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Supplementary Methods


Approximation. The approximation outlined in the main text allows us to consider a simplified system of two dynamical equations involving only males and females of the common type:

 	(S1a)

 	(S1b)

Setting dM/dt = 0 and dF/dt = 0  and solving for M and F yields the equilibrium values

 ,	(S2a)

.	(S2b)


The Jacobean matrix of equations (1a, b) is

,

with determinant 

 

and trace 

.

The determinant must always be positive for biologically allowable values of the terms and the trace must always be negative, ensuring that the eigenvalues of J are always negative and thus satisfying the condition for local stability of (Meq, Feq)38. 
	A mutant individual with sex allocation ȓ contributes a proportion

 

of the males in the mating arena, and a proportion

 

of the females. Because N is large, we can assume that Bȓ/sm + NBȓ/sm  NBȓ/sm and similarly for  female propagules, so that the proportions are approximately  for males and  for females. Then at an equilibrium where ȓ = r, the mutant’s ‘fair share’ will be approximately 1/N of the available matings, and so its mating rate will be maximized if the mating rate among the common type, γMeqFeq, is maximized. Letting , substituting the explicit expressions for Meq and Feq in (A2a, b), and taking the derivative yields

.


Setting this derivative equal to zero and solving for r yields: 

.	(S3)

	As noted in the main text, this approximation yields optima that are numerically within 0.1% of the optima calculated for the full model that accounts explicitly for M, F, , and . Graphical results obtained with equation (S3) are thus visually indistinguishable from those seen in Fig. 1–3 of the main text.
	As with the full model in the main text, this approximate solution is a well behaved ESS. The fitness function is concave; the fitness gradient passes from positive values for r < r*approx, through zero at r = r*approx, and becomes negative as r > r*approx; and the second derivative is everywhere negative. The patterns are visually indistinguishable from those shown in Extended Data Figure 1.

Michaelis-Menten mating function

	We used a similar approximation to explore a model with a mating rate drawn from analogy to the Michaelis-Menten function of enzyme kinetics. The analogy is imprecise but allows the mating rate to saturate with rising numbers of propagules of one sex. One form of the function, MF/(k + M), is linear in F but saturates as M increases, as might occur, for example, if production of pollen begins to overwhelm the capacity of a pollinator fauna to transport pollen. The alternative form, MF/(k + F), is linear in M but saturates as F increases. The constant k, analogous to the ‘half-maximum’ constant of the Michaelis-Menten function, adjusts the shape of the function: lower values of k imply faster saturation of the mating rate as propagule numbers rise.
	We can write the following dynamic equations with a mating rate that saturates as M increases:

 ,	(S4a)

 .	(S4b)

The alternative form of the mating rate, which saturates as F increases, yields the modification:

 ,	(S5a)
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	We used an approximation of the ESS analysis involving maximization of the mating rate of the common type, as above, for the systems in equations (S4) and in (S5). We omit the full details of the derivation, which are straightforward and follow the pattern for the mass-action mating function described above. We numerically determined the approximate optimal sexual allocation corresponding to the same suites of parameter values used for Figs 1–3 of the main text, except that the mating parameter k of the Michaelis-Menten function takes on very different values (and produces an effect opposite to that of the mass action parameter γ: higher values of k reduce the mating rate for a given abundance of male and female propagules, while higher values of γ increase the rate). The model behaviour based on equations (S4) is presented in Extended Data Figures 2, 3, and 4, which correspond to Figures 1, 2, and 3, respectively, of the main text. The mating function in (S4) has a nonlinear effect of male propagule production and a linear effect of female production, a common assumption concerning the ‘gain curves’ in traditional sex allocation models. Results for the system in (S5) have slightly higher (more male) values of the ESS sex allocation than for (S4), an intuitive outcome, given that fitness is a saturating function of female propagule production in (S5), but are qualitatively very similar to those produced by (S4).
