblage’ OR ‘cosipon’ OR ‘diversity or
distribution’. We retrieved 92,678 publications ditéired them such that each study
should: (1) be quantitative, counting tree indidtuwithin a particular plot; and (2)
contain tables of tree species composition. We @#lected web-based information on
forest plots. To complement the data for some regiwe compiled information from
publications in non-indexed local journals usingoGle Scholar
(http://scholar.google.com/). Note that we excludidlies that investigated only
dominant species and/or that summarized rare spasitother species.” From each
study, we extracted plot area, minimum measurechelier at breast height (DBH), and
site description, such as geographical locatiaitfde—longitude). The final dataset
comprised 1,168 plots (mean area = 16,715 +53,19%ith different minimum DBH
threshold (mean DBH = 5.52 + 5.82 cm) from 251 wdlial sources (Supplementary
material Appendix 1 provides a list of the studresuded; Appendix 2 provides
detailed plot information). Appendix 3 also shoWws patterns of plot area, minimum
measured DBH, species richness, and the numbadividuals sampled in forest plots.
Species taxonomy was standardized using The PisinfHttp://www.theplantlist.org/).
The dataset comprised data from 3,572,064 indiVigtaas of 16,973 species. From

these data, species abundance distributions wavendor each forest plot (Appendix



4).

Environmental data

The 1,168 plots were classified into seven geogdcaphegions: three in the Holarctic
(Nearctic, Eastern Palearctic, and Western Palepgestd four outside of the Holarctic
(South America, Africa, Indo—Pacific, and Australi@he plots that lie outside of the
Holarctic were mostly tropical (between 23° Rrand 23° 27S). For each plot, we
compiled five environmental variables (Supplemegntaaterial Appendix 2). Mean
annual air temperature (°C), precipitation (mm)] afevation (m) were extracted from

WorldClim (http://www.worldclim.org) for each gricell that contained a plot at a

resolution of 0.5° latitude by 0.5° longitude. Mesintemperature (°C) and mean
annual precipitation (mm) in the last glacial manimwere also obtained from the
same database. Historical climate stability wasudated as the differences between the
present day mean annual temperatures (°C) and katotaigprecipitation (mm) and

those of the last glacial maximum, representingdibgree of Quaternary climate

changes.

Statistical analysis

Extreme care must be taken when interpreting tipeajance of neutrality or
non-neutrality in species abundance distributiondirg the degree to which real
communities are approximately non-neutral is esslefitherefore, we evaluated the
effect size of non-neutrality to avoid dichotom@uguments of neutrality versus

non-neutrality (e.g. null hypothesis tests of nalitty).



Neutral and non-neutral models

Hubbell’s neutral models assume that a local conityiisiconnected to a larger
metacommunity, and claims that the species aburddistribution is shaped through
the interplay of birth/death processes, dispeesal, speciation. Etienne (2005)
developed an explicit sampling formula for Hubtsefieutral model with dispersal
limitation. The neutral model consists{fundamental biodiversity number) and
(species immigration probability from a metacomntyniNote that is defined as two
times the product of the speciation rate and theacoenmunity size (Hubbell 2001),
thus being closely related to the diversity of tbgional species pool. Based on this
framework of statistical inference, Jabot and Ch@@4.1) developed a non-neutral
model that assumes that species with different ladipa sizes have different mortality
rates. Specifically, the model incorporates theess of density-dependent mortality
into Hubbell’'s neutral model that formulates thengition probabilities of species

abundances during one time step. The model desdiieeprobability,P;;, that species

gains one individual while specigkses one individual (with # j), and is given by

P, =

NOY' O]
0= g
k=1\""{

+my; |,

where Ni(t) is the abundance of specieat timet, Jis the local community size, and

)(l.(t) is the regional relative abundance of specadimet. J is a new parameter

representing density-dependent mortality, i.e dibgree of deviation from a neutral
pattern in the species abundance distribution. \vef), the observed species
abundance distribution matches the expectation failmbell’s neutral model. Wheh
Is negative, individuals of dominant species fam@eased mortality rates compared

with individuals of rare species, i.e. negativesigndependence (Fig. 1a). Whérs

9



positive, individuals of rare species face incrdasertality rates compared with those
of dominant species (Fig. 1b). Positive densityathelent mortality results in abundance
unevenness, suggesting that an environmentalrfifieffect exists along a gradient of

species fitness in relation to abiotic stresselsatj2010, Jabot and Chave 2011).

