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[Chinese title of the Foreword: i g — PEBTASFHRE, EFREFEIER—DB1]

Books do not grow on peach trees. This book is the result of a fairly long chain of events and the
collaborative work of many dedicated people.

B Numerical ecology

Numerical ecology is the field of quantitative ecology devoted to the numerical analysis of data,
which are mostly multivariate, with emphasis on community composition data, aimed at
understanding the processes that generate and maintain biodiversity in ecosystems. Many of the
methods used in numerical ecology were developed by ecologists, specialists of classification
methods, geneticists and other researchers who were facing questions about multivariate data in
their fields of study.

The unofficial foundation of Numerical Ecology as a sub-discipline of ecology took place
during a conference that was held in southern France in May 1975, where a dozen or so
ecologists, mostly interested in marine ecosystems, sat during three days in a classroom in the
Station marine de Villefranche-sur-Mer (Université Paris 6, France), a few meters away from the
Mediterranean shore, to discuss a new trend in the ecological literature: the statistical analysis of
multivariate ecological data. The meeting was called “Séminaire de mathématiques appliquées a
["océanographie biologique” [Seminar on Mathematics Applied to Biological Oceanography]
and had a marine ecology orientation. The development of this field from the years 1960’s to the
present has been recounted in an encyclopaedia article by Legendre (2019). The field has
developed thanks to a large number of dedicated scientists working in universities and research
institutes throughout the world, who developed a broad palette of methods of analysis to answer
ecological questions and test ecological hypotheses. Some of their most important
methodological publications are listed in that paper (Legendre 2019).

B Forest dynamics plots

Forest dynamics plots are now found around the world. In 2019, 67 forest plots located in 27
countries are members of the Forest Global Earth Observatory (ForestGEO,
https://forestgeo.si.edu/), coordinated by the Center for Tropical Forest Science (CTFS). The first
plot of the ForestGEO-CTFS network was the Barro Colorado Forest Dynamics plot established
in Panama in 1981 by Robin B. Foster and Stephen P. Hubbell (Hubbell and Foster 1983). The
objective of the network is to advance our understanding of natural forests by repeatedly
surveying forest plots that have been set aside for research around the world, in order to



understand how ecological diversity is generated and maintained in forests in the face of a
changing world.

The ForestGEO Web page lists 14 forest plots in China. Most of them are members of the
Chinese Forest Biodiversity Monitoring Network. How did these plots develop and how was this
network created? Here is a summary of how it happened, based upon information provided to me
by some of the key people who were involved in the development of the Chinese plot network.

In the summer of year 2000, Stephen P. Hubbell travelled to Changbaishan with his wife, the
evolutionary biologist Patricia A. Gowaty, and plant ecologist [-Fang Sun, now Professor at the
Dong Hwa University in Hualien. Hubbell had long been interested in Changbaishan, which is
one the most diverse temperate forests in the world. They also travelled to Beijing and visited the
Institute of Botany of the Chinese Academy of Science to promote the idea of establishing a
forest plot in China following the methodology implemented in the ForestGEO-CTFS network
sponsored by the Smithsonian Tropical Research Institute. Keping Ma was then deputy director
of the Institute of Botany.

In 2002, Fangliang He (University of Alberta, Canada) met a delegation of officials of the
Chinese Academy of Sciences, led by Yivu Chen, Deputy Director General of the Academy, to
discuss the establishment of a network of Chinese forest plots affiliated to the CTFS network. At
the suggestion of Yivu Chen, Fangliang He went to Beijing in the fall of 2003 to discuss his
project of establishing a latitudinal network of plots in China with Keping Ma, the then Deputy
Director of the Institute of Botany.

At the invitation of Keping Ma, Fangliang He, [-Fang Sun and Stuart Davis (from CTFS)
held a two-day workshop in the Institute of Botany in February 2004, with some 25 participants.
Among these were the principal investigators from five Chinese research organizations who were
interested in long-term plot-based research — Shenyang Institute of Applied Ecology: Zhanqging
Hao, Changbaishan plot; East China Normal University: Xihua Wang, Tiantongshan plot;
Zhejiang University: Mingjian Yu, Gutianshan plot; South China Botanic Garden: Wanhui Ye,
Dinghushan plot; Xishuangbanna Botanical Garden: Min Cao, Xishuangbanna plot. During that
workshop, definite plans were made to launch the network of Chinese forest plots.

I-Fang Sun went to Changbaishan in June 2004 to help establish the plot and train a group of
young scientist from several potential sites in the CTFS forest plot methodology. Changbaishan
(25 ha) was the first Chinese plots to be censused in 2004. It was followed by Gutianshan (24 ha)
and Dinghushan (20 ha) in 2005. The network has since kept growing, with new plots being
added every year. Stem-mapping plots have become a major natural infrastructure in ecological
research in China and they play a crucial role in the global ForestGEO-CTFS network.

