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Abstract

Fundamental questions in basic and applied ecology alike involve complex adaptive
systems, in  which localized interactions among individual agents give rise to emergent
patterns that feed back to affect individual behavior. In such systems, a central challenge
is  to  scale  from the  “microscopic”  to  the  “macroscopic,  ”  in  order  to  understand  the
emergence  of  collective  phenomena,  the  potential  for  critical  transitions,  and  the
ecological  and  evolutionary  conflicts  between  levels  of  organization.  This  lecture  will
explore  some  specific  examples,  from  universality  in  bacterial  pattern  formation  to
collective motion and collective decision-making in animal groups. It also will suggest that
studies of emergence, scaling and critical transitions in physical systems can inform the
analysis  of  similar  phenomena in  ecological  systems,  while  raising  new challenges  for
theory.

Ecological  and economic systems are alike in that individual agents compete for
limited resources, evolve their behaviors in response to interactions with others, and form
exploitative as well  as cooperative interactions as a result.  In these complex adaptive
systems, macroscopic properties like the flow patterns of resources like nutrients and
capital emerge from large numbers of microscopic interactions, and feed back to affect
individual behaviors. In this talk, I will explore some common features of these systems,
especially  as  they  involve  the  evolution  of  cooperation  in  dealing  with  public  goods,
common pool resources and collective movement. I will describe examples from bacteria
and  slime  molds  to  vertebrate  groups  to  insurance  arrangements  in  human  societies,
implying that an evolutionary perspective can help in addressing the problems of society.
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