Parameter estimation of the non-neutral model

In the present analysis, we fitted Jabot and Clsgi2§11) non-neutral model to the
species abundance distribution for each plot. WeA@gproximate Bayesian
Computation using 100,000 simulated species abwedaistributions for each plot and
retained the posterior distribution é¥alues, using Parthy software (Jabot and Chave
2011). We used a uniform prior distribution fordpn(0 < In@) < 25; and Ink), 0 < In()

< 10. Supplementary material Appendices 2 and #wshe parameter estimateséyim,
ando.

Forest plot data usually include potential biasesh as differences in plot area,
minimum measured diameter at breast height (DBht},species richness sampled in
the plots (Supplementary material, Appendices 23)nd@hese biases could have
confounding effects on the patterns of species ddnre distribution. For example,
large plots are likely to cause an averaging o@nvyironmental heterogeneity and thus
cause the results to look more neutral than smpldgs (Jabot and Chave 2011). Serra
et al. (2013) also indicated that a risk of incotisedetecting the neutrality in cases such
as hyperdiverse communities (e.g. tropical foremtslyor those with a very large
number of individuals. Therefore, we tested forgampling effect based on the
relationships between species richness, numbadofiduals, and the appearance of

non-neutrality §).
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Test for patterns of non-neutrality

To evaluate the regional differences in the paramatthe non-neutral modei)( we
tested the mean values of the parameter estin@tesi¢h region using an analysis of
variance within the two biogeographical realms @idiic and outside the Holarctic).

To evaluate the potential effect of environmentsion-neutrality, we examined the
correlations betweefiand the environmental variables. In the multiphedir regression
model,d in each plot was set as the response variableteamgerature, precipitation,
Quaternary temperature change, Quaternary pregpitehange, and elevation were set
as the explanatory variables. Plot area, minimurasmeed DBH, the number of species,
and log-scaled number of individuals were includedovariates in the model to

control for their variability among plots. To renmethe influence of spatial
autocorrelation in the data, we also added thedigenvector of the geographical
distance matrix among the plots (Diniz-Filho andiB005). To evaluate a non-linear
pattern of the response variable, additionallyexemined the regression models
including the quadratic and linear terms of eleMatiemperature, precipitation,
Quaternary temperature change, and Quaternarypjiegimn change.

All of the explanatory variables were standardietlave a zero mean and unit
variance prior to parameter estimation. The regrasanalyses were applied to the
global dataset as a whole and were also applieatatgtby to the seven regions: South
America, Africa, Indo—Pacific, and Australia mosiibgated in the tropics, and Eastern
Palearctic, Nearctic, and Western Palearctic. Roidine analysis, we tested for
collinearity between the explanatory variables &algalating the determinant of the

correlation matrix (D) as 0.22, the condition ind&t) with a maximum of 2.8, and the
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variance inflation factor (VIF) that ranged fron21.to 1.94, indicating the absence of
multicollinearity in the regression model.

All analyses were performed and graphics genenaed) the R Environment
for Statistical Computing (R Development Core Tezt2) with the ‘car’ (Fox and
Weisberg 2014) for diagnosing multicollinearity aheé ‘geosphere’ (Hijmans et al.

2013) for calculating geographical distance amamgpiots.

Results
Patter ns of non-neutrality in species abundance distributions
Thes value in the non-neutrality model was not sigmifidy correlated with species
richness or the number of individuals (Fig. 2). Nwutrality in species abundances
occurred across tropical, temperate, and boreestei(Fig. 3). Thé values
substantially differed between the regions and diered within the tropics and the
Holarctic (Fig. 4 and Supplementary material Apperid. In South America and the
Indo—Pacific region (including the tropics), ih&alues tended to be positive in the
majority of the plots (Fig. 4). Th&value was greatest in the Western PalearcticoThe
values were negative in 41% of all plots.

