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S1 Host specialization in the face of phenotypic plasticity: an-
alytical model

S1.1 Evolutionary dynamics
To calculate the evolutionary change in v, we consider eqns. (3,4) in the main text, which reflect
the change in infected hosts. We write both equations as

dN
dt

= mN, (S1)

where N = [Ia, In] and the matrix m = B − D reflects the difference between birth and death rates:
elements of B are given by β jixi and D is a diagonal matrix whose elements are αi + δi +γi.

As in [1], we can then use a standard result (e.g., [2] chapters 10 and 12) to calculate the
selection gradient V in virulence trait v:

V =
∑

i∈{a,n}

∑
j∈{a,n}

yix j
∂mi j

∂v̂

∣∣∣∣∣∣
v̂=v

, (S2)

where yi is the reproductive value of a parasite in host i and x j the stable class frequency of host j.
These can be easily calculated as left and right dominant eigenvectors of m and are not given here.
Evolutionary change ∆v in virulence is then given by (e.g., [3, 4]):

∆v = C · V, (S3)

where C is a constant reflecting the amount of heritable genetic variation on which natural selection
can act. We then iterate eq. (S3) numerically until we find the candidate evolutionarily stable
virulence v? where ∆v = 0, which is by definition the convergence stable virulence [5].

S1.2 Calculating branching points
By numerically iterating eq. (S3), we can find the candidate evolutionarily stable strategies (sensu
[6]). By inspecting higher order derivatives with respect to mutant virulence v̂, allowing us to
assess that the candidate evolutionarily stable virulence strategy is indeed evolutionarily stable
(i.e., an ESS: [6]), or whether mutants that either have higher or lower values of virulence can
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Figure S1: Area to the left of each line depicts the occurrence of host specialization of virulence,
whereas the area to the right of each curve reflects an increased host range. Increasing values of ρ
reflect increasing differences between ancestral and novel hosts in how virulence affects pathogen
propagule production versus host mortality (see main text). Host shifts only occur when values
of phenotypic plasticity b are low and between-species transmission rates of parasites φan are low.
Parameters: p = 0.5,λ = 2000, δa = δn = 1.0, τ = 2.0, γa = γn = 0, φaa = φnn = 1, φan = φna.

invade. In the latter case, evolutionary branching occurs, resulting in a specialization of virulence
in either host. In a physiologically structured population, branching occurs when (Ido Pen, personal
communication):

0 <
[
yTm′′x − 2yTm

(
m −λI + xTx

)−1 m′x
]∣∣∣

v̂=v
, (S4)

where primes denote derivatives with respect to mutant virulence v̂. Figure S1 highlights for which
conditions specialization of virulence occurs, showing that high values of pre-existing plasticity
and high contact rates between different host species hamper the occurrence of host shifts.

S2 Gillespie simulations
The analytical model in eqns (1-5) int the main text only allows us to calculate when and where
evolutionary branching occurs, but does not allow us to assess the resulting degree of pathogen
specialization. To overcome this, we have developed stochastic Gillespie simulations. The C++
source code is available at https://github.com/megabyte22/pathogen_specialization.

In contrast to the analytical model, we assume that three unlinked haploid loci evolve: (i) the
genetic value a underlying virulence, (ii) reaction norm slope b and (iii) the rate of recombination
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Figure S2: The evolution of a host shift through virulence specialization.

h. Recombination implies that a pathogen replaces its own allele with that from a randomly chosen
pathogen in the same host population (mimicking horizontal transmission), where recombination
can affect a or b alleles with equal probability. Loci mutate using a continuum of alleles model
[7], with mutation rate µa (see Figure 1), µb = 0.01 and µh = 0 (Figure 1A-C) or µh = 0.01 (Figure
1D-F). Upon mutation, allelic values are updated with a random number drawn from a uniform
distribution between −0.1 and 0.1. An example of evolutionary branching of virulence is given in
Figure S2.

S2.1 Parameters Figure 1
The parameter values used in the stochastic simulations of Figure 1 in the main text are: γa = γn = 0,
δa = δn = 1, φaa = φnn = 1, p = 0.5, ρ = 0.9, φan = φna (see values in Figure 1, main text). Initial
population sizes: Sa(t = 0) = 1000, Sn(t = 0) = 2000, Ia(t = 0) = 1000, In(t = 0) = 0. Simulations ran
for 1×108 timesteps.
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