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Views expressed in this presentation are those of the authors and do not reflect the opinion or policy of the US Environmental Protection Agency.



Direct effect of selection for Bt resistance 
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Presentation Notes
Selection with Bt enriches the population for resistance alleles



Indirect effect of selection 

Bt Refuge (Non-Bt) 
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The high-dose/refuge strategy relies upon the indirect, demographic effect of heterogenous selection averaged over space.



Bt Refuge (Non-Bt) 

Indirect effect of selection 

Presenter
Presentation Notes
While resistant alleles flourish on Bt plants, the population size is greatly reduced.



Bt Refuge (Non-Bt) 

Indirect effect of selection 
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Meanwhile, the refuge population suffers relatively less mortality and no selection for resistant alleles.



Bt Refuge (Non-Bt) 

Indirect effect of selection 
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Presentation Notes
The unselected refuge population dwarfs that emerging from Bt plants, boosting the relative fitness of susceptible alleles. This indirect form of selection, measured over two habitat types, is the key to what gives the high-dose/refuge strategy potential to slow resistance evolution.
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We are talking about negative density dependence of immature survival, here. Survival declines with increasing density. The decline can be very steep or shallow.



Bt Refuge (Non-Bt) 

Density dependence 

Indirect effect of selection 
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Presentation Notes
We know that survival in the refuge is not 100%. We also know it is likely density-dependent. All sorts of ecological interactions can cause density dependence. Plant defenses, resource or feeding site competition, cannibalism, natural enemies, and pathogens can all affect refuge survival and their intensity is likely to scale with current or recent population density.



Bt Refuge (Non-Bt) 

(Ecology) 

Indirect effect of selection 
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But we know that survival in the refuge is not 100%. We also know it is likely density-dependent. All sorts of ecological interactions can cause density dependence. Plant defenses, resource or feeding site competition, cannibalism, natural enemies, and pathogens can all affect refuge survival and their intensity is likely to scale with current or recent population density.



Measuring direct and indirect selection 

Direct Indirect 
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Presentation Notes
We measured the contributions of the direct and indirect components of the population’s response to selection every generation. Allele frequencies were measured immediately before and after differential survival, then again after density dependence and dispersal.



Direct vs. indirect selection 
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With a true high-dose trait and a high population growth rate, the contribution of indirect selection accounted for 70% of the increase in resistance allele frequency leading to trait failure.
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Direct vs. indirect selection 
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Presentation Notes
With lower trait efficacy, the contributions of direct and indirect selection were about equal.
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Only when population growth rate was reduced did direct selection dominate the evolutionary dynamic. Even then, the indirect effect of selection, which includes the effect of density dependence, accounted for about a third of the allele changes.



Density-dependent survival after selection 
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If the density dependent processes act after selection, then it is likely to affect individuals in the refuge more than those on traited hosts.
There could be one statistical relationship between population density and survival that applies to both refuge and Bt plants.
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Density-dependent survival after selection 

Presenter
Presentation Notes
Density dependence is a hard thing to measure. It takes a lot of work to create density treatments and follow the fate of individuals.
One example is the group of studies on WCR summarized by Hibbard et al. 2010 that found threshold density dependence. Below some density, survival is a constant.
This would result in no density dependence on Bt plants until resistance started to take hold and densities increased there.



Density-dependent survival after selection 
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There is no guarantee that density dependence in the refuge even exhibits the same relationship with density as is observed in the refuge. We don’t know of any study that has looked at this.



Population growth rate is as important as dose 
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At least for the lower maximum population growth rates, durability was a “U-shaped” function of trait efficacy.



Population growth rate is as important as dose 

Tabashnik and Croft 1982 
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Presentation Notes
This was most famously demonstrated by Tabashnik and Croft (1982). Very low doses exert weak selection. Strong doses inhibit adaptation. Somewhere in between the time to resistance hits a minimum.



Population growth rate is as important as dose 
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But that was not always true. At very high growth rates, the U disappeared. This depended somewhat on whether there was DD on Bt plants.
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The “shape” of density dependence 
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Getting into finer details, it may be important to measure the “shape” of density dependence. The decline in survival with density may be steep or shallow.



The “shape” of density dependence 

Presenter
Presentation Notes
These are results for pyramids. On 20% refuge, durability was longer for shallow density dependence. This effect was greater at higher population growth rate. With a 5% refuge, it looks like the shape of DD is not a major concern. Also, in separate simulations with no DD on Bt plants, the shape of density dependence did not matter.



Conclusions 

• Ecology is a meaningful part of the response to selection for Bt resistance 

• Maximum population growth rate is as important as dose in determining durability 

• The shape, or strength, of density dependence may also be important 

• Unless: 

• Refuge is small 

• Density dependence is negligible on Bt plants 



Recommendations 

Broaden the concept of high dose 
to consider ecology 

One bug’s high dose 
is another bug’s low dose 
 



Recommendations 

Measure density dependence on 
Bt plants 

 
Is it there? 
Does it differ from the refuge? 



Recommendations 

Clearly, there is a role for IPM 
 

Reduction of maximum population 
growth is an extension of durability 
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From Alice in Wonderland by Lewis Carol. The Red Queen must run to stay in place. Likewise, we could keep developing new traits to keep up with resistance. But it would be nicer to jog than to run.
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