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Bijensterfte kritisch bekeken en innovaties
om hieraan te verhelpen

Casino Koksijde, 12 oktober 2026
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Honingbijen en bijenteelt

Kritische kijk op de imkers-praktijken
Het pad naar kwetsbare honingbijen
Bijenteelt: een (on)evenwichtsoefening
Na 10 jaar is de puzzel bijna gelegd
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Milieu & Klimaat

27 procent van bijen van Vlaamse imkers heeft
winter niet overleefd

Het VBI doet jaarlijks bij zijn imkers een enquéte over de wintersterfte. De norm van
wintersterfte ligt al decennialang op 10 procent, maar wordt al lang niet meer gehaald. Net als
vorig jaar zijn er grote regionale verschillen.

Bij sommige imkers liepen de verliezen op tot boven de 80 procent. In gemeentes als
Elversele, Mariakerke, Hertsberge, Elewijt, Houwaart, Hofstade en Diepenbeek gingen zelfs alle
bijenvolken verloren. Vlaams-Brabant (30 procent) en Antwerpen (29 procent) zijn de
provincies met de grootste bijensterfte.

Volgens het VBI ligt een "cluster van factoren" aan de basis van de wintersterfte, "wat het
probleem zeer complex maakt en moeilijk te beheren”. Bovendien deed zich vorige herfst, dus
nog voor de gebruikelijke wintersterfte, voor de eerste keer een duidelijk verlies aan
bijenvolken voor ten gevolge van de aanwezigheid van de Aziatische hoornaar. Die invasieve
exoot is al enkele jaren aan een opmars bezig in ons land, en ziet in de honingbij een gegeerde
prooi.
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Bij de meest trotse imker
van Vlaanderen: ‘Veel
mensen romantiseren
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l:\;l::;:;a;;:;; ggnnso;rnzjn aanpak zonder bescherming werken. ‘Hoe wij met de bijen cmgaan, ik ben daar
Terwijl de sterfte bij honingbijen in tien jaar nooit hoger was,
sneuvelen in de kasten van de Antwerpse imker Davy Petit tien keer
minder bijen dan gemiddeld in Vlaanderen. Wat is zijn geheim? ‘Wij
spelen een beetje vals. Dat is wat de imkerij nodig heeft.
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Bijensterfte = wintersterfte

Wintersterfte voor Belgié (COLOSS bevraging)
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Blootstelling aan stressoren

J

omgeving
gerelateerd

voedseltekort ziekten

STRESSOREN

bijenteelt
gerelateerd



I} o

UNVERSITET Twee parallelle processen ;
VERLIES AAN BIODIVERSITEIT INTENSIEVE BIJENTEELT
= massaal uitsterven van soorten = nieuwe bijenteelt-praktijken

«ensieve
bijénteelt

" invasieve klimaat-
soorten veranderingen
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69¢ periode van massaal uitsterven van soorten
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International Union of Conservation of Nature: Red List

RED
LIST

IUCN RED LIST CATEGORIES AND
CRITERIA

Version 3.1 Second edition

Adequate data
Evaluated
Near Threatened (NT)
— ©
Data Deficient (DD)
' Not Evaluated (NE) |

Figure 1. Structure of the categories

EX = uitgestorven

CR = kritisch bedreigd
EN = bedreigd

VU = kwetsbaar
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International Union of Conservation of Nature: bijen in Belgié

Table 3. Assessment of the IUCN status of the 31 bumblebee species recorded in Belgium.

Table 4. Assessment of the IUCN status of the 84 Halictidae species recorded in Belgium.

™
p

Number Total Number
IUCN Status of Bumblebee species TUCN Status of Species Percentage
species percentage species
Bombus hypnorum, B. lapidarius, B. Data Deficient 4 Lasioglossum glabriusculum, L. fratellum, L. 504
Least concern (LC) 6 pascuorum, B. pratorum, B. sylvestris, B. 19% (DD) subfulvicorne, Sphecodes majalis
terrestris Halictus rubicundus, H. scabiosae, Lasioglossum
Near Threatened 4 B. bohemicus, B. hortorum, B. lucorum, B. 13 calceatum, L. fulvicorne, L. laticeps, L. lativentre,
. 0 . . .
(NT) vestalis Least Concern L. leucozonium, L. lucidulum, L. majus, L.
4 B. campestris, B. jonellus, B. norvegicus, B. (LO) 38 malachurum, L. minutissimum, L. morio, L. 45%
soroeensis nitidiusculum, L. nitidulum, L. pallens, L.
4 B. cryptarum, B. magnus, B. ruderarius, B. 45 parvulum, L. pauxillum, L. punctatissimum, L.
. 0 g »
rupestris puncticolle, L. semilucens, L. sexnotatum, L.
6 B. barbutellus, B. humilis, B. muscorum, B. sexstrigatum, L. villosulum, L. zonulum,
ruderatus, B. sylvarum, B. veteranus Seladonia tumulorum, Sphecodes albilabris, S.
Regionally extinct B. confusus, B. cullumanus, B. distinguendus, , crassus, S. ephippius, S. ferruginatus, S.
) 7 B. pomorum, B. quadricolor, B. subterraneus, 23% gagfﬁph‘us, S _q:b.b_us, S. f:_pm‘nmh;si S. longulus, S.
B. wurflenii miniatus, 5. monilicornis, S. pellucidus, S.
puncticeps, S. reticulatus
C R) KRITI S C H BEDREI G D Near Threatened 3 Lasioglossum albipes, L. leucopus, L. rufitarse 1%
f_lom)mels Seladonia confusus, Halictus maculatus, H. 7
10 sexcinctus, Lasioglossum laevigatum, L. 12%
Bombus Sylvarum minutulum, L. pygmaeum, L. quadrinotatulum, L.
maonstrificum, L. marginatus, L. niger
= boshommel Dufourea dentiventris, Halictus simplex,
6 Lasioglossum brevicorne, L. prasinum, L. 7% .
xanthopus, Sphecodes scabricollis
Dufourea halictula, D. inermis, Eurvgnatus
compressus, Seladonia leucaheneus, Halictus
10 quadricinctus, Lasioglossum quadrinotatum, L. 12%
Ha”Ctidae tarsatum, Rophites quinquespinosus, Sphecodes
. . rufiventris, S. spinulosus .
LaSIoglossum quad”nOtatum Dufourea minuta, Seladonia subaurata,
= kleine ba ndg roefb |J Lasioglossum breviventre, L. costulatum, L.
13 interruptum, L. leave, L. lineare, L. nigripes, L. 15%
politum, L. subfasciatum, L. subhirtum,
Rhophitoides canus, Sphecodes rubicundus

