
Multivariate Analysis of Ecological Data using CANOCO

This book is primarily written for ecologists needing to analyse data resulting
from field observations and experiments. It will be particularly useful for
students and researchers dealing with complex ecological problems, such as
the variation of biotic communities with environmental conditions or the
response of biotic communities to experimental manipulation. Following a
simple introduction to ordinationmethods, the text focuses on constrained
ordinationmethods (RDA, CCA) and the use of permutation tests of statistical
hypotheses aboutmultivariate data. An overview of classificationmethods, or
modern regressionmethods (GLM, GAM, loess), is provided and guidance on
the correct interpretation of ordination diagrams is given. Seven case studies
of varying difficulty help to illustrate the suggested analytical methods, using
Canoco forWindows software. The case studies utilize both the descriptive
andmanipulative approaches, and they are supported by data sets and project
files available from the bookwebsite.
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Preface

Themultidimensional data on community composition, properties of
individual populations, or properties of environment are the bread and butter
of an ecologist’s life. They need to be analysed with taking their multidimen-
sionality into account. A reductionist approach of looking at the properties of
each variable separately does not work inmost cases. Themethods for statisti-
cal analysis of such data sets fit under the umbrella of ‘multivariate statistical
methods’.
In this book, we present a hopefully consistent set of approaches to answer-

ing many of the questions that an ecologist might have about the studied sys-
tems. Nevertheless, we admit that our views are biased to some extent, and
we pay limited attention to other less parametric methods, such as the fam-
ily of non-metric multidimensional scaling (NMDS) algorithms or the group
ofmethods similar to theMantel test or the ANOSIMmethod.We do not want
to fuel the controversy between proponents of various approaches to analysing
multivariatedata.Wesimplyclaimthat the solutionspresentedarenot theonly
ones possible, but they work for us, as well asmany others.
We also give greater emphasis to ordination methods compared to classi-

fication approaches, but we do not imply that the classification methods are
not useful. Our description of multivariate methods is extended by a short
overview of regression analysis, including some of the more recent develop-
ments such as generalized additivemodels.
Our intention is to provide the reader with both the basic understanding of

principles ofmultivariatemethods and the skills needed to use thosemethods
in his/her own work. Consequently, all the methods are illustrated by exam-
ples. For all of them, we provide the data on our web page (see Appendix A),
and for all the analyses carried out by the CANOCO program, we also provide
theCANOCOprojectfiles containingall theoptionsneeded forparticular anal-
ysis. The seven case studies that conclude the book contain tutorials, where the

ix
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x Preface

analysis options are explained and the software use is described. The individ-
ual case studiesdiffer intentionally in thedepthof explanationof thenecessary
steps. In the first case study, the tutorial is in a ‘cookbook’ form,whereas a det-
ailed description of individual steps in the subsequent case studies is only pro-
vided for the more complicated and advanced methods that are not described
in the preceding tutorial chapters.
The methods discussed in this book are widely used among plant, animal

and soil biologists, aswell as in thehydrobiology.The slant towardsplant com-
munity ecology is an inevitable consequence of the research background of
both authors.
This handbookprovides studymaterials for the participants of a course reg-

ularly taught at our university calledMultivariate Analysis of Ecological Data.
We hope that this book can also be used for other similar courses, as well as by
individual students seeking improvement in their ability to analyse collected
data.
We hope that this book provides an easy-to-read supplement to the more

exact anddetailedpublications suchas the collectionofCajoTerBraak’spapers
and theCanoco forWindows4.5manual. In addition to the scope of those pub-
lications, this book adds information on classificationmethods ofmultivariate
dataanalysis and introducesmodernregressionmethods,whichwehave found
most useful in ecological research.
In somecase studies,weneeded to comparemultivariatemethodswith their

univariate counterparts. The univariate methods are demonstrated using the
Statistica for Windows package (version 5.5). We have also used this package
to demonstrate multivariate methods not included in the CANOCO program,
such as non-metric multidimensional scaling or the methods of cluster analy-
sis.However, all thosemethods are available in other statistical packages so the
readers can hopefully use their favourite statistical package, if different from
Statistica. Pleasenote thatwehaveomitted the trademarkandregistered trade-
mark symbols when referring to commercial software products.
Wewould like to thank John Birks, Robert Pillsbury and SamaraHamzé for

correcting the English used in this textbook. We are grateful to all who read
drafts of the manuscript and gave us many useful comments: Cajo Ter Braak,
John Birks, Mike Palmer and Marek Rejmánek. Additional useful comments
on the text and the languagewere provided by the students of Oklahoma State
University: Jerad Linneman, Jerry Husak, Kris Karsten, Raelene Crandall and
Krysten Schuler. Sarah Price did a great job as our copy-editor, and improved
the text in countless places.
Camille Flinders, Tomáš Hájek and Milan Štech kindly provided data sets,

respectively, for case studies 6, 2 and 7.
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