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Abstract. 1. Biodiversity assessments for conservation planning are often
restricted to a limited set of species. This is also the case in the context of Nat-
ura 2000, where surveys focus strongly on vegetation and selected vertebrate
species. Without cross-taxon congruence, however, this approach does not guar-
antee that the relevant aspects of biodiversity are appropriately represented.

2. We here assess the diversity of vascular plants, carabid beetles and spiders
in mountain grasslands of the European Alps. We address the questions
whether there are distinct species assemblages in different habitats and whether
these assemblages show sufficient cross-taxon congruence. Furthermore, we test
whether habitats that are protected based on vegetation characteristics also
inhabit an arthropod fauna with highest conservation value.

3. We found only weak agreement in assemblage composition and no positive
correlation in species richness across the three focal taxa. Furthermore, we found
a negative correlation between species richness of plants and carabids, indicating
opposing taxon-specific responses to habitat differences and land use intensity.
Species richness was higher at protected sites for plants, but not for carabids and
spiders. This applied also to the subset of species with highest conservation value.

4. Our results show that prioritisation of sites for conservation based solely
on vegetational aspects does not necessarily coincide with important sites for
arthropods. This calls for a multi-taxon approach in conservation planning to
cover more of the endangered and range-restricted species. Species- and surro-
gate-based conservation efforts, like the Natura 2000 directive, should therefore
be extended to embrace the diversity of arthropods.

Key words. Araneae, biodiversity conservation, Carabidae, cross-taxon congru-
ence, European Alps, land use change, species conservation, subalpine pasture,
taxon surrogacy, vascular plants.

Introduction

The world is facing a global loss of biodiversity that is
also of societal concern calling for measures to prevent

biodiversity loss (Butchart et al., 2010). As resources for
nature conservation are limited, prioritisation is crucial to

maximise conservation efficiency (Myers et al., 2000;
Davies & Cadotte, 2011). Biodiversity assessments play a
major role in conservation planning, to identify areas for

conservation, to develop conservation strategies and to
evaluate conservation actions (Gaston, 1996; Meine,
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2018). Such assessments are hampered by constraints of
funds and time, spatial and temporal complexity, but
sometimes also by lack of taxonomic expertise (Gaston,
1996; Sauberer et al., 2004; Gioria et al., 2011). Efforts

can possibly be minimised by the use of taxonomic surro-
gates that represent a larger range of biodiversity (Gard-
ner et al., 2008). Taxon surrogacy is based on the

assumption of correlated species richness and concordance
in assemblage composition across different taxonomic
groups (Noss, 1990; Prendergast et al., 1993; Santi et al.,

2010).
Since surrogates can potentially work as efficient biodi-

versity indicators, the use of surrogates in biodiversity

assessments is hotly debated (e.g. Cabeza et al., 2007;
Lewandowski et al., 2010; Barton et al., 2014; de Morais
et al., 2018). One major criticism is that cross-taxon con-
gruence is often low so that the required representation is

not guaranteed (Favreau et al., 2006; de Morais et al.,
2018). Hence, many authors promote multi-taxon
approaches (Kotze & Samways, 1999; Finch & L€offler,
2010), while others aim to specify the conditions that jus-
tify the use of surrogates (Favreau et al., 2006; Westgate
et al., 2014). The latter includes the question which speci-

fic taxa work best as general surrogates or as surrogates
for specific other taxa. Vascular plants are often discussed
as possible general surrogates, since the group is taxo-
nomically rich and ecologically well described, including a

number of specialist species (Prendergast et al., 1993;
Sætersdal et al., 2004; Su et al., 2004). Furthermore, vas-
cular plants are comparably easy to be identified in the

field, they are persistent at least during the vegetation per-
iod, and as primary producers, they structure the habitat
for consumers (Anand et al. 2005; Vera et al. 2011; Santi

et al., 2010).How far plants can replace surveys of other
taxa, in particular those that are more cryptic and taxo-
nomically challenging, is not always clear, however (Santi

