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Bottom-up effects of plant diversity on multitrophic
interactions in a biodiversity experiment

Abstract

Biodiversity is rapidly declining1, and this may negatively affect ecosystem processes, including
economically important ecosystem services. Previous studies have shown that biodiversity has positive
effects on organisms and processes4 across trophic levels. However, only a few studies have so far
incorporated an explicit food-web perspective. In an eight-year biodiversity experiment, we studied an
unprecedented range of above- and below-ground organisms and multitrophic interactions. A
multitrophic data set originating from a single long-term experiment allows mechanistic insights that
would not be gained from meta-analysis of different experiments. Here we show that plant diversity
effects dampen with increasing trophic level and degree of omnivory. This was true both for abundance
and species richness of organisms. Furthermore, we present comprehensive above-ground/below-ground
biodiversity food webs. Both above ground and below ground, herbivores responded more strongly to
changes in plant diversity than did carnivores or omnivores. Density and richness of carnivorous taxa
was independent of vegetation structure. Below-ground responses to plant diversity were consistently
weaker than above-ground responses. Responses to increasing plant diversity were generally positive,
but were negative for biological invasion, pathogen infestation and hyperparasitism. Our results suggest
that plant diversity has strong bottom-up effects on multitrophic interaction networks, with particularly
strong effects on lower trophic levels. Effects on higher trophic levels are indirectly mediated through
bottom-up trophic cascades.



1 

 

Bottom-up effects of plant diversity on biotic interactions 1 

in a biodiversity experiment 2 

Christoph Scherber1,2, Nico Eisenhauer4, Wolfgang W. Weisser2, Bernhard Schmid7, Winfried 3 

Voigt2, Ernst-Detlef Schulze6, Christiane Roscher2, 20, Alexandra Weigelt2, 18, Eric Allan2, 4 

Holger Beßler15, Michael Bonkowski13, Nina Buchmann12, François Buscot9, Lars W. 5 

Clement2, Anne Ebeling1, 2,  Christof Engels15, Markus S. Fischer3, 5, Stefan Halle2, Ilona 6 

Kertscher2, Alexandra-Maria Klein2, 19, Robert Koller13, Stephan König9, Esther Kowalski2, 7 

Volker Kummer5, Annely Kuu16, Markus Lange2, Dirk Lauterbach2, Cornelius Middelhoff6, 8 

Varvara D. Migunova14, Alexandru Milcu8, Ramona Müller2, Stephan Partsch4, Jana S. 9 

Petermann7, Carsten Renker9, 10,  Tanja Rottstock5, Alexander Sabais4,  Stefan Scheu4,  Jens 10 

Schumacher6, 17, Vicky M. Temperton11  & Teja Tscharntke1 11 

1 Georg-August-University Göttingen, Agroecology, Department of Crop Sciences, 12 

Waldweg 26, 37073 Göttingen, Germany 13 

2 University of Jena, Institute of Ecology, Dornburger Strasse 159, 07743 Jena, 14 

Germany 15 

3 University of Bern, Plant Sciences, Altenbergrain 21, 3013 Bern, Switzerland 16 

4 Georg-August-University Göttingen, J.F. Blumenbach Institute of Zoology and 17 

Anthropology, Berliner Strasse 28, 37073 Göttingen, Germany  18 

5 University of Potsdam, Institute for Biochemistry and Biology, Biodiversity Research / 19 

Botany, Maulbeerallee 1, 14469 Potsdam, Germany 20 

6 Max-Planck-Institute for Biogeochemistry, Hans-Knöll-Strasse 10, 07745 Jena, 21 

Germany  22 

7 Institute of Environmental Sciences, University of Zürich, Winterthurerstrasse 190, 23 

8057 Zürich, Switzerland 24 



2 

 

8 NERC Centre for Population Biology, Division of Biology, Imperial College London, 25 

Silwood Park Campus, Ascot, Berkshire, United Kingdom 26 

9 UFZ  Helmholtz Centre for Environmental Research, Department of Soil Ecology, 27 

Theodor-Lieser-Straße 4, 06102 Halle, Germany 28 

10 Mainz Museum of Natural History, Reichklarastraße 10, 55116 Mainz, Germany 29 

11 Forschungszentrum Jülich GmbH, Phytosphere Institute (ICG-3), 52425 Jülich, 30 

Germany 31 

12 ETH Zurich, Institute of Plant Science, Universitätstrasse 2, 8092 Zurich, Switzerland 32 

13 University of Cologne, Cologne Biocenter, Department of Terrestrial Ecology,  33 

Zülpicher Str. 47b, 50674 Cologne, Germany 34 

14 K.I. Skryabin All-Russian Institute of Helminthology, Bolschaya 35 

Tcheryomuschkinskaya str. 28, 117218 Moscow, Russia  36 

15 Humboldt University, Department of Plant Nutrition, Albrecht-Thaer-Weg 4, 14195 37 

Berlin, Germany 38 

16 Tallinn University of Technology, Tartu College, Puiestee 78, 51008 Tartu, Estonia 39 

17 University of Jena, Institute of Stochastics, Ernst-Abbe-Platz 2, 07743 Jena, Germany 40 

18 University of Leipzig, Institut für Biologie I, Johannisallee 21-23, 04103 Leipzig, 41 

Germany 42 

19 Leuphana University of Lueneburg, Institute of Ecology and Environmental 43 

Chemistry, Scharnhorststraße 1m 21335 Lüneburg, Germany 44 

20 UFZ Helmholtz Centre for Environmental Research, Department of Community  45 

 46 



3 

 

Biodiversity is rapidly declining1, which may negatively affect ecosystem processes2, 47 

including economically important ecosystem services3. Previous studies have shown that 48 

biodiversity has positive effects on organisms and processes4 across trophic levels5. 49 

However, only few studies so far incorporated an explicit food-web perspective6. In an 8-50 

year biodiversity experiment, we studied an unprecedented range of above- and 51 

belowground organisms and biotic interactions. A multitrophic dataset originating from 52 

a single long-term experiment allows mechanistic insights that otherwise would not be 53 

possible using meta- analysis of different experiments. We show that plant diversity 54 

effects dampen with increasing trophic level and degree of omnivory. This finding was 55 

consistent both for abundance and species richness of organisms. Further, we present 56 

comprehensive above-belowground biodiversity food webs. Both above- and 57 

belowground, herbivores responded more strongly to changes in plant diversity than did 58 

carnivores or omnivores. Density and richness of carnivorous taxa was independent of 59 

vegetation structure. Belowground responses to plant diversity were consistently weaker 60 

than aboveground responses. Responses to increasing plant diversity were generally 61 

positive, but negative for biological invasion, pathogen infestation and hyperparasitism. 62 

Our results suggest that plant diversity exhibits strong bottom-up effects on biotic 63 

interactions. Effects on higher trophic levels are indirectly mediated through bottom-up 64 

trophic cascades. Loss of primary producers from terrestrial ecosystems will shift food 65 

web structure, with particularly strong effects on lower trophic levels.  66 

The loss of biodiversity from terrestrial ecosystems has been shown to affect ecosystem 67 

properties, such as primary productivity7, nutrient cycling8 or trophic interactions2.  In recent 68 

biodiversity experiments, focal organism groups (usually plants7) were used to establish 69 

gradients in species richness, and biodiversity effects were then measured at one or few 70 

trophic levels5,9. Traditionally, studies have focused on the effects of horizontal biodiversity 71 

loss, i.e. loss of species within a single trophic level10. Biodiversity loss at a given trophic 72 

level has been predicted to impact on the abundance, biomass and resource use of that trophic 73 

level5. However, horizontal species loss may also affect other trophic levels, organism groups 74 
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and processes, and hence vertical species loss and the associated multi-trophic structure of 75 

ecosystems10. For example, declines in plant species richness may cause losses to herbivores, 76 

true predators, parasitoids, hyperparasitoids, omnivores, but also alter mutualistic interactions 77 

such as pollination11 or mycorrhizal association4. Overall, there is an increasing awareness 78 

that the network nature of ecological systems needs to be incorporated into biodiversity-79 

ecosystem functioning studies12. 80 

Recent meta-analyses4,5 and experiments at individual study sites13,14 have shown plant 81 

diversity effects on a wide range of different groups of organisms, including primary 82 

producers, first- and second-order consumers, detritivores, fungal diseases and mycorrhiza. 83 

Additional studies have addressed components of the belowground subsystem and their 84 

linkages with aboveground biota15. However, interpretation and progress has been clouded by 85 

differences in study systems, and by a general lack of an overarching theory incorporating 86 

both trophic and non-trophic as well as direct and indirect interactions16,17. So far, 87 

subcomponents of food webs have often been studied in isolation, for example primary 88 

producers, the decomposer subsystem18, soil nematodes19, soil microbes, plant pathogenic 89 

fungi20, aboveground invertebrates13, pollinators21, etc. Here, we present data from one of the 90 

most comprehensive biodiversity experiments so far and we show that diversity effects on 91 

higher trophic levels are mostly indirect and mediated through bottom-up trophic cascades. 92 

We use structural equation modelling approaches to develop comprehensive above- 93 

belowground biodiversity food webs. Finally, we link our results to recent interaction web 94 

models and provide explicit parameter estimates that can be used in future modelling 95 

exercises. 96 

We experimentally manipulated plant species and functional group richness in 82 sown 97 

grassland plots (see Methods) and recorded abundances and species richness of all relevant 98 

organism groups and biotic interactions between 2002 and 2009 (Table S1). All data were 99 

analysed on a standardized scale22 [0;1] and the relationship between plant species richness 100 

and the different response variables was modelled using a power function18 to allow 101 
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comparisons and extrapolation to other systems (see Supplementary Table 1 and 102 

Supplementary Fig. 3 for untransformed data). Analyses consisted of three steps. (1) First, 103 

every response variable was analysed separately employing a common set of linear, saturating 104 

and exponential models with untransformed plant species richness as the main explanatory 105 

variable. Presence of legumes and grasses, as well as number of plant functional groups were 106 

fitted as additional covariates. Variance heterogeneity was modelled using variance functions. 107 

Model selection was based on Akaike´s Information Criterion for small sample sizes (AICc). 108 

(2) For parsimony, models were re-fitted using a power function. This allowed comparisons 109 

between the abundance and species richness of herbivores, carnivores and all other functional 110 

groups. (3) Multivariate techniques (multivariate linear models and structural equation 111 

models) were used to account for non-independence of variables measured on the same field 112 

plots.  113 

Plant species richness had highly significant overall effects on the abundances of other 114 

organisms (Fig. 1a, c; Pillai–Bartlett=0.56, approx. F10,37=4.741, P<0.001), species richness 115 

of other organism groups (Fig. 1b, d; Pillai-Bartlett=0.788, approx. F9,38=15.69, P<0.001), 116 

and on trophic interactions (Supplementary Fig. S1; Pillai-Bartlett=0.733, approx. F10,22= 117 

