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Abstract

Differences in structural complexity of habitats have been suggested to modify the extent of top–down forces in
terrestrial food webs. In order to test this hypothesis, we manipulated densities of generalist invertebrate predators and
the complexity of habitat structure in a two-factorial design. We conducted two field experiments in order to study
predation effects of ants and spiders and, in particular, of the wasp spider Argiope bruennichi on herbivorous
arthropods such as grasshoppers, plant- and leafhoppers in a grassland. Predator densities were manipulated by
removal in habitats of higher and lower structural diversity, and the effects on herbivore densities were assessed by
suction sampling. Habitat structure was changed by cutting the vegetation to half its height and removing
leaf litter.

We found a significant negative effect of this assemblage of generalist predators on plant- and leafhoppers, which
were 1.6 times more abundant in predator removal plots. This effect was stronger in low-structured (cut) than in uncut
vegetation. Densities of the most abundant planthopper Ribautodelphax pungens (Delphacidae) were 2.2 times higher
in predator removal plots. Furthermore, adult plant- and leafhoppers responded more strongly than juveniles and
epigeic species more strongly than hypergeic species. The presence of predators had a positive effect on plant- and
leafhopper species diversity. In a second field experiment, we tested the exclusive impact of Argiope bruennichi on its
prey, and found that its effect was also significant, although weaker than the effect of the predator assemblage. This
effect was stronger in grass-dominated vegetation compared to structurally more complex mixed vegetation of grasses
and herbs. We conclude that habitat structure and in particular vegetation height and architectural complexity strongly
modify the strength of top–down forces and indirectly affect the diversity of herbivorous arthropods.
r 2007 Gesellschaft für Ökologie. Published by Elsevier GmbH. All rights reserved.
Zusammenfassung

Unterschiede in der Habitatstruktur können die Stärke der
’’
Top–down’’-Kontrolle in Räuber-Beute Beziehungen in

terrestrischen Nahrungsnetzen beeinflussen. Um diese Fragestellung zu untersuchen, wurde in Freilandexperimenten,
mit einem zwei-faktoriellen Design, die Räuberdichte manipuliert und die Vegetationsstruktur verändert. In zwei
Experimenten wurde der Räuberdruck von Spinnen und Ameisen sowie der Wespenspinne Argiope bruennichi auf
herbivore Insekten wie Heuschrecken und Zikaden untersucht. Die Räuberdichte wurde durch Ausschluss von
Spinnen und Ameisen in Plots mit geringer und hoher Komplexität der Habitatstruktur manipuliert und die Effekte
e front matter r 2007 Gesellschaft für Ökologie. Published by Elsevier GmbH. All rights reserved.
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auf die Herbivorendichten mit Saugfängen ermittelt. Die Habitatstruktur wurde verändert, indem Pflanzen auf die
Hälfte ihrer Höhe beschnitten und Streu aus den Plots entfernt wurde.

Wir fanden signifikant negative Einflüsse der Räuber auf die Zikadendichte, diese waren 1,6 mal häufiger in Plots
mit Räuberausschluss. Die Dichte der häufigsten Zikadenart Ribautodelphax pungens (Delphacidae) war 2,2 mal höher
bei Abwesenheit der Räuber. Weiterhin reagierten adulte Zikaden stärker als juvenile und epigäisch lebende Arten
stärker als hypergäische Arten.

Die Anwesenheit der Räuber hatte einen positiven Einfluss auf die Artenvielfalt der Zikaden. In einen zweiten
Experiment wurde die

’’
Top–down’’-Kontrolle der Wespenspinne Argiope bruennichi untersucht. Ihr Einfluss war in

von Gras dominierter Vegetation größer als in der strukturell komplexeren Kombination aus Gräsern und Kräutern.
Zusammenfassend konnten wir feststellen, dass die Habitatstruktur, d.h. Vegetationshöhe und Architektur der
Pflanzen, einen großen Einfluss auf die Stärke von Räuber-Beute Beziehungen hat und indirekt die Artenvielfalt der
herbivoren Arthropoden beeinflusst.
r 2007 Gesellschaft für Ökologie. Published by Elsevier GmbH. All rights reserved.
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Introduction

