
Selection for Varroa-resistant 
honeybees: the role of natural 

selection.



Apis cerana, the eastern honeybee

The natural host of Varroa destructor:
• Host and parasite coexist stably, 
• without harm for the A.cerana colony
• Mites at low density

Apis mellifera, the European honeybee

Non-adapted new host of Varroa destructor:
• Parasite kills host colony eventually  
• Mite populations grows  exponentially
• Chemical treatment necessary
• Still high mortality



Differences between A.cerana and 
A.mellifera from Europe

A.cerana A.mellifera

Reproduction in 
worker brood No Yes

Reproduction in 
Drone brood Yes Yes

Development time 18-19 d 20-21 d

Defence behaviour
bees

high low

Non-reproduction
In worker brood

≈ 100% ≈15%



Mother V.destructor with son and 3 
daughters



The Problem

• In Europe and the USA: beekeeping not 
possible without anti-Varroa treatment

• Even with treatment colony losses from 5 to 
30 %

• 95% yearly losses of wild honeybee colonies, 
threatening local sub-species (including the 
black bee) with extinction



Varroa Virulence in the European 
Honeybee

• Why does Varroa destroy bee colonies in 
Europe and North America? 

• Why no damage in Africa and in Africanized 
bees in South America?



Varroa Virulence in the European 
Honeybee

• After ≈ 35 years, natural selection has not 
resulted in resistance

• Natural selection hampered by:
– Treatment with acaricides,

– requeening with non-resistant pure-bred ones

– Other apicultural practices

➢ So, what happens in long term experiments 
without treatment and requeening?



Natural selection experiments

• Surviving colonies are small en swarm 
frequenly (Locke, 2016

• Genomic evidence for drift and extremely 
reduced heterozygosity (Lattorff et al. 2015).

• Honey production 41% less than controls (Le 
Conte et al. 2007)

➢But good evidence for a an increase of the 
proportion non-reproducing mites 



Martin & Medina, 2004

EHB

AHB

A.cerana



Always: Wr > 0,7

Population Authors Wr

surviving
Wr

control

Gotland Locke et al. 2012 1,31 2,60

Norway Oddie et al.2017 0,87 1.24

France-Avignon Le Conte 2007
Locke et al. 2012 

1,26 2,98

France-Sarthe Oddie et al. 2018
Locke et al, 2012

1,95 2,54



Of 597 colonies, 94 survived after 900 days, 
mortality mainly due to Varroa (Büchler et al, 

2014)



Conclusions

• Colony level selection with free mating has 
not resulted in complete resistance, despite 
many attempts (Le Conte et al. 2007, Le Conte 
2017; Kulincevic et al, 1992; Locke, 2016, 
Oddie et al. 2017, 2018 ) 



Potential mechanisms of Resistance: How can 
bees survive Varroa infection? 

• Varroa specific hygiene

– Genetic

• Allo- and auto grooming

– Genetic

• Swarming and small colony size

– phenotypic



How can bees survive Varroa infection? 

• Varroa Specific Hygiene

– Reproducing Varroa inside workers cells

• Allo- and auto grooming

– Phoretic mites on adults



Varroa sensitive hygiene (Harbo & Harris, 2005)

Left side: life cycle of Varroa in 
nonresistant bees

Right side: VSH: worker bees open 
Varroa infected cells and remove 
pupae



Grooming & Phoretic Varroa

• Difficult to observe and quantify
• Believed to have low heritability



VSH



Non-reproduction: VSH increases the % of non-
reproduction by decreasing reproductive mite 

numbers



Swarming & small nests prevent the growth of Varroa 
populations (Seeley & Smith, 2015; Loftus et al, 2016)



Natural Selection Approach: 
Conclusion

• Measurable decrease in Varroa
reproduction in European honeybees, but 
not enough

• Continued selection by man at the colony 
level did not improve this result under free-
mating conditions

➢Whole colony selection with free mating 
queens in EHB does not result in fully 
resistant bees



Primorski Bees: history

• In the early 1900s honeybees from west Russia 
(spp caucasica & carnica) imported into Primorski
region

• A. cerana is native in this area and Varroa present.

• In the 1990s, it was discovered that these 
A.mellifera bees showed varying resistance to 
Varroa



Primorsky Bees: variable resistance after 8 years 
of selection (Rinderer et al, 2005)



Primorsky Bees after 18 years of selection (De 
Guzman et al. 2016) 



Primorsky: Conclusion

• strong VSH behaviour (De Guzman et al. 2016; 
Kirrane et al, 2014 )

• A smaller proportion of mites in the brood

➢ Resistance was not  achieved until selected 
lines were further selected in isolated mating 
yards and frequencies of resistance alleles 
passed a certain threshold

The Russian Honey Bee 
Breeders Association



Distribution of the honeybee subspecies in 
South Africa



Varroa in South Africa:
A.m.capensis & A.m.scutellata

• first detected: August 22, 1997

• spread in 5 years 

• during peak infestation 10.000-17.000 mites 
per colony

• initially, 40 to 50% of the colonies collapsed 

• 2018: Varroa numbers have gradually 
decreased. “Now, it is no more than an 
arbitrary presence” (Mike Allsopp, 2006; 
pers.com.) 



Conclusions for A. m. scutellata & A.m. 
capensis

• The two subspecies had already high 
frequencies of defence behaviour when 
Varroa arrived: 50-60% of colonies survived 
Varroa infection upon arrival of the mite.

• Resulted in complete resistance in a few years 
time.



A. m. scutellata hybrids 
(Africanized honeybee)

• Africanized bees in South America that had not 
previously been in contact with Varroa had low infection 
rates (Moretto et al.

• Africanized bees in South America that had been exposed 
to Varroa during 20 years had much lower infection rates

➢ It shows that the bees had already properties that make 
them resistant, and that natural selection has improved 
the resistance



Natural and colony-level selection

• Why does it work in African and Africanized 
bees, but not in European bees?



Mating Behaviour

• Young virgin queens encounter males at a  Drone 
Congregation Areas (DCA)

• inseminated by 10 to 20 drones
• Drones at a particular DCA originate from as 

many as 240 different colonies (Baudry et al, 
1998; Bertrand et al, 2015)

• Drones from a particular colony may visit 
different DCA’s 

➢ honeybees have an extremely panmictic 
population structure



Free multi-drone versus single-drone 
mating

• queen mates with 20 drones
• Expression of VSH in workers 22,5%
• Queen daugthers of this queen, being full 

sisters of the workers will have on average 
also 22,5% VSH alleles when they mate 
freely.

• This does not protect against Varroa
(no selective avantage)

• 20 queens mate with 1 drone each
• One mating results in 75% VSH
• This queen used for further selection



Conclusion

• Polyandry and population mating structure “dilute” 
resistance genes, when they occur at low frequency in the 
population

• Natural selection only works when the frequency of 
resistance alleles is higher than a certain threshold

• This was the case in  A.m.scutellata, A.m.capensis and 
Africanized bees.

• Single Drone Insemination allows to create small but highly 
resistant colonies

• “In bee breeding, man can do things that nature cannot do” 
(Harbo & Harris, 1999)





Wild honeybees in France



Conclusions

• Wild colonies of our native bee species (black 
bees) are not treated against and thus likely to 
die from Varroa

• Selection for Varroa resistance is essential to 
save the black bee

• Selection by Single Drone Insemination can 
bring the frequency of VSH alleles above the 
threshold where natural selection can take 
over 


