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            Abstract
In recent years, strikingly consistent patterns of biodiversity have been identified over space, time, organism type and geographical region1,2. A neutral theory (assuming no environmental selection or organismal interactions) has been shown to predict many patterns of ecological biodiversity2,3. This theory is based on a mechanism by which new species arise similarly to point mutations in a population without sexual reproduction. Here we report the simulation of populations with sexual reproduction, mutation and dispersal. We found simulated time dependence of speciation rates, speciesâ€“area relationships and species abundance distributions consistent with the behaviours found in nature1,2,3,4,5,6,7,8,9,10,11,12,13. From our results, we predict steady speciation rates, more species in one-dimensional environments than two-dimensional environments, three scaling regimes of speciesâ€“area relationships and lognormal distributions of species abundance with an excess of rare species and a tail that may be approximated by Fisherâ€™s logarithmic series. These are consistent with dependences reported for, among others, global birds4 and flowering plants5, marine invertebrate fossils6, ray-finned fishes7, British birds8,9 and moths10, North American songbirds11, mammal fossils from Kansas12 and Panamanian shrubs13. Quantitative comparisons of specific cases are remarkably successful. Our biodiversity results provide additional evidence that species diversity arises without specific physical barriers6,11,14. This is similar to heavy traffic flows, where traffic jams can form even without accidents or barriers15.
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                    Figure 1: 
                        Time evolution for 2,000 individuals on a 128â€‰Ã—â€‰128 lattice.
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Figure 2: 
                        Spatial snapshots after 1,000 generations for 2,000 individuals on a 128â€‰Ã—â€‰128 lattice.
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Figure 3: 
                        Species abundance.
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The road to biodiversity
The 'neutral' theory of biodiversity, first expounded by Stephen Hubbell in 2001, successfully predicts many of the observed patterns of ecological biodiversity by adopting the simplifying assumption that each individual and each species behaves in the same way, independent of species interactions or history. A new variant of the neutral theory is presented in this issue, adding components that factor in sexual reproduction, mutation and dispersal. The new model simulates reality on many levels, and compares well with real data sets, from shrubs in Panama to fossil mammals in Kansas. The results also show that biodiversity can arise without specific physical barriers â€” a situation resembling the phenomenon observed in heavy traffic flows, where traffic jams can form for no apparent reason other than there is traffic.
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