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Background and Purpose

Disease susceptibility has caused a significant decline in honeybee populations thriving outside of human management,
as honeybees rely on disease interventions for their health and survival. This is especially true in the context of Varroa
destructor mites and their associated viruses. Chemical-based treatments are effective, but can harm bees, leave residues
in products, and are increasingly ineffective as mites develop resistance. New approaches are required to ensure the
sustainability of beekeeping.

A long-term natural selection experiment on the island of Gotland Sweden consists of a honeybee population that has
survived without mite control, showing evidence of adapted resistance to Varroa and tolerance to viral infections. This
population is a valuable model for understanding how these species interact and exploit each other and could inform
more refined and effective mite control strategies but does not advocate for removing control strategies in beekeeping.
The growing trend of "natural” or treatment-free beekeeping, which advocates minimal intervention to reduce stress and
improve bee health, relies on adaptations of resistance to Varroa mites but is based on an oversimplification of natural
selection processes, at the cost of high mortality rates. This highlights the need for clearer definitions of "stress" and
“"better health" in the context of honey bee management.

Results and CONCLUSION: This presentation will provide an overview of the key insights gained from studying the Gotland
population, highlighting the positive outcomes (the good), assessing its current health and productivity status (the bad),
and examining the trends it has sparked in "natural”" beekeeping (the ugly).

Practical Implications for Beekeepers

The promising results of the long-term treatment-free study on Gotland do not suggest that treatment should be removed
within the beekeeping industry. For adaptations and evolutionary rescue to succeed, a sufficiently large population with
adequate genetic diversity is essential. Moreover, evolution through natural selection does not always guarantee improved
prospects for long-term survival. While treatment-free beekeeping is feasible, it requires careful management and is not
a low-intervention alternative if the goal is a healthy honey bee climate. Success in this approach demands thoughtful
consideration of ethical values and responsible practices.
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Figure 3. Mean proportions of mother mites producing viable mated female offspring in surviving (2=23) and
control colonies (n=21) with standard error bars.
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Figure 1. The histogram presents the proportion of successfully reproducing Varroa mites in each colony within the
different genotypic groups: Gotland*Gotland pure crosses (GG: mean= 0.56; o« £0.03), Gotland=Uppsala hybrid
crosses (GU: mean=0.43; o+0.05), UppsalaxGotland hybrid crosses (UG: mean=0.49; 7+0.07), and
UppsalaxUppsala pure crosses (UU: mean=0.85; a+0.02). Below the histogram, the number of examined pupal
cells and mite infestation rates are presented corresponding to each colony.
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Figure 3. Genetic Structure of the Gotland mite populations. The blue and yellow colours i
genetic clusters, the X-axis represents individuals and the Y-axis represents the probability t

different clusters (AK,=269.46).
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Fig. 2. The average rates of Varroa destructer mite reproductive success {means +/- SE) examined in four honey bee (Apis mellifera) populations (n indicates number of
colonies) with error bars indicating standar error. Bars represent the three mite-resistant populations examined from: Sweden (i = 8), France (i = 5], and Norway (i = 3), and
the mite-suspectable control group (n = 4), Within each population, treatment groups were differentiated between caged brood excluded from adult bees (light color) and
brood exposed to adult bees (dark color).
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Virus Infection Tolerance and Resistance in Honey Bees
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Figure 2. Virus infection dynamics. Virus titres in adult bees (mean values with standard error bars) of (A) deformed wing virus (DWV), (B) black
queen cell virus (BQCV), (C) Sacbrood virus (SBV) and (D) Kashmir bee virus (KBV) in mite-resistant (MR) colonies (purple bars) and mite-susceptible
(MS) colonies (green bars) from late summer to autumn of 2009 on Gotland, Sweden. The broken line and opaque in each graph area represent the
RT-gPCR detection threshold.

doi:10.1371/journal.pone.0099998.9002
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Figure 2. Virus infection dynamics. Virus titres in adult bees (mean values with standard error bars) of (A) deformed wing virus (DWV), (B) black
queen cell virus (BQCV), (C) Sacbrood virus (SBV) and (D) Kashmir bee virus (KBV) in mite-resistant (MR) colonies (purple bars) and mite-susceptible
(MS) colonies (green bars) from late summer to autumn of 2009 on Gotland, Sweden. The broken line and opaque in each graph area represent the

RT-gPCR detection threshold.
doi:10.1371/journal.pone.0099998.9002
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Figure 2. Virus infection dynamics. Virus titres in adult bees (mean values with standard error bars) of (A) deformed wing virus (DWV), (B) black
queen cell virus (BQCV), (C) Sacbrood virus (SBV) and (D) Kashmir bee virus (KBV) in mite-resistant (MR) colonies (purple bars) and mite-susceptible
(MS) colonies (green bars) from late summer to autumn of 2009 on Gotland, Sweden. The broken line and opaque in each graph area represent the

RT-gPCR detection threshold.

doi:10.1371/journal.pone.0099998.9002
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Honey bee resistance to varroa mites:
insight into the complex nature of the SMR trait
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Varroa destructor Alters the Brood Ester
Pheromone Profile of European Honey Bee Larvae
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The good, the bad and the ugly

This experiment has changed our perspectives on the
adaptive potential of honey bees.

