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Summary

The purpose of this paper is to study the simultaneous effects of multiple theoretical mechanisms (known to facilitate selection for cooperation) on the overall dynamics of the evolution of cooperation. In their model the author finds that cooperation rates fluctuate and that adding an explicit level of competition among groups increases average competition by increasing the frequency and duration of periods with higher levels of cooperation. The also find in their model that this group-level competition leads to the increased likelihood of cooperation saturation and long-term stability of cooperation. 

Main Impressions

There are some interesting issues being addressed in this paper, for instance, the degree to which adding a higher level of competition can cause a tipping point into stable cooperation in a system where cooperation was merely fluctuating. But it is not clear how robust or meaningful their results are because of the many seemingly arbitrary model design decisions and parameter values.

On the theoretical side the paper glosses over whether the different theories on the evolution of cooperation are actually different “mechanisms” or whether they are just different ways of analyzing the same phenomena. Some theoreticians such as Steven Frank, David Queller, and Sober and Wilson have demonstrated fairly convincing that alternatives like multilevel selection and kin selection are just different ways of viewing the same situation. For instance all three of the theories (which I think they incorrectly call “mechanisms”) the author mentions (kin selection, reciprocity, and group selection) have used Hamilton’s rule rb > c, where b is benefit and c is cost. (e.g. Hamilton 64, Queller 85, Frank 98, respectively) The meaning of the r term varies from the enhanced probability of b going to a fellow carrier of the cooperation genotype, rather than a random population member (Hamilton 75), to the degree to which focal individuals receive benefit from others compared to the cost they pay for their own cooperative acts (Queller 85, Fletcher and Zwick 2006), to a measure of the proportion of the total variance in the trait that is due to between-group variance (Breden 1990).

On their results, they are not very surprising given the way group-level selection is implemented. Populations are compared pair-wise and the one with less average cooperation is replaced with a clone of the one with more. Is it surprising that this causes average cooperation to go up overall? Wouldn’t this be true of any trait or even a mixture of blue and red marbles? Start with a mixture of red and blue marbles randomly distributed into 50 bags of 100 marbles each. Compare pairs of bags and which ever one has less red marbles is replaced by a copy of the one with more red marbles. Won’t the number of red marbles go up in relationship to how many times we do this procedure (compare and replace)? So of course this selection method is going to enhance cooperation. Although this complete replacement type of group selection is used by Bowles et al, it is not clear how realistic it is (see van Veelen and Hopfensitz, 2007. Journal of Theoretical Biology,  249:667-680 for a detailed analysis of this type of group competition compared to typical models). 
I also think this model actually has 3 levels of selection, but the author doesn’t emphasize the 2nd level:

1. Individuals cooperate and compete with neighbors on either side of them (the number depending on the neighbor size parameter).

2. Local areas within populations (on the scale of neighborhoods, but neighborhoods are overlapping and centered on each focal individual) with more cooperators will contribute more to the next generation than local areas with more defection, sometimes allowing cooperation to increase within 100-member populations.

3. Populations are selected for based on average level of cooperation, where the ones with higher levels of cooperation are allowed to replace populations with less cooperation. 

Recommendation
I think this paper is not ready for ALife and its contribution to the field is unclear. The idea of having competition at different levels is not new nor is the fact that higher level competition can enhance the evolution of cooperation. On the other hand I haven’t seen this type of group competition coupled with tag-mediated models. The task for the author would be to explain why this particular combination with all its particular parameter settings and implementation choices is of general interest to the field.

Other comments/recommendations

· The results from this paper for the most part seem reasonable, but there are many choices of parameters and model design that are not explained:

· Why a ring structure?

· Why are individual resources allowed to go negative? How is this justified biologically or theoretically?

· Why a 10% mutation rate? This seems high. And why do tags mutate uniformly over the interval whereas tolerance is adjusted more gradually.

· If the first 40K generations is considered the transient, why are runs done out to 440K? Are the dynamics different between 340K and 440K than between 40K and 140K? If so, how did you decide where to draw the line as to the transient period?

· Why are individual competitions 2-way, but population level competitions 1-way?

· Neighborhood size is generally 5 or 10. Why was it changed to 3 in Fig. 7?

· I wasn’t completely clear whether the offspring in a new generation are randomized on the ring or whether some spatial relationships in the parent generation are preserved. If preserved, how is this done exactly?

· The anomalous results of Fig. 2 are never explained (bigger neighborhoods yield more cooperation at higher levels of group competition, but smaller neighborhoods yield more cooperation at lower levels of group competition). I suspect this is a bug. One way to check is to eliminate low level competition—just pick them for the next generation at random. Then the results for N=5 and N=10 should be the same. Are they?

Typographical, etc.

· Aren’t manuscripts supposed to be double spaced?

· Page 2, L10: the word “the” is repeated

· Page 3, L8: “than” rather than “that”

· Page 3, end of Para 2: I think you mean “theoretical” rather than “empirical”

· Page 4, Methods, L 1: N is used for the number of populations, but later is used for the size of neighborhoods within populations.

· Page 9, 2nd to last line: should this say Fig. 4 instead of Fig. 7?

· Page 10, Intra-Population Dynamics, L 2: Does “within a single population” really mean a distinct population or just an identifier such that the same “population” could suddenly be a clone of the winning population in group competition? So in Fig. 5 when the sample and the average jump up around 39K generations, was the sample population replaced by a very cooperative one?

