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Veneendaal bee market, end of 19t century

. 200 000 colonies in 1877!
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VVarroa destructor

0 hours 60 hours 90 hours 120 hours 150 hours 180 hours 220 hours 300 hours

Ben Oldroyd, 1999



Ramsey et al., 2019

A et B: Mite location on the honeybee
(beneath the 3rd tergite)

C: when removed, clear marks of the
mite, wound where mouthparts were

and attached ambulacra (‘foot pads’)

D: Open wound with Varroa
mouthparts (yellow and green)

E: Ambulacra (‘foot pads’)

F: Chelicera (mouth parts)
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Global spread of Varroa destructor
Well, not entirely... Some small islands still hold out against the invader

Colonsay
Islay
Tiree...

S DS DS B e e | [
1900's 1910's 1940's 1950's 1960's 1970's 1980's 1990's 2000's present absent no data
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Global spread of Varroa destructor

In the 2000’s, reports of survivors start to appear
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Sweden:

®* 150 colonies, ‘live and let die’ experiment
* Varroa since 1999

75%mortality on 3rd year

=> Can it be applied in a beekeeping

context?
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Figure 1. Mortality rate of honey bee colonies over
six winters without control of Varroa destructor.
N = number of colonies in late October each year.
Bars with different letters above are significantly
different between years (P < 0.05, chi-square).

Figure 2. Swarming rate of honey bee colonies for
six years without V. destructor control. N = number
of colonies in late May each year. Bars with differ-
ent letters above are significantly different between
years (P < 0.05, chi-square).



Why select for resilient colonies?

" Important damage to colonies
e Direct: feeding behaviour
® Secondary: Transmission of several viruses

e Collapse of colonies in 2-3 years

" Need for constant control
® Risk of rapid resistance to acaricides

® May prevent host-parasite coevolutionary dynamics
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How does it work? ‘

‘Natural” selection Targeted selection
® ‘passive’ process => no chosen traits ® Active process => chosen traits
e Approach based on fitness (in + e step by step

evolutionary sense) e only the ~5% ‘best’ stay

Criteria: Growth and reproduction

e all survivors stay (~50-75%) Now that's what
I'm talking about!

Natural selection does not grant organisms what they "need".
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Mimicking natural selection

Lelystad population 2007-2022

Conditions:
Complete stop of Varroa control

‘Selection group’ of vital colonies:
e Survival
 good growth
* reproduction (drone comb!)
* splitting and mating (island)

Control:
e Same protocol
* Separate mating area
e Varroa control 2X per year (OA)




Season
Time

T0

Tl

Dead End

Dead colony

No drone brood built

Development + Survive

Live colony

Post-winter development

Drone comb built and bred

Actions

Winter care
of the colony

Ve

Indicator frame
introduced
between built
combs

Queen placed above
the excluder

Blacquiére et al., (2019) "Darwinian black box selection for resistance to settled invasive Varroa destructor parasites in honey bees." 11

Biological invasions 21, no. 8: 2519-2528.



Spring

T4

T6

Blacquiére et al., (2019) "Darwinian black box selection for resistance to settled invasive Varroa destructor parasites in honey bees."

Biological invasions 21, no. 8: 2519-2528.

No queen cells

Development of the nest sectors

Queen cells

Queen removed
with artificial swarm

3

Nukes produced from mother
colony with virgin queens
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Summer

T6-8

®

Nuke with failed queen

3

3

Nukes with mated queens

3

,

h
Adding foundation combs
Development of the nukes and feeding
Undeveloped nuke Well developed nukes
Blacquiére et al., (2019) "Darwinian black box selection for resistance to settled invasive Varroa destructor parasites in honey bees." 13

Biological invasions 21, no. 8: 2519-2528.



Season
Time

T0

Tl

Dead End

Dead colony

Neo drone brood built

Development + Survive

Live colony

Post-winter development

Drone comb built and bred

Actions

Winter care
of the colony

Ve

Indicator frame
introduced
between built

combs

Queen placed above
the excluder

Blacquiére et al., (2019) "Darwinian black box selection for resistance to settled invasive Varroa destructor parasites in honey bees." 14
Biological invasions 21, no. 8: 2519-2528.
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Take care!

Find an isolated mating area

- Do not use all your colonies A

« Queens from treated apiaries can be replaced gradually

18



Selected effects

e Colonies survival
e Growth / survival
 Reproduction

e Selection against Varroa:
* resistance (number of Varroa J)
* tolerance (damaged caused by Varroa | )

* What are the mechanisms?