National or regional forest plot networks have been established in different countries around
the world to advance our understanding of natural forests or to provide scientific data for forest
management by governments and the forestry industry. In China, besides the Chinese Forest
Biodiversity Monitoring Network, another national network of forest plots was developed by
Beijing Forestry University to advance our understanding of forest ecology. The Beijing Forest
Ecosystems Observation Network was established in 2005. It started with three plots in the
Changbaishan forest region and it currently comprises 19 plots located in 10 provinces, including
autonomous regions and municipalities (Zhao et al. 2014).



B How should forest plot data be analysed

How to analyse forest plot data was the subject of a four-week course organized in July 2006 by
Keping Ma and Fangliang He at the Zhuozhou Training Center, to the southwest of Beijing, in an
effort to train students and researchers to use the R statistical software for analysing stem-
mapping plot data.

The participants in the workshop included graduate students and postdoc researchers who
had worked in the surveys of the Changbaishan and Gutianshan forest plots. This was the very
first time that R was introduced to the community of Chinese ecologists. Three guest speakers
were invited to lecture during one week each. They had agreed to offer exercises in R to the
workshop participants, establishing R as the common computer language for analysis of forest
plot data in China in the future. The workshop started with an introduction to R by Haibao Ren
during the first week. Haibao Ren and Xiangcheng Mi had learned R in 2005 during a 4-month
internship in the lab of Prof. Fangliang He at the University of Alberta in Canada. They were the
first Chinese ecologists to use R.

I occupied the podium during the second week (Advanced spatial ecology), followed by
Fangliang He in the third week (Biodiversity analysis) and Richard Condit during the fourth week
(Analyzing and mapping data with R). The workshop continued in the field with a visit to the
recently censused Gutianshan forest plot. During the workshop, Keping Ma had asked me to lead
a first analysis of the Gutianshan plot census data and write a paper with the other main
investigators. This work produced a first scientific paper about the Gutianshan plot published in
the journal Ecology (Legendre et al. 2009).

In 2009, Prof. Keping Ma asked me to give a new course of numerical ecology and spatial
analysis to the graduate students of the Institute of Botany and from other universities and
institutes associated with the Chinese forest plots. The course, sponsored by the Biodiversity
Committee, Chinese Academy of Science and entitled Recent advances in spatial ecology: theory
and practice, took place from 1% to 6™ of October at the Institute of Botany in Beijing; that week
coincided with the 60™ anniversary of the foundation of the People’s Republic of China in 1949.
Forty participants followed the course, including Jiangshan Lai who later translated the present
book to Chinese.

B Numerical ecology with R

Numerical ecology with R (abbreviated NEwR) is the name of a book published in 2011 by
Daniel Borcard and his co-authors, Francois Gillet and myself. The objective of that book was to
explain to ecologists, graduate students in ecology and teachers of numerical ecology methods
how to analyse ecological data using a selection of the most popular methods of multivariate
quantitative analysis, using the R language. Extensive R packages had been developed for
community ecology analysis since R had been released on The Comprehensive R Archive
Network (CRAN) site on 29 February 2000: vegan had appeared on CRAN in 2001, ade4 in
2002, FactoMineR in 2006; adespatial appeared later, in 2016.The time was ripe to present in an
organized manner this wealth of functions for the analysis of ecological data, which are
multivariate for the most part. We had the hope that the book would be useful not only to
practicing ecologists and graduate students in ecology, but also to teachers of numerical ecology
methods.

After publication of the NEwR book in 2011 and of the 3™ English edition of the Numerical
Ecology book (Legendre and Legendre 2012), Jiangshan Lai, who was then Research Assistant



Professor, State Key Laboratory of Vegetation and Environmental Change, Institute of Botany,
Chinese Academy of Sciences, took it on himself to translate the NEwR book to Chinese. The
first Chinese edition was published in May 2014 by Higher Education Press, Beijing. Jiangshan
Lai then came to our lab at Universit¢ de Montréal (Canada) as a guest researcher during a year
in 2014-2015 to learn more about the methods of numerical ecology. Following that, he was
repeatedly invited in labs and universities throughout China (and also in Nepal) to talk about
numerical ecology and the R book and he was offered a Faculty position at the new University of
the Chinese Academy of Science in Beijing.

