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Beekeeping with the help of natural selection
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Organisms with traits that are better suited to cope
with the challenges of their environment are more
likely to survive and reproduce

-> helpful traits are passed on to future
generations, allowing the species to adapt to the

environment.




Beekeeping with the help of natural selection




Organism have to adapt to the challenges of the
_environment in order to survive

 Food and Water

e (Climate and Temperature
 Habitat and Shelter

* Predators and Competition

 Pathogens and Parasites...




The varroa mite
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* First described from Apis cerana in Indonesia in 1904 w

. Ignored untll earIy 1980s when it was found to cause damage to Apls mellifera
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Oudemans, A.C. 1904. On a new genkus and species of parasitic acari. Notes Leyden Mus. 24: 216222
Ritter, W. 1981. Varroa disease of the honeybee Apis mellifera. Bee World 62: 141-15
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Apis mellifera eekeeping
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Bee market, Netherlands 1950’s

Buenpark ,,Koudhoorn“ 2% Putten . Korfhalletje 1890’, Centrum Agrarische Geschledems Belgium
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Worldwide expansion of Varroa destructor

I NS D BN D s [ [
1900's 1910's 1940's 1950’s 1960's 1970's 1980's 1990's 2000's present absent no data

Wilfert, et al., 2016. Science
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Varroa: Why does it harm A. mellzfera?

P T

e Varroa feeds on
haemolymph and fat
bodies of bees

Ramsey et al., 2019 Rosenkranz et al., 2010. Journal of invertebrate pathology



Varroa: Why does it harm A.mellifera?

e VVectors harmful
viruses!

Ramsey et al., 2019

Beekeeping with Darwin, Better-B public event, 14th Nov 24, Wageningen 15.11.24 12



Slmllar plcture all over Europe

ter mortality among Dutch bee colonies

Wnce 2010

>
- .




Worldwide expansion of Varroa destructor
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1900's 1910's 1940's 1950’s 1960's \1970's 1980's /1990's 2000's present absent no data

Wilfert, et al., 2016. Science
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What makes this d1fference7
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 More than 40 years after the
Varroa mite invasion, most
honeybees in Europe are not
resistant...

...while in S. Africa and S. America,

honeybees have adapted to
Varroa within 5 years of its arrival.

(Allsopp, 2005, Schafaschek et al., 2019)



What makes this difference?




Beekeeping in Europe
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=~ 80 000 managed honey bee colonies (NL)
* =10 800 beekeepers

=~ 17 Million hives (Europe)

=~ 620 000 beekeepers e

European

Commission
|



The long tradition of European beekeeping certainly plays a role.
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* Queen breeding
- Jaggression
- | swarming behaviour
- T honey production

 Varroa treatment {




Natural selection: How does it work
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The honeybee has more than 10000 genes

* Variants of a gene -> Allel

0000000



Natural selection: How does it work

Low resistance

O

O .
© * Some of these alleles are more favorable in the case

©  of varroa infestation

: * Not all colonies may have all these alleles

High resistance



Natural selection: How does it work
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Without varroa treatment

How resistance * Colonies carrying the red, more resilient

alleles have a survival advantage

0000000

High resistance

(0]



Natural selection: How does it work
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Without varroa treatment

I‘Is.

Before selection

Low resistance

0000000

High resistance

(0]

Resilient



Natural selection: How does it work
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Without varroa treatment With varroa treatment

I‘Is.

Before selection O
O * Nno more survival

O. benefit

Low resistance

0000000

High resistance

(0]

Resilient Not resilient



Sweden: Gotland island

ST EAINCE..

Winter rmortality rate

=>» ‘live and let die’ experiment 1999 Am It

Year

Figure 1. Mortality rate of honey bee colonies over

i 1 5 O CO | O n Ies six winters without control of Varroa destructor.

N = number of colonies in late October each year.
Bars with different letters above are significantly

¢ 75% mOrta“ty On 3rd year different between years (P < (.05, chi-square).
* 13% and 19% in the following two years

Fries et al.,2006. Survival of mite infested (Varroa destructor) honey bee (Apis
mellifera) colonies in a Nordic climate. Apidologie, 37(5), 564-570.