Globally and regionally, plot area, minimum meadubBH, the number of
individuals, and species richness were not comgigteorrelated with thé value
(Table 1). Globally or in Africa and the Indo—Pagitheo value was related to
Quaternary precipitation change, but was not styoogrrelated with environmental
variables (Table 1). In Africa, thievalue was positively correlated with temperature
(Table 1). The quadratic terms of temperature anat€ynary precipitation change were

positively correlated with thé value in the global dataset (see Supplementargnmaht
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Appendix 6).

Discussion

Prevalence of non-neutrality in species abundance distributions

Mechanistic process-based models that are useglaie species abundance
distributions have recently been developed withendonceptual framework of neutral
ecology (Etienne 2005, Jabot et al. 2008, JaboChrave 2011). Nevertheless, despite
the availability of an appropriate tool for measgrecological processes, few empirical
studies have attempted to evaluate non-neutraityguthese models (e.g. Chust et al.
2013, Hirao et al. 2013, Qiao et al. 2015). Sangpéfiect is another critical issue that
should be considered when disentangling ecologicalesses; incomplete sampling
can create difficulties in identifying the undengiprocesses of empirical abundance
distributions (McGill et al. 2007, White et al. Z)11In this study, we therefore
accounted for sampling effects by including spedigmess and the number of
individuals as covariates in the analysis. Nonetb&ltropical forests with large
numbers of species (that may generally be equit)al@nd temperate or boreal forests
with few species produced non-neutral patternpéties abundance distributions, and
the regional differences of non-neutrality was gigant between biomes. We also
detected little effects of sampling size on nontraditly, which is in line with the
previous analysis of Qiao et al. (2015). Theseifigs recall that tree species abundance
distributions cannot be regarded simply as a proouandom birth, death and

speciation.
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Ecological processes of non-neutrality in species abundance distributions

In contrast to mechanistic non-neutral model ugetiis study, phenomenological
modelling with statistical distributions is onetbé fundamental tools often used to
evaluate emergent patterns (e.g. log-normal vdogiseries or neutral) in species
abundance distributions (McGill et al. 2007). Sagbhenomenological approach may
overlook signals of non-neutrality, because diffieistatistical distributions also provide
comparable fits (Volkov et al. 2003, Chave 2004pr&limportantly, as shown by White
et al. (2012), the majority of species abundanstitutions follow a log-series that is
consistent with neutral patterns (Hubbell 2001 ci5a predominance of both log-series
and neutrality may convey the idea that non-negitatesses are weak relative to the
influence of stochastic processes caused by eaalodift and dispersal. For empirical
studies, therefore, researchers should pay attetdgithe way in which neutral theory
fails, rather than emphasize the role of ecologicdil and the prevalence of neutrality
(Hubbell 2001). A more fruitful reasoning is to cher that neutral and niche
perspectives are at opposite ends of a continuucoramunity assembly rules (Chase
and Leibold 2003, Gravel et al. 2006).

Beyond a dichotomous view of neutral versus nortraguwe found
geographical patterns of deviations (abundanceressiunevenness) from neutrality.
Our analysis failed at finding a correlation betweleviations from neutrality and
climatic factors. In contrast, Qiao et al. (2015amined the) value in tree species
abundances in 32 plots on mesic mountainous fooé€ikina and reported that
abundance unevenness was positively correlatedatithide and negatively with
temperature. They also suggested that precipitatasinot a limiting factor for tree

species diversity. These contrasting findings mayhie result of differences in
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geographical scales examined between the studiesiriglobal-scale study, the degree
of abundance unevenness and its environmentalrdrilifered among the regions. The
greatest value, observed in the Western Palearctic, migbggsst the influence of
ice-age and anthropogenic disturbances on thergiion of rare species (Svenning and
Skov 2005). Correlations of tldevalue with temperature or Quaternary precipitation
change in some regions suggest that regional ¢trfilsering occurs in relation to
temperature or drought (Fine and Ree 2006). Thesséts indicate that environmental
filtering is not universally increasing from warnopical to cold boreal forests, but
might affect differently tree species assembly leetvand within biomes. Interestingly,
a positive correlation between the@alue and the quadratic terms of temperature
indicates that abundance unevenness frequentlyreccin regions experiencing
climatically benign conditions, as well as in caldegions. Based on large-scale
inventories of tropical forests, Gentry (1988) destoated a global-scale pattern of
species dominance exists related to family-spenifibes, and suggested that species
diversity is associated with in situ diversificatiwithin particular families. Our

