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Insights from Norway: Using Natural 
Adaptation to Breed Varroa-Resistant 
Honey Bees
Melissa A. Y. Oddie  and Bjørn Dahle

Introduction
Varroa destructor shook the beekeeping 
world when it hit. The parasite, once it 
made the jump onto Apis mellifera, was 
quick to breed itself out of control 
(Rosenkranz et al., 2010; Traynor et al., 
2020). As if the new parasite was not 
enough, it also developed the potential to 
vector common viruses. Once those 
viruses had an easy way to infect bees 
quickly and thoroughly, the problem 
became a lethal one (Dainat et al., 2012; 
Dietemann et al., 2012). The incredible 
thing about the natural world though, is 
its ability to shift back to a state of 
equilibrium after a large disturbance, with 
species adapting to one another to find 
some form of novel balance between 
them. This is exactly what Western honey 
bees have done.

We now know of several populations of 
our beloved honey bee living success-
fully with V. destructor and little to no 
human-mediated control. Some of these 
populations were derived from domestic 
stock (Locke et al., 2012), but the most 
interesting thing is that there are popula-
tions in possession of surviving traits that 
are currently used for honey production 
(Oddie et al., 2017), so not only can they 
survive, but they survive well enough to 
support a professional honey operation 
too.

In the next few pages, we hope to bring 
you knowledge and experience from the 
bee breeding community, centered around 
the story of a beekeeper in Norway, how 
he and his bees overcame Varroa, and 
what we have learned about Varroa resis-
tance through studying them.

Terje Reinertsen has been breeding 
within his own stock of about 400 hives 
since before Varroa was recorded in the 
area where he works. When the mite was 
detected in 1993, he began to treat his col-
onies as per the recommendations given 

by the Norwegian Beekeepers Association, 
but he decided to stop treatment in 1997. 
Initially the losses were high, but in just 
a few years there were rapid improve-
ments: the bees recovered, mites were still 
present, but they were few in number, and 
colony mortality fell back into acceptable 
rates, between 5% and 15%. Now Terje’s 
stock does not require any mite treat-
ments, and continues to produce compet-
itive quantities of honey every year. Terje’s 
bees are Varroa-resistant, meaning they 
have the ability to reduce the population 
growth of Varroa within a hive so that 
their levels are balanced (Figure 1), rather 
than the bees simply existing with high 
mite loads almost continuously; this is a 
trait we will call mite tolerance. We will be 
focusing on mite resistance in this article, 
but mite tolerance is also a survival mech-
anism used by some.

Terje watched his bees very carefully. 
His attentiveness was likely what allowed 
him to see the changes in his bees and 
then help them along, rather than try 
to fight the mite by himself using only 
conventional treatments. So, what is the 
recipe? How can this become a simple 
plan that anyone can follow? There is 
still a lot of work left to do; we do not yet 
know exactly how the bees are over-
coming Varroa, but we have a few clues, 
and by the end of this article we hope to 
present some steps that will point you in 
the right direction.

What Makes a Surviving 
Bee?
Scientific research so far has pointed to 
multiple traits working together to 
provide resistance to Varroa (Mondet 
et al., 2020), and these traits likely vary 
among populations, depending on the 
environment, locality and the demands 
made by human need (such as honey 
production) (Le Conte et al., 2020). The 
consensus of many literature reviews is 

that measurable, physical traits and their 
assessments are the key to developing mite 
resistance in honey bee stocks (Guichard 
et al., 2020; Mondet et al., 2020). On this 
subject there are a few practical things we 
know: (1) Nearly all bees with a natural 
Varroa resistance have a trait that reduces 
the reproductive success of the parasite. 
This trait we will call “Suppressed Mite 
Reproduction” or SMR (Locke, 2016; 
Mondet et al., 2020) and for the purpose 
of this article, this term will include mite 
non-reproduction. This trait exists in wild, 
feral and domestic honey bee populations 
across continents: bees in Africa display 
this trait (Nganso et al., 2018), as well as 
African hybrids (Corrêa-Marques et al., 
2003) and pure European (Western) 
honey bee domestic stocks (Locke et al., 
2012). (2) Of the resistant populations of 
Western honey bee, most tested popula-
tions have displayed high levels of another 
trait called “cell recapping” (Oddie et al., 
2018), which has been identified as a very 
useful trait when examining a colony’s 
ability to resist Varroa (Mondet et al., 
2020, p. 202), both because of its consis-
tent presence and the fact that it can be 
easily seen without a large time commit-
ment or unique tools: The holes in cell 
caps can sometimes be identified from the 
top of the cell, but forceps or a fine needle 
are all that is needed to invert the cap and 
examine the mended hole left there by 
hygienic bees (Figure 3). If you can see it, 
you can measure it, so this trait can be 
very easily tracked in colonies and may 
prove very useful when selecting queens 
for resistance breeding. The direct link 
between SMR and cell-recapping has not 
yet been defined, but their paired presence 
in surviving populations is quite clear.

