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•RDA is a multivariate statistical analysis that 
examines the relationship between a set of 
response variables (e.g., species composition) 
and a set of explanatory variables (e.g., 
environmental variables).

REDUNDANCY ANALYSIS



•RDA is a multivariate statistical analysis that 
examines the relationship between a set of 
response variables (e.g., species composition) 
and a set of explanatory variables (e.g., 
environmental variables).

•RDA can be used to identify which explanatory 
variables are most strongly associated with the 
response variables, and to visualize the 
relationship between the response variables 
and the explanatory variables in a “triplot”.

REDUNDANCY ANALYSIS



•RDA is a multivariate statistical analysis that 
examines the relationship between a set of 
response variables (e.g., species composition) 
and a set of explanatory variables (e.g., 
environmental variables).

•RDA can be used to identify which explanatory 
variables are most strongly associated with the 
response variables, and to visualize the 
relationship between the response variables 
and the explanatory variables in a “triplot”.

•RDA is commonly used in ecology to study the 
relationship between species composition and 
environmental variables, but can also be 
applied to other fields such as chemistry and 
genetics.

REDUNDANCY ANALYSIS



•RDA is a multivariate statistical analysis that 
examines the relationship between a set of 
response variables (e.g., species composition) 
and a set of explanatory variables (e.g., 
environmental variables).

•RDA can be used to identify which explanatory 
variables are most strongly associated with the 
response variables, and to visualize the 
relationship between the response variables 
and the explanatory variables in a “triplot”.

•RDA is commonly used in ecology to study the 
relationship between species composition and 
environmental variables, but can also be 
applied to other fields such as chemistry and 
genetics.

REDUNDANCY ANALYSIS



REDUNDANCY ANALYSIS: EXAMPLES





Identify genetic variation associated to climate
Identify climate variables important for genetics







REDUNDANCY ANALYSIS
•RDA is the multivariate (meaning multiresponse) technique analogue of regression.
•The method uses a mix of linear regression and principal components analysis (PCA).
•Conceptually, RDA is a multivariate (meaning multiresponse) multiple linear regression followed by a PCA 
of the table of fitted values.

X a matrix of explanatory variables
Y a matrix of response variables

RDA procedure works on both centered matrices. This 
simply means that that the average of the variable is 
subtracted from each observation.



These steps are outlined by Borcard, Gillet, and Legendre (2011).
1.Regress each (centered) y variable on explanatory matrix X and compute the fitted (ŷ) and residuals (yres) vectors.
2.Create a new matrix (Ŷ) containing all the fitted vectors (ŷ).
3.Compute a PCA on Ŷ. This will produce a vector of canonical eigenvalues and a matrix U of canonical eigenvectors 
(principal components).

GRAPHICAL VIEW
Ŷ is produced using multiple linear 
regression between X and each yi.

GRAPHICAL VIEW
A PCA is performed on Ŷ which gives a 
set of principal component vectors U.

PCA VS RDA
PCA and RDA are very 
similar:
•PCA is performed on a matrix 
with explanatory variables.
•RDA is performed on a matrix 
of predicted explanatory 
variables.



Example in class:
Predicting species 
abundance in 
relation to 
environmental 
variables

The data come from (Verneaux, 1973).Data have been collected at 30 localities along Doubs river.

The first matrix (Y) contains coded abundances of 27 fish species.
The second matrix (X) contains 11 environmental variables related to the hydrology, geomorphology and 
chemistry of the river.

Reference: Verneaux, J. (1973) Cours d’eau de Franche-Comté (Massif du Jura). Recherches écologiques sur le 
réseau hydrographique du Doubs. Essai de biotypologie. Thèse d’état, Besançon. 1–257.



REDUNDANCY ANALYSIS

Get the data



Matrix Y fish species abundance.
Environmental data (X)

Example in class:
Predicting species 
abundance in 
relation to 
environmental 
variables



In R, the Hellinger-transform is performed using 
the decostand() function from vegan package.

