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Relationship between mean indicator values and measured
environmental variables

UNKRAUTGESELLSCHAFTEN ALS MASS FUR DEN SAUREGRAD,
DIE VERDICHTUNG UND ANDERE EIGENSCHAFTEN
DES ACKERBODENS

Von Dr. H. ELLENBERG, Hohenheim

Zusammenhidnge zwischen dem
gewissen Eigenschaften ihres Stand
Baucrn von alters her bekannt. Seit
dic Wissenschaft mit diesen Bezieh
und ihre Ursachen zu ergriinden.
solchem Studium im Hinblick auf

schaft immer wieder neuen Anreiz

1. sind die meisten héheren Pflanze
zu erkennen und-ihre Verbreitu
Falls sie eindeutig auf bestimmte
weisen, konnen sie also die Auf)
und beséhleunigen;

R S,

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

SUCCESSION IN A SOUTH SWEDISH DECIDUOUS WOOD: A NUMERICAL APPROACH*

Stefan PERSSON**
ClV-reaction

Institute of Plant Ecology, University of Lund, & Vallga A .
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Introduction «* *
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Studies of successions in vegetation must, in many cases 6.0 1
igv;rlvc }tl)bservatior.l p«eriods{i of cc:lnsidcrab]e ]engtl‘ll. Esfli}e y=0.368 x + 4.50!
clally when successions are dependent on or strongly infiu

Y e oep &Y 1 r=0640 |(p=0.001)
enced by developments in tree- and shrub layers, observa
tions must be extended over decades. Very rarely one anc
the same investigator is in a position to be able to observt
his permanent plots for such a long time. An alternative 2.0 7
to this dilemma is the possibility of reestablishing, witt : . :

o 5.0 6.0 10

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

environmental variables tested
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Schaffers & Sykora (2000) Journal of Vegetation Science
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Species included

Vascular plants

Caleulation type Normal Frequency wt

Transformation Pres Abun Pres Abun

Moisture

Average groundwater 74

Lowest moisture 74 4 4

Highest pF 74 — — — —

Nitrogen

Soil C:N ratio 74 —0.54 —0.54 —-0.52 =

Soil total N 74 51 2

N-mineralization 74 40 ) 41 42

Soil mineral N 74 51 53 54
74 69
74 67 5
74 51 2
74 -

N-accumulation 83

Biomass production 0.84

Soil reaction

pH-CaCl, 74 0.79 0.79 0.78 0.78

Base saturation 62 094 094 087 0.86

Ca’* saturation 62 0.94 0.94 0.88 087

Ca* amount 73 0.92 0.92 0.90 0.90

Total calcium 73 0.90 0.90 0.86 0.86

correlation coefficients ¢

(all significant

at p<0.001)

45 036 32
37 0.38 31
37 0.43 4 ).37 4
a~” amount 44 ns I as ns
Total calcium 44 C 60. 68
6




Calculation of mean Ellenberg indicator values

species composition matrix

| [spt sz | sp3 | spa | b5 | sps | sp7
1 0 0 0 0 0

1
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0 1 0
0 1 1 1 0 1
0 0 0 1 1
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Calculation of mean Ellenberg indicator values

species composition matrix
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Calculation of mean Ellenberg indicator values

mean ElVs
species composition matrix for soil
reaction
-mmmmmm | mR
1
1 0 1 1 0 1 0 3.5
4.5
0 0 0 1 0 1 1 5.7

1134467J

species EIVs
for soil reaction
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Relationship between mean EIV and measured pH
Case study: Vltava valley forest vegetation
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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

mean EIVs
species composition matrix for soil
reaction
-mmmmmm | mR
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Randomization of Ellenberg indicator values

mean EIVs
species composition matrix for soil
reaction
1 0 0 0 0 0 1
0 1 1 0 1 0 3.5
0 1 1 1 0 1 4.5
0 0 1 0 1 1 5.7

species EIVs
for soil reaction

ﬂ randomize species indicator values

randomized
species EIVs
for soil reaction

4 3 7 4 1 1
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Randomization of Ellenberg indicator values

mean ElVs mean
species composition matrix for soil randormzed I5'|VS
reaction for soil reaction
1 1 0 0 0 0 0 1 5
1 0 1 1 0 1 0 3.5 4.3
0 0 1 1 1 0 1 4.5 3.8
0 0 0 1 0 1 1 5.7 3

species EIVs
for soil reaction
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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



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)

| 5045%)-signifi it

- in reality 327 (~33%) correlations are significant
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Use of mean Ellenberg indicator values in vegetation analysis

environmental
variable

4

correlation,
regression, ANOVA
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Use of mean Ellenberg indicator values in vegetation analysis

environmental

. / variable
)W 4

£ correlation,
Compositional data regression, ANOVA

Species

indicator ‘

values

Heinz Ellenberg
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Reasons for inflated Type | error rate

wrong null hypothesis is being tested

— Hy: 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

— H,: 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)



Modified permutation test
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Too good to be true: pitfalls of using mean Ellenberg
indicator values in vegetation analyses
David Zeleny & André P. Schaffers

Abstract

Question: Mean Ellenberg indicator values (EIVs) inherit information about
compositional similarity, because during their calculation species abundances
(or presence—absences) are used as weights. Can this stmilarity issue actually be
demonstrated, does it bias results of vegetation analyses correlating mean EIVs
with other aspects of species composition and how often are biased studies
published?