SMR
Let us go back to the concept of equilib-
rium between a parasite and its host: The 
plain truth is that Varroa is likely here to 
stay. With the number of domestic hives 
increasing globally (FAOSTAT, 2008; 
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Moritz & Erler, 2016), and hive densities 
in many areas inflated well beyond the 
natural levels (Graystock et al., 2016), 
parasite spread may be impossible to 
control, however parasite density and 
population growth can be balanced to 
permit the growth of healthy colonies. It is 
simply a matter of adaptation, and 
examples of this occur all the time in the 
natural world. One of the most famous 
tales of invasion comes out of Australia: 
The cane toad (Bufo marinus) is a species 
that can eat almost any animal smaller 

than itself and it is very resistant to 
predation due to the toxins it produces 
from glands in its skin. Several species in 
Australia, that usually prefer preying on 
toads, have developed an aversion to this 
species, increasing their probability of 
surviving an encounter with the toads 
(Greenlees et al., 2010). In the context of 
the bees, this type of equilibrium has 
manifested as bee colonies being able to 
reduce the number of offspring a Varroa 
foundress can produce in her reproductive 
cycles.

This second graph (Figure 2) displays the 
proportion of failed reproductive cycles 
by Varroa foundress mites in one sum-
mer across four geographically separate 
populations. The Norwegian population is 
the commercial stock used by Terje. The 
bees do not remove Varroa from the hives 
completely, but SMR plays a very distinct 
role in creating the population patterns 
seen by that blue line in our first graph 
(Oddie et al., 2017). The result is a honey 
bee population that still has Varroa, but at 
a level that can permit both parasite and 
host to exist and even thrive in balance. 
So, we now have a good idea of what is 
happening in these populations, but how 
is it happening?

Cell Recapping
The shortest answer to the “how” is, we 
are still not sure. There are many ways 
SMR can be achieved: Varroa sensitive 
hygiene (VSH), for example, where the 
infested brood cells are removed com-
pletely, and the cycle of mite reproduction 
is stopped (Harris et al., 2010). VSH 
would produce SMR, if bees choose not to 
target cells where the Varroa foundress 
has laid fewer eggs, leaving only those 
“rejected” cells to be measured by 
scientists. There might be changes in the 
brood pheromonal signals (Broeckx et al., 
2019), which the mites rely on almost 
exclusively to begin their egg-laying cycles 
(Garrido & Rosenkranz, 2003). A more 
rapid development of the young bees, i.e. a 
reduced post-capping period could also 
contribute to SMR (Oddie et al., 2018). 
Varroa foundresses need good nutrition to 
be able to produce offspring, and 
increased grooming (de Guzman et al., 
2008) may decrease their chances of 
feeding on adult bees, resulting in 
malnourished foundresses producing 
fewer eggs. More or less evidence can be 
provided for each of these hypotheses, but 
there is one trait that has been observed 
consistently in surviving populations:

Cell uncapping is a behavioral trait that 
is very natural in all honey bee colonies 
to assess the health of pupating brood; 
it is the first step to removing diseased 
or dead brood (Figure 3) (Danka et al., 
2013; Harris et al., 2012; Oddie et al., 
2018). The sensory cues used to per-
form brood removal are likely many, 
and linked. If not all cues are present, 
the behavior may only be partially done, 
meaning brood cells may be left open for 
bees to recap them sometime afterwards. 
Generally, bees do not leave their healthy, 
pupating brood cells open. This could 
create a pathway for a new trait that has 
the potential to control Varroa. Varroa 

a Figure 2. The rates of failed reproduction of Varroa foundress mites in four 
geographically distinct populations of Varroa-surviving Western honey bee. Rates of failed 
reproduction are consistently higher in all surviving populations than their local control 
groups of susceptible bees. This figure was first published in Oddie et al. (2018).