findings of non-neutral unevenness in species amecemay reflect an evolutionary
imprint of species radiations in tropical climatienditions (Fine and Kembel 2011).
Additionally, abundance evenness caused by negag¢insity-dependent effects was not
evident in particular regions in relation to clingatonditions, although it became
obvious in areas experiencing greater change ineguary precipitation. Hille Ris
Lambers et al. (2002) did not find significant diffnces in negative density-dependent
mortality among tropical and temperate forests. @sults also supported the idea that
this process may not be prevalent in structuriag 8pecies abundance distributions in

tropical biomes.
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Conclusion

Non-neutral unevenness of tree species abundarasesbiquitous across tropical,
temperate, and boreal forests, and was not lineariglated with macro-scale climatic
factors. These findings suggest that large-scalea@mmental factors drive the
appearance of non-neutrality in species abundaist@dtion, but the processes
generating particular dominant species in local mamities may be more idiosyncratic;
some differences in ecological and/or evolutionagcesses exist among or within
tropical, temperate, and boreal forest commun(tiagrie et al. 2004). Also, the
regional differences of non-neutrality in tree sps@bundance among continents may
contribute to diversity anomalies related to thgioe-specific historical processes that
are tied to geography and paleoclimate (Gentry 1B&8®am and Ricklefs 1993, Qian
and Ricklefs 2000, Fine and Ree 2006). This stlidstrated that mechanistic
neutral/non-neutral models serve as a helpfulwdan ecologists examine the roles of

historical and ecological processes in communisgablies.
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Supplementary material
Supplementary material may be posted as electeppendices on the journal’s

appendix site:

Appendix 1 List of data sources for species abundance data.

Appendix 2 Plot data, including information on the geographdtstribution and

parameter estimates of the neutral and non-neutdkls.

Appendix 3 Distributions of plot area (a), minimum measurd8H)(b), species
richness (c), and the number of individuals sampiddrest plots (d). Note that the

values were log transformed.

Appendix 4 Species abundance distribution (SAD) for each @ot parameter
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estimatesr, ¢, ands) of the neutral and non-neutral models. The nuroberdividuals
(J) and species richnessS)( sampled in each plot are also showrypes of
species-abundance data were also shown (A: abuadd@ncdensity; RA: relative
abundance; RD: relative density). The parametersofneutral model are the number
of individuals (), species richnessS) species immigration probability from a
metacommunity r)), fundamental biodiversity numbe#)( and the deviation from a

neutral patternd). Red and blue indicate positive and negadivalues, respectively.

Appendix 5 Regional differences in the parameters of the meutral modelrg, 9, and
0). The mean values for each region were compariad asalysis of variance within
the two biogeographical realms (in and outsideHbharctic). Values in parenthesis

represent standard error.

Appendix 6 Regression coefficients in a polynomial regressimuel explaining the
global or regional scale patternsdgifior the all plots (N = 1217). Environmental facor
of deviations from neutrality were analyzed by gafieed linear regression models in
which thes value of non-neutrality model was set as a respoasable. Linear and
quadratic terms of elevatioklgv), temperatureTemp), precipitation Prec),

Quaternary temperature chang@et€), and Quaternary precipitation chan@epc) were
set as explanatory variables. Plot aiad), minimum measured DBHS(ze), species
richness §R), log-scaled number of individualsdg.J), and the first eigenvector of a
geographical distance matrix among the plgt®C1) were also included as covariates

to evaluate the effects of plot-data bias amongtbts. Identity-link functions were
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used. Statistical significances of the coefficiam&se tested by Wald tests and

represented by bold (P < 0.05).