et al., 2010).
Despite the criticism concerning the use of surrogates

for conservation decisions, it is common practice to
restrict biodiversity assessments to a few taxonomic

groups or even a subset of indicator species (Vellend
et al., 2008). This is also the case in the context of Natura
2000, one of the largest international networks in conser-

vation and a central element in biodiversity conservation
in the European Union (Orlikowska et al., 2016). The
Annexes of the Nature 2000 Directive play a direct role in

guiding conservation planning and decision making in the
European context, as they list the protected species
(Annexes 2 and 4) and the protected habitats (Annex 1),
which form the basis for defining the ‘Special Areas of

Conservation’ (Hochkirch et al., 2013). These Annexes list
mostly rare, endemic or endangered species that them-
selves are of conservation concern, but they may be of

limited value to general biodiversity conservation (see
Cardoso, 2012; Rosso et al., 2018 for a discussion of limi-
tations and critiques about current species selection).

Invertebrates are significantly underrepresented in
Annexes 2 and 4 of the Natura 2000 Directive. Among

the about thousand species listed, there are only 122
arthropods (including only 38 species of beetles and a sin-
gle spider species, Cardoso, 2012), although insects and
other invertebrates represent a major portion of total ani-

mal biodiversity. Arthropods are ecologically relevant as
pollinators and pest control agents, and as primary and
secondary consumers, they play a significant role in food

webs (Klein et al., 2007; Schuldt & Assmann, 2010; Hall-
mann et al., 2017). This diversity is currently at a signifi-
cant decline, which has recently been convincingly

demonstrated for the abundance of flying insects in cen-
tral Europe (Hallmann et al., 2017, 2018). The characteri-
sation of habitats as listed in Annex 1 is mainly based on

vegetation. Animals are rarely referred to in the character-
isation of habitats, and most animals mentioned in the
habitat descriptions are vertebrates in aquatic ecosystems
(EC - European Commission DG Environment, 2013).

Despite the focus on vascular plants and vertebrate spe-
cies in the context of Natura 2000, it is not known
whether these taxa may efficiently identify areas which are

important for invertebrate species (Wolters et al., 2006;
Lewandowski et al., 2010; Schuldt & Assmann, 2010;
Westgate et al., 2014).

We here assess the diversity, assemblage composition
and cross-taxon congruence of vascular plants, carabid
beetles and spiders in mountain grasslands of the Euro-
pean Alps in southern Germany. The Alps represent a

biodiversity hotspot in Europe and host a large number
of endemic species (Tribsch, 2004; Rabitsch, 2009). The
Alps have undergone substantial climatic and land use

changes over the last decades. This has led to substantial
changes in habitats, in particular a decline of grasslands
with low land use intensity (Streifeneder & Ruffini, 2007;

Marini et al., 2009). Alpine grasslands are particularly
rich in endemic species, specifically among groups with
low dispersal ability, such as many insects. Climate

change and land use change may challenge their persis-
tence. Our study was conducted within the frame of an
applied conservation project that aimed to assess and
evaluate different sites with regard to management in the

future.
We used the survey of vascular plants, carabid beetles

and spiders to assess cross-taxon patterns of biodiversity.

Carabid beetles and spider represent two less often studied
groups of arthropods that are not well represented in spe-
cies- and surrogate-based conservation efforts such as the

Natura 2000 directive. We address three specific questions.
(i) Do the three groups show similar assemblage composi-
tion when compared across different habitats? (ii) Does
local species richness correlate across the three groups,

such that species richness in one group is predictive for
species richness in other groups? We analyse this sepa-
rately for total species richness and richness of species of

conservation concern. (iii) Do protected habitats that were
identified based on vegetation characteristics also inhabit
the most valuable arthropod fauna? Answers to these

questions have implications for the use of surrogates in
conservation practice.
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Materials and methods