a Figure 1. A graph presenting the average mite fall counts for two experimental apiaries 
of two different honey bee stocks each week of the summer (n = 25 colonies per stock; 
standard error shown). Terje’s Varroa-resistant bees (blue) which were not treated at any 
point, and a Carnica control stock (orange) that was treated regularly every year, up until 
the fall of 2018. Terje’s resistant population had much lower mite counts in the final week 
of measurement than the control population (t

final week = 4.99, df = 48, p < 0.001). Data was 
collected in the summer of 2020 (May 19–August 18), a t-test was performed on final 
count averages.
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offspring rely on consistent temperature 
and humidity inside the cells where they 
are developing (Kraus & Velthuis, 1997; 
Le Conte et al., 1990). Disturbances 
in these constants may be sufficient to 
reduce the number of offspring that 
hatch and survive to adulthood. It may 
even be as simple a case as the opening 
of a brood cell frightens the foundress 
to the point where she is prevented from 
laying eggs, or disturbs the offspring 
mating, which occurs exclusively in bee 
brood cells. Cell uncapping and recap-
ping can occur multiple times on the 
same cell, and hypothetically this could 
result in consistently lower reproductive 
rates in Varroa foundresses colony wide. 
Theories aside, there is striking evidence 
that cell recapping is both increased 
in surviving colonies and targeted on 
Varroa-infested brood cells:

The data in this third graph (Figure 4) 
were taken from the same four popula-
tions where Varroa reproductive success 
was measured: These bars depict the levels 
of recapped cells found on the same pieces 
of comb, which was sampled from a num-
ber of colonies in each population. The 
most interesting thing about these num-
bers is that they are from very separate 
populations, with no consistent contact, 
being in four very different regions in 
Europe, and yet levels of recapping and 
the Varroa-targeting are consistently high 
in all four. It is direct evidence to support 
the convergent evolution of this trait. 
Beyond these four, recapping has more 
recently been documented in other sur-
viving populations (Martin et al., 2020): 
A. m. scutellata, African hybrids and A. 
m. capensis all displayed higher rates of 
recapping than control populations, and 

this trait did not seem to correlate with 
freeze-killed brood tests. Cell recapping 
was simply targeted to Varroa-infested 
cells. It was also correlated with SMR in 
a study done on several more Western 
honey bee populations in Germany, 
Croatia and Austria and it was highlighted 
that this would be a trait to aid in queen 
selection (Büchler et al., 2020). This 
correlation would not happen if recap-
ping did not play at least a partial role in 
achieving the equilibrium between the 
bees and V. destructor.

So now we know a bit about what is going 
on, and we have an idea of how it is occur-
ring, but the question still remains: what 
can beekeepers do to take advantage of 
these natural adaptations, and bring them 
into domestic operations? Is there some 
recipe that can be built from what we have 
learned?

What is the Recipe?
In nature, there are two things that push 
changes in a species or population: trait 
variation and a pressure from the environ-
ment that favors some traits over others.

Genetic diversity provides variation in 
traits, and honey bee biology is designed to 
maximize genetic diversity: queens natu-
rally mate with multiple drones (Winston, 
1991), and their genetic recombination 
rates (how the genes from both parents are 

a Figure 3. With a little practice, cell recapping is not hard to observe at a glance: (a) Top 
of a recapped cell, with a clear depression where the bees have opened the cell and 
covered it back over with wax. If you carefully remove the cell cap and turn it over, the 
hole in the pupal cocoon becomes even more visible, like in (c). (b) Complete cell cap, for 
comparison.

a Figure 4. Recapping rates in four geographically distinct populations of Varroa-surviving Western honey bee. Rates of recapping are displayed 
for both cells containing mites (infested) and cells free of mites (uninfested). The graph shows that for surviving colonies (dark grey) recapping 
was much higher, and the highest rates in cells that contained Varroa mites. This figure was first published in Oddie et al. (2018).
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mixed to produce offspring) are the highest 
of any animal on earth (Kent et al., 2012). 
Despite these strengths, honey bees can 
still undergo inbreeding depression: this is 
when the genetic diversity in a hive or pop-
ulation becomes too low due to breeding 
related individuals and detrimental muta-
tions are repeated more frequently. A lower 
diversity both in colony and population 
also reduces the presence of beneficial traits 
and makes a population more susceptible 
to new threats like Varroa.

