Appendix 1.  Scaling of ecological networks and adding biological complexity

We propose that the rate of colonization and extinction can change with the spatial scale of ecological networks and with the body sizes of species.  As a first approximation, we consider simple linear functions that capture the directional effects of spatial scale and body size, acknowledging that the fields of landscape ecology and macroecology seek to determine the functional forms of these relationships.  For illustration purposes, we consider the simple case of a species randomly distributed in space.  For a particular species, extinction rate E might decrease with the area A of the patch, so that E = e/A and colonization rates, C might increase with area so that C = cA  (Hanski 2008).  We also consider that the effects of area are relative to body size, B.  For instance, if organisms experience the effects of spatial scale in direct proportion to their body size, we might have E = eB/A and C = cA/B.  We can add spatial scaling to the equilibrium model of island species richness in Box 1 (MacArthur & Wilson 1967) so that p/t = c(1-p)A/B – peB/A, leading to the probability of occurrence in a patch decreasing with body area, and increasing with patch size.
The niche model (Williams & Martinez 2000) provides a proxy for body size (i.e., the niche value ni) in theoretical networks.  We used species’ positions along the niche axis (n from 0-1) to indicate the exponent of body size so that B = 10n.  We then derived simple (linear), but plausible functions that met basic assumptions about how background extinction, colonization, basal competition, and consumer effects might change with body area and scale.  As above, we assumed colonization to be cA/B (c = 0.5), and background rates of extinction to be eA/B (e = 0.5).  We assumed basal competition decreased with scale due to increasing habitat heterogeneity and that this decrease was stronger for smaller species, DijMij = Mo(Bi + Bj)/2A (Mo = 0.5).  We also assumed consumer impacts, Kij, increased with the body size of the consumer and decreased with the body size of the resource and with consumer generality, g.  Although we assumed linear relationships, it would not be difficult to consider how the allometric scaling of metabolism affects foraging rates (Brose 2010).  We also assumed consumer impacts decreased with spatial scale due to increased refuges for smaller resource species (resource body size cancels out of the equation), such that Kij = KoBj/gA (Ko = 0.5).  The values we use are arbitrary and not meant to approximate any biological system.  
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