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In this Online Appendix, we give the technical details and parameter values allowing potentially
interested readers to reproduce figures 2-5. We also provide a succint derivation of the discrete-time
OMD equations.

Figure 2: Coupling fast-slow evolution

The figures are obtained by numerically integrating the oligomorphic dynamics of the resource-
consumer model (Box 3 in the main text) together with the dynamics of the resource:
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Using the oligomorphic decomposition and small morph variance approximation, the integral in the
last term can be approximated as follows

/b(y)éf)(yat)dy = Z fi/ {b(ii) + (2 = Z)V' (%) + 0(52)} ¢i(y, t)dy = Zb(iz‘)fi +0(%).
Furthermore, we use the following functional forms:

b(z) = by , d(z) =1+ z,

and parameter values:
bp =10, 7=0.1, pB=4, 6d=1.

We also assume that the mutational variance is Vj; = 107°. Initial conditions for the simulations are
as follows:

R(0)=1, n(0)=0.01, f1(0)= f2(0)=0.5,
1

21(0) .0l — ¢, 22(0) =1.51+¢,
Vi(0) = V5(0) = 0.01.



Depending on the value of €, we have different levels of initial standing variation. We use ¢ = 0.01
(panel a), e = 0.5 (panel b), and £ = 1 (panel c). The OMD predictions are compared to numerical
simulations of the full model, without the oligomorphic approximation (see companion Mathematica
notebook LionEtal-0MD-SOM-Figure2.nb for details).

On the left panels of figure 2, we plot the density of resource R/(1 + T7R) as a function of the
mean trait at the population level, z = f1z1 + foz2. The dashed line represents the quasi-equilibrium
approximation of the resource in a monomorphic population. That is, with only one morph and a
narrow morph distribution, the dynamics of n and R are much faster than the dynamics of z, and we
obtain the quasi-equilibrium expression of R by setting the right-hand side of the dynamics of n to
zero. This gives
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which corresponds to the dashed line in the left panels of figure 2.

The simulations of the oligomorphic approximation are compared to the numerical simulations
of the full model, which are obtained by integrating the following reaction-diffusion model over a
discretised trait space:
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See companion Mathematica notebook LionEtal-0MD-SOM-Figure2.nb for additional details.

Figure 3: Linking fast and slow evolution to mechanisms

This is meant to be a diagram, but we use real simulations to produce the figure. We use the same
parameter values and initial conditions as in figure 2, except for the mutational variance which is set
at Vs = 1073. See companion Mathematica notebook LionEtal-OMD-SOM-Figure2.nb for details on
the code.

Figure 4: Capturing frequency-dependent disruptive selection

To analyse this question, we turn to Model 2 in Box 2. This can be obtained from Model 1 by
removing the explicit dynamics of the resource (so we always fix R = 1 and 7 = 0) and assuming that
competition between individuals increases mortality.

d(z) = do + n/C(y — 2)é(y, t)dy = do + nZ fi /C(y — 2)$;(y, t)dy

Following Sasaki & Dieckmann (2011), we Taylor-expand ¢(y — z) around y = Z; and obtain

c(zj — 2);(y, t) + (y — 2)c (2 — 2) + O(?)

After integration over y, we obtain

d(z) = do + nz fic(z — z) + O(e?),

which is the approximation we use in our OMD equations. We further assume the following functional
forms:

22
b(z) = by — 522, c(z) = exp <_2w2>



with the parameters by = 1, dy = 0, s = 0.1, w = 2, and mutational variance V3; = 107°. We integrate
the OMD equations of Box 3 with 2 morphs, starting from initial conditions:

) =1 AO) =3 A0 =y,

z1(0) = 0.519, Z2(0) = 0.48,
V1(0) = V»(0) = 0.01.
The OMD predictions are compared to numerical simulations of the full model, without the oligomor-
phic approximation (see companion Mathematica notebook and R script for details).
The simulations of the oligomorphic approximation are compared to the numerical simulations

of the full model, which are obtained by integrating the following reaction-diffusion model over a
discretised trait space:

on 1. 9’n
O 1) = (=) — () 1) + 3 Va2 (1)

with
d(z) =do+ /c(z —y)n(y,t)dy

See the companion Mathematica notebook LionEtal-OMD-SOM-Figure4.nb for additional details.

Figure 5: Transient dynamics of trait distributions

We use the same resource-consumer model and parameter values as in figure 2, with the following
differences:

e We use M = 4 morphs.

o The mutational variance is Vj; = 1072

e The initial conditions are:
R(0)=1, n(0)=0.5, fi1(0)=0.1, f2(0)=0.23, f3(0)=0.37, f4(0)=0.3,

71(0) = 2.51 — 22, 7(0) = 2.51 — 0.5e, z3(0) = 2.51 + 0.5, 7 (0) = 2.51 + 2¢,
(0) = V2(0) = V5(0) = V4(0) = 0.02,

= &

The simulations of the full model (without the oligomorphic approximation) are performed as for figure
3. See the companion Mathematica notebook LionEtal-0MD-SOM-Figure5.nb and the corresponding
R script for details on the code.

Discrete-time oligomorphic dynamics

Let w(z,t) be the fitness function at time ¢ for phenotype z. During an interval At, the trait distri-

bution changes as
w(z,1)

w(t)

where w(t) is the mean fitness. The oligomorphic decomposition leads to

t) = Z fi(t)¢i(z, 1)

o(z,t + At) = o(z,t)

and we assume (as in Appendix A) that a phenotype z in morph i grows at the same rate as in the
total population, thus
Pz, t+ At) iz, t + At) fi(t + At)
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With some rearrangements, we obtain

Afi = filt + Ab) — fi(t) = fi(t) {fo)) - 1} ‘

With the small morph variance approximation, we obtain
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and for the total density n(t)

)| n(t) + O(?)

An = n(t + At) — n(t [Zf] w(Zj,t)

For the mean of the morph distributions, we proceed as in Appendix A and obtain
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For the variance of the morph distributions, there is a subtlety, and we obtain after some calculations

2
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Hence, we have an extra term compared to equation (11) in the main text, which corresponds to the
square of the selection gradient. This is similar to classical expressions for the dynamics of the genetic
(co)variance matrix G in QG models (Lande & Arnold, 1983; Mullon & Lehmann, 2019).
Importantly, in the continuous-time model (Appendix A), this term is absent. One way to see why
is to write
UJ(Z, t) _ er(z,t)At

so that for small At we have
w(z,t) =14 r(2)At + O(A?).

Thus, we can rewrite the dynamics of the first and second morph moments as

or
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Dividing by At and taking the limit At — 0, we recover the continous-time equations (10) and (11) in
the main text. The key step here is that the square of the selection gradient is O(At?) and therefore
negligible in the continuous-time limit.

All the other OMD equations remain similar between the continuous-time and discrete-time for-
malisms, if we replace the growth rate r(z) by the relative fitness w(z)/w.
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