Methods: In order to separate information on compaositional similarity possibly
present in mean EIVs, a new variable was introduced, calculated as a weighted
average of randomized species EIVs. The performance of these mean randomized
ETVs was compared with that of the mean real EIVs on the one hand and random
values (randomized mean EIVs) on the other. To demonstrate the similarity issue,
differences between samples were correlated with dissimilarity matrices based
on various indices. Next, the three mean EIV variables were tested in canonical
correspondence analysis (CCA), detrended correspondence analysis (DCA),
analysis of variance (ANOVA) between vegetation clusters, and in regression on
species richness. Subsequently, a modified permutation test of significance was
proposed, taking the similarity issue into account. In addition, an inventory was
made of studies published in the Journal of Vegetation Sdence and Applied Vegeta-
tion Science between 2000 and 2010 likely reporting biased results due to the simi-
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Summary: variables and analyses, for which modified permutation test

is advisable

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)

gualitative

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

gualitative

ANOVA type

sample clusters derived by cluster
analysis

groups of samples assembled manually
according to similarity in observed
species composition
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Regressions between measured environmental variables and mean
EIVs (table of p-values)

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 0500 <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%)
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Regressions between measured environmental variables and mean
EIVs (table of p-values after correction)

Fluvisol ASPSSW  SURFSL pH.H COVER32 SOILDPT Lithic Elevation Skeletic slope  XERSSW Cambisol SURFIS

LIGHT 0537 <0.01 0477 0744 0199 0079 0177 0321 0172 0217 <0.05 0361  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 %)
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MoPeT: program (R-based) for calculation of modified permutation test

www.bit.ly/ellenberg

' Y
74 Maodified randemized test with species indicator values E@g

Data used for analysis:

Vegetation matrix I Data imported from JUICE Cpen | Edit |
Species indicator values I Data imported from JUICE Open | Edit |
Species data I Data imported from JUICE Open | Edit |
Groups of samples I Data imported from JUICE Open | Edit |
External variable(s) I Data imported from JUICE Open | Edit |
Calculate: As correlation coefficient use: Dependence of variables in regression
* ANOVA between groups ¥ Pearson (dependent ~ independent):
" External ~ mean
" correlation with external variable(s) € Kendall )
& mean (V) ~ External
& regression with external variable(s) " Spearman =

multiple regression with external variables
(2.9, with ordination axes)

As species attributes use: Calculate following tests: Mumber of permutations:
@ species Ellenberg values Iv parametric test 499
" species data ™ original permutation test

¥ meodified permutation test

Online help | View result table Exit | Calculate |
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MoPeT: program (R-based) for calculation of modified permutation test

www.bit.ly/ellenberg
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S ———————————————

”
) ~ Q-5 oak forest data + bioassay expeniment - Microso Cel =
AT e Miraromort Erel = | B
Domd VioZeni RozloZeni stranky Vzorce Data Revize Zobrazeni [~ e o B 2
g = — == - . 1= [ T _ a
_=] & Calibri 1o A AT = g .
V_Ioilt _aT o7 o i Medified randomized test with species indicator values [ =HECY g
*J . EE
Schranka ] Zarovnani Data used for analysis:
AL - Lo | Vegetation matrix I Data imported from JUICE Cpen | Edit |
A B C D E F
1 Tilia cordz Pinus sylv Viscum all Quercus rAcer Species indicator values I Data imported from JUICE Open | Edit |
2 1 0 o o 0
3 2 0 0 0 0 Species data I Data imported from JUICE Open | Edit |
4 3 0 o [} 0
Groups of samples I Data imported from JUICE Open | Edit |
5 4 0 o [} 0
6 5 0 0 o o External variable(s) I Data imported from JUICE Open | Edit |
7 ] 0 o i} 0
alculate: s correlation coefficient use: ependence of variables in regression
8 ! 0 0 0 0 Calcul As correlation coeffici Dependence of varisbles in regressi
9 8 38 o [} [} ~i :
* ANOVA between groups ¥ Pearson (dependent ~ independent)
10 9 3 0 1] 1] ) ) ) " External ~ mean (IV)
1 10 0 0 0 0 " correlation with external variable(s) € Kendall
& . . . & mean (V) ~ External
12 11 0 0 1] 1] * regression with external variable(s) " Spearman
13 12 0 a a a multiple regression with external variables
14 13 0 0 1 o (2.9, with ordination axes)
15 14 8 8 [} 0
16 15 a 0 0 0 As species attributes use: Calculate following tests: Mumber of permutations:
17 16 o 0 o o @ species Ellenberg values Iv parametric test 499
13 17 0 4 o o " species data ™ original permutation test
L 18 0 0 o o ¥ meodified permutation test
20 19 0 o 2 [}
4 4 + M| species data - env data mean Ellenberg ind values 5 5 :
o | = | Online help | View result table Exit Calcula‘tel
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MoPeT: program (R-based) for calculation of modified permutation test

