Beta diversity pattern of forest vegetation
alongelevation in Taiwan:
what have we learned so far?
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Abstract.  The classical environmental control model assumes that species distribution is
determined by the spatial variation of underlying habitat conditions. This niche-based model
has recently been challenged by the neutral theory of biodiversity which assumes that
ecological drift is a key process regulating spedes coexistence. Understanding the mechanisms
that maintain biodiversity in communities critically depends on our ability to decompose the
variation of diversity into the contributions of different processes affecting it. Here we
investigated the effects of pure habitat, pure spatial, and spatially structured habitat processes
on the distributions of species richness and species composition in a recently established 24-ha
stem-mapping plot in the subtropical evergreen broad-keaved forest of Gutianshan National
Nature Reserve in East China. We used the new spatial analysis method of principal
coordinates of neighbor matrices (PCNM) to disentangle the contributions of these processes.
The results showed that (1) habitat and space jointly explained ~53% of the variation in
richness and ~65% of the variation in species composition, depending on the scale (sampling
unit size); (2) tree diversity (richness and composition) in the Gutianshan forest was
dominantly controlled by spatially structured habitat (24%) and habitat-independent spatial
component (29%); the spatially independent habitat contributed a negligible effect (6%); (3)
distributions of richness and species compaosition were strongly affected by altitude and terrain
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convexity, while the effects of slope and aspect were weak; (4) the spatial distribution of -EDPE:::”ZY
diversity in the forest was dominated by broad-scaled spatial variation; (5) environmental 200 L:Tri d:
control on the one hand and unexplained spatial variation on the other (unmeasured DLanﬁey

environmental variables and neutral processes) corresponded to spatial structures with
different scales in the Gutianshan forest plot; and (6) five habitat types were recognized; a few 100
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Figure 1 World map showing the locations of the 10 permanent forest plots studied in this paper. Details of the forests can be found in
Tables 1 & 2.
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Evergreen Broadleaf Forest Dynamics Plot: Tree
Species Characteristics and Distribution Patterns.
Taiwan Forestry Research Institute.
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only
topography

Gutianshar(China)

Variation Variation
explained by explained
environment by PCNM
=0.307 =0.626
[a] =
0.029

Unexplained (residual) = [d] = 0.344

Lienhuachi{Taiwan)
[a] = [c] =
0.011 0.408

Unexplained (residual) = [d] = 0.346
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Gutianshar(China)

Lienhuachi{Taiwan)

Variation Variation
explained by
environment
=0.307

explained
by PCNM
=0.626

only )
topography 0.029

Unexplained (residual) = [d] = 0.344

Unexplained (residual) = [d] = 0.346

topographyandsoil (16 variables,
including C, N, C/N, pH, 83 Mg, Fe,
Mn, Cu, Zn and P, water content and
texture)

Unexplained (residual) = [d] = 0.340
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Better environmental data may reverse conclusions about
niche- and dispcrsa]—bascd processes in community asscmbl}-'
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Abstract. Variation partitioning of species composition into components explaimed by
environmental and spatial variables is often used to identify a signature of niche- and
dispersal-based processes in community assembly. Such interpretation, however, strongly
depends on the quality of the environmental data available. In recent studies conducted in
forest dynamics plots, the environment was represented only by readily available
topographical variables. Using data from a subtropical broad-leaved dynamics plot in
Taiwan, we focus on the question of how would the conclusion about importance of
niche- and dispersal-based processes change if soil variables are also included in the analysis.
To gain further insight, we introduced multiscale decomposition of a pure spatial component
[c]in variation partitioning. Our results indicate that, if only topography is included, dispersal-
based processes prevail, while including soil variables reverses this conclusion in favor of
niche-based processes. Multiscale decomposition of [¢] shows that if only topography was
included, broad-scaled spatial variation prevails in [¢], indicating that other as vet unmeasured
environmental variables can be important. However, after also including soil variables this
pattern disappears, increasing importance of meso- and fine-scaled spatial patterns indicative
of dispersal processes.