6.04, P<0.001; see Supplementary Methods for definition of interactions). Abundance and 118 

species richness of organisms and biotic interactions were affected in broadly similar ways by 119 

changes in plant species richness (Fig. 1, Supplementary Fig.1).  120 

Model selection using the complete range of linear, saturating and exponential models 121 

(Supplementary Tables 2, 3) showed that 90 percent of all relationships could be 122 

approximated by a power model of the form y=a+bSz (ref. 18), where the exponent z can take 123 

any real value (in particular 0 and 1 as special cases). Only five out of 38 organism groups 124 

declined with plant species richness (abundances of hyperparasitoids, fungivorous nematodes 125 

and mites; abundance and species richness of plant invaders; Supplementary Table 4). 126 

Responses of the belowground subsystem were consistently smaller (average power model 127 

exponent of 0.11) than aboveground responses (exponent of 0.14).  128 
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While most responses were saturating, closer inspection (Supplementary Tables 5a-c) 129 

revealed consistent differences between the responses of herbivores, carnivores, omnivores 130 

and other trophic groups that are likely to reflect a general pattern (Fig. 2): With increasing 131 

trophic distance and for omnivores, species richness effects dampened - as indicated by the 132 

magnitude of the exponent of the common power function; Supplementary Table 4. This 133 

effect was found both for organism abundances and organism species richness, both above- 134 

and belowground, and it was further backed up by structural equation models (Fig. 3; 135 

Supplementary Tables 6-10). Together, these findings indicate that species richness effects 136 

are generally dampened along trophic cascades. 137 

If plant species richness acts on other organisms along trophic cascades, and plant 138 

species richness is the only experimentally manipulated variable, then the simplest conceptual 139 

model in our case is a "bottom up" model of plant species richness effects- that is, plant 140 

species richness effects are passed on from one trophic level to the next.  Several authors have 141 

suggested such a "bottom-up template" perspective for terrestrial food webs23. Both 142 

decomposers and predators have long been hypothesized to be essentially bottom-up 143 

controlled24. However, top-down effects may also be expected, in particular if herbivores are 144 

not food-limited24. 145 

Using structural equation models, we constructed a minimal adequate above-146 

belowground biodiversity food web and found that plant species richness had almost 147 

exclusively bottom-up effects on higher trophic levels, both above- and belowground (Fig. 3, 148 

Supplementary Fig. 2). Three different theoretical constructs were employed: (i) a full model 149 

with bottom-up paths only; (ii) a full model with bottom up and top down paths and (iii) all 150 

possible sets of reduced models, generated by single deletions of connections from full 151 

models (see Supplementary Methods). These analyses showed that top-down control of 152 

herbivores by predators was not supported by the data. Other models (for example assuming 153 

direct effects of plant species richness on predators or omnivores) were rejected - that is, their 154 

implied covariance matrix differed significantly from the observed covariance matrix. In 155 
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addition, we were able to reject hypotheses that assume positive responses only for specific 156 

trophic levels25. While plant biomass was indirectly linked to changes in predator or 157 

parasitoid abundance, these effects were not significant. This indicates that plant species 158 

richness effects are generally not mediated via vegetation density or biomass (Fig. 3a).  159 

In a separate structural equation model for belowground organisms, the amount of 160 

aboveground dead plant biomass entering the belowground system was generally less 161 

important than plant species richness per se (Supplementary Fig. 2). Hence, plant species 162 

richness had direct effects mainly on primary consumers, e.g., herbivorous macrofauna or 163 

herbivorous nematodes. In addition, there were strong direct effects of plant species richness 164 

on soil microbes and protozoans (Supplementary Fig. 2). It is likely that many of these 165 

belowground responses are either mediated via changes in root production, or via root 166 

exudates - but rather not via dead biomass or amount of litter input (Supplementary Fig. 2). 167 

The direct plant species richness effects on microbes and protozoans could be mediated by 168 

changes in litter chemistry, litter diversity18 or root exudates26.  169 

While structural equation models can be used to infer causality27, strong inference 170 

requires experimental manipulation of trophic levels in addition to manipulations of plant 171 

diversity. We therefore experimentally exposed experimental nesting sites for prey (wild 172 

bees) and measured parasitism rates (Supplementary Fig. 1) as proxies for top-down control 173 

(see Supplementary Methods). Parasitism increased with plant species richness, resulting in 174 

enhanced potential for biological control in species-rich systems. 175 

One of the most fascinating developments in the theory of biodiversity and ecosystem 176 

processes is the inclusion of trophic and non-trophic interactions into generalized Lotka-177 

Volterra models16. These models have theoretically predicted (i) a bottom-up control of 178 

carnivores by plants, with carnivore biomass indirectly controlled by plant and herbivore 179 

biomass; and (ii) top-down control of herbivores by carnivores. Structural equation models 180 

are a powerful tool to detect such mutual dependencies, greatly enhancing our understanding 181 
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of biodiversity effects in multitrophic systems. Overall, our results from a wide variety of 182 

organism groups provide strong support for a prominent role of plant species richness (rather 183 

than productivity or other covariates) in shaping multitrophic interactions. 184 

Our results present the intriguing possibility that the effects of the species richness of 185 

one trophic level on other trophic levels decrease with trophic distance. This hypothesis 186 

merits exploration via experimental manipulations of species numbers on other trophic levels. 187 

Because even an experiment the size of ours (82 plots) limits how many variables can 188 

reasonably be included in a multiple regression or structural equation model, future studies 189 

should be designed explicitly with a particular network of trophic interactions in mind. These 190 

studies could also be combinations of observational and experimental approaches. 191 

We scaled all response variables to allow us to seek generalizations across different 192 

types of organisms and trophic levels, but note that unscaled analyses might offer other types 193 

of insights. We also note that detailed collection of data at the level of each individual species, 194 

though prohibitively time consuming in a broad survey such as ours, is also likely to offer 195 

added insight. Our study should therefore be seen as a starting point rather than as an end 196 

point for further analyses of other datasets.  197 

We have shown that the consequences of biodiversity loss are consistently negative for 198 

most organism groups and interactions, with particularly far-reaching feed-back effects on 199 

basal trophic levels. Belowground organisms will be less affected by biodiversity change (or 200 

respond more slowly) than aboveground ones. Changes in plant species richness will affect 201 

neighbouring trophic levels and cascade up to higher trophic levels. Exponents of power 202 

functions (Y=bSz) will decline with trophic level. Our results highlight the importance of a 203 

diverse resource base28 for trophic interactions in terrestrial ecosystems. 204 

Methods Summary 205 
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Experimental Design. In a 10-ha former arable field near Jena (Germany) we controlled the 206 

number of plant species, functional groups and plant functional identity in 82 plots, each 20m 207 

x 20m, in a randomized block design29. Plots were seeded in May 2002 with 1, 2, 4, 8, 16 or 208 

60 perennial grassland plant species, with 16, 16, 16, 16, 14 and 4 replicates, respectively. 209 

Plot compositions were randomly chosen from 60 plant species typical for local 210 

Arrhenatherum grasslands. Plots were maintained by mowing, weeding and herbicide 211 

applications.  212 

Ecosystem variables 213 

Sown and realized plant species richness were highly correlated (2006: Spearman´s 214 

rho=0.995, t = 91.94, df = 80, P< 2.2e-16), hence sown richness was used for analysis. 215 

Above-ground invertebrates were collected on N=50 plots using pitfall traps and suction 216 

sampling. Belowground macro- and mesofauna was extracted from Kempson soil cores. 217 

Special sampling protocols were used for micro-organisms (fungi, bacteria). Decomposition 218 

was measured using litter bags. Flower visitation was a count of pollinator visits. Parasitism 219 

was measured using a trap-nest technique. Hyperparasitism was measured from aphid 220 

mummy counts in 6.25 m² - replicate plots. Pathogen damage aboveground and herbivory 221 

were estimated visually. Plant invasion was a count of the numbers of an invader plant species 222 

per unit area. Microbial biomass was measured using glucose as an artificial substrate. A full 223 

description is available in the online version of the paper at www.nature.com/nature.  224 

Statistics. Explanatory variables in linear models were block, plant species richness, plant 225 

functional group richness, grass and legume presence. Non-linear models contained plant 226 

species richness, with legume and grass presence and functional richness as covariates. 227 

Models were simplified and compared using AICc. To test for differences between the slopes, 228 

multivariate linear models were constructed, and orthogonal contrasts were used to test linear 229 

hypotheses. Structural equation models were fitted to test specific hypotheses on causal 230 

relationships. 231 
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 309 

Figure legends 310 

 311 

Figure 1 | Effects of plant species richness on above- and belowground 312 

organisms in temperate grassland. a, Abundance and b, species richness of 313 

aboveground organisms. c, Abundance and d, species richness of belowground 314 

organisms. All response variables scaled to [0;1]. Every curve is fitted using a power 315 

function with covariates (see Methods). Identical colours in (a,b) and (c,d) indicate 316 

identical groups of organisms (e.g., herbivore). For sample sizes, see Table S1. 317 

 318 

Figure 2 | Dampening of plant species richness effects with increasing trophic 319 

level. a, Conceptual figure showing how different values of z may influence 320 

biodiversity effects (x axis, example range 1-60 plant species). b, Estimates of z for 321 

aboveground   herbivores, carnivores, parasitoids and omnivores. c, as b for 322 

belowground organisms. The y axes in b, c show estimated exponents of power 323 

functions fitted to data scaled to [0;1]. Significant differences in z values are indicated 324 

by asterisks (P<0.05) for aboveground and P=0.06 for belowground organisms. N=50 325 

for aboveground, 82 for belowground organisms. Estimates are model predictions ± 326 

1SE.. 327 

Figure 3 | Food web of above- and belowground biodiversity. Results of a 328 

structural equation model, N=50, Chi²= 32.56, P= 0.212, 27 d.f., RMSEA= 0.065 329 

(90% CI=[0;0.135]). A model with top-down control by carnivores on herbivores had 330 

Chi²=32.07, 25 d.f., P=0.156. a, Aboveground, b, Belowground compartment. Unfilled 331 

rectangles represent observed variables (organism abundances). Circles indicate 332 

error terms (e1-9). Solid (dashed) arrows connecting boxes show significant (non-333 

significant) effects. Numbers next to arrows (boxes) are unstandardized slopes 334 

(intercepts). Double-headed arrows indicate correlations between error terms. Plant 335 

species richness was experimentally manipulated and has no error term. For details 336 

see Supplementary Tables 6-10. 337 

338 
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 341 

Figure 1 (approximate width: 120 mm) 342 
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 344 

Figure 2 (approximate width: 89 mm) 345 
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 347 

Figure 3 (approximate width: 136 mm) 348 
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Supplementary Figure 1 | Biodiversity effects on organism interactions. Sample size: 
N=82 except for hyperparasitism (extrapolated from smaller plots).
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Supplementary Figure 2 | Effects of plant species richness on organism abundances 
in the belowground food web. Sample size: N=82 (missing values replaced by the 
mean), Chi²= 108.424, df=91 (61 estimated parameters), P=0.103; RMSEA= 0.049, 
90%CI=[0;0.08]. The model is the result of a specification search over 50 models 
that started off with a maximal model (containing all hypothesized relationships), 
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unstandardized parameter estimates. The Supplementary Figure shows the minimal 
adequate model (defined by lowest AIC, BIC and lowest difference between observed 
and implied covariance matrices). Arrows connecting boxes show structural relationships; 
parameters next to solid arrows are significant at P≤0.05. Parameter estimates next 
to dashed arrows are not significant but were retained in the minimal adequate model. 
Green arrows show significantly positive relationships, red arrows significantly negative 
ones. Grey arrows and text show error terms. Plant species richness (grey box) was 
experimentally manipulated. Light blue boxes indicate variables that are linked by at least 
one solid arrow.



