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Abstract – Suppressed mite reproduction (SMR) is an important trait for the selection of Varroa resistant honey 
bee colonies. It has repeatedly been assumed that SMR is an effect of varroa sensitive hygiene (VSH) when 
hygienic bees preferably remove those brood cells where the mite has reproduced. We here compare the VSH 
behaviour of honey bees toward brood cells artificial infested with a varroa mite. By infesting half of the brood 
cells directly after the cell capping and the other half only 24 h later, we established two groups with high (> 75%) 
and low (< 2%) mite reproduction. After 8 days, about 40% of the infested brood cells were removed, however 
without any difference between both groups. Likewise, no group differences were recorded in the percentage of 
recapped brood cells. This strongly indicates that the presence of mite offspring is not a crucial trigger for the 
VSH behaviour. SMR data like the percentage of non-reproducing mites are therefore not the optimal measure 
for the selection of colonies with high VSH.

VSH / varroa destructor / varroa resistance / recapping / SMR / selection protocol

1.  INTRODUCTION

The ectoparasite Varroa destructor of the 
honey bee (Apis mellifera) represents the main 
cause of periodical colony losses and is there-
fore still the greatest threat for global beekeep-
ing (Genersch et al. 2010; Le Conte et al. 2010; 
Traynor et al. 2020). Currently, the survival of 
managed honey bee colonies depends essen-
tially on the periodic application of effective 
mite control measures by the beekeepers. There 
are a wide range of chemical acaricides and bio-
technical control methods available which can 

prevent colony losses and reduce the economic 
damages (Büchler et al. 2020b). However, most 
beekeeper and scientists agree that yearly treat-
ments cannot be the long-term solution of the 
varroa mite problem (Dietemann et al. 2012). 
Chemical treatments often have side effects on 
bees and brood (Higes et al. 1999; Pietropaoli 
and Formato 2018; Strachecka et al. 2012), can 
leave residues in hive products (Floris et al. 
2004; Lodesani et al. 1992; Wallner 1999), and 
the mite can build up resistance against var-
roacidal compounds (Elzen et al. 2000; Milani 
1999). The establishment of varroa tolerant or 
resistant honey bee colonies is considered as 
the long-term and sustainable alternative to 
otherwise continuous treatments. The so far 
applied approaches included natural selection 
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(Blacquière et al. 2019; Fries et al. 2006; Locke 
et al. 2012; Oddie et al. 2017; van Alphen and 
Fernhout 2020) as well as selective breeding 
programs performed all over the world (Kovačić 
et al. 2020; Mondet et al. 2020b).

Although a stable varroa tolerant breeding 
line is not yet completely established and com-
mercially available, some breeding programs 
show promising steps towards resistant honey 
bee colonies. “Resistant” is here defined as 
a mechanism which reduces the fitness of the 
parasite (i.e. reproductive success) to keep the 
population below a damaging threshold (Horns 
and Hood 2012; Mondet et al. 2020b). Unfor-
tunately, targeted selection is complicated by 
the fact that there are several mechanisms that 
contribute to varroa resistance in honeybees. 
This includes features on the colony level like 
frequent swarming or small colony size (Loftus 
et al. 2016) and mechanisms to reduce the repro-
ductive success of the mite like suppressed mite 
reproduction (SMR), varroa sensitive hygiene 
(VSH), and recapping (REC).

SMR, VSH, and REC are currently the most 
thoroughly investigated traits and have already 
been used in several selection projects (Büchler 
et al. 2020a; Kirrane et al. 2014; Kovačić et al. 
2020; Mondet et al. 2020a; Rinderer et al. 2010). 
VSH is an active behavioural mechanism of the 
adult bee. Bees expressing this trait show a pro-
nounced recognition of mite infested brood cells 
leading to a higher removal rate of varroa-infested 
brood (Harbo and Harris 2005; Harris 2007). The 
removal of infested brood cells has been consid-
ered as crucial factor for mite resistance (Boecking 
and Ritter 1993; Spivak 1996; Spivak and Danka 
2020). In general, SMR describes the occurrence 
of a higher proportion of non-reproductive mites 
whereas the mechanisms are yet unknown (Harbo 
and Harris 1999, 2005). Recapping is an opening 
and re-closing of the cell cap of mite infested brood 
cells—probably performed by different cohorts of 
adult bees. This might disturb the course of mite 
reproduction; however, the importance of recap-
ping as a mechanism of mite resistance is still 
under debate (Martin et al. 2020; Oddie et al. 2018; 
van Alphen and Fernhout 2019).

