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Abstract

Aims: To test the predictive power of mean ecological indicator values (EIVs) based on different EIV systems and
weighting approaches. Study area: Preda in Grisons, Switzerland. Methods: We used three regional datasets of vege-
tation plots accompanied with measured soil pH values or mean annual near soil air temperature. We calculated mean
EIVs for each plot with four EIV systems that cover the region, namely “Ellenberg”, “Landolt’, “Tichy” and the Eco-
logical Indicator Values for Europe (EIVE), combined with four weighting approaches (unweighted, cover-weighted,
square-root cover-weighted, inverse niche width weighted). We correlated the mean EIV's of each combination with the
measured environmental variables and compared the mean Pearson r values. Results: No cover-weighting (0.78) was
slightly better than square-root cover-weighting (0.75) and clearly better than full cover-weighting (0.68). In the two
EIV systems providing a niche width measure (EIVE and “Landolt”), inverse niche weighting gave similar results than
no weighting. Mean EIVE values (0.76) had significantly stronger correlations than “Tichy” (0.73), while the differences
to “Ellenberg” (0.75) and “Landolt” (0.71) were not significant. Conclusions: The results suggest that even within the
definition areas of two long-established EIV systems (“Ellenberg”, “Landolt”), EIVE gives at least as good predictions as
these and significantly better than “Tichy”. Likewise, any type of cover-weighting reduces the predictive power of mean
EIVs. Both findings could be the consequence of the statistical principle “wisdom of the crowd”, according to which the
average estimate of several sources (be it regional scientists or plant species) is usually better than the estimate of one
or few experts. Accordingly, EIVE currently is the best choice for mean EIVs in Europe, and no cover-weighting should
be applied. We recommend that similar studies should be undertaken in other regions and for other niche dimensions.

Syntaxonomic reference: Mucina et al. (2016).

Abbreviations: EIV = ecological indicator value; EIVE = Ecological Indicator Values for Europe 1.0; R = ecological
indicator value for soil reaction; T = ecological indicator value for temperature.
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Introduction

Ecological indicator values (EIVs) of plants are a widely
used tool in applied and fundamental vegetation ecology
in Europe (Diekmann 2003). The first such EIV systems
have been independently developed by Ramensky et al.
(1956) for the European part of the former Soviet Union
and Ellenberg (1974) for Central Europe. The principle of
such EIV systems is that the species of a certain region
are placed on ordinal scales by expert knowledge repre-
senting the main niche dimensions (ecological factors) of
plants, such as soil moisture, soil nutrients or temperature.
In practice, the indicator values of one niche dimension
are averaged for all species occurring in one site (i.e. veg-
etation plot). The average value is then used as a proxy
for an ecological factor. The correlation of mean EIVs and
measured ecological factors has been demonstrated many
times to be good, with monotonous, but not always linear
relationships (reviews by Ellenberg et al. 1991; Diekmann
2003). Based on these properties, mean EIVs have been
used among others to quantify vegetation change over
time and its drivers (Diekmann et al. 2019; Scherrer et al.
2024), compare different management methods (Chytry
et al. 2009; Reutimann et al. 2023), characterise vegetation
types comparatively (Chytry 2007; Vassilev et al. 2024),
calculate regional species pool of plant communities
(Partel et al. 1996) or for palaeoecological reconstructions
(Blaus et al. 2020). Following the mentioned pioneering
works, about 30 additional EIV systems were developed
for different parts of Europe but remained geographically
restricted and largely incompatible due to different scales
(see overview in Dengler et al. 2023).

Only in the year 2023, two international author teams
have overcome this limitation by combining several or
even all available EIV systems at that time into pan-Eu-
ropean systems, the “Ellenberg-type indicator values” by
Tichy et al. (2023) and the “Ecological Indicator Values
for Europe” (EIVE; Dengler et al. 2023). The first tried to
be as close as possible to Ellenberg et al. (1991), including
retaining the original scaling, which is different for dif-
ferent niche dimensions, while the second approach cre-
ated a new uniform scaling of niche position from 0 to
10 and for the first time also a comprehensive assessment
of niche widths for all taxon x indicator combinations on
a continuous scale, too. The availability of these Europe-
an systems in the short time since their publication has
already prompted numerous studies to use them at the
continental scale (e.g. De Pauw et al. 2024) or in regions
without regional systems (e.g. Reczynska et al. 2024; Vas-
silev et al. 2024). However, what is missing up to date are
(a) a systematic calibration of the two new systems against
measured environmental variables and (b) a comparative
test of the performance of these two systems among each
other and compared to regional systems.

