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Abstract
1. Decline in species richness as well as changes in community evenness or func-

tional diversity have been hypothesised to jointly affect ecosystem functioning. 
However, disentangling the relative effects of these changes in community struc-
ture is hard as these different aspects often covary with species richness in real- 
world ecosystems. In this study, we investigated the individual and interactive 
effects of functional diversity and community evenness of predators on the level 
of control of herbivorous prey.

2. Using a highly replicated mesocosm experiment, we crossed three levels of func-
tional diversity of arthropod predators with two levels of community evenness 
while controlling for the effect of species richness. Using this experimental set-
ting, we hypothesised that the effect size of functional diversity of predators 
depends on community evenness. We expected a positive effect of functional 
diversity of predators on top- down control at high level of community evenness 
while we thought that species identity and their associated traits should drive 
most of the effect on top- down control at low level of community evenness.

3. Our results did not provide any evidence for an interaction between functional 
diversity and community evenness nor any beneficial effect of increased func-
tional diversity overall on predation rates of herbivorous prey. In addition, our 
results revealed that species and functional identity drives most of the effects of 
predator community composition on top- down control of their prey in our study 
system. Assemblages composed of active hunters with low handling time and no 
starvation ability tended to have the highest impacts on prey biomass.

4. By indicating that top- down control of herbivorous prey by arthropod predators 
is mainly driven by species and functional identity and not by functional diver-
sity, our study provides insights into the consequences of ongoing species loss on 
ecosystem functioning. Future research should now explore the predictability of 
trophic interactions based on functional traits of predator and herbivorous prey 
to anticipate the consequences of changes in species composition on ecosystem 
functioning.
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1  |  INTRODUC TION

Global changes manifested by short and long- term climate modi-
fications, overexploitation of natural resources, land use changes 
or habitat destruction deeply affect biodiversity (Ceballos 
et al., 2015; Leclère et al., 2020). The global decline in species 
richness erodes the level and the stability of many ecological 
processes indicating that alteration in community structure have 
major impacts on ecosystem functioning (Cardinale et al., 2012; 
Hooper et al., 2005). However, much of our knowledge about 
biodiversity and ecosystem functioning comes from studies on 
species richness based on correlative approaches and much of the 
variability in the biodiversity- ecosystem functioning relationship 
remains to be explained. Many other aspects of community struc-
ture than species richness are important to consider if we are to 
understand the consequences of environmental changes on eco-
system functioning.

Community evenness, that measures how regular abundances 
are among species within a community, is an important aspect of 
community structure significantly affecting ecological function-
ing (Crowder et al., 2010; Hillebrand et al., 2008). Recent studies 
even reported stronger effects of community evenness compared 
to species richness, suggesting a major impact of abundance 
distribution in communities on ecosystem functioning (Filstrup 
et al., 2019). Community evenness, or its inverse species domi-
nance, can directly affect ecosystem functioning through species 
identity and the frequency distribution of traits in the community 
(Hillebrand et al., 2008; Maestre et al., 2012). Two main hypothe-
ses have been proposed to explain the effect of species trait distri-
bution on ecosystem functioning. First, the ‘mass ratio hypothesis’ 
states that the extent to which species traits affect ecosystem 
functioning is proportional to their abundance in the community 
(Grime, 1998). This hypothesis suggests that the most abundant 
species are expected to have the most influence on ecosystem 
functioning independently of the richness of subordinate species. 
Second, it has been demonstrated that functional diversity, that 
is the variation in species trait values in the community, promotes 
nonadditive effects on ecological functioning. This is due to antag-
onistic or synergistic interactions leading to more efficient use of 
resources among coexisting species (Cadotte et al., 2011; Dı ́az & 
Cabido, 2001; Flynn et al., 2011). These two hypotheses express 
different aspects of community trait composition but are not 
mutually exclusive and have been found to significantly explain 
part of the variation in different ecological processes (Sonkoly 
et al., 2019). They both offer potential mechanistic explanations 
for the variable effects of species richness or community evenness 
on ecosystem functioning. If functioning is enhanced by niche 
complementarity and more equitable distribution of different 

functional traits, then a reduction in evenness is likely to reduce 
ecosystem functioning (Hillebrand et al., 2008). However, if eco-
system functioning is primarily driven by the functional traits of 
the dominant species, a reduction in evenness could lead to either 
a positive or a negative effect on a given function, depending on 
the traits of the species that become more dominant (Hillebrand 
et al., 2008; Nijs & Roy, 2000). While this clearly suggests that 
community evenness and trait composition jointly shape eco-
system functioning, how these two major aspects of community 
structure interact to affect ecosystem functioning remains poorly 
explored, particularly on arthropods communities (Le Bagousse- 
Pinguet et al., 2021).

Top- down control of prey by their predators is a key function 
in ecosystems (Barnes et al., 2020; Dainese et al., 2019). Top- down 
control usually results from multiple interactions in highly complex 
food webs that are poorly understood and hard to describe. Despite 
an overall positive effect of species richness of predators on prey 
populations, idiosyncratic effects of species richness of predators 
on prey suppression have been reported (Griffin et al., 2013; Letour-
neau et al., 2009). Letourneau et al. (2009) indicated that predator 
species richness enhanced prey suppression in about 70% of the 
cases and reported high variability in the effects of species rich-
ness, suggesting that other aspects of community structure affect 
the level of top- down control. Both functional diversity and com-
munity evenness of predator communities may affect top- down 
control but how they respectively contribute to explain variability 
in the relationship between species richness and top- down control 
remains largely unknown (Crowder et al., 2010; Greenop et al., 2018; 
Schmitz, 2009). Moreover, species richness, functional diversity or 
community evenness often covary in real- world ecosystems, espe-
cially in highly disturbed ecosystems such as agroecosystems, hin-
dering the evaluation of their individual effect on top- down control 
and highlighting the need for a proper assessment of their relative 
effects (Naeem, 2002).

In this study, using a replicated mesocosm experiment, we in-
vestigated the relative and interactive effects of functional diversity 
and community evenness of predators on the level of top- down con-
trol of herbivorous prey while controlling for the effect of species 
richness. We hypothesised that the effect size of functional diversity 
of predators depends on community evenness and expected a pos-
itive effect of functional diversity of predators on top- down con-
trol only at a high level of community evenness due to interspecific 
niche complementarity. Moreover, species identity of the dominant 
species should drive most of the effect on top- down control at low 
levels of community evenness (when species dominance is high). In 
addition, we explored the effects of functional characteristics of 
multiple assemblages to provide insights into the traits that are po-
tentially involved in species- identity effects.