Supplementary Figure 3 | Effects of plant species richness on all response variables 
on the original scale. Variables are sorted in alphabetic order. Fitted green and blue lines 
show 1st and 2nd order local polynomial regressions fit by weighted least squares; black 
lines show linear regression fits. Note that local polynomial regressions are for illustrative 
purposes only.
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Supplementary Figure 3 (continued)
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Supplementary Methods

Sampling of aboveground organisms

The population density of small rodents was estimated by placing two Ugglan multiple 
capture live-traps in each plot, with trapping between June and October 2005 (11 trap-
ping sessions). Each trapping session lasted for two trap nights with traps activated in 
the morning of day 1, and three trap checks in the morning and evening of day 2 and the 
morning of day 3. Traps were baited with standard rodent feeding pellets and weather-
protected by a metal cover. Every individual captured for the first time in a trapping session 
was etherized and marked individually using transponders (Trovan®). Individuals weighing 
less than 20 g did not receive a transponder, but were marked using fur-clipping. For every 
individual capture, we recorded species, body weight, sex, and breeding condition. 

The population density and species richness of aboveground invertebrates (including 
herbivores, carnivores, parasitoids, omnivores and pollinators) were measured in N=50 
plots (1, 4, 16, 60 plant species) using an electric suction sampler combined with a bioce-
nometer that covered a base area of 0.75 x 0.75 m. In contrast to other approaches (e.g. 
sweepnetting), the biocenometer method allows volume-specific sampling (i.e. exactly 
the same biovolume is sampled on every plot, similar to taking a soil core). Thus, our data 
on aboveground and belowground organism abundances/species richness are highly com-
parable. Every plot received six suction samplings that were randomly placed without re-
placement. Samples were taken five times per year from May to October (2003 and 2005).

Pollination was estimated as the number of flower visits in subplots per main plot.  Flower 
visits were quantified by counting flower-visiting insects in randomly placed quadrats of 80 
x 80 cm per 20x20 m plot. Only N=73 plots containing forbs were observed (i.e. exclud-
ing plots containing only wind-pollinated grasses). Flower visitors were counted during 
six observation periods: 24-25 May 2005, 15-16 June 2005, 18-19 August 2005, 6-9 June 
2006, 17-18 June 2006 and 1-5 August 2006. Observations were restricted to sunny days 
characterized by at least 18°C air temperature, with no or little wind (<2 m s-1), between 
09:00 and 17:00 h. Observations within a block were carried out within two days, assuring 
constant weather conductions within blocks. The sequence of plot observations was inde-
pendent of plant richness. We observed pollinating insects for 6 minutes per quadrat, plot 
and observation period, resulting in a total of 36 minutes per plot. Pollinators were identi-
fied directly in the field to genus or morphospecies and species level in the field. After each 
observation period we collected all unknown species for further identification in the labora-
tory. 

In addition, we exposed N=164 standardized trap nests made from reed internodes in the 
exact centre of every plot (N=82). This allowed us to calculate parasitism rate of trap-
nesting bees and wasps. 

To measure the activity density and species richness of epigeic invertebrates (mainly 
Carabids, Staphylinids and spiders), two pitfall traps were placed near the centre of each 
plot (N=50) and replaced six times per year from May to October (2003 and 2005). All spe-
cies were identified and their relative population densities (per unit of space) estimated. 



Sampling of belowground organisms

Belowground meso- and macrofauna were sampled twice a year in 2004, 2006 and 
2008 from N=82 plots. The subplot positions (2 x 4 m) for sampling were drawn at random. 
Samples were taken using soil cores of a diameter of 5 and 21 cm for extraction of meso- 
and macrofauna, respectively. Because most soil animals populate the upper soil layers, 
the upper 10 cm of the soil cores were used for extraction. Soil animals were extracted 
over a period of 10 days by heat30.

Earthworm sampling was performed each year in April and October between 2003-2006 
on N=46 plots (1, 4 and 16 plant species mixtures) using  an electroshocking method31, 
employing a combination of four octet devices (DEKA 4000, Deka Gerätebau, Marsberg, 
Germany). Positions for earthworm sampling were randomized once at the beginning of 
the experiment (2003). Earthworms were extracted from an area of 1 x 1 m.

Nematodes were sampled in autumn 2005 from 5 soil cores (2 cm in diameter, 5 cm 
deep) taken at a randomized subplot position (2 x 4 m) per plot (N=82). Samples were ho-
mogenized, nematodes extracted by a modified wet extraction technique32, counted and 
determined to species level.

For the quantification of Protozoa (Amoebae and Flagellates), five soil samples were 
taken on a randomized position on N=12 plots using a metal corer (diameter 5 cm, soil 
depth ~10 cm) in October 2009. The soil was homogenized and stored at 5 °C until usage. 
Amoebae and Flagellates were counted using a modified most probable number method33. 
Briefly, 5 g fresh weight of soil was suspended in 20 mL sterile Neff’s modified amoebae 
saline (NMAS; see ref.34) and gently shaken for 20 min on a vertical shaker. Threefold di-
lution series with nutrient broth (Merck, Darmstadt, Germany) and NMAS at 1:9 v/v were 
prepared in 96-well microtiter plates (VWR, Darmstadt, Germany) with four replicates, 
each. The microtiter plates were incubated at 15 °C in darkness and the wells were in-
spected for presence of protozoa using an inverted microscope at x 100 and x 200 magni-
fication (Nikon, Eclipse TE 2000-E, Tokyo, Japan) after 3, 6 ,11, 19 and 26 days. Densities 
of protozoa were calculated according to ref.35.

Microbial biomass and respiration were measured from five cores (diameter 5 cm, 
depth 5 cm) taken on randomized subplot positions (2 x 4 m) per plot in May 2002, 2003, 
2004, 2006, 2007 and 2008. Soil samples were homogenized from each plot and microbial 
respiration and microbial biomass were measured using an O2 microcompensation ap-
paratus36. Microbial biomass was determined by the substrate-induced respiration method 
(SIR; see Ref. 37).

Diversity of arbuscular mycorrhizal fungi was determined by amplification of DNA de-
rived directly from soil on a subset of 23 plots. Plots were selected at random, constrained 
of equal representation of levels of plant species richness. DNA was extracted under utili-
zation of FastDNA Spin Kit for Soil (MP Biomedicals, Illkirch, France) according to manu-
facturers’ protocol. The internal transcribed spacer (ITS) within the rDNA was amplified by 
nested PCR (see Ref. 38) using the primer pair LSU-Glom1/ SSU-Glom1 for the first PCR 
reaction and ITS4/ ITS5 for the second PCR step, Between the PCR steps, an interme-
diate AluI digestion was performed to exclude non-mycorrhizal DNA after the first PCR. 
Cloning, clone fingerprinting by RFLP and sequencing were performed as in Ref. 39. Se-
quences were pre-sorted into syngeneic clusters using the contig-tool as implemented in 



Sequencher 4.8 (Gene Codes Corp., Ann Arbor, USA).Closest matches to each sequence 
cluster were determined using the BLASTN sequence similarity search tool in GenBank40 
and used as references. Sequences were pre-aligned in MultAlin41, alignments were cor-
rected by hand. The phylogenetic relations were inferred based on the Kimura 2-parameter 
method42 with the neighbour-joining analysis43 as implemented in PAUP 4.0b8 (see Ref. 44). 
The confidence of branching was assessed using 1000 bootstrap resamplings. Sequences 
falling into one clade, and showing sequence identities of at least 92% were regarded as 
distinct taxa. The cutoff value of 92% was chosen according to Ref. 45 in order to reflect 
the natural sequence diversity found within and between the spores of the same AMF spe-
cies46.

Spatial soil exploitation by roots was assessed with the ingrowth-core technique47. In 
June 2003, five soil cores (4.8 cm diameter, 30 cm deep) were removed per plot and re-
placed by root-free soil from the field site. In September 2003, the initially root-free
in-growth cores were removed and the holes were re-filled with root-free soil until the fol-
lowing withdrawal in July 2004. To extract the newly formed roots, each in-growth core 
was first weighed and carefully homogenized. A subsample of 50 g of soil was suspended 
in water and rinsed over a 0.5-mm screen. Roots collected in the screen were transferred 
into a water-filled clear acrylic tray and scanned. Total root length was determined from im-
ages using WinRhizo (Regent Instruments, Quebec, Canada). Afterwards, root length den-
sity (cm root length per cm3 soil volume) was calculated.

Classification of organisms into groups

All organisms collected were classified into functional groups (guilds) based on extensive 
literature and database searches. Functional groups were defined based on trophic posi-
tion (feeding guild) and interaction type (consumers, mutualists, pathogens, decomposers). 

Aboveground herbivores: Phytophagous beetles (mainly Chrysomelidae and Curculioni-
dae), Leafhoppers (Cicadina), gall-forming and other phytophagous Hymenoptera, phy-
tophagous Heteroptera, Grasshoppers (Saltatoria: Acrididae), phytophagous Diptera.

Aboveground carnivores: Zoophagous Hymenoptera (excl. Parasitica), zoophagous 
beetles (mainly Carabidae and Staphylinidae), Zoophagous Heteroptera, Zoophagous Dip-
tera, Spiders (Arachnidae).

Aboveground omnivores: Omnivorous beetles (mainly Staphylinid beetles) and Diptera

Parasitoids:	Parasitoid Hymenoptera and Diptera. No parasitoid Coleoptera were found.

Hyperparasitoids: Hyperparasitoid Hymenoptera (mainly Alloxysta sp., Hymenoptera: 
Cynipidae) and mummy parasitoids (Dendrocerus sp., Hymenoptera: Megaspilidae)

Pollinators: Hymenoptera (mainly Apidae), Diptera (mainly Syrphidae).