Study area

We studied species diversity of vascular plants, carabid
beetles and spiders of the mountain pasture ‘Alpe Ein€ods-
berg’ in the German part of the Alps (47.32°N; 10.28°E).
The study area represents a part of the ‘Allg€auer Hochal-
pen’, a territory listed as Special Area of Conservation in
the European conservation system Natura 2000. The

study area ranged in altitude between 1400 and 2000 m
above sea level and encompassed pastures with a total
area of about 120 ha (H€ofer et al., 2010). Most of the

predominantly west-facing slopes consist of meadows
dominated by matgrass (Nardus stricta). Woodland belts
of Norway spruce (Picea abies) and krummholz formed
by green alder (Alnus viridis) occur throughout the pasture

zone. There is a ridge of 2 km length running north–south
along the upper section of the pasture.
The pasture has been intensely grazed by sheep during

most of the 20th century (up to 15 sheep per hectare).
The grazing regime changed markedly in 2001, however.
Most parts were from thereon grazed at low intensity by

cattle, and in some places, grazing was completely aban-
doned. Grazing intensity was highly heterogeneous mainly
for topographic reasons. The steep parts of the pasture
were grazed at low intensity. Grazing intensity, especially

at the time of sheep keeping, was highest on the ridge that
was preferably used by resting livestock. Deposition of
faeces has been especially high at those places, so that

vegetation on the ridge differed clearly from the surround-
ing grasslands. For comparison, we also sampled four
ungrazed ridges in other parts of the ‘Allg€auer Hochal-

pen’. In total, we sampled 26 plots (Table S1) that were
assigned to four habitat types: montane grassland (five
plots), subalpine Nardus grassland (nine plots), grazed

ridges within the study area (six plots) and ungrazed
ridges outside the main study area (three plots). Three
plots could not be assigned to any of those habitat types.
Plots were classified as protected/unprotected according

to data on protected habitat types (in this case, habitat
type 6150 Siliceous alpine and boreal grasslands with the
corresponding vegetation) from the Natura 2000 Manage-

ment Plan of this Special Area of Conservation, which is
currently in preparation (RvS - Regierung von Schwaben,
2013). In a few cases, we deviated from the classification

in the management plan, since resolution was rather
coarse on the local scale. In these cases, we used a more
detailed map of vegetation types to identify habitat type
6150 (Urban & Hanak, 2010).

Arthropod sampling

Arthropods were sampled using pitfall traps: plastic cups
of 6 cm in diameter, filled with 5% acetic acid, 95% water

and a drop of detergent to reduce surface tension, pro-
tected against damage by cattle and rain by a metal

construction holding a transparent plastic cover (see
Fig. 1a in H€ofer et al., 2010). Traps were installed in two
rows of three traps with a distance of 6 m from each other,
resulting in a rectangular area of 6 9 12 m. Catches from

all six pitfall traps at each plot were pooled in the analyses.
Pitfall traps were opened for 2 weeks in June (just after

the first snowmelt at the ridge) and in early July. This sam-

pling scheme was shown to be adequate for carabid beetles
in these mountain habitats (Harry et al., 2011). All plots
were sampled in the context of a conservation project

between 2003 and 2008. The complete sampling scheme is
described in H€ofer et al. (2010). For our analysis, arthro-
pod samples were taken from 2008 (16 plots), in 2007 (four

plots), 2005 (three plots) and 2004 (three plots). Carabids
were identified to species level using M€uller-Motzfeld
(2004) by I. Harry. Spiders were identified using Heimer
and Nentwig (1991), Nentwig et al. (2003) and Roberts

(1993) by T. Blick, H. H€ofer, F. Meyer and C. Muster.
Vouchers were deposited at the State Museum of Natural
History Karlsruhe. Species nomenclature follows L€obl and
L€obl (2015) and World Spider Catalog (2019).