So far, neither the mechanisms of SMR nor the 
signals that trigger VSH are sufficiently under-
stood. However, there are indications that both 
traits might be two sides of the same coin: In 1999, 
Harris and Habro observed a higher number of non-
reproductive mites in some colonies and called it 
initially supressed mite reproduction (Harbo and 
Harris 1999). Later on, the high proportion of non-
reproductive mites was connected with the preferred 
removal of varroa-infested brood cells where the 
mite had started to reproduce (Harbo and Harris 
2005; Harris 2007). Therefore, “non-reproduction” 
of varroa mites could be both, the effect of SMR 
and the effect of VSH. However, it was shown that 
VSH cannot explain all cases of SMR (Ibrahim and 
Spivak 2006). SMR is likely triggered by properties 
of the larvae and/or pupae (Garrido and Rosenkranz 
2003), while VSH is a behavioural trait of the adult 
bee. Because SMR can be an indirect result of VSH 
behaviour, the terminology of SMR and VSH has 
become indistinct (Harris et al. 2012), especially in 
applied selection programs.

Therefore, some breeding programs still use 
a SMR evaluation protocol, where both traits, 
SMR and VSH, are supposed to be analysed 
together (Büchler et  al. 2017; Mondet et  al. 
2020a; Villa et  al. 2009). According to this 
protocol, the ratio of non-reproductive mites to 
reproductive mites is used to calculate the SMR 
value. The SMR value is often directly trans-
ferred to a VSH Value, due to the assumption 
that VSH can be detected by the reproduction 
of the mite because the adult bees preferably 
remove reproductive mites in a 3:1 ratio (Har-
ris et al. 2012). The premise behind the calcula-
tion is also a normal occurrence of up to 25% 
of non-reproductive mites in a beehive (Fuchs 
1994; Martin 1994; Martin et al. 1997) and the 
assumption that VSH is primarily correlated to 
SMR which than allows a comparable calcu-
lation. Furthermore, the observation of fewer 
reproductive mites in a for VSH selected colony 
let to the statement that VSH is triggered by the 
presences of mite offspring (Harris et al. 2012).

This study closely examines the removal behav-
iour of adult bees towards cells infested by repro-
ductive and non-reproductive mites, in order to 

1049



L. Sprau et al.

distinguish the effect of the reproductive status of 
the mite on the removal behaviour of the adult bees 
by a direct comparison. This allows a clarification 
of the trigger behind VSH and helps to further dif-
ferentiate between the two behavioural traits SMR 
and VSH. REC was documented as an additional 
mechanism of behaviour to analyse the correlation 
of recapping and reproductive status of the mite.

Consequently, the focus of this study were the 
following questions:

1. Does the reproduction status of the mite elicit 
the removal rate of the bees?

2. Is the recapping behaviour correlated with 
the reproduction status of the mite?

3. Is the SMR protocol a useful tool to analyse 
the VSH trait?

2. � METHOD

2.1. � Experimental colonies

This experiment was conducted with 13 Apis 
mellifera colonies. These colonies were provided 
from a varroa resistant breeding program in South-
ern Germany and were randomly selected out of 
all the colonies within the breeding program that 
show values higher than 75% VSH in a previous 
evaluation using the SMR protocol (Büchler et al. 
2017). Four colonies were managed in MiniPlus 
systems and the other nine in one-story Zander 
hives; however, all colonies contained at least 
5000 bees during the experiments. Pre-selected 
colonies were chosen based on the expectation 
that they show a removal rate greater than average. 
Consequently, we expected a higher probability to 
see an impact i.e. of the removal of varroa-infested 
brood and therefore achieve a higher comparability 
of both groups.

