Module 1 background

Life is organized hierarchically: atoms within molecules, monomers (small molecular units) within polymers (large chains of repeated monomers, such as DNA, proteins, and starch), genes within chromosomes, organelles within cells, cells within cells (eukaryotic cells), cells within tissues within organs within organisms within communities within ecosystems, all within Earth's biosphere. Why should this be so? 


Sometimes a level is skipped, as in multicellular organisms that lack tissues and organs. In other cases, the lower-level units never had an independent existence; mammals, for example, are not made up of formerly free living livers, hearts and brains. In a few cases, though, the higher-level units are made up of formerly free-living units: eukaryotes descend from an ancient symbiosis between two prokaryotes, and each of the many multicellular groups descends from a single-celled ancestor. These evolutionary events, when individuals form a group that eventually becomes an individual in its own right, are called evolutionary transitions in individuality (ETIs), and they are one important reason for the hierarchical structure of life.


For an ETI to occur, the lower-level individuals must cooperate. In transitions from single-celled to multicellular organisms, the cooperation is between members of the same species, usually close relatives. In the prokaryote-eukaryote transition (and the later symbiosis that gave rise to chloroplasts), members of different species cooperated to form a new kind of individual. Cooperation is thus a vital process in the evolutionary history of life on Earth.


The hierarchy of life serves as a framework for exploring the origins of life's diversity. In this teaching module, the hierarchical nature of life on Earth is explicitly addressed. This theme serves as the organizing principle for the subsequent modules, each of which explores an aspect of the evolutionary processes that led to  this hierarchical structure. Module 2 addresses the formation of groups, a critical step in ETIs. Module 3 looks at the processes of cooperation and conflict, which must be resolved for a group to become an individual. Module 4 focuses on a specific example of an ETI, the evolution of multicellularity in the volvocine algae.