Vegetation surveys

Vegetation survey data were taken from Urban and
Hanak (2010) who surveyed the same 26 plots in 2008. All

vascular plant species were identified in an area of
5 9 5 m that was centred in the middle of plots used for
arthropod sampling. Each species’ coverage estimated fol-

lowing the system of Braun-Blanquet (1964). Briefly, the
Braun-Blanquet coverage estimates assign each plant spe-
cies to one of seven cover classes (r = single plants, + = 2–
5 plants with coverage < 1%, 1 = 6–50 plants with cover-
age < 5%, 2 = more than 50 plants and coverage < 5% or
coverage 5–25%, 3 = coverage 26–50%, 4 = coverage 51–
75%, 5 = coverage 76–100%).

Quantification of cross-taxon congruence

Cross-taxon congruence can be assessed as (i) assem-
blage concordance that is the covariance in assemblage

structure across habitats or as (ii) the correlation in pat-
terns of species richness and/or diversity (Pearson & Car-
roll, 1999; Gioria et al., 2011). Both approaches yield

valuable insights. The first is more ecological, since it
focuses on how distinct taxon-specific assemblages are in
different habitats and how assemblages of different taxa
agree in their habitat-specific distinctiveness. This is rele-

vant for habitat classification. The second focuses on
agreement in overall biodiversity patterns and is relevant
in particular for conservation applications.

Statistical analyses

We used ordination by non-metric multidimensional
scaling (NMDS) on each of the three taxonomic groups
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for analysing assemblage composition. NMDS is a tech-
nique that does not assume multivariate normality and is
largely robust to zero values (i.e. shared absences of spe-
cies). Abundances of carabid beetles and spiders were log-

transformed prior to the analysis to avoid that a few
highly abundant species dominate the results. Braun-Blan-
quet plant cover estimates were converted to a scale from

1 to 7 (van der Maarel, 2007). We used the Bray–Curtis
measure as dissimilarity index in NMDS, which is well
suited for species abundance data because it ignores vari-

ables that have zeros for both objects (Dytham, 1999).
NMDS was used to reduce complexity to three dimen-
sions that gave acceptable stress values.

Similarity of species composition between the three tax-
onomic groups was investigated using Procrustes analyses
of NMDS outputs (Gower, 1971). Procrustes analysis is a
multivariate ordination technique that allows an estima-

tion of the correlation among data matrices using a rota-
tional-fit algorithm by centring, scaling, reflection,
rotation and dilation (Jackson, 1995). This technique is

considered to be more powerful in detecting congruence
between two assemblage matrices than Mantel correla-
tions and offers further options for data examination

(Peres-Neto & Jackson, 2001; Gioria et al., 2011; Lisboa
et al., 2014). We used the Procrustean fit parameter m² as
a measure of matrix concordance. m² is the sum of
squared residuals between matrices in their optimal super-

imposition (Gower, 1971). The statistical significance of
m² for each pair of matrices was assessed using PROTEST
(Jackson, 1995; Oksanen et al., 2018).

The second aspect of cross-taxon congruence is the
comparison of species richness across different taxa and
plots. We compared total species richness and species

richness of a subset of ‘important species’, that is species
registered either in the national or regional red list of
endangered species and/or representing montane and sub-

alpine grasslands specialists. This information was taken
from Blick and Scheidler (2003), Lorenz (2003), GAC -
Gesellschaft f€ur Angewandte Carabidologie (2009), Sch-
midt et al. (2016) and BfN - Bundesamt f€ur Naturschutz

(2017), and the list of species classification is shown in
Table S2. We estimated correlations of total and impor-
tant species richness between taxa.

We also tested whether total or important species rich-
ness was higher at protected habitats than at non-pro-
tected habitats (see Table S1 for an assignment of plots).

This comparison was implemented as taxon-specific inde-
pendent-sample t-tests.
Statistical analyses were conducted using R 3.2.2 (R

Core Team 2015), including the packages vegan (Oksanen

et al., 2018) and MASS (Venables et al., 2002).

