The vertebrate limb has been an iconic system for evolutionary and developmental biologists for more than a century, and a testing ground for theoretical approaches to pattern formation for more than 30 years.  Its most salient features are its pattern of discrete skeletal elements and the general proximodistal increase in element number (in most species) as development proceeds.  Mesenchymal cells isolated from embryonic limb buds, placed in high-density (“micromass”) culture, provide a quasi-2D experimental model for aspects of the cartilage pattern formation process that generates the morphological template of the limb skeleton.  On the basis of current knowledge of the cell biology and molecular genetics of limb development, we have devised a family of mathematical and computational reaction-diffusion type models for this process in vivo and in vitro.  These models include a “morphodynamic” (i.e., cell rearrangement occurring simultaneously with the generation of morphogen fields), eight-equation continuum system representing the 3-dimensional developing limb, for which the existence of symmetry-breaking solutions can be demonstrated, and a “morphostatic” (i.e., morphogen fields relaxing on a faster timescale than cell movement) four-equation approximation of the latter which yields realistic proximodistal developmental sequences when used in a computational model for the developing limb.   Also included in this family of models are several based on the Cellular Potts Model, which  describes cells’ motion based on energy minimization under imposed fluctuations, in chemical fields based on approximations of the continuum system. These generate realistic developmental sequences in simulations of the 3-dimensional limb using the CompuCell3D problem solving environment.  We have also devised a simple, discrete, agent-based model for cartilage pattern formation in the micromass culture system, which incorporates cell shape change and different spatial scales for cell and morphogen dynamics.  This latter model reproduces major experimental results and provides a rapid and convenient computational tool for hypothesis for developmental mechanisms.  The biological justification for the assumptions of these various models will be discussed, as well as the implications of the associated results for concepts of development and evolution of the limb. 
