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Abstract
Arthropods respond to vegetation in multiple ways since plants provide habitat and food resources and indicate local abiotic 
conditions. However, the relative importance of these factors for arthropod assemblages is less well understood. We aimed 
to disentangle the effects of plant species composition and environmental drivers on arthropod taxonomic composition and 
to assess which aspects of vegetation contribute to the relationships between plant and arthropod assemblages. In a multi-
scale field study in Southern Germany, we sampled vascular plants and terrestrial arthropods in typical habitats of temperate 
landscapes. We compared independent and shared effects of vegetation and abiotic predictors on arthropod composition 
distinguishing between four large orders (Lepidoptera, Coleoptera, Hymenoptera, Diptera), and five functional groups (her-
bivores, pollinators, predators, parasitoids, detritivores). Across all investigated groups, plant species composition explained 
the major fraction of variation in arthropod composition, while land-cover composition was another important predictor. 
Moreover, the local habitat conditions depicted by the indicator values of the plant communities were more important for 
arthropod composition than trophic relationships between certain plant and arthropod species. Among trophic groups, 
predators showed the strongest response to plant species composition, while responses of herbivores and pollinators were 
stronger than those of parasitoids and detritivores. Our results highlight the relevance of plant community composition for 
terrestrial arthropod assemblages across multiple taxa and trophic levels and emphasize the value of plants as a proxy for 
characterizing habitat conditions that are hardly accessible to direct environmental measurements.
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Introduction

There is strong evidence of ongoing arthropod losses 
worldwide (van Klink et al. 2020; Wagner 2020), with 
local declines in terrestrial arthropod diversity reported 
in many regions of Central Europe (Habel et al. 2016; 
Seibold et al. 2019; Barendregt et al. 2022). Local arthro-
pod diversity and community composition are negatively 
affected by land-use intensification (Allan et al. 2014; 
Deguines et al. 2016; Gossner et al. 2016). This involves 
losses of habitat and floral resources, in particular for 
specialized insects (Scheper et al. 2014; Abrahamczyk 
et al. 2020). Diversity patterns of plants and arthropods 
are clearly linked (Zhang et al. 2016; Ebeling et al. 2018) 
and declines in arthropod species richness are associated 
with reduced plant species richness (Haddad et al. 2009). 
However, the mechanisms through which characteristics of 
vegetation influence arthropod assemblages are less well 
understood. To derive effective conservation measures 
benefitting arthropods, it is crucial to better understand 
the key drivers of arthropod diversity and community 
composition.

Numerous studies examined the relationships between 
plant and arthropod communities, but most of them used 
species richness or other univariate diversity measures 
that do not describe the actual species compositions of 
the studied groups (Schaffers et al. 2008), or include meas-
ures of species composition only for plants, but not arthro-
pods (e.g., Schuldt et al. 2019). Those studies considering 
the influence of plant species composition on arthropod 
assemblage composition often consider only one or few 
arthropod groups (Sanderson et al. 1995; Müller et al. 
2011; Zellweger et al. 2017), or do not account for other 
environmental factors potentially involved (Zhang et al. 
2016).

Schaffers et al. (2008) conducted the first study assess-
ing effects of multiple environmental factors, including 
vegetation structure and species composition, soil, cli-
mate and surrounding landscape, on the assemblages of 
seven taxonomic arthropod groups in seminatural grass-
land in the Netherlands. They found that local plant spe-
cies’ composition best explained species composition of 
all investigated arthropod taxa. Since the studied groups 
mainly consisted of first- and second-order consumers, the 
influence of plant species composition on the assemblage 
composition of other trophic groups such as parasitoids or 
detritivores remains to be tested. Moreover, it is unclear 
how much direct trophic interactions between arthropods 
and food plants contribute to the high explanatory power 
of plant species composition for arthropod assemblages.

Arthropods strongly respond to climatic conditions 
such as temperature, since they are ectothermic organisms 

(Chown and Nicolson 2004; Angilletta 2009). Several 
studies emphasized climate as a key driver of arthropod 
communities, reporting significant changes in species 
composition along gradients of temperature and precipi-
tation (Lessard et al. 2011; Uhey et al. 2020). In addition, 
responses of arthropods to climate can indirectly be driven 
by temperature ranges of other organisms such as host 
plants (Hodkinson 2005), or microclimatic effects medi-
ated by vegetation structure (Suggitt et al. 2011; Prather 
and Kaspari 2019). Studies considering both independent 
and combined effects of climate and vegetation on arthro-
pod communities are lacking (but see Zellweger et al. 
2017).

