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disk using the option ei.MD.bayes(..., ret.beta
= "s"), or discard the unit-level draws entirely us-
ing ei.MD.bayes(..., ret.beta = "d"). To recon-
struct the chains, users can select the row marginals,
column marginals, and units of interest, without re-
constructing the entire matrix of unit-level draws:

> read.betas(rows = c("black", "white"),
+ columns = "dem", units = 1:150,
+ dir = getwd())

If users are interested in some function of the unit-
level parameters, the implementation of the MD
model allows them to define a function in R that
will be called from within the C sampling algorithm,
in which case the unit-level parameters need not be
saved for post-processing.
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The ade4 Package — II: Two-table and

K-table Methods

by Stéphane Dray, Anne B. Dufour and Daniel Chessel

Introduction

The ade4 package proposes a great variety of ex-
planatory methods to analyse multivariate datasets.
As suggested by the acronym ade4 (Data Analysis
functions to analyse Ecological and Environmental
data in the framework of Euclidean Exploratory
methods), the package is devoted to ecologists but
it could be useful in many other fields (e.g., Goecke,
2005). Methods available in the package are partic-
ular cases of the duality diagram (Escoufier, 1987;
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Holmes, 2006; Dray and Dufour, 2007) and the im-
plementation of the functions follows the description
of this unifying mathematical tool (class dudi). The
main functions of the package for one-table analysis
methods have been presented in Chessel et al. (2004).
This new paper presents a short summary of two-
table and K-table methods available in the package.

Ecological illustration
In order to illustrate the methods, we used the

dataset jv73 (Verneaux, 1973) which is available in
the package. This dataset concerns 12 rivers. For
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each river, a number of sites have been sampled. The
number of sites per river is not constant. jv73$poi
is a data.frame and contains presence/absence data
for 19 fish species (columns) in 92 sites (rows).
jv73$fac.riv is a factor indicating the river corre-
sponding to each site. jv73$morpho contains the
measurements of six environmental variables (alti-
tude (m), distance between the site and the source
(km), slope (per thousand), wetted cross section (m?),
average flow (m3/s) and average speed (m/s)) for the
same sites . Several ecological questions are related
to these data:

1. Are the groups of fish species living together
(i.e. species communities)?

2. Is there a relation between the composition of
fish communities and the environmental varia-
tions?

3. Does the composition of fish communities vary
(or not) among rivers?

4. Do the species-environment relationships vary
(or not) among rivers?

Multivariate analyses help to answer these different
questions: one-table methods for the first question,
two-table methods for the second one and K-table
methods for the last two.

Matching two tables

The main purpose of ecological data analysis is
the matching of two data tables: a sites-by-
environmental variables table and a sites-by-species
table, to study the relationships between the com-
position of species communities and their environ-
ment. The ade4 package contains the main variants
of these methods (procrustean rotation, co-inertia
analysis and principal component analyses with re-
spect to instrumental variables).

The first approach is procrustean rotation
(Gower, 1971), introduced in ecology by Digby and
Kempton (1987, p. 116).

data(jv73)
pcal <- dudi.pca(jv73$morpho, scannf = FALSE)
pca2 <- dudi.pca(jv73$poi, scale = FALSE,
scannf = FALSE)
plot (procuste(pcal$tab, pca28$tab,
nf = 2))
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Figure 1: Plot of a Procrustes analysis: loadings for en-
vironmental variables and species, eigenvalues screeplot,
scores of sites for the two data sets, and projection of the
two sets of sites after rotation (arrows link environment
site score to the species site score) (Dray et al., 2003a).

Two randomization procedures are available to test
the association between two tables: PROTEST (Jack-
son, 1995) and RV (Heo and Gabriel, 1998).

plot(procuste.randtest (pcal$tab,
pca2$tab), main = "PROTEST")

plot(RV.rtest(pcal$tab, pca2$tab),
main = "RV")

PROTEST RV

20 0

20

Figure 2: Plots of PROTEST and RV tests: histograms
of simulated values and observed value (vertical line).