3. � ARTIFICIAL MITE 
INTRODUCTION

Artificial infestation was chosen as the 
method to analyse brood removal rates. This 
method allows for a direct way to quantify the 
removal of mite-infested brood. Three categories 

were analysed: (i) Mites placed in freshly capped 
cells (freshly capped cells = FCC) none older 
than 6 h to produce reproductive mites. (ii) Mites 
introduced into cells that were capped at least 
24 h but no longer than 30 h (Frey et al. 2013; 
Rosenkranz and Garrido 2004) (24 h capped 
cells = 24HCC) to artificially creating non-
reproductive mites. Mites placed in cells which 
are capped for longer than 24  h do not start 
oogenesis and therefore do not reproduce. This 
way of creating non-reproductive mites gives a 
unique opportunity to compare the direct impact 
of reproductive to non-reproductive mites. (iii) 
For the control group, cells were opened and 
closed in the same manner without introducing a 
mite. The mites were obtained by the sugar shake 
method (Dietemann et al. 2013) and introduced 
into the cell by making a small incision in the 
cell cap with a scalpel. Each mite was placed on 
a brush and gently placed close to the opened 
cell. After the mite walked inside the cell, the 
cell cap was closed again. All artificial infesta-
tion procedures were performed by one trained 
person to eliminate the skill level as an impacting 
factor. The cells were randomly chosen on both 
sides of one broodcomb. After introducing the 
mites, the broodcomb was positioned back into 
the hive and analysed after a period of 8 days, as 
the highest removal of brood cells occurs after 
5 days (Harris 2007).

In the nine colonies in Zander systems, 20 
randomly positioned cells were chosen for 
each category (FCC, 24HCC, C). For seven 
colonies, the experiment was repeated three 
times during a timeframe of 6  weeks. Two 
colonies could only be infested once. In total, 
1.397 mites were individually used for these 
infestations. In two repetitions of measure-
ments, the cell cover was checked for signs of 
recapping. Recapping behaviour can be seen 
by the presence of the cocoon on the inside 
of the cell cap (Oddie et al. 2018). In the four 
colonies managed in MiniPlus, 30 cells per 
group were infested and the experiment was 
repeated 2 times in 4 weeks. During the experi-
ment the status of the cell, the pupae, the mites 
and the reproduction success of the mite were 
documented.
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4. � STATISTICS

The statistical analysis was calculated with 
the statistics program jmp pro version 15.1.0. 
Mixed models (MM) were designed with brood 
removal rate (%) or recapping activity (%) as 
variables and the reproduction status as a fixed 
effect, the colony, the hive system, and rep-
etition of experiments as random effects. The 
normal distribution of the residuals in every 
model was confirmed (Shapiro -Wilk-Test), by 
rejecting the null hypothesis. The three groups 
were compared with a multiple comparison 
test (Tukey HSD all pairwise comparison). 
The removal rate is the number of open cells 
divided by the total number of infested cells. 
A cell with a removed cell cap but still intact 
pupae was counted as opened and (possible) 
recapped; this scenario was observed in total 
in 6 brood cells. Partially recapped cells were 
classified as recapped if the diameter was big-
ger than an average size of a mite. The rate of 
recapping activity was calculated as recapped 
cells observed divided by total number of 
remaining closed cells.

5. � RESULTS

From 698 mites that were introduced into 
freshly capped brood cells (FCC), 238 were 
still present and alive 8 days after the artificial 
infestation. From those mites, 75.4 ± 25.7% 
were reproductive and produced offspring 
(Figure  1). From these reproductive mites, 
97 ± 11% revealed successful reproduction 
defined by the presence of minimum one male 
and one female offspring in the same cell. 
The average number of offspring (in case off-
spring accrued) was 2.9 ± 1.0 mites per cell. In 
the category of the delayed introduced mites 
(24HCC), 2.7 ± 3.3% of living mites produced 
a single female offspring (8 out of 294 cells); in 
20 brood cells, a male offspring was produced 
(6.8 ± 6.4%); and further only in 4 out of 294 
brood cells (1.36%) with a living mother mite, 
one male and one female protonymph were 
present simultaneously. The average number 
of offspring (in case offspring accrued) was 
1.2 ± 0.4 mites per cell.

In the control group without artificial mite 
introduction (C), in a total of 700 brood cells, 
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Figure 1.   Occurrence of female and male offspring of varroa mites either introduced in freshly capped brood cells 
(FCC) or in brood cells 24 h after capping (24HCC). (N = 1397 brood cells; N = 13 colonies). Data are presented in 
mean percentage with standard deviation (SD).
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only naturally invaded 18 mites were found. Due 
to the random selection of cells, it could not be 
guaranteed that there was not already a mite pre-
sent in the cell. In those 18 cases, offspring was 
present in 77.8 ± 38.2%.

Out of the 819 remaining closed cells, 95 cells 
(FCC) and 72 cells (24HCC) contained no mite 
at the time of evaluation.