Arthropods depend on habitat structures that provide 
food, shelter or nesting sites. As habitat requirements 
vary strongly among taxa, the presence and type of habi-
tat structures is an important filter for arthropod species 
composition (Lengyel et al. 2016). Land use determines 
the type of vegetation providing such habitat structures. 
Therefore, changes in arthropod community composition 
are often due to changes in land cover (e.g., Birkhofer 
et al. 2015; Deguines et al. 2016; Seibold et al. 2019). 
Blake et al. (2003) classified data on ground beetles from 
more than 400 sites in Scotland into 14 different assem-
blages. Each of these was clearly linked to one distinct 
primary vegetation type, such as mire, woodland, or arable 
land. Since these vegetation types very much correspond 
to land-cover classes used in remote sensing, the question 
arises of how well general habitat information predicts 
arthropod assemblages compared to detailed information 
on plant species composition.

Besides determining the habitat structure, plants form 
the basis of arthropod food webs, providing resources for 
numerous species feeding on foliage, nectar, and pollen. 
Many phytophagous insects directly depend on a few or even 
a single plant species or genus (Bernays and Graham 1988; 
Forister et al. 2015), and approximately one-third of the bees 
in Central Europe are oligolectic or monolectic (Bogusch 
et al. 2020). Plant species composition should thus be a 
strong predictor of herbivore and pollinator assemblages 
since it determines the availability of food plants.

Vegetation has a strong integrative character in the 
sense that plant community composition reflects local abi-
otic conditions such as temperature, soil moisture, light, or 
nutrient availability (Diekmann 2003). Ellenberg indicator 
values are a widely used tool to extract this environmental 
information from floristic data across Europe (Ellenberg 
et al. 1991; Diekmann 2003; Bartelheimer and Poschlod 
2016). Responses of arthropod assemblages to vegetation 
composition may partly be responses to abiotic conditions 
reflected by plants but are difficult to measure directly 
(Schaffers et  al. 2008; Müller et  al. 2011; Zellweger 
et al. 2017). To what extent these integrative effects of 
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environmental conditions mirrored in vegetation compo-
sition are relevant to arthropod assemblages is unknown.

In the present study, we sampled vascular plants and 
terrestrial arthropods across large-scale gradients of cli-
mate and land use, covering four different habitat types 
typical for landscapes in Central Europe, i.e., forest, grass-
land, arable field, and settlement (Redlich et al. 2021). 
Using Malaise traps for arthropod sampling, we obtained 
an extensive dataset that enabled us to consider a broad 
range of arthropod taxa and trophic levels. DNA metabar-
coding allowed taxonomic determination on the same level 
of identification for all sampled organisms (Uhler et al. 
2021). The study aimed to disentangle the effects of plant 
species composition and environmental drivers on arthro-
pod composition and to assess which aspects of vegetation 
contribute to the relationships between plant and arthropod 
assemblages. Specifically, we asked the following:

(1)	 Is plant species composition the most important deter-
minant of arthropod assemblage composition (as 
opposed to land cover and climate)?

(2)	 Does the influence of plant species composition 
decrease with increasing trophic levels?

(3)	 Is the relationship between plant and arthropod assem-
blages more driven by direct dependencies, as rela-
tionships between monophagous arthropods and food 
plants, or indirect dependencies, as local abiotic condi-
tions reflected by vegetation?

Materials and methods

We selected 60 landscapes corresponding to topographical 
map quadrants (5.8 km × 5.8 km grid cell size) throughout 
the federal state of Bavaria, Southern Germany. Following 
a stratified design, the selected landscapes covered five cli-
mate zones which were defined based on the mean annual 
temperature for the period 1981–2010 (< 7.5, 7.5–8.0, 
8.1–8.5, 8.5–9, > 9 °C) as well as three different landscape-
scale land-use types (urban, agricultural, and forest-domi-
nated landscapes; Fig. 1). Nested within each landscape, we 
established three study sites of 3 m × 30 m in the most domi-
nant habitat types (out of four possible habitat types: forest, 

Fig. 1   Distribution of 60 landscapes (5.8 km × 5.8 km) within the federal state Bavaria. Insets show examples of a forest- and an urban-domi-
nated landscape containing three study sites representing different local habitat types
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grassland, arable field, and settlement; Fig. 1), with finally 
179 study sites (one of initially 180 study sites was not estab-
lished due to denial of landowner permission). Site locations 
were standardized to open patches dominated by herbaceous 
vegetation within or – in case of arable fields – next to the 
respective habitat type. Forest sites were thus established 
within forest glades or clearings. The sites were spatially 
distributed across an area of approximately 300 km × 300 km 
and covered an elevational range of 162–1122 m above sea 
level. For detailed information on study design and site 
selection, see Redlich et al. (2021).