The two widespread approaches to indicate site condi-
tions are to calculate (i) unweighted or (ii) cover-weighted
means of the EIVs of all occurring species for the niche
dimension of interest (Ellenberg et al. 1991; Diekmann

2003). While Ellenberg et al. (1991) favour unweighted
means (without clear reasoning), Diekmann (2003) sug-
gests that most plant ecologists are using weighted means,
with differences between the two approaches being negli-
gible in species rich communities, while in species poor
communities the weighted average is more informative.
Intuitively, one could interpret higher cover of the same
species in a way that the site conditions are more favour-
able for this species, justifying giving the indicator values
more weight in the calculation of the mean EIV. On the
other hand, the cover of species not only depends on the
favourability of the habitat, but also species-specific traits
like size and growth form. For example, it is hard to im-
agine a very low cover of Fagus sylvatica of < 1%, while a
very high cover of > 50% probably never can be found for
a species like Linum catharticum; nevertheless, its pres-
ence can have high indicative value. These considerations
have prompted some researchers to adopt an intermediate
solution between no weighting and full cover weighting,
i.e. using the square root of cover for weighting (Reuti-
mann et al. 2023). Despite knowing the best of these three
approaches would be very beneficial, there are hardly any
empirical studies on this topic. We only know of Hajek
et al. (2020) who found that cover-weighting in one da-
taset outperformed non-weighting, while it was the other
way round in another dataset, and of Tolgyesi et al. (2014)
who found non-weighting to be superior to cover-weight-
ing. Héjek et al. (2020) also proposed a fourth averaging
approach, weighting by inverse niche width. They found
that this averaging approach alone or combined with
cover-weighting outperformed other approaches. Inverse
niche width weighting requires a measure for niche width,
called “tolerance” in Héjek et al. (2020). While these au-
thors published “tolerance” values for moisture in wetland
plants, some of the regional EIV systems provide niche
width information across all indicators, e.g. Landolt et al.
(2010) on a three-step ordinal scale and Didukh (2011)
instead of a niche position always a minimum and max-
imum. However, such niche width information has only
rarely been used for the calculation of mean EIVs (e.g.
Gillet et al. 2016). With the publication of EIVE (Dengler
et al. 2023), for the first time all included species have for
five indicators both a continuous value for niche position
and for niche width. While this information in itself is val-
uable for ecologists, it remains to be tested how useful it is
when calculating mean EIVE values.

To provide guidelines for the optimal use of ecological
indicator value systems of plants, we made use of three
sets of vegetation plots sampled in Preda in the Swiss Alps.
They cover wide ecological gradients and are combined
with in situ measured environmental variables (soil pH
and mean annual temperature). Using these datasets, we
addressed two questions:

o Which of the four weighting approaches (unweight-
ed, cover-weighted, square root-cover-weighted,
inverse-niche-width-weighted) provides the best
predictions of the actual environmental conditions?
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o Which of the four EIV systems that cover the
Swiss Alps (Ellenberg et al. 1991; Landolt et al.
2010; Dengler et al. 2023; Tichy et al. 2023) pro-
vides the best predictions of the local environ-
mental conditions?

Regarding the weighting approach, we had no a priori
hypothesis which of the four solutions would yield the
best results as there were arguments or examples for any
of these. Among the EIV systems, by contrast, we hypoth-
esised that EIVE outperforms the other three systems
based on previous findings by Moeys (2020) and Dengler
et al. (2023: table 3).

Study area

The study was conducted in Preda, canton of Grisons in
Switzerland, within the regional nature park “Parc Ela”
(Figure 1). Our sampling included the valley bottom of
the Albula valley as well as the northern side valley Val
Zavretta and the southern side valley Val Mulix. Our
plots were distributed from 46.56° to 46.60° northern
latitude, from 9.73° to 9.80° eastern longitude and from
1738 to 2636 m a.s.l. The plots comprise a wide range
of different natural and semi-natural habitats (forests,
grasslands, heathlands, mires, screes) of the subalpine
to alpine belts, both on limestone and on siliceous bed-
rock (see Table 1).