K E Y W O R D S
biodiversity and ecosystem functioning, evenness, functional diversity, mesocosm, 
phytophagous insects, predator– prey interactions, species identity
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2  |  MATERIAL S AND METHODS

2.1  |  Study design and community composition

To test how functional diversity modulates the effect of evenness 
in predator communities on herbivore consumption rates, we set 
up a mesocosm experiment that crossed three levels of functional 
diversity of predators with two levels of community evenness. We 
selected the aphid Acyrtosiphon pisum and the leafhopper Euscelidius 
variegatus as the two main herbivorous species for the experiment. 
This choice was driven by the fact that these species are common 
prey for predators in agroecosystems that can be easily maintained 
under experimental conditions, and because their different func-
tional traits and behaviours make the emergence of complemen-
tarity effects between predators more likely. For instance, niche 
complementarity between foliage and ground- dwelling predators 
preying on A. pisum can emerge due to the dropping behaviour of 
A. pisum, which is a defence mechanism against predator foraging 
in the vegetation (Losey & Denno, 1998). In each mesocosm, we 
planted four plants of Vicia faba and 24 plants of Trifolium repens as 
they are host plant for the two main herbivorous species.

Eleven predator species that are known to prey on aphids and 
leafhoppers and that are common predators found in grassland or 
faba bean fields were selected to define predator assemblages used 
in the experiment. Based on the literature, we selected Adalia bi-
punctata, Pterostichus melanarius, Drusilla canaliculata, Anthocoris 
nemoralis, Chrysoperla carnea, Forficula auricularia, Phalangium opilio, 
Tenuiphantes tenuis, Xysticus kochi, Xerolycosa minita and Pisaura mi-
rabilis (Allard & Yeargan, 2005; Anderson, 1962; Balog et al., 2013; 
Blackman, 1967; Dib et al., 2011; Dixon & McKinlay, 1992; Ximenez- 
Embun et al., 2014). In order to assemble three- species communi-
ties that represent three contrasted levels of functional richness, we 
first characterised these species using six functional traits involved 
in the predation (Drieu & Rusch, 2017; Schmitz, 2008; Woltz & 
Landis, 2014; Wootton et al., 2023). We collected information about 
body size (mm), circadian activity (diurnal, nocturnal), habitat do-
main (soil, foliage), hunting mode (ambush hunters, active hunters), 
averaged handling time (low, high) and starvation ability (yes, no) 
(Table S1). Based on this information, we calculated functional diver-
sity index for each of all possible three- species combinations among 
the 11 species of predator. We used functional richness (FRic) to as-
sess the functional diversity of predator communities as this index is 
independent of species abundance and therefore allows to disentan-
gle the effect of functional diversity from the effect of community 
evenness (Mouchet et al., 2010). Functional richness quantifies the 
volume of trait space occupied by a species assemblage and is mea-
sured using the volume inside the convex hull enclosing all the spe-
cies of an assemblage (Cornwell et al., 2006; Mouchet et al., 2010; 
Villéger et al., 2011). We then selected three assemblages among 
the potential 165 assemblages of three species, each one in each of 
the third quartiles of the functional richness distribution. This led to 
combine A. bipunctata, A. nemoralis and X. kochi in the low functional 
richness level; A. bipunctata, C carnea and P mirabilis in the medium 

functional richness level; and C. carnea, P opilio and P mirabilis in the 
high functional richness level. A. bipunctata, A. nemoralis and C. car-
nea were bought at Biobest Company, while P. mirabilis, P. opilio and 
X. kochi were collected in the fields and maintained in the laboratory.

The two levels of community evenness were designed to have a 
low evenness modality (Pielou index = 0.79) and a high evenness mo-
dality (Pielou index = 1) for all levels of functional richness. The total 
number of predators in each mesocosm was six individuals so that 
the low level of evenness consisted in three- species communities 
composed of four individuals of the dominant species and one indi-
vidual of the two remaining species, while the high level of evenness 
consisted in two individuals of each species.

In addition, for the low evenness modalities, we considered each 
situation of species dominance among assemblages of three spe-
cies to control for the effect of predator identity. This resulted in 
four different treatments of evenness for a given level of functional 
richness: three low evenness treatments with each species domi-
nating, and one high evenness treatment. As we considered three 
levels of functional richness, we ended up with 12 different treat-
ments crossing each level of functional richness with each evenness 
treatment (four evenness treatments crossed with three functional 
richness levels) (Figure S1). For a given round of the experiment, we 
replicated each treatment at least three times (one round had four 
replicates) and considered six mesocosm controls with herbivores 
only. One round of the whole experiment therefore consisted of 42– 
54 mesocosms. To ensure robustness of the results, we replicated 
the whole experiment four times between 2016 and 2018 leading to 
a total of 180 mesocosms surveyed.

In each mesocosm, we introduced 150 aphids and 10 leafhoppers 
24 h before the introduction of predators based on realistic densities 
of these phytophagous species in fields (Ammann et al., 2022; Bosco 
et al., 1997; Erb et al., 2010). We assessed the number of aphids and 
leafhoppers after 5 days of predation exposure using a mouth aspi-
rator and careful visual inspections in each mesocosm. The number 
of prey collected were converted to biomass using average weights 
of 0.51 and 3.53 mg for Acyrtosiphon pisum and Euscelidius variegatus, 
respectively (Lamb et al., 1987; Purcell & Suslow, 1987). Mesocosms 
were kept in a greenhouse at ambient temperature and water was 
provided to plants every 2 days. We did not need any permission or 
appropriate licence to perform the experiment.

2.1.1  |  Statistical analyses

We first used linear mixed models to investigate the interactive 
effects of functional richness and evenness on prey biomass. We 
ran three different sets of models, two using the biomass of each 
prey separately as response variables and one model explaining 
the overall prey biomass as a response variable. Explanatory vari-
ables were functional richness levels in interaction with evenness 
levels. We used replicate of the experiment as a random intercept 
in the linear mixed models (i.e. ~(1|replicate)). Post- hoc Tukey tests 
were then used to perform multiple comparisons between levels 
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of significant factors on prey biomass. Model residuals were in-
spected to ensure homoscedasticity and normality and response 
variables were log- transformed to improve normality and variance 
homogeneity.

