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1. Statement of the problem

Variation partitioning by canonical analysis (RDA, CCA) is routinely
used to rdae community compodtion data (Y) to tabes o
environmental variables and spatia base functions.

The canonical R4 is commonly used to estimate the variaion of Y
explaned by the explanatory variables X. We will see that this
estimate is biased.

No efort has been reported in the literature to find better estimators
of thevariation of Y explained by tables of explanatory variables X.

Such an estimator is needed:
 to compare fractionsin variation partitioning,

o to compare different canonica models.




2. Statistical properties of
the bimultivariate redundancy statistic, R%y




Description of the statistic

In canonicd redundancy andysis (RDA), the proportion of the
species variation (in matrix Y) explaned by a set of explanatory
variables (in matrix X) iscaled:

e the bimultivariate redundancy statisticl,
* the canonical coefficient of determination,

e or the canonical R-square.

In this talk, it i noted R% i

1 Miller, J. K., and S. D. Farr. 1971. Bimultivariate redundancy: a comprehens ve measure of
interbattery relationship. Multivariate Behavioral Research 6: 313-324.




Computation of R%yy
RDA can be computed in two steps:

« Compute the matrix of fitted vaues of the multivariate regression of
Y on X:

Y = X[X'X] XY

« Computea PCA of Y

The bimultivariate redundancy saistic Réy ) is the totd sum o
squared deviations from the means (or varlatlon) in Y (SSR) divided
by the total sum of squared deviations from the means (or variation)
InY (SST):

R2, = SSR/ SST

The PCA step of RDA is not necessary to compute R?y .
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3. The adjusted bimultivariate redundancy
statistic, R?y o




Computation of R?,

In multiple regresson, the adjusted oodfiaat o multiple
determination, R?,; (Ezekiel 1930)%, takes into account the numbers
of degrees of freedom of the numerator and denominator of F(R?):

2 2 total d.f. a1 2 n-1
Radj_1_(1_R)lresiduald.f.}_1 (1 R)|n—m—1]

where misthe number of predictors.

Using simulated data (normal error), Ohtani (2000)> showed that R?,
IS an unbiased estimator df the contribution of the explanatory
variables X to the explanation of y. R, is aslitable statistic for

comparing regresson equaions involving diffeent numbers of
obj ects and explanatory variables.

1Ezekiel, M. 1930. Methods of correlation analysis. John Wiley and Sons, New Y ork.

20htani, K. 2000. Bootstrapping R? and adjusted R? in regresson anadyss. Economic
Modelling 17: 473-483.




Computation of R%y g

The bimultivariate redundancy statisticR?, of canonical analysis can
be corrected in the same way to give the adjusted bimultivariate
2

redundancy statistic R?y |y -
_ 2 n—-1
v = 1-(1-Rg) [ 2=l

We will show that in RDA, for normaly distributed continuous data
a Hédlinger-transformed species abundances, Ry, produces
unbiased estimates of the real contributions of the X variables to the
explanation of aresponsetable Y.!

R

1 Peres-Neto, P., P. Legendre, S. Dray and D. Borcard. Variation partitioning of species data
matrices. estimation and comparison of fractions. Ecology (submitted).




Population [
Ry x = 0.608

Population [
Reyx = 0.201

0.8

0.7 |

06

0.5

0.4

03 F

0.2

0.1

v?
v ¥
v
v
LA
vvv?"
v
v ¥
vYY
LA

v
vvvvvvvvvvvv

0 5 10 15 20

number of random N(0,1) predictors

added to the model

50 100 150 200

sample size

[0 Population
R, x = 0.608

[ Population
Reyx = 0.201

Fig. 2a Influence of random predictors added to 6 active predictors,
and of sample size, on R, (means after 1000 computer experiments).

Left pand: n = 100; right: 20 < n< 210.
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Result 1 — The adjusted bimultivariate redundancy statistic, Rey .4, 1S
a quasi-unbiased estimator of the populaion R in RDA.

For estimation, the adjusted statistic should always be preferred to the
unadjusted sample Ry .




» Compute R, for each smple RDA (do not use partial RDA's).

Variation partitioning

» Calculate the corresponding R?y . for each RDA.

e Calcul ate the elementary fractions by adding and subtracting.