Co-inertia analysis (Dolédec and Chessel, 1994;
Dray et al., 2003b) is a general approach that can
be applied to any pair of duality diagrams hav-
ing the same row weights. This method is sym-
metric and seeks for a common structure between
two datasets. It extends psychometricians inter-
battery analysis (Tucker, 1958), canonical analysis
on qualitative variables (Cazes, 1980), and ecologi-
cal profiles analysis (Montafia and Greig-Smith, 1990;
Mercier et al.,, 1992). Co-inertia analysis of the pair
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of triplets (X1,Qq,D) and (X3,Q,, D) leads to the
triplet (XtZDX1, Q1,Q,). Note that the two triplets
must have the same row weights. For a comprehen-
sive definition of the statistical triplet of matrices X,
Q, D, the reader could consult Chessel et al. (2004).

coal <- dudi.coa(jv73$poi, scannf = FALSE)

pca3 <- dudi.pca(jv73$morpho,
row.w = coal$lw, scannf = F)

plot(coinertia(coal, pca3, scannf

FALSE))

X axes

Y axes
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Figure 3: Plot of a co-inertia analysis: projection of
the principal axes of the two tables (species and environ-
ment) on co-inertia axes, eigenvalues screeplot, canonical
weights of species and environmental variables, and joint
display of the sites.

For each coupling method, a generic plot func-
tion presents the various elements required to in-
terpret the results. However, the quality of graphs
could vary according to the data set. It is con-
sequently impossible to manage relevant graphical
outputs for all cases. That is why these generic plot
use graphical functions of ade4 which can be directly
called by the user. A brief description of some of
these functions is given in Table 1.

Another two-table matching strategy is princi-
pal component analyses with respect to instrumental
variables (pcaiv, Rao, 1964). This approach con-
sists in explaining a triplet (X;,Q,,D) by a table
of independent variables X; and leads to triplet
(Px,X2,Q,,D) where Px, = X;(X{DX;) X|D.
This family of methods are constrained ordinations,
among which redundancy analysis (van den Wollen-
berg, 1977) and canonical correspondence analysis
(Ter Braak, 1986) are the most frequently used in
ecology. Note that canonical correspondence anal-
ysis can also be performed using the cca wrapper
function which takes two tables as arguments. The
example given below is then exactly equivalent to
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plot(cca(jv73$poi, jv73$morpho,scannf=FALSE)).
While the cca function of ade4 is a particular case
of pcaiv, the cca function of the package vegan is
a more traditional implementation of the method
which could be preferred by ecologists.

Function Objective

S.arrow cloud of points with vectors

s.chull cloud of points with groups
by convex hulls

s.class cloud of points with groups
by stars or ellipses

s.corcircle | correlation circle

s.distri cloud of points with fre-
quency distribution by stars
and ellipses

s.hist cloud of points with two
marginal histograms

s.image grid of gray-scale rectangles
with contour lines

s.kde2d cloud of points with kernel
density estimation

s.label cloud of points with labels

s.logo cloud of points with pictures

s.match matching two clouds of
points with vectors

s.traject cloud of points with trajecto-
ries

s.value cloud of points with numeri-
cal variable

Table 1: Objectives of some graphical functions.

plot(pcaiv(coal, jv73$morpho, scannf = FALSE))

Eigenvalues

L.

Inertia axes Variables

000 005 010 015 020 025 030

Figure 4: Plot of a CCA seen as a particular case of
PCALV: environmental variables loadings and correla-
tions with CCA axes, projection of principal axes on CCA
axes, species scores, eigenvalues screeplot, and joint dis-
play of the rows of the two tables (position of the sites by
averaging (points) and by regression (arrow tips)).
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Orthogonal analysis (pcaivortho) removes the
effect of independent variables and corresponds to
the triplet (P x,X,Q;, D) where P x, = I —Px,.
Between-class (between) and within-class (within)
analyses (see Chessel et al., 2004, for details) are par-
ticular cases of PCAIV and orthogonal PCAIV when
there is only one categorical variable (i.e. factor) in
Xj. Within-class analyses take into account a parti-
tion of individuals into groups and focus on struc-
tures which are common to all groups. It can be seen
as a first step to K-table methods.

witl <- within(coal, fac = jv73$fac.riv,
scannf = FALSE)
plot(witl)

Variables

Eigenvalues

||HHHHUUDDDDDDDD-_

Figure 5: Plot of a within-class analysis: species loadings,
species scores, eigenvalues screeplot, projection of princi-
pal axes on within-class axes, sites scores (common cen-
tring), projections of sites and groups (i.e. rivers in this
example) on within-class axes.