Methods

Vegetation-plot and environmental data

We used three unpublished datasets collected for other
purposes, which differed in plot size and measured en-
vironmental variables (Table 1). Vegetation was sampled
in precisely delimited square plots of 10 m? and 1 m? re-
spectively (Figure 1, Table 1). Dataset #1 was established
to represent the full diversity of natural and semi-natural
habitat types in the communal nature reserve and an allu-
vial plain of national importance around the Sonnenhof
Preda. Sampling involved one transect across the alluvi-
al plain (20 plots) and 44 additional, subjectively located
plots. Dataset #3 is based on an elevational transect of 13
EDGG Biodiversity Plots (Dengler et al. 2016), with one
100-m? plot placed approximately every 100 m of eleva-
tion along the hiking path in Val Mulix (mostly acidic).
Vegetation was sampled and pH measured in two opposite
10 m? corners (Dengler et al. 2016), while the temperature
sensor was placed in the centre of the 100 m? plot and its
data used for both 10 m? plots. Due to a technical issue
with the vegetation recording app “FlorApp” (Info Flora
2025), we lost four of the plots, leaving 22 for analysis. In
dataset #2, the plots of dataset #3 were augmented with
additional 12 plots sampled along an elevational transect
in Val Zavretta (mostly limestone).

All vascular plants were recorded with the shoot-pres-
ence system (Dengler 2008), and their cover estimated in

10 m? plots with o
pH

10 m? plots with °
pH and temperature

1 m? plots with pH e

0 500 1.000 m
e e

Figure 1. Sampling area around Preda (Parc Ela, Grisons, Switzerland) in the Albula valley as well as its side valleys,
Val Mulix to the South and Val Zavretta to the North. The coloured dots indicate the location of the plots of the
three datasets used. Note that some points are so close together at this scale that they are not visible as separate

entities. Source of the map: swisstopo.ch.
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percent (Dengler and Dembicz 2023) separately for tree,
shrub and herb layer. If a species occurred in more than
one layer, we added the values, reflecting the higher im-
portance of a species when present several times, but the
cumulative values for woody species mostly remained low
and only once reached 100%.

To measure the pH, mixed soil samples were collected
from the top 10 cm of the soil in five randomly selected
locations within the 10-m?* and four locations within the
1-m? plots. The soil samples were then air-dried and, once
dry, sieved to extract the particle fraction < 2 mm (fine
soil). For each plot, 10 g of the sieved soil was mixed with
25 g of the distilled water. Once shaken, the mixture in the
test tube was left still for the next hour, after which the soil
pH was measured with a pH electrode (HANNA instru-
ments, model HI991300).

To measure the temperature relevant for plants, we
installed temperature loggers (iButtons) in the plots in
August 2019. These measured the temperature in 30-min
intervals both 10 cm below and 10 cm above the soil sur-
face. For our study, we took the average near-surface air
temperature for the 12-month period from August 2019
to August 2020.

Plant nomenclature and matching to the EIV
systems

Plant nomenclature was harmonised to Euro+Med (2025)
with additional aggregates as defined in Euro+Med aug-
mented (Dengler et al. 2023), mapping taxonomic con-
cepts, not names (Jansen and Dengler 2010). We kept all
records at the taxonomic resolution they had after the
identification, that is, as fine as possible, be it as subspe-
cies, species or aggregate in the taxon view of Euro+Med
augmented. Taxa determined with some uncertainty (“cf”)
were treated like the respective taxon without cf., based on
the assumption that cf. is commonly used when the likeli-
hood that a sample belongs to a certain taxon is high.

In the study we considered the following four EIV sys-
tems with the given area of validity:

o Ellenberg et al. (1991) for Central Europe (further
“Ellenberg”)

o Landolt et al. (2010) for Switzerland and the entire
Alps (further “Landolt”)

o Dengleretal. (2023) for entire Europe (further EIVE)

o Tichy et al. (2023) for nemoral Europe and Italy
(further “Tichy”)

The values of the first three systems were taken from
Dengler et al. (2023: suppl. materials 2 and 8) where they
are harmonized to Euro+Med augmented, while the data
from Tichy et al. (2023) were taken from the source,
where they are also largely matched to the Euro+Med
standard. All cases of non-matching names were manu-
ally double-checked and corrected if necessary. In case of
non-matches in Ellenberg et al. (1991) and Landolt et al.
(2010), we also checked the original printed publications
to ensure that our treatment was not biased by missing or
erroneous assignments of taxonomic concepts in Dengler
et al. (2023). This led to a few corrections, particularly in
the case of Landolt et al. (2010), which were reported to
the EIVE team to be adjusted in the next release of EIVE.