Keeping the genetic diversity high by hav-
ing a large number of breeding individuals 
in your population aligns with the natural 
strategies of the bees, and though it may 
make beneficial traits more variable, it will 
ultimately make healthier bees (Neumann 
& Blacquière, 2017).

The second ingredient is selection pres-
sure. In order to spread beneficial traits 
within a population, the individuals 
without those traits must be removed 
from the breeding pool. In this context, 
Varroa could be used as an indicator of 
which colonies to breed from and which 
to avoid. In nature, individuals that do 
not possess the traits that give them an 
edge generally do less well than indi-
viduals that do possess these traits, and 
probability of death slowly decreases their 
numbers. The good thing about keeping 
bees is you do not have to let a colony die 
to prevent it from breeding. In the case of 
Terje, he simply breeds queens from the 
colonies that did the best in the previ-
ous year. Terje finds the best 10% of his 
population each year and breeds queens 
from that best 10% to replace the worst 
30% (Figure 5). His drone colonies are 
cycled each year, so there are always new 
colonies (with queens of varying ages) 
contributing drones to the free mating 
congregations the queens fly to. In terms 
of “best,” we will not try to define that 
here, as what is “best” will be completely 
dependent on case and preference, so 
take this as is simply “your best” for the 
operation you have.

“Varroa is not a focus, it is a variable,” 
Terje says (Figure 6), and this approach 
can be applied to a lot of issues that may 
appear in a population. Being aware of 
how nature works, especially when keep-
ing bees, is very useful, and we can help 
evolution along with selective breeding 
while also refining the traits we need.

That being said, any selection needs 
to be done responsibly. In most cases 
concerning Varroa, we have to deal 
with a system that has not yet reached 
its natural equilibrium (Blacquière & 
Panziera, 2018; Rosenkranz et al., 2010), 
and the problem has the potential to get 
out of hand very quickly. Responsible 
breeding would involve controlling mites 
in colonies that are losing the battle to 
prevent excessive mite loads which could 
hamper your selection efforts and make 
life difficult for neighboring beekeepers. 
The selection pressure remains in the 
system because those colonies that do 
not require any (or as much) treatment 
will continue to do better than the col-
onies that do and slowly you should be 
able to shift an entire population towards 
Varroa resistance, just like our ancestors 
made these same bees docile enough to 
keep in the first place.

Now that we know something of how the 
system works, we know a bit about natural 
adaptation and the recipe for selection, 
how does one actually start breeding 
Varroa-resistant bees? There are a few 
practical things that can be recommended 
and we will close out this article with 
them.

What Can Beekeepers 
Do?
One of the most important things to 
remember is that bees are unique in the 
world of livestock: They cannot be fenced 
in like other animals and they require 
interaction with the natural environment. 
By extension, they cannot be prevented 
from interacting with other bees, so 
keeping all your colonies healthy will 
ultimately serve not only your own 
operation, but your beekeeping commu-
nity too, and that is crucial as it is the 
community that will ultimately be the 
biggest driving force to the improvement 
of beekeeping as a whole. Cleanliness 
practices like changing wax in the brood 
room to reduce disease spread and not 
sharing frames between colonies are basic 
beneficial steps towards healthy beekeep-
ing. For Varroa-specific problems, we have 
three central suggestions, which have been 
based on the review of scientific literature 
that we have touched on above, as well as 
on the experience of working with and 
being a part of the beekeeping community 
for many years. These suggestions are not 
exclusive, and by no means should they be 
considered rules, but they may help in 
endeavors to obtain a naturally surviving 
stock of domestic bee.

a Figure 5. terje’s population management 
structure where the top 10% in green are 
the colonies that do the best overall in a 
model where mite treatments are not 
used. It is recommended to control mite 
levels in the colonies that are deemed unfit 
for breeding, to prevent excessive spillover 
across your hives and neighboring 
beekeepers.

a Figure 6. Terje Reinertsen, the Norwegian beekeeper who has developed his own stock 
of Varroa-resistant bees. Photo credit: Anita Reinertsen.