Concerning the hygienic behaviour, the mixed 
model did not reveal any significant impact of 
the two hive systems which were included as 
random factor (p = 0.6907). Therefore, the data 
of both hive systems were pooled in the respec-
tive figures. The average removal of brood from 
the FCC group with largely reproducing mites 
did not significantly differ to the brood removal 
of the non-reproductive mites of the 24HCC 
group (41.0 ± 23.5% vs. 39.6 ± 15.8%; MM, 
Tukey HSD all pairwise comparison; p = 0.843; 
Figure 2). The brood removal rate in the control 
group (7.8 ± 7.3%) was significantly lower com-
pared to the other both groups (p < 0.001).

The recapping behaviour was recorded in 8 
colonies in two repeated measurements (one 
colony could only be measured once), revealing 
52.0 ± 25.1% recapping events in FCC cells and 

49.5 ± 30.4% in 24HCC cells without significant 
difference between the groups (Figure 3; MM, 
Tukey HSD all pairwise comparison; p = 0.958). 
Also, the control cells were recapped at relatively 
high frequencies, however significantly lower 
compared to the two other groups (Figure  3; 
MM, Tukey HSD all pairwise comparison; FCC-
C: p = 0.0244; 24HCC-C: p = 0.0181). Recap-
ping activity occurred in a range from 6 to 100% 
throughout all groups and colonies, explaining the 
high standard abbreviations.

6. � DISCUSSION

Varroa sensitive hygiene (VSH) is consid-
ered as a trait with high potential in selecting 
and breeding for varroa resistant honey bees. 
However, the identification and quantification 
of this behaviour are difficult and extremely 
time-consuming. As a result, some selective 
breeding programs use the SMR (supressed mite 
reproduction) protocol with the mite reproduc-
tion ratio as a quantification and validation of 
VSH, assuming that honey bees with high VSH 
preferentially remove infested brood cells with 

0%

10%

20%

30%

40%

50%

60%

70%

80%

FCC 24HCC Control

B
ro

od
 re

m
ov

al
 ra

te
 (%

)

a

a

b

Figure 2.   Brood removal rates in brood cells artificially infested with one mite (FFC and 24HCC, explanation see 
Figure 1) and non-infested control cells. Brood removal rates (n = 13 colonies; 20-30 cells per colony and category 
(FCC, 24HCC, C) manipulated) presented as means with SD. The letters indicate significant differences (p < 0.001), 
calculated with a mixed model.
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reproducing mites (Danka et al. 2011; Harbo 
and Harris 2005; Ibrahim and Spivak 2006). A 
high percentage of non-reproductive mites is 
therefore considered as a value for VSH (Harris 
et al. 2012). Briefly, the SMR protocol requires 
beehives with brood combs containing unsealed 
brood of the 5th larval instar. These colonies are 
infested by placing 100–150 adult female mites 
on top of the hive. About 7–9 days post capping 
of these brood cells, the respective combs are 
analysed for mite infested cells and for the pres-
ence of mite offspring and the ratio of reproduc-
ing to non-reproducing mites provide the basis 
for the VSH value (Büchler et al. 2017; Mondet 
et al. 2020a). However, this method does not 
allow a clear differentiation between VSH and 
SMR. The artificial infestation of brood cells 
represents the only method that allows a direct 
examination of the brood removal behaviour of 
the bees towards infested cells in comparison 
to non-infested control cells. Here, a particular 
mode of the artificial infestation enabled us in 
addition the “production” of non-reproductive 
mites and therefore a direct comparison of the 
removal behaviour of the bees toward brood 
cells with reproducing vs. non-reproducing 
mites. Garrido et al. (2000) and Frey et al. (2013) 
showed that a mite introduced into a cell capped 

for at least 24 h does not start the oogenesis and 
therefore does not produce offspring. This exper-
iment clearly confirms these results. In < 10% of 
the cells, the introduced mites had one single 
offspring, and in only 4 out of 294 cases both 
a male and a female offspring were simultane-
ously in one cell. The fact that in all these cases 
only protonymphs or eggs were recorded 8 days 
after the artificial infestation indicate a delayed 
start of reproduction. The smell and behaviour 
of the mite within the brood cells were not ana-
lysed; therefore, a different smell or activity of 
the artificially generated non-reproductive mites 
cannot be excluded and should be considered in 
future experiments. In contrast, the female mites 
which were introduced in freshly capped cells 
exhibited with about 75% reproducing mites and 
an average of three progenies per cell a reproduc-
tive success similar to that of naturally invaded 
mites (Fuchs 1994; Martin 1994; Martin et al. 
1997; Oddie et al. 2018). This confirms that the 
here used artificial infestation had no negative 
impact on the reproductive ability of the mites. 
The relatively high rate of 25% non-reproducing 
mites in the category of FCC could be influenced 
by the recapping behaviour expressed in those 
colonies, because a recent study showed that 
recapping behaviour is correlated with a reduced 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

