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Data for community weighted mean approach
(CWM approach)

sample
species attributes sample attributes —
characteristics of individual
matrix of species / samples (plots, localities)
samples composition - environmental variables,
L - experimental treatment,
- sample classification,
- species richness
species - diversity index
attributes .

/7

species attributes — characteristics of individual species
- traits, Ellenberg-type species indicator values, species
phylogenetic relationship, species specialization values etc.
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CWM

community weighted mean of species
attributes (t)

- CWM of traits

- mean Ellenberg indicator values (mEIV)
- diatom index in hydrobiology

- transfer function in paleoecology

CWM =, (L, t)
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CWM

community weighted mean of species
attributes (t)

CWM of traits

mean Ellenberg indicator values (mEIV)
diatom index in hydrobiology

transfer function in paleoecology

CWM =, (L, t)

extrinsic sample attributes
measured/estimated environmental
variables, experimental treatments
- soil pH (measured),

- canopy cover (estimated)

- temperature (GIS derived)

- fertilized vs control (treatment)

SAextr =€



CWM

community weighted mean of species

attributes (t)
CWM of traits

mean Ellenberg indicator values (mEIV)
diatom index in hydrobiology
transfer function in paleoecology

CWM =, (L, t)

extrinsic sample attributes intrinsic sample attributes
measured/estimated environmental calculated from species composition

variables, experimental treatments -
- soil pH (measured), -
- canopy cover (estimated) -
- temperature (GIS derived) -
- fertilized vs control (treatment)

SAextr =€

sample ordination scores,
species richness,

diversity indices,

assignment of sample into a
cluster by numerical classification

SAintr = f2 (L)



Testing CWM approach with extrinsic sample attributes

CWM ~ SA
f1 (LI t)Ne

extr
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inference for studying trait-based community assembly and a solution. PeerJ
5:€2885.

ter Braak, C.J.F, Peres-Neto, P. & Dray, S. 2018. Simple parametric tests for trait-
environment association. Journal of Vegetation Science, accepted.



Testing CWM approach with
extrinsic sample attributes

(a) Community-weighted mean approach

observed
L C |~ | €| = statistic

/ (rt, ¥, F
‘ etc.)

t

L — species composition

t — species attributes (traits, EIV)

e —sample attributes (env. vars)

e, — randomized sample attr.

¢ — CWM of species attributes

p, — significance of row-based test

p. — significance of column-based test

Pmax — Sighificance of max test
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(b) Tests of observed statistic

(i) row-based permutation test('standard
test’):

L/c mepq - D,
5

t

{ii) column-based permutation test
{"modified permutation test’):

L/cpme - P,
&

L
e >

{iii) row-column-based permutation test
{‘max test’):

Pmax = Max (p, pc)



Testing CWM approach with intrinsic sample attributes

CWM ~ SA

Intr

fi (L)~ £, (L)

Zeleny, D. & Schaffers, A.P. 2012. Too good to be true: pitfalls of using mean
Ellenberg indicator values in vegetation analyses. Journal of Vegetation Science
23:419-431.

Wildi, O. 2016. Why mean indicator values are not biased. Journal of Vegetation
Science 27: 40-49.

Hawkins, B.A., Leroy, B., Rodriguez, M.A., Singer, A., Vilela, B., Villalobos, F., Wang
X. & Zeleny D. 2017. Structural bias in aggregated species-level variables driven by
repeated species co-occurrences: a pervasive problem in community and
assemblage data. Journal of Biogeography 44: 1199-1211.



About spurious correlation (Pearson 1897)

‘ Mathematical Contributions to the Theory of Evolution.—On
a Form of Spurious Correlation which may arise when
Indices are used in the Measurement of Organs.” By
KARL PeArsoN, F.R.S., University College, London. Re-
ceived December 29, 1896,—Read Fcbruary 18, 1897.

(1) If the ratio of two absolute measurements on the same or
different organs be taken it is convenient to term this ratio an indez.