Results

We collected 4559 carabids (21–542 per plot) and 9941

spiders (53–1048 per plot). We observed 44 species of
carabids (8–22 per plot) and 101 species of spiders (9–31

per plot). Vegetation surveys yielded 253 species of vascu-
lar plants (11–66 per plot, Table 1).

Ordination of plots

Stress of the NMDS varied between 9 and 10.5 per cent

for the three groups. Despite some overlap in the first two
dimensions, habitat types formed discrete clusters when
assessed in three dimensions (Fig. 1). The lower montane

sites were separated most clearly from higher sites in all
three taxonomic groups. In plants and spiders, the grazed
and ungrazed ridges were separated clearly along the first

axis and the subalpine Nardus grasslands positioned in-
between. In carabids, however, plots on grazed and
ungrazed ridges formed closely positioned clusters, sepa-
rated more strongly from the Nardus plots.

Procrustes analyses showed significant pairwise correla-
tions of the ordinations across all three taxa (Table 2).
Correlation of ordinations between plants and spiders was

strongest (m² = 0.64; r = 0.60), followed by carabids/spi-
ders (m² = 0.66; r = 0.58) and plants/carabids
(m² = 0.78; r = 0.47).

Comparison of species richness

In most cases, there was no evidence for correlations
among taxonomic groups in species richness (Table 3,
Figure S1). The only statistically significant effect was a

negative correlation between total species richness in cara-
bids and plants (r = �0.41, P = 0.038), indicating species
richness showed opposing trends in these two groups.

Species richness was higher at plots classified as pro-
tected habitats in plants (all species and important spe-
cies), but not for carabids and spiders (Table 4). For

carabids and spiders, we found no differences between
plots in protected and unprotected habitats neither in
total species richness nor in richness of important species.
Linear models showed that the difference between taxa,

tested as the interaction between taxon and habitat status,
was statistically significant when comparing plants to both
arthropods taxa (all species: F2,72 = 9.31, P = 0.00025,

important species: F2,72 = 7.55, P = 0.0011), but not
between carabids and spiders (all species: F1,48 = 0.08,
P = 0.78, important species: F1,48 = 0.35, P = 0.56).

Discussion

We here report on cross-taxon congruence in assemblage
composition and species richness across carabid beetles,
spiders and vascular plants in mountain grasslands. High

cross-taxon congruence is fundamental for taxon surro-
gacy and so of high relevance to conservation practice.
We found overall similarity in species composition of the

plots across the three taxa, but also significant differences,
in particular a negative correlation between species
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richness of plants and carabid beetles, a lack of associa-
tion between species richness and site’s prospective conser-
vation status defined by habitat type (and thus largely by
vegetation) and different clustering of habitat-specific

assemblages between carabids and the other two taxa.
Our results have implications for the use of surrogates in
conservation planning in mountain grasslands.

Cross-taxon congruence of species composition

We found significant correlations in species composition
between all three taxonomic groups, indicating that pat-

terns of ordinations of the three groups show some similar-
ities. Interestingly, the two functionally more similar
groups of epigeic arthropods did not show the strongest
correlation. A stronger correlation was found between

plants and spiders. Previous studies in montane grasslands
have found that carabids assemblages are more strongly
influenced by soil parameters, while spiders are primarily

influenced by vegetation structure (Luff & Rushton, 1989).
Differences in soil properties and vegetation structure are
pronounced in our study area, especially between sites on

the ridge and on slopes. This dependency on different habi-
tat features (soil, vegetation) might explain the differences
between the two arthropod groups. Thus, functional simi-
larity does not imply high cross-taxon congruence in spe-

cies composition (see also Lovell et al., 2007).
Although we found significant correlations of species

assemblages in all cases, strength of these correlations was

overall weak. Heino (2010) suggests that concordance
between multiple organism groups is weak if m²-
values > 0.5. Heino (2010) points out that significant con-

gruence is likely to emerge in analyses where significance
testing is based on randomisation tests, which may lead to
highly significant results even if the strength of correla-

tions is very low. Consequently, significant congruence is
more often reported for species composition than for spe-
cies richness (Gioria et al., 2011). Our results are similar
to other studies in grassland ecosystems, where species

composition did show no or just few strong correlations
and often showed high variability among taxa (Niemela &
Baur, 1998; Oertli et al., 2005; Lovell et al., 2007; com-

pare also Westgate et al., 2014).