* Do they differ between populations?
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Reduction of Varroa fertility (non-reproduction)

Proportion of Varroa mites failing to reproduce (worker and drone brood):
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Reduction of fecundity (number of offspring)

2.49° 1.92P 2.02b <0.001

1.22° 1.10° 0.972 <0.05

Nombre de descendantes femelles par Varroa
dans le couvain d’ouvriéres (N = 196, 2014 Tjeerd)

Mean BevrdochtersMoeder

051

00
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Non-reproduction in drone brood (Broeckx 2019)
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Grooming (Astrid Kruitwagen, 2015)

« Individual bees: starch experiment
« Bees in groups + Varroa (neutral)
« Colonies + phoretic mites
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Varroa sensitive hygiene (VSH) (2015)

 Detection and removal of brood infested by Varroa

 Bees between 6 and 18 days old (average=11.13
days)

 Seems to be damage-dependent, but the triggers
remain unclear

Illustration: Arista bee, NL
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Varroa sensitive hygiene (VSH) (2015)

Artificial infestation of mites in worker brood:

Population % removed brood

z Control 24
E 0.3
s i Tiengemeten 15
o 02
E a

01 Lelystad (AWD) 40

Control Tiengemeten Waterleidingduinen

Panziera et., 2017
WAGENINGEN
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Recapping behaviour (Arrigo Moro 2017, 2018)

1. Investigating cells

Y

2. Uncapping of cells

3. Recapping of cells

From Oddie et al., 2018

WAGENINGEN
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Recapping behaviour proposed
as a less costly trait for the
colony

No difference between groups in
2017 and 2018

Observed VSH decrease
between 2015 and 2017-2018

Lower fecundity
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‘Pin test” and ‘Frozen brood test’
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Results of the ‘pin test’ (Arnout Berenhout, 2016)

1.0000-

0.3000

0.6000-

0.4000=

Mean fraction cleared

0.2000-

0.0000-=

d d d
6.0

strain

Control
Amsterdamse waterleiding
duinen

U] Tiengemeten

No difference between groups
=> does not correlate with VSH

240 45.0

time

Figurel. Mean [+~ 1 SE) fraction cleared cells, 5, 24 and 48 hours after Pin-test by 6 colonies of each

strain.



Results of the ‘frozen brood test’ (Arnout Berenhout, 2016)

cCc C strain

Control
1.0000 : Amsterdamse waterleiding
duinen
] Tiengemeten

0.5000

No difference between groups
=> does not correlate with VSH

0.6000-

0.4000=]

Mean fraction cleared

0.2000-

0.0000=
24.0 43.0 v20 1440

time

Pin and frozen brood tests are not appropriate methods for measuring Varroa-specific
hygienic behaviour.




Probability of mortality

Virus tolerance (Barbara Locke 2021)

No Virus DWV ABPV

= Control = Control == Control
= Svredish w— Swedish — Swedish
= French = French = Franch
Dutch Dutch Dutch
— Norwegian — Norwegian — Morwegian
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Figure 2. Cox Proportional Hazard curves for the Dutch, French, Norwegian and Swedish varroa-resistant
honeybee populations and the varroa-susceptible Control population for the non-inoculated (A), DWV-
inoculated (B) and ABPV-inoculated (C) adult bee virus infection experiments. The shaded areas represent
the 95% confidence intervals for the proportional hazard lines, based on the data from four replicate honeybee
colonies for each population. The effects of varroa infestation and apiary origin of the colonies have been
accounted for in the models.

* Resistant populations have higher tolerance to virus
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Selection on mites (Arrigo Moro and Alexis Beaurepaire, 2020)
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* Selection on mites is strong, since colonies from different populations have different mite genotypes even

though they share the same apiary all year round except for the mating period.
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Summary

Important for resistance in our
populations?

Grooming No
Varroa sensitive hygiene (VSH) Yes (L)
Reduction of mite fertility Yes (T)
(non- reproduction)

Reduction of mite fecundity Yes (T)
(number of offspring)

Recapping behaviour No?
Virus tolerance Yes
Selection on mites yes

A The importance of these traits might vary over time

WAGENINGEN
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New selection populations

Netherlands (2018): Flevo Polder -
Zeewolde, 46 colonies

Belgium (2019): Kalmthout, 46 colonies
¢ Germany (2018): Burscheid, 51 colonies&?

France (2021): Savoie, Auvergne,
Normandie

WAGENINGEN
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M) Check for updates

A Plea for Use of Honey Bees' Natural
Reslilience In Beekeeping

Tjeerd Blacquiére® and Delphine Panziera®

*  Apis mellifera is endemic
* Bees belong as wild pollinators

e Cavity availability might be a limit
(NL)
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Wild-living colonies are present in beech forests in Germany

From Kohl PL, Rutschmann B. (2018) The neglected bee trees.

WAGENINGEN
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mc The Bed & Breakfast project

In three locations:

« Fairly remote (for the NL) and with ample forage
Boxes design based on Seeley data:

» Red cedar wood of 3.5 cm thickness

* Volume of ~40-45 L

* Narrow entrance

* Mounted in trees ~5 m high

=

Set up donor apiary nearby:
+ Resistant population colonies

+ Allow swarming

5
8
/
|

WAGENINGEN
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The Bed & Breakfast project: locations
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The Bed

& Breakfast project
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The Bed & Breakfast project
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4 wild-living colonies
survived winter

