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often have to deal with the selfish behaviour of all individuals, rather than just avoiding 

cheaters. Within this perspective, I also highlight how differences in perspective between 

theoreticians and empirical researchers have clouded the field. 

The ability of individuals to enact the strategic behaviour that is the focus of this thesis 

depends critically on their ability to measure something about their social environment, and 

act according. Following the development of my own work on strategic behaviour, alongside 

a theme of emerging empirical work on greenbeards and allorecognition, in Chapter 4 I aim 

to bring clarity to the concept of greenbeards. Cooperation directed towards individuals who 

match at one locus (rather than across the genome) is emerging as a much more important 

form of self-recognition in nature than previously expected, particularly in microbes, but a 

discord between theoretical and empirical work has caused confusion.   
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(Figure 2B and 2E, see also SI Appendix, Figure S1B, S1E, S1H and S1K). In contrast, when 

the players have similar levels of relatedness to the group, neither is expected to be willing to 

invest heavily, leading to a pattern of under-investment in the public good (Figure 2C and 2F; 

see also SI Appendix, Figure S1C, S1F, S1I and S1L). 

Because organisms in nature presumably rely on some cue(s) to measure their level 

of relatedness to the group (which would represent a mechanism of kin discrimination), we 

also evaluated how the patterns would be affected if individuals make errors when measuring 

relatedness (with the patterns in Figure 2 and S1 illustrating the scenario of no measurement 

error). We included measurement error in the model by integrating over a Gaussian 

distribution centered on the true relatedness (allowing us to vary the degree of error by 

modulating the standard deviation of the error distribution, SI Appendix, Figure S3). We 

further assumed that measurement error depends on group complexity, and so is high at 

intermediate levels of relatedness (where group composition is the most complex), and low 

when one player has very high relatedness to the group. This extension of the model provides 

us with a robust and clear set of predictions for what to expect in nature (see Figure 3 for an 

example and SI Appendix, Figure S4 for illustrations across parameter space). Together, the 

Collective Investment game reveals that although the exact patterns will depend on the relative 

costs and benefits of public good production (which will determine the optimal level of 

investment and the relative strength of selection on investment patterns) and the degree of 

error in measurement of relatedness, the qualitative patterns of individual investment, relative 

fitness, and collective investment are consistent across parameter space (see also SI Appendix, 

Figure S2B for an illustration of absolute fitness).  
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fitness when at intermediate frequencies and, while individuals always do best at very low 

frequency in a group, individual fitness increases towards both frequency extremes.  

 

 

Figure 6. Empirical measures of fruiting body stability and segregation behaviour. A) The proportion 

of fruiting bodies that spontaneously collapsed as a function of the frequency of the focal strain in 

each mix (estimated from six chimeric pairings; N=324). B) The relative degree of segregation as a 

function of the frequency of the designated focal strain. Measurements are from three different 

chimeric pairings across the nine frequencies (N=692 total sporeheads, with an average of 25.6 

sporeheads measured for each pair at each frequency). In both figures, the points represent the means 

and the bars their standard errors, estimated from a mixed model (following the model structure in 

the Methods, but with frequency as a categorical factor). For part A, the curve gives the best fit cubic 

relationship while for part B the curve gives the best fit quadratic relationship (with the shaded region 

indicating a one standard error range on either side of the curve).  
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