www.bit.ly/ellenberg

.
® JUICE - (c\users\zeleny\dropbox\clanky\ellenberg values - adjusted r2\data\hp-project-data-prirazeny-eiv.wct) E@Iﬂ
|Fi|e Edit Species Relevés Table Head Sorting Separators Synoptic Table Indicator Values Analysis  Table Simulation  Help |

el P2l 3] p |
74 Maodified randemized test with species indicator values @M

Statistics: Phicosfr.C
Data used for analysis:

Initial entry number:

Hieracium murorum

Relevés 100 | Vegetation matrix I Data imported from JUICE Open | Edit |
Species 227 1
Species indicator values I Data imported from JUICE Open | Edit |
Linaria genistifolia 6 7.
Luzula campestris agg. 6 7.2 - - | - |
Orobanche caryophyllacea & Species data I Data imported from JUICE Open Edit
Maianthemum bifolium 6 7.1
Lysimachia nummlaria 6 8.3 Groups of samples I Data imported from JUICE Open | Edit |
Luzula pilosa 6 7.4
Mycelis muralis 6 6.9
Moehringia trinervia 6 7.8 External variable(s) I Data imported from JUICE Open | Edit |
Mercurialis perennis 6 6.7
Lathyrus vernus 6 6.3
E;:sﬁl:f;ﬁixtlca g gg Calculate: As correlation coefficient use: Dependence of variables in regression
miic‘-a nutans ‘o g gg " ANOVA between groups & Pearson (dependent ~ independent):
ampyrum pratense c " External ~ mean (IV)

Myosotis ramosissima g gg " correlation with external variable(s) € Kendall
Lychnis viscaria . & rmean (V) ~ External
Melittis melissophyllum 6 5.6 & regression with external variable(s) " Spearman =
Melampyrum arvense 6 7.2
Luzula luzuloides 6 8.9 - multiple regression with external variables
Melica uniflora 6 6.6 (2.g. with ordination axes)
Hieracium maculatum 6 7.9

6 8.0

6 8.3

6 9.1

6 9.2

6 9.0

6 8.7

6 8.7

6. 9.3

Hieracium schmidtii As species attributes use: Calculate following tests: Number of permutations:
Hieracium sabaudum

Hieracium laevigatum ¥ species Ellenberg values v parametric test 499

Hieracium lachenalii . o .

Hieracium pilosella s species data r original permutation test

Geum urbanum - .

Glechoma hederacea s.lat. ¥ meodified permutation test

Online help | View result table Exit | Calculate |
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MoPeT: program (R-based) for calculation of modified permutation test

\ www.bit.ly/ellenberg

p
[R: R Graphics: Device 2 (ACTIVE) = (Bl
File History Resize
R2 = 0.081, P.par < 0.01, P.modif = 0.140 R2 = 0.000, P.par = 0.905, P.modif = 0.958
o % a T oo I species indicator values = | ] | S
I 2 eae o
= = £ P e
o
E Z EI [} @ 00%00 o ?30
5 o E T og‘? @ Data imported from JUICE Open | Edit |
o PR S0 [
3 LEJ « I I ? T T T
= w Data imported from JUICE Open | Edit |
30 35 40 45 50 55
pH pH Data imported from JUICE Open | Edit |
Data imported from JUICE Open | Edit |
RZ = 0.046, P.par < 0.05, P.modif = 0.296 RZ = 0.001, P.par = 0.718, P.modif = 0.870
% » Data imported from JUICE Open | Edit |
E =1
£ x
'E' = As correlation coefficient use: Dependence of variables in regression
':g E & Pearson (dependent ~ independent):
2 " Bxernal ~ mean
2 5 ble(s) £ Kendall )
o w * mean (V) ~ External
w " Sp
30 35 40 45 50 55 ole(s) Spearman
‘nal variables
pH
R2 = 0.177, P.par < 0.001, P.modif < 0.05 Calculate following tests: Mumber of permutations:
g Iv parametric test 499
§ g w ™ original permutation test
ﬁl E - ¥ meodified permutation test
&, e
o £ "
o
£ i—‘ o Exit | Calculate |
& w
w
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Conclusions

* |f 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 | 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.)



Conclusions

* |f 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 | 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.)

Thank you for your attention!
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