Now in a beekeeping context:

- R T : TS BN . i 3 &

- Reduced mortality

> Darwin’s Black Box selection

Criteria of selection:
Survival, Growth, Reproduction
in the absence of Varroa control

- Controlled reproduction
- Isolated mating place (mating island)

Blacquiere et al., 2019. Darwinian black box selection for resistance to settled invasive
Varroa destructor parasites in honey bees. Biological invasions, 21(8), 2519-2528.



The importance of an isolated mating place (mating island0
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Low resistance
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High resistance
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Before selection

After selection

Eind population
N,
£ =N

Resistant/tolerant

Drone from
varroa treated
colony

Queen mates
with approx 20
drones

26



[sland of Tlengemeten (Group 1: 2007-2017)
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National Park Hoge Veluwe (Group 2: Lelystad selection, 2008-)

Beekeeping with Darwin, Better-B public event, 14th Nov 24, Wageningen 15.11.24 28



Queen placed abov
the excluder

DBB Protocol |

Indicator frame Drone comb built and bred
introduced

—
between built
combs

Development of the nest sectors

Queen removed

,—W\i‘ha"tiﬁcial swarm
—

e

Post-winter development

Live colony

3

¢ e

Queen cells

Well developed nukes

@ &

Nukes produced from mother
colony with virgin queens

Nukes with mated queens

Blacquiere et al., 2019. Biological invasions, 21(8), 2519-2528.




National Park Hoge Veluwe (Group 2: Lelystad selection, 2008-)
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9.Scientificreports.
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National Park Hoge Veluwe (Group 2: Lelystad selection, 2008-)
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» Can it work European wide?

- Characteristics of DBB colony?

- Coordinated studies on the
mechanisms underlying
varroa resistance/tolerance




Darwininan beekeeping within Better-B

* Improving Bees rEsilience To sTressors by rEstoring haRmony and Balance



Darwininan beekeeping within Better-B
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B%I’-B " Resilientbeekeeping Consortium = & in

@ Beekeeping with Darwin, Better-B public event, 14th Nov 24, Wageningen 15.11.24 33



Local adaptation by darwinian selection

Research questions:

What are the characteristics
of a Darwinian colony?

What is the impact of
mobility of beekeeping
sector?




Local adaptation by darwinian selection

1 | Genetic characterization of established D-colonies

Research questions:

What are the characteristics
of a Darwinian colony?

What is the impact of
mobility of beekeeping
sector?




Local adaptation by darwinian selection
" <. Alice Pinto

%‘- Matthew Webster

1 | Genetic characterization of established D-colonies
Research questions:

What are the characteristics

of a Darwinian colony? Netherlands
: : Belgium

What is the impact of N

mobility of beekeeping Oorway

sector?
Test for the genetic signature of local
adaptation (climate and varroa)




Local adaptation by darwinian selection

1 | Genetic characterization of established D-colonies

Research guestions:
Follow-up colonies during process D-selection

What are the characteristics
of a Darwinian colony?

What is the impact of
mobility of beekeeping
sector?




Applying DBB protocol:
European wide

mil

Five"

* Belgium —UGENT

* Germany-MLU

e Portugal (Coimbra) —-UCOI
e Portugal (Braganca) —IPB
 England —=TNTU

* Romania —USAMV

* Spain —IRIAF

* Norway —NB

* The Netherlands —-WR

> 9 partners / 8 countries

Q



Better B Workshop in Wagemngen Nov 2023

o o e . G 4 R BT

* Discussion on methodological details
-details field protocol

* Special guests:
- Tjeerd Blacquiere (WR in pension)

- Pam van Stratum, Johan Calis, Willem
Boot (Inbuzz) ——




Result of the worksho
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|Better—B project WP4 Task 4.2: Protocol overview IVI Od ifi e d fro m :

Untangeling the process of Darwinian selection

S@oj o v}‘se«“ Development /survive Athm\:ﬂ
\ Atti int 0(T0)
PROTOCOL . =T
" *  In 2024 start the experiment with n« 25 experimental colonies. B | *\ | 2 O 1 9
. , : . = acquiere et al., .
Worked out during the Better-B workshop in Wageningen P ———
Q Check indicator frames for drione brood.

