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            Abstract
The Red Queen1 describes a view of nature in which species continually evolve but do not become better adapted. It is one of the more distinctive metaphors of evolutionary biology, but no test of its claim that speciation occurs at a constant rate2 has ever been made against competing models that can predict virtually identical outcomes, nor has any mechanism been proposed that could cause the constant-rate phenomenon. Here we use 101 phylogenies of animal, plant and fungal taxa to test the constant-rate claim against four competing models. Phylogenetic branch lengths record the amount of time or evolutionary change between successive events of speciation. The models predict the distribution of these lengths by specifying how factors combine to bring about speciation, or by describing how rates of speciation vary throughout a tree. We find that the hypotheses that speciation follows the accumulation of many small events that act either multiplicatively or additively found support in 8% and none of the trees, respectively. A further 8% of trees hinted that the probability of speciation changes according to the amount of divergence from the ancestral species, and 6% suggested speciation rates vary among taxa. By comparison, 78% of the trees fit the simplest model in which new species emerge from single events, each rare but individually sufficient to cause speciation. This model predicts a constant rate of speciation, and provides a new interpretation of the Red Queen: the metaphor of species losing a race against a deteriorating environment is replaced by a view linking speciation to rare stochastic events that cause reproductive isolation. Attempts to understand species-radiations3 or why some groups have more or fewer species should look to the size of the catalogue of potential causes of speciation shared by a group of closely related organisms rather than to how those causes combine.
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                    Figure 1: 
                        Performance of the five models.
                      


Figure 2: 
                        Cumulative density distributions of branch lengths.
                      


Figure 3: 
                        Single rare-events model.
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        Editorial Summary
Unnatural selection?
Leigh Van Valen's famous Red Queen hypothesis is firmly established in evolutionary biology textbooks. It states that species accumulate small changes to keep up with a continually changing environment: as Lewis Carroll's monarch has it, â€œit takes all the running you can do, to keep in the same placeâ€�. Speciation, on this model, occurs at a constant rate when enough changes accumulate. Remarkably, this claim has never been tested against competing models that make virtually identical predictions, but imply different underlying processes or varying rates of speciation. Now a test based on the lengths of branches from the phylogenetic trees of more than 100 groups of species has been used to compare the traditional Red Queen with four alternative models. Surprisingly, the simplest model of constant speciation provides not only the best description of the branch lengths in 80% of the phylogenies, but also a startlingly good one. This new model offers an alternative to the metaphor of species losing a race against a deteriorating environment â€” the pressure of natural selection â€” with a view linking speciation to rare random events that cause reproductive isolation.
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