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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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R Current Varroa models
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= Great example of a model (www.varroamodel.dk)
= Same result every time
= Do not always account for weather

= Do not account for host variation




@ Two species individual based model (IBM)
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] Benefits of IBMs: Emergent properties

TABLE 6. Comparison of the average number of aduit female offspring produced per mother mite

in this and other studies. In this study only infested cells containing bee pupa older than 322 hpc in

drone cells or 230 hpc (grey pads) in worker cells were used. It assumes no further mortality of off-
spring after the observation was made and excludes the effect of early male death. The data in

e e e S s i o e e Numbers of female offspring per brood cell
ST — ro——— and per mite increased continuously from Febru-

3 L

orone ary untit July (C: 0.3510 1.33, L: 0.30 10 1.41, M:

A. cerana 23 1.7 1.2 Rath, 1991

A 209 1one e0e e s | 0.50 (March) 10 1.63) and decreased again from
August to November (C: 1.37 10 0.81,L: 149 t0

WORKER

A. melifera 12 0.96 Moosbeckhofer et al., 1988
A. mellifera 113 083 Blum, 1989 0_95. M: 1_55 to 1_08}.
A. mellifera ] i 1.16 091 Fuchs & Langenbach, 1989

A mellifera 13012 1302 12(12) 05(05) Hive 22

A matlera o B el Bl v B Otten and Fuchs, 1990

A. mellifera 17(1.7) Martin, 1994"

A. mellifera 06(06) Hive 14

A. mellfera Hive 21

"Values calculated from the data collected during these studies

Martin, 1995 Population modelling of Varroa jacobsoni Oud.

= Current models use one offspring average all
year

Johan N.M. Calis®*, Ingemar Fries", Stephen C. Ryrie®

4 Department of Entomology, Wageningen Agricultural University,
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= 1.45 average offspring in worker L .

Frenchay, Bristol BS16 1QY. UK

This figure is a product of underlying processes (Received 20 August 1998; accepied 22 February 1999)



] Benefits of IBMs: Emergent properties
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@ Benefits of IBMs: Probabilistic outcomes

= Mortality the same for every
bee in current models

= 31 days in Calis et al
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™ Each bee is individual and has a
probability of survival each day

Percentage alive
o
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®
Age of worker bee

Total number of adult bees

= Different result every time due
to probabilistic factors.
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@ Potential of this Varroa model

Account for
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climate change




@ How we predict Varroa populations in a
changing climate?
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@ Potential of this Varroa model
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Preliminary results- Bee population

Seed

Bee Type

duals

—— Adult Number

ivi

nd

——  Brood Number

20000-

Data Type

10000~ — (Observed

- — Predicted




Observed
Predicted

Data Type

te populat

y results- M

Preliminar

Seed

600 -
400~
200~

aseyd |esigdsip ul sa)y




@ Summary
S\&

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

- Sensitivity Test
Validation hypotheses

Iron out

some
processes
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