31%
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Table 5. Assessment of the IUCN status of the 72 Megochilidee species recorded in Belgium.,

TUCN Status

Number
of
species

Species

Percentage

Data Deficient (DD)

3

Osmin brevicornis, Hoplitis mitis, Stelis
adontopyga

4%

Least Concern (LC)

30

Anthidiellum strigatum, A. manicatum, A,
ablongatum, A. punctatum, Megachile
ericetorum, Chelostoma eampanularum, C.
florisomne, C. rapunculi, Coelioxys
aurclimbata, C. inermis, Herfades truncorum,
Hoplitis adunca, H. leucomelana, H.
tridentate, Megachile centuncularis, M.
lapponica, M. ligniseca, M. pyrenaea, M.
rotundata, M. versicolor, M. willughbiella,
Osmia bicolor, 0. bicornis, 0. caerulescens, 0.
cornuta, 0. leaiana, 0. niveata, Stelis

42%

breviuscula, 5. punctulatissima, Trachusa
byssina

MNear Threatened

Coelioxys rufescens, Osmia spinulosa, O.
aurulenta, Stelis phaeoptera

Chelostoma distinctum, Coelioxys alata, C.
elongate, C. mandibularis, Hoplitis
claviventris, Megachile alpicola, M. leachella,
Stelis ornatula

Megachile cireumeincta, Osmia parietina, 0.
rufohirta, 0. uncinate, Stelis signata

Coelioxys afra, C. conoideq, C. quadridendata,
Hoplitis anthocopoides, H. ravouxi, Megachile
analis, M. genalis, M. lagopoda, M. maritima,

M. pilidens, Osmia andrenoides, Stelis minuta

17%

(CR) KRITISCH BEDREIGD
Megachilidae
Osmia andrenoides

- 35%

10

Coelioxys emarginata, Aglaoapis tridentata,
Hoplitis papaveris, H. villosa, Megachile
ectosignata, Osmia inermis, 0. mustefing, 0.
pilicornis, 0. xanthomelana, Stelis minima

14%

(RE) REGIONAAL UITGESTORVEN # 30
Bombus # 7

Halictidae # 13

Megachilidae # 10

ook in Belgie sterke achteruitgang wilde bijen
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aubergine

aardappel
courgette amandel
COCOoS koffie cacao

zonnebloem

/1% voedselgewassen afhankelijk van bijen
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UNVERSITET Twee parallelle processen ;
VERLIES AAN BIODIVERSITEIT INTENSIEVE BIJENTEELT
= massaal uitsterven van soorten = nieuwe bijenteelt-praktijken

«ensieve
bijénteelt

" invasieve klimaat-
soorten veranderingen
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Honingbijen en bijenteelt

- Biologie van de honingbij

- De Varroa-mijt

- Het bijenvolk doorheen het jaar
- Korf-imkeren / kast-imkeren

- Intensieve bijenteelt
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UNVERSITET Niet alle honingbijen zijn gelijk 0

el larve pop |adult

D1-3 | D4-9 | D10-23 | D24
(3) (6) (14)

D1-3 | D4-9 | D10-15 | D16
(3) (6) (6)

D1-3 | D4-9 | D10-20 | D21
(3) (6) (11)
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De geboorte van een koningin
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Understanding the life cycle of the Varroa mite

H 3]

The queen is the Worker bees often carry Varroa mites A few days later, the mites lay To feed its offspring, the mother mite
largest in the beehive. with them into the hive. Despite being the first eggs. The first to hatch pierces a feeding hole in the bee pupa
She lays up to 2,000 deaf and blind, these mites can find their is always a male. It is followed by which has developed in the meantime.
eggs per day in the ways to the brood chambers thanks to up to five more eggs from which Before the bee hatches, the mites
brood cells. their olfactory sense and numerous fine female mites hatch. mate again — during the bee season,
sensory hairs on the legs. Shortly before the Varroa population in a hive can

the workers cap the brood cells, the double every four weeks.
female mites slip unnoticed into the cells
with the bee larvae.

By the time the bee hatches, it is already severely diseased
and weakened, because mites also transmit dangerous
viruses such as Deformed Wing Virus, for which there is still
no effective treatment available. As well as the bee brood,
Varroa can also infest adult bees.
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Aantal bijen in de kolonie
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zwerm scheppen vaste raatbouw jaagstand honing persen

pluspunten:

er wordt gewerkt met locale rassen
de tussenkomst van de imker beperkt zich tot huisvesting en honingoogst
geen verstoring van de volksontwikkeling en het reproductieproces

pijnpunten:

beperkte toegankelijkheid van de korf (enkel langs onder)
vaste raatbouw (geen raampjes; honing oogsten door destructie)
beperkt volume (30L; beperkte opbrengst en snel zwermlustig)



i :
glE\l_mERsnEn Het kast-imkeren n

Lorenzo Langstroth (1810-1895): ontdekking modulaire bijenkast (1852)
- te openen langs boven

- bestaande uit stapelbare rompen

- met uitheembare raampjes waarin de raten worden gebouwd

a7

\J

Lorenzo Langstroth modulaire bijenkast, simplex formaat
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zwermverhindering moerteelt import koninginnen

eilandbevruchting kunstmatige inseminatie behandeling tegen ziekten focus op honingopbrengst
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Wat hebben we geleerd vandaag?



UNVERSITET De intensieve bijenteelt
pluspunten: - | a
- hoge honing opbrengst R

- zachtaardige bijen (raamvast en niet y M.
steeklustig) |

- beperkte zwermdrift
- toegankelijkheid van de bijenkast

- laat grootschaligheid toe
ijnpunten:

PunP : : : ‘ la A

- verstoring van de biologische processen

- de imker is de bepalende factor in de
volksontwikkeling en het reproductieproces

- het imkeren is arbeidsintensief

MAAR ER IS MEER AAN DE HAND...



