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Mean Ellenberg indicator values as 
supplementary variables in DCA
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DCA1     DCA2     r2 Pr(>r)    

light  0.57495  0.81819 0.5187  0.001 ***

temp   0.60487  0.79633 0.4351  0.001 ***

cont 0.64357  0.76539 0.0194  0.429    

moist -0.88038  0.47428 0.8149  0.001 ***

react -0.79798  0.60269 0.3637  0.001 ***

nutr -0.98460 -0.17482 0.6727  0.001 ***

DCA1     DCA2     r2 Pr(>r)    

light -0.99979 -0.02043 0.2837  0.001 ***

temp   0.85009 -0.52663 0.0069  0.769    

cont -0.15721 -0.98756 0.0356  0.246    

moist  0.07190  0.99741 0.1100  0.008 ** 

react -0.94473 -0.32785 0.3938  0.001 ***

nutr -0.35387  0.93530 0.1308  0.004 ** 

Species 
values 

randomized 
(by mistake)

~ 67% probability of result 
significant at P < 0.05
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CWM of specific leaf area (SLA) related to tree cover 
(Vltava valley data)
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Relationship of CWM on randomized species attributes
with environmental variable (tree cover)

in 268 cases (from 1000) the 
correlation is significant (P < 0.05)



Analysis of species and sample attributes
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species attributes – characteristics of individual species
- traits
- species indicator values
- species phylogenetic relationship
- species specialization values etc.

L R

Q’

species

samples

species 
attributes

sample 
attributes sample attributes –

characteristics of individual 
samples (plots, localities)
- environmental variables
- experimental treatment
- group assignments 

(classification)
- diversity
- ordination scores

Intrinsic vs extrinsic
sample or species 

attributes



Analysis of species and sample attributes
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L R

Q’

species

samples

species 
attributes

sample 
attributes

Three solutions:
1) combining  (L & Q) and relate to R - community-weighted mean approach
2) combining  (L & R) and relate to Q - species centroid approach
3) simultaneous R & L & Q analysis - fourth-corner approach, RLQ, GLM, GLMM

V
“fourth-corner” 
matrix



Problem
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• If the relationship between CWM and sample 
attributes (e.g. environmental variables) is tested by 
standard tests, the Type I error is inflated and effect 
size (like r or r2) has higher variance or is biased

• This problem is contingent upon beta diversity of the 
species composition dataset, and the strength of the 
relationship between sample attributes and species 
composition
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Progress so far

• It seems that there is a general analytical tool for 
analysis of CWM with sample attributes – weighted 
regression (equal to fourth-corner statistic) with 
sequential permutation test (Peres-Neto et al. 
2017); it does not return biased Type I error rate and 
has high power

• It remains to be evaluated how general this approach 
really is (e.g. if it can work also without weighting the 
sample attributes by sample totals)

• But – what to do with all the studies which are 
already published?
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Explanation:           = an assumption of the relationship, ? = what is being tested

Proposal: to introduce three categories of 
hypotheses and identify suitable test for each
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Proposal: introduce three categories of 
hypotheses and identify suitable test

Category A

• Relationship of CWM to extrinsic sample attributes –
e.g. experimental treatment (we assume that 
treatment is effective, and evaluate how traits of 
species indicators react to it)

• Relationship of CWM to intrinsic sample attributes –
e.g. sample scores in unconstrained ordination, 
assignment of samples into groups by cluster 
analysis, but also diversity 
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Standard test has inflated Type I error rate (too good to be true)



Proposal: introduce three categories of 
hypotheses and identify suitable test

Category B

• Studies assuming the link of species attributes to 
species composition and testing the effect of sample 
attributes

• e.g. trait studies assuming that measured traits are 
functional, i.e. they influence species abundance and 
are linked to species composition, and testing 
whether environmental variables act as an 
environmental filter on species abundances.
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Standard test has correct Type I error rate



Proposal: introduce three categories of 
hypotheses and identify suitable test

Category C

• No explicit assumption

• e.g. relating traits to environment without explicit 
assumption whether traits are functional or not; 

• or relating Ellenberg indicator values to 
environmental variables to test which environmental 
variable they most likely represent
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Standard test has inflated Type I error rate (too good to be true)



Explanation:           = an assumption of the relationship, ? = what is being tested

Proposal: introduce three categories of 
hypotheses and identify suitable test
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inflated Type I e. r. inflated Type I e. r.correct Type I e. r.



Proposal: introduce three categories of 
hypotheses and identify suitable test
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standard NO YES NO

modified YES NO NO

sequential 
with fourth-corner

YES YES YES

Recommended 
test:
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+

library (weimea)



• Standard test of CWM x sample attributes has inflated Type I 
error rate

• I propose to distinguish three categories of hypotheses and 
select the test accordingly – the sequential tests based on 
the fourth corner statistic may not always be necessary

• I suggest that the classification of hypotheses into 
categories may be an important tool also in interpreting the 
results of past studies

• Some issues remain to be solved: how general the approach 
based on the fourth corner statistic is, and how to deal with 
intrinsic sample attributes?

Conclusions
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Thank you for your attention!
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