16" 8 17" November 2023 S0 o e - Darwinian black box selection

Check experimental colony development weekly (add hone supper).

Nt b b Oran ot b s -
i s . . .
N for resistance to settled invasive
™ = if experimental colonles seem well developed, with 2 hive boxes (maybe
Q also honey super) : Split.
| = Splitallexperimental colonles in 4 nukes (if possible) the same day . .
Preparation for the tart f the experiment i sping 2024 et P — Varroa destructor parasites in
- Option 2 : Split & transport to mating island (13 days ) later when new

- Start the experiment with 25 good, genetically diverse colonies (avoid sister queens @uoon have ernerged. {See protocofor detells and emplenstion). . .

oo L honey bees. Biological

L]

- Label your original colonies according to the labeling system with the unique

original_queen_id number (country code_running number, example NL_1, see Queenless nuke produced . .

.t - == invasions -
labelling file uploaded on workshop wepage example page added to this protocol L, % % I 13 days after mother queen is removed ) ) .
appendix 1). | Put the label (tape with permanent marker) on the top feeding board ? ? 2 |2 * _ Chackfor neuly emerged quasns.
5

inside the colony to protect from weather. » Mvkeyuith nevly smognd queens ;

- Make sure you have beekeeping material ready (indicator frames, hive material for ! Q Q ° 2 day 14 after checking for newly emerged queens
T £ +  Check mating status of newly emerged queens (egg presene in nukes).
25x4 additional hives for split colonies (brood boxes, frames with wax foundation 5 «  In nukes with no eggs, repair with back up queens from sister colonies
) . A +  Sample workers for mite wash (appendix 2)
bottoms, top boards with feeding hole, roof, queen excluders, sugar fondant, straps, Development of nukes e
N . N N e 1 nce v r new colonles with mated queens:
honey suppers with built frames, queen cages, apideas (approximately 20). . ° e 0 < Preferably wait 7-10 days for capped brood before transport to aplary
-— *  OR, transport back once you have eggs or repaired nukes
NOTE: Make sure that all your experimental colonies and nukes always have a bag of Owmispmontof svbes Sondution comtn 8 fomdrn
sugar fondant. We want varroa to be the main selection pressure. Also consider e Q Q
. . . . . . i Byautumn
using straps to secure colonies at the apiarzy at all time to avoid accidents (wildlife, W | oo Wl developed | «  Remove ped colonles from
wind, vandalism etc )
| | e —
+ Remowe dead colonies from experiment
L Oeat cotony abve colony _ | = startthe protocol from TOwith colonies that survived the winter @

Beiier-B

Figure derived from:

WAGENINGEN )
g N 3 Y& R Blasguiére, T., Boot, W., Calis, J., Moro, A, Neumann, ., & Panziers, D. (2018). Darwinian black box selection for resistance
to settled invasive Varroa dastructor parasites in honey bees. Biological invasions, 21(8), 2519-2528.




Result of the workshop

Better-B project WP4 Task 4.2:
Untangeling the process of Darwinian selection
PROTOCOL

16" & 17" November 2023
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8 (day 14 after chacking
Check nukes for mating success (eggs).
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Better-B second consortium meeting,

Protocol overview

Step by step explanation of protocol

T0: Speng, colanies are cut of winter psaa, = 31
Sunval check, adeing Indicator frame

T1: Spring (one week after adding the indicator frame (TO)}
Check for drone production

T

Sl  warhor papam o s il s ot b s o b
SameSrvethat o arechacing ot i s, Faaie e ke wih &

T8 : summer, (day 7 -10 after egg laying by newly emerged queens]
Check for capped broad & bring nukes ta apiary
- Chact o capmd o>t 1o rempc

N e ot s feant feSrrcer vl

Teas
Fallow caloay development , prepare for winter
A e e hors o 0 s colny dese gt

o

Winter
JRrST———
Cornunthe mpmeimaat from T it sirhiag e

Cluj-Napoca, 4-5 Dec 2023

Ieatonnchy

Appendix 1: Labelling system

e
e e e
-

4: Sprng, (approsimately 3 week after checking for Grans brood
)y

Split colonles

tabaur intensive day, plan well ahead!
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Appendix 2: Pratacel far mite wash

