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the relationship (mutualistic relationship).

Defensive symbiosis:
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Question: Can 
defensive 

symbionts be used 
as a biocontrol 

against parasitic 
infections?
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Tolerance shields the host from the harmful effects of the pathogen.

Two forms of tolerance – “Fecundity tolerance” and “mortality tolerance”.

Fecundity tolerance prevents vertical transmission, mortality tolerance reduces virulence.

Resistance protection is all about making the host more resistant to infection

For modelling purposes, takes the form of a reduction in transmission when harbouring the 
defensive symbiont compared to without 
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Assumptions and questions to answer:
• How does defence occur? 
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𝑑𝐻

𝑑𝑡
= 𝜈 𝑁 − 𝑏 + 𝛽𝐷 𝑦 𝐷 + 𝐵 + 𝛽𝑃 𝑃 + 𝐵 𝐻 + 𝛾𝐷𝐷 + 𝛾𝑃𝑃

𝑑𝐷

𝑑𝑡
= 𝛽𝐷 𝑦 𝐻 𝐷 + 𝐵 − 𝑏 + 𝛼𝐷 + 𝛾𝐷 + 𝛽𝑃 𝑃 + 𝐵 𝐷 + 𝛾𝑃𝐵

𝑑𝑃

𝑑𝑡
= 𝛽𝑃𝐻 𝑃 + 𝐵 − 𝑏 + 𝛼𝑃 𝛽𝑃 + 𝛾𝑃 + 𝛽𝐷(𝑦) 𝐷 + 𝐵 𝑃 + 𝛾𝐷𝐵

𝑑𝐵

𝑑𝑡
= 𝛽𝐷 𝑦 𝑃 𝐷 + 𝑃 + 𝛽𝑃𝐷 𝑃 + 𝐵 − 𝑏 + 𝛼𝐷 + 1 − 𝑦 𝛼𝑃 𝛽𝑃 + 𝛾𝐷 + 𝛾𝑃 𝐵
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Thank you!

Get in touch!

cameron.smith@biology.ox.ac.uk

cameronsmith50.github.io

Tolerance-conferring defensive 
symbionts and the evolution of 
parasite virulence
C.A. Smith and B. Ashby
Evolution Letters, 2023
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