Statistical analyses

All statistical analyses were performed in R (R Core Team
2024). We calculated mean EIVs with the package FD’
(Laliberté et al. 2014) in four weighting approaches: cov-
er-weighted, square-root cover-weighted, unweighted and
inverse niche width weighted. The latter was possible only
for “Landolt“ and EIVE. In “Landolt”, we replaced the niche
width value I with 1 and IT with 2 (see also Gillet et al. 2016).

This resulted in 42 combinations of the 3 datasets x
4 EIV systems x 3-4 weighting approaches. For each of
these we calculated the Pearson and Spearman correla-
tions with the respective measured environmental varia-
ble and a linear regression of the measured environmental
variable against the corresponding mean indicator value.
The resulting Pearson correlation coeflicients (r) were
then compared among datasets, EIV systems and weight-
ing approaches using linear mixed effects models. We did
this with the function Imer’ from the package ImerTest’
(Kuznetsova et al. 2017). We note that the sampling design
did not allow to construct a factorial model with EIV sys-
tem X weighting approach x indicator x plot size because

Table 1. Descriptive statistics of the three datasets used in this study.

Dataset Indicator Number Plot size Elevational Vegetation classes

ID of plots [m?] range [m a.s.l.] 9

#1 pH 64 1 17431764 Elyno-Seslerietea, Erico-Pinetea, Festuco-Brometeaq,
Juncetea trifidi, Loiseleurio procumbentis-Vaccinietea,
Molinio-Arrhenatheretea, Montio-Cardaminetea,
Rhododendro hirsuti-Ericetea carneae, Salicetea purpureae,
Scheuchzerio palustris-Caricetea fuscae, Thlaspietea
rotundifolii, Trifolio-Geranietea sanguinei, Vaccinio-Piceetea

#2 pH 34 10 1738-2636 Elyno-Seslerietea, Erico-Pinetea, Juncetea trifidi, Loiseleurio
procumbentis-Vaccinietea, Rhododendro hirsuti-Ericetea
carneae, Thlaspietea rotundifolii, Vaccinio-Piceetea

#3 Temperature 22 10 1738-2636 Elyno-Seslerietea, Erico-Pinetea, Juncetea trifidi, Loiseleurio

procumbentis-Vaccinietea, Vaccinio-Piceetea
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of missing combinations, insufficient sample size and the
fact that the three datasets differed in more aspects than
just indicator and plot size, e.g. length of the gradient and
diversity of habitats included (Table 1). We thus “com-
bined” indicator and plot size in the factor “dataset”.

First, we excluded inverse niche-width weighting
(available for only two EIV systems) and ran one model
for weighting approach and one for EIV system:

Imer(pearson ~ dataset + (1 | weighting approach/
EIV_system))

Imer(pearson ~ EIV_system + (1 | dataset/weighting_ap-
proach))

Second, we compared all four weighting approaches,
but restricted to “Landolt” and EIVE:

Imer(pearson ~ weighting_approach + (1 | dataset/
EIV_system))

Third, we tested for the effect of the EIV system with a
modified approach as we had hypothesised that EIVE would
perform better than any of the other three systems (“Tichy”,
“Ellenberg’, “Landolt”). Thus, we were not interested in all
possible comparisons between the four systems, but con-
ducted pair-wise comparisons of each of the latter three sys-
tems with EIVE and report Bonferroni-corrected p-values.

In the first and second case, we applied a posthoc test
with the function glht’ from the package ‘multcomp’
(Hothorn et al. 2008).

Results
Taxonomic matching and coverage

Disregarding identifications at genus level or higher
(which do not have EIV assignments in any of the four
EIV systems), we had 371 valid taxa (subspecies, species or
aggregates) each for the pH indicator (datasets #1 and #2
combined) and the temperature indicator (dataset #3). In

EIVE, 100% of these taxa had definitive indicator values.
For the six remaining combinations of indicator and EIV
system, the fraction of valid taxa without definitive indica-
tor value varied between 12.1% and 40.4% (Table 2). The
fractions were lowest in “Landolt’, intermediate in “Tichy”
and highest in “Ellenberg”. Completely missing taxa were
not an issue in Tichy, while one and 13 taxa were missing
in “Landolt” and “Ellenberg”, respectively (Table 2). Taxa
represented in the source EIV system only at an inferior or
superior level contributed between 5.7% and 7.3% of the
non-matches. Taxa were considered as indifferent in 4.6%
to 31.8%, which accounted for the majority of NA in five
out of six combinations (Table 2).

