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Zhu et al. (2000) Nature

Intercropping of rice varieties:

89% higher yield
94% less severe blast disease

Mechanisms

• Reduced spread
• Improved microclimate
• Induced resistance by other 

(non-)pathogenic spores



• Plant-herbivore interactions
• Red Queen hypothesis
• Hygiene hypothesis



Biodiversity loss

“Dilution effect”

Low biodiversity
• Many competent hosts
• High disease risk

High biodiversity
• Many incompetent hosts
• Low disease risk



Allan et al. (2003) Conserv. Biol.

Schmidt & Ostfeld (2001) Ecology

Keesing et al. (2010) Nature
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Generality of the dilution effect

Other studies found negative, positive, or no biodiversity-disease relationships
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“Dilution effect” “Amplification effect”





Dunn et al. (2010) Proc. Royal Soc. B

High host diversity = high pathogen diversity

Human pathogen richness



Dallas et al. (2017) Glob. Ecol. Biogeogr.

PID species composition

Guernier et al. (2004) Plos Biology

“Diversity begets diversity”



Johnson & Hoverman (2012) PNAS

Parasite richness 
reduced overall 
infection success of 
trematodes in 
Pacific tree frogs

Mechanism:
Co-infecting 
parasites interfere 
with each other



Larger forests support larger animals and more 
diverse wildlife communities



adult ticks Larvae & nymphs

Larger hosts carry more tick species



Tick species richness & density increased with 
wildlife species richness & biomass



Specialist tick species were only present when 
their preferred host species was present



In the end, only one generalist tick species 
remained

... generalist vectors responsible for most 
transmission of infectious diseases!



Meta-analyses

Magnussen et al. (2020) Ecology
Civitello et al. (2015) PNAS

“broad evidence for the 
dilution effect”

“no general, large-scale 
dilution effect”

Wood et al. (2015) Philos. Trans. R. Soc. 
Halliday & Rohr (2019) Nat. Commun.

“dilution effect is 
scale-dependent”

Rohr et al. (2020) Nat. Ecol. Evol.



Meta-analysis2

• dilution effects inconsistent for natural 
biodiversity gradients, 

• but common for gradients of biodiversity loss 
caused by disturbances

Halliday et al. (2020) Ecol. Lett.



Common ground (1)

Biodiversity should have a greater effect on parasites and pathogens that:
• have complex life cycles
• use multiple (wildlife) hosts
• are vector-borne
• are zoonotic 

and not so much on parasites and pathogens that are:
• directly transmitted
• host-specialists



Common ground (2) 

The biodiversity-disease relationship can be non-linear
• right-skewed 

Dilution



Common ground (2) 

The biodiversity-disease relationship can be non-linear
• right-skewed 
• left-skewed 

Dilution

Amplification



Common ground (2) 

The biodiversity-disease relationship can be non-linear
• right-skewed 
• left-skewed
• asymptotic 

...and is dependent on the
disease system 

Dilution

Amplification

Amplification



Common ground (3)

Biodiversity-disease relationships are 
scale-dependent

Dilution effect more likely to operate at 
small spatial scales

Tao et al. (2021) Theoretical Ecology



What are the underlying mechanisms?

• Competent hosts are more resilient to human disturbance



Gibb et al. (2020) Nature



What are the underlying mechanisms?

• Competent hosts are more resilient to human disturbance
– Identify which host traits influence both host status and tolerance to human disturbance

Hofmeester et al. (2019) Animals Wang et al. (2019) Functional Ecology



What are the underlying mechanisms?

• Competent hosts are more resilient to human disturbance
– Identify which host traits influence both host status and tolerance to human disturbance

• Suppressed contact rates (encounter reduction)

Sintayehu et al. (2017) Parasitology



What are the underlying mechanisms?

• Competent hosts are more resilient to human disturbance
– Identify which host traits influence both host status and tolerance to human disturbance

• Suppressed contact rates (encounter reduction)
• Effects of predators

– Effects on rodent behaviour?

Hofmeester et al. (2017) Parasitology



Where are zoonotic EIDs most likely to emerge?

AIV
Schreuder et al. (2022) Pathogens

Wang et al. (2021) Global Change Biology Esser et al. (2020) Parasites & Vectors

ASF

TBEV

WNV



Outstanding questions

• Can biodiversity recovery reverse the trend? 
• Role of host density vs diversity?
• Biodiversity confounded with other factors (e.g. human population density, 

human behaviour, bushmeat) that affect contact rates
• Experimental studies needed (plants)
• How do other anthropogenic impacts (e.g. land use change) impact zoonotic 

hosts?
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