Top–down forces by invertebrate predators on their
herbivorous prey and cascade effects on plants play an
important role in structuring communities in terrestrial
ecosystems (Halaj & Wise, 2001; Schmitz, Hämback, &
Beckerman, 2000; Shurin et al., 2002). Understanding
how top–down effects are mediated by habitat structure
may improve our knowledge of predator control on
herbivores (Finke & Denno, 2006). Strong top–down
control in terrestrial ecosystems was mostly demon-
strated for simply structured communities (e.g. Finke &
Denno, 2003, 2004; Schmidt et al., 2003), but increasing
structural diversity should modify the strength of
interactions within the community (Finke & Denno,
2002). Structurally complex habitats can provide refuges
for herbivore prey groups resulting in lower predation
rates (Crowder & Cooper, 1982; Savino & Stein, 1989).
However, complex vegetation may also promote strong
top–down effects by reducing antagonistic interactions
among predators (Corkum & Cronin, 2004; Finke &
Denno, 2002). A recent meta-analysis showed that habitat
structure plays an important role for the abundance of
generalist invertebrate predators (Langellotto & Denno,
2004). With increasing habitat structure, most predator
guilds reached higher densities and should therefore affect
herbivore populations more strongly. However, in food
webs with a diverse species assemblage, top–down effects
are thought to attenuate (Polis, 1999; Polis & Strong, 1996;
Schmitz et al., 2000). Investigations of the link between
habitat structure and top–down control could provide
insight into important issues regarding biological control
of herbivore insect pests.

The predator guild in our grassland system contains
mostly spiders and ants. Most ant species are omnivores,
being able to prey on a wide range of other invertebrates
(Kajak, Breymeyer, Pêtal, & Olechowicz, 1972), as well
as to take up nutrients from plants indirectly by
trophobiosis with phloem-feeding insects (Seifert,
1996). Generalist predators such as spiders are able to
exert strong top–down control on herbivore populations
(Cronin, Haynes, & Dillemuth, 2004; Finke & Denno,
2003; Riechert & Bishop, 1990; Riechert & Lawrence,
1997; Schmitz, 1998) and contribute to the control of
pest species in agricultural systems (Lang, 2003; Schmidt
et al., 2003; Symondson, Sunderland, & Greenstone,
2002). In our grassland sites in central Europe, Argiope

bruennichi (Scop) is a dominant spider with regard to
biomass and density. This species builds characteristic
webs with a vertical zigzag ribbon of silk in the lower
stratum of the herb layer and feeds on jumping
arthropods like planthoppers, leafhoppers and grass-
hoppers (Malt, 1994).

In a first experiment, we tested the effect of an
assemblage of generalist invertebrate predators includ-
ing spider and ant species on herbivores. By manipulat-
ing densities of the dominant spider species Argiope

bruennichi, a second experiment was conducted to test
our assumption that this species has the strongest
impact on grasshopper and leafhopper populations
compared to other predators of the assemblage.
Differences in structure were achieved by cutting plants
and removing leaf-litter in the first experiment and, in
the second experiment, by changing the proportions of
grass and herbs.

The aim of this study was to investigate the influence
of habitat structure on the extent of top–down control
by comparing the effects of predators in simple and
structurally more complex vegetation. We hypothesize
that top–down effects should attenuate with increasing
structural complexity by providing refuges for herbi-
vores.
Material and methods

Both experiments were conducted in 2004 in a chalk
grassland on a south-exposed hillside near Witzenhau-
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sen (Hesse, Germany, 180m, 511220N, 91500E), with
grasshoppers (Caelifera), plant- and leafhoppers (Au-
chenorrhyncha: Fulgoromorpha and Cicadomorpha)
and aphids (Aphidina) as the most abundant herbivores.
The vegetation was dominated by Brachypodium pinna-

tum (L.) which is one of the most important host grasses
of Auchenorrhyncha in central Europe (Nickel, 2003).
The predator guild includes web-building spiders,
wandering spiders and ants. Most abundant taxa were
the wandering spider Zora spec. (Zoridae) with 10
individuals/m2, the web-builder Argiope bruennichi

(Araneidae) with up to six immature and two adult
individuals/m2 and the ant species Myrmica rubra L.
and Myrmica sabuleti (Mei) (Myrmicinae) combined
with on average one colony/m2. Ants of the genus
Lasius, namely Lasius alienus (För) and Lasius niger (L.)
(Formicinae), reached lower densities than Myrmica

with on average one colony/2m2. Other abundant spider
species were Pisaura mirabilis (Cl.) (Pisauridae), Alope-

cosa trabalis (Cl.) (Lycosidae), Pardosa lugubris

(Walck.) (Lycosidae), Aulonia albimana (Walck.) (Ly-
cosidae), Micrommata virescens (Cl.) (Heteropodidae),
Tibellus oblongus (Walck.) (Philodromidae), Clubiona

spec. (Clubionidae), Enoplognatha ovata (Cl.) (Theridii-
dae) and Tenuiphantes spec. (Linyphiidae) with a mean
density for all species combined of 70 individuals/m2.
Experiment 1: exclusion of generalist predators