Kritische kijk op de
Imkers-praktijken

- Kolonie-densiteit
- Huisvesting
- Reproductie
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Kolonie-densiteit

«

aantal kolonies draagkracht van het landschap
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kolonie-densiteit ~ voedsel
>> - kwaliteit larven
- omvang van het broed
- cannibalisme

Apidologie 41 (2010) 278204
© INRA/DIB-AGIB/EDF Sciences, 2010
DOL: 101051/ apidof 2010012

Available online at:
www.apidologie.org

Review article

Nutrition and health in honey bees*

Robert BRODSCHNEIDER, Karl CRAILSHEIM
Diepartment of Zoology, Karl-Franzens-University Graz, Universititsplatz 2, 8010 Graz, Austria

Received 15 September 2008 — Revised 4 February 2000 — Accepted 11 February 2010

Abstract — Adequate nutrition supports the development of healthy honey bee colonies. We give an
overview of the nutritional demands of honey bee workers at three levels: (1) colony nutrition with the
possibility of supplementation of carbohydrates and proteins; (2) adult nutrition and (3) larval nutrition.
Larvae are especially dependant on protein and brood production is strongly affected by shortages of this
nutrient. The number of larvae reared may be reduced to maintain the quality of remaining offspring. The
quality of developing workers also suffers under conditions of larval starvation, leading to slightly affected
workers. Larval starvation, alone or in combination with other stressors, can weaken colonies. The potential
of different diets to meet nutritional requirements or to improve survival or brood production is outlined. We

> Colony nitrition

Adult nuirition__

® [@]o]®

\ 4 y
Larval nutrition

v |

Figure 1. A schematic representation of the three
levels of honey bee nutrition, dependencies, and
possible effects of protein malnutrition. A: depen-
dency of adults on colony food stores; B: investment
in larval quality; C: regulation of larval number; D:
cannibalism; E: impact of larval nutrition on next
adult generation: F: impact of adults on colony nu-
trition.

discuss nutrition-related risks to honey bee colonies such as starvation, monocultures, genetically modified
crops and pesticides in pollen and nectar.

malnutrition / pollen / protein / carbohydrates [ supplemental feeding

1. INTRODUCTION

Adequate nutrition is a honey bee colony’s
basis for growth and development. De Groot
(1953) reported the amino acid requirements
for honey bee growth and development, and
Haydak (1970) extensively reviewed the gen-
eral dietary requirements of honey bees. This
knowledge led to the formulation of special di-
ets that support colony development (Tab. I).
Because landscapes have become increas-
ingly characterized by agriculturally intensive
monocultures, and since honey bee pollination
services often occur within a human-defined
ecosystem, bees nutritional needs may not be
provided for properly (Naug, 2009). Thus the
question arises if and how bees should be pro-
vided with supplemental food when nutritional
deficits occur.

Honey bees are social insects, often re-
garded as super-organisms (Seeley, 1989).
Thus, nutrition can be investigated on three

Corresponding author: R. Brodschneider,

Robert Brodschneider @ Uni-Graz.at
* Manuscript editor: Yves Le Conte

levels — colony nutrition. adult nutrition and
larval nutrition — with increasing complexity,
because disorders in prior stages affect sub-
sequent stages. and vice versa. Poor colony
pollen stores may hinder adults from feed-
ing larvae properly or from rearing all lar-
vae to adulthood. Hence the guality or the
number of adults in the next generation may
be poor, which could affect colony nutritional
state and thus influence subsequent brood rear-
ing (Fig. 1). In a colony. the nutritional lev-
els are closely connected through numerous
adult-brood interactions and trophallactic con-
tacts. Trophallaxis describes the social trans-
fer of food from one adult individual to an-
other, partly in a directed manner, and partly
generating a common stomach that enables all
bees to obtain knowledge of the nutritional sta-
tus of the colony (Crailsheim, 1991, 1998).
Both larvae and adults are highly dependent
on colony food stores, and adult honey bees
may adapt their foraging or brood-care strate-
gies according to the respective need and sup-
ply of carbohydrates and proteins (Schmickl
and Crailsheim, 2004).
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>> vervliegen, roverij

Mite bombs or robber lures? The roles of

>> Zl e kte n Ove rd raCht drifting and robbing in Varroa destructor

transmission from collapsing honey bee
colonies to their neighbors

David Thomas Peck¢ *, Thomas Dyer Seeley

Department of Neurobiology and Behavior, Cornell University, Ithaca, New York, United States of America

B
o * dip36@cornell.edu
-
\ B

PLoS ONE (2019) 14 (6): €0218392
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thermoregulatie:

modulaire bijenkast versus
boomnest:

- warmteverlies tot ~ 70%

- hoge bijendensiteit nodig >150%
>> om conventiestromen te stoppen

Journal of Thermal Biology 122 (2024) 103882

Contents lists available at ScienceDirect

Thermal
Biology

Journal of Thermal Biology

ELSEVIER journal homepage: www.elsevier.com/locate/jtherbio

M)
Are man-made hives valid thermal surrogates for natural honey bee nests &
(Apis mellifera)?

Derek Morville Mitchell

Instituite of Thermofluids, School of Mechanical Engineering, University of Leeds United Kingdom, Woodhouse Ln, Woodhouse, Leeds, 152 9JT, UK

Fig. 1. Artificial tree nest constructed from wood and foam.
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Science of the Total Environment 745 (2020) 141036

raatbouw:

Contents lists available at ScienceDirect

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

- ( h I Sto rl S C h e ) CO n ta m I n atl e Pesticide and veterinary drug residues in Belgian beeswax: Occurrence, '!1

toxicity, and risk to honey bees e

Noémie El Agrebi ?, Kirsten Traynor b Olivier Wilmart€, Simone Tosi9, Laurent Leinartz©, Ellen Danneels’,
Dirk C. de Graaf &, Claude Saegerman **
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raatbouw:

- larven onder stress
>> expressie immuniteit &
ontgiftingsgenen

PLOS ONE

L)

Check for
updates

RESEARCH ARTICLE

A field realistic model to assess the effects of
pesticides residues and adulterants on honey
bee gene expression

Noémie El Agrebi®'®, Lina De Smet>**, Caroline Douny®, Marie-Louise Scippo?,
Lidija Sveénjak®, Dirk C. de Graaf>*, Claude Saegerman' *

1 Research Unit of Epidemiology and Risk analysis applied to Veterinary sciences (UREAR-ULiége),
Fundamental and Applied Research for Animal and Health (FARAH) Center, Faculty of Veterinary Medicine,
University of Liége, Liége, Belgium, 2 Faculty of Sciences, Laboratory of Molecular Entomology and Bee
Pathology, Ghent University (UGent), Ghent, Belgium, 3 Faculty of Sciences, Honeybee Valley, Ghent
University (UGent), Ghent, Belgium, 4 Laboratory of Food Analysis, Department of Food Sciences, Faculty of
\ inary Medicine, F tal and Applied Research for Animals & Health (FARAH) Center, Faculty of
Veterinary Medicine, University of Liege, Liége, Belgium, 5 University of Zagreb, Faculty of Agriculture,
Department of Fisheries, Apiculture, Wildlife Management and Special Zoology, Zagreb, Croatia