Review Article

Bee World • Page 5

Review ARticle

Count Mites
The first thing to do? Count mites. At the 
beginning of any breeding attempt, it is 
very important that you are aware of 
parasite levels in your hives so you can 
make decisions about when or what to 
treat. Sugar shakes or soap washes are 
more reliable (De Jong et al., 1982; Devlin, 
2001), but bottom board counts are less 
invasive and both methods can give you a 
good general picture of the mite situation 
in each hive you test. It is good to take 
more than one test in a season. A spring, 
summer, and autumn count can give you 
an idea of how much the mite population 
has grown. Remember also that the mite 
level in a hive is tied to the amount of 
brood (Wilkinson & Smith, 2002), so it is 
good to take tests once a week for at least 
two weeks in a row. The mite levels can 
change quite a lot, especially in summer 
and autumn. Consider the size of your 
colony as well, how many frames are your 
bees covering? A lot of mites in a small 
hive are worse than a lot of mites in a big 
one. The damage threshold varies by area 
and also throughout the season (Büchler 
et al., 2014) so local knowledge about 
damage thresholds should be used when 
deciding which colonies to treat with 
acaricides and which colonies to use for 
breeding.

Breed Some of Your Own Queens
Even if you do not have a queen breeding 
operation, it may pay to try and breed 
from your own stock. Local adaptation 
does play a role in the health of colonies 
(Büchler et al., 2014), and you have a 
much better idea of what traits your bees 
have over those of bees imported from a 
breeder far away. Working with queen 
breeders in your area is also an option. 
They may agree to graft some of your bees’ 
larvae for you, and of course, genetic 
diversity is key, so try to keep your 
breeding pool wide within a local context 
(Neumann & Blacquière, 2017). The magic 
number for Terje is 10% of his stock. 
Changing queens will be a regular process 
when selecting for Varroa resistance. You 
do not need to kill a colony that is 
struggling, simply choose a better queen.

Share Experience
Finally, the step that we believe is the most 
important: Share your experience. The 
beekeeping community is one of the most 
cohesive, collaborative, and innovative 
communities we have ever had the 
pleasure of working with and that is a 
massive strength when taking on the 
daunting task of adapting an entire 
population to Varroa. As said before, bees 
cannot exist in a closed system; to achieve 

population-wide changes, we will need the 
collective efforts of many. Especially, if 
your operation is limited in size, the 
cooperation with your neighboring 
beekeepers will be of utmost importance. 
Start bee clubs, speak to other beekeepers, 
and record what you have learned so it 
can be passed on. Do not be afraid to 
reach out to your community for help if 
you are just starting out, or if you want to 
change things up in an older operation. If 
bees have taught us one thing, it is that 
there is always something more to learn.

Conclusion
As research continues to reveal more and 
more about the “how” of honey bee 
resistance to V. destructor our methods 
and results will improve. We know that 
adaptation to this parasite is very 
complex, but that does not mean it 
cannot be understood and used. Easily 
quantified traits like recapping could be 
the key to choosing domestic bee 
colonies that already have an advantage 
and strengthening stock at a local level. 
There will be no one “super bee” that will 
solve the world’s parasite problems, but 
individual beekeepers and communities 
both apicultural and scientific working 
together just might.
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Büchler, R., Kovačić , M., Buchegger, M., Puškadija, Z., Hoppe, 
A., & Brascamp, E. W. (2020). Evaluation of traits for the 
selection of Apis mellifera for resistance against Varroa 

destructor. Insects, 11(9), 618. https://doi.org/10.3390/
insects11090618

Corrêa-Marques, M. H., Medina, L. M., Martin, S. J., & De Jong, 
D. (2003). Comparing data on the reproduction of Varroa 
destructor. Genetics and Molecular Research: GMR, 2(1), 1–6.