We will transform abundance data (Y) using the Hellinger-
transform method (Borcard, Gillet, and Legendre 2011; 
Legendre and Gallagher 2001).

Particularly suited to species abundance data, this 
transformation gives low weights to variables with 
low counts and many zeros. The transformation 
itself comprises dividing each value in a data matrix 
by its row sum, and taking the square root of the 
quotient.
Matrix Y fish species abundance.

The square root of relative abundance data 
(if rows are samples)
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Get the data

Transform spe



REDUNDANCY ANALYSIS

Get the data

Run RDA!
(with vegan package)

Transform spe



VISUALISATION
For RDA, the visualization plot is called triplot since there are three different entities in the 
plot: sites, response variables and explanatory variables (Borcard, Gillet, and Legendre 2011).

Can plot without scaling Can plot with scaling



RDA: EXPLAINED VARIANCE
Attention: R2 as the relative contribution of each eigenvectors are unadjusted and are therefore biased. For a 
proper computation of unbiased, adjusted R2 one should use the RsquareAdj() function.
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proper computation of unbiased, adjusted R2 one should use the RsquareAdj() function.

TESTS OF RDA RESULTS
Most of the time, ecological data are not normally-distributed: parametric tests are not appropriate.
For canonical analysis such as RDA, model significance relies on permutation tests.

The principle of a permutation test is to generate a reference distribution of the chosen statistic under the null 
hypothesis H0 by randomly permuting appropriate elements of the data many times and recomputing the statistic 
each time. Then, one compares the true value of the statistic to this reference distribution. The p value is computed 
as the proportion of the permuted values equal to or larger than the true (unpermuted) value of the statistic for a 
one-tailed test in the upper tail, like the F test used in RDA (Borcard, Gillet, and Legendre 2011).

H0: Observed results can be produced by 
random chance.
The null hypothesis is rejected if 
this p value is equal to or smaller than 
the predefined significance 
level α (ex.: α=0.05).



PERMUTATION TESTS
For an RDA, you can test for three different things:
1.Global RDA significance (How much do the explanatory variables explain the RDA axes?) 
2.Axis significance (How much do the RDA axes explain species?) 
3.Terms (explanatory variables) significance (Which variables explain the RDAs?)



GLOBAL SIGNIFICANCE
We use the 
function anova.cca() to 
perform the permutation 
test. Do not get confused with 
the name, it is different than 
the classical ANOVA test.

Since p = 0.001 we reject H0 meaning that the RDA model 
is significant.
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AXIS SIGNIFICANCE

Axis significance can be done 
by adding by = "axis".
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TERMS SIGNIFICANCE
Terms significance can be 
done by adding by = "terms".
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PARTIAL RDA
It is possible to run an RDA of a matrix Y, explained by a matrix variables X, in the presence of co-variable(s) W.
This analysis allows to display the patterns of the response data (Y) uniquely explained by a linear model of the 
explanatory variables (X) when the effect of other covariates (W) is held constant (Borcard, Gillet, and Legendre 
2011).
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This analysis allows to display the patterns of the response data (Y) uniquely explained by a linear model of the 
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AN EXAMPLE
For example, we can test whether water chemistry (X) 
significantly explains the fish species patterns (Y) when the 
effect of the topographical gradient (W) is held constant.
In other words, we want to model the effect of water 
chemistry variables on fish abundance once the effect of 
topographic variables is removed.



PARTIAL RDA
The construction of a partial RDA is pretty much the same as for a standard RDA except that we are using 
the Condition(...) function to specify which covariate (W) we want to remove the effect.



TEST OF SIGNIFICANCE
We have tested the global significance of the RDA. We also need to do 
it for each fraction: (1) [a + b], (2) [b + c], (3) [a + b + c], (4) [a] and (5) [c]

(Partial RDA)

(RDA)



RDA VS PARTIAL RDA

Variables in topo 
(W, ie. 
Conditioned 
variables) are 
controlled for: not 
in the triplot
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