Statistical analyses

Among the 42 combinations of dataset x EIV system x
averaging method, mean EIVs were significantly posi-
tively correlated with the respective measured environ-
mental variable in all cases except one both for Pearson’s
rand Spearman’s r; (Suppl. material 1). Pearson’s r values
ranged from 0.34 to 0.84 (mean: 0.74) and Spearman’s r,
values from 0.21 to 0.84 (mean: 0.67) (Suppl. material 1).
The correlation results with Pearson’s + and Spearman’s
r, were consistent with a high correlation between both
values (r = 0.88). Therefore, all further results are shown
only for Pearson’s r. The slopes and intercepts of linear re-
gressions predicting the actual environmental conditions
from mean EIVs are also provided in Suppl. material 1,
while their visualisation can be found in Suppl. material
2. The regression functions in the case of EIVE are pH =
2.28 + 0.70 EIVE-R (mean of all functions) or pH = 2.38
+0.72 EIVE-T (highest R?) and MAT (°C) = 1.70 + 0.82
EIVE-T (mean) or MAT (°C) = 1.59 + 0.86 EIVE-T (high-
est R?). Some of the best-fitting regressions for the three
datasets are shown in Figure 2.

Among the three datasets, r values varied signifi-
cantly (p = 0.003). They were highest in the 10-m? pH
dataset (mean: 0.79), followed by the 1-m? pH data-
set (mean: 0.73) and lowest in the 10-m?* temperature
dataset (mean: 0.69), albeit the differences were only

Table 2. Frequency and reasons of taxa without definitive indicator values in the three EIV systems by Tichy et al.
(2023), Ellenberg et al. (1991) and Landolt et al. (2010). In the assessments of both indicators, we had 371 valid taxa,
but the taxon lists were not completely identical as the plots differed.

Indicator R (pH) T (temperature)
EIV system Tichy et al. Ellenberget Landoltetal. Tichy et al. Ellenberget Landoltetal.
(2023) al. (1991) (2010) (2023) al. (1991) (2010)
Taxa indifferent 40 62 17 53 118 33
Taxa completely missing (0] 13 1 (0] 12 1
Taxa only treated at 22 21 27 22 20 27
superior or inferior level
All NA's 62 96 45 75 150 61
Fraction indifferent 10.8% 16.7% 4.6% 14.3% 31.8% 8.9%
Fraction completely missing 0.0% 3.5% 0.3% 0.0% 3.2% 0.3%
Fraction other level 5.9% 5.7% 7.3% 5.9% 5.4% 7.3%
Fraction NA's 16.7% 25.9% 121% 20.2% 40.4% 16.4%
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a Spearman = 0.6 Pearson = 0.75

b Spearman = 0.84 Pearson = 0.83
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Figure 2. Linear regressions for environmental variables (pH, mean annual temperature) vs. the mean indicator values
(R, T) for the three datasets: (@) 1m?2 R, (b) 10 m? R and (c) 10 m? T. We show the versions for unweighted mean EIVE
values, which (together with inverse-niche width weighted EIVE values) was always the best combination of EIV system
and weighting approach. Above the figures, the corresponding Spearman and Pearson correlation coefficients are given.

b a a
0‘8 i * -
c '
[e] °
» 0.6
©
o)
o
0.4
L]

I I I
cover square root presence

cover

Figure 3. Boxplots of the Pearson r values for the corre-
lations between mean ecological indicator values (EIVs)
and measured environmental variables for the three
weighting approaches available across all four EIV sys-
tems. Arithmetic means are indicated as rhombi. The
overall effect of the weighting approach was signifi-
cant in the mixed effects model (p = 0.003) (see text
for details). The lower-case letters refer to homogenous
groups according to a post-hoc test.

significant between the 10-m? pH and the 10-m? tem-
perature datasets (not shown).

When comparing the r values for the three weight-
ing approaches available for all four EIV systems, the
differences were highly significant (p = 0.003), with
presence (mean: 0.78) and square-root cover (mean:
0.75) performing significantly better than cover (mean:
0.68) (Figure 3). When comparing the r values for all four
weighting approaches across the two EIV systems that
allow inverse niche width weighting (EIVE, “Landolt”),
the differences were significant (p = 0.014), with presence
(mean: 0.79) and inverse niche width (mean: 0.79) per-
forming best, square-root cover (mean: 0.75) intermediate
and cover (mean: 0.65) worst (Figure 4).