If w = fi(,y) and v = f,(z, y) be two functions of the three variables
x, Y, 2, and these variables be selected at random so that there exists
no correlation between .y, y,2, or 2z, there will still be found to
exist correlation between w and v. Thus a real danger arises when a.
statistical biologist attributes the correlation between two functions,
like # and v to orgamic relationship. The particular case that ir
likely to occur is when u and v are indices with the same denominator.
for the correlation of indices seems at first sight a very plausible
measure of organic correlation.
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Examples of spurious correlations () in trait-trait
relationships (by Shen Yen-Cheng)
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Examples of spurious correlations () in trait-trait
relationships (by Shen Yen-Cheng)
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LDMC vs SLA

LDMC = LDW*1000/LFW,
SLA = LA/LDW,

LDMC ~ SLA
LDW*1000/LFW ~ LA/LDW

LDMC — leaf dry matter content
SLA - specific leaf area
LA — leaf area
LDW — leaf dry weight
LFW — leaf fresh weight

David Zeleny: CWM approach with intrinsic species attributes - example of spurious correlation



What to do with spurious correlation?

Alternative opinions:
- do not test
- spurious correlation is not a problem

- test by Monte Carlo permutation test, which
permutes the parent variable present only at one
side of the equation (Jackson & Somers 1991, Brett

2004)
CWM ~ SA.

Intr

fl (I., t) ~f2 (L)
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Fig. 1. Schematic representation of the calculation of (a) mean real EVs,
{b) mean randomized ENVs and (c) random rnumbers, the three altemative
variables used in the analyses [see text for details).

Use modified (column-based) permutation test!
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DCAZ

Relating mEIV to ordination axes in DCA:

standard (row-based) test

Sample-based ordination space

DCA1

light
temp
cont
moist
react
nutr

O O O o o o

r2 Pr(>r)
.7157 0.001
.4449 0.001
.1170 0.006
.9236 0.001
.4176 0.001
.8706 0.001

* k%
* k%
* %

* k%
* k%
* %%



DCAZ

Relating mEIV to ordination axes in DCA:

modified (col-based) permutation test

Sample-based ordination space

DCA1

light
temp
cont
moist
react
nutr

O O O o o o

r2

L7157
.4449
.1170
.9236
.4176
.8706

O OO O OO0 1™

r(>r)
.0002
.0224
.5322
.0002
.0374
.0002

* k%

* k%

* %%



DCAZ

Alternative solution: standard permutation test

in species-based ordination space

Sample-based ordination space

DCA1

DCAZ

Species-based ordination space




Conclusions

 Sample attributes are either extrinsic or
intrinsic, and each type requires different
treatment

* CWM with extrinsic variables — test depends
on the hypothesis tested (max test, row- or
column-based tests)

e CWM with intrinsic variables — no test, or
modified (column-based) permutation test
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THE PREPRINT SERVER FOR BIOLOGY

New Results

Which results of the standard test in community weighted mean
approach are too optimistic?

David Zeleny
doi: https://doi.org/10.1101/349589

This article is a preprint and has not been peer-reviewed [what does this mean?].

David Zeleny: CWM approach with intrinsic species attributes - example of spurious correlation



R package weimea
https://qithub.com/zdealveindy/weimea
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@] Untitledz == i History  C i |
% Source on Save | G /7 - +Run | %% | ¥ Source - . .
1 devtools::install_github ('zdealveindy/weimea") e | P
2 Tibrary (weimea)
3 data (vltava)
4 spe <- vltava$spe
5 el1l <- vltava$eiv N +
6 DCA <- decorana (loglp (spe))
7 mEIV <- cwm (spe, ell) _
8 ef <- envfit_cwm (DCA, mEIV) . i, gt
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https://github.com/zdealveindy/weimea

Db 0

Thank you for your attention! 3
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Resources:
Zeleny (submitted): Which results of standard test in community

weighted mean approach are too optimistic?
biorXiv, https://doi.org/10.1101/349589

weimea: R package for analysis species and sample attributes,
GitHub, https://qgithub.com/zdealveindy/weimea

This presentation: https://www.davidzeleny.net/doku.php/conf
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