Sampling approximately 300 bees
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T6: Spring, (gxactly 13 days after mother qucen ks removed)
Check nukes for newly emerged queens
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Task 4.2: Untangling the process of Darwinian selection
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» All partners have a sufficient number of colonies (>30) as of September 2024

Number of mother

Number of daugther Number of succesfully Number of colonies |lumber of colonies

Partner Country Present at last meeting colonies that were split colonies (or splits)

IRIAF
USAMV
UCol
IPB
TNTU
UGENT
NB

WR
MLU

ES
RO
PT
PT
UK
BE
NO
NL
DE

Antonio

Claudia; Alexandru
Nuno

AnaRita

Luke; Martin; Paul
Emma; Ellen

Linn; Bjorn
Jolanda

Robert

30
18
23

25
24
25
25

100
74
72
92

100
65
96

100

mated colonies

63
42
73

80
60
81
90

at last visit

51
57
33
65
34
76
57
80
90

1 rat might be weak

O U = oW w o o



Local adaptation by darwinian selection

| Genetic characterization of established D-colonies

Research guestions:
Follow-up colonies during process D-selection

What are the characteristics

o e phenotypic data: colony strength, honey yield
of a Darwinian colony?

e genome sequencing: candidate genes associated with
What is the impact of B |
. . e hive monitoring technologies: BEEP base
mobility of beekeeping . S
o e accelerometer/electromagnetic shaker: vibrational
sector signature




Local adaptation by darwinian selection

Research questions:

What are the characteristics
of a Darwinian colony?

What is the impact of
mobility of beekeeping
sector?

| Genetic characterization of established D-colonies

Follow-up colonies during process D-selection

e phenotypic data: colony strength, honey yield

e genome sequencing: candidate genes associated with
colony survival

e hive monitoring technologies: BEEP base

» accelerometer/electromagnetic shaker: vibrational
signature

% BEEP

weight, temperature, sound
-> common pattern?



Local adaptation by darwinian selection

Research questions:

What are the characteristics
of a Darwinian colony?

What is the impact of
mobility of beekeeping
sector?

Martin Bencsik
Luke Chamberlain

| Genetic characterization of established D-colonies

Follow-up colonies during process D-selection

e phenotypic data: colony strength, honey yield

e genome sequencing: candidate genes associated with
colony survival

e hive monitoring technologies: BEEP base

» accelerometer/electromagnetic shaker: vibrational
signature

% BEEP

weight, temperature, sound
-> common pattern?




Local adaptation by darwinian selection

Research questions:

What are the characteristics
of a Darwinian colony?

What is the impact of
mobility of beekeeping
sector?

Martin Bencsik
Luke Chamberlain

| Genetic characterization of established D-colonies

Follow-up colonies during process D-selection

e phenotypic data: colony strength, honey yield

e genome sequencing: candidate genes associated with
colony survival

e hive monitoring technologies: BEEP base

» accelerometer/electromagnetic shaker: vibrational
signature




Local adaptation by darwinian selection

| Genetic characterization of established D-colonies

Research guestions:
Follow-up colonies during process D-selection

What are the characteristics

o e phenotypic data: colony strength, honey yield
of a Darwinian colony?

e genome sequencing: candidate genes associated with

What is the impact of B |
. . e hive monitoring technologies: BEEP base
mobility of beekeeping . S
e accelerometer/electromagnetic shaker: vibrational
sector?

signature

Testing the genotype-environment interaction
theorem
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Translocation experimen

e

RS T
T

R
SE

* Queens of locally
adapted conventionally
managed colonies are
exchanged

* varroa treated colonies

3 East — West

-> test importance of local
adaptation (local climate)



Translocation experiment
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e Queens of established DBB colonies are
exchanged (WR, NB, USAMV)

-> test importance adaptation to local varroa




Summary importance of this work in Better-b

* Innovation:
- Developing a protocol for European wide beekeeping with Darwin.

- > Testing characteristics of a successful DBB colony.

> Potential for being applied amongst local bekeeper
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Thank you

S e

Tjeerd Blacquiere
(In pension, Wageningen University & Research)

BV:
Inbuzz Inb

Johan Calis
Willem Boot

Pam van Stratum
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