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Supplementary Figure S1:

Direct fitness benefits have a strong effect on CI equilibrium

frequency
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Figure 1: The effect of direct fitness benefits on CI equilibrium frequency p̂CI for different lCI val-
ues, given a low initial frequency. A small fitness benefit is unable to raise the infection
above the threshold. For most lCI values, a switch-like increase in p̂CI occurs where
piniCI = pthrCI . Above this point, the positive effect of FCI is small for larger lCI values, but
large for small lCI values. Parameters take the values piniCI = 0.01, and tCI = 0.95.
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Supplementary Information 1:

Recursion equations and derivation of invasion conditions for

infection dynamics with two symbionts, but without doubly infected

hosts

Here we describe in detail how invasion conditions can be derived from the recursion equations,

following an approach taken by Kriesner et al. (2013). The same approach is used in all further

sections.

Invasion of a beneficial symbiont into a CI population

We consider a population to be infected with a CI strain at equilibrium frequency. We are interested

in the conditions for an initially rare beneficial strain to increase in frequency. Individuals can be

infected with a CI strain, with a beneficial strain, or uninfected. Thus we assume that individuals

cannot be doubly infected with both strains. We denote the frequency of each female type by pCI,

p⊕, and pU, respectively. The recursions for the frequencies of the three female types are

p′CI =
(pCIFCItCI) [pCI + p⊕ + pU]

w
, (A1a)

p′⊕ =
(p⊕F⊕t⊕) [(1− lCI) pCI + p⊕ + pU]

w
, (A1b)

p′U =
(pU + pCIFCI (1− tCI) + p⊕F⊕ (1− t⊕)) [(1− lCI) pCI + p⊕ + pU]

w
, (A1c)

where

w = 2 (pCIFCI ((1− lCI (1− tCI)) pCI + p⊕ + pU) + (p⊕F⊕ + pU) ((1− lCI) pCI + p⊕ + pU)) .

The first term in the numerator (in round brackets) denotes the maternal contribution, and the

second term (in square brackets) denotes the paternal contribution. The frequencies of each type

do not differ between the sexes, therefore the paternal contribution can be expressed in terms of

female frequencies.

Now consider the condition for a beneficial strain to increase when it is extremely rare in a pop-

ulation infected at equilibrium with a CI strain. With p⊕ ≈ 0, this situation corresponds to the sce-
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nario with one-symbiont CI dynamics. When the CI strain is at equilibrium (p′CI = pCI = p̂CI), we

see from equation (A1a) that w = FCItCI [pCI + p⊕ + pU]. The condition for the beneficial strain

to increase when rare is p′⊕ > p⊕ and thus, from equation (A1b), F⊕t⊕ [(1− lCI) pCI + p⊕ + pU] >

w. Combining both equations, we get F⊕t⊕ [(1− lCI) pCI + p⊕ + pU] > FCItCI [pCI + p⊕ + pU].

Considering that pCI+p⊕+pU = 0.5, we get F⊕t⊕ (0.5− lCIp̂CI) > FCItCI/2 and hence Condition

(11) in the main text:

F⊕t⊕(1− 2lCIp̂CI) > FCItCI.

If the beneficial strain is able to rescue CI (i.e. if it is a mod−resc+ strain), equation (A1b) sim-

plifies to p′⊕ = (p⊕F⊕t⊕) [pCI + p⊕ + pU] /w. Hence, for the invasion condition for a beneficial

resc+ strain, we get Condition (12) in the main text:

F⊕t⊕ > FCItCI.

Invasion of a beneficial symbiont into a MK population

The recursions for the frequencies of the three female types are

p′MK =
pMKRFMKtMK

w
, (A2a)

p′⊕ =
p⊕F⊕t⊕

w
, (A2b)

p′U =
pU + pMKRFMK(1− tMK) + p⊕F⊕(1− t⊕)

w
, (A2c)

where

w = pMKRFMK (2− (1− v) tMK) + 2 (p⊕F⊕ + pU) .

Using the same reasoning as above, we derive at Condition (14) in the main text:

F⊕t⊕ > RFMKtMK.
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Invasion of a MK symbiont into a CI population

The recursions for the frequencies of the three female types are

p′CI =
(pCIFCItCI) [pCI + pMKv + pU]

w
, (A3a)

p′MK =
(pMKRFMKtMK) [(1− lCI) pCI + pMKv + pU]

w
, (A3b)

p′U =
(pU + pCIFCI (1− tCI) + pMKRFMK (1− tMK)) [(1− lCI) pCI + pMKv + pU]

w
,(A3c)

where

w = 2 (pCIFCItCI) [pCI + pMKv + pU] + (1 + v) (pMKRFMKtMK) [(1− lCI) pCI + pMKv + pU]

+2 (pU + pCIFCI (1− tCI) + pMKRFMK (1− tMK)) [(1− lCI) pCI + pMKv + pU] .

Note that for the frequency of MK-infected males in the paternal contribution (in square brackets)

we use the term pMKv because it is the only male frequency that does not equal the female one.

Using the same reasoning as above, we derive at Condition (16) in the main text:

RFMKtMK(1− 2lCIp̂CI) > FCItCI.
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Supplementary Information 2:

Recursion equations for infection dynamics with two symbionts and

doubly infected hosts

The recursion equations for the frequencies of the four female types are:

p′CI+MK =
(pCI+MKRFCIFMKtCItMK) [(pCI+MK + pMK) v + pCI + pU]

w
, (A4a)

p′CI =
((pCI + pCI+MKRFMK (1− tMK))FCItCI) [(pCI+MK + pMK) v + pCI + pU]

w
, (A4b)

p′MK = ((pMK + pCI+MKFCI (1− tCI))RFMKtMK)

× [(1− lCI) (pCI+MKv + pCI) + pMKv + pU]
1

w
, (A4c)

p′U = (pU + pCI+MKRFCIFMK (1− tCI) (1− tMK) + pCIFCI (1− tCI) + pMKRFMK (1− tMK))

× [(1− lCI) (pCI+MKv + pCI) + pMKv + pU]
1

w
, (A4d)

where

w = (1 + v) (pCI+MKRFCIFMKtCItMK) [(pCI+MK + pMK) v + pCI + pU]

+ 2 ((pCI + pCI+MKRFMK (1− tMK))FCItCI) [(pCI+MK + pMK) v + pCI + pU]

+ (1 + v) ((pMK + pCI+MKFCI (1− tCI))RFMKtMK)

× [(1− lCI) (pCI+MKv + pCI) + pMKv + pU]

+ 2 (pU + pCI+MKRFCIFMK (1− tCI) (1− tMK) + pCIFCI (1− tCI) + pMKRFMK (1− tMK))

× [(1− lCI) (pCI+MKv + pCI) + pMKv + pU] .
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