To investigate if and how the identity of the dominant predator 
species affects prey biomass within the low evenness treatment, we 
ran linear mixed models to examine the effect of dominance identity 
on prey biomass (by prey species or for both prey species). To do 
so, we only considered mesocosms under the low evenness treat-
ment for all level of functional richness. We used replicates of the 
experiment as a random intercept in the linear mixed model. Post- 
hoc Tukey tests were then used to perform multiple comparisons 
between levels of dominance on prey biomass. Model residuals were 
inspected to ensure homoscedasticity and normality and response 
variables were log- transformed to improve normality and variance 
homogeneity.

In order to further investigate the potential drivers of top- down 
control, we ran analyses exploring how other aspects of assem-
blages than functional richness or community evenness could af-
fect top- down control of herbivores. We specifically focused on 
functional specialisation (i.e. the weighted mean distance of an 
assemblage to the centroid of the global species pool), functional 
originality (i.e. the weighted mean distance of an assemblage to the 
nearest assemblage) as well as functional identity (i.e. the weighted 
average position of each assemblage along each axis in functional 

space) of each assemblage to investigate traits associated to spe-
cies identity effects (Magneville et al., 2022). To examine how these 
factors affect top- down control of herbivores, we ran linear models 
using either functional specialisation, functional originality or func-
tional identity in trait space (along the main PCoA axes in functional 
space) as explanatory variable and prey biomass as response vari-
able. Model residuals were inspected to ensure homoscedasticity 
and normality.

All analyses were performed with R (v. 4.1.2). Linear mixed 
models were fitted using the lme4 package (Bates et al., 2015) and 
multiple comparisons were performed using the multcomp package 
(Hothorn et al., 2008). Functional diversity metrics were calculated 
using the mFD package (Magneville et al., 2022).

3  |  RESULTS

3.1  |  Effects of functional richness and community 
evenness on herbivores

We found no effect of functional richness (ANOVA, F2,147 = 0.65, 
p = 0.51), community evenness (ANOVA, F1,147 = 0.52, p = 0.46) and 
their interactions (ANOVA, F2,147 = 0.59, p = 0.55) on overall prey 
biomass as well as on aphid and leafhopper biomass separately 
(Figure 1; Table S2; Figures S2 and S3). Compared to the control, 

F I G U R E  1  Effects of functional richness treatments (left panel— A) and community evenness (right panel— B) of predators on overall 
prey biomass. Functional richness levels include low, medium and high value based on the functional richness of predator assemblages 
selected. Community evenness include the low and the high treatment based on Pielou index. Overall abundance of predators was kept 
constant between treatments except for the no predator treatment (No pred) which is a control treatment with herbivores only. Overall prey 
biomass was log- transformed and replicate was used as a random intercept in the linear mixed models. Different letters indicate significant 
differences between treatments based on multiple comparisons (post- hoc Tukey tests).

(A) (B)
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our analyses indicated an effect of predator introduction on prey 
as lower prey biomass (species considered together or separately) 
were consistently found in all functional richness or evenness 
treatments.

3.2  |  Effects of predator identity on herbivores

Our analyses revealed a strong effect of the identity of the domi-
nant species in assemblages on overall prey biomass and on aphid 
biomass while no significant difference of the identity of the 
dominant species were found on leafhopper biomass (Table 1; 
Figure 2; Figures S4 and S5). Among the different compositions, 
we found that assemblages dominated by A. bipunctata, C. car-
nea, P. mirabilis and X. kochi always significantly reduced the total 
biomass of herbivores relative to controls. Among them, assem-
blages dominated by C. carnea were the most suppressive one 
(Figure 2).

3.3  |  Effects of functional specialisation,  
originality and identity of predators

Our analyses revealed that functional originality limited the top- 
down control of herbivores (i.e. total prey biomass increased with 
functional originality) while functional specialisation did not af-
fect the total biomass of herbivores (Figure 3; Tables S3 and S4). 
Functional identity of assemblages did not strongly affect total 
herbivore biomass although a marginal positive effect of the first 
PCoA axis on total herbivore biomass was detected (Tables S5 and 
S6). Although marginally significant, the analysis of the functional 
traits associated with the first PCoA axis suggests that assemblages 
composed of active hunters with low handling time and no star-
vation ability tend to enhance the top- down control of herbivores 
(Table S7; Figure S6). When considering aphid and leafhopper sepa-
rately, we found a significant positive effect of functional identity 
along the first PCoA axis for aphid biomass but not for leafhopper 
biomass (Figures S7 and S8). Aphid biomass was therefore reduced 
by assemblages composed of active hunters with low handling time 
and no starvation ability.

4  |  DISCUSSION

Our study reveals that predator identity drives most of the effects 
of predator community composition on the top- down control of her-
bivorous species in our study system. Our results did not provide 
strong support for a beneficial effect of increased functional diver-
sity overall as well as community evenness on top- down control of 
herbivores. More importantly, our results did not provide any evi-
dence of an interaction between functional diversity and community 
evenness as initially hypothesised.

The results of this study are in support of the mass ratio hy-
pothesis as they suggest that top- down control of the two herbi-
vore species in our system is mainly driven by identity of dominant 
predator species and not by niche complementarity process. Indeed, 
the dominant predator species significantly affected overall prey 
biomass while increased levels of functional richness did not lead 
to strong negative impacts on overall prey biomass. If niche com-
plementarity effects between predator species would have had a 
strong effect, then overall prey biomass would have been reduced 
as the volume of trait space occupied by predator species assem-
blages increased or as functional originality increased. Our results 
are in line with several other experimental studies showing that spe-
cies identity is a key aspect modulating the relationships between 
predatory diversity and herbivore suppression (Alhadidi et al., 2018; 
Denoth et al., 2002; Long & Finke, 2014; Schmitz & Suttle, 2001; 
Sokol- Hessner & Schmitz, 2002; Straub & Snyder, 2006). We found 
that assemblages dominated by A. bipunctata, C. carnea, P. mirabilis 
or X. kochi were the most efficient to reduce overall prey biomass 
as well as aphid or leafhoppers separately, while assemblages dom-
inated by P. opilio or A. nemoralis did not perform better than the 

TA B L E  1  Effects of the identity of dominant species in the low 
evenness treatment on total herbivore biomass (log- transformed).