The basic experimental unit was a 1m2 area, enclosed
by a 30 cm high plastic fence buried 10 cm deep in the
ground and equipped with sticky barriers of vaseline on
both sides in order to reduce emigration and immigra-
tion of ants and spiders. The plots were left open and
had no lid to minimize microclimate effects. This
experiment was run from May 13 to July 28 in 2004.

The experiment was carried out in a two-factorial
design with the factors ‘‘habitat structure’’ and ‘‘pre-
dator’’ resulting in four treatment combinations. Each
treatment was replicated three times giving a total of 12
plots. Treatments were randomly assigned to the plots.
In order to manipulate habitat structure, the grass was
frequently cut with a pair of scissors to a height of 10 cm
in six enclosures, which resulted in a simple vegetation
structure but maintained a habitat for leafhoppers.
Cutting was repeated three times during the whole
period in order to achieve a constant grass height in the
simple structured enclosures. Leaf litter and cut-off from
these plots were removed to gain a simple vegetation
structure. The other six plots remained unmanipulated
with a vegetation height of 20 cm on average.

The low predator-density treatment was established in
six plots by collecting spiders and digging out ant nests.
Spider populations and ant colonies that became re-
established in the removal plots were removed manually
twice a week during the entire length of the experiment.
Each plot was searched for spiders and ant colonies by
one person for 10min and, on average, four spiders per
plot were removed and released to non-removal plots. This
was mainly done in the morning when temperatures were
colder and insects were mostly inactive to prevent induced
movements of grasshoppers and plant- and leafhoppers
through searching activity. The predator treatment was
achieved by spider addition to the non-removal plots
because the enclosures had a negative effect on spider
populations (Sanders & Platner, 2007). Ant colonies
detected in low predator plots were excavated and replaced
by soil cores without ants from outside of the plots. In
non-removal plots without ant colonies, a supplementary
ant colony that was excavated outside the plots was added
in order to achieve a comparable ant nest density.
Experiment 2: exclusion of Argiope bruennichi

To test the specific effect of the wasp spider Argiope

bruennichi on the herbivore guild, an additional field
experiment was conducted. Twelve plots with an inside
area of 1m2 delimited by fences of 1m height were
placed in the respective grassland. To evaluate the effect
of structural diversity, the experiment was set up in a
two-factorial design with the factors ‘‘Argiope’’ and
‘‘vegetation structure’’. Six plots were established in
monospecific stands of B. pinnatum and the other six in
vegetation composed of B. pinnatum and a mixture of
different herbs (Galium mollugo, Achillea millefolium,
Lotus corniculatus, Hypericum perforatum, Medicago

lupulina, Sanguisorba minor, Agrimonia eupatoria). The
experiment was run for 3 weeks from 16 August until 6
September 2004. The fence had a mesh size of 5mm,
which allowed leaf- and planthoppers to pass through,
in contrast to adult Argiope bruennichi and grass-
hoppers. All plots contained on average 10 grasshopper
individuals. In six plots, the natural density of two adult
female Argiope bruennichi was established, while in the
other six plots Argiope bruennichi was manually
removed. Plots were controlled twice a week.
Sampling

At the end of both experiments, the invertebrate fauna
was sampled using a motor-driven suction sampler (Stihl,
Germany; 10 s/sample using a 0.036m2 sampling cylinder).
The complete ground area of each enclosure, i.e. 1m2, was
sampled. Spiders, ants, grasshoppers and plant- and
leafhoppers were identified to species level while other
arthropods were assigned to higher taxa. In plant- and
leafhoppers, immatures and adults and epigeic and
hypergeic species, i.e. those living close to the ground and
those living in higher strata (classified after Nickel, 2003;
Peter, 1981) were analyzed separately.
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Data analysis

The effects of the predator treatment and the habitat
structure were tested by an analysis of variance
(ANOVA). If necessary, data were log-transformed to
meet assumptions of normality and homogeneity of
variances. All statistical analyses were performed with
SAS (Version 8). We assessed the effect of the predator
assemblage and Argiope bruennichi by using the log ratio
{ln (Np+/Np�)} of plant- and leafhopper densities in the
presence (Np+) and absence (Np�) of predators
(Hedges, Gurevitch, & Curtis, 1999; Osenberg, Sarnelle,
& Cooper, 1997).
Results