When the second English edition of the NEwR book was published in 2018, Daniel Borcard
sent the manuscript files of the new edition to Jiangshan Lai who had offered to produce a second
edition of the book in Chinese. Given the sales success of the first Chinese edition, Higher
Education Press offered him a contract to translate the second edition of the NEwR book to
Chinese, and Dr. Lai started to work on the translation. Recently, he wrote to Daniel Borcard and
me that the translation should be completed early in the year 2019, and he asked me to write a
Foreword for the new Chinese edition. This invitation offered me the opportunity to put together,
from my notes and consultation with some key players in the events, this brief history of the
development of Numerical Ecology in China, a story that started in 2006. This new book should
be useful to all Chinese ecologists, including all the researchers who work in the various forest
study networks of the country.

How the development of the Chinese Forest Biodiversity Monitoring Network started and
led, many years later, to the publication of the present R book is a nice example of international
cooperation among scientists. [ am very happy to have played a role in this adventure.

Pierre Legendre
Professor of quantitative ecology
Université de Montréal, Canada
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ERZER

n BEESF

WEESFREEELESTIE, BATHENGED T, TERZXE, EREHXAR
WiE, BETRBRERNEFESRGTEYZHERNIRE, YEESFPEBITFZITA
HEHESER, PERTELTR, BEZHXMEMMARARFT AR, MIIEM RIS IR
BELRERERNIRE,

1975 % 5 BIEEEBIHETHN—R1EAE, BFESZEAESEZRNIEET A EM
REERE, HINESER, EFEEXEFESAFRANE, MIIE=ZRNBREELTE
Station de Villefranche-sur-Mer (Université Paris 6, France) , FEHiFEENEL
KZE, RITESXENHEDE: ZESEBENS IO, XRSVEERA "NATE
MEFZENHETITSR" | HEUBFESASE, X—THM 1960 FREMENRKEE
Legendre (2019) WAREPXERHER, ZIBESE TEHRREZHBRZMMH

RN TENREZWRZER, MIFRTT 2R AE, MEIEERCQBANRES
Ri%. N —EREENFEZLERYIIEZILXH (Legendre 2019) .

B BRMEISE

e, HRJMEEM T HFMDSHIR, 2019 F, 27 MERM 67 DN FHFMHRZ R
SERHBERIMYLE (ForestGEO, https: //forestgeo.si.edu/) MIREG, HHVEFRME
20 (CTFS) thi, ForestGEO-CTFS MERIE—1MERE 1981 %/ Robin B.
Foster #1 Stephen P. Hubbell (Hubbell #1 Foster 1983) #EBZS M Barro
Colorado Forest Dynamics B, ZM&M B @@l Rk EREN TR EZIHARTNE
AR RR S A TN RAMBIIANR, DUE T RERM Rt R RO ERM AR ER
AT ES SN,

ForestGEO MTI5IHE T HERY 14 DEFRMitIR, ERXSHERERMEY S HE LI
KRB G, XL/ TBIAARKN? XPMMEZMATLHKN? RIESS5HEBTMERE
H—EXBAYEZTREHAOER, UTENHAKERRNESES,

2000 F£E X, Stephen P. Hubbell MfttHIEF, HLEYF K Patricia A. Gowaty X
REYMESER I-Fang Sun GRATEERERFZHEE) —EfiFEKBLWL,. Hubbell i
PR B LREXE, KAWLRHER FREHFURIETFRMZ— tITEREIR, SN
THENZEYARET, RIELZRNEH TR ForestGEO-CTFS M4ESLHER
FiE, #T T EFEEMLHMUMIRNEE, Keping Ma 4 2 EYERRATIEIET,

2002 F, AAR (MEXRMAREHZERT) 20 THPERZEEFK Yivu Chen 1%



HREMZRERNRE, WERYHEFRMEHMERE, CTFS M4, EFR—X
RUZILT, WA RT 2003 FMEMEFILR, SEUMRAANNEIEEDRGHE T it
ERERIFESENERIINE.

I Keping Ma #9&1&, @A R, |-Fang Sun f Stuart Davis (EH CTFS) F 2004

F 2 BEEYHRERED T ABERRKNITNYS, D98 25 AS, EFEENKIAET M
ROARRBABN AN PERRTNINEER R AR - TIHNAESHRAA: BB, K
B AERTERE: £/EE, REWETIINIAE: HEF, HTHWUIENEREY
. AiEH, SRR ENRAEYE: AERENEH. ERRITsERE, §E

TR, B RERMHIRML,

I-Fang Sun F 2004 £ 6 BRifE AL, #HBNEIZHIR, HE CTFS kit A+
BRTHRBIINEBEANFRRZER, KAWL (25 Ath) Z 2004 FEHHHTA
OTEMFREIE, 2005 F, HXRI (24 25 EHAL (20 M) EREHEHE. %W
KAWERRE, SFMELi, EHEERNFTEASHANEZBREMERE, HESIK
ForestGEO-CTFS WM&+ RIEEEXEEMIER,