Predictors

Response variable = Total prey biomass 
(log- transformed)

Estimates CI p- values

(Intercept) 5.58 4.80 to 6.36 <0.001

Dominant species 
[Adalia bipunctata]

−0.49 −0.78 to −0.20 0.001

Dominant species 
[Anthocoris 
nemoralis]

−0.18 −0.53 to 0.18 0.323

Dominant species 
[Chrysoperla carnea]

−0.89 −1.18 to −0.60 <0.001

Dominant species 
[Phalangium opilio]

−0.20 −0.56 to 0.15 0.256

Dominant species 
[Pisaura mirabilis]

−0.53 −0.82 to −0.24 <0.001

Dominant species 
[Xysticus kochi]

−0.43 −0.79 to −0.08 0.018

Random effects

σ2 0.27

τ00 repetition 0.58

ICC 0.68

Nrepetition 4

Observations 141

Marginal R2/Conditional 
R2

0.090/0.708

Note: The table summarises the outputs of linear mixed models 
(replicate was used as a random intercept) on total prey biomass 
reporting estimates of each assemblage, the confidence intervals (CI) as 
well as the p- value. The reference level is the control treatment with no 
predator. Significant p- values are in bold.
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    |  2671Functional EcologyRUSCH et al.

control treatment. These results are consistent with previous exper-
imental studies demonstrating the efficiency of some of these spe-
cies to reduce aphids and leafhoppers (Alhadidi et al., 2018; Griffiths 
et al., 2008; Wyss et al., 1999).

The strong effect of predator identity on herbivore sup-
pression detected in this study suggests that traits of the most 
efficient species may explain identity effects more than species 
diversity (Garibaldi et al., 2015). The analysis of the effect of func-
tional characteristics of assemblages suggests that functional 
identity of predator communities is indeed related to the top- 
down control of herbivores. Our data suggest that assemblages 
composed of active hunters with low handling time and no starva-
tion ability tend to enhance the top- down control of herbivores. 
When analysing the effect of functional identity separately for 

aphids and leafhoppers our results indicated that functional iden-
tity supported by the first axis of the PCoA was only significant 
for aphid biomass but not for leafhoppers. However, other traits 
that were not considered here might modulate the relationships 
between community composition of predators and top- down con-
trol of herbivores. For instance, metabolic rate, degree of dietary 
specialisation, attack rates or behaviour of species are traits that 
might be important to consider to better understand the relation-
ships between trait functional space in predator assemblages and 
the level of top- down control of herbivores (Wootton et al., 2023). 
Moreover, in our experimental design the total biomass of preda-
tor communities, which is a key parameter of predator prey inter-
actions, was totally confounded with predator identity limiting our 
ability to separate the effect of overall biomass of predators and 

F I G U R E  2  Effects of the identity of dominant predator species in the low evenness treatments on overall prey biomass. Overall 
abundance of predators was kept constant between treatments except for the no predator treatment (No pred) which is a control treatment 
with herbivores only. Overall prey biomass was log- transformed and was used as a random intercept in the linear mixed models. Different 
letters indicate significant differences between treatments based on multiple comparisons (post- hoc Tukey tests).
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predator identity on top- down control of herbivores (Ostandie 
et al., 2021; Rusch et al., 2015).

Using mesocosm experiment offers the possibility to test pre-
cise hypotheses about the relationships between several facets of 
community composition of predators and top- down control of herbi-
vores. Indeed, analyses using real- world data are often more compli-
cated to interpret due to the collinearity between multiple aspects 
of community structure and the difficulties to properly measure top- 
down control (Ostandie et al., 2021; Rusch et al., 2015). Despite this 
advantage, using mesocosms also comes with several limitations that 
might have an effect on the results of this study. First of all, we de-
liberately used simplified communities composed of three predator 
species and two herbivore species and performed our experiment 
over short time scale (i.e. 5 days). Although our assemblages were 
realistic compared to assemblages found in the wild, such simplified 
communities and short time scales may have limited our ability to 
detect functional diversity effects. Such artificial environment and 
over- simplified community may affect antagonistic and behavioural 
interactions between species that might dampen the predation ac-
tivity of some species (Finke & Denno, 2003). It might be possible 
that we only detect species identity at such small scale while con-
sidering much larger predator and prey communities as well as much 
longer experiment would allow the detection of complementarity 
effects in space and/or time (Greenop et al., 2018). In addition, the 
small area used in each cage may have limited complementarity ef-
fects and exaggerated negative behavioural interactions within or 
between species such as intraguild predation or cannibalism that 

might have affected trophic interactions and our ability to detect 
potential effect of functional richness. Finally, we used a substitutive 
experimental design that kept total predator abundance constant 
across levels of functional richness or evenness in order to inves-
tigate their relative effects without confounding effects related to 
changes in the total number of individuals (Sih et al., 1998). One 
limit of such an approach is that studied assemblages differ from 
real- world assemblages where larger species are less abundant than 
smaller species for metabolic reasons (Woodcock & Heard, 2011). 
Considering these limitations, we advocate for similar experiment 
holding total predator biomass constant in much larger mesocosms 
and over longer period to properly assess how functional richness 
and community evenness interact in real- world ecosystems.

5  |  CONCLUSIONS

Our study demonstrates that the top- down control of aphids and 
leafhoppers by arthropod predators in our system is mainly driven 
by species and functional identity and not by functional diversity. 
This result, that is in line with several other studies on different sys-
tems, suggests that ongoing species loss non- linearly affects eco-
system functioning and that changes in dominance patterns that 
emerge before species extinction could dramatically affect ecosys-
tem functioning through the identity of species involved. In addition, 
our results advocate for a better description of species identity ef-
fects mediated by functional traits for most of ecosystem functions 

F I G U R E  3  Relationship between 
the functional originality of predator 
assemblages and total prey biomass (log- 
transformed). The functional originality 
is the weighted mean distance to the 
nearest species from the global species 
pool. The relationship is statistically 
significant (estimate of functional 
originality FOri = 0.55, p = 0.02; Table S4).
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if we are to anticipate how multifaceted changes in communities will 
affect ecosystem functioning in a global change context.

AUTHOR CONTRIBUTIONS
Adrien Rusch and Lucile Muneret conceived the ideas and designed 
the experiment. Adrien Rusch, Marie D'Ottavio, Nicolas Hénon, 
Benjamin Joubard, Denis Thiéry and Lucile Muneret perform the ex-
periment and collect the data. Adrien Rusch and Lucile Muneret ana-
lysed the data. Adrien Rusch led the writing of the manuscript. All 
authors contributed critically to the drafts and gave final approval 
for publication.