Pathogens: Plant-pathogenic fungi of the groups Peronosporaceae (Downy Mildews), 
Erysiphales (Powdery Mildews), Ustilaginales (Smut diseases) and Uredinales (Rust fun-
gi). Further, we included Bacteria and Fungi causing Leafspot diseases.

Invaders: Abundance (dry weight/m²) and species richness of (weedy) plant species not 



present in the pool of 60 plant species present in the Jena Experiment (so-called external 
invaders).

Belowground microfauna: Amoebae and Flagellates.

Belowground mesofauna: Collembola, Herbivorous Nematodes, Bacterivorous Nema-
todes, Fungivorous Nematodes, Omnivorous Nematodes, Oribatid mites, pro- meso- and 
astigmatic mites.

Saprophagous Macrofauna: Earthworms (Lumbricidae), Isopoda, Diplopoda, Enchytraei-
dae

Predatory Macrofauna: Araneida, Geophilidae, Lithobiidae, Carabidae, Staphylinidae, 
Elateridae, zoophagous insect larvae, Hymenoptera

Herbivorous Macrofauna: Gastropoda, Curculionidae, herbivorous larvae iof Diptera, 
Symphyla, herbivorous Hemiptera groups.



Definition and quantification of organism interactions 

We included only those interactions between organisms that were directly and quantitative-
ly observed in the field (as opposed to correlative approaches where interaction partners 
are generally unknown). Hence, every interaction considered here contains information 
about the exact process rates. For example, “decomposition” is the amount of material of 
known quantity decomposed over a given period of time per unit area. 

The specific definitions for each interaction are:

Herbivory:	 The percentage of intact leaf area of an average sample of each plant com-
munity consumed by invertebrate herbivores over a given period of time on subplots of 2 
x 4 m, averaged across time. Plant community herbivory was visually estimated in May 
and August 2003, 2004 and 2005 by sampling a given number of plant individuals along 
transects through each of the 82 experimental plots and noting the percentage of leaf area 
eaten by invertebrate herbivores (insects and molluscs).

Parasitism:	 The percentage of wildbee (Hymenoptera: Apidae) cells parasitized in ar-
tificially exposed trap nests (measured in 2005 and 2006). Trap nests consisted of reed 
internodes cut to a standardized length and enclosed in plastic tubes of c. 14 cm diameter. 
There were 4 trap nests installed on a wooden post in the middle of each plot; trap nests 
were installed in early spring each year and removed in autumn, and all reed internodes 
were checked for colonization by trap-nesting bees, wasps and their natural enemies. We 
used parasitized wildbee cells because these measurements were performed in all N=82 
large plots. Qualitatively similar results were obtained using parasitism rates estimated 
from aphid mummies.

Hyperparasitism:	 The percentage of aphid mummies that were parasitized by Hy-
menopteran hyperparasitoids. All stationary aphids (including alates within colonies) were 
counted 4 times (twice before the first mowing, twice after) in c. 3 m x 20 cm transects in 
47 small extra plots on all sown plant species (plant species richness here ranged from 1 
to 9 plant species). All mummies (parasitized aphids) were collected in the same transect 
at the same 4 dates and checked for parasitoids and hyperparasitoids. Analyses were per-
formed separately from all other data, and lines in Fig. 1 show predicted values extrapolat-
ed to more species-rich mixtures. Hyperparasitism was additionally measured in 23 large 
plots (20 x 20 m) and a binary regression analysis showed qualitatively the same result.

Pollination:	 The number of flower visits by Dipteran and Hymenopteran pollinators per 
time interval (6 minutes) visually counted on 0.64 m² subplots in each plot (excluding those 
plots containing only grasses) in May, June and August 2005 and 2006, averaged over 
time.

Pathogen severity:	The mean percentage of leaf area damaged by plant pathogenic fungi 
across the whole plant community of every plot. Pathogen infection was visually assessed 
in 2006 for all species in all 82 large plots. Screening focussed on the pathogen groups 
downy mildew, powdery mildew, rusts and smuts. In addition, infection of fungal-caused 
leaf spots was assessed. Fungal pathogen infection was registered for each species per 
plot as the mean percentage infected individuals per species.

Bioturbation: The number of burrowing holes of the Common Vole (Microtus arvalis) 



found in June and September 2005 in an area of 20 x 20 m on every plot, averaged across 
time. Activity of other bioturbators (e.g. earthworms) was not assessed, but data on earth-
worm densities are available upon request.

Decomposition:	 The percentage of litter remaining in standardized exposed litter bags 
per plot after four months of time. Litter of three plant functional groups (grasses, herbs 
and legumes) was used to establish four litter treatments [grasses (G), herbs (H), legumes 
(L) and mixed (M)]. Each litterbag contained 3 g dry weight of plant material. Litter of each 
functional group was obtained by mixing 1 g of senesced litter of three plant species: 
grasses (Festuca rubra, Lolium perenne, Poa pratensis) (N 2.0%, C:N 22.6), herbs (Cir-
sium oleraceum, Daucus carota, Plantago lanceolata) (N 2.3%, C:N 19.6), legumes (Lath-
yrus pratensis, Lotus corniculatus, Trifolium repens) (3.0%, C:N 15.5). For the mixed litter 
treatment we used 3 g dry weight litter (N 2.4%, C:N 19.3) from a homogenous mixture 
created by mixing all 9 plant species. The litter material was collected from the Jena Ex-
periment field site in the previous season (2003), sorted, dried for 3 days at 60 °C and cut 
into pieces ~ 3 cm in length. Litterbags were built using 4 mm mesh to allow access of soil 
animals including large earthworms such as Lumbricus terrestris. Litterbags of each of the 
four litter treatments were placed on the soil surface of four decomposer treatments (re-
duced and increased earthworm density, ambient and reduced springtail density) of the 1, 
4, 16 plant species diversity plots in February 2004. The litterbags were collected in June 
2004, after 4 months of exposure, dried three days at 60 °C and weighed. The percentage 
of litter remaining in the mixed litter treatment after these four months was used as a mea-
sure of decomposition rate. Measurements were performed on plots containing 1, 4 and 16 
plant species.

Biological invasion: The population density (individuals per 4 m²) of an invading weedy 
plant species (Cirsium arvense), measured in 2004 on randomly placed positions in the 
core area of every plot.

Microbial respiration: Microbial respiration was measured from five cores (diameter 5 cm, 
depth 5 cm) taken on randomized subplot positions (2 x 4 m) per plot in May 2002, 2003, 
2004, 2006, 2007 and 2008. Soil samples were homogenized from each plot and microbial 
respiration was measured using an O2 microcompensation apparatus36.   

Ant activity: Between 4th July 2006 and 16th August 2006, ant colonies were counted in 
each plot in an area of 4m2. The surface of the plots was searched visually. Every entrance 
was counted as a measure of colony number. An entrance was defined by the observation 
of ants passing in and out and by recruiting behaviour occurring when the entrance was 
disturbed using tweezers. 



Statistical Methods

We used R 2.11.0 (see Ref. 48) for data analyses. In addition, we calculated structural 
equation models using AMOS 16.0 (SPSS, Inc.). Code printed below refers to R 2.11.0.

General approach

For most of our analyses, we present results on a unified scale [0;1]. This allows direct 
comparisons of slopes, intercepts and other model parameters across all taxonomic 
groups. 

A small example dataset shall serve to introduce the methodology used; let y1and y2 be 
carnivore and herbivore abundance, respectively; let x1 be the explanatory variable (plant 

species richness). y1´and y2´ are the transformed versions of the response variables y1 and y2. A 
possible dataset may then look like this:

The slopes of corresponding regression lines are then 10.2 for carnivores or 102 for herbi-
vores. On the transformed scale, however, both slopes are exactly 0.34. Thus, standard-
izing the response variables to [0;1] reveals that both groups actually respond in exactly 
the same way to plant species richness. Such a conclusion would, however, not have been 
possible on the original scale.

Our approach to data analysis consists of four steps:

(1) Standardization of response variables to a unified scale [0...1]
(2) Separate analysis of every response variable using a common set of 572 linear and 
nonlinear models per response variable
(3) Combined analysis of all response variables using a common power law function
(4) Combined multivariate analyses of groups of response variables using (i) multivariate 
linear models and (ii) structural equation models.

We chose a transformation to range [0,1] rather than a z transformation because (i) the 
resulting values are easier to compare and to interpret, (ii) because this transformation is 
more robust than the z transformation 49, and (iii) because information about the variation 
of variables is lost with the z transformation (all variables having a standard deviation of 1 
after transformation). 

Note that scaling variables to [0;1] may introduce a bias when dividing by the maximum 
observed value for each variable, especially if the underlying distributions are skewed. In 
particular, a large maximum:median ratio could lead to lower values of the exponent z re-
ported in power functions. However, the z values calculated by us were based on highly 
aggregated data, for which the arithmetic mean is likely to be an unbiased estimater of the 

x1 y1 y2 y1´ y2´
1 10 100 0 0
2 22 220 0.4 0.4
3 34 340 0.8 0.8
4 40 400 1 1



true population mean. 

We additionally ran our analyses using a z transformation and found no principal differ-
ences. 

Univariate linear and nonlinear models

The set of linear and nonlinear models was carefully chosen from biologically meaningful 
models:

(1) Linear models containing block, plant species richness, number of plant functional 
groups, grass and legume presence
(2) Saturating non-linear models (Michaelis-Menten, asymptotic regression models, logis-
tic regression models)
(3) Exponential non-linear models (including biexponential models)
(4) Power law models covering a wide range of possible shapes of responses 

To make linear and non-linear models comparable, legume presence, grass presence and 
number of functional groups were included as covariates into the nonlinear models.

If model diagnostic plots showed variance heterogeneity or non-normality of variance, we 
updated our models using variance functions. In two cases (vertebrate herbivore abun-
dance and hyperparasitism rates) we additionally used generalized linear models for anal-
ysis50.

Blocks were treated as fixed rather than random effects because there were only four lev-
els of blocks, and because treatments were unequally represented within blocks (see Ref. 
51 for a similar approach).

We used AICc (Akaike´s Information Criterion, corrected for small sample sizes; see Ref. 
52) for model simplification and model selection. Manual deletions of terms from models 
(comparing models using conditional F-tests) lead to qualitatively very similar results.