© These authors contributed equally to this work.
* claude.saegerman @uliege.be (CS); lina.desmet@ugent.be (LDS)

PLoS ONE (2024) 19 (6): 0302183
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HEEREN RSN

Fig 2. Mini Plus frame with a set of 3 comb sections, 2 i and 1 control placed here in the centre.

hittps://doi.org/10.1874/fourmal pone. 0302183 6002

Fig 3. Brood frame with 3 percentages (0, 5 and 3%) of stearin showing empty cells for the accounting of larvae mortality rates. From left to right, the three
percentages are 0, 5and 3.

https:#/doi.org/10.1374 fournal pone. 0302183 003
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moerteelt:

moerdop (zwerm)

> te verwachten subfamilies

redcel (moerloos)
> zeldzame subfamilies

>> competitie tussen larven

+ werksters kiezen

Behav Ecol Sociobiol (2016) 70:1411-1417
DOL 10.1007/500265-016-2151-x

Reproductie

0.8

proportion of individuals
o o
N [=2]

<
¥}

]
frequent medium rare

subfamilies

Fig. 1 Frequency distribution of frequent, medium, and rare subfamilies
of samples of workers (whife), swarm queens (grey), and emergency
queens (black) over all four colonies tested. Separation into frequent,
medium, and rare subfamilies was done per colony subdividing all
subfamilies, sorted for the number of individuals, of a colony into three
equal parts (tertiles) and counting the number of individuals within
tertiles. Shown are the mean and s.d.

® CrossMark

ORIGINAL ARTICLE

Context dependent bias in honeybee queen selection: swarm
versus emergency queens

H. Michael G. Lattorff'? - Robin F. A. Moritz'?
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darrenverzamelplaats
> niet alle darrenvolken zijn even
succesvol

>> ‘fitness’ darren bepaalt aanparing

Male fitness of honeybee colonies (Apis mellifera L.)

F. B. KRAUS,” P. NEUMANN,* H. SCHARPENBERG,” J. VAN PRAAGHt & R. F. A. MORITZ*

*[nstitut fiir Zoologie, Martin Luther Universitdt Halle/Wittenberg, Halle Saale, Germarny
T Niedersdchsisches Landesinstitut fir Bienenkunde, Celle, Germany
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genetische diversiteit:

genetische diversiteit verhoogt
de ‘fitness’ (darren productie en

overleving):
- haaldrift
- populatie dynamiek

REPORTS

Genetic Diversity in Honey
Bee Colonies Enhances
Productivity and Fitness

Heather R. Mattila* and Thomas D. Seeley

UNIVERSITEIT Re prOd uctie
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Fig. 3. Weight (means +
SEM) of genetically di-
verse (solid line) (n = 12)
and genetically uniform
(dashed line) (n = 9)
colonies after occupying
new nest sites on 11
June. Dates when groups
differed significantly in
weight are indicated by a
horizontal line (top). Each
arrow marks the death of
a colony.

Science (2007) 317: 362-364
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Fig. 1. Area of comb
(means + SEM) con-
structed by genetically
diverse (m) and ge-
netically uniform ()
colonies after occupy-
ing new nest sites on
11 June. Dates when
groups differed signif-
jcantly in comb area
are indicated by a hor-
izontal line (top).
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Wat hebben we geleerd vandaag?
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vaststellingen/werkpunten: -

- respecteren draagkracht landschap

- ziekteoverdracht door vervliegen,
roverij

- thermoregulatie modulaire bijenkast
- hergebruik van bijenwas

- keuze larven voor moerteelt

- aanparing door ‘fitte’ darren

- behoud/herstel genetische diversiteit
- [introductie van een broedvrije fase]



UNIVERSITEIT
GENT

Het pad naar kwetsbare
honingbijen

- Natuurlijke regelmechanismen
- Toegepast op de honingbij

- Bij plotse veranderingen

- Onder intensieve bijenteelt
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vorige generatie filter volgende generatie

‘fithess’ meedoen

= aangepast ‘ overleven ‘ aan de

reproductie

= adaptatie

natuurlijke selectie
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UNVERSITET Toegepast op de honingbij
vorige generatie filter = klimaat volgende generatie
cf%»cf% R
@-@
£-0 @»@
fitness’ meedoen

= voorjaars- ‘ overleven ‘ aan de

reproductie

ontwikkeling

natuurlijke selectie
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vorige generatie filter = vegetatie volgende generatie

‘fitness’ meedoen
=volks- NS overleven NP aan de
reproductie

ontwikkeling

natuurlijke selectie
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vorige generatie filter = stressor volgende generatie

fithess’ meedoen

< genetische ‘ overleven ‘ aan de
diversiteit reproductie

|—I—l

natuurlijke selectie
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vorige generatie stressor = varroa volgende generatie
-
s sd '

)“ -
fitness’ meedoen
< defensieve ‘ overleven ‘ aan de

kenmerken reproductie

|—I—l

natuurlijke selectie
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vorige generatie stressor = virus volgende generatie

‘fitness’ meedoen
< et ‘ overleven ‘ anlde
reproductie

|—I—l

natuurlijke selectie
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vorige generatie filter = productiviteit volgende generatie

‘fithess’ meedoen

< honing- ‘ overleven ‘ 2an de

reproductie

opbrengst

mensgestuurde selectie
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vorige generatie stressor = varroa volgende generatie

-—
‘.m P c‘.

y
“‘ <
fitness’ meedoen

< [eeleale ‘ overleven ‘ e dle

reproductie

|—I—l

gebrek aan adaptatie
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VST Onder intensieve bijenteelt
vorige generatie filter = klimaat volgende generatie
= import bijen
@»(’9 L
- @-@
£ @»@
2 > 1 Bft
fitness’ meedoen

<interventies~ overleven ‘ e dle

reproductie

|—I—l

gebrek aan adaptatie
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vorige generatie veelheid aan stressoren volgende generatie

= import bijen @ .