ACKNO WLE DG E MENTS
This research was partly funded by the Conseil Interprofessionnel 
des Vins de Bordeaux (ALAMBIC project), by the Region Aquitaine 
(REGUL project) and the French National Foundation for Research 
on Biodiversity (SOLUTION project). We are grateful to Sylvie 
Richart- Cervera, Olivier Bonnard, Arthur Auriol, Camille Coux, Li-
onel Delbac, Lionel Druelle, Pascale Roux, Brice Giffard, Delphine 
Binet, Pauline Tolle, Jérôme Jolivet, Isabelle Demeaux and Lola 
Serée for their technical help during the experiment.

CONFLIC T OF INTERE S T S TATEMENT
The authors declare that they have no known conflicts of interest 
that could have appeared to influence the work reported in this 
paper.

DATA AVAIL ABILIT Y S TATEMENT
The data supporting the paper are available from the Dryad Digi-
tal Repository https://doi.org/10.5061/dryad.ghx3f fbv9 (Rusch 
et al., 2023).

ORCID
Adrien Rusch  https://orcid.org/0000-0002-3921-9750 
Denis Thiéry  https://orcid.org/0000-0002-9510-5651 
Lucile Muneret  https://orcid.org/0000-0002-6776-2013 

R E FE R E N C E S
Alhadidi, S. N., Griffin, J. N., & Fowler, M. S. (2018). Natural enemy 

composition rather than richness determines pest suppression. 
BioControl, 63(4), 575– 584.

Allard, C. M., & Yeargan, K. V. (2005). Diel activity patterns and micro-
spatial distribution of the harvestman Phalangium opilio (Opiliones, 
Phalangiidae) in soybeans. The Journal of Arachnology, 33(3), 
745– 752.

Ammann, L., Bosem- Baillod, A., Eckerter, P. W., Entling, M. H., Albrecht, 
M., & Herzog, F. (2022). Comparing floral resource maps and land 
cover maps to predict predators and aphid suppression on field 
bean. Landscape Ecology, 37(2), 431– 441.

Anderson, N. H. (1962). Growth and fecundity of Anthocoris spp. 
reared on various prey (Heteroptera: Anthocoridae). Entomologia 
Experimentalis et Applicata, 5(1), 40– 52.

Balog, A., Mehrparvar, M., & Weisser, W. W. (2013). Polyphagous preda-
tory rove beetles (Coleoptera: Staphylinidae) induce winged morphs 
in the pea aphid Acyrthosiphon pisum (Hemiptera: Aphididae). 
European Journal of Entomology, 110(1), 153– 157.

Barnes, A. D., Scherber, C., Brose, U., Borer, E. T., Ebeling, A., Gauzens, 
B., Giling, D. P., Hines, J., Isbell, F., Ristok, C., Tilman, D., Weisser, W. 
W., & Eisenhauer, N. (2020). Biodiversity enhances the multitrophic 
control of arthropod herbivory. Science Advances, 6(45), eabb6603. 
https://doi.org/10.1126/sciadv.abb6603

Bates, D. M., Maechler, M., Bolker, B., & Walker, S. (2015). Fitting linear 
mixed- effects models using lme4. Journal of Statistical Software, 
67(1), 148.

Blackman, R. L. (1967). Selection of aphid prey by Adalia bipunctata L. 
and Coccinella septemunctata L. Annals of Applied Biology, 59(3), 
331– 338.

Bosco, D., Alma, A., & Arzone, A. (1997). Studies on population dynam-
ics and spatial distribution of leafhoppers in vineyards (Homoptera: 
Cicadellidae). Annals of Applied Biology, 130(1), 1– 11.

Cadotte, M. W., Carscadden, K., & Mirotchnick, N. (2011). Beyond spe-
cies: Functional diversity and the maintenance of ecological pro-
cesses and services. Journal of Applied Ecology, 48(5), 1079– 1087.

Cardinale, B. J., Duffy, J. E., Gonzalez, A., Hooper, D. U., Perrings, C., 
Venail, P., Narwani, A., Mace, G. M., Tilman, D., Wardle, D. A., 
Kinzig, A. P., Daily, G. C., Loreau, M., Grace, J. B., Larigauderie, 
A., Srivastava, D. S., & Naeem, S. (2012). Biodiversity loss and 
its impact on humanity. Nature, 486(7401), 59– 67. https://doi.
org/10.1038/natur e11148

Ceballos, G., Ehrlich, P. R., Barnosky, A. D., García, A., Pringle, R. M., & 
Palmer, T. M. (2015). Accelerated modern human– induced species 
losses: Entering the sixth mass extinction. Science Advances, 1(5), 
e1400253.

Cornwell, W. K., Schwilk, D. W., & Ackerly, D. D. (2006). A trait- based test 
for habitat filtering: Convex hull volume. Ecology, 87(6), 1465– 1471.

Crowder, D. W., Northfield, T. D., Strand, M. R., & Snyder, W. E. (2010). 
Organic agriculture promotes evenness and natural pest control. 
Nature, 466(7302), 109– 112.

Dainese, M., Martin, E. A., Aizen, M. A., Albrecht, M., Bartomeus, I., 
Bommarco, R., Carvalheiro, L. G., Chaplin- Kramer, R., Gagic, V., 
Garibaldi, L. A., Ghazoul, J., Grab, H., Jonsson, M., Karp, D. S., 
Kennedy, C. M., Kleijn, D., Kremen, C., Landis, D. A., Letourneau, 
D. K., … Steffan- Dewenter, I. (2019). A global synthesis reveals 
biodiversity- mediated benefits for crop production. Science 
Advances, 5(10), eaax0121. https://doi.org/10.1126/sciadv.aax0121

Denoth, M., Frid, L., & Myers, J. H. (2002). Multiple agents in biological 
control: Improving the odds? Biological Control, 24(1), 20– 30.

Dıáz, S., & Cabido, M. (2001). Vive la différence: Plant functional diver-
sity matters to ecosystem processes. Trends in Ecology & Evolution, 
16(11), 646– 655.

Dib, H., Jamont, M., Sauphanor, B., & Capowiez, Y. (2011). Predation po-
tency and intraguild interactions between generalist (Forficula au-
ricularia) and specialist (Episyrphus balteatus) predators of the rosy 
apple aphid (Dysaphis plantaginea). Biological Control, 59(2), 90– 97.

Dixon, P. L., & McKinlay, R. G. (1992). Pitfall trap catches of and aphid pre-
dation by Pterostichus melanarius and Pterostichus madidus in insec-
ticide treated and untreated potatoes. Entomologia Experimentalis 
et Applicata, 64(1), 63– 72.

