
Use of mean Ellenberg indicator values 
revisited (again) 

David Zelený 

 



David Zelený: Use of mean Ellenberg inidicator values revisited (again) 2 

Ellenberg 

Zarzycki Hill 

Landolt 

Böhling 

Frank & 
Klotz 

Lawesson 
Systems of species indicator values for vascular 

plants used in Europe 

Didukh 



David Zelený: Use of mean Ellenberg inidicator values revisited (again) 3 

Ellenberg 

Zarzycki Hill 

Landolt 

Böhling 

Frank & 
Klotz 

Lawesson 
Systems of species indicator values for vascular 

plants used in Europe 

Didukh 



Relationship between mean indicator values and measured 
environmental variables 
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Heinz Ellenberg (1948) Berichte über Landtechnik 



Relationship between mean indicator values and measured 
environmental variables tested 
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Stefan Persson (1980)  Vegetatio 



Relationship between mean indicator values and measured 
environmental variables tested 
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Schaffers & Sýkora (2000)  Journal of Vegetation Science 

correlation coefficients  
(all significant at p < 0.001) 



Calculation of mean Ellenberg indicator values 
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sp1 sp2 sp3 sp4 sp5 sp6 sp7 

plot1 1 1 0 0 0 0 0 

plot2 1 0 1 1 0 1 0 

plot3 0 0 1 1 1 0 1 

plot4 0 0 0 1 0 1 1 

species composition matrix 
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Relationship between mean EIV and measured pH 
Case study: Vltava valley forest vegetation 
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Calculation of mean Ellenberg indicator values 
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Randomization of Ellenberg indicator values 
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sp1 sp2 sp3 sp4 sp5 sp6 sp7 

plot1 1 1 0 0 0 0 0 

plot2 1 0 1 1 0 1 0 

plot3 0 0 1 1 1 0 1 

plot4 0 0 0 1 0 1 1 
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R 1 1 3 4 4 6 7 
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species composition matrix 

species EIVs 
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species EIVs 

 for soil reaction 

mean EIVs 
 for soil 
reaction 

RR 6 4 3 7 4 1 1 
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sp1 sp2 sp3 sp4 sp5 sp6 sp7 

plot1 1 1 0 0 0 0 0 
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Relationship between mean randomized EIV and measured pH 
Case study: Vltava valley vegetation 
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Relationship between mean randomized EIV and measured pH 
Case study: Vltava valley vegetation 

1000 randomly generated mean Ellenberg indicator values 
correlated with measured soil pH and tested the significance 
(p < 0.05) 

 

- expect around 50 (5%) significant correlations 
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Relationship between mean randomized EIV and measured pH 
Case study: Vltava valley vegetation 

1000 randomly generated mean Ellenberg indicator values 
correlated with measured soil pH and tested the significance 
(p < 0.05) 

 

- expect around 50 (5%) significant correlations 

- in reality 327 (~33%) correlations are significant 
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Use of mean Ellenberg indicator values in vegetation analysis 
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Reasons for inflated Type I error rate 

• wrong null hypothesis is being tested 
– H0: there is no relationship between environmental variable and mean EIVs 

(i.e. species composition and species indicator values) 

– if there is relationship between env. var. and species composition (which is 
likely), than this null hypothesis is easy to be rejected and to test it is not 
informative 

 

• better to test an alternative null hypothesis 
– H0: the relationship between env. var. and mean EIVs is not stronger than 

would be relationship between env. var. and mean value of randomized 
indicator values (without ecological meaning) 
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Modified permutation test 
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Summary: variables and analyses, for which modified permutation test 
is advisable 
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Origin of the 
variable 