FCC 24HCC Control

R
ec

ap
pi

ng
 ra

te
 (%

)
b

aa

Figure 3.   Recapping rates in varroa infested brood cells with normal reproduction (FCC), brood cells without var-
roa reproduction (24HCC) and with non-infested control cells, presented as means with SD. The letters indicate the 
significance level (p < 0.05), calculated with a mixed model.
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reproductive success of the mites (Oddie et al. 
2021). Even more important, the infestation of 
brood cells of different age created two distinct 
groups of varroa infested brood cells, one with a 
normal reproductive rate and one with a negligi-
ble number of mite offspring.

Despite this huge difference in mite repro-
duction, no differences in the brood removal 
rates were observed when both cell groups were 
offered simultaneously in the same colonies. 
Thus, our results are in clear contradiction to the 
above mentioned assumption, that the offspring 
of the mite within the sealed brood cells is a cru-
cial trigger for the VSH behaviour (Harbo and 
Harris 2005; Harris et al. 2012). The reproduc-
tive status of the mite had obviously no impact 
on the decision of the adult bees to remove a mite 
infested brood.

The removal rate of the control cells of about 
8% indicates that even the opening and clos-
ing of the cell caps had elicited some hygienic 
behaviour which is shown in other experiments 
with manipulated cells with removal rates of up 
to 10% as well (Spivak 1996; Spivak and Danka 
2020; Wagoner et al. 2018). Additionally, a com-
plete absence of mites could not be guaranteed 
and therefore the few mites present could have 
triggered removal behaviour in a small scale. 
However, the fivefold higher removal rate of var-
roa infested cells confirms that not an unspecific 
high hygienic sensitivity of these preselected col-
onies but rather a varroa-specific hygienic behav-
iour was responsible for the recorded differences.

Therefore, in our experiments, the presence of 
the mite within the brood cell was crucial for the 
recorded high brood removal rate, whereas the 
removal rate is independent from the presence of 
offspring. However, the occurrence of multiple 
foundress females within one brood cell seems 
to enhance the VSH behaviour (Kim et al. 2018), 
indicating that the adult mite represents the source 
for the removal stimulus. The actual trigger of the 
hygienic behaviour and in particular of VSH is 
still being discussed. It is likely that chemical cues 
of the mite play a role (Martin et al. 2002; Mondet 
et al. 2016). This was confirmed in a recent study 
from Mondet et al. (2021) who identified 6 varroa-
parasitization-specific compounds from mites and 