Dainat, B., Evans, J. D., Chen, Y. P., Gauthier, L., & Neumann, 
P. (2012). Dead or alive: Deformed wing virus and Varroa 
destructor reduce the life span of winter honeybees. Applied 
and Environmental Microbiology, 78(4), 981–987. https://doi.
org/10.1128/AEM.06537-11

Danka, R. G., Harris, J. W., Villa, J. D., & Dodds, G. E. (2013). 
Varying congruence of hygienic responses to Varroa 
destructor and freeze-killed brood among different types 
of honeybees. Apidologie, 44(4), 447–457. https://doi.
org/10.1007/s13592-013-0195-8

de Guzman, L. I., Rinderer, T. E., & Frake, A. M. (2008). 
Comparative reproduction of Varroa destructor in 
different types of Russian and Italian honey bee combs. 
Experimental and Applied Acarology, 44(3), 227–238. https://
doi.org/10.1007/s10493-008-9142-1

De Jong, D., De Andrea Roma, D., & Gonçalves, L. S. 
(1982). A comparative analysis of shaking solutions for 
the detection of [i]Varroa jacobsoni[/i] on adult honey 
bees. Apidologie, 13(3), 297–306. https://doi.org/10.1051/
apido:19820308

Devlin, M. S. (2001). Comparative analysis of sampling 
methods for Varroa mites ([i]Varroa destructor[/i], Anderson 
and Trueman) on honey bees (Apis meiliferra L.). Simon Fraser 
University.

Dietemann, V., Pflugfelder, J., Anderson, D., Charrière, J.-D., 
Chejanovsky, N., Dainat, B., Miranda, J. d., Delaplane, K., Dillier, 
F.-X., Fuch, S., Gallmann, P., Gauthier, L., Imdorf, A., Koeniger, 
N., Kralj, J., Meikle, W., Pettis, J., Rosenkranz, P., Sammataro, D., 
… Neumann, P. (2012). Varroa destructor: Research avenues 
towards sustainable control. Journal of Apicultural Research, 
51(1), 125–132. https://doi.org/10.3896/IBRA.1.51.1.15

FAOSTAT. (2008). Food and Agriculture Organization of the 
United Nations. http://faostat.fao.org/site/526/default.aspx

Garrido, C., & Rosenkranz, P. (2003). The reproduc-
tive program of female Varroa destructor mites is 
triggered by its host, Apis mellifera. Experimental & 
Applied Acarology, 31(3–4), 269–273. https://doi.
org/10.1023/B:APPA.0000010386.10686.9f

Graystock, P., Blane, E. J., McFrederick, Q. S., Goulson, D., & 
Hughes, W. O. H. (2016). Do managed bees drive parasite 
spread and emergence in wild bees?International Journal for 
Parasitology. Parasites and Wildlife, 5(1), 64–75. https://doi.
org/10.1016/j.ijppaw.2015.10.001

Greenlees, M. J., Phillips, B. L., & Shine, R. (2010). Adjusting to 
a toxic invader: Native Australian frogs learn not to prey on 
cane toads. Behavioral Ecology, 21(5), 966–971. https://doi.
org/10.1093/beheco/arq095

Guichard, M., Dietemann, V., Neuditschko, M., & Dainat, B. 
(2020). Advances and perspectives in selecting resistance 
traits against the parasitic mite Varroa destructor in honey 
bees. Genetics, Selection, Evolution: GSE, 52(1), 71. https://doi.
org/10.1186/s12711-020-00591-1

Harris, J. W., Danka, R. G., & Villa, J. D. (2010). Honey bees 
(Hymenoptera: Apidae) with the trait of Varroa sensitive 
hygiene remove brood with all reproductive stages of 
Varroa mites (Mesostigmata: Varroidae). Annals of the 
Entomological Society of America, 103(2), 146–152. https://
doi.org/10.1603/AN09138

Harris, J. W., Danka, R. G., & Villa, J. D. (2012). Changes in 
infestation, cell cap condition, and reproductive status of 
Varroa destructor (Mesostigmata: Varroidae) in brood 
exposed to honey bees with Varroa sensitive hygiene. Annals 
of the Entomological Society of America, 105(3), 512–518. 
https://doi.org/10.1603/AN11188