Author contributions: YK conceived the study id¥&, BK, and TS collected data; FJ
developed the statistical approach; BK and YK cateldithe analyses; WU and FJ
contributed to interpreting the results. YK wrdbe first draft, and all authors

contributed substantially to revisions.

Figurelegends

Figure 1. Examples of species abundance distribution in fquiesgs. (a) Abundance
evenness with a negativevalue in non-neutrality model. (b) Abundance umsess
with a positived value in non-neutrality model. The number of indials (), species
richness § sampled in each plot, and the deviation from#naé pattern ) are also

shown.

Figure 2. Sampling effects on the appearance of non-neutialiforest plots. (a)
Relationship between the number of individuals éndlues in the non-neutrality
model. (b) Relationship between species richned® aalues in the non-neutrality
model. Grey bars in (a) and (b) indicate the 95%fidence interval od values

estimated by the non-neutrality model.

Figure 3. Geographical pattern of non-neutrality in treecsge abundance distributions.
When¢ is negative, individuals of dominant species fmoeeased mortality rates

compared with individuals of rare species, indiogitihat negative density dependent
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mortality results in abundance evenness. Whismpositive, individuals of rare species
face increased mortality rates compared with tlidgBbminant species, indicating that
positive density dependent mortality related toiemmental filtering results in
abundance unevenness (Jabot and Chave 2011).taheumber of plots in each
region was: Eastern Palearctic, 124; Indo—Pa@fd, Nearctic, 95; South America,

378; Australia, 40; Africa, 143; and Western Padgar 103.

Figure 4. Non-neutral patterns in geographical regions. rfEgeand blue panels indicate
the regions outside and within the Holarctic, resipely. Vertical lines represent the
95% confidence intervals of the mean values whlues for each region. Whéns
negative, individuals of dominant species faceaased mortality rates compared with
individuals of rare species, indicating that negatiensity dependent mortality results
in abundance evenness. Wlieis positive, individuals of rare species face @ased
mortality rates compared with those of dominantcese indicating that positive
density dependent mortality related to environmidiitaring results in abundance

unevenness (Jabot and Chave 2011).
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Table 1. Regression coefficients in the multiple regressimdels explaining the global or regional scaleégwas in non-neutrality’]

for the all plots (N = 1,168). Environmental fac@f deviations from neutrality were analyzed bgeyalized linear regression models
in which thed value of non-neutrality model was set as a respoagable. ElevatiorHev), temperatureTemp), precipitation Prec),
Quaternary temperature chan@et€) and Quaternary precipitation chan@epc) were set as explanatory variables. Plot afeea],
minimum measured DBHze), species richnes§R), log-scaled number of individualsdg.J), and the first eigenvector of a
geographical distance matrix among the plgt®C1) were also included as covariates to evaluateffieets of plot-data bias among
the plots. Identity-link function was used #rStatistical significances of the coefficients evégsted by Wald tests P*< 0.05, **P <

0.01, ** P < 0.001).

Region Elev Temp Prec Q.tc Q.pc Area  Sze R Log.J spPC1
Global -0.02 0.02 0 -0.01 -0.06**  0.01 0.01 0.01 0 0.02
South America 0.11 0.11 0 0.05 -0.01 0 -0.06** 0.02 O -0.05
Africa -0.07 0.15* -0.02 0.04 -0.16* 0.06 0.1 0.09 -0.05 -0.05
Indo-Pacific 0.04 0.06 0.01 —-0.08**  —Q.1*** -0.05 0:04 -0.01 0.09* 0.03
Australia 0.23 -0.06 -0.17 -0.06 0.08 0.13 -0.17 050. 0.05 0.07
Nearctic 0.03 0.22 -0.07 0.22 0 0.08 0.05 0.01 2072 0.03
Western Palearctic 0.01 0.05 -0.02 -0.01 0.01 -0.090.02 -0.17** 0.04 -0.01
Eastern Palearctic 0.13 0.15 0.04 0.08 -0.05 —-0.02-0.07 -0.01 0.05 0.07
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12 Fig.2
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15 Fig.3
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18 Fig. 4
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