Experiment 1: generalist predator exclusion

The manipulation of spider and ant densities inside
the enclosures proved to be successful. A total of 354
spiders (260 web-builders and 94 wandering spiders)
were removed. Densities of the most abundant web-
builder Argiope bruennichi were significantly higher in
non-removal plots with densities of 4–8 individuals/m2

compared to the removal treatment with less than 1/m2

(Fig. 1, Table 1). Densities of the most abundant
wandering spider, Zora sp., were six times higher in the
Fig. 1. Mean abundance (+1 SE) of Myrmica, Zora, Argiope bruen

leafhopper species Ribautodelphax pungens in different treatments (n

reduced (removal) ant and spider density in cut (10 cm height) and
predator treatment (Fig. 1, Table 1). Colonies of Lasius

alienus För. and Myrmica spp. were frequently removed
from removal plots, and this treatment led to a
significant reduction of Myrmica colonies (Table 1).
Also the density of the most abundant ant (Myrmica

sabuleti) was higher in non-removal plots (Fig. 1, Table
1). For all ant species (Myrmica, Lasius and Lepthothor-

ax), the effect of manipulation was marginally signifi-
cant (Table 1).

The density of grasshoppers was affected by the
predator treatment only in high vegetation enclosures
(ANOVA F1,4 ¼ 10.69, p ¼ 0.031, Fig. 1). It was rather
low in 2004 (maximum: 2 ind/m2), which was probably a
result of the cold weather during summer. There was a
strong effect of cutting the vegetation on hemipterans.
Densities of hemipterans such as planthoppers, leafhop-
pers, aphids and heteropteran bugs declined from
411 individuals/m2 in uncut plots to 211 individuals/m2

in cut plots (Table 1). The presence of ant colonies,
Argiope bruennichi and other spiders together had a
negative impact on the abundance of planthoppers,
leafhoppers and grasshoppers (Fig. 1, Table 1). Plant-
and leafhoppers were significantly more abundant in the
removal plots than in those with natural predator
densities (280 individuals/m2 compared to 170 indivi-
duals/m2, Table 1).

Among the Auchenorrhyncha, the two most abun-
dant species Ribautodelphax pungens (Rib.) and Recilia

coronifer (Marsh.) were most severely affected by the
nichi, grasshoppers, Auchenorrhyncha and the most abundant

¼ 3). Treatment combinations with normal (non-removal) and

natural (20 cm height) vegetation.
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Table 1. Response of arthropod abundance to the predator and cutting treatments (Fig. 1)

Source Model Predator Cutting Predator� cutting

F p F p F p F p

Argiope 5.82 0.0207* 13.57 0.0062* 1.94 0.2007 1.94 0.2007

Zora 4.88 0.0324* 11.92 0.0087* 2.08 0.1875 0.65 0.4430

Myrmica 4.11 0.0488* 10.00 0.0133* 0.57 0.4735 1.76 0.2210

Ants 1.84 0.2182 4.95 0.0567(*) 0.57 0.4736 0.00 0.9652

Ant colonies 2.73 0.1137 5.87 0.0417* 1.16 0.3120 1.16 0.3120

Auchenorrhyncha 3.68 0.0624 5.42 0.0483* 5.20 0.0521(*) 0.42 0.5343

Grasshoppers 2.02 0.1897 5.26 0.0510
(
*
) 0.09 0.7663 0.71 0.4242

Hemiptera 3.10 0.0889 2.56 0.1480 6.75 0.0317* 0.00 0.9971

Hemiptera ¼ Planthoppers, leafhoppers, aphids and heteropteran bugs. All comparisons were analyzed using a two-way ANOVA. Data were log-

transformed (log10 X+1). Df for model ¼ 3, 8 and treatment ¼ 1, 8; *indicates significant treatment effects (po0.05), bold face ¼ po0.06.

Fig. 2. Mean abundance (+1 SE) of juvenile and adult plant-

and leafhoppers in different treatments (n ¼ 3). Treatment

combinations with normal (non-removal) and reduced (re-

moval) ant and spider density in cut (10 cm height) and natural

(20 cm height) vegetation.