000 005 010 0.15 020 025 030

Common centring

Inertia axes

The K-table class

Class ktab corresponds to collections of more than
two duality diagrams, for which the internal struc-
tures are to be compared. Three formats of these
collections can be considered:

* (X1,Q,D), (X2,Q,,D),..., (Xk, Qk, D)

® (X1/ Q/ Dl)/ (XZI Q/ D2)1~- .7 (XK/ Q/ DK) Stored
in the form of (X{,D1,Q), (X}, D2,Q),...,

(X%, Dk, Q)
o (Xl,Q,D), (XZ,Q,D),..., (XK,Q,D) which

can also be stored in the form of (Xﬁ,D, Q),
(Xt2/ D/ Q)/ ey (X%r DI Q)
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Each statistical triplet corresponds to a separate
analysis (e.g., principal component analysis, corre-
spondence analysis ...). The common dimension
of the K statistical triplets are the rows of tables
which can represent individuals (samples, statistical
units) or variables. Ultilities for building and ma-
nipulating ktab objects are available. K-table can
be constructed from a list of tables (ktab.list.df),
a list of dudi objects (ktab.list.dudi), a within-
class analysis (ktab.within) or by splitting a ta-
ble (ktab.data.frame). Generic functions to trans-
pose (t.ktab), combine (c.ktab) or extract elements
([.ktab) are also available. The sepan function can
be used to compute automatically the K separate
analyses.

kt1 <- ktab.within(wit1)
sepl <- sepan(ktl)
kplot.sepan.coa(sepl, permute.row.col = TRUE)

™ _Dessoubre

Cusancin
=0

Doulonnes Clauge

Figure 6: Kplot of 12 separate correspondence analyses
(same species, different sites).

When the ktab object is built, various statistical
methods can be used to analyse it. The foucart
function can be used to analyse K tables of posi-
tive number having the same rows and the same
columns and that can be analysed by a CA (Foucart,
1984; Pavoine et al., 2007). Partial triadic analysis
(Tucker, 1966) is a first step toward three modes prin-
cipal component analysis (Kroonenberg, 1989) and
can be computed with the pta function. It must be
used on K triplets having the same row and column
weights. The pta function can be used to perform
the STATICO method (Simier et al., 1999; Thioulouse
et al., 2004). This makes it possible to analyse a pair
of ktab objects which have been combined by the
ktab.match2ktabs function.

Multiple factor analysis (mfa, Escofier and Pages,
1994), multiple co-inertia analysis (mcoa, Chessel and
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Hanafi, 1996) and the STATIS method (statis, Lavit
et al., 1994) can be used to compare K triplets having
the same row weights. The STATIS method can also
be used to compare K triplets having the same col-

umn weights, which is a first step toward Common
PCA (Flury, 1988).

stal <- statis(ktl, scannf = F)

plot(stal)
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Figure 7: Plot of STATIS analysis: interstructure, typo-
logical value of each table, compromise and projection of
principal axes of separate analyses onto STATIS axes.

The kplot generic function is associated to the
foucart, mcoa, mca, pta, sepan, sepan.coa and
statis methods, giving adapted collections of
graphics.

kplot(stal, traj = TRUE, arrow = FALSE,
unique = TRUE, clab = 0)

Conclusion

The ade4 package provides many methods to anal-
yse multivariate ecological data sets. This diversity
of tools is a methodological answer to the great va-
riety of questions and data structures associated to
biological questions. Specific methods dedicated to
the analysis of biodiversity, spatial, genetic or phy-
logenetic data are also available in the package. The
adehabitat brother-package contains tools to analyse
habitat selection by animals while the ade4TkGUI
package provides a graphical interface to ade4. More
resources can be found on the ade4 website (http:
//pbil.univ-1lyonl.fr/ADE-4/).
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Figure 8: Kplot of the projection of the sites of each table
on the principal axes of the compromise of STATIS analy-
sis.
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