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I. INTRODUCTION

NATURE OF THE STUDY

The Klamath Region, between the sc
cade Range and the Pacific Ocean in sout
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Fie. 1.

Map of Siskiyou Mountains of California and Oregon in relation to other, adjacent ranges

Major study areas on three parent materials within the Mixed Evergreen Forest Region are outlined m](i
marked w1th‘¢'.1fcled letters: (D) the diorite area, (S) the serpentine area, (G) the area of gabbro and
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A further problem to which such measurements
may be applied is that of degree of differentiation of
the communities along an environmental gradient.
“Half-changes” in a rather crude form were suggested
in a previous study (Whittaker 1956) as a basis of
such measurement. A quite different approach has
been suggested as the “index of biotal dispersity” of
Koeh (1957).

The simplest measurement of beta diversity may be

the relation,|8 = ,lin which « 1s the diversity value
o

for an individual sample and ¥y that for the sample
resulting from merging a number of Individual sam-
ples from a community pattern or coenocline. Thus,
comparing Fisher alpha measurements for average
numbers of tree species and individuals in individual

camnloc  sirith thoaco £ar tvoo cnosioc and individnale
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Alpha, beta and gamma diversity

Robert H. Whittaker
© Cornel University Library

h (alpha) diversity
A number of species in the sample

I (gamma) diversity
A number of species in the region,
dataset

I (beta) diversity
A change in species composition
among samples

A compositional heterogeneity of
the dataset



Oecologia (2009) 159:15-26
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CONCEPTS, REVIEWS AND SYNTHESES

Inventory, differentiation, and proportional diversity: a consistent
terminology for quantifying species diversity

yerald Jurasinski - Vroni Retzer « Carl Beierkuhnlein

a meaningful ecological criterion. Alha and gamma  important distinction, we suggest that beta diversity should

Jurasinskt al. (20090ecologia
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Review & synthesis

A diversity of beta diversities: straightening up a concept gone
awry. Part 1. Defining beta diversity as a function of alpha and
gamma diversity

Hanna Tuomisto
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A diversity of beta diversities: straightening up a concept gone
awry. Part 2. Quantifying beta diversity and related phenomena

Hanna Tuomisto

H. Tuomisto (hanna.tuomisto@utw.fi), Dept of Biology, FI-20014 Univ. of Turku, Finland
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Ecology Letters, (2011) 14: 19-28 doi: 10.1111/j.1461-0248.2010.01552.x

IDEA AND

PERSPECTIVE Navigating the multiple meanings of p diversity: a roadmap for the practicing
ecologist

Abstract r
Marti J. Anderson,’* Thomas 0. Crist,? A recent increase in studies of [ diversity has yielded a confusing array of concepts, measures and methods. Hete, we provide a roadmap
Jonathan M. Chase,> Mark Vellend,* Brian D. of the most widely used and ecologically relevant approaches for analysis through a series of mission statements. We distinguish two types

Inauve 5 Amv | Freectana 8 Nathan 1. Sanders 7 of B diversity: directional turnover along a gradient vs. non-directional variation. Different measures emphasize different properties of
ohasis on presence/absence vs. relative abundance information and the inclusion

(20 1 ECO I Ogy Lette rgleasures in concert can uncover the underlying nature of patterns in B diversity

ssemblages shows the utility of a multi-faceted approach. We advocate careful
consideration of relevant questions, matched by appropriate analyses. The rigorous application of null models will also help to reveal

ECOLOGALEIIERS

Ecology Letters, (2013) 16: 951-963 doi: 10.1111/ele.12141

IDEA AND

A IJIG AW Beta diversity as the variance of community data: dissimilarity
coefficients and partitioning

