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ABSTRACT

Arthropods are mobile, and often move beyond the classical bounds of ecological field stud-
ies. We have done landscape analyses to explore the influence of the surrounding landscape
on spiders in winter wheat fields and on their potential to control cereal aphids. The densities
of many spider species were enhanced by high percentages of non-crop habitats at scales
ranging from 95 m to 3 km radius, suggesting that complex landscapes with rich populations
of natural enemies are favorable for aphid control.

INTRODUCTION

Local arthropod communities can be influenced by the surrounding landscape, either through
short-term dispersal events or the dynamics of long-term population establishment and ex-
tinction (Kareiva and Wennegren 1995; Ricklefs 1987; Tscharntke and Brandl 2004). Recent
studies have demonstrated that ecosystem services such as pollination and biocontrol by
arthropods depend on landscape patterns at scales up to several kilometers (Kremen et al.
2004; Roland and Taylor 1997; Thies and Tscharntke 1999; Thies et al. 2005). Landscape
effects on local pest-natural enemy interactions may be particularly strong in arable crops
because of the necessity of annual recolonization (Schmidt et al. 2004a).

Spiders are important predators of various insect pests (Marc et al. 1999; Nyffeler et al.
1994). As they overwinter predominately outside of arable fields in Central Europe, the colo-
nization of crops during spring should be related to the availability of perennial non-crop
habitats in the surrounding landscape (e.g., Lukzak 1979; Schmidt and Tscharntke 2005a;
Topping and Sunderland 1994). The circumference around a field in which the landscape is
relevant should further depend on the movement capacity of each species. It may thereby
provide a measure for the effective dispersal range of a species, which is otherwise hard to
determine.
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We studied spider communities in winter wheat in relation to the surrounding land-
scape and local farming system, and conducted field experiments on the relative importance
of spiders and other natural enemies for cereal aphid control.

MATERIALS AND METHODS

The studies started in 2001 in two regions in Germany. Eighteen landscape sectors were se-
lected around the city of Göttingen (Southern Lower Saxony), which had moderate to high
percentages of arable land (25-85% at a scale of 1.5 km). In the Lahn-Dill Bergland (Central
Hesse), 20 landscapes were selected in which the percentages of arable land were lower (7-
61% at a scale of 1.5 km), and percentages of various non-crop habitats correspondingly
higher than around Göttingen. In each of the 38 landscape sectors, one or two fields of winter
wheat were studied. Landscape composition was calculated for 11 scales between 95 m and 3
km radius around the study fields (Fig. 1). Spiders were sampled with pitfall traps and web
abundance with a distance method, and species richness and density were related to local
management and to landscape features.

Figure 1. One of the 38 landscape sectors, with a relatively high percentage of arable crops (68.7%), but
little grassland (5.6%), forest (12.5%) and other non-crop habitats. The circles represent the eleven
spatial scales of 95, 135, 190, 265, 375, 530, 750, 1060, 1500, 2120 and 3000 m radius around
the study field, at which landscape composition was calculated.
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RESULTS AND DISCUSSION

SPIDER SPECIES RICHNESS

Overall, 37,303 spiders were determined, which belonged to 139 species. Surprisingly, local
species richness was influenced more strongly by the composition of the surrounding land-
scape than by the presence of directly adjoining non-crop habitats, and this relation was con-
sistent across both study regions (Fig. 2). The correlation between species richness and the
percentage of non-crop habitats in the surrounding landscape was strongest at 1-1.5 km ra-
dius.

Figure 2. Landscape effects on the species richness of spiders. A: Correlation between local species
richness and the percentage of non-crop habitats 1.5 km around fields. Open circles: Southern
Lower Saxony; Solid triangles: Lahn-Dill Bergland (Hesse). GLM: non-crop: F1,43 = 9.8, p <
0.001; region: F1,43 = 0.1, p = 0.8; non-crop × region: F1,43 = 0.6, p = 0.4. B: Effect of adjoining
non-crop habitats. n = 9 pairs of fields, each within one landscape sector. t-test for matched
pairs: t1,8 = -3.2, p = 0.01.

 

SPIDER DENSITY

Out of the 64 most common spider species, 34 were locally enhanced by high amounts of
non-crop habitats in the surrounding landscape. Wolf spiders (Lycosidae) were influenced
by landscape composition at smaller scales (mostly between 190-530 m radius) than the more
ballooning Linyphiidae (up to 3 km radius). In contrast, directly adjoining non-crop habitats
increased the densities of only two out of 64 spider species, which cannot be considered sta-
tistically significant when accounting for the multiple species tested. According to web densi-
ties, the abundance of sheetweb spiders (Linyphiinae) rose with the percentage of non-crop
habitats in the surrounding landscape, e.g. from 18-130 webs per m2 in late May 2001 (Schmidt
and Tscharntke 2005b). A similar positive relationship between web abundance and land-
scape composition was also present in other years, and plainest between scales of 1 km and 3
km around the study fields.
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In 2002, we compared the effects of landscape to the effects of local organic versus con-
ventional management in twelve pairs of organic and conventional fields along a landscape
gradient. Thereby, organic management increased overall density of ground-dwelling spiders
by 62%. In contrast, species richness was determined by landscape, only (Schmidt et al. 2005).
Overall, densities of Oedothorax apicatus were affected mostly by management, Pardosa spe-
cies by both landscape and management, and other species mostly by landscape. This shows
that enhancement of certain generalist predators can only be effective when the landscape is
considered.

BIOLOGICAL CONTROL

In supplementary field experiments, we demonstrated how ground dwelling-predators re-
duce aphid infestation in winter wheat. Cereal aphid densities increased by 40-55% when
ground-dwelling predators were excluded, most likely due to reduced predation by spiders
(Schmidt et al. 2003; 2004b). The differences in spider density between control and exclusion
were in the range of the differences that could be observed between landscapes with high and
low percentages of non-crop habitats. Therefore, aphid suppression by spiders can be ex-
pected to be stronger in landscapes with high percentages of non-crop habitats. However,
sheetweb spider densities in 2002-2004 were less than one third of those in 2001, when the
aphid control experiments were carried out. Therefore, an influence of spiders on aphid popu-
lations may be inconsistent not only among landscapes, but also among years.

CONCLUSIONS

Spiders in wheat fields are strongly influenced by the surrounding landscape, which could
lead to a significant increase of aphid control in landscapes with high amounts of perennial
non-crop habitats. This underlines that a purely local orientation of biological control is not
always sufficient. Similar effects of landscape-wide dispersal by pests and their natural en-
emies can be expected in many situations worldwide, offering an exciting field for biocontrol
research.
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