_?" ’@..Q
L0

meedoen

interventies ‘ overleven ‘ aan de

reproductie

|—I—l

kwetsbare honingbijen
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Wat hebben we geleerd vandaag?
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vaststellingen/werkpunten: -

- adaptatie door natuurlijke selectie
(overlevers)

- zowel naar omgeving als ziekten
- buffer door genetische diversiteit

- ziekte-resistentie door defensieve
kenmerken of immuniteit

- selectie-focus op productie is
mensgestuurd

- gebruik medicatie verhindert ziekte-
adaptatie

- regio-vreemde bijen / genetisch
materiaal verhindert omgevings-
adaptatie

- bijenteelt gebaseerd op interventies
maakt honingbijen kwetsbaar



Bijenteelt: een
(on)evenwichtsoefening

- Bijensterfte in een notendop
- Anders dan hoevedieren



Bijensterfte in een notendop

UNIVERSITEIT



& "

UNIVERSITEIT Bijensterfte in een notendop ¢

GENT
STRESS ANTI-STRESS

nZ

: locale adaptatie :5 :_U|

klimaat : 4=

voedseltekorten 0[1“9";"';‘9 - Qo

pesticiden adaptatie ziekten 2 g
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verstoring o m
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interventies Oz
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<« evenwicht
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veerkracht gradient

STRESS ANTI-STRESS
Z
> 5
Klimaat 92
voedseltekorten Qo
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2 evenwicht
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individuele opvolging kolonies en aangepaste interventies
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verlagen van het stress niveau

STRESS ANTI-STRESS
35
klimaat S
Z
voedseltekorten Ow
ticid I'?I ;
ziekten Z m
verstoring m
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Z
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selectie naar veerkrachtige bijen

STRESS ANTI-STRESS
35
klimaat S
Z
voedseltekorten Ow
ticid I'?I ;
ziekten Z m
verstoring m
o X
eveﬁ?(viht
O =
2
=
Z
kwetspaar 2
'\ evenwicht
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Anders dan hoevedieren

-
v

opstallen / opsluiten
voedselaanbod

ziekte beheersing
overplaatsbaar

profylaxe / vaccinatie
diagnose / autopsie
medicamenteuze behandeling
focus op productiviteit
bloedlijnen

enge genetische diversiteit
genetica los van omgeving



UNIVERSITEIT Extra we rkpu nten

GENT

i ;;Q

Wat hebben we geleerd vandaag?
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werkpunten: -

- individuele opvolging kolonies en
aangepaste interventies

- verlagen van het stress niveau

- selectie naar veerkrachtige bijen
door het uitsluiten van kwetsbare
honingbijen (voor de nateelt)
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Na 10 jaar is de puzzel
bijna gelegd

- Werken aan de werkpunten

- Anders gaan imkeren

- Ontbrekende puzzelstukken

- Laatste stappen naar implementatie
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Focus 1: Bijsturing bedrijfsvoering

- uitgebalanceerde kolonie densiteit
- huisvesting verbeteren

- Zuivere bijenwas

- stress-luw imkeren

- introductie van een broedloze fase

Focus 2: Veerkracht herwinnen

- Individuele opvolging volken

- selectie op defensieve kenmerken
- merker-gestuurde selectie

- Darwiniaanse selectie
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Uitgebalanceerde kolonie-densiteit :

Bepalen draagkracht van het drachtgebied en het voedseldelen Beiiter-B
met wilde bijen door modellering — Christopher Topping, Aarhus

University (DK)

|I-B-GOOD

dynamisch voedselbron-model voor het maken van een geschiktheidskaart voor
bijenteelt en het voorspellen van het voedseldelen tussen HB en wilde bijen

Short introduction to ALMaS$
Alle undersider til ALMaSS findes kun pa engelsk

ALMaSS, The Animal, Landscape and Man Simulation System is a
landscape scale simulation system for investigating the effect of

changes in landscape structure and management on the population
A Lma s S size and distribution of animals in the Danish landscape.

ATLMaSS is since 2010 an open-source open-science project

discuss the ALMaSS project. Anyone interested in using or contributing to ALMaSS is encouraged to join
GitLab and the ALMaSS project.

ALMaSS Overview
AL MaSS is an agent-based model system, which means that the animals are modelled as individuals
(agents) which will move around inside a virtual landscape to breed and die much in the same way as the

real animals do in their natural environment.

Apart from the detail often used in ALMaSS models, what sets this system apart from others is that from its
conception it has utilized dynamic landscapes rather than static maps. A very substantial part of the system
is therefore the modelling of environment that the animal models are placed into. See landscape for further
details.

g Belgium
AL suitailty
- on

0 25 50 Km

landschap geschiktheidskaart voor bijenteelt
in Belgié
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ALMaSS in het Vlaamse landschap: Hazenpopulatie in een zich

wijzigende landschap (biomassa) in Merelbeke

B QtALMaSS
File Run View Config Map Tools

® 000000 &

Control

Batch

Show Spedies

Infant Young
Juvenile Male
Female

File

> W ALMsSS_debug

&

x

0% Postvak IN - David....

wH X8  LX instelingen

(5 0BS 24.03 (64-bit, ..

Uitgebalanceerde kolonie-densiteit

o

»

Beuier-B

Display
Main

Time

Model Time

[s/06/2018 0:00

Model Step

Popuiation

Unused 12
Unused 13

Unused 14

-

|I-B-GOOD

x

BHNS R BLTEECS
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Uitgebalanceerde kolonie-densiteit WV

Burgerwetenschapstudie over voedseldelen tussen

Beuier-B

honingbijen en wilde bijen — Sjef van der Steen, zelfstandig
consulent Alveus AB Consultancy, Oisterwijk (NL)

valideren van het dynamisch voedselbron-model door waarnemingen van burgers

v % Welcome x  + - X
&« c 25 beeplants.eu/welcome A I 6
{5 Beeplants.eu Plants Catalogue Reporting About Settings Q Login ] Signup = =

Better-BFood Sharmg Study

To begin submitting observations, please register an accol

Login

Help /How-To

Find out more in the help section.

Help / How-To

#2024 Beeplants.eu Report

H P Type here to search

Plant Reporting

Help us build up an improved database of beeplants with
occurence and blooming times.