Abstract
Pierre Legendre'* and Miquel De Beta diversity can be measured in different ways. Among these, the total variance of the community data
Céceres™? table Y can be used as an estimate of beta diversity. We show how the total variance of Y can be calcu-

lated either directly or through a dissimilarity matrix obtained using any dissimilarity index deemed appro-
priate for pairwise compatisons of community composition data. We addressed the question of which
index to use by coding 16 indices using 14 properties that are necessary for beta assessment, comparability
among data sets, sampling issues and ordination. Our comparison analysis classified the coefficients under
study into five types, three of which are appropriate for beta diversity assessment. Our approach links the
concept of beta diversity with the analysis of community data by commonly used methods like ordination
and aNOVA, Total beta can be partitioned into Species Contributions (SCBD: degree of variation of individ-

ual species across the etndv areal and T.acal Contrihntione (TCRD: camnparative indicatare of the ecolnoical

e o Legendre & De &eres(2013)Ecology Letters

analysis or among explanatory data sets by variation partitioning.




Whyto study beta diversity?

Possibilityto infer processes of community assembly from
observed pattern of species distribution

A ecologists are like detectivesobserving criminal scenes (nature),
collecting evidence (describing patterns) and reconstructing how did the
crime happen (processes)

http://www.fictw.com



Community assembly

niche processes dispersal processes



Explanation of community spatial distribution
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Explanation of community spatial distribution
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may be everything is just dispersal...
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Succession on football stadium in Brno
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Explanation of community spatial distribution
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Explanation of community spatial distribution
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or may be both environment and
dispersal?



Explanation of community spatial distribution
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Partitioning of beta diversity among environmental and spatial
variables

environmental RDA. CCA species

S composition
(e.9. pH)

variation

explained by
environment




Partitioningof beta diversityamongenvironmentaland spatial
variables

species spatial variables
composition (e.g. PCNM)




PCNM 1

PCNM 20

PCNM 2

PCNM 55

08

PCNM 3

PCNM 168
w L d
- L
- >
- -
4
- -
* |
. -

PCNM variables generated from gdata

PCNM 4

PCNM 208

BT T ] T T i

°
&



PCNM as a
kaleidoscope...

http://www.amazon.com

http:// wikimedia.org
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Partitioning of beta diversity among environmental and spatial
variables

environmental’ pysy; YNty species spatial variables

(ed;t?)H) composition (e.g. PCNM)

variation
explained by
space

variation

explained by
environment




Partitioning of beta diversity among environmental and spatial
variables

environmental RDA, CCA
data

species spatial variables

composition (e.g. PCNM)

(e.g. pH)

variation > variation
explained by explained by
environment space
N\ A
Y V-J
niche-based dispersalbased

processes ([a]+[b]) processes ([c])



Niche vs neutral processes@utiansharforest dynamics plot

Ecology, %(3), 2009, pp. 663-674
@ 2009 by the Ecological Society of America

Partitioning beta divcrsity in a subtropical
broad-leaved forest of China

PiERRE LEGENDRE,"® X1aNGCHENG M1 Hareao Ren,? Kepivg Ma,” Mvanan Yu,? I-Fang Suw,*

AND FancLang HE®

'Département de Sciences Biologiques, Université de Moniréal, C.P. 6128, Succursale Centre-ville,
Montréal, Québec HIC 307 Canada
*Institute of Botany, Chinese Academy of Sciences, Beijing
*College of Life Sciences, Zhejiang University, Hangzhou
“Center for Tropical Ecology and Biodiversity, Tunghai University, Taichung
3 Department of Renewable Resources, 751 General Services Building, University of Alberta, Edmonton, Alberta T6G 2H1 Canada

