ISEC 2014, Montpellier, France

Bias due to autocorrelation where no one expects it:
the relationship between community-weighted mean traits
and environmental variables

David Zeleny
Masaryk University, Brno, Czech Republic

#
VEGETATION
SCIENCE
GROUP

MASARYK UNIVERSITY BRNO



ISEC 2014, Montpellier, France

autocorrelation

weighted mean
environmental variables

David Zeleny
Masaryk University, Brno, Czech Republic

VEGETATION

SCIENCE

GROUP

MASARYK UNIVERSITY BRNO



Weighted mean of species attributes

sample
species attributes
samples L R

species
attributes

R ... matrix of sample attributes (e.g. environmental variables)
L ... matrix of species composition
Q ... matrix of species attributes (e.g. traits, species indicator values)

(notation of matrices follow that in the RLQ and fourth-corner analysis)



Weighted mean of species attributes

weighted
mgan of sample
species species attr. attributes
= M=L
samples L - Q Y ~ R
n
m, = Z anp Xty
. p=1
species ’ B
attributes Q
R ... matrix of sample attributes (e.g. environmental variables)
L ... matrix of species composition (L, ... standardized by sample totals)
Q ... matrix of species attributes (e.g. traits, species indicator values)
M ... matrix of weighted means of species attributes (e.g. CWM)



Weighted mean of species attributes

weighted
me.an of sample
species species attr. attributes
B M=L
samples L - Q | M ~ R
n
m, = Z anp X tp
. p=1
species ’ _
attributes Q

testing the relationship
correlation, regression, ANOVA, parametric or nonparametric versions

We should expect inflated Type | error rate
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Relationship between community weighted mean for
SLA and cover of overstory

weighted mean of SLA (herbs)

50

40

30

20

r=0.123. P < 0.001

cover of trees and shrubs [%0]

Data:

e forest vegetation
in Vltava valley

* wide range of
vegetation types

* SLA for herb
species

e 97 samples, 233
herb species



Weighted mean of species attributes:
compositional autocorrelation

 Samples with the same species composition will have the same value of WM
* Samples with similar species composition will have similar value of WM
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dissimilarity (Whitt. index of association)
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Weighted mean of species attributes:
compositional autocorrelation

 Samples with the same species composition will have the same value of WM
* Samples with similar species composition will have similar value of WM

NMDS (Whittakers index of association)
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Weighted mean of species attributes:
compositional autocorrelation

 Samples with the same species composition will have the same value of WM
* Samples with similar species composition will have similar value of WM

CWM of SLA of herb species

° O o O
) -0 02 -
e »° oW
o O O % 69)0
O
C5 C§§)é§() o o
2 O 0% 0O o 0
> " 0 000 © 9007 o0
% 9 o O O O()O
o o °O O
O o &
® o) O O
O C)C
S - o
O
-0.4 -0.2 0.0 0.2 0.4

NMDS1

David Zeleny: Compositional autocorrelation and weighted mean



Relationship of two compositionally autocorrelated
variables

CWM of SLA of herb species
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The fourth-corner approach

sample
species attributes
samples L R
species )
attributes Q D

R ... matrix of sample attributes (e.g. environmental variables)

L ... matrix of species composition

Q’ ... matrix of sample attributes (e.g. traits, species indicator values)
D ... fourth-corner matrix
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The fourth-corner approach:
testing the significance

Model 1 Model 2
A A A A /‘
7
Figure 10.25 Permutations of matrix A may be /
performed in different ways /
which correspond to different null { A
ecological models. ¢ ]f
(1) The occurrence of a species in i
the study area is constant, but po- /
sitions are random: permute at /
random within columns. YIIY||Y]||Y o

(2) Positions of species assem-
blages are random; permute Model 3 Model 4

whole rows (assemblages).

. , < >
(3) Lottery hypothesis: the spe-
cies that arrived first occupied a < >
. ) . T —_
site; permute at random within
_.—'—'_'_.-_.
Trows, B (’__—-—"’"
(4) Species have random at-
. E a k=1
tributes; permute whole columns. <t
S
-«
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Legendre & Legendre (2012)
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Solution for weighted-mean approach:
modified permutation test

 Modified permutation test:

null distribution of test statistic is created by calculating weighted
mean from permuted species attributes

this test has correct type | error rate in case that there is a link
between R and L (sample attributes and species composition matrix)

but it’s overly conservative in case that there is no R <-> L link

possible to calculate in R package weimea (available on r-forge, beta
version)



Solution for weighted-mean approach:

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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MoPeT:

program (R-based) for calculation of modified permutation test

www.bit.ly/ellenberg

oak forest data + bioassay experiment - Microsoft Excel

= B |

Domd VioZeni RozloZeni stranky Vzorce Data Revize Zobrazeni [~ e o B 2
i = — == - . 1= o~ [ T a an
_=] & Calibri 11 r AT AT = = g .
o aarT & Modified randomized test with species indicator values [ =HECY g
VioZit B 7 U~
- = £
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 | Data imported from JUICE Cpen | 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
& 7 0 0 0 0 Calculate: As correlation coefficient use: Dependence of variables in regression
9 8 38 o [} [} ~i :
* ANOVA between groups ¥ Pearson (dependent ~ independent)
10 9 3 0 o o . . . " External ~ mean (IV)
1 10 0 0 0 0 " correlation with external variable(s) € Kendall
. . . & mean (V) ~ External
12 11 0 0 o 0 & 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 :
e - Online help | View result table Exit | Calculate
fipraven | = | |
—
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http://www.bit.ly/ellenberg

Conclusions

test of the relationship between weighted mean of species
attributes and sample attributes has inflated Type | error rate

applies to community weighted mean of species functional
traits, mean Ellenberg indicator values, diatom index etc.

solution: modified permutation test (based on permuting
species instead of sample attributes)

Thank you for your attention!



