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Varroa destructor continues to erode the resilience of global beekeeping, with infestation leading to an increase in the level 
of viruses that can ultimately lead to colony collapse. Many beekeepers utilise different interventions to maintain Varroa 
populations below damage thresholds. Chemical treatments, queen caging and drone brood removal are all routinely 
deployed by beekeepers to manage Varroa mites. Field data on treatment efficacy and long-term honey bee colony 
survival are difficult to obtain and highly variable. It is also not clear how Varroa build-up and treatment efficacy might 
alter under climate change.

Individual based models (IBMs) attempt to capture the underlying processes of animal behaviour and can be a useful tool 
to monitor population build-up in a changing environment. Here we report the development of a two-population IBM that 
includes Varroa mites and their honey bee hosts under the Horizon Europe project BeeGuards (see www.beeguards.eu). 
We incorporate weather as a major driver of honey bee colony development, and monitor Varroa build up over time. We 
also developed functions that allow management practices to be incorporated into the model, to allow us to monitor the 
likely impacts interventions have on Varroa populations under different climate scenarios.
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Varroa populations vary

Marin Kovačić et al. 2020

Mite levels vary even 
at the same site

Some didn’t meet 
treatment threshold

Post treatment mite 
drop so different C
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Current Varroa models

Great example of a model (www.varroamodel.dk)

Same result every time

Do not always account for weather

Do not account for host variation
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Two species individual based model (IBM) 

Mite

Activity

M

Honey Bee

Activity

Interventions
Inputs

Mite_ID:

98

Rowland, 2025 (unpublished)
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Otten and Fuchs, 1990

Benefits of IBMs: Emergent properties

Martin, 1995

 Current models use one offspring average all 
year

 1.45 average offspring in worker 

 This figure is a product of underlying processes
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Benefits of IBMs: Emergent properties
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Martin, 1994, 1995 & 1997
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Benefits of IBMs: Probabilistic outcomes

Different result every time due 
to probabilistic factors.

Mortality the same for every 
bee in current models

31 days in Calis et al

Each bee is individual and has a 
probability of survival each day

Minaud et al, 2025 
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Potential of this Varroa model

Account for 

future 

climate change
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How we predict Varroa populations in a 

changing climate?

?
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Potential of this Varroa model

Optimise

Interventions

Account for 

future 

climate change

Model different 

locations

Accounts for 

colony variation 

Saves time and 

resources of 

field studies 

Run virtual 

experiments
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impact of 
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Preliminary results- Bee population
Seed
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Preliminary results- Mite population
Seed
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Iron out 
some 

processes
Validation

Sensitivity 
analysis

Test 
hypotheses

Summary 

In the final stages of developing a two species IBM

Probabilistic approach reflect real world observations

The model accounts for variable climate 

Model development has highlighted research gaps

Next Steps
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