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THRESHOLD EFFECTS OF LANDSCAPE STRUCTURE ON BIOLOGICAL
CONTROL IN AGROECOSYSTEMS
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Abstract. Habitat fragmentation may adversely affect the ability of natural enemies to
control pest outbreaks in agricultural landscapes by interfering with their search behavior
and ability to aggregate-in response to prey. We determined how landscape structure affected
the ability of two ladybird beetles (Coleoptera: Coccinellidae) to track aphid populations
in experimental landscapes that differed in the abundance and degree of fragmentation of
red clover (Trifolium pratense). One coccinellid was a native species (Coleomegilla ma-
culata Pallas) and the other (Harmonia axyridis Timberlake) was introduced specifically
for the biological control of crop pests such as pea aphids (Acyrthosiphon pisum Harris;
Homoptera: Aphididae).

Landscape structure exhibited a threshold in lacunarity (a measure of interpatch dis-
tances) below 20% habitat, at which point clover patches became significantly more isolated.
This threshold in landscape structure was mirrored by a similar threshold in the distribution
of pea aphid populations. The distribution of the biocontrol agent, H. axyridis, tracked this
threshold in aphid distribution, but the native coccinellid, C. maculata, was unable to do
so in fragmented clover landscapes. Although C. maculata was a more active forager within

. clover cells, overall it was less mobile and-moved significantly less among clover cells and
between landscapes than H. axyridis, which may have contributed to its inability to'track
~aphid populations in fragmented landscapes. The two coccinellids did not differ in their
search success within fragmented landscapes, however, and it was only in clumped land-
scapes that H. axyridis maximized search success and foraged within clover cells that had
'2.5-3 times more ‘aphids than those in which C. maculata occurred.

Thus, the potential of predators to control pest populations in fragmented landscapes
may ultimately reflect the extent to which thresholds in landscape structure interfere with
the aggregative response of predators. In this system, the aggregative response of cocci-
nellids was more closely tied to thresholds in the distribution of clover than aphids. With
its-greater mobility, H. axyridis was more effective than the indigenous C. maculata at
tracking aphids -when they occurred at low patch oceupancy (below the threshold in land-
scape structure);, which is‘a‘requisite for successful biocontrol.-If native insect predators:
-are. generally more sensitive to habitat fragmerntation, greater reliance may be placed on
‘the introduction of exotic species for biocontrol, which is not without economic cost and
potential ecological impacts to native insect communities. Our study demonstrates that, in
addition to economic thresholds, there are also ecological thresholds that must be sur-
mounted if biocontrol measures. are to be successful. In addition to enhancing vegetational
diversity within agroecosystems, conservation biological control should also strive to mit-
igate fragmentation effects on natural enemies, especially if thresholds in landscape structure

- disrupt predator-prey interactions and compromise the efficacy of biocontrol programs.
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INTRODUCTION.

Habitat loss and fragmentation are becoming a se-
rious impediment to the biological control of insect
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pests, particularly within managed systems such as
agroecosystems. Habitat fragments support a less di-
verse community of natural enemies, resulting in lower
predation or parasitism rates. on pest populations
(Kruess ‘and Tscharntke 1994, Roland and Taylor 1997)
which may release insect pests from control by their
nattiral enemies, thus increasing the potential for eco-
nomically devastating outbreaks in fragmented land-
scapes. Understanding how landscape structure affects
species interactions, and determining the scale at which
such interactions occur relative to the scale of habitat