Cross-taxon congruence of species richness

We found no significant positive correlations in species
richness across the three taxa, and correlation coefficients

were generally low. This is in agreement with most other
studies in grassland ecosystems, where no or at least no
strong correlations were found (Niemela & Baur, 1998;

Vessby et al., 2002; Su et al., 2004; Oertli et al., 2005;
Marini et al., 2009; Koch et al., 2013). Strong correlations
are required when some taxonomic groups are used as

surrogates in conservation planning, as only strong corre-
lations lead to mutual informativeness across taxonomic
groups, however. Threshold values of r = 0.7 (Heino,

2010) or r = 0.75 (Lovell et al., 2007) have been proposed.
Such strong correlations were rarely observed in grassland
ecosystems. Sauberer et al. (2004) observed strong correla-
tions among several groups, including between spiders

and carabids, but not between plants/spiders or plants/
carabids. Finch and L€offler (2010) found strong correla-
tions between plants and spiders, but not between cara-

bids/spiders or plants/carabids. Our results add to the
heterogeneity in findings, since we found even a negative
correlation between plants and carabids. In our case, this

negative correlation seems to be driven by low plant spe-
cies richness at the heavily grazed ridge that coincides
with high diversity of carabid species. The ridge carabid
fauna comprised many alpine specialists that are usually

found at the margins of snowfields and snow pockets at
higher altitudes (Holdhaus, 1954; Franz, 1970; Brandmayr
et al., 2005; Paill & Kahlen, 2009).

Moreover, comparing our results with those from other
grassland ecosystems (Vessby et al., 2002; Sauberer et al.,
2004; Finch & L€offler, 2010), we found no consistent pat-

tern for species richness correlation between the same
taxa. Pairwise correlations were strong in some studies
but absent or weak in others. These equivocal results call

for caution in generalising results from individual studies.
One difficulty of finding predictive patterns of congruence
between different taxa is the spatial scale at which rela-
tionships have been investigated (Pearson & Carroll, 1999;

Hess et al., 2006; Paavola et al., 2006; Gioria et al., 2011;
Schuldt et al., 2015). Our study was conducted at a local
scale, where correlations are often weaker than at larger

scales (Paavola et al., 2006; Schuldt & Assmann, 2010;

Table 1. Summary of species richness and abundance of plants, carabids and spiders at 26 sampling sites. For all three groups, mean,

standard deviation (SD), and minimum (min) and maximum (max) of species richness are given.

Sum individuals Species richness

Mean SD Min Max Mean SD Min Max

All plants – – – – 34.9 14.3 11 66

Important plants – – – – 12.2 7.0 5 31

All carabids 175 133 21 542 14.1 3.4 8 22

Important carabids 131 129 10 472 8.5 2.9 4 14

All spiders 382 255 53 1048 19.0 5.0 9 31

Important spiders 95 126 3 418 4.3 1.8 1 10
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Gioria et al., 2011). For many aspects of habitat manage-
ment, it is the local scale that is most important, and
therefore, the scale at which congruence analyses would

be of high practical relevance, however.

Comparison of protected and unprotected plots

The designation of protected habitats of the Natura
2000 Special Area of Conservation is mainly based on veg-

etation characteristics. Not surprisingly, the selection
seems appropriate for plants in protecting sites with high

species richness and many habitat specialists. The effect
does not generalise to carabids and spiders, however. Some
of the plots with highest species richness and richness of

important species in these taxa were outside protected
habitats, especially on the ridge that held no specialised
vegetation, but valuable communities of arthropods.