PRt B ERET T AR XSRS, MUBHRATE AR TR, S0 BRFAIH
Wb BRI ORI R R, EFE, BRERMEY SRS, el
SAFRT BN LEHHAE, DUEHBRNTHBHESOINR. ERBARESREI
FLERITIT 2005 &£, THFREUMREG= Mk, BIEE 10 Mk, 577 10
N, BEEARAMERET (Zhao %, 2014) ,

B AT AR R AR

AT FRM AR E IR E 2006 &£ 7 B Keping Ma #1 Fangliang He #EJLIRFER Zhu
MIFIF DAL AIAEERIRE, EEEFRFZEMARARERR SOtRATAITER
ENIESES € DL

ianZ25EEEIERAUMNEALUSMBEES TRENMRENELEMRAR. X
T REBRWSIANFEESZREX, ZUEEEHEDHE—RAARREHR, WIEE
TS5 ERME RESY, B R EARRDEFMHEREEDTHERITENIES,
MNREE—RAHEECNET R. 2005 F, BFCHEZHBEMNZEXRM/REEZERE
SKIWESLS 41N A, 2IT RANZE-MER R WFEESFK,

BEEZRE (GRTHESE) PLHETORE, EXERE=ZANARN (EYZEED
#r) FZEEAE/ Richard Condit (A R 2 fl4&&HEUE) » MtsREEIIZSNRIE
BEENGHELGAR, TS EEE, Keping Ma BigFHE Lo aALMRIA D
EEHIE, AS5EMTERATEAR BRI, XM ITE~4E T HE—RAxTHHELMR
HRIFIEX, RREESFEZRE L (Legendre et al. 2009) .
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2009 &, Bn¥FHRBBEHAEDHRANEMS PERMBRXIKRZNA RIS
A RHHEELESZNZBATINRE, ZRFERTERZREYZSHFEEREED, &
A CERESTFHRTERE: Eit5%KE . T 10 B 1 HE 6 BEIEREYHREAZED,
AEHGE 1949 FHERERI 60 AF, B 40 RZESMTIMNRE, HFEE
LW, EFRREIABEIRLH

m REVEESZF

HFEESEE R (4858 NEwWR) 2 Daniel Borcard kE&EE FrancoisGillet M1 H
C2F 2011 FHRHN—APHNETR, ZPNWENRRAESER, £REZMRENFEES
FHIMBEROMAER R B EEREANZEEEEDTAERIMTESEE. BMR

T 2000 £ 2 B 29 HELSEMEMLE (CRAN) Wi EAHE, ERAFAKTAENR
BREFHXERZES T 2001 £, EBEXELRIE CRAN, 2002 FHILT ade4,

2006 EHI T FactoMineR; adespatial BI7E 2016 EpLERHiE, BIHIAEY, UIBEA
DA REN T EENESEIESI I, XLEMEERKEELZZTEN, HINFE
EEAPBRAUANESERMNESEMETEERH, MANKFZESZERENRIMBEER,

2011 FHIRT NEWR FEM “BWFESE" F 3 k=X (Legendre and
Legendre 2012) fg, ®UIW, UNPEEVARFAIERESIMEEHEREASRER
RENEHIERIFEE 28 NEWR BENEH P, F—HFXART 2014 £ 5 AHIERS
ZLHBE B ER. BTIWREET 2014 - 2015 EEAREMR AR INEAFIEF)
IRREXRE, THRELZEXPEESERENN, 2E, tZXZTBEFE (UKE
AR) WRREMAFZERICHFESTENR B, HEIRFERZRAAFIRES TH
JTERAL,

2 NEWR $HIZE ZIrREXHRTF 2018 FHRRE, Daniel Borcard IEHThRIIFIE X4 &%
LTI, EESREAPXHERETR. £ETE—RRPURNEERY, SFHEH
MRAEEMIRE TIEE MR NEWR BENERHPXNER, HETHFBMNEIIEIE, Rib,
5 {545 Daniel Borcard f1F, BNENIZE 2019 FH5ERK, MitHAFHHXHRE T
— RIS, XMNFBEUBRENSMNENECHSEFN—EFES5E0EETLAET
EPNRTHERFESZRENESE, XMMERT 2006 F, XAFBNZS B AL
BH. PEARZER, SETEZESMHMEMARMEFRITIENFAERR AR,

ZEUGE, TEFMEYZHERNNER KRN RHSIMERMEN R £, 28
FRZEERSEN—MRIFIEF. RESREEIRERTINE-—TAE,

Pierre Legendre,
EEATFHIR,
MERRRFRKE
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