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Landscape Structure and
Biological Control in
Agroecosystems

Carsten Thies* and Teja Tscharntke

Biological pest control has primarily relied on local improvements in popula-
tions of natural enemies, but landscape structure may also be important. This
is shown here with experiments at different spatial scales using the rape pollen
beetle (Meligethes aeneus), an important pest on oilseed rape (Brassica napus).
The presence of old field margin strips along rape fields was associated with
increased mortality of pollen beetles resulting from parasitism and adjacent,
large, old fallow habitats had an even greater effect. In structurally complex
landscapes, parasitism was higher and crop damage was lower than in simple
landscapes with a high percentage of agricultural use.

Understanding of species interactions is es-
sential for implementation of biological con-
trol of insect pests. Also the number, shape,
and spatial arrangement of habitat patches
affect phytophagous and entomophagous in-
sects differentially, and the trophic-level hy-
pothesis of island biogeography predicts that
relative importance of natural enemies in-
creases with habitat area and decreases with
habitat isolation (/).

We present effects of landscape structure
on parasitism of the rape pollen beetle (Me-
ligethes aeneus) and bud damage caused by
this pest in agricultural landscapes of North-
ern Germany. Rape pollen beetles were at-
tacked by three univoltine larval parasitoids,
Tersilochus heterocerus, Phradis interstitia-
lis, and Phradis morionellus (Hymenoptera,
Ichneumonidae), of which the last is rare.
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Phradis interstitialis mostly attacks host lar-
vae in the second instar, and I. heterocerus
attacks host larvae particularly in the third
instar. Both of these parasitoid species kill
their host after the host larvae drop to the
ground before pupation in the soil (2). A few
species of insect predators are known but
rare, such as ladybeetles, lacewings, and mal-
achiid beetles (2, 3). We varied the scale of
our agroecological analyses, combining the
more classical view focusing on local im-
provements in populations of natural enemies
(4) with analyses at large spatial scales—the
landscape scale (5, 6). We met the inherent
problem of landscape comparisons (many
variables change simultaneously) by analyz-
ing experimentally exposed crop plots in ad-
dition to crop fields.

Our studies focused not only on small-
scale effects of field margin strips (7), but
also on medium-scale effects of large fallows
adjacent to rape fields (§). We mapped plant
species richness, vegetation cover, and plant
height on an area of 30 m? in each field
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margin strip and each fallow. On the land-
scape scale, we compared the effects of struc-
tural complexity of 15 landscapes character-
ized by a gradient from extremely simple and
structurally poor landscapes, to complex and
structurally rich ones with up to 50% uncul-
tivated habitats (9).

Landscape complexity varies due to the
variable intensity of agricultural practices,
and this correlates with characteristics such
as the nutrient richness of soils. We addressed
this problem of confounding variables by an-
alyzing potted rape plants in addition to rape
crop fields (/0). These experimentally ex-
posed rape plots were established in the same
local environment, had the same soil type,
nutrient and water availability, and were
planted with the same crop variety.

The type of field margin did not affect
parasitism at the edge of rape crop fields. In
contrast, parasitism in the center of the fields
was enhanced by old field margins (Fig. 1A).
Parasitism was about 50% at the edge of all
fields. Toward the center of the fields it
dropped significantly to 20% when only 1-year-
old strips or no strips surrounded the fields,
but when the field margins were 6 years old
the parasitism rate was as high as at the field
edge. In stepwise multiple regression analy-
sis, neither host density, plant species rich-
ness, vegetation cover, nor plant height in the
field margins could be used as predictors of
rates of parasitism. Because parasitoid popu-
lations hibernating in the soil are known to be
negatively affected by agricultural practices
like ploughing (/7), and beetles hibernate
mainly in forest areas (/2), only these old and
undisturbed strips enabled populations of
parasitoids to build up over years and to
enhance parasitoid dispersal into the fields
(13).