Kent, C. F., Minaei, S., Harpur, B. A., & Zayed, A. (2012). 
Recombination is associated with the evolution of genome 
structure and worker behavior in honey bees. Proceedings 

https://doi.org/10.1080/0005772X.2018.1430999
https://doi.org/10.1038/s41598-019-44254-8
https://doi.org/10.1038/s41598-019-44254-8
https://doi.org/10.3896/IBRA.1.53.2.03
https://doi.org/10.3896/IBRA.1.53.2.03
https://doi.org/10.3390/insects11090618
https://doi.org/10.3390/insects11090618
https://doi.org/10.1128/AEM.06537-11
https://doi.org/10.1128/AEM.06537-11
https://doi.org/10.1007/s13592-013-0195-8
https://doi.org/10.1007/s13592-013-0195-8
https://doi.org/10.1007/s10493-008-9142-1
https://doi.org/10.1007/s10493-008-9142-1
https://doi.org/10.1051/apido:19820308
https://doi.org/10.1051/apido:19820308
https://doi.org/10.3896/IBRA.1.51.1.15
http://faostat.fao.org/site/526/default.aspx
https://doi.org/10.1023/B:APPA.0000010386.10686.9f
https://doi.org/10.1023/B:APPA.0000010386.10686.9f
https://doi.org/10.1016/j.ijppaw.2015.10.001
https://doi.org/10.1016/j.ijppaw.2015.10.001
https://doi.org/10.1093/beheco/arq095
https://doi.org/10.1093/beheco/arq095
https://doi.org/10.1186/s12711-020-00591-1
https://doi.org/10.1186/s12711-020-00591-1
https://doi.org/10.1603/AN09138
https://doi.org/10.1603/AN09138
https://doi.org/10.1603/AN11188


Review Article

Page 6 • Bee World 

Review ARticle

of the National Academy of Sciences of the United States of 
America, 109(44), 18012–18017. https://doi.org/10.1073/
pnas.1208094109

Kraus, B., & Velthuis, H. H. W. (1997). High humidity in the 
honey bee (Apis mellifera L.) brood nest limits reproduction 
of the parasitic mite Varroa jacobsoni Oud.  The Science of 
Nature 84(5), 217–218. http://localhost/handle/1874/1506. 
https://doi.org/10.1007/s001140050382

Le Conte, Y., Arnold, G., & Desenfant, P. (1990). Influence 
of brood temperature and hygrometry variations on the 
development of the honey bee ectoparasite Varroa jacob-
soni (Mesostigmata: Varroidae). Environmental Entomology, 
19(6), 1780–1785. https://doi.org/10.1093/ee/19.6.1780

Le Conte, Y., Meixner, M. D., Brandt, A., Carreck, N. L., Costa, 
C., Mondet, F., & Büchler, R. (2020). Geographical distribution 
and selection of European honey bees resistant to Varroa 
destructor. Insects, 11(12), 873. https://doi.org/10.3390/
insects11120873

Locke, B. (2016). Natural Varroa mite-surviving Apis 
mellifera honeybee populations. Apidologie, 47(3), 467–482. 
https://doi.org/10.1007/s13592-015-0412-8

Locke, B., Conte, Y. L., Crauser, D., & Fries, I. (2012). Host 
adaptations reduce the reproductive success of Varroa 
destructor in two distinct European honey bee popula-
tions. Ecology and Evolution, 2(6), 1144–1150. https://doi.
org/10.1002/ece3.248

Martin, S. J., Hawkins, G. P., Brettell, L. E., Reece, N., Correia-
Oliveira, M. E., & Allsopp, M. H. (2020). Varroa destructor 
reproduction and cell re-capping in mite-resistant Apis 

mellifera populations. Apidologie, 51(3), 369–381. https://doi.
org/10.1007/s13592-019-00721-9

Mondet, F., Beaurepaire, A., McAfee, A., Locke, B., Alaux, C., 
Blanchard, S., Danka, B., & Le Conte, Y. (2020). Honey bee 
survival mechanisms against the parasite Varroa destructor: 
A systematic review of phenotypic and genomic research 
efforts. International Journal for Parasitology, 50(6–7), 
433–447. https://doi.org/10.1016/j.ijpara.2020.03.005

Moritz, R. F. A., & Erler, S. (2016). Lost colonies found in a 
data mine: Global honey trade but not pests or pesticides 
as a major cause of regional honeybee colony declines. 
Agriculture, Ecosystems & Environment, 216, 44–50. https://
doi.org/10.1016/j.agee.2015.09.027