Plant Reporting

Sweet clover

One recent report for Sweet clover was made at
May 11, 2025. Overall we have 1 reports. Help us
getmore! *

>

Plants By Blooming Start Plants Alphabetical

11:30

) G
12/05/2025
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Imkers gidsen bij de constructie van de bijenkasten vanuit een Beiiter-B
studie van de thermoregulatie van een lege/bevolkte bijenkast —
Emmanuel Ruffio, Co-Actions, Bordeaux (FR)

effect van
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70 | :
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Leefmilieu

Pesticiden en veterinaire medicatie in bijenwas: voorkomen, (. ) VARGt o i sl
toxiciteit en risico voor de honingbijen — Claude Saegerman,

Uliége (BE)

ke S,
9

WAX .

https://www.beetools.uliege.be/beetoxwax/

Sehorm of thas Tetul Ervissamsens 7.2 [3509] 141008

Corieris luts avalable at Schroelinect

Science of the Total Environment

journal homepage: www. slaevier com/locatafacitatany

Pesticide and veterinary drug residues in Belgian beeswax: Occurrence, _?_“
toxicity, and risk to honey bees -

Nobmie El Agrebi®, Kirsten Tl.aywr", Ollivier Wilmart®, Simone Tosi®, Laurent Leinariz®, Ellen Danneels ",
Dirk C deGraafr‘, laude Saegerman **

* Bearssch |
iAo, Linrenaity: of Lies, Qarrier Vol Averaar e Casepens 72, B4, 4000 Ligs, Sari-Tlirace, Selgmn
L Arizons Sroar Lskveraity, Tampr, A% LA
4 o

* Foders Agency o 0 gty of e i Amsrarares, Boadevard g Jardin B g 5%, F300 Srumck, Seghen

pdmaadan Ly Paras Eux, ANSES (et Apency far Foad, ) Anial Hirsleh Lobwearnry, Modar-Afon, Manar
~ Tooching Seppart Link, Facalty af Vearrincry Beficior, Liwverai y of g, Guarrier Volife , A e Casghes 50150, B41, 4000 Ligs, - Tian, Selgirn
' i Y 11, W Chaw, B
S—y gk I 7, 5000 Ghews, Beigom
HIGHLIGHTS GRAPHICAL ABSTRACT

B ———
coureh, horey comb, and cappings wax

B2 beoraas angpda
+ 54 diflevent pealicide and welrzimiry
ey residues were b in the ke
[ —
* lnhive applied or high lipophiic resi-
s are meve hely Lbe foumd i bees-

- E-lu-li”lllll_l

.

- A slalidealy sgmifil allume o
chler ke maaphin on bev mmrlalily wae
b

- Cappngs max wis sbstistially ke
i e—

AETICLE INFO ABSTEACT
e — Pruscide and seirmney drug seasue e ore o the dees Lrtees aferting ber bralth are merlaliey Te e
Pavatved 4 Aprill 2050 Eigale the scrirrmee, the soncralration and S iy rive b bres of pelide newdurs i four dfreent
Frcrye i i o, 78 Jures 00 ey of bevsman [braod comb wmas, recyeled comb mas, heney sl was, ard cappings was], 161 wmples
M::mm e calboctind friom ppiaries localind all sves the Belgis berritaries, during ipring 2016 and anabyied by L0-
SV arad G- WSS for the proserar of 204 chivmcal e har, The lascily rk Lo bon expeesied o S Hae-
i Saiemin il v Qpusen | ()] mas s vdated foe pach man sam e, socod g s we s wath dierent Lin-lor b ge
g v, marhars wheming lhe beghed prevalmes e cmrclied 1o bor mestadity o amuliarise logids
Prem—— [ ————l s wund « Admgpethar, 54 difirest -
P ich nary dnug resa s of berman. Tie residus witha i b bebhed
[ eerba retaired b appabed i-bise ar with 4 high Iy it T TP ye— i
Futcee nanbel ol a wiatstically sigeicard. isflurmee of chkarfemeaphes i bee mertaity. Al u s indsatind
Benkioem il Caprping mitn wis nabsisliall arsitin. This naessal pemiden
Vemrsury g n Twv— 3 s e rncuiity s vl

* Commporiog msbor,
- e lasdassegerrsdukag b | Luagerram]

g e o I |G e SO
020 Eluevier LV, 48 righe rwerems.



& "

EEN_MERSITEIT Individuele Opvolging bijenVOlken @
Het gebruik van de digitale bijenkast in de bijenteelt — Ezra Beiiter-B
Jacobs, Nederlandse stichting BEEP (NL)

I'B-GOOD

geautomatiseerde meting van
gewicht, temperatuur en geluid

algoritmen ontwikkelen om datastroom te verwerken en de imker te verwittigen
bij problemen
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Vibraties in de bijenkast in relatie tot de gezondheid van het Beiier-B
volk — Martin Bencsik, Nottingham Trent University (UK)
(voordracht in het Engels) |I-B-GOOD

www.nature.com/scientificreports

veranderingen in het vibrationele patroon na

een artificiéle stimulatie scientific reports

S
OPEN Quantitative assessments
of honeybee colony’s response
to an artificial vibrational
pulse resulting in non-invasive
measurements of colony’s overall
mobility and restfulness

Martin Bencsik® ", Adam McVeigh?, David Claeys Bouvaert®, Nuno Capela®,
Frederick Penny’, Michael lan Newton’, José Paulo Sousa* & Dirk C. de Graaf®

In this work we zim to provide a method allowing ing of the, status
of honeybee colonies by providing them with a gentle, short, external artificial vibrational shockwave,
and recording their response. The knock is provided by an extemal electromagnetic shaker attached to
the auter wal of a hive, driven by 2 computer with 2 0.1 s long, manochromatic ibration at 340Hz set

to an amplitude that occasionally y from the bees, recorded by eter
placed in the middle of the central frams of the colony. To aveid habituation, the stimulus is supplisd
times, every hour. The ‘with a pilot study on a single

colany hosted indoars, then extended onto sight outdoars colonies. The results show that we can
from anoth
which is phenomenlogically explored. Using this, 3 colony that is queenless s easily discriminated

bijenkasten met

from the others.
stimulator en ontvanger e ———— B ——
seen unless the beckeeper inspects the hive by opening 1t invasvely. Although the traffic of bees at the entrance

of the hive gives an indication of 1s status, 1 the wintertime all foraging can cease for weeks or even months,
and 1t 15 not even possible to tell whether the colony 15 altve or desd. Nowadays a thermal camera can be used to
distinguish alive, warmer colanies from dead ones, but in the past many beekeepers have been simply knocking
an their hives, with thetr hand, to check and listen for a positive buzzing respanse, indicating the liveliness of
the colony.