Beetle larvae in rape adjacent to large old
fallows had rates of parasitism even greater
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than those near old field margins. Parasitism
of larvae on summer rape plots rose from
27% in rape crop fields and 33% in the
narrow field margins to 49% in large old
fallows (Fig. 1B). This experimental evi-
dence was supported by samples from rape
crop fields. In the center of rape crop fields,
adjacent large fallows had a stronger effect

on parasitism than field margins and cereal
fields, but at the edge of the rape crop fields,
parasitism was not influenced by the type of
adjacent vegetation (Fig. 1C). Accordingly,
the age and size of noncrop area were the two
major factors found to enhance the efficiency
of biological control of the rape pollen beetle
on a local and medium scale, and these find-
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g
c 50
a
&=t
8
5 35
o
21 3t
YR, CROP  FIELD  LARGE CROP FIELD LARGE

6 -YRS.

FIELD MARGIN FALLOW

FIELD MARGIN FALLOW
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Fig. 1. Parasitism of rape pollen beetle (M. aeneus) by T. heterocerus, P. interstitialis, and P.
morionellus on oilseed rape (Brassica napus) in different types of habitats {arithmetic means =+ SE
are given, arcsine[(~transformed percentages)'2]}. In rape fields, parasitism near the edge (filled
columns) and in the center (open columns) of the fields is given. (A) Parasitism in winter rape fields
adjacent to different field margin strips (i) near the edge (1 m from the edge) and (ii) in the center
(10 to 12 m from the edge) of the fields. Two-way nested analysis of variance (ANOVA): parasitism
(%) versus field margin strip type (1-year/6-years: F = 5.77, P = 0.02, N = 20) and sampling site
(edge/center: F = 14.38, P = 0.0005, N = 40). Phradis interstitialis (on average 4.6% parasitism)
was of minor importance in this study. (B) Parasitism in experimental summer rape plots
established within winter rape crop fields (“crop field,” N = 4); small (3-m-wide) 6-year-old field
margins strips (“field margin,” N = 4) with naturally developed vegetation; and 6-year-old large
fallows (“large fallow”, >1 ha, N = 4) with naturally developed vegetation. One-way ANOVA: F =
5.23, P = 0.03, N = 12. (C) Parasitism in winter rape fields adjacent to cereal crop fields ("crop
field,” N = 5, was barley in the study year and wheat in the year before); small (3-m-wide) old field
margins strips (“field margin,” N = 5) with naturally developed vegetation; and large old fallows
("large fallow,” >1 ha, N = 6) with naturally developed vegetation. Two-way nested ANOVA:
parasitism (%) versus habitat (crop field/field margin/large fallow: F = 5.75, P = 0.009, N = 16)
and sampling site (edge/center: F = 2.19, P = 0.11, N = 32).
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ter rape fields are given. Edge of the fields: P = not significant; center of the fields: Y = 37.2-0.21X;
F = 4.85,P = 0.046, R? = 0.27, N = 15. (D) Percentage parasitism in winter rape fields in relation
to the percentage of noncrop area. Mean percentages per landscape (N = 15) from 26 winter rape
crop fields are given. Edge of the fields: Y = 39.4 + 0.28X; F = 5.86, P = 0.03, R? = 0.31, N = 15;
center of the fields: Y = 27.1 + 0.5X; F = 21.1, P = 0.0005, R? = 0.62, N = 15. The intercepts of
these regression lines are significantly different (F = 4.47, P = 0.04), whereas the slopes do not
differ (F = 1.89, P = 0.18).
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ings were supported by the landscape results.

Structural simplicity in agricultural land-
scapes was correlated with large amounts of
plant damage caused by the pollen beetle and
small amounts of larval mortality caused by
parasitism. The percentage of destroyed buds

-increased (Fig. 2A) and pollen beetle mortality

from parasitism decreased (Fig. 2B) as the per-
centage of noncrop area in the landscape de-
creased. Rape crop fields showed similar rela-
tions. The percentage of destroyed buds was
negatively correlated with the percentage of
noncrop area (Fig. 2C), whereas the rate of
parasitism was positively correlated (Fig. 2D).