Fractions Probability Proportion of Adjusted
of variation (999 perm.) variation of Y (R?) R2
Table X: [a+b] 0.005% 0.450 —_—r (0.347
Table W: [b+c] 0.001%* 0.734 =T  0.639
X and W: [a+b+c] 0.001* 0784 TP  0.627

[a] 0.549 -0-051+ -0.012

[ b] Carmot be tested 0399~ 0.359

[c] 0.011* 0334 0.280
Residuals=|d] 0216~ 0.373
la+bcd] 1.000 1.000




R%yx and Rey . iN variation partitioning (continuous case)
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R%yx and Rey . iN variation partitioning (continuous case)
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Result 2 — In variation partitioning, the fractions of variation [a], [b],
[c], and [d], cAculaed from the adjusted bimultivariate redundancy
statistic, Ry x g, represent quasi-unbiased estimates of the population
fractions.

Fractions of variation cdculated from Rey 4 Statistics are correct
estimates of the importance of each explanatory table in the model.

These results were obtaned for smulated continuous response
variables with normd error.




Variation partitioning of species-like data

Continuous variables from the previous simulations were transf ormed
as follows to make them resemble community composition data:

1. Generate amatrix Y of N(0,1) data
2. Standardize the variablesin Y 1 Y gy = [Vgdl
3. Subtract 0.5 to provide alarge number of zeros (47%);
give astandard deviation of 1.2 to each variable;
exponentiate to make the distributions highly asymmetrical:
y' = exp(L.2(ygq — 0.5))
4. Round the val ues to the lower integers.

Matrix Y' = [y'] was used in smulations.




Rey i and Rey g With species-like data
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Fig. 4. Species-like daa influence of random predictors added to 6
active predictors, and of sample size, on R4 and Rey ., (Means ater
1000 experiments). L&t pand: n=100; right: 20 < n < 210.




Variation partitioning of Hellinger-transfor med species-like data

Theinteger species-like data were Hd linger-transf ormed?:

where y., is the sum of abundances &t sitel.
Matrix H = [y*;] was used in the simulationsinstead of Y".

1 Leggendre, P. and E. D. Gdlagher. 2001. Ecologicdly meeningful transformations for
ordination of species data. Oecologia 129: 271-280.




Rey i and Rey . With Hellinger -transformed species-like data
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and R?y o (Means after 1000 computer experiments). Left panel: n =
100; right: 20 < n < 210.




Variation partitioning of Hellinger-tr. community composition data
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Result 3 — For Hellinger-transformed community composition data,
the adjusted bimultivariate redundancy statistic, Ry .4, IS @ quasi-
unbiased estimator of the population R2, in RDA.

It also correctly estimates the fractions of variaion [&], [b], [c], ahd
[d] in variation partitioning.

For raw simulated spedeslike data, R,y overestimaes the
population Reyy.

[1 For estimation or variation partitioning, community composition
data contaning many zeros should always be transf ormed prior to the
anayss.




The End




Testing the significance of the bimultivariate redundancy statistic

Miller (1975)! has shown that in the norma case, if the variablesin’Y
ae dandadized bdore computation of RDA, the Fstatistic
associated to R?y ,
= RYlX/m

(1-Ryp )/ (N—m-1)

Is distributed like the Fisher-Snedecor F-distribution with mp ad
p(nHm-1) degress of freedom, wheae p is the number of response
variables and mis the number of explanatory variables.

If the vanddes in' Y ae not standardized, the F-staistic is not
distributed like the Fisher-Snedecor F-distribution. This is the case
even in the norma case. A permutation test is required.

1 Miller, 1 K. 1975. The sampling distribution and a tet for the sgnificance d the
bimultivariate redundancy statistic: a Monte Carlo study. Multivariate Behavioral Research
10: 233-244.




Selection of explanatory variables

Significance of adjustment (R?) of aPCNM modd is tested using the
full set of PCNM variables, without selection of any kind.

Before representing the fractions of variation in biplots, it is customary
to proosed to fowad sdection o the expanaory vaidles
Parsimonious models are obtained for the biplots. Sdection is caried
out sepaatdy for the environmentd variables and the orthogond
PCNM base functions.

We know that forward selection is too liberal, incorporating too many
variables in the modd. Simulaion work is in progress (Peres-Neto,
Legendre & Dray) to find additiond aitaia that will limit the
Incorporation of explanatory variables to those that redly have an
effect on the response table.