Abundances and numbers of distinct species per sample were summed during data aggre-
gation. For non-count data (organism interactions), we calculated mean values for every 
plot. The total sample size was at least 50 for abundance and species richness data, and 
82 for organism interactions. �����������������������������������������������������������For practical reasons, hyperparasitism and belowground pro-
tozoa had a smaller sample size. These variables were therefore not included into the mul-
tivariate linear models. Every response variable was transformed using a  transformation 
to [0;1] prior to analyses to allow comparisons of model parameters. Vertebrate herbivore 
abundance was log-transformed before transformation to [o;1] to reduce non-constancy of 
variance. For every response variable, we set up a set of linear and nonlinear candidate 
models. In generalized non-linear least squares models, we used variance functions to ac-
count for heteroscedasticity. For every response variable, the set of candidate models con-
sidered was created using linear and nonlinear models. 

To give every model the same chance of being selected, the same principal set of initial 
models was considered for every response variable in turn. 

This makes the overall model selection process entirely reproducible. 



The R code for the general model selection function was:

evaluate.all=function(response=quote(response),DF=quote(DF),i){
require(MASS)
require(pgirmess)
require(nlme)
options(width=500,show.error.messages=T)

DF <- cbind(response = DF[[response]], DF)
options(show.error.messages=F)
L=list(
	 modelname1=try(model.formula1,DF)), 
	 modelname2=try(model.formula2,DF)),
	 modelname3=try(model.formula3,DF))

#the full list of model formulae is available upon request
	 #[...]
	 )
	
L2=Filter(function(x) !inherits(x, "try-error"), L) #to select only those models that converged 
without error
nn=names(L2)

# actual model selection based on AICc:
	 df=data.frame(selMod(L2))
	 nn=nn[as.numeric(row.names(df))]
	 df=cbind(nn,df)

# return the i´th selected model
selected=which(seq(1:length(nn))==as.numeric(rownames(selMod(L2)))[i])

# return the model formula (this has the structure response~...,data=DF)
called=lapply(L2[selected],function(x)x$call)

# Some text replacement to have the correct response variables and dataframes in there:

called=sub("response",response,called)
replacevec<-c("newsynthesis.ranged")

called=sub("DF",replacevec,called)

# Finally, return the selected models

returnlist=list(response=response,models=df,selected.model=called,all.models=L2)

return(returnlist)
}



The full list of model formulae used inside the function is available on request.

The gnls() function from the MASS library in R53 was used to fit generalized nonlinear 
least-squares models that allow for covariates in nonlinear models, and variance 
heteroscedasticity can be modelled using variance functions.

The try()command prevents the function to exit with an error if initial parameter values 
do not lead to model convergence. Initial parameter values for nonlinear models were 
based on previous manual model fitting approaches.
The index i allows the i´th model to be extracted from the resulting list of models (ordered 
by AICc) for manual inspection and modification.

For all models we calculated the number of parameters, log-Likelihood, Akaike´s An 
Information Criterion, corrected for small sample size (AICc), delta-AICc values and Akaike 
weights. The five models with lowest AICc values were inspected in detail by plotting 
model predictions and model diagnostic plots to inspect the variance structure. The model 
with lowest AICc and highest Akaike weight was taken to be the best model of the subset, 
with some exceptions where biological knowledge made competing models more likely (for 
example if theory predicted saturating rather than exponential kinetics). 

To allow the reader a full assessment of all competing models, we supply two Excel tables 
containing all models considered. Model convergence was different for every response 
variable, and we provide these outputs to allow a precise judgement of which patterns are 
strongly supported by the data, and which not.

Fitting a more parsimonious unified power law model

Using the evaluate.all() function defined above revealed that 25 out of 54 response 
variables (i.e. 46%) showed clearly nonlinear relationships with plant species richness (8 
exponential, 7 Michaelis-Menten, 10 power law relationships). 

For parsimony, we decided to fit a common power law function to all response variables 
(Adler 1998), covering a broad range of possible non-linear and linear biodiversity effects.

The common power law function used was

y = a + b × sowndiv c

Where y is the response variable, sowdiv is sown plant species richness, and a, b and c 
are parameters to be estimated from the data.

Note that this model also allows linear models (for c=1) and null models (for c=0).

Because many response variables can be assumed to be zero for zero plant species 
richness, we excluded the intercept from the model in cases where the c parameter was 
compared across different response variables (model named Pa4 below).



The power law models were fitted using the following R code:

evaluate.small=function(response=quote(response),DF=quote(DF)){
require(MASS)
require(pgirmess)
require(nlme)
options(width=500,show.error.messages=T)

DF <- cbind(response = DF[[response]], DF)

L=list(
Pa1=try(nls(response~a+b*sowndiv^c,start=list(a=1,b=1,c=1),DF)),

	 Pa2=try(nls(response~a+b*sowndiv,start=list(a=1,b=1),DF)),
	 Pa3=try(nls(response~a+sowndiv^c,start=list(a=1,c=1),DF)),
	 Pa4=try(nls(response~b*sowndiv^c,start=list(b=1,c=1),DF)),
	 Pa5=try(nls(response~sowndiv^c,start=list(c=1),DF))
)

L2=Filter(function(x) !inherits(x, "try-error"), L) #to select only those models 
that converged without error
nn=names(L2)

called=lapply(L2[1],function(x)x$call)

params=lapply(L2[1],function(x)summary(x)[10])

summary=lapply(L2[1],function(x)summary(x))

called=sub("response",response,called)
replacevec<-c("newsynthesis.ranged")

called=sub("DF",replacevec,called)

returnlist=list(response=response,selected.model=called,all.models=L2,params=par
ams,summary=summary)
return(returnlist)
}



Multivariate linear models

Measurements collected on the same 82 plots cannot be considered statistically 
independent; for example, herbivory and decomposition can be indirectly correlated via 
faeces of herbivorous insects or induced leaf abscission. Hence, we used multivariate 
linear models54 to compare the responses of different variables to biodiversity. 
For parsimony, multivariate linear models consisted of a matrix of response variables, and 
log (plant species richness) as the only explanatory variable.

We used the log of plant species richness to linearize individual relationships between 
each response and explanatory variable, and to reduce leverage. The model was fitted like 
this:

model1<-lm(cbind(response.variable1,response.variable2...)~logdiv)

We constructed three multivariate models, one for organism abundances, one for 
organism species richness, and one for biotic interactions. The overall output from these 
models yielded Pillai´s trace and approximate F values cited in the manuscript text.

For every model, we further constructed a matrix of contrast coefficients for the response 
variables that was used to compare the slopes of the response variables with one another. 
In all cases, we used so-called successive difference contrasts53.

For example, the successive difference contrasts for a set of 8 response variables was 
specified using

require(MASS)
contr.sdif(8)

In this case, the first comparison is between herbivores and carnivores, the second 
comparison is between parasitoids and carnivores, and so on. 

F- and P-values for each comparison were calculated from the diagonal elements of the 
resulting hypothesis and error sum of squares-and products matrices (here termed SSPH 
and SSPE; see also Ref. 54) using the following formulae:

f.value=diag(linhyp$SSPH)/(diag(linhyp1$SSPE)/res.df) 
p.value=1-pf(f.value,1,res.df)

where linhyp is the linear hypothesis constructed using the matrix of contrast 
coefficients, and res.df are the residual degrees of freedom of the multivariate linear 
model under consideration.

Structural equation models

As effects of plant species richness on organism abundances or diversity may also be 
mediated indirectly, we decided to employ structural equation models (SEMs; see Refs. 
55,56) to allow multiple pathways for the effects of plant species richness. 



SEMs are particularly well suited also in an experimental context, i.e. where some 
variables are deliberately manipulated experimentally (Grace 2006, pp. 233 ff). Further, 
SEMs "can be used to develop accurate and meaningful final multiple regression models 
when collinearities among explanatory variables are thought to be present" (see Ref. 57).

We use the following terminology for graphical representations of structural equation 
models:

y1

x1

y2

ß1;3

ß1;1

ß1;2

ß0;2

ß0;1

ß0;3

Φ12

ε1 ε2

x1, y1 and y2 are observed variables; ß0;1, ß0;2 and ß0;3 are intercepts, ß1;1, ß1;2 and ß1;3 are 
path coefficients representing directed effects of x1 on y1, y1 on x1, and x1 on y2. ε1 and ε2 
are residual errors, and φ12 represents the residual co-variance between ε1 and ε2. The 
corresponding structural equations are:

ε1~N(0, σ1)
ε2~N(0, σ2)

y1=ß0;1+ ß1;1 x1 + ε1
x1=ß0;2+ ß1;2 y1 
y2=ß0;1+ ß1;3 x1 + ε2,

where x1 is treated as an "explanatory" variable measured without error, and ε1 and ε2 fol-
low standard normal distributions N with mean 0 and standard deviations σ1...2.

Because plant species richness was our main experimentally manipulated variable, all 
SEMs started off with plant species richness and further trophic groups were added both 
above- and below ground. All "response" variables were log-transformed and scaled to 
[0;1] before analysis to avoid non-positive definite residual covariance matrices. Plant 
species richness was log-transformed before analysis to reduce leverage. In essence, we 
therefore fitted log-log models that were essentially linearized versions of the individual 
non-linear regression models. Missing values were replaced by the mean. The total 
sample size was N=50 data points. 

This allowed us to use up k<49 degrees of freedom for all SEMs. Hence, with a total of 
about 50 variables for all above- and belowground organism groups, it was not possible to 
fit a "complete" above-/belowground food web model.



We therefore present two types of SEMs:

(1) An above-/belowground SEM incorporating only organism groups with a size of >2mm 
(macrofauna).

(2) A belowground SEM incorporating only belowground organism groups.

For both types of SEMs, we decided on the initial model by considering published food 
webs (e.g. Coleman et al. 2003) and collecting expert opinions before the actual model-
fitting process. The resulting initial models were then simplified using the "Specification 
search" command in AMOS 16.0 for Windows XP (SPSS, Inc). The minimal adequate 
model was considered to be the one that minimized Akaike´s An Information Criterion 58. 
For the minimal adequate model, the 95% confidence interval of the root mean square 
error of approximation (RMSEA) was further required to include 0 (see Ref. 59). 