Parasitism by each of the two main para-
sitoid species increased significantly with
landscape heterogeneity. In the center of rape
crop fields, the rate of parasitism by T. het-
erocerus increased linearly without any evi-
dence of a threshold from on average 6%
onward to 38%, and the rate of parasitism by
P. interstitialis increased asymptotically from
0% to values of 40% (7/4). Rates of parasit-
ism were related neither to host density nor to
the percentage of rape fields per landscape.
The latter was also not related to the percent-
age of destroyed buds, contradicting common
expectations from plant protection profes-
sionals, that landscapes with large areas of
rape crop fields should suffer from larger pest
populations (15).

Landscape complexity or the percentage
of noncrop area was closely related with fur-
ther landscape characteristics (9). Isolation of
a sampling site from noncrop area decreased
and habitat-type diversity increased with the
percentage of noncrop area (R*> = 0.91 and
R? = 0.87, P < 0.001, N = 15).

Our results show the importance of land-
scape structure for local interactions, thereby
explaining why the same experimental design
may result in a positive or negative effect
depending on the type of landscape. Signifi-
cant differences between the edge and the
center of rape fields (Fig. 1A) could only be
found in structurally simple but not in struc-
turally complex landscapes (Fig. 2D), be-
cause high percentages of noncrop area obvi-
ously enhanced parasitoid populations, thereby
masking these effects. When the noncrop area
dropped below a value of about 20%, the
percentage of parasitism was observed to
drop below the threshold value of 32 to 36%,
below which a success in classical biological
control has never been found (/6).

These results provide evidence that
complex landscapes with a high density and
connectivity of uncultivated, perennial hab-
itats may enhance populations of natural
enemies, which immigrate into neighboring
annual crop fields, attack pest insects, and
contribute significantly to the reduction of
pest populations below an economic thresh-
old. Nonetheless, because of the presum-
ably very different responses of different or-
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ganisms to landscape structure (6), generali-
zations for the design and management of
agricultural landscapes are still a matter for
future research.
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Signaling from Rho to the Actin
Cytoskeleton Through Protein
Kinases ROCK and LIM-kinase
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The actin cytoskeleton undergoes extensive remodeling during cell morpho-
genesis and motility. The small guanosine triphosphatase Rho regulates such
remodeling, but the underlying mechanisms of this regulation remain unclear.
Cofilin exhibits actin-depolymerizing activity that is inhibited as a result of its
phosphorylation by LIM-kinase. Cofilin was phosphorylated in N1E-115 neuro-
blastoma cells during lysophosphatidic acid-induced, Rho-mediated neurite
retraction. This phosphorylation was sensitive to Y-27632, a specific inhibitor
of the Rho-associated kinase ROCK. ROCK, which is a downstream effector of
Rho, did not phosphorylate cofilin directly but phosphorylated LIM-kinase,
which in turn was activated to phosphorylate cofilin. Overexpression of LIM-
kinase in Hela cells induced the formation of actin stress fibers in a Y-27632-
sensitive manner. These results indicate that phosphorylation of LIM-kinase by
ROCK and consequently increased phosphorylation of cofilin by LIM-kinase
contribute to Rho-induced reorganization of the actin cytoskeleton.

During cell morphogenesis and motility, cells
undergo extensive remodeling of the actin
cytoskeleton, a phenomenon that is mediated
by various actin-binding proteins (/). Such
remodeling is often triggered by extracellular
stimuli, but the signaling pathways to actin-
binding proteins remain largely uncharacter-
ized. The small guanosine triphosphatase
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(GTPase) Rho is converted from the inactive,
guanosine diphosphate—bound form to the
active, GTP-bound form in response to stim-
uli such as serum and lysophosphatidic acid
(LPA), and induces various morphological
events such as cell adhesion and motility (2).
Among Rho effectors isolated, the ROCK
family of Rho-associated serine-threonine
protein kinases is implicated in Rho-mediated
cell adhesion and smooth muscle contraction
(2). These kinases phosphorylate myosin
light chain (MLC) phosphatase and inhibit its
activity (3); this inhibition, in turn, results in
an increase in MLC phosphorylation and,
consequently, increases actomyosin-based con-
tractility, events that contribute to Rho-medi-
ated stress fiber formation and smooth mus-
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