Implications for conservation

Our study shows that an identification of priority sites
for conservation basing solely on vegetational aspects will
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Fig. 1. Results of a three-dimensional NMDS for the three groups: plants, carabids and spiders. The four habitat types (lower montane

grasslands, upper montane Nardus grasslands, ridges with high grazing intensity, ungrazed ridges) are outlined.
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not necessarily comprise the important sites for the
arthropods. We show that there is no sufficient cross-
taxon congruence between the three studied taxa at our
study area. Moreover, we found significant negative

effects between plant species richness and carabid species
richness. Our results suggest that vascular plants are
apparently no appropriate surrogates for spiders and cara-

bids – two dominant and species-rich taxa – in mountain

grassland ecosystems. We support the notion of other
authors who suggest that a range of taxonomic groups
has to be used for prioritising locations or actions for
conservation (Grand et al., 2004; Wolters et al., 2006;

Westgate et al., 2014; Zulka et al., 2014; de Morais et al.,
2018). In case of topographic diverse mountain ecosystem
that often exhibits a diverse and specialised fauna with

many endemic species, we think an approach covering dif-
ferent taxonomic groups is indispensable for conservation
planning (Finch & L€offler, 2010; Viterbi et al., 2013).
We are aware that time and money are limited for biodi-

versity assessments relevant to conservation. A practical
solution would be to supplement large-scale vegetational

mapping (following Annex 1 of the Natura 2000 Directive)
with local sampling at selected plots of all different habitats
with an expanded set of taxa. In the Alps, the efforts can be
focused on taxa with a large number of endemic species,

since these are often of greatest conservation concern. Here,
we see the groups of arthropods that we studied as one valu-
able complement to vascular plants, which is practicable

especially as a reduced sampling design gives representative
results (Harry et al., 2011). A taxonomically broader
approach could give us better local knowledge about biodi-

versity and identification of specific sites that are of particu-
lar relevance for the conservation of often neglected taxa.
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Table S1. Overview of sampling sites. Habitat type were
classified in 4 types, three grassland sites comprising dif-
ferent habitat types were not classified.

Table S2. List of species recorded at any of 25 sampling
sites.

Table 3. Results of species richness correlations. We tested the

full data set (all species) as well as a selection of species with high

relevance in conservation (important species). Total species rich-

ness as well as richness of important species in carabids showed

no statistical evidence of deviation from normality (Shapiro–Wilk

normality test: all P > 0.11), while richness of important species

in spiders (P = 0.002) and plants (P = 0.036) did deviate from

normality statistically (see Figure S1).

Groups

Pearson

correlation

Spearman

correlation

r p c p

All species Plants/carabids �0.41 0.038 �0.43 0.030

Plants/spiders 0.19 0.359 0.16 0.45

Carabids/spiders 0.14 0.5 0.11 0.61

Important

species

Plants/carabids �0.1 0.614 �0.20 0.33

Plants/spiders 0.24 0.246 0.12 0.57

Carabids/spiders 0.27 0.19 0.22 0.28

Table 2. Results of Procrustes analysis of correlations in species

composition for every pair of groups tested.

Groups m² Cor (r) P

Plants spiders 0.64 0.60 0.001

Carabids spiders 0.66 0.58 0.001

Plants carabids 0.78 0.47 0.004

Table 4. Results of t-tests for differences in species richness

between sites hosting habitat types that are to be protected and

sites without such habitats. Data are given for the full data set

(all species) as well as a selection of species with high relevance in

conservation (important species) of all three taxa.

Not

protected

(n = 10)

Protected

(n = 16) T df p

All plants 25 41.1 3.36 20.8 0.003

Important plants 9.6 19.3 3.48 21.6 0.002

All carabids 14.7 13.7 �0.73 18.8 0.48

Important carabids 8.8 8.3 �0.43 14.9 0.67

All spiders 19.2 18.9 �0.15 15.6 0.88

Important spiders 4.1 4.4 0.43 22.4 0.67
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Figure S1. Pairwise scatterplots of species richness
across plots for the three taxa.
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