Minimum Median Mean Maximum N
Design variables
Grass presence (1=absent, 2=present) 1 1 1.46 2 82
Legume presence (1=absent, 2=present) 1 1 1.48 2 82
Small herb presence (1=absent, 2=present) 1 2 1.52 2 82
Tall herb presence (1=absent, 2=present) 1 2 1.54 2 82
Plant functional group richness (1-4) 1 2 2.12 4 82
Sown plant species richness (1-60) 1 4 8.59 60 82

Organism abundances
Microbial biomass (µg C/g soil) 5.40×102 9.41×102 9.43×102 1.62×103 82
Amobae abundance 1.95×103 1.42×104 3.60×104 1.78×105 12
Flagellate abundance 2.09×103 9.58×103 1.23×104 1.98×104 12
Saprophagous macrofauna abundance 0 7 8.94 51 80
Saprophagous mesofauna abundance 0 4 7.51 64 80
Herbivorous macrofauna abundance 0 4 4.76 19 80
Predatory macrofauna abundance 0 11.5 15.49 101 80
Bacterivorous nematode abundance 0 16 18.22 86 73
Fungivorous nematode abundance 0 13 17.17 78 73
Plant-feeding nematode abundance 2.07 47 60.47 201 73
Predatory nematode abundance 0 1 1.84 24.47 73
Omnivorous nematode abundance 0 8 10.19 46 73
Collembola abundance 0 23 28.1 104 80
Mite abundance 0 16.5 21.9 102 80
Gamasida abundance 0 3 5.49 38 80
Aboveground herbivore abundance 181 609 665.16 1691 50
Aboveground carnivore abundance 221.5 343.62 338.33 533.5 50
Aboveground omnivore abundance 18.75 49.25 51.17 119.5 50
Aboveground parasitoid abundance 48 140 177.6 468 50
Aboveground hyperparasitoid abundance 0 1 1.46 5 28
Pollinator abundance 6 49 54.98 187 50
Invader abundance 11.14 133.14 179.78 815.67 82
Vole abundance 0 0.5 6.1 67 82

Supplementary Tables

Supplementary Table  1 | Summaries of response variables on original scale. 
Statistical summaries and units of measurement for the response variables used in 
this study on their original scale. The values of each observation yi on the transformed 
scale can easily be computed using this table and the formula: y´=(yi-ymin)/(ymax-ymin). For 
example, a herbivory value of 3% corresponds to (3-0.02)/(9.48-0.02) = 2.98/9.46=0.32 on 
the transformed scale. N is the number of plots with non-missing values (sample size).



Minimum Median Mean Maximum N
Organism species richness
Mycorrhizal species richness 3 8 7.4 12 77
Saprophagous macrofauna species rich-
ness

0 2 1.94 4 80

Saprophagous mesofauna species richness 0 1 1.39 3 80
Herbivorous macrofauna species richness 0 2 2.58 7 80
Predatory macrofauna species richness 0 4.5 4.59 11 80
Bacterivorous nematode species richness 0 3 2.9 6 72
Fungivorous nematode species richness 0 3 2.42 4 72
Plant-feeding nematode species richness 1 6 5.81 11 72
Predatory nematode species richness 0 0 0.53 3 72
Omnivorous nematode species richness 0 2 1.89 5 72
Collembola species richness 0 6 5.67 11 80
Aboveground herbivore species richness 35 58 62.71 111.5 50
Aboveground carnivore species richness 44 61.5 61.67 75 50
Aboveground omnivore species richness 7 15.25 14.92 24 50
Aboveground parasitoid species richness 9 21.5 22.48 36 50
Pollinator species richness 2 8 8.6 17 50
Invader species richness 2.75 6.62 7.45 16.44 82
Pathogen species richness 0 3 2.65 5 82

Organism interactions
Community herbivory (percent) 0.02 2.01 2.2 9.48 82
Parasitism (percent) 0 14.43 16.95 57.14 78
Flower visitor frequency (visits/6 Min.) 0 6.83 13.24 108 73
Litter decomposition (percent) 42.33 69.67 69.24 89 44
Seed predation (proportion removed) 0.22 0.78 0.75 1 46
Pathogen severity (percent) 0 1.05 1.35 4.08 82
Invasion (individuals/m²) 0 1.5 4.19 39 80
Bioturbation (burrows per 400 m²) 0 14.75 31.45 209 82
Ant activity (colonies per 4 m²) 0 3 2.98 9 81
Microbial respiration (µL O2 g soil-1 x h-1) 1.8 3.05 3.11 7.67 82

Other covariates
Aboveground plant biomass (g/m²) 6.71 240.68 277 614.21 82
Aboveground dead plant biomass (g/m²) 8.84 24.59 26.89 79.34 82
Leaf area index (m²/m²) 0.76 2.13 2.42 4.36 82
Root length growth (cm/cm³ soil) 4.2 20.26 21.37 49.85 81

Supplementary Table  1 (continued)



Supplementary Table  2 | Model selection tables for all response variables and all 
models considered (see following pages) Column names: model name, an internal 
name used to uniquely label all models fitted per response variable; model formula, the 
model formula used (in R notation); variance functions and covariate formulae for gnls 
models not shown here (see Supplementary Table 3 for the full specification of all mod-
els); LL maximized log-likelihood of the model, given the data; K, number of estimated pa-
rameters in the model; N2K, the number of observations, divided by K; AICc, Akaike´s An 
Information Criterion, corrected for small sample sizes; deltAICc, the difference between 
AICc and the lowest AICc value in the set of models considered for a given response vari-
able; w_ic, the AICc weights.
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Supplementary Table  2 (continued)
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Supplementary Table  2 (continued)
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Supplementary Table  2 (continued)
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Supplementary Table  2 (continued)
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Supplementary Table  2 (continued)
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Supplementary Table  2 (continued)
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Supplementary Table  2 (continued)
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Supplementary Table  2 (continued)
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Supplementary Table  2 (continued)
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Supplementary Table  2 (continued)



Lo
ng

 v
ar

ia
bl

e 
na

m
e

m
od

el
 n

am
e

m
od

el
 fo

rm
ul

a
LL

K
N

2K
A

IC
c

de
lt

A
IC

c
w

_i
c

Pl
an

t-
fe

ed
in

g 
ne

m
at

od
e 

di
ve

rs
ity

M
1a

SS
m

ic
m

en
(s

ow
nd

iv
, V

m
, k

)
5.

03
6

3
24

.0
00

-3
.7

18
1.

87
1

0.
07

Pl
an

t-
fe

ed
in

g 
ne

m
at

od
e 

di
ve

rs
ity

Pa
1

a 
+ 

b 
* 

so
w

nd
iv

^c
6.

06
0

4
18

.0
00

-3
.5

23
2.

06
6

0.
06

Pl
an

t-
fe

ed
in

g 
ne

m
at

od
e 

di
ve

rs
ity

M
2

d 
+ 

a 
* 

so
w

nd
iv

/(
b 

+ 
so

w
nd

iv
)

6.
01

7
4

18
.0

00
-3

.4
37

2.
15

2
0.

06

Pl
an

t-
fe

ed
in

g 
ne

m
at

od
e 

di
ve

rs
ity

A
S1

SS
as

ym
p(

so
w

nd
iv

, A
sy

m
, R

0,
 lr

c)
6.

00
0

4
18

.0
00

-3
.4

04
2.

18
5

0.
06

Pl
an

t-
fe

ed
in

g 
ne

m
at

od
e 

di
ve

rs
ity

A
S2

SS
as

ym
pO

ff
(s

ow
nd

iv
, A

sy
m

, l
rc

, c
0)

6.
00

0
4

18
.0

00
-3

.4
04

2.
18

5
0.

06

Pl
an

t-
fe

ed
in

g 
ne

m
at

od
e 

di
ve

rs
ity

LG
2

SS
lo

gi
s(

so
w

nd
iv

, A
sy

m
, x

m
id

, s
ca

l)
5.

97
9

4
18

.0
00

-3
.3

60
2.

22
9

0.
06

Pl
an

t-
fe

ed
in

g 
ne

m
at

od
e 

di
ve

rs
ity

E2
a 

+ 
b 

* 
ex

p(
so

w
nd

iv
)

4.
29

0
3

24
.0

00
-2

.2
27

3.
36

2
0.

03

Pl
an

t-
fe

ed
in

g 
ne

m
at

od
e 

di
ve

rs
ity

A
S3

SS
as

ym
pO

rig
(s

ow
nd

iv
, A

sy
m

, l
rc

)
4.

22
4

3
24

.0
00

-2
.0

96
3.

49
3

0.
03

Pl
an

t-
fe

ed
in

g 
ne

m
at

od
e 

di
ve

rs
ity

L0
bl

oc
k 

+ 
(s

ow
nd

iv
 +

 fu
nc

gr
 +

 g
ra

ss
 +

 le
g)

^2
18

.5
09

15
4.

80
0

1.
55

4
7.

14
3

0.
00

Pl
an

t-
fe

ed
in

g 
ne

m
at

od
e 

di
ve

rs
ity

Pa
5

so
w

nd
iv

^c
-3

6.
71

8
2

36
.0

00
77

.6
10

83
.1

99
0.

00

Pl
an

t-
fe

ed
in

g 
ne

m
at

od
e 

di
ve

rs
ity

E5
b 

* 
ex

p(
so

w
nd

iv
)

-5
4.

29
8

2
36

.0
00

11
2.

77
0

11
8.

35
9

0.
00

Pl
an

t-
fe

ed
in

g 
ne

m
at

od
e 

di
ve

rs
ity

E4
a 

+ 
ex

p(
so

w
nd

iv
)

-4
30

7.
75

4
2

36
.0

00
86

19
.6

81
86

25
.2

70
0.

00

Pr
ed

at
or

y 
ne

m
at

od
e 

di
ve

rs
ity

E2
a 

+ 
b 

* 
ex

p(
so

w
nd

iv
)

0.
05

3
3

24
.0

00
6.

24
6

0.
00

0
0.

70

Pr
ed

at
or

y 
ne

m
at

od
e 

di
ve

rs
ity

Pa
2

a 
+ 

b 
* 

so
w

nd
iv

-1
.4

25
3

24
.0

00
9.

20
4

2.
95

8
0.

16

Pr
ed

at
or

y 
ne

m
at

od
e 

di
ve

rs
ity

L2
so

w
nd

iv
 +

 fu
nc

gr
 +

 le
g

-0
.2

50
5

14
.4

00
11

.4
09

5.
16

3
0.

05

Pr
ed

at
or

y 
ne

m
at

od
e 

di
ve

rs
ity

Pa
4

b 
* 

so
w

nd
iv

^c
-3

.3
13

3
24

.0
00

12
.9

79
6.

73
3

0.
02

Pr
ed

at
or

y 
ne

m
at

od
e 

di
ve

rs
ity

Pa
3

a 
+ 

so
w

nd
iv

^c
-3

.4
37

3
24

.0
00

13
.2

26
6.

98
0

0.
02

Pr
ed

at
or

y 
ne

m
at

od
e 

di
ve

rs
ity

M
1a

SS
m

ic
m

en
(s

ow
nd

iv
, V

m
, k

)
-3

.5
96

3
24

.0
00

13
.5

46
7.

29
9

0.
02

Pr
ed

at
or

y 
ne

m
at

od
e 

di
ve

rs
ity

M
1

a 
* 

so
w

nd
iv

/(
b 

+ 
so

w
nd

iv
)

-3
.5

96
3

24
.0

00
13

.5
46

7.
29

9
0.