Drieu, R., & Rusch, A. (2017). Conserving species- rich predator assem-
blages strengthens natural pest control in a climate warming con-
text. Agricultural and Forest Entomology, 19(1), 52– 59.

Erb, M., Foresti, N., & Turlings, T. C. (2010). A tritrophic signal that at-
tracts parasitoids to host- damaged plants withstands disruption by 
non- host herbivores. BMC Plant Biology, 10(1), 1– 11.

Filstrup, C. T., King, K. B., & McCullough, I. M. (2019). Evenness effects 
mask richness effects on ecosystem functioning at macro- scales in 
lakes. Ecology Letters, 22(12), 2120– 2129.

Finke, D. L., & Denno, R. F. (2003). Intra- guild predation relaxes natural 
enemy impacts on herbivore populations. Ecological Entomology, 
28(1), 67– 73.

Flynn, D. F., Mirotchnick, N., Jain, M., Palmer, M. I., & Naeem, S. 
(2011). Functional and phylogenetic diversity as predictors of 

 13652435, 2023, 10, D
ow

nloaded from
 https://besjournals.onlinelibrary.w

iley.com
/doi/10.1111/1365-2435.14427 by Inrae - D

ipso, W
iley O

nline L
ibrary on [11/12/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.5061/dryad.ghx3ffbv9
https://orcid.org/0000-0002-3921-9750
https://orcid.org/0000-0002-3921-9750
https://orcid.org/0000-0002-9510-5651
https://orcid.org/0000-0002-9510-5651
https://orcid.org/0000-0002-6776-2013
https://orcid.org/0000-0002-6776-2013
https://doi.org/10.1126/sciadv.abb6603
https://doi.org/10.1038/nature11148
https://doi.org/10.1038/nature11148
https://doi.org/10.1126/sciadv.aax0121


2674  |   Functional Ecology FUNCTIONAL ECOLOGY

biodiversity– ecosystem- function relationships. Ecology, 92(8), 
1573– 1581.

Garibaldi, L. A., Bartomeus, I., Bommarco, R., Klein, A. M., Cunningham, 
S. A., Aizen, M. A., Boreux, V., Garratt, M. P. D., Carvalheiro, 
L. G., Kremen, C., Morales, C. L., Schüepp, C., Chacoff, N. P., 
Freitas, B. M., Gagic, V., Holzschuh, A., Klatt, B. K., Krewenka, K. 
M., Krishnan, S., … Woyciechowski, M. (2015). Trait matching of 
flower visitors and crops predicts fruit set better than trait di-
versity. Journal of Applied Ecology, 52(6), 1436– 1444. https://doi.
org/10.1111/1365- 2664.12530

Greenop, A., Woodcock, B. A., Wilby, A., Cook, S. M., & Pywell, R. F. 
(2018). Functional diversity positively affects prey suppression by 
invertebrate predators: A meta- analysis. Ecology, 99(8), 1771– 1782.

Griffin, J. N., Byrnes, J. E., & Cardinale, B. J. (2013). Effects of preda-
tor richness on prey suppression: A meta- analysis. Ecology, 94(10), 
2180– 2187.

Griffiths, G. J., Wilby, A., Crawley, M. J., & Thomas, M. B. (2008). Density- 
dependent effects of predator species- richness in diversity– 
function studies. Ecology, 89(11), 2986– 2993.

Grime, J. P. (1998). Benefits of plant diversity to ecosystems: Immediate, 
filter and founder effects. Journal of Ecology, 86(6), 902– 910.

Hillebrand, H., Bennett, D. M., & Cadotte, M. W. (2008). Consequences 
of dominance: A review of evenness effects on local and regional 
ecosystem processes. Ecology, 89(6), 1510– 1520.

Hooper, D. U., Chapin Iii, F. S., Ewel, J. J., Hector, A., Inchausti, P., Lavorel, 
S., Lawton, J. H., Lodge, D. M., Loreau, M., Naeem, S., Schmid, B., 
Setälä, H., Symstad, A. J., Vandermeer, J., & Wardle, D. A. (2005). 
Effects of biodiversity on ecosystem functioning: A consensus of 
current knowledge. Ecological Monographs, 75(1), 3– 35.

Hothorn, T., Bretz, F., & Westfall, P. (2008). Simultaneous inference in 
general parametric models. Biometrical Journal, 50(3), 346– 363.

Lamb, R. J., MacKay, P. A., & Gerber, G. H. (1987). Are development 
and growth of pea aphids, Acyrthosiphon pisum, in North America 
adapted to local temperatures? Oecologia, 72(2), 170– 177.

Le Bagousse- Pinguet, Y., Gross, N., Saiz, H., Maestre, F. T., Ruiz, S., 
Dacal, M., Asensio, S., Ochoa, V., Gozalo, B., Cornelissen, J. H. C., 
Deschamps, L., García, C., Maire, V., Milla, R., Salinas, N., Wang, 
J., Singh, B. K., & García- Palacios, P. (2021). Functional rarity and 
evenness are key facets of biodiversity to boost multifunctional-
ity. Proceedings of the National Academy of Sciences of the United 
States of America, 118(7), e2019355118. https://doi.org/10.1073/
pnas.20193 55118

Leclère, D., Obersteiner, M., Barrett, M., Butchart, S. H., Chaudhary, A., 
de Palma, A., DeClerck, F., di Marco, M., Doelman, J. C., Dürauer, 
M., Freeman, R., Harfoot, M., Hasegawa, T., Hellweg, S., Hilbers, J. 
P., Hill, S. L. L., Humpenöder, F., Jennings, N., Krisztin, T., … Young, 
L. (2020). Bending the curve of terrestrial biodiversity needs 
an integrated strategy. Nature, 585(7826), 551– 556. https://doi.
org/10.1038/s4158 6- 020- 2705- y

Letourneau, D. K., Jedlicka, J. A., Bothwell, S. G., & Moreno, C. R. (2009). 
Effects of natural enemy biodiversity on the suppression of arthro-
pod herbivores in terrestrial ecosystems. Annual Review of Ecology, 
Evolution, and Systematics, 40, 573– 592.

Long, E. Y., & Finke, D. L. (2014). Contribution of predator identity to 
the suppression of herbivores by a diverse predator assemblage. 
Environmental Entomology, 43(3), 569– 576.