Key words:  dbMEM; dispersal-based processes; envivonmental control; Lienhuachih; multiscale spatial
analysis; soil variables; Taiwan; topographical variables; variation partitioning.
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Sampling

= 100 m

10m

Vegetationdata:
- woody species (DBHI>xm)

Environmentaldata:

- topography(slope, aspect);

- soilproperties (rock/soil ratio, soil
depth)

- soil chemistrygH, conductivity C,
N,Ca, Mg, Kre and PQ?)

- canopyfish-eye photography

Sampling time20122013
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Distribution of localities in Taiwan
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Summary of available data

Number of Number Code of veg

Name Elevatior : o * Vegetation type
species of indiv. type

FT  FengTien 255 30 232 C2A08 FicusMachilusforest

KD} KenDing 285 40 957 C5A14 tropical rockoutcrop forest
LHEG LienHuaChih 800 59 1794 C2A06 MachilusCastanopsiforest
YLN YuanLacNao 1016 59 1056 C2A06 MachilusCastanopsiforest
LJ LongJien 1432 40 838 C2A05 Quercudorest

WJ  Wu-ldie 1643 60 1731 C2A05 Quercudorest

YYH YuanYangHu 1953 34 1551 C2A03 Chamaecypariirest

ZSB ZhenSiBao 1990 52 1053 C2A03 Chamaecyparimrest

PL  Pilu 2274 29 394 C2A03 Chamaecyparitrest

GY GuanYuan 2570 20 362 C2A03 Chamaecyparifrest

" (odes of vegetation types are according to Li ef2013):Classification of Taiwan
forest vegetation.Applied Vegetation Sciencks: 69&7109.

1233pecies data frorKDand LHGwere provided by TFRI (thanks tevilan Chang and
I-FangSun), data fronZ SBoy ShengChiehWu (National Taiwan University)
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NMDS ordination diagram with data from all localities
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Relationship between elevation and, | - and’ -diversity

Gamma & Alpha diversity
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Disentangling the Drivers of p
Diversity Along Latitudinal and
Elevational Gradients

Nathan ]. B. Kraft,22* Liza S. Comita,®* Jonathan M. Chase,® Nathan ]. Sanders,®’

Nathan G. Swenson,® Thomas O. Crist,” James C. Slegen,m*ﬂ Mark Vellend,**? Brad B[Jg.rle_l,13
Marti ]. Anderson,™® Howard V. Cornell,®® Kendi F. Davies,® Amy L. Freestone,”

Brian D. Inouye,“ Susan P. Harn'sun,15 Jonathan A. M}'EFSS

Understanding spatial variation in biodiversity along en\I REPORTS

ecology. Differences in species compositional turnover 2
gradients are often used to infer variation in the process
that sampling alone predicts changes in [ diversity causec
pools. For example, forest inventories sampled along latif
well-documented pattern that p diversity is higher in th
after correcting for variation in pooled species richness (-
disappear. Therefore, there is no need to invoke differe
assembly in temperate versus tropical systems to explain

documented pattems in ecology are that
species richness in local communities gen-
erally declines with increasing latitude and ele-
vation, such that the diversity of many clades
peaks in lowland, tropical areas (1, 2). The mech-

Somc of the most striking and frequently

anism
ficult
opera
graph
declit
could

SCIENCE VOL 333 23 SEPTEMBER 2011 0 10 20 30 40
—' Absolute latitude Elevation (m)

Diversity
50 200

10 20

5

_| r=-0.74, df= 195, p< 0.001 e | r=-0.9, df=6, p=0.002 o
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04 05 0.6 07 08 09

0.6

Fig. 1. Latitudinal and elevational trends in mean «and y diversity for woody plants TRandBldrve a ggmﬁcaﬁ Correlaton bemween lattude ang B Evem‘ty ©)

and elevation and p diversity (D). b diversity is measured as the § partition (B = 1 — @/y).
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Relationship between-diversity and number of individuals

Beta-richness vs number of individuals
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Undersampling
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Undersampling

community

sample individuals
(different color = different species)
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Undersampling community

richness
(synonym to
species pogl

species richness
(synonym taalpha diversity
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community richness = 5 species
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Tuomisto& Ruokolainen(2012)Science

Disentangling the Drivers of p l
Diversity Alor~ ! ~#itsdinal and

Elevational G

Nathan ]. B. Kraft,“?* Liza S. Cc
Nathan G. Swenson,® Thomas O
Marti J. Anderson,** Howard V.
Brian D. Inouye,*® Susan P. Har