Regarding the performance of the different EIV sys-
tems, the overall differences in r values were relatively
small, ranging from EIVE (mean: 0.76) via “Ellenberg”
(mean: 0.75) and “Tichy” (mean: 0.73) to “Landolt”
(mean: 0.71) (Figure 5). We could confirm our a prio-
ri hypothesis that EIVE performs better than the other
EIV systems in the case of “Tichy” (p = 0.006 after Bon-
ferroni correction), but not for “Ellenberg” (p = 0.466)
and “Landolt” (p = 0.164).
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Figure 4. Boxplots of the Pearson r values for the cor-
relations between mean ecological indicator values
(EIVs) and measured environmental variables for all four
weighting approaches, restricted to the two EIV sys-
tems that allow the use of inverse niche width weighting
(EIVE and "Landolt"). Arithmetic means are indicated
as rhombi. The overall effect of the weighting approach
was significant in the mixed effects model (p = 0.014)
(see text for details). The lower-case letters refer to ho-
mogenous groups according to a post-hoc test.
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Figure 5. Boxplots of the Pearson r values for the corre-
lations between mean ecological indicator values (EIVs)
and measured environmental variables, depending on the
EIV system. The arithmetic means are indicated as rhom-
bi. The differences compared to EIVE were tested with
Bonferroni-corrected pairwise t-tests and the results dis-

played about the respective boxes. For details, see text.

Discussion

Taxonomic matching and coverage

In our examples, the indicator value coverage was 100% in
EIVE, but significantly lower for the three other systems.
As expected in Central Europe, which is the centre of the
suggested validity of the three other systems, there were
only few completely missing taxa. A total of 13 missing taxa
in Ellenberg et al. (1991) demonstrates that this system has
some knowledge gaps in the alpine areas of Central Europe
(despite having Central Europe in the title). Unexpectedly,
also one taxon (Hieracium pilosum) is not included in Lan-

dolt et al. (2010) under this name or any known synonym.
A bigger issue were taxa that are essentially present in the
source systems, but at a higher or lower taxonomic resolu-
tion. Only in EIVE this problem did not occur as the EIVE
workflow populated all the valid taxa below the genus with
indicator values (Dengler et al. 2023). In the three other
EIV systems, such cases could be resolved by an approx-
imative assignment by hand, for example, by applying the
indicator value of the species for its subspecies, but this is
tedious work and comes with loss of information. The sit-
uation is pronounced in Tichy et al. (2023), whose authors
refrained providing indicator values to any subspecies even
if subspecies of one species differ substantially in their
niches, often leading to an assessment as indifferent at the
higher taxonomic level. The most frequent reasons for NAs
in the three systems (besides EIVE) however was that their
authors considered the amplitude of a species as too wide
to be given a definitive indicator value.

Overall performance and differences between
the three datasets

Not surprisingly for almost all our calculation methods and
datasets the correlations between mean EIVs and measured
environmental variables were significant. This coincides
with the findings of numerous studies on the suitability of
mean EIVs for biological indication (reviewed in Ellenberg
etal. 1991; Diekmann 2003). Moreover, the high correlation
between Pearson’s r and Spearmans r, values combined with
the generally higher r values indicate that the relationship
between mean R values and soil pH and mean T values and
mean annual temperature are almost linear. This was also
found in other studies (Wamelink et al. 2002 for R; Dengler
et al. 2023 for T), while for other niche dimensions such re-
lationships might only be monotonous, but not linear.

We found some differences regarding correlation
strength between the three datasets. First, mean R values
were more strongly correlated to soil pH in the 10-m? than
in the 1-m? dataset, but insignificantly so. This tenden-
cy was not expected at first glance as one should assume
lower within-plot variability in soil properties and thus a
stronger relationship within smaller plots. While this rea-
soning is probably not false, the fact that the mean indica-
tor values in the larger plots are based on more species on
average and thus more reliable, seems to be the more rele-
vant factor. Second, we found clearly stronger correlations
in 10-m? plots for mean R values than for mean T values.
The most likely reason for this difference in the correlation
strength for T and R in our study is the different gradient
length covered. Our mean EIVE-R values ranged from 3 to
8, while our mean EIVE-T values covered only values of 1.5
to 3.5 (Figure 2). With 10 EIVE units being defined as the
difference between the lowest and highest value of a varia-
ble in a plant-inhabited site in Europe (Dengler et al. 2023),
we covered approximately 50% of the European gradient of
soil reaction, but only 20% of the temperature gradient. It is
a well-known statistical phenomenon that the longer an ob-
served gradient is, the more significant a pattern becomes.
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Differences among the four weighting ap-
proaches