Arthropod sampling and metabarcoding

Arthropods were captured using Malaise traps at the center 
of all 179 sites. Traps were emptied every 2 weeks from 
mid-April 2019 until mid-August 2019. DNA metabarcod-
ing based on CO1-5P (mitochondrial cytochrome oxidase 
1) was conducted for a subset of samples from three periods 
of major insect activity (second half of May, June, and July, 
respectively), following the bioinformatic methods described 
in Hausmann et al. (2020). Based on the Barcode of Life 
Data System (Ratnasingham and Hebert 2007), we used 
BINs (Barcode Index Numbers) as taxonomic units, since 
this classification shows close concordance with species 
(Ratnasingham and Hebert 2013) and allows a comparable 
level of species identification for all orders. Overall, 97% 
of all BINs identified in the Malaise traps were included in 
the analysis (7301 out of 7496). These BINs represented 
361 arthropod families from 26 different taxonomic orders. 
While flying insects represented the major fraction of BINs 
identified in our traps, the samples also contained non-flying 
arthropods such as spiders (97 BINs in total) and carabid 
beetles (74 BINs). According to their taxonomic classifica-
tion, BINs were assigned to five functional groups (herbi-
vores, pollinators, predators, parasitoids including parasites, 
and detritivores) based on literature (Table S1). Families 
with unknown information, with many genera of different 
functional groups, or omnivorous families were excluded 
from functional group classification. Taxa that are phy-
tophages as larvae and feed on pollen and nectar as adults 
(as is the case for Lepidoptera) were assigned to both her-
bivores and pollinators. The relative proportions of trophic 
groups in our dataset (49% herbivores, 12% predators, 18% 
parasitoids, 14% detritivores) approximately corresponded to 
the functional composition of the entire German insect fauna 
as assessed by Hörren et al. (2022) based on 34,085 insect 
species (38% herbivores, 16% predators, 27% parasitoids, 
19% detritivores). In addition to functional groups, we sepa-
rately analyzed four large taxonomic orders of flying insects 
(Lepidoptera, Coleoptera, Hymenoptera, Diptera), covering 
87% of all BINs. For an overview of BIN numbers within 
functional and taxonomic arthropod groups included in the 

analyses, see Table S2. For details on arthropod sampling, 
metabarcoding and bioinformatics, see Uhler et al. (2021).

Vegetation survey

Vegetation data were collected during summer 2019 and 
2020, between late May and late July in both years. In the 
first year, species composition of vascular plants (hereafter 
referred to as ‘plants’) was recorded within seven subplots 
of 1.2 m × 1.2 m size (10 m2 in total) distributed over each 
study site (3 m × 30 m). In the second year, plant species 
pools were assessed within a 200-m buffer area around each 
Malaise trap. Species were recorded by standardized walks 
along transects that led along existing roads or field paths 
across the buffer area, and covered the prevailing habitat 
types surrounding the traps. Walking time was proportional 
to the area percentages of habitat types present within the 
200-m radius and standardized to 60 min in total. On aver-
age, 75% of all plant species observed at the 3 m × 30 m 
study site were recorded during the corresponding tran-
sect walk. We combined the data from both surveys in one 
presence–absence matrix for further analysis to include the 
most comprehensive information on the plant species pools 
in close proximity and within the further surroundings of 
the trap location, given that arthropods, depending on their 
mobility, may have reached the Malaise traps from various 
distances. The combined set of plant species reflected dif-
ferences and gradients between habitat types more clearly 
than the plant species assessed on the 3 m × 30 m study 
sites, which, due to site selection standardization (open her-
baceous vegetation), were more uniform in their vegetation 
(Fig. S1a, b).

Environmental data

We used a detailed land-cover map including combined 
information from IACS 2019 (Integrated Administration 
and Control System), ATKIS 2019 (German Official Top-
ographic-Cartographic Information System), and CORINE 
land-cover data (Coordination of information on the environ-
ment; CLMS 2018) to calculate land-cover composition (i.e., 
percentages of land-cover classes present within a 200-m 
buffer around the study sites); see Kandziora et al. (2013) 
for detailed descriptions of all three data sources. We dif-
ferentiated the following 12 land-cover classes: annual crop, 
perennial crop, managed grassland, succession area, small 
woody features, coniferous, deciduous and mixed forest, 
wetland, water, roads, and settlement areas. Choosing the 
200-m radius allowed us to compare the effects of plant spe-
cies composition and land cover at the same spatial scale. 
Land-cover composition in the 200-m buffer areas corre-
sponded to the focal habitat types of the study sites (forest, 
grassland, arable field, settlement; Fig. S1c) and at the same 



817Oecologia (2023) 201:813–825	

1 3

time, represented gradients of local land use more accurately 
than the four habitat categories.

