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Abstract 
One of the fundamental questions in ecology and evolutionary genetics is how is 
biological diversity maintained within and amongst populations. Classical nonlinear 
differential equations that capture population or genetic interactions have played an 
important role in developing biological theories on how diversity is maintained. As 
ongoing empirical investigations uncover the nuances of these interactions, they 
open the way for more sophisticated models and the need for expanding 
mathematical methods to analyze them. In this talk, I will develop two sets of multi-
scale models, motivated by recent empirical evidence. The first couples differential 
equations that capture interactions amongst populations with variation within the 
population. At a finer scale, the second models specific protein-gene interactions 
that influence population-level traits. For both models, I will discuss new 
mathematical questions and analysis that provides insight into mechanisms that 
enable diversity at these various scales. 
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