We found that the less influence species cover is given in
the calculation of mean EIVs, the higher their predictive
power is. Across EIV systems and datasets, unweighted
means were better than square-root cover-weighted
means (with this difference not being significant) and
these again better than fully cover-weighted means. Up
to now there was little evidence on the effect of different
weighting approaches, and even more rarely originating
from comparative studies (but see Kafer and Witte 2004;
Héjek et al. 2020). In his comprehensive review, Diek-
mann (2003) concluded that the results of the weight-
ing vs. non-weighting “with few exceptions do not differ
much”. Our study now suggests that while the overall rela-
tion remains the same, the strength of the relation is high-
er if cover is disregarded. This agrees with the findings of
Kifer and Witte (2004) for mean EIV's for moisture. Prior
to our study we would have expected that the intermediate
solution (square-root cover-weighting) outperforms ei-
ther non-weighting or full cover weighting (for reasoning,
see Introduction). But our results did not support this ex-
pectation, and instead the number of species that entered
into the calculation of the mean was more decisive. While
all species in a system usually have been estimated by the
same expert or group of experts, each of the species EIVs
comes with an estimation error. Some are under- and oth-
ers overestimated. Thus, the larger the number of aver-
aged species, the more reliable the resulting mean. Using
presence-absence data, effectively more species enter into
the calculation of the mean compared to situations when
some species are rated differently.

Finally, we found that inverse niche width-weighting
essentially produced results identical to no weighting.
This finding contrasts with the logical assumption that
species with wider niches should have lower indicative
value. This idea had motivated some EIV systems (e.g.
Landolt et al. 2010; Bohling et al. 2002; Hajek et al. 2020)
as well as EIVE (Dengler et al. 2023) to provide a meas-
ure of niche width in addition to niche position. Hajek
et al. (2020) showed that under certain circumstances
using niche width (they call it “tolerance”) for weighting
yielded the strongest correlations with measured envi-
ronmental variables, but not consistently so. Our coun-
terintuitive finding could suggest that the effect of niche
width is indeed small or that the niche width measure in
EIVE needs further improvement.

Differences among the four indicator value sys-
tems

We found differences between the four systems to be
relatively small, with mean r values ranging from 0.76
for EIVE to 0.71 for “Landolt” Based on previous stud-
ies we had hypothesised that EIVE generally should

outperform all other systems. Indeed, the mean r values
had been highest for EIVE but there only was a signif-
icant difference compared to “Tichy”. This is astonish-
ing as the motivation of developing the two European
systems (Dengler et al. 2023; Tichy et al. 2023) was not
to replace the existing regional systems, but to provide
a solution for supra-regional to continental analyses.
Tichy et al. (2023) even explicitly wrote “It is likely that
most regional systems of indicator values provide more
accurate estimates of site conditions in their region than
the European data set, which is based on averaging in-
dicator values from different regions” Already during
the preparation of EIVE 1.0 (Dengler et al. 2023), this
assumption formerly also shared by the EIVE authors
was challenged. First, Moeys (2020) in her methodolog-
ically similar Master thesis reported for a beta version
of EIVE (far less developed than EIVE 1.0) that it out-
performed regional EIV systems in most cases. Dengler
et al. (2023) then found that the correlation of the T val-
ues of individual species to their climatic niche (derived
from distribution data) was strongest in EIVE, closely
followed by Tichy et al. (2023) while it was much weak-
er for most of the regional systems. Our results now are
similar, except that Tichy et al. (2023) was even behind
the two applicable regional EIV systems (Ellenberg et
al. 1991; Landolt et al. 2010). How could this result arise
even though there is little doubt that niches of many
species vary in space? It seems that EIVs at species level
are better, the more independent assessments were used
for their creation, which refers to the statistical principle
“wisdom of the crowd” (Galton 1907; Surowiecki 2004).
According to this principle the mean of the estimates
of a continuous variable by many non-experts is often
more precise than a single estimate by the best expert.
Surowiecki (2004) highlights five prerequisites for the
wisdom of the crowd to work, the first two being “di-
versity of opinion” and “independence of people’s opin-
ion”. This would nicely explain why EIVE was superior
to “Tichy”: EIVE 1.0 is based on 28 systems for R and
23 for T, respectively, “Tichy” on seven systems for both
reaction and temperature. This means that “Tichy” for
the two niche dimensions considered had only between
one fourth and one third of the sources that EIVE 1.0
used, and, perhaps more importantly, Tichy et al. (2023)
according to their methods description used only sourc-
es that were conceptually very similar to “Ellenberg”,
thus likely hardly independent from each other, while
Dengler et al. (2023) included all available systems they
were aware of, how “eccentric” they might be. Our study
suggests that the approach of Tichy et al. (2023) to “tie”
themselves to “Ellenberg” prevented them from becom-
ing better than “Ellenberg” despite combining several
systems. Lastly, the fact that “Ellenberg” and “Landolt”
were not significantly different from EIVE suggests that
there the two drivers of quality, regionality of the as-
sessment and number of independent assessments, can-
celled themselves out.