We retrieved multi-annual mean temperature and precipi-
tation values for the study sites on a monthly basis and at a 
spatial resolution of 1 km × 1 km from the German Mete-
orological Service (DWD Climate Data Center 2021a, b) 
to calculate mean summer temperature and total summer 
precipitation (May–September) as well as mean annual 
temperature range (difference between mean January and 
July temperature) for the period 1991–2020. In addition, 
we included elevation of the sites in the climatic predictor 
set, using a digital terrain model with a spatial resolution 
of 30 m (Earth Resources Observation and Science Center 
2017). To control for effects of spatial autocorrelation, we 
included longitude and latitude of the study sites (hereafter 
referred to as ‘space’) in the analysis.

Statistical analyses

We conducted all statistical analyses in R 4.0.3 (R Core 
Team 2020). For each arthropod group, we created a pres-
ence–absence matrix aggregating the total lists of BINs per 
study site across all three sampling periods. To represent 
differences in arthropod taxonomic composition as response 
variables, we calculated between-site dissimilarity matri-
ces for each arthropod group using the distance version 
of the Sørensen coefficient (Sørensen 1948; Legendre and 
Legendre 2012). Accordingly, we calculated dissimilarity 
matrices of the predictor sets using Euclidean distances for 
land-cover composition, climate and space, and Sørensen 
distances for plant species composition. Since the climatic 
predictor set contained variables measured on different 
scales, we standardized these variables by dividing them 
by their maximum value prior to calculation of Euclidean 
distances. The dissimilarity matrix for plant species compo-
sition was derived from the presence-absence matrix based 
on the combined data from the vegetation assessment on 
the study sites and the transect walks within 200-m radius 
of the sites.

Correlations between all predictor matrices were assessed 
using Pearson correlation coefficients. Mantel tests were 
used to calculate coefficients and p-values (function mantel 
in vegan; Oksanen et al. 2020) (Fig. S2). To assess inde-
pendent and shared explanatory contributions of the predic-
tors, we used variation partitioning based on distance-based 
redundancy analysis (function varpart in vegan; Oksanen 
et al. 2020). As this method allows for collinearity within 
and between predictor matrices (Oksanen et al. 2020), it is 
a suitable tool for evaluating the combined effects of two or 
more predictors. To assess differences in the influence of 
plant species composition among trophic levels, we com-
pared the independent explanatory contribution of plant 

species composition as obtained from variation partitioning 
between the respective groups.

We used Ellenberg indicator values as an additional pre-
dictor to compare the effects of plant species composition 
and local abiotic conditions on arthropod assemblage com-
position. These indicator values were developed to quantify 
the environmental conditions experienced by plant commu-
nities of the Central European flora, while their applicability 
extends to other parts of Europe (see Diekmann 2003 for 
an overview). Based on ordinal scales ranging from 1 to 
9, the values indicate under which conditions a species is 
most likely to occur (Ellenberg et al. 1991). Since they are 
closely correlated to corresponding environmental measure-
ments (e.g., Schaffers and Sýkora 2000; Reger et al. 2011) 
and show remarkable robustness against incomplete floristic 
data (Ewald 2003), Ellenberg indicator values are a suit-
able proxy for measuring habitat conditions. We retrieved 
the values for the sampled plant species from the German 
Species List (Jansen and Dengler 2008; https://​germa​nsl.​
infin​itena​ture.​org/) and created an attribute matrix contain-
ing relative frequencies for all classes of indicator plants 
of light, temperature, continentality, moisture, soil pH, and 
nutrients (Schmidtlein and Ewald 2003). Species without 
indicator values —as was the case for exotic species or spe-
cies showing indifferent responses to the respective condi-
tions—were excluded from the calculation. The proportion 
of plant species to which indicator values could be assigned 
varied among the classes and ranged between 54 and 71% 
for temperature and light, respectively (Table S3). Based 
on the obtained matrix, we calculated Euclidean distances 
between the sites. We then assessed independent and shared 
effects of plant species composition and indicator values on 
arthropod taxonomic composition using variation partition-
ing as described above. To explore what kind of environ-
mental indicator information is most relevant, we correlated 
arthropod dissimilarities with Euclidean distances of each 
single indicator value using Mantel tests.