Losey, J. E., & Denno, R. F. (1998). Interspecific variation in the escape 
responses of aphids: Effect on risk of predation from foliar- foraging 
and ground- foraging predators. Oecologia, 115, 245– 252.

Maestre, F. T., Castillo- Monroy, A. P., Bowker, M. A., & Ochoa- Hueso, 
R. (2012). Species richness effects on ecosystem multifunctional-
ity depend on evenness, composition and spatial pattern. Journal of 
Ecology, 100, 317– 330.

Magneville, C., Loiseau, N., Albouy, C., Casajus, N., Claverie, T., Escalas, 
A., Leprieur, F., Maire, E., Mouillot, D., & Villéger, S. (2022). mFD: 
An R package to compute and illustrate the multiple facets of 

functional diversity. Ecography, 2022(1). https://doi.org/10.1111/
ecog.05904

Mouchet, M. A., Villéger, S., Mason, N. W., & Mouillot, D. (2010). 
Functional diversity measures: An overview of their redundancy 
and their ability to discriminate community assembly rules. 
Functional Ecology, 24(4), 867– 876.

Naeem, S. (2002). Disentangling the impacts of diversity on ecosys-
tem functioning in combinatorial experiments. Ecology, 83(10), 
2925– 2935.

Nijs, I., & Roy, J. (2000). How important are species richness, species 
evenness and interspecific differences to productivity? A mathe-
matical model. Oikos, 88(1), 57– 66.

Ostandie, N., Muneret, L., Giffard, B., Thiéry, D., & Rusch, A. (2021). The 
shape of the predator biomass distribution affects biological pest 
control services in agricultural landscapes. Functional Ecology, 35(1), 
193– 204.

Purcell, A. H., & Suslow, K. G. (1987). Pathogenicity and effects on trans-
mission of a mycoplasmalike organism of a transovarially infective 
bacterium on the leafhopper Euscelidius variegatus (Homoptera: 
Cicadellidae). Journal of Invertebrate Pathology, 50(3), 285– 290.

Rusch, A., Birkhofer, K., Bommarco, R., Smith, H. G., & Ekbom, B. (2015). 
Predator body sizes and habitat preferences predict predation rates 
in an agroecosystem. Basic and Applied Ecology, 16(3), 250– 259.

Rusch, A., D'Ottavio, M., Hénon, N., Joubard, B., Thiéry, D., & Muneret, 
L. (2023). Data from: Functional identity of dominant species in 
a predator community prevails over functional diversity in shap-
ing the top- down control of herbivores. Dryad Digital Repository, 
https://doi.org/10.5061/dryad.ghx3f fbv9

Schmitz, O. J. (2008). Effects of predator hunting mode on grassland eco-
system function. Science, 319(5865), 952– 954.

Schmitz, O. J. (2009). Effects of predator functional diversity on grass-
land ecosystem function. Ecology, 90(9), 2339– 2345.

Schmitz, O. J., & Suttle, K. B. (2001). Effects of top predator species 
on direct and indirect interactions in a food web. Ecology, 82(7), 
2072– 2081.

Sih, A., Englund, G., & Wooster, D. (1998). Emergent impacts of multiple 
predators on prey. Trends in Ecology & Evolution, 13(9), 350– 355.

Sokol- Hessner, L., & Schmitz, O. J. (2002). Aggregate effects of multiple 
predator species on a shared prey. Ecology, 83(9), 2367– 2372.

Sonkoly, J., Kelemen, A., Valkó, O., Deák, B., Kiss, R., Tóth, K., Miglécz, 
T., Tóthmérész, B., & Török, P. (2019). Both mass ratio effects and 
community diversity drive biomass production in a grassland ex-
periment. Scientific Reports, 9(1), 1– 10. https://doi.org/10.1038/
s4159 8- 018- 37190 - 6

Straub, C. S., & Snyder, W. E. (2006). Species identity dominates the rela-
tionship between predator biodiversity and herbivore suppression. 
Ecology, 87(2), 277– 282.

Villéger, S., Novack- Gottshall, P. M., & Mouillot, D. (2011). The multidi-
mensionality of the niche reveals functional diversity changes in 
benthic marine biotas across geological time. Ecology Letters, 14(6), 
561– 568.

Woltz, J. M., & Landis, D. A. (2014). Comparison of sampling methods 
of Aphis glycines predators across the diel cycle. Journal of Applied 
Entomology, 138(7), 475– 484.

Woodcock, B. A., & Heard, M. S. (2011). Disentangling the effects of 
predator hunting mode and habitat domain on the top- down con-
trol of insect herbivores. Journal of Animal Ecology, 80(2), 495– 503.

Wootton, K. L., Curtsdotter, A., Roslin, T., Bommarco, R., & Jonsson, T. 
(2023). Towards a modular theory of trophic interactions. Functional 
Ecology, 37(1), 26– 43.

Wyss, E., Villiger, M., & Müller- Schärer, H. (1999). The potential of three 
native insect predators to control the rosy apple aphid, Dysaphis 
plantaginea. BioControl, 44(2), 171– 182.

Ximenez- Embun, M. G., Zaviezo, T., & Grez, A. (2014). Seasonal, spatial 
and diel partitioning of Acyrthosiphon pisum (Hemiptera: Aphididae) 
predators and predation in alfalfa fields. Biological Control, 69, 1– 7.

 13652435, 2023, 10, D
ow

nloaded from
 https://besjournals.onlinelibrary.w

iley.com
/doi/10.1111/1365-2435.14427 by Inrae - D

ipso, W
iley O

nline L
ibrary on [11/12/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1111/1365-2664.12530
https://doi.org/10.1111/1365-2664.12530
https://doi.org/10.1073/pnas.2019355118
https://doi.org/10.1073/pnas.2019355118
https://doi.org/10.1038/s41586-020-2705-y
https://doi.org/10.1038/s41586-020-2705-y
https://doi.org/10.1111/ecog.05904
https://doi.org/10.1111/ecog.05904
https://doi.org/10.5061/dryad.ghx3ffbv9
https://doi.org/10.1038/s41598-018-37190-6
https://doi.org/10.1038/s41598-018-37190-6


    |  2675Functional EcologyRUSCH et al.