s
=

Vegetation Classification and Survey

65

Conclusions and outlook

Our results suggest that (full) cover weighting is clearly
not recommendable when calculating mean ecological
indicator values, in line with Kéfer and Witte (2004), but
contrary to the assumption of Diekmann (2003) that in
species-rich vegetation (as in our case) this weighting
approach is not relevant. While our small dataset does
not provide a clear answer regarding square-root cover
weighting, there was a tendency that the results with this
intermediate solution were worse than without any weight-
ing. By contrast, inverse niche width weighting produced
almost identical results to no weighting, suggesting that
with improved niche width measures from future editions
of EIVE it might be possible toachieve a predictive pow-
er better than with no weighting. One could also think of
other approaches to involve niche width in the predictions
such as the amplitude overlap method successfully ap-
plied by Peppler-Lisbach (2008) or even multiplying the
response curves of all occurring species. Currently, the lat-
ter approach is impossible to implement at large scales as
response curves exist only for a limited number of species
and few niche dimensions, based on relatively small data-
sets. Large vegetation-plot databases like EVA (Chytry et
al. 2016) and GrassPlot (Dengler et al. 2018) might offer a
chance to overcome this limitation.

Regarding different EIV systems, our study clearly dis-
proves the assumption of Tichy et al. (2023) that, within
their region of definition, well-established regional EIV
systems perform better than European EIV systems - as
there was no significant difference between EIVE and the
two regional systems, but a tendency of EIVE to perform
better - in line with the findings of Moeys (2020). By con-
trast, we found a small but highly significant superiority of
the European EIVE system (Dengler et al. 2023) vs. the Eu-
ropean “Ellenberg-type” system by Tichy et al. (2023). From
the perspective of practitioners these findings suggest that
in pan-European studies and in European regions without
well-established regional system, EIVE should be the EIV
system of choice. By contrast, in regions with a well-estab-
lished EIV system one can either select the regional system
or EIVE depending on whether comparisons of the results
are intended to be done regionally or internationally. Be-
yond the reliability of the predictions, we found that there is
another practical aspect that makes the use of EIVE easier
and better reproducible than that of any of the other sys-
tems. Only EIVE systematically provides EIV values for all
accepted taxonomic ranks (subspecies, species, aggregates),
which allows direct usage without either losing information
on many taxa recorded at a different taxonomic level or re-
quiring tedious and necessarily imperfect “matching” with
the next-lower or next-higher taxon.

The “wisdom of the crowd” principle might play an un-
expected role for the predictive power of mean EIVs: This
single principle could explain why EIVE performs better
than Tichy et al. (2023), why no weighting of species is
better than cover-weighting and finally why the predictive

power tended to be higher for 10-m? than for 1-m? plots.
In the first case it is about averaging more independent
expert opinions, in the latter two cases about more spe-
cies that effectively or actually enter into the calculation.
Currently, “wisdom of the crowd” is just a hypothesis that
would explain the named patterns at once and thus par-
simoniously. However, whether this is the true and sole
reason for the findings needs to be addressed in future
studies specifically devoted to this topic.

While the current study provided some answers, it should
be emphasised that it comes from a narrow geographic re-
gion with three limited datasets. Therefore, similar studies
are also needed in other regions or with pan-European da-
tasets to assess the generality of our findings and to provide
better-founded translation functions to physical variables. It
also remains to be studied whether similar principles apply
for the other three current niche dimensions in EIVE 1.0
(moisture, nitrogen, light). Héjek et al. (2020), for example,
found that in the case of soil moisture, depending on the
specific setting, different weighting approaches might be
best. Lastly, also the question how the prediction quality of
mean indicator values depends on plot size is of great theo-
retical and practical interest but requires for proper testing
high quality nested-plot datasets where environmental var-
iables were measured separately for each size.
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