To evaluate the explanatory contribution of trophic 
links between plants and arthropods, we created a list of 
monophagous herbivores based on the metabarcoding spe-
cies identifications. Only species that were identified with 
97% probability or more were included in this analysis. We 
considered monophagous herbivores as those feeding on 
one plant genus (Cates 1980; Müller et al. 2011), accord-
ing to available literature. From the recorded plant species, 
we filtered those species belonging to host plant genera of 
monophagous herbivores. We then performed another ver-
sion of variation partitioning, considering only this subset of 
host plants along with Ellenberg indicator values. To assess 
the significance of the host plants for arthropod assemblages, 
we repeated this step 1000 times, each time using a ran-
domly selected plant subset of the same size as the host 
plant subset. Using t-tests, we evaluated if the explanatory 

https://germansl.infinitenature.org/
https://germansl.infinitenature.org/
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contribution of the subset of host plants differed from the 
average explanatory contribution of the randomly selected 
plant subsets.

Results

Total BIN numbers per site varied between 438 and 1247 
(Table S4). Overall, 3535 arthropod species could be deter-
mined with 97% probability, containing 1906 herbivores of 
which 400 (21%) were monophagous (i.e., feeding on one 
plant genus). In total, we recorded 987 plant species from 
114 families. Plant species numbers per site varied between 
52 and 204 (Table S4). Of all observed plant species, 50% 
belonged to the host plant genera of the 400 monophagous 
herbivores in our dataset. For information on the distribu-
tion of (host) plant species across families, see Table S5. 
For 76 ± 12% (mean ± SD) of the monophagous herbivores 

occurring at a study site, we recorded the matching host 
plant genus within the 200-m buffer area of that site.

Across all investigated groups, the largest fractions of var-
iance in arthropod taxonomic composition were explained 
by the independent effect of plant species composition and 
the shared effect of plant species composition and land cover 
(Fig. 2). Both of these fractions explained similar amounts of 
variance in each group, while the independent effect of land 
cover accounted only for a minor fraction of variance (< 4% 
in each group). Climate and space did not substantially con-
tribute to explained variance. Total variance explained by 
plant species composition, land cover, climate, and space 
ranged from 29% (detritivores) to 41% (herbivores) among 
functional groups and from 25% (Hymenoptera) to 39% 
(Diptera) among taxonomic groups (Fig. 2). All R2-values 
are given in Tables S6.

Variance explained by the independent effect of plant 
species composition showed no distinct decrease with 
trophic levels (Fig. 2). Plant species composition was most 

Fig. 2   Proportion of variance 
explained (adjusted R2) in the 
assemblage composition of five 
functional (a) and four taxo-
nomic arthropod groups (b). 
Two bars are shown for each 
group: the upper bar indicates 
independent proportions of 
variance explained by plant 
species composition, land-cover 
composition, climate and space. 
The lower bar indicates propor-
tions of variance explained by 
the combination of two (colored 
segments) or more predictors 
(grey segment). Total adjusted 
R2-values are shown next to 
the bars. R2-values of single 
fractions are given in Tables 
S6. Arthropod dissimilarities 
between sites were calculated 
using the Sørensen index. 
Predictive dissimilarity matrices 
were calculated using the 
Sørensen index (plant species 
composition) and Euclidean 
distances (land cover, climate 
and space)
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important at the intermediate trophic level (predators). In 
combination with land-cover composition, it accounted 
for almost the entire explained variance in predator assem-
blages. Responses of herbivore and pollinator assemblages 
to plant species composition were less strong than those of 
predators, but stronger than those of parasitoids and detriti-
vores. Moreover, herbivores showed a stronger response to 
the combined effect of plant species composition and land-
cover composition than to the independent effect of plant 
species composition (Table S6).

Comparing the direct effect of plant species composition 
and local abiotic conditions measured by Ellenberg indica-
tor values revealed that the largest fraction of vegetation-
related variance was explained by the shared effect of plant 
species composition and indicator values (Fig. 3). This was 
consistent across all taxonomic and functional groups. This 
means that, if only the simplified dataset of Ellenberg indi-
cator values and no information on plant species identity 
were included in the analysis, then indicator values would 
still account for the major fraction of variance in arthropod 
taxonomic composition (Table S7).