SUPPORTING INFORMATION
Additional supporting information can be found online in the 
Supporting Information section at the end of this article.
Table S1: Table summarizing the trait values of the six species used 
in predator assemblages.
Table S2: Summary of the linear mixed models of the effects of 
functional richness, community evenness and their interaction on 
overall prey biomass, aphid biomass and leafhopper biomass. The 
response variables were log- transformed to improve normality and 
homogeneity of variance residuals. Replicate was used as a random 
intercept in the linear mixed models.
Table S3: Model output of the effect of functional specialization 
of all predator assemblages on overall prey biomass. Functional 
specialization was computed as the weighted mean distance of a 
given assemblage to the centroid of the global species pool. Table 
shows the estimates as well as the confidence intervals (CI) and the 
associated p- values. The significant p- value is in bold.
Table S4: Model output of the effect of functional originality of all 
predator assemblages on overall prey biomass. Functional originality 
was computed as the weighted mean distance from the assemblage 
to the nearest assemblages from the global species pool. Table 
shows the estimates as well as the confidence intervals (CI) and the 
associated p- values. Significant p- values are in bold.
Table S5: Model output of the effect of functional identity (PC1) 
of all predator assemblages on overall prey biomass. Functional 
identity is the weighted average position of each assemblage along 
each axis in functional space, in this case PC1. Table shows the 
estimates, the confidence intervals (CI) and the associated p- values. 
Traits associated with PC1 are shown in Table S5 and in Figure S5. 
The significant p- value is in bold.
Table S6: Model output of the effect of functional identity (PC2) 
of all predator assemblages on overall prey biomass. Functional 
identity is the weighted average position of each assemblage along 
each axis in functional space, in this case PC2. Tables shows the 
estimates, the confidence intervals (CI) and the associated p- values. 
Traits associated with PC2 are shown in Table S6 and in Figure S5. 
The significant p- value is in bold.
Table S7: Table reporting the correlations between functional 
axes and traits of species. For continuous traits, a linear model 
was computed and r2 and associated p- value were returned. For 
non- continuous traits, a Kruskal– Wallis test was computed and 
eta2 statistic was returned. Significant or marginally significant 
correlations are shown in bold. BodySize, body size (mm); Circ, 
circadian activity (diurnal, nocturnal); Hab, habitat domain (soil, 
foliage); Hunt, hunting mode (ambush hunters, active hunters); 
Hand, handling time (low, high); StarvAb, starvation ability (yes, no). 
Significant p- values are in bold.
Figure S1: Figure of the experimental design of the study crossing 
three levels of functional richness (FRIc) with two levels of community 
evenness. The total number of predators in each mesocosm was six 
individuals so that the low level of evenness consisted in three- 
species communities composed of four individuals of the dominant 
species and one individual of the two remaining species, while the 

high level of evenness consisted in two individuals of each species. 
For a given round of the experiment, we replicated each treatment 
three times and considered six mesocosm controls with herbivores 
only. One round of the whole experiment therefore consisted of 42 
mesocosms. To ensure robustness of the results we replicated the 
whole experiment four times between 2017 and 2019 leading to a 
total of 168 mesocosms surveyed.
Figure S2: Effects of functional richness treatments on aphid 
biomass. Functional richness levels include low, medium and high 
values based on the functional richness of predator assemblages 
selected. Overall abundance of predators was kept constant 
between treatments except for the no predator treatment (No pred) 
which is a control treatment with herbivores only. Aphid biomass 
was log- transformed and replicate was used as a random intercept 
in the linear mixed models. Different letters indicate significant 
differences between treatments based on multiple comparisons 
(post- hoc Tukey tests).
Figure S3: Effects of functional richness treatments on leafhopper 
biomass. Functional richness levels include low, medium and high 
values based on the functional richness of predator assemblages 
selected. Overall abundance of predators was kept constant between 
treatments except for the no predator treatment (No pred) which is 
a control treatment with herbivores only. Leafhopper biomass was 
log- transformed and replicate was used as a random intercept in the 
linear mixed models. Different letters indicate significant differences 
between treatments based on multiple comparisons (post- hoc Tukey 
tests).
Figure S4: Effects of the identity of dominant predator species in 
the low evenness treatments on aphid biomass. Overall abundance 
of predators was kept constant between treatments except for the 
no predator treatment (No pred) which is a control treatment with 
herbivores only. Aphid biomass was log- transformed and replicate 
was used as a random intercept in the linear mixed models. Different 
letters indicate significant differences between treatments based on 
multiple comparisons (post- hoc Tukey tests).
Figure S5: Effects of the identity of dominant predator species in the 
low evenness treatments on leafhopper biomass. Overall abundance 
of predators was kept constant between treatments except for 
the no predator treatment (No pred) which is a control treatment 
with herbivores only. Leafhopper biomass was log- transformed 
and replicate was used as a random intercept in the linear mixed 
models. Different letters indicate significant differences between 
treatments based on multiple comparisons (post- hoc Tukey tests).
Figure S6: Relation between trait values and PCoA axes. BodySize, 
body size (mm); Hab, habitat domain (soil, foliage); Hunt, hunting 
mode (ambush hunters, active hunters); Hand, handling time (low, 
high); Circ, circadian activity (diurnal, nocturnal); StarvAb, starvation 
ability (yes, no). Correlations between traits and axes are shown in 
Table S7.
Figure S7: Figure illustrating the positive relationship between the 
functional identity of predator assemblages and aphid biomass. The 
functional identity is the weighted average position of assemblages 
along the first axis of functional space. The low values of the first 

 13652435, 2023, 10, D
ow

nloaded from
 https://besjournals.onlinelibrary.w

iley.com
/doi/10.1111/1365-2435.14427 by Inrae - D

ipso, W
iley O

nline L
ibrary on [11/12/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



2676  |   Functional Ecology FUNCTIONAL ECOLOGY

axis tend to be associated (p = 0.06, see Figure S5) with active 
hunters, with low handling time and no starvation ability, while 
high value tend to be associated with sit and wait predators, with 
high handling time and starvation ability (see Figure S5; Table S7). 
The relationship is statistically significant (estimate of Funct Ide 
PC1 = 0.75, p- value = 0.04).
Figure S8: Figure illustrating no relationship between the functional 
identity of predator assemblages and leafhopper biomass. The 
functional identity is the weighted average position of assemblages 
along the first axis of functional space. The low values of the first axis 
tend to be associated (p = 0.06, see Figure S5) with active hunters, 
with low handling time and no starvation ability, while high value 
tend to be associated with sit and wait predators, with high handling 

time and starvation ability (see Figure S5; Table S7). The potential 
relationship is not statistically significant (estimate of Funct Ide 
PC1 = −0.09, p- value = 0.77).
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