D. Sanders et al. / Basic and Applied Ecology 9 (2008) 152–160156
predator treatment (Fig. 1, ANOVA for predator effect:
F1,8 ¼ 6.08, p ¼ 0.039; F1,8 ¼ 7.49, p ¼ 0.026, respec-
tively), while for the remaining 29 species no significant
effects were observed (see Appendix A). Adult plant-
and leafhoppers showed a strong response to predator
treatment (Fig. 2, ANOVA F1,8 ¼ 24.25, p ¼ 0.001),
while immatures showed no response (Fig. 2, ANOVA
F1,8 ¼ 1.54, p ¼ 0.260). Epigeic species were also
strongly affected (Fig. 3, ANOVA F1,8 ¼ 14.52,
p ¼ 0.005), but no effects could be found for hypergeic
species (Fig. 3, ANOVA F1,8 ¼ 1.52, p ¼ 0.282).

There was a positive effect of the predator treatment
on Auchenorrhyncha diversity (Fig. 4). In total, we
found 21 species in predator removal plots, but 27 in
predator plots. Average species richness was not affected
by predator treatment (Fig. 4A; ANOVA F1,8 ¼ 1.58,
p ¼ 0.244). Values of the Shannon–Wiener index for
species diversity were marginally significantly higher for
the predator treatment (Fig. 4B, ANOVA F1,8 ¼ 4.83,
p ¼ 0.059).

Experiment 2: Argiope bruennichi exclusion

Table 2 shows that our manipulation of the Argiope

bruennichi density was successful. Each non-removal
enclosure contained 1 or 2 adult female spiders/m2 (Fig.
5). This density was commonly recorded by us in the
surrounding grassland. Effects of Argiope bruennichi on
plant- and leafhopper densities were strong in pure grass
stands (ANOVA for Argiope effect: F1,4 ¼ 12.57,
p ¼ 0.024) but there was no significant effect in the
plots with a grass–herb mixture (Fig. 5). Effects on
grasshoppers were not significant (Fig. 5, Table 2).

Comparison of predator effects

We calculated the log ratio in order to compare
predator effects on plant- and leafhopper densities. The
effect was stronger for the predator assemblage in
experiment 1 (log ratio �0.46) than for Argiope
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Fig. 3. Mean abundance (+1 SE) of plant- and leafhopper

species living in the lower and higher stratum of the herb layer.

Treatment combinations with normal (non-removal) and

reduced (removal) ant and spider density in cut (10 cm height)

and uncut (20 cm height) vegetation.

A

B

Fig. 4. (A) Total and mean species number (+1 SE) of

Auchenorrhyncha in different treatments of ants and spiders

exclusion experiment and (B) Shannon–Wiener index (+1 SE)

for species richness of Auchenorrhyncha.
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bruennichi alone in experiment 2 (log ratio �0.11). The
effect of ants and spiders in experiment 1was stronger in
cut (log ratio �0.60) than in uncut plots (log ratio
�0.33). Prey suppression through Argiope bruennichi in
experiment 2 was stronger in pure grass plots (log ratio
�0.23) than in herb–grass-mixture plots (log ratio
�0.07).
Discussion

We found that simply structured habitats enhanced
plant- and leafhopper suppression by spiders and ants
and by Argiope bruennichi. This result can be explained
by a change in the composition of the predator
assemblage with changing habitat structure in the first
experiment and by a higher number of refuges for prey
in more complex habitats. Distribution of predator
groups in cut and uncut vegetation was different in non-
removal plots. Argiope bruennichi tended to be more
abundant in cut than in uncut plots (Fig. 1). Thus, the
stronger effect size on Auchenorrhyncha populations in
the simple-structured habitats may be caused by higher
densities of Argiope bruennichi, which was also able to
affect plant- and leafhopper densities strongly on its
own in the second experiment. Additionally, prey
abundance was also strongly affected by cutting the
vegetation: there was a significant negative effect on the
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Table 2. Response of arthropod abundance to Argiope removal and habitat structure

Source Model Argiope Structure Argiope� structure

F p F p F p F p

Argiope 42.25 o0.0001* 84.51 o0.0001* 0.00 1.0000 0.00 1.0000

Grasshoppers 1.04 0.4263 1.30 0.2872 0.21 0.6584 1.60 0.2405

Auchenorrhyncha 22.99 0.0003* 3.52 0.0974 62.37 o0.0001* 3.07 0.1178

All comparisons were analyzed using a two-way ANOVA. Data were log-transformed (log10 X+1). Df for model ¼ 3, 8 and treatment ¼ 1, 8;

*indicates significant treatment effects (po0.05).
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population size of all Hemiptera, including aphids,
heteropteran bugs, planthoppers and leafhoppers. Ad-
ditionally, habitat structure also directly influences the
strength of top–down effects. We assume that prey
availability was better in cut areas, where the encounter
frequency between prey and predators is higher. A more
complex habitat structure can provide shelter from
predators and reduce effects of predation (Finke &
Denno, 2002; McNett & Rypstra, 2000), which is also
supported by our results. We conclude that changes in
habitat structure strongly affect both herbivores and
predators, and that differences in the strength of
top–down effects may be mediated by the species
identity of predators and the density of the prey. The
structure itself effects top–down forces strongly by
providing refuge from predation.