02

Pr
ed

at
or

y 
ne

m
at

od
e 

di
ve

rs
ity

A
S3

SS
as

ym
pO

rig
(s

ow
nd

iv
, A

sy
m

, l
rc

)
-7

.1
14

3
24

.0
00

20
.5

82
14

.3
36

0.
00

Pr
ed

at
or

y 
ne

m
at

od
e 

di
ve

rs
ity

L0
bl

oc
k 

+ 
(s

ow
nd

iv
 +

 fu
nc

gr
 +

 g
ra

ss
 +

 le
g)

^2
5.

29
7

15
4.

80
0

27
.9

77
21

.7
31

0.
00

Pr
ed

at
or

y 
ne

m
at

od
e 

di
ve

rs
ity

E5
b 

* 
ex

p(
so

w
nd

iv
)

-1
2.

48
4

2
36

.0
00

29
.1

42
22

.8
96

0.
00

Pr
ed

at
or

y 
ne

m
at

od
e 

di
ve

rs
ity

Pa
5

so
w

nd
iv

^c
-4

7.
02

0
2

36
.0

00
98

.2
14

91
.9

68
0.

00

Pr
ed

at
or

y 
ne

m
at

od
e 

di
ve

rs
ity

E4
a 

+ 
ex

p(
so

w
nd

iv
)

-4
30

7.
75

4
2

36
.0

00
86

19
.6

81
86

13
.4

35
0.

00

Pl
an

t-
fe

ed
in

g 
ne

m
at

od
e 

ab
un

da
nc

e
Pa

3
a 

+ 
so

w
nd

iv
^c

12
.7

27
3

24
.3

33
-1

9.
10

5
0.

00
0

0.
13

Pl
an

t-
fe

ed
in

g 
ne

m
at

od
e 

ab
un

da
nc

e
Pa

4
b 

* 
so

w
nd

iv
^c

12
.7

24
3

24
.3

33
-1

9.
10

1
0.

00
4

0.
13

Pl
an

t-
fe

ed
in

g 
ne

m
at

od
e 

ab
un

da
nc

e
M

1a
SS

m
ic

m
en

(s
ow

nd
iv

, V
m

, k
)

12
.6

96
3

24
.3

33
-1

9.
04

4
0.

06
2

0.
12

Pl
an

t-
fe

ed
in

g 
ne

m
at

od
e 

ab
un

da
nc

e
M

1
a 

* 
so

w
nd

iv
/(

b 
+ 

so
w

nd
iv

)
12

.6
96

3
24

.3
33

-1
9.

04
4

0.
06

2
0.

12

Pl
an

t-
fe

ed
in

g 
ne

m
at

od
e 

ab
un

da
nc

e
A

S3
SS

as
ym

pO
rig

(s
ow

nd
iv

, A
sy

m
, l

rc
)

12
.6

47
3

24
.3

33
-1

8.
94

6
0.

16
0

0.
12

Pl
an

t-
fe

ed
in

g 
ne

m
at

od
e 

ab
un

da
nc

e
Pa

2
a 

+ 
b 

* 
so

w
nd

iv
12

.5
52

3
24

.3
33

-1
8.

75
6

0.
34

9
0.

11

Pl
an

t-
fe

ed
in

g 
ne

m
at

od
e 

ab
un

da
nc

e
E2

a 
+ 

b 
* 

ex
p(

so
w

nd
iv

)
12

.4
04

3
24

.3
33

-1
8.

46
0

0.
64

5
0.

09

Pl
an

t-
fe

ed
in

g 
ne

m
at

od
e 

ab
un

da
nc

e
LG

2
SS

lo
gi

s(
so

w
nd

iv
, A

sy
m

, x
m

id
, s

ca
l)

12
.7

44
4

18
.2

50
-1

6.
90

0
2.

20
5

0.
04

Pl
an

t-
fe

ed
in

g 
ne

m
at

od
e 

ab
un

da
nc

e
A

S2
SS

as
ym

pO
ff

(s
ow

nd
iv

, A
sy

m
, l

rc
, c

0)
12

.7
42

4
18

.2
50

-1
6.

89
5

2.
21

1
0.

04

Supplementary Table  2 (continued)
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Supplementary Table  2 (continued)
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Supplementary Table  2 (continued)
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Supplementary Table  2 (continued)
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Supplementary Table  2 (continued)
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Supplementary Table  2 (continued)
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Supplementary Table  2 (continued)
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Supplementary Table  2 (continued)
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Supplementary Table  2 (continued)
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Supplementary Table  2 (continued)
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Supplementary Table  2 (continued)
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Supplementary Table  2 (continued)
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Lo
ng

 v
ar

ia
bl

e 
na

m
e

m
od

el
 n

am
e

m
od

el
 fo

rm
ul

a
LL

K
N

2K
A

IC
c

de
lt

A
IC

c
w

_i
c

Po
lli

na
to

r 
di

ve
rs

ity
Pa

3
a 

+ 
so

w
nd

iv
^c

8.
07

3
3

16
.6

67
-9

.6
25

2.
99

2
0.

08

Po
lli

na
to

r 
di

ve
rs

ity
M

1a
SS

m
ic

m
en

(s
ow

nd
iv

, V
m

, k
)

7.
85

9
3

16
.6

67
-9

.1
97

3.
42

1
0.

07

Po
lli

na
to

r 
di

ve
rs

ity
M

1
a 

* 
so

w
nd

iv
/(

b 
+ 

so
w

nd
iv

)
7.

85
9

3
16

.6
67

-9
.1

97
3.

42
1

0.
07

Po
lli

na
to

r 
di

ve
rs

ity
Pa

4
b 

* 
so

w
nd

iv
^c

7.
69

0
3

16
.6

67
-8

.8
59

3.
75

8
0.

06

Po
lli

na
to

r 
di

ve
rs

ity
M

2
d 

+ 
a 

* 
so

w
nd

iv
/(

b 
+ 

so
w

nd
iv

)
8.

44
3

4
12

.5
00

-7
.9

97
4.

62
1

0.
04

Po
lli

na
to

r 
di

ve
rs

ity
AS

1
SS

as
ym

p(
so

w
nd

iv
, A

sy
m

, R
0,

 lr
c)

8.
44

0
4

12
.5

00
-7

.9
92

4.
62

6
0.

04

Po
lli

na
to

r 
di

ve
rs

ity
AS

2
SS

as
ym

pO
ff

(s
ow

nd
iv

, A
sy

m
, l

rc
, c

0)
8.

44
0

4
12

.5
00

-7
.9

92
4.

62
6

0.
04

Po
lli

na
to

r 
di

ve
rs

ity
LG

2
SS

lo
gi

s(
so

w
nd

iv
, A

sy
m

, x
m

id
, s

ca
l)

8.
34

4
4

12
.5

00
-7

.7
98

4.
81

9
0.

03

Po
lli

na
to

r 
di

ve
rs

ity
AS

3
SS

as
ym

pO
rig

(s
ow

nd
iv

, A
sy

m
, l

rc
)

6.
48

5
3

16
.6

67
-6

.4
49

6.
16

8
0.

02

Po
lli

na
to

r 
di

ve
rs

ity
Pa

2
a 

+ 
b 

* 
so

w
nd

iv
3.

71
1

3
16

.6
67

-0
.9

00
11

.7
18

0.
00

Po
lli

na
to

r 
di

ve
rs

ity
E2

a 
+ 

b 
* 

ex
p(

so
w

nd
iv

)
0.

26
5

3
16

.6
67

5.
99

2
18

.6
09

0.
00

Po
lli

na
to

r 
di

ve
rs

ity
E5

b 
* 

ex
p(

so
w

nd
iv

)
-3

3.
14

4
2

25
.0

00
70

.5
44

83
.1

61
0.

00

Po
lli

na
to

r 
di

ve
rs

ity
Pa

5
so

w
nd

iv
^c

-3
6.

25
3

2
25

.0
00

76
.7

61
89

.3
78

0.
00

Po
lli

na
to

r 
di

ve
rs

ity
E4

a 
+ 

ex
p(

so
w

nd
iv

)
-3

00
7.

80
4

2
25

.0
00

60
19

.8
63

60
32

.4
80

0.
00

Pl
an

t i
nv

ad
er

 d
iv

er
si

ty
Eb

15
11

a 
+ 

ex
p(

c 
* 

so
w

nd
iv

)
42

.1
90

6
13

.6
67

-7
1.

26
0

0.
00

0
0.

19

Pl
an

t i
nv

ad
er

 d
iv

er
si

ty
Pm

13
21

a 
+ 

so
w

nd
iv

^c
42

.1
08

6
13

.6
67

-7
1.

09
6

0.
16

4
0.

18

Pl
an

t i
nv

ad
er

 d
iv

er
si

ty
Pm

12
21

a 
+ 

b 
* 

so
w

nd
iv

41
.7

97
6

13
.6

67
-7

0.
47

5
0.

78
5

0.
13

Pl
an

t i
nv

ad
er

 d
iv

er
si

ty
Pr

33
21

a 
+ 

so
w

nd
iv

^c
44

.0
03

8
10

.2
50

-7
0.

03
3

1.
22

6
0.

11

Pl
an

t i
nv

ad
er

 d
iv

er
si

ty
Ef

39
11

a 
+ 

ex
p(

c 
* 

so
w

nd
iv

)
43

.4
04

8
10

.2
50

-6
8.

83
6

2.
42

4
0.

06

Pl
an

t i
nv

ad
er

 d
iv

er
si

ty
Pr

32
21

a 
+ 

b 
* 

so
w

nd
iv

43
.1

72
8

10
.2

50
-6

8.
37

1
2.

88
8

0.
05

Pl
an

t i
nv

ad
er

 d
iv

er
si

ty
Pq

28
21

a 
+ 

so
w

nd
iv

^c
42

.9
12

8
10

.2
50

-6
7.

85
2

3.
40

7
0.

04

Pl
an

t i
nv

ad
er

 d
iv

er
si

ty
Pq

27
21

a 
+ 

b 
* 

so
w

nd
iv

42
.8

62
8

10
.2

50
-6

7.
75

2
3.

50
8

0.
03

Pl
an

t i
nv

ad
er

 d
iv

er
si

ty
Pq

29
21

b 
* 

so
w

nd
iv

^c
42

.6
07

8
10

.2
50

-6
7.

24
1

4.
01

9
0.

03

Pl
an

t i
nv

ad
er

 d
iv

er
si

ty
Pm

14
21

b 
* 

so
w

nd
iv

^c
40

.1
54

6
13

.6
67

-6
7.

18
8

4.
07

2
0.

03

Pl
an

t i
nv

ad
er

 d
iv

er
si

ty
Ps

39
21

b 
* 

so
w

nd
iv

^c
44

.9
81

10
8.

20
0

-6
6.

86
4

4.
39

6
0.

02

Pl
an

t i
nv

ad
er

 d
iv

er
si

ty
Ps

36
21

a 
+ 

b 
* 

so
w

nd
iv

^c
50

.2
95

14
5.