Repeating variation partitioning, as shown in Fig. 3, with 
a dataset reduced to include only host plants of monopha-
gous herbivores led to similar amounts of explained variance 
in the assemblages of all functional groups except for preda-
tors, which responded best to the full set of plant species 
(Table 1). Furthermore, t-tests showed that the subset of host 
plants performed significantly better in explaining arthro-
pod composition than the randomly selected plant subsets of 
equal size for all taxonomic orders and almost all functional 
groups (Fig. 4). Only in predator assemblages, the subset of 
host plants explained significantly less variance than ran-
domly selected subsets of plant species.

Separating between different categories of Ellenberg 
indicator values, temperature values showed the highest 
correlations with arthropod assemblage composition in 
most groups (Table 2). Pearson coefficients for light val-
ues were similarly high in most groups and exceeded those 
for temperature values in parasitoids. For predators, soil 
moisture was the second most correlated indicator value. 
Across all investigated groups, correlations were most pro-
nounced when including the full set of indicator values.

Fig. 3   Proportion of variance 
explained (adjusted R2) in the 
assemblage composition of 
five functional (a) and four 
taxonomic arthropod groups 
(b). Bar segments indicate 
independent and shared effects 
of plant species composition 
and Ellenberg indicator values. 
Arthropod dissimilarities were 
calculated using the Sørensen 
index. Predictive dissimilarity 
matrices were calculated using 
the Sørensen index (plant spe-
cies composition) and Euclidean 
distances (indicator values)

Table 1   Independent explained variance of plant species composi-
tion in arthropod assemblage composition including all plant species, 
a subset of only those plant species belonging to host plant genera 
of monophagous herbivores, and equally sized subsets of randomly 
selected plant species

Adjusted R2-values are shown

All plant 
species 
(n = 987)

Only host 
plants 
(n = 504)

Mean ± SD of 1000 ran-
dom selections (n = 504)

Detritivores 0.035 0.042 0.027 ± 0.009
Parasitoids 0.052 0.051 0.039 ± 0.010
Predators 0.075 0.043 0.056 ± 0.012
Pollinators 0.057 0.055 0.042 ± 0.010
Herbivores 0.077 0.075 0.057 ± 0.016
Diptera 0.068 0.065 0.051 ± 0.012
Hymenoptera 0.050 0.044 0.037 ± 0.008
Coleoptera 0.065 0.053 0.048 ± 0.011
Lepidoptera 0.056 0.057 0.042 ± 0.015
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Discussion

In this study, we investigated independent and shared 
effects of plant species composition and abiotic drivers on 
terrestrial arthropod assemblage composition across differ-
ent taxonomic orders and functional groups. Plant species 
composition was the primary determinant of arthropod com-
position but also shared a substantial fraction of explained 
variance with land-cover composition. Moreover, the local 
habitat conditions depicted by the indicator values of the 

plants grown at the sites were more important for arthropod 
composition than trophic relationships between certain plant 
and arthropod species. The explanatory power of plant spe-
cies composition for arthropod composition did not decrease 
uniformly toward higher trophic levels, but was strongest 
for predators.

The largest part of the variance in the composition of 
arthropods across all taxonomic orders and functional 
groups explained by the studied variables was due to vari-
ation in plant species composition. In each group, about 

Fig. 4   Histograms and t-values (significance levels: ***p < 0.001, 
**p < 0.01, *p < 0.05) comparing independent proportions of variance 
explained (adjusted R2) in the assemblage composition of five func-
tional (a) and four taxonomic arthropod groups (b). Red lines indicate 

variance explained by plant species composition using a subset of 
host plants for monophagous herbivores, compared to 1000 randomly 
selected subsets of equal size (grey bars)
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half of this fraction was shared by the effect of land-cover 
composition. This overlap is not surprising since land use 
determines vegetation composition and structure in space 
and time (Knapp et al. 2010; Börschig et al. 2013; Deguines 
et al. 2016). Moreover, it shows that the explanatory contri-
bution of vegetation can partly be attributed to general habi-
tat characteristics summarized by land-cover classes. Previ-
ous studies showed that information on overall habitat type 
may often be sufficient to explain differences in arthropod 
assemblages, as demonstrated for Coleoptera (Blake et al. 
2003) and butterflies (Bergerot et al. 2011). Schaffers et al. 
(2008) found that the predictive power of vegetation compo-
sition for arthropod species composition was independent of 
how detailed the vegetation was assessed (individual plant 
species, characteristic species groups, and plant community 
type). In our case, a substantial fraction of variance was 
due to the independent effect of plant species composition 
(Fig. 2), indicating that both general information on habi-
tat type as well as detailed information at the plant species 
level are relevant and complementary predictors of arthro-
pod assemblage composition.