The potential relevance of this stmple test has never been investigated properly, even though 1t perhaps

[ 1 T T holds a key to non-tnvastvely assess at least one aspect of the overall physiological status of the colony. Indeed,
4 - Il | ‘ | knocking on the hive. in order to thy the det onse can be seen s one of the super-

organtsms' reflex arc.
Usually undertaken on vertebrates, the reflex arc test requires a stimulus to be provided to the Iiving argan

| 1sm, resulting in a “response” that can be measured quentitatively. As the response s achieved through a neural

pathway (which may or may not require the brain), its features (Le. magnitude, time duration. etc. ) often yield

f an assessment of an aspect of the status of the organismis central nervous system, reflecting a particular detail
af s physiological status. Since the reflex arc 1s involuntary, the assessment 15 free from subjective bias. Such
[l I(‘ tests must however not be undertaken at extremely regular times or 1n oo close succession, In order to avoid
1 M{ - | B habituation 1n the antmal under investigation
v
U
I

}—7

relative vibration

o \
*W‘ A L
‘\ T i »\ '& ) \} I y— “Nottngham, Tre Unesty, Nowngham, UK. Hay B nstits, Murdodh Universy,
'N\]ﬁ‘r«“‘v” Australia. *Honeybee Valley, Ghent University, 9000 Ghent, Belgium. ‘Centre for Functional Ecology,
Department of Life Sciences, Associated Laboratary TERRA, University of Coimbra, Coimbra, Portugal. “email-
1 ! | martin bancsik @ntu ac uk

1.5 2 25 3

vibrationele patroon ° ' ime (5) P — O — i 0 oSS G2 5157 pre—
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Goede imkerspraktijken en selectie van interventies met laag
Stress-niveau op basis van een bevraging van imkers en
experimentele stress-meting o.b.v. vibrationele patronen — Kamiar
Torabi, UGent Honeybee Valley (BE)

stress-meting o.b.v. vibrationele patronen na oxaalzuurbehandeling

T et ae
e - . f'f

i

_______

sublimatie

bedruppeling
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wsrer INtroductie van een broedvrije fase ¥
De arrestraammethode — Ellen Danneels en Thomas Van Pelt, 1
UGent Honeybee Valley (BE) (]NIPE[SKI
AR
broedvrije fase creéren door het opkooien van de koningin 1

J

Motivatie - biologie - planning - methode - samenwerking

- . Imkertechniek

Juni 2023 =
B -
Auteurs: Dr. Ellen Dannegls - Thomas Van Pelt > '9’ honevb“e?
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Tien jaar selectie naar virusresistente bijenvolken in 5 VTRl
Vlaanderen - Emma Bossuyt, UGent Honeybee Valley (BE) verbeelding werkt

www.nature.com/scientificreports

SCIENTIFIC
REPORTS

naturetesearch

OPEN Heritability estimates of the novel
trait ‘suppressed in ovo virus
infection’ in honey bees (Apis
mellifera)

Dirk C_ de Graaf+?"", Dries Laget’, Lina De Smet?, David Claeys Bobiaert?,
Marleen Brunain®?, Roel F. Veerkamp® & Evert W. Brascamp®

Honey bees are under prassure due to abnormal high colony death rates, especially during the winter.
The infestation by the Varroa destructor mite and the viruses that this ectoparasite transmits are
asthe bees’ threats. Almost all efforts to remedy
this dual infection have 5o far focused on the control of the Varroa mite slone and ot on the vinises
it transmits. In the present study, the sanitary control of breeding queens was conducted on eggs
taken from drone brood for & consecutive years (2015-2018). The screening was performed on the
sideline of an ongoing breeding program, which allowed us to estimate the heritabilities of the virus
status of the eggs. We used the term 'suppressed in ovo virus infection’ (SOV)for this novel trait

and found moderate heritabilities for the presence of several vi d for the
prﬁznmufxmg\e\nm\ species. Colonies that expressed the SOV trait seemed to be more resilient
fewer and wing virus infections in most

nemupmeml mges, especially in the male caste. The implementation of this novel trait into
breeding programs is recommended.

‘The economic value of the honey bee can be almost entirely attributed to its pollination services for agricultural
crops. However, honey bees are under pressure due to abnarmal high colony death rates, especially during the
winter®. There are several possible rﬂpﬁnalwns for the increased morlality, but the infestation by the Virroa
destructor mite and the viruses that this ectoparasite transmits are generally considered the most tmportant
biotic threats™. The mite was found to be an efficient vector of viruses even to the ulmldwllmllally the clinical
symptoms caused by the Deformed wing virus (DWV) were wrongly attributed to the mute. The Varroa mite
and DWV interact in many different ways, resulting in an increase in DWYV virulence®” and colony mortality™12
These effects are pm\:]lydurlu the mutualistic symbiodic relationship between both, 1n which the mite provides
transmission of the virus when it feeds on the bee, whereas the virus undermines the immunity of the honey
. . . bee by interfering with NF-kB signaling, possibly facilitating the mite’s trophic activity”. Almost all efforts to
ei van d e h onin bl remedy this dual Infection have so far focused on the control of the Varroa mite alone. Indeed. several mite-
J control strategies have been set up in beckeeping practice that rely on acanicide medication or other treatments,
biotechmical apicultural methods and selection for Varroa reststance. The control of the viruses transmitted by
the mite is therefore achieved almost exclusively ndirectly, by hmiting the sevenity of the mite infestation. One
exception to this 1s the treatment with double-stranded RNA. to provoke a targeted antnaral immune response

based on RNA interference, but this Is rarely used in beckeeping practice'*.
The transmission of viruses between bees by the vectoring Varroa mite is described as horizontal transmis-
slon, as It Is from one individual to another from the same generation by either direct or indirect contact. Virus
. ] L] transmission through bodily contact, trophallaxts, feeding and common flower visits are also categorized under
horizoatal transmisston. On the other hand, vertical transmission refers to the passing of an infectious agent
epaling van de viruslast van het ei om R T e o

predommantly by virus particles adhering to the surface of the exg (ransovam) rather than mtracellularly

virus-resistente volken op te sporen e e
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; Bart).G. Broeckx (3", Lina De Smet?, Tjeerd Blacquiére?, Kevin Maebet, Mikalai Khalenkow?,
* Mario Van Poucke?, Bjorn Dahle”, Peter Neumann®, Kim Bach Nguyen®, Guy Smagghe (9%,
: DieterDeforce(>*, Filip Van Nieuwerburgh (2%, Luc Peelman’ & Dirk C. de Graaf (52