For immature plant- and leafhoppers, no effect of
predator treatment was found whereas adults responded
strongly (Fig. 2). Adults have a higher agility than
earlier instars due to their longer legs (Ballou, Tsai, &
Wilson, 1987; Wilson & McPherson, 1981) and better
jumping capability (pers. obs.). Nymphs are more
sedentary on the lower parts of plants while mating,
oviposition and dispersal are behavioral characteristics
of adult plant- and leafhoppers and involve a higher
amount of movements with an increased probability of
predator–prey encounters.

Only those species of Auchenorrhyncha, that were
known to live close to the soil, were strongly affected by
the predator treatment, whereas those living in higher
strata showed no response, probably due to higher
predation rates in the lower strata. The encounter
frequency between predators and prey may be higher
in the lower strata, because most predators such as ants
and wandering spiders live closer to the litter layer. Since
webs of Argiope bruennichi were lower in cut vegetation,
this may also affect epigeic species more strongly.

The assumption that Argiope bruennichi exerted
strong effects on Auchenorrhyncha could be confirmed
by our second experiment. The effect of Argiope

bruennichi in pure grass plots was similar to the effect
size of the predator assemblage in uncut plots. Similarly
to the impact of the assemblage, Argiope bruennichi

affected herbivore populations much stronger in simply
structured pure grass stands than in an architectural
more complex grass–herb mixture. There was a strong
effect of vegetation on total Auchenorrhyncha abun-
dance. A high percentage of herbs caused a decrease in
Auchenorrhyncha abundance because most of them
were grass-feeding species. But this does not explain the
absence of effects by Argiope bruennichi in enclosures
with grass–herb mixture. Many herbs show more
horizontal architectural components, notably leaves,
which reduce the availability of space for large orb-
webs. In this experiment, habitat structure appeared to
influence top–down effects of Argiope bruennichi by
changing the effectiveness of their webs.

Total number of Auchenorrhyncha species and
Shannon–Wiener index were positively correlated with
predator presence (Fig. 4). Such an effect of predators
on the diversity of their prey has been demonstrated for
aquatic systems (Paine, 1966, 1971; Werner, 1991) and
for grassland plants (Lubchenco, 1978; Schmitz, 2003).
In all these studies, the abundance of dominant species
was reduced and competitively inferior species were able
to invade. One possible explanation for this effect in our
experiment is release from competitive pressure from the
two dominant leafhoppers species Ribautodelphax pun-

gens and Recilia coronifer, which had lower densities in
the presence of predators. Ribautodelphax pungens is
monophagous on the dominant grass B. pinnatum

(Nickel, 2003) and resources of this grass may be better
available for this species than for others. Among sap
feeders competitive interactions tended to be frequent
more often compared to other herbivores (Denno,
McClure, & Ott, 1995). There is yet no evidence for
such a competitive relationship between leafhopper
species in our system; however, in an other study
predator removal increased herbivore densities and
produced evidence of increased interspecific competition
(Edson, 1985).

Increasing habitat complexity strongly affected the
extent of top–down control by spiders and ants
probably by providing spatial refuges and by changing
the predator assemblage. Effects on plant- and leafhop-
pers were stronger in less complex vegetation. We
conclude that Argiope bruennichi is an important
predator in this interaction, because there was also a
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Fig. 5. Mean abundance (+1 SE) of Argiope bruennichi and

their prey groups in the Argiope-exclusion experiment. Treat-

ments with normal Argiope density and Argiope removed in

grass-only and grass–herb-mixed vegetation.
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strong effect on Auchenorrhyncha densities in the
second experiment with removal of only Argiope

bruennichi. Therefore this species, which has only
relatively recently invaded most of Central Europe,
has gained the role of a keystone predator, which can
severely affect herbivore populations. In our experi-
ments, the structure of the habitat strongly modified the
extent of top–down forces and indirectly affected the
diversity of Auchenorrhyncha species.
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