parasitized pupae that trigger VSH. The relation-
ship between the total amount of the six VPS com-
pounds per cell and the number of mite offspring 
per cell could mean that even a small amount of 
the VPS compounds—deriving exclusively from 
the mother mite—is sufficient to trigger removal 
behaviour. In addition to these chemical cues, 
behavioural stress signals of the host larvae or 
pupae elicited by the parasitization of the mite 
(Nazzi et al. 2004; Wagoner et al. 2018, 2019), or 
signs of disease caused by infections through the 
transmitted viruses (Schöning et al. 2012) could 
contribute to the removal behaviour. Our study 
can at least exclude that signals deriving from the 
mite’s offspring (Harris et al. 2012) are the crucial 
trigger for VSH. This supports similar results of 
Eynard et al. (2020), who could not find any cor-
relation of VSH and SMR, when both traits are 
quantified successively within the same colony. 
Recently, the term mite non-reproduction (MNR) 
was suggested to clarify a so far imprecise defi-
nition by distinguish between a trait exclusively 
originating from features of the brood (SMR) 
and the overall occurrence of non-reproductive 
mites (MNR; Eynard et al. 2020; Mondet et al. 
2020a, b) Therefore, MNR can be a result of traits 
like VSH, while SMR is a trait solely originating 
from inhibiting or stimulating brood signals. This 
means MNR is an umbrella term to describe the 
occurrence of non-reproductive mites when the 
trigger or origin is not clear. Our results have con-
sequences for the evaluation of some commonly 
used protocols for the selection of colonies with 
high VSH values. The SMR protocol (Büchler 
et al. 2017; Mondet et al. 2020a) was created to 
evaluate a large number of colonies in a short 
period of time and with the intention to involve 
beekeeper in this process. For those reasons, the 
SMR protocol is used in breeding programs for 
VSH evaluations as well, with the assumption that 
the SMR value can be directly translated to the 
VSH value. Therefore, the analysis of the percent-
age of reproducing mites in brood combs seems 
to be a relatively easy and manageable parameter 
for the evaluation of an VSH score (Harris and 
Harbo 2000; Villa et al. 2009). However, accord-
ing to our results, the mite reproduction rate rep-
resents a selection parameter exclusively for SMR 
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and not for VSH, establishing mite reproduction 
therefore not as a suitable measure for directly 
breeding VSH. The success of some SMR stud-
ies which resulted in good VSH colonies show 
that there might be a link between VSH and high 
percentages of non-reproductive mites, probably 
because female mites are generally more disturbed 
in hygienic colonies. However, VSH is just one 
factor which might promote higher percentages 
of non-reproductive mites (SMR). Therefore, the 
selection of VSH via SMR protocol is indirect at 
best. Consequently, we need to carefully distin-
guish between these two terms. This is of particu-
lar importance for experimental approaches with 
the aim to identify genetic markers for the VSH 
trait. Colonies that are used for the expression 
analysis of VSH-related genes should be selected 
exclusively by a direct analysis of the removal of 
varroa infested brood cells (Mondet et al. 2020b). 
If the phenotypic expression is not solely focused 
on VSH, the identification of VSH-related gene 
activities may become difficult or even impos-
sible. The selective breeding of varroa resistant 
stocks might finally require more than one resist-
ant traits; however, for the understanding of the 
individual traits and for a targeted selection, each 
parameter must first be analysed separately with 
suitable methods. In the case of VSH, the artificial 
infestation of individual brood cells with female 
mites seems to be the method of choice because it 
provides data on both the VSH and the SMR trait. 
However, this method requires trained personal 
and cannot be easily implemented on a larger 
scale. Nonetheless, the results generated by this 
method are more precise and reflect the accurate 
value of VSH. We therefore recommend to invest 
effort in the training of technicians and beekeeper 
for the use of this method rather than screening 
large numbers of colonies with uncertain result, 
if the focus of the study is exclusively on VSH.

The number of cells targeted by recapping 
behaviour did also not differ between reproduc-
tive vs. non-reproductive cells. Recapping is the 
opening and resealing of holes in the cell cap and 
is considered to be the first step in the hygienic 
behaviour. Such holes facilitate the access to vol-
atile cues of suspicious cells leading to the deci-
sion to either remove infested brood or to recap 

the cell with healthy brood (Martin et al. 2020). 
Recapping seems to be a behaviour common in 
all colonies in different degrees, even in colonies 
not specially bred for varroa resistance (Kirrane 
et al. 2014; Oddie et al. 2018; Spivak and Danka 
2020). This also explains why the non-infested 
control cells revealed a relatively high percent-
age of about 25% recapped cells compared to 
approximately 50% of the infested brood cells. 
Whether the manipulation of the cell caps in the 
control group contributed to this recapping rate 
should be analysed in additional experiments. In 
any case, the recapping behaviour provides an 
opportunity for the mite to escape the cell, which 
likely has contributed to the high number of 
cells where the introduced mite disappeared. In 
this study, however, the results of the recapping 
activity of cells with or without reproduction are 
so similar that the presence of mite offspring is 
also not a trigger for the recapping activity. The 
results also raise the question why bees recap 
cells that still contain mites and do not remove 
the pupae when the cell is already in inspection. 
Possible explanations are that the signal from the 
pupae was not strong enough, that the mite some-
how manages to hide, that volatile compounds 
of the mites are released from the open cell so 
that the brood appears to be “normal,” or that 
the bee that recap the cell was not as sensitive to 
the signal as the predecessor that opened the cell 
(Martin et al. 2020).

The removal of varroa infested brood disturbs the 
reproduction cycle of the mite and can therefore pre-
vent an exponential growth of mite population and 
keep the infestation rate under a damaging threshold 
(Danka et al. 2012; Kirrane et al. 2018; Villa et al. 
2009). In conclusion, VSH is a promising trait for fur-
ther use in selection programs when accurate meth-
ods like artificial infestation of brood cells are used.
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