© Host-p I hlﬂ.nrylsla-c g htonovel hosts. This was the case
{Apis he mits, switched hosts

* from Eastem hany bees (Anis cerana). Ths mite has since ba(mthemmmereh»uluglallhm

: toA. mellifers worldwide. However, some A. mellifera known to survive i

© largely by mite h. One known

i (SMR), but ying genetics are poarly Here, we take ady "‘hapiuddrmq
originating fro the that developed istance,

i sequencingand elastic-net regression to identify genetic variants associated with SMR inresistant
honeybees. An eight: predictad 88% of the ctly and identified six

 risk and two protec iants. Reproducing and roducing mites could not be distinguished

- using DM A microsatellites, which is in agree ment with the hyput.hﬁlsthal\t\s natthe parasitebut the

¢ host that adapted rself. Our that the brood iss
disrupted in re sts_ The identified « elto romrbute

toa sustainable global apiculture.

¢ “The ublquitous ectoparasitic mite Viarroa destructor, an tnvastve specles from Asta, s the most Important bio-

logical drtver of global kosses of honey bee, Affs meflfera, colonies’. A mellifera s not the original host however
¢ as this mite occurred first in the Astan honey bee, Apts cerana’. Whereas A. cerana and V. destructor have a long

history of co-evolution, this is not the case for A, mellgera®. This short pertod of co-evolution has left A. mellifera
: vulnerable’. To avold colony collapse, treatment with acaricides seemed the best option and this Is what mite con-

trol strategles have relied on for more than five decades. However, scattered observattons in affected reglons show
© that untreated honey bee calonies can survive mite infestations™ %, This prompted several initiatives aimed at
 breeding thes ¥ destrucfor-tolerant of -resistant bees (VR)~*. “Tolerance'1s a defence strategy whereby the host
can limif the harm caused by a given parasite burden, whereas ‘Teststance’ refers to the abilty of the host to limit
the actual parastte burden tself”. Both soctal and individual traits have been tmplicated in the defence agatnst
© the V. destructar-mite. Varroa sensitive hyglene (VSH) 15 a social behavioar traut that consists of three compy
* nents (detection, opening and removal of Infested and damaged pupac) that are each mherited independentl
¢ and s expressed by the adult worker honey bees. It was formerly called ‘suppressed mite reproduction’ (SMR)
* as reproductive mites were eltminated by hygienic behaviour. However, the term SMR Is no longer wsed for the
¢ social, hyglenic behaviour as true SMR has been abserved 1n several populations. As such, SMR s currently

defined a5 a trait where mites il to produce offspring in honey bee pupae by a not yet identfied mechanism. This
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Mutaties in pesticide-bindingsplaatsen en electrofysiologisch effect Betier-B
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Darwinian black box selection for resistance to settled
invasive Varroa destructor parasites in honey bees

Tjeerd Blacquiére (» - Willem Boot + Johan Calis + Arrigo Moro
Peter Neumann @ * Delphine Panziera
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Recapping and mite removal
behaviour in Cuba: home

to the world’s largest population
of Varroa-resistant European
honeybees

Anais Rodriguez Luis?, Isobel Grindrod?, Georgiana Webb?, Adolfo Pérez Pifieiro* &
Stephen John Martin?
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Living in harmony with nature: the key to resilience
of honeybees (Apis mellifera) in Africa

Haftom GesreMEDHN'?®, Regis LEresre!, and Dirk C. de GraaF!

! Laboratory of Molecular Entomology and Bee Pathology (L-MEB), Department of Biochemistry and Microbiology,
Faculty of Sciences, Ghent University, Ghent, Belgium
* Mekelle Bee Research and Training Centre, Tigray Agricultural Research Institute, Mekelle, Ethiopia
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Abstract — Managed honeybees play a crucial role in enhancing agricultural crop production and plant biodiver-
sity conservation and ensuring food security. However, beekeepers, especially those in the Northern Hemisphere,
are experiencing high honeybee colony losses, mainly due to the ectoparasitic mite Varroa destrucior. This
could threaten our future food security. The presence of V. destrucror has also been reported in Africa; however,
honeybees are less affected by the mite. Moreover, local beekeepers do not consider the mite as a threat to their
colonies, and colonies survive without mites’ treatment. Mite-resistant honeybee populations have also been
reported in various parts of Europe, but they are limited in number and confined to specific regions. Therefore,
understanding why mite-resilient honeybee populations are flourishing in many African countries is crucial for
developing effective management strategies to improve honeybee health worldwide. Hence., this review synthe-
sizes existing knowledge about the factors and traits that allow mite-resilient honeybee populations in Africa to
flourish and aims to translate the insights gained from Africa into more effective approaches for managing the
impact of V. destrucror worldwide. The results suggest that African-derived honeybees are resilient to a broad
set of threats including V. destrucior because they live in harmony with nature. Resilience is attributed to a more
bee-friendly environment, to better balanced colony densities, to beekeepers’ management practices, and to the
bee's behavioural adaptation and physiological and genetic traits. Nature-based beekeeping practices that allow
natural selection to operate and maintain the genetic diversity of local honeybee subspecies are the key to their
resilience against V. destructor.

African honeybees / Genetic diversity / Natural selection / Resilience / Varroa destructor
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Harmonieuze Intensieve Bijenteelt:
bijsturen van intensieve bijenteelt 0.b.v.
wat we geleerd hebben van de
kleinschalige imkerij (cfr. korf-imkeren en
Afrikaanse bijenteelt)

= herstel van harmonie (binnen het volk
en met zijn omgeving)

>> in de reproductie-eenheid
>> herstel intrinsieke veerkracht

= streven naar hoge productiviteit

>> in de productie-eenheid
>> recruteert uit de reproductie-eenheid

ol v \'.'.
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natuurlijk imkeren (tree beekeeping)
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Focus 1: Bijsturing bedrijfsvoering

- uitgebalanceerde kolonie densiteit
- huisvesting verbeteren

- Zuivere bijenwas

- stress-luw imkeren

- introductie van een broedloze fase
- Dbeslissingsboom

Focus 2: Veerkracht herwinnen

- Import-stop vreemde rassen

- vertrekken van brede basis

- Individuele opvolging volken

- selectie op defensieve kenmerken
- merker-gestuurde selectie

- Darwiniaanse selectie

- selectie door cascade
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