It has inspired the establishment of new populations for
research purposes.

We have gained an incredible amount of insight and
understanding of the interactions and adaptations

Demonstrated the independent role of virus infections and
virus resistance.

Has inspired beekeepers to adapt towards removing
chemical treatments from their beekeeping.
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* Success with natural selection comes at a high cost.
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2 The good, the bad and the ugly

* Success with natural selection comes at a high cost.

* Trade-offs might make colonies more susceptible to other pathogens
or to slight environmental change.
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* The growing trend of “natural” or treatment-free beekeeping, when
advocating for minimal intervention to improve bee health, is an

oversimplification of natural selection processes, at the cost of high
mortality rates.
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* The growing trend of “natural” or treatment-free beekeeping, when
advocating for minimal intervention to improve bee health, is an

oversimplification of natural selection processes, at the cost of high
mortality rates.

* Evolution through natural selection does

not always guarantee improved prospects '
for long-term survival.
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11:00 - 13:00 Bee Health & Bee Biology

12:00 -12:15 Lisa Dickel
Honey bee welfare
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Succesful treatment-free beekeeping is possible - enworkﬁ’;:r:oal::;sr:;lla‘,ec:t:achg e

but requires deligent and well-educated ey St s o Sl
beekee pers. 9. Minimize relocations of hives. Move colonies as

rarely as possible. If you must do so, then do so when
there is little forage available.

10. Refrain from treating colonies for Varroa.

WARNING: This last suggestion should only be adopted if
you can do so carefully, as part of a program of extremely
diligent beekeeping. If you pursue treatment-free
beekeeping without close attention to your colonies,

then you will create a situation in your apiary in which
natural selection is favouring virulent Varroa mites, not
Varroa-resistant bees. To help natural selection favour
Varroa-resistant bees, you will need to monitor closely
the mite levels in a_u Tm“r rAalAanias anA 15111 thAaca rhAaca

mite populationsare T2 yarinign

colonies can collaps¢ "
beekeeping

An evolutionary approach to apiculture

Professor Tom Seeley, Cornell University, USA
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We should consider a more holistic view, perhaps oo wom treafing colonles for Farroa
» P P WARNING: This last suggestion should only be adopted if

you can do so carefully, as part of a program of extremely
I P M mana ge ment. diligent beekeeping. If you pursue treatment-free

beekeeping without close attention to your colonies,
then you will create a situation in your apiary in which
natural selection is favouring virulent Varroa mites, not
Varroa-resistant bees. To help natural selection favour
Varroa-resistant bees, you will need to monitor closely
the mite levels m an Tmrrr ralAaniacs anA 1111 thAaca xrhAaca

mite populationsare T2 yarinign

colonies can collaps¢ "
beekeeping

An evolutionary approach to apiculture

Professor Tom Seeley, Cornell University, USA



S

SLU

HONEY BEE
RESEARCH
CENTRE

Succesful treatment-free beekeeping is possible - enwork?:\sgt:r:)al::;sr:;l!;ec:t:achg e

but requires deligent and well-educated ey St s o Sl

beekee pers. 9. Minimize relocations of hives. Move colonies as
rarely as possible. If you must do so, then do so when
there is little forage available.

We should consider a more holistic view, perhaps oo wom treafing colonles for Farroa
» P P WARNING: This last suggestion should only be adopted if

you can do so carefully, as part of a program of extremely
I P M mana ge ment. diligent beekeeping. If you pursue treatment-free

beekeeping without close attention to your colonies,
then you will create a situation in your apiary in which
It should not come at the cost of healthy bees and  natwalselection is favouring virulent Varroa mites, not

Varroa-resistant bees. To help natural selection favour

a healt hy eco SySt ems. Varroa-resistant bees, you will need to monitor closely

tlle Inite levels iIl all rrmt11r AnalAanias anA 17111 thAaca sxrhAaca

mite populationsare T~ yarinign

colonies can collaps¢ "
beekeeping

An evolutionary approach to apiculture

Professor Tom Seeley, Cornell University, USA



S

SLU

HONEY BEE
RESEARCH
CENTRE

Succesful treatment-free beekeeping is possible - enwork?:\sgt:r:)al::;sr:;l!;ec:t:achg e

but requires deligent and well-educated ey St s o Sl

beekee pers. 9. Minimize relocations of hives. Move colonies as
rarely as possible. If you must do so, then do so when

there is little forage available.

We should consider a more holistic view, perhaps oo wom treafing colonles for Farroa
» P P WARNING: This last suggestion should only be adopted if

you can do so carefully, as part of a program of extremely
I P M mana ge ment. diligent beekeeping. If you pursue treatment-free

beekeeping without close attention to your colonies,
then you will create a situation in your apiary in which
It should not come at the cost of healthy bees and  natwalselection is favouring virulent Varroa mites, not
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Don’t miss talks today by:
Lisa Dickel, Hall A1, 12:00 - 12:15, Considering honey bee welfare to support sustainable beekeeping and honey bee protection

Joachim de Miranda, Hall A2, 17:45 - 18:00, High plasticity for many of the Bond bee population’s varroa, colony development, foraging, and

virus traits, in relation to year, season and varroa treatment
Amélie Noél, Hall A2, 18:15 - 18:30, Impact of viruses on recapping behaviour
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