Abstract.  The classical environmental control model assumes that species distribution is
determined by the spatial variation of underlying habitat conditions. This niche-based model
T been challenged by the neutral theory of biodiversity which assumes that
is a key process regulating spedes coexistence. Understanding the mechanisms
iodiversity in communities critically depends on our ability to decompose the
ity into the contributions of different processes affecting it. Here we
effects of pure habitat, pure spatial, and spatially structured habitat processes
pns of species richness and species composition in a recently established 24-ha
ot in the subtropical evergreen broad-leaved forest of Gutianshan National
in East China. We used the new spatial analysis method of principal
cighbor matrices (PCNM) to disentangle the contributions of these processes.
ed that (1) habitat and space jointly explained ~53% of the variation in
5% of the variation in species composition, depending on the scale (sampling
iree diversity (richness and composition) in the Gutianshan forest was
olled by spatially structured habitat (24%) and habitat-independent spatial
p); the spatially independent habitat contributed a negligible effect (6%); (3)
ichness and species composition were strongly affected by altitude and terrain
the effects of slope and aspect were weak: (4) the spatial distribution of
orest was dominated by broad-scaled spatial variation; (5) environmental
one hand and unexplained spatial variation on the other (unmeasured
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
spECie ere statisticallv sionificant indica ece habila wvhereas two habita

Legendreet al. (2009)Ecology
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Niche vs neutral processes@utiansharforest dynamics plot

Clorflilc *RABARISELAnNeE A% 4AF Fw
Ecology, %(3), 2009, pp. 663-674

@ 2009 by the Ecological Society of America A
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Partitioning beta divcrsity in a subtropical

Gutianshan Forest Dynamic Plog

. Tree Species ad Their Distribution Patterns
broad-leaved forest of China
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PiERRE LEGENDRE,"® X1aNGCHENG M1 Hareao Ren,? Kepivg Ma,” Mvanan Yu,? I-Fang Suw,*
AND FancLang HE®

Variation Variation
explained by explained
environment by PCNM
=0.307 =0.626
[a] =
0.029
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300 Legend
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Lienhuachih Forest Dynamics Plot (25 ha, Taiwan)
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Chang et al. (2012)ienhuachihSubtropical
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Taiwan Forestry Research Institute.




only
topography

Gutianshar(China)

Variation
explained by
environment
=0.307

Unexplained (residual) = [d] = 0.344

Variation
explained
by PCNM
=0.626

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

Unexplained (residual) = [d] = 0.346




only
topography

Gutianshar(China)

Variation Variation
explained by
environment
=0.307

explained
by PCNM
=0.626

Unexplained (residual) = [d] = 0.344

Lienhuachi{Taiwan)

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

texture)

Unexplained (residual) = [d] = 0.346

Unexplained (residual) = [d] = 0.340




Ecology, 94(10), 2013, pp. 2145-2151
© 2013 by the Ecological Society of America

Better environmental data may reverse conclusions about
niche- and djspersal—based processes in community assembly

4

Li-Wan CHANG,'”> DaviD ZELENY,>® CHiNG-FENG Lt SHAU-TiNnG Chiu, " anp CuanG-Fu Hsien!

nstitute of Ecology and Evolutionary Biology, National Taiwan University, 1 Roosevelt Road, Section 4, Taipei 10617 Taiwan
2Technical Serviee Division, Taiwan Forestry Research Institute, 53 Nanhai Road, Taipei 10066 Taiwan
3 Department of Botany and Zoology, Faculty of Sciences, Masaryk University, Kotlarska 2, Brno 61137 Czech Republic
*Department of Biology, National Museum of Natural Seience, 1 Kuan Chien Road, Taichung 40453 Taiwan

Abstract.  Variation partitioning of species composition into components explained 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 [c] shows that if only topography was
included, broad-scaled spatial variation prevails in [c], indicating that other as yet 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; environmental control; Lienhuachih; multiscale spatial
analysis; soil variables; Taiwan,; topographical variables; variation partitioning.

INTRODUCTION [d] (Borcard et al. 1992). In this framework, variation

Chang et al. (201Fcology



Case study: beta diversity in forest vegetation
along gradient of elevation in Taiwan

elevation
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Sampling

= 100 m

10m

Vegetationdata:
- woody species (DBHI>xxm)

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






