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Worldwide, primary pests of cotton inflict economic damage when not controlled, but insecticides used to control them often induce secondary pests when released from control by natural enemies. These secondary pests often cause greater damage than the original target primary pest. Pink bollworm (Pectinophora gossypiella Saunders, PBW) is a primary pest while others are secondary pests that may reach pest status where regional cropping patterns of alternative crops and insecticide use enhance their buildup. Widespread use of insecticidal transgenic Bt cotton has been introduced to control many of these pests but it is increasingly apparent that it may also induce secondary pest outbreaks. Among the induced secondary pests are budworms (Helicoverpa viresens (F.)), bollworm (H. zea (Broddie), fall armyworm, (Spodoptera fugiperda (J.E. Smith)), beet armyworm (Spodoptera exigua (Hübner), soybean looper (Psuedoplusia includens (Walker)) and plant bugs (Lygus spp.) and possibly whiteflies. Pests feeding on plant tissues activate the prototoxin in their gut killing susceptible individuals and causing reductions in the vital statistics of survivors. However, there are several mitigating factors that remain to be solved and the consequences analyzed. The concentrations of the protoxin is initially high in the plant but declines during the season as well as with plant and subunit ages and other factors. Pest species are differentially tolerant to the activated toxin, while others may egest but not activate the protoxin (sap sucking insects). Natural enemies are exposed to the activated toxin when they feed on intoxicated prey. What are the consequences of these interactions?

The development of resistance and outbreaks of some of these pests are being experienced in Bt cotton in the United States and supplemental insecticidal control is occurring. Many of the consequences of these interactions (resistance) develop over a long time period and hence are difficult to analyze using standard field experiments. To circumvent this problem, a field tested, physiologically based systems model of the mass-number dynamics of cotton linked to its major pests in North America has been modified to incorporate the genetics of resistance to one or two toxins. Included in the model are the suppressive effects of their generalist natural enemies and the indirect sublethal effects on their efficacy of feeding on prey sequestering Bt toxin. We examine how all of the above factors interact to determine the control and potential for the development of resistance in Bt cotton locally and regionally using a geographic informations systems.