85
7

-6
6.

32
2

4.
93

8
0.

02

Pl
an

t i
nv

ad
er

 d
iv

er
si

ty
Eb

15
21

a 
+ 

ex
p(

c 
* 

so
w

nd
iv

)
39

.6
94

6
13

.6
67

-6
6.

26
8

4.
99

2
0.

02

Pl
an

t i
nv

ad
er

 d
iv

er
si

ty
Pr

34
21

b 
* 

so
w

nd
iv

^c
42

.0
08

8
10

.2
50

-6
6.

04
3

5.
21

6
0.

01

Pl
an

t i
nv

ad
er

 d
iv

er
si

ty
M

15
21

d 
+ 

a 
* 

so
w

nd
iv

/(
b 

+ 
so

w
nd

iv
)

45
.8

48
11

7.
45

5
-6

5.
92

5
5.

33
5

0.
01

Pl
an

t i
nv

ad
er

 d
iv

er
si

ty
Pm

13
31

a 
+ 

so
w

nd
iv

^c
39

.3
74

6
13

.6
67

-6
5.

62
8

5.
63

2
0.

01

Pl
an

t i
nv

ad
er

 d
iv

er
si

ty
Pm

12
31

a 
+ 

b 
* 

so
w

nd
iv

39
.3

56
6

13
.6

67
-6

5.
59

2
5.

66
8

0.
01

Pl
an

t i
nv

ad
er

 d
iv

er
si

ty
Ps

37
21

a 
+ 

b 
* 

so
w

nd
iv

43
.7

27
10

8.
20

0
-6

4.
35

5
6.

90
5

0.
01

Pl
an

t i
nv

ad
er

 d
iv

er
si

ty
L0

21
bl

oc
k 

+ 
(s

ow
nd

iv
 +

 fu
nc

gr
 +

 g
ra

ss
 +

 le
g)

^2
52

.3
20

16
5.

12
5

-6
4.

27
0

6.
98

9
0.

01

Supplementary Table  2 (continued)
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Supplementary Table  2 (continued)
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Supplementary Table  2 (continued)
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Supplementary Table  2 (continued)
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Supplementary Table  2 (continued)
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Supplementary Table  2 (continued)
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Supplementary Table  2 (continued)
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Supplementary Table  2 (continued)
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Supplementary Table  2 (continued)
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Supplementary Table  2 (continued)
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Supplementary Table  2 (continued)
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Supplementary Table  2 (continued)
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Supplementary Table  2 (continued)
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Supplementary Table  2 (continued)
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Supplementary Table  2 (continued)
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Supplementary Table  2 (continued)



Supplementary Table  3 | Parameter estimates of minimal adequate 1-, 2- and 
3-parameter power models (in a separate file)



Response Compartment Measure Estimate SE

Herbivorous invertebrates aboveground abundance 0.35 0.05

Carnivorous invertebrates aboveground abundance 0.18 0.06

Omnivorous invertebrates aboveground abundance 0.12 0.07

Hyperparasitoids aboveground abundance -0.06 0.17

Parasitoids aboveground abundance 0.34 0.09

Plant invaders aboveground abundance -0.29 0.09

Pollinators aboveground abundance 0.06 0.08

Voles aboveground abundance 0.18 0.17

Herbivorous invertebrates aboveground diversity 0.39 0.04

Carnivorous invertebrates aboveground diversity 0.21 0.04

Omnivorous invertebrates aboveground diversity 0.07 0.05

Parasitoids aboveground diversity 0.21 0.04

Plant invaders aboveground diversity -0.37 0.07

Pollinators aboveground diversity 0.22 0.05

Plant-pathogenic fungi aboveground diversity 0.20 0.03

Bacterivorous Nematodes belowground abundance 0.08 0.09

Fungivorous Nematodes belowground abundance -0.05 0.10

Omnivorous Nematodes belowground abundance 0.02 0.09

Plant-feeding Nematodes belowground abundance 0.06 0.07

Predatory Nematodes belowground abundance 0.92 0.21

Collembolans belowground abundance 0.11 0.06

Earthworms belowground abundance 0.07 0.08

Gamasida belowground abundance 0.28 0.12

Herbivorous macrofauna belowground abundance 0.19 0.08

Predatory macrofauna belowground abundance 0.09 0.10

Saprophagous macrofauna belowground abundance 0.18 0.08

Mites belowground abundance -0.01 0.09

Bacterivorous Nematodes belowground diversity 0.11 0.06

Fungivorous Nematodes belowground diversity 0.02 0.05

Omnivorous Nematodes belowground diversity 0.03 0.08

Plant-feeding Nematodes belowground diversity 0.12 0.05

Predatory Nematodes belowground diversity 0.16 0.15

Collembolans belowground diversity 0.10 0.04

Earthworms belowground diversity 0.01 0.04

Herbivorous macrofauna belowground diversity 0.18 0.05

Predatory macrofauna belowground diversity 0.04 0.05

Saprophagous macrofauna belowground diversity 0.14 0.05

Mycorrhiza belowground diversity 0.08 0.04

Supplementary Table  4 | Parameter estimates of common two-parameter power 
models. Shown are the estimates of the exponent, z, in models of the form y=b×Sz, 
where b is an estimated constant and S is the plant species richness of the community.  
Response, response variable; Compartment, above- or belowground. Measure, 
abundance or species richness ("diversity"). SE, the standard error of each estimate. 
Response variables are scaled to [0;1], plant species richness ranges from 1-60 plant 
species. For example, collembolan abundance
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Supplementary Table  5a | Multivariate comparisons of organism abundances. 
Columns are (from left to right): ID, variable number; Response variables (herbivore 
abundance etc.); "1-2" the successive difference contrast between variables 1 and 2 (her-
bivores vs. carnivores); "2-3" etc. accordingly. Table entries in rows 1-10 are contrast coef-
ficients for successive difference contrasts. The two bottom rows contain the relevant infor-
mation, namely the F and P values for the hypotheses tested. For example, herbivores and 
carnivore abundance (1 vs. 2) differ significantly at P<0.01.
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Supplementary Table  5b | Multivariate comparisons of organism species richness. 
Columns are (from left to right): ID, variable number; Response variables (herbivore spe-
cies richness etc.); "1-2" the successive difference contrast between variables 1 and 2 
(herbivores vs. carnivores); "2-3" etc. accordingly. Table entries in rows 1-9 are contrast 
coefficients for successive difference contrasts. The two bottom rows contain the relevant 
information, namely the F and P values for the hypotheses tested. For example, herbivores 
and carnivore diversity (1 vs. 2) differ significantly at P<0.01.



ID
Re

sp
on

se
 v

ar
ia

bl
e

1-
2

2-
3

3-
4

4-
5

5-
6

6-
7

7-
8

8-
9

9-
10

1
H

er
bi

vo
ry

-0
.9

0
-0

.8
0

-0
.7

0
-0

.6
0

-0
.5

0
-0

.4
0

-0
.3

0
-0

.2
0

-0
.1

0

2
Pa

ra
si

tis
m

0.
10

-0
.8

0
-0

.7
0

-0
.6

0
-0

.5
0

-0
.4

0
-0

.3
0

-0
.2

0
-0

.1
0

3
Fl

ow
er

 v
is

ita
tio

n
0.

10
0.

20
-0

.7
0

-0
.6

0
-0

.5
0

-0
.4

0
-0

.3
0

-0
.2

0
-0

.1
0

4
D

ec
om

po
si

tio
n

0.
10

0.
20

0.
30

-0
.6

0
-0

.5
0

-0
.4

0
-0

.3
0

-0
.2

0
-0

.1
0

5
Se

ed
 p

re
da

tio
n

0.
10

0.
20

0.
30

0.
40

-0
.5

0
-0

.4
0

-0
.3

0
-0

.2
0

-0
.1

0

6
M

ic
ro

bi
al

 re
sp

ira
tio

n
0.

10
0.

20
0.

30
0.

40
0.

50
-0

.4
0

-0
.3

0
-0

.2
0

-0
.1

0

7
Pa

th
og

en
 d

am
ag

e
0.

10
0.

20
0.

30
0.

40
0.

50
0.

60
-0

.3
0

-0
.2

0
-0

.1
0

8
In

va
si

on
0.

10
0.

20
0.

30
0.

40
0.

50
0.

60
0.

70
-0

.2
0

-0
.1

0

9
Bi

ot
ur

ba
tio

n
0.

10
0.

20
0.

30
0.

40
0.

50
0.

60
0.

70
0.

80
-0

.1
0

10
A

nt
 a

cti
vi

ty
0.

10
0.

20
0.

30
0.

40
0.

50
0.

60
0.

70
0.

80
0.

90

F-
Va

lu
e

3.
69

1.
27

9.
13

6.
22

10
.4

8
7.

57
13

.9
4

4.
73

0.
39

P-
Va

lu
e

0.
06

0.
27

<0
.0

1
0.

02
<0

.0
1

0.
01

<0
.0

1
0.

04
0.

54

Supplementary Table  5c | Multivariate comparisons of organism interactions. Col-
umns are (from left to right): ID, variable number; Response variables (herbivory, parasit-
ism, etc.); "1-2" the successive difference contrast between variables 1 and 2 (herbivory 
vs. parasitism); "2-3" etc. accordingly. Table entries in rows 1-10 are contrast coefficients 
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Supplementary Table  6 | Sample covariance matrix used for the structural equation 
model presented in Fig. 3.
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Supplementary Table  7 | Sample correlation matrix used for the structural equation 
model presented in Fig. 3.
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Supplementary Table  8 | Unstandardized parameter estimates of the structural 
equation model presented in Fig. 3. S.E., standard error; C.R. critical ratio (estimate di-
vided by S.E.)
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Supplementary Table  9 | Standardized parameter estimates of the structural equa-
tion model presented in Fig. 3



Estimate S.E. C.R. P

Aboveground plant biomass (g/m²) 0.62 0.04 15.38 <0.001

Aboveground herbivore abundance 0.13 0.11 1.19 0.233

Aboveground dead plant biomass (g/m²) 0.05 0.12 0.38 0.707

Aboveground carnivore abundance 0.05 0.12 0.38 0.705

Herbivorous macrofauna abundance 0.37 0.06 6.55 <0.001

Saprophagous macrofauna abundance 0.46 0.06 7.95 <0.001

Aboveground omnivore abundance 0.29 0.07 4.08 <0.001

Aboveground parasitoid abundance -0.11 0.14 -0.74 0.457

Predatory macrofauna abundance 0.20 0.07 2.78 0.005

Supplementary Table  10 | Intercepts for variables in the structural equation model 
presented in Fig. 3. S.E., standard error; C.R. critical ratio (estimate divided by S.E.)
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