Primary consumers are assumed to be more strongly 
influenced by plant species composition than higher trophic 
groups (Sanderson et  al. 1995; Stoner and Joern 2004; 
Bae et al. 2021). In our study, plant species composition 
explained less variance of the assemblage composition of 
parasitoids and detritivores than of herbivores and pollina-
tors. However, predator assemblage composition showed the 
strongest response to the independent effect of plant species 
composition, compared to the other trophic groups. Strong 
associations between plant species composition and predator 
assemblages have also been reported for spiders and ground 
beetles (Blake et al. 2003; Beals et al. 2006; Schaffers et al. 
2008). Possible explanations may be bottom-up effects of 
plant communities propagating through food webs (Scherber 
et al. 2010), responses to physiognomic plant traits reflect-
ing fine-scale habitat architecture (Halaj et al. 2000; Beals 

2006), or edaphic factors to which both plant and arthropod 
communities respond (Blake et al. 2003). Regardless of the 
underlying mechanisms, our results show that the strong 
predictive power of plant species composition for arthro-
pod composition is not limited to phytophages or ground-
dwellers only but also extends to a broad taxonomic range 
of predators.

When studying relationships between plant and arthropod 
communities, a major challenge is to distinguish between 
direct biotic interactions and indirect abiotic effects that are 
mediated by vegetation characteristics (Schaffers et al. 2008; 
Müller et al. 2011), but hard to detect by physico-chemical 
measurements (Schaffers et al. 2008; Zellweger et al. 2017). 
Our approach was to quantify these aspects by comparing 
the explanatory contributions of plant species composition 
and Ellenberg indicator values (Fig. 3). In all groups, we 
found that the shared effect of both predictors explained the 
major fraction of variance. This may seem obvious since 
Ellenberg indicator values are derived from the plant species 
data and are thus strongly correlated with plant species com-
position (Fig. S2). However, it also shows that a large frac-
tion of vegetation-related variance can be explained using 
a greatly simplified plant dataset (i.e., reduced to Ellenberg 
indicator values) that summarizes information on environ-
mental gradients, but does not contain information on single 
species. Local abiotic conditions may thus be more relevant 
in shaping arthropod assemblages than the occurrence of 
certain plant species (Müller et al. 2011; van Schalkwyk 
et al. 2019). Thus, floristic datasets provide key ecological 
information to characterize habitat niches of arthropods in 
an accurate way (Schaffers et al. 2008).

Beyond these prevailing relationships, we were inter-
ested in the remaining independent effect of plant species 
composition on arthropods after accounting for local abiotic 
conditions. For herbivores, pollinators and all taxonomic 
orders, the subset of host plants of monophagous herbivores 
performed better in explaining arthropod composition than 

Table 2   Correlations between 
arthropod assemblage 
composition and categories of 
Ellenberg indicator values

Pearson coefficients were calculated using Sørensen dissimilarities for arthropod groups and Euclidean 
distances for Ellenberg indicator values. Bold values show highest coefficients within single categories of 
indicator values

All values Light Tempera-ture Moisture Soil pH Nutrients Conti-nentality

Detritivores 0.46 0.36 0.38 0.28 0.35 0.22 0.21
Parasitoids 0.40 0.35 0.32 0.25 0.26 0.18 0.25
Predators 0.47 0.34 0.39 0.37 0.35 0.15 0.24
Pollinators 0.48 0.35 0.38 0.33 0.33 0.25 0.26
Herbivores 0.52 0.41 0.42 0.34 0.35 0.26 0.27
Diptera 0.52 0.41 0.44 0.34 0.37 0.24 0.25
Hymenoptera 0.39 0.34 0.31 0.24 0.24 0.18 0.26
Coleoptera 0.49 0.36 0.39 0.31 0.36 0.27 0.27
Lepidoptera 0.45 0.34 0.36 0.32 0.32 0.24 0.21
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randomly selected combinations of plant species. This sug-
gests that direct trophic links between plants and arthropods 
account for the part of variance independently explained by 
plant species composition. Surprisingly, we also observed 
this effect for parasitoids and detritivores (Fig. 4). Traits of 
host plants of monophagous herbivores may possibly overlap 
with other traits that are relevant to multiple trophic groups. 
Moreover, trophic interactions between specialized insects 
and their host plants may be obscured by the neighboring 
plant community (Kostenko et al. 2017). Host specialization 
often coincides with habitat specialization since specialized 
insects are unlikely to occupy the entire range of their host 
plants (Quinn et al. 1998; Bogusch et al. 2020). Müller et al. 
(2011) demonstrated that plant species composition had high 
predictive power for the species composition of phytopha-
gous specialists, but this effect was not due to the occur-
rence of specific host plants. These findings do not deny the 
importance of host plants for specialized insects. Instead, 
they support the view that specialized herbivores probably 
first inspect suitable habitat conditions before searching for 
their host plant (Müller et al. 2011).