1 new swarm has
established in the boxes
1/3 of boxes occupied
all were sampled

40



Genetic diversity

Apis mellifera genetic diversity has dramatically declined since the 1950’s

OPEN

WAGENINGE N NEH

SCIENTIFIC
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natureresearch

W) Check for updates

Declining genetic diversity
of European honeybees
along the twentieth century

Goncalo Espregueira Themudo %23, Alba Rey-Iglesia®*#, Lucia Robles Tascon™®,
Annette Bruun Jensen®%, Rute R. da Fonseca®*” & Paula F. Campos/&%*

The European honeybee (Apis mellifera) is a key pollinator and has in the last decades suffered
significant population decline. A combination of factors, including decrease in genetic diversity and
introduction of Varroa mites, have been suggested to be responsible for these losses, but no definitive
cause has yet been appointed. In Europe not only have wild colonies been severely affected, but
managed hives have had a massive decline in numbers. To test the hypothesis that honeybees’ genetic
diversity has decreased in the recent past, we used reduced representation genome sequencing of 40
historical honeybee specimens collected in Natural History collections across Europe and compared
them to genomic data from &0 individuals from extant populations (collected post 2006). Our results
are consistent with the existence of five evolutionary lineages as previously described, and show a
decrease in genetic diversity between historical and extant individuals of the same lineage, as well

as high levels of admixture in historical specimens. Our data confirm that a loss of genetic diversity
has occurred during the last century, potentially increasing honeybees’ vulnerability to contemporary
ecological and anthropogenic stressors.

For quality of life

Possible causes:

artificial selection pressure
lower density of colonies

habitat fragmentation

Espregueira Themudo, Gongalo, et al. "Declining genetic diversity of European honeybees along the

twentieth century." Scientific reports 10.1 (2020): 1-12.
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« Honeybees are not
domesticated (yet)

Domestication and diversity

Past Population Structure and Diversity

EUROPE ASIA

(s m
LA
H’\ w m
Extinct Native | \ Extinct Native
Iberian Horses | \ Siberian Horses

/ ‘\_‘
Islamic conquest - — — — - — — — — rd r ﬁ N-—-——-—----—- Close Studs

Modern Domestic Horses

Domestication is strongly correlated with:

« Loss of functional traits (horse)=> loss of local adaptations (Kovati¢ et al., 2020)

WAGENINGEN
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Fages, Antoine, et al. "Tracking five millennia of horse management with extensive ancient genome time series." Cell
177.6 (2019): 1419-1435.

Kovaci¢, Marin, et al. "Effects of selection and local adaptation on resilience and economic suitability in Apis mellifera
carnica." Apidologie 51.6 (2020): 1062-1073.
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mc Domestication and diversity

wild versus domestic cattle (b) I

-
8

3.2 BCL

(current study) iy

- wild
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BCW o Y BCw

(current study) (Finarelli [41])

3.0

2.8

(Finarelli [41])

log endocranial volume (model in mm?)

1.8 1.9 2.0 2:1
log muzzle width (mm)

Figure 1. (a) Relative brain size difference between wild and domestic cattle. Regression of EV estimate versus MZW; table 1 for statistics. (b) Skull measurements
Domestication is strongly correlated with:

« Loss of brain volume (Cattle)=> loss of ‘hive wisdom’- flexibility in division of labour, limitation
to reach homeostasis (Oldroyd and Fewell, 2007)

WAGENINGEN Balcarcel, A. M., et al. "Intensive human contact correlates with smaller brains: differential brain size reduction in cattle
For quality of life types." Proceedings of the Royal Society B 288.1952 (2021): 20210813.
Oldroyd, Benjamin P., and Jennifer H. Fewell. "Genetic diversity promotes homeostasis in insect colonies." Trends in ecology
& evolution 22.8 (2007): 408-413.



PR Domestication and diversity

« Lower diversity (1 patriline per colony vs 15) affects colony growth and
survival (Mattila and Seeley, 2007)

Fig. 1. Area of comb
120007 (means = SEM) con-
structed by genetically
diverse (W) and ge-
9000+ netically uniform (O)
colonies after occupy-
ing new nest sites on
6000 + 11 June. Dates when
groups differed signif-
icantly in comb area
3000 are indicated by a hor-
izontal line (top).

Mean area of comb (cm?)

13 June
16 June
20 June
23 June
26 June
30 June
4 July

7 July
10 July
17 July
25 July
2 Aug.
7 Aug
14 Aug
21 Aug
30 Aug.

WAGENINGE N [EHE Mattila, Heather R., and Thomas D. Seeley. "Genetic diversity in honey bee
For quality of life colonies enhances productivity and fitness." Science 317.5836 (2007): 362-364.



ﬁ’«c Merging beekeeping and conservation

Conserving genetic diversity is crucial
Increase of effective population size = increase of functional diversity

Western honey bee
Apis mellifera

- Exotic range
- Native range

Wild population density

.o 0o OO
e o OO OO
—

Low High

Yy

Trends in Ecology & Evolution
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) . . Requier, Fabrice, et al. "The conservation of native honey bees is crucial." Trends in ecology &
For quality of life

evolution 34.9 (2019): 789-798.



F s Merging beekeeping and conservation

Conserving the species diversity is crucial
for the long-term sustainability of beekeeping

Coexistence of wild-living and managed
colonies in which natural selection is allowed

WAGENINGEN
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