Understanding spatial variation in
ecology. Differences in species co
gradients are often used to infer v
that sampling alone predicts chanc
pools. For example, forest invento
well-documented pattern that p d
after correcting for variation in pe
disappear. Therefore, there is no
assembly in temperate versus trof

ome of the most striking a
Sdocumcntcd patterns in eci
species richness in local con
erally declines with increasing lat
vation, such that the diversity of
peaks in lowland, tropical arcas (/,

amag.org SCIENCE VOL 32
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Comment on “Disentangling the
Drivers of 3 Diversity Along Latitudinal
and Elevational Gradients”

Hanna Tuomisto* and Kalle Ruokolainen

Kraft et al. (Report, 23 September 2011, p. 1755) argued that the latitudinal trend in B diversity
is spurious and just reflects a trend in y diversity. Their results depend on the idiosyncrasies of

their data, especially the latitudinally varying degree of undersampling and a local sampling setup
that is not suitable for analyzing drivers of B diversity.

K

dients a
data set
fine-gra
then cat
diversity
sity...an
iation i
whether
data set

=

raft et al. (1) started with the premise
that trends in B diversity are indicative of

First, the value of B diversity in a data set can
be indicative of species responses to environ-

10 1.0
1 ]
000, / B _ P
z 2 8 1 §0.8-
g 1004 > 6- 3 0.6-
© ® g
g 10 24 5041
] o]
@© O
3 = o 202/
w
1 T T T 0 T T u 0 T T T
110 100 1000 10000 1 10 100 1000 10000 1 10 100 1000 10000

Number of sampled individuals per subunit

Fig. 1. The dependency of o and y diversity (A), B diversity (B) and proportional
species turnover (C) on species pool size and within-subunit number of in-
dividuals in 10-subunit data sets. Each color corresponds to a different species
poal size: red, 10 species; blue, 50 species; orange, 250 spedies; black, 1250
species. Each line shows the mean of 1000 replicates where 10 subunits of either
10, 50, 250, 1250, or 6250 individuals were randomly drawn from a log-normal
species-abundance distribution. In (A), the lower line for a given species pool size

shows « diversity and the upper line, y diversity. With a sufficiently large number
of individuals, o and y converge; all subunits were drawn from the same species
pool, so any compositional differences among them are caused by under-
sampling. In (B), the factor by which y exceeds « (By = y/a) decreases with the
increasing number of individuals sampled. In (C), the proportion of species in the
entire set of 10 subunits that does not fit within a single subunit (3p = 1 — a/y)
decreases with increasing number of individuals sampled.
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Coverage—based rarefaction and extrapolation: standardizing samples
by completeness rather than size

3

ANNE CHAO'? AND Lou JosT

! Institute of Statistics, National Tsing Hua University, Hsin-Chu, Taiwan 30043
ZEL'GMI:HgH, Foundation, Via a Runtun, Banos, Tungurahua, Ecuador

Abstract. We propose an integrated sampling

Ogy to COmpa[‘e SpeClES rlChnESS Of a Set Of 2542 ANNE CHAO AND LOU JOST Ecology, Vol. 93, No. 12
completeness (as measured by sample coverage) i1 pag 2 Sizerbased rarefaction and extrapola b) Enlarged plot for size < 976 In (2)
or extrapolation to equal-sized samples can m
- . e . zwioldgmwlh Sacond growth, _
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- - - il 2 £
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Relationship between-diversity and number of individuals

Beta-richness vs number of individuals
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Relationship between-diversity andelevation

Beta-richness (Whittakers beta)
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Rarefaction curves: dependence of number of species on number of
Individuals

Abundance-based rarefaction
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Relationship between elevation and, ! -diversity

Gamma & Alpha diversity
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PCNM variables generated from gdata
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PCNM as a
kaleidoscope...

http://www.amazon.com

http:// wikimedia.org
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http://zmrzlina-misa.cz/retro
http://wikimedia.org/

Partitioning of variance among environment and space

Variance partitioning (absolute values of expl. var.) Variance partitioning (relative values of expl.var.)
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