Neumann, P., & Blacquière, T. (2017). The Darwin cure 
for apiculture? Natural selection and managed honeybee 
health. Evolutionary Applications, 10(3), 226–230. https://doi.
org/10.1111/eva.12448

Nganso, B. T., Fombong, A. T., Yusuf, A. A., Pirk, C. W. W., Stuhl, 
C., & Torto, B. (2018). Low fertility, fecundity and numbers 
of mated female offspring explain the lower reproductive 
success of the parasitic mite Varroa destructor in African 
honeybees. Parasitology, 145(12), 1633–1639. https://doi.
org/10.1017/S0031182018000616

Oddie, M., Büchler, R., Dahle, B., Kovacic, M., Conte, Y. L., 
Locke, B., de Miranda, J. R., Mondet, F., & Neumann, P. (2018). 
Rapid parallel evolution overcomes global honey bee 
parasite. Scientific Reports, 8(1), 1–9. https://doi.org/10.1038/
s41598-018-26001-7

Oddie, M. A. Y., Dahle, B., & Neumann, P. (2017). Norwegian 
honey bees surviving Varroa destructor mite infestations 

by means of natural selection. PeerJ, 5, e3956. https://doi.
org/10.7717/peerj.3956

Oddie, M. A. Y., Dahle, B., & Neumann, P. (2018). Reduced 
postcapping period in honey bees surviving Varroa destruc-
tor by means of natural selection. Insects, 9(4), 149. https://
doi.org/10.3390/insects9040149

Rosenkranz, P., Aumeier, P., & Ziegelmann, B. (2010). Biology 
and control of Varroa destructor. Journal of Invertebrate 
Pathology, 103, S96–S119. https://doi.org/10.1016/j.
jip.2009.07.016

Traynor, K. S., Mondet, F., de Miranda, J. R., Techer, M., Kowallik, 
V., Oddie, M. A. Y., Chantawannakul, P., & McAfee, A. (2020). 
Varroa destructor: A complex parasite, crippling honey 
bees worldwide. Trends Parasitol, 36(7), 592–606. https://doi.
org/10.1016/j.pt.2020.04.004

Wilkinson, D., & Smith, G. C. (2002). A model of the mite 
parasite, Varroa destructor, on honeybees (Apis mellifera) 
to investigate parameters important to mite population 
growth. Ecological Modelling, 148(3), 263–275. https://doi.
org/10.1016/S0304-3800(01)00440-9

Winston, M. L. (1991). The biology of the honey bee. Harvard 
University Press.

Melissa A. Y. Oddie* and Bjørn Dahle
Norwegian Beekeepers Association,  

Dyrskuevegen 20, 2040 Kløfta, Norway
*Email: melissa.oddie@norbi.no

Melissa A. Y. Oddie   
http://orcid.org/0000-0003-2231-7060

 

 

Information Classification: General 

Read similar research articles in IBRA’s Journal of Apicultural research! 

 
Julien Perrin, Abdelhak Boukadiri, Pascal Boyard, Jean-Baptiste Soubelet & 
Jean Xavier Mazoit:  
Hygienic behavior in honey bees and prediction of Varroa non-
reproduction in single-drone inseminated (SDI) colonies 
https://www.tandfonline.com/doi/full/10.1080/00218839.2019.1673550  

The two standardized assays for testing hygienic behavior in Apis mellifera in the field are the freeze-killed brood 
(FKB) and the pin-killed brood (PKB) assays. Correlation between the two tests is still in debate. It has been 
argued that the PKB assay was predictive of Varroa nonreproduction. We measured the agreement between the 
two methods in two apiaries with 36 and 59 colonies, respectively. The agreement between the two assays was 
very poor with a 95% limit of agreement greater than 100%. These assays and the SMR (Suppression of Mite 
Reproduction) trait were also measured in 21 single drone inseminated colonies infested with Varroa and with 
varying SMR efficacy. A PKB assay result of >46% at 24 h predicted an SMR trait >40% with a sensitivity and a 
specificity of 0.727 and 0.90, respectively, whereas the FKB assay did not exhibit any predictive value. In 
conclusion, the PKB and FKB assays are not correlated, but the PKB assay predicted SMR with a good accuracy. 
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