The subset of plants known to be host plants for 
monophagous herbivores explained significantly less vari-
ance in predator assemblages than randomly selected subsets 
of plant species. Given that predators tend to be more oppor-
tunistic regarding their prey species than e.g., parasitoids 
(Strand and Obrycki 1996; Price 2020), their response to 
plant species composition may be independent of trophic 
mechanisms mediated by the herbivore community. Instead, 
structural characteristics of vegetation may be a more rel-
evant aspect in determining predator communities (Brose 
2003; Langellotto and Denno 2004). This matches our find-
ing that the complete set of plant species clearly performed 
better in predicting predator composition than any subset of 
plant species, given that each recorded plant species adds 
more information on the fine-scale structural complexity of 
a habitat.

Comparing the effect of single abiotic conditions, we 
found that temperature and light indicator values were 
most strongly correlated with the assemblage composition 
of all arthropod groups. In contrast, long-term temperature 
data with a spatial resolution of 1 km × 1 km explained 
very low amounts of variation. Arthropod community 
composition is known to respond to long-term climate 
(Zellweger et al. 2017; Uhey et al. 2020) as well as to 
local-scale temperatures (Prather and Kaspari 2019; Uhler 
et al. 2021). Plant species composition summarizes fine-
scale microclimatic patterns for any desired area (here, 
200-m buffer areas around the Malaise traps) and worked 
as a better proxy of local climatic conditions in our case. 
Small-scale temperature and light availability are both 
sensitive to major drivers of global change, with habitats 
experiencing higher temperatures as well as increases in 

vegetation height and density due to climate warming and 
land-use change (Rautiainen et al. 2011; Govaert et al. 
2021). Our results indicate that changes in these habitat 
variables may cause shifts in arthropod assemblage com-
position. Yet, we point out that the complete set of plant 
indicator values still showed the strongest correlations 
with arthropod composition, suggesting that a range of 
habitat conditions predicts arthropod assemblages more 
accurately than single environmental gradients. In the 
context of biodiversity monitoring, vegetation assessments 
can thus provide valuable information to assess the habi-
tat suitability for arthropods, particularly regarding first- 
and second-order consumers. Therefore, we emphasize 
the usefulness to consider plant species composition as a 
proxy for measuring habitat conditions that, due to high 
short-term variation, effort and cost, are hard to assess 
by direct environmental measurements (Diekmann 2003). 
While plant indicator values are available for several Euro-
pean countries (Diekmann 2003), such frameworks still 
need to be developed for other continents.

Overall variance explained by the predictors included in 
the analyses ranged between 25 and 41%, raising the ques-
tion of which factors could account for those fractions of 
variance that remained unexplained. For example, we did not 
consider potential differences in land-use intensity within 
the studied habitat types, such as the use of pesticides or 
fertilizer. These factors are known to affect arthropod com-
position (e.g., Börschig et al. 2013; Sohlström et al. 2022), 
and would likely have contributed additional explained vari-
ance to our analyses, albeit such data was not available for 
our study sites. Moreover, we did not account for differences 
in weather conditions among the study sites throughout the 
sampling season. Including this information would prob-
ably have added explained variance, since local weather 
conditions are a strong driver of arthropod populations 
(Hausmann et al. 2022) and thus affect species composi-
tion. Despite these restrictions, including a wide variety of 
sampling locations spread across a large spatial extent, our 
results provide valuable insights into the drivers of arthropod 
community composition in cultural landscapes of Central 
Europe.

Extending the findings of Schaffers et al. (2008), we iden-
tified plant species composition as the main determinant of 
arthropod assemblage composition across multiple taxa and 
trophic levels in the most common habitats of temperate 
landscapes. Overall differences in habitat type, as well as 
fine-scale abiotic gradients reflected by vegetation, mainly 
contributed to the predictive power of plant species compo-
sition, while the occurrence of certain (host) plant species 
was subordinated to these environmental filters. Our results 
highlight the importance of considering both direct and inte-
grative aspects of vegetation when examining the relation-
ships between plant and arthropod communities.
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