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But evolutionary changes such as those observed in the mosquito, like contracts with the devil,
carry a cost. A great amount of raw materials is needed to make overproduced esterase, and
insects that needlessly make so much of the extra protein are selected against. Field studies show
that, in the absence of insecticides, mosquitoes without the overproduction of esterases grow faster,
survive longer, and reproduce better than the resistant types, and that areas without heavy
pesticide use have fewer mosquitoes with the duplicated esterase genes. Natural selection against
resistant individuals reduces their frequency in following generations — as long as the insecticides
are not used.
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Nevertheless evolution can run subtly, driven by selection to reduce the costs of insecticide
resistance — and mosquitoes that pay the devil a discount price can thrive. For example, most
mosquitoes make too much esterase and wastefully spread it throughout their bodies into tissues
where insecticides have no effect. Other mosquitoes produce the protective protein only in their
nerve cells, the tissue that needs protection most. This second group does much better than the first
in growth rate, survival, and pesticide resistance.
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Other kinds of mosquitoes also produce esterases in the intestine and the cuticle, where the
insecticides enter the insect body. These may act like tiny organic robots attaching to the insecticide,
making it harmless before it gets close enough to nerve cells to do any damage. This difference in the
position in the body from which the esterase begins its defense is a continuing experiment in the
evolution of increased pesticide resistance.
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