Type of the 
variable 

Example of analysis Example of the variables and references 

measured or 
observed variables 
related to species 
composition 

quantitative correlation, regression 

measured environmental variables (e.g. 
soil depth, soil moisture, pH, successional 
age) 

ecosystem properties (e.g. standing 
biomass) 

qualitative ANOVA type 
experimental treatment (e.g. grazing, 
fertilizing, mowing) 

numerically derived 
from species 
composition 

quantitative correlation, regression 

species richness or indices of alpha 
diversity 

scores of samples on unconstrained 
ordination axes 

other mean Ellenberg indicator values 

CWM for functional traits 

qualitative ANOVA type 

sample clusters derived by cluster 
analysis 

groups of samples assembled manually 
according to similarity in observed 
species composition 



Regressions between measured environmental variables and mean 
EIVs (table of p-values) 
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Fluvisol ASPSSW SURFSL pH.H COVER32 SOILDPT Lithic Elevation Skeletic slope XERSSW Cambisol SURFIS 

LIGHT 0.176 < 0.001 0.175 0.479 < 0.05 < 0.001 < 0.01 0.067 < 0.05 0.090 < 0.01 0.197 < 0.05 

TEMP < 0.001 0.500 < 0.001 < 0.001 < 0.001 < 0.05 < 0.01 < 0.001 < 0.01 0.337 0.513 0.152 0.189 

CONT < 0.001 0.571 0.064 < 0.05 0.836 0.760 0.213 < 0.05 0.943 0.798 0.729 < 0.01 0.721 

MOIST < 0.001 < 0.01 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.01 < 0.001 0.489 < 0.01 

REACT < 0.01 0.060 < 0.05 < 0.001 < 0.001 < 0.001 < 0.001 < 0.01 0.264 < 0.05 0.271 0.407 0.796 

NUTR < 0.01 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.171 < 0.001 < 0.01 < 0.001 0.543 < 0.05 

# signif 5 3 4 5 5 5 5 4 4 3 3 1 3 

78 regressions, 50 of them are significant (64%) 



Regressions between measured environmental variables and mean 
EIVs (table of p-values after correction) 
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Fluvisol ASPSSW SURFSL pH.H COVER32 SOILDPT Lithic Elevation Skeletic slope XERSSW Cambisol SURFIS 

LIGHT 0.537 < 0.01 0.477 0.744 0.199 0.079 0.177 0.321 0.172 0.217 < 0.05 0.361 0.067 

TEMP 0.069 0.760 < 0.01 < 0.01 < 0.05 0.220 < 0.05 < 0.01 < 0.05 0.513 0.586 0.305 0.348 

CONT < 0.05 0.804 0.355 0.336 0.911 0.891 0.539 0.208 0.967 0.864 0.797 < 0.05 0.798 

MOIST < 0.01 0.141 < 0.001 < 0.05 < 0.001 < 0.01 < 0.01 < 0.05 < 0.01 < 0.01 < 0.01 0.629 < 0.05 

REACT 0.209 0.410 0.189 < 0.01 < 0.05 < 0.05 0.063 0.094 0.544 0.056 0.384 0.600 0.833 

NUTR 0.132 < 0.01 < 0.01 < 0.05 < 0.01 < 0.001 < 0.05 0.443 < 0.05 < 0.05 < 0.001 0.683 0.077 

# signif 2 2 3 4 4 3 3 2 3 2 3 1 1 

78 regressions, 35 of them are significant (45 %) 



MoPeT: program (R-based) for calculation of modified permutation test 
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www.bit.ly/ellenberg 

http://www.bit.ly/ellenberg
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MoPeT: program (R-based) for calculation of modified permutation test 
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Conclusions 

• If you test the significance of relationship between mean 
Ellenberg indicator values and other variables and there is a 
danger that this variable is linked to species composition (either 
because it influences it, like environmental variables, or because 
it’s derived from it, like ordination scores), you may avoid 
inflated Type I error rate by using modified permutation test 

 

• The same problem applies not only to mean Ellenberg values, 
but to all weighted means of species attributes (i.e. also to 
community weighted means of species functional traits, to 
diatom indices etc.) 
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Thank you for your attention! 


