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TEMPORAL INCREASE OF 
VARROA MITES IN TRAP 

FRAMES USED FOR DRONE 
BROOD REMOVAL DURING 
THE HONEY BEE SEASON 
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Abstract 
 
Varroa mites are highly attracted to drone 

brood of honey bees (Apis mellifera), as it in-
creases their chance of successful reproduction. 
Therefore, drone brood removal with trap frames 
is common practice among beekeepers in Eu-
rope and part of sustainable varroa control. How-
ever, it is considered labour- intensive, and there 
are doubts about the effectiveness of this 
measure. At present, it is mostly unknown how 
many mites a drone frame can carry at different 
times of the season, and how many mites can be 
removed on average if this measure is performed 
frequently. Therefore, we sampled a total of 262 
drone frames with varying proportion of capped 
cells (5– 100%) from 18 different apiaries. Mites 
were washed out from brood collected from mid- 
April to mid- July based on a standard method to 
obtain comparable results. We found that a drone 
frame carried a median of 71.5 mites, and with 
the removal of four trap frames, about 286 mites 
can be removed per colony and season. In addi-
tion, mite counts were significantly higher in June 
and July than in April and May (Tukey- HSD, P < 
0.05). The number of mites and the proportion of 
capped cells, however, were not correlated (R2 
< 0.01, P < 0.05). Our results suggest that drone 
brood removal is effective in reducing Varroa de-
structor numbers in colonies, supporting the find-
ings of previous studies on the efficacy of this 
measure. Although mite counts varied, we be-
lieve that increasing sample size over different 
seasons and locations could elucidate infestation 
patterns in drone brood and ultimately improve 
drone brood removal as an integrated pest man-
agement tool for a wider audience of beekeepers. 

 

Varroa destructor  
 
More than 70% of Varroa destructor mites 

are found in capped cells of bee brood when 
brood is present in Apis mellifera colonies (Frey 
& Rosenkranz, 2014). Drone brood is 6– 11 times 
more likely to be infested with mites than worker 
brood for probably several reasons (Beetsma et 
al., 1999; Fuchs, 1990); (i) drone evelopment 
takes 2 days longer, giving mites more time to re-
produce (Boot et al., 1995); (ii) drone brood is two 

to three times more likely to be frequented by 
nurse bees that may carry phoretic mites (Calde-
rone & Kuenen, 2003); (iii) the pre- capping 
period during which drone brood is attractive to 
mites is two to three times longer than for worker 
brood (Boot et al., 1992); and (iiii) longer and in-
creased production of kairomones by drone lar-
vae, which make them attractive to mites 
(Trouiller et al., 1992). 

Considering all the reasons above makes 
drone brood removal (DBR) an effective tool for 
controlling varroa mites when integrated as a 
pest management measure (Evans et al., 2016; 
Whitehead, 2017). Good results can be achieved 
when 4 to 5 fully capped trap frames are removed 
per season (Charrière et al., 2003). It is worth 
noting that DBR is mainly used by small- scale 
beekeepers in Europe and is considered labour- 
intensive or not effective enough as a single treat-
ment elsewhere (Evans et al., 2016; Whitehead, 
2017). There is also a risk of rapid varroa spread 
if trap frames are not harvested in time (Jack & 
Ellis, 2021). 

When done properly, the effectiveness of 
DBR is demonstrated by the fact that the number 
of mites during colony development in spring and 
early summer was significantly lower than in un-
treated colonies (Wantuch & Tarpy, 2009). Final 
infestation rates of colonies after late summer 
treatments were also substantially lower than in 
colonies where DBR was not performed (Calde-
rone, 2005; Charrière et al., 2003). However, to 
date, there are few data on how many mites a 
single drone frame can actually carry. Fur-
thermore, it is unknown whether there is a differ-
ence in infestation levels over time and to what 
extent the proportion of capping (i.e. the number 
of capped drone cells in relation to all drone cells) 
may influence DBR success. The latter could play 
a role in practice, since beekeepers may simply 
have removed the trap frame too early if they do 
not find the method sufficiently effective. There is 
also general doubt among beekeepers if this 
method removes mites at all (Whitehead, 2017). 

The aim of this study was, therefore, to de-
termine the number of mites in individual drone 
frames over the course of a bee season. In addi-
tion, we assessed whether there was a correla-
tion between the number of mites and the 
proportion of capped cells. 
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2 MATERIALS AND  
METHODS 
 
2.1 Experimental field sites  
and colonies 
 
The field sites with apiaries (n = 18) were all 

located in the state of Baden- Württemberg in 
southern Germany. Apiaries were sampled un-
evenly due to logistical reasons (1– 3 times). 
Some drone frames were collected only once, 
others multiple times from these locations. The 
total number of honey bee colonies (A. m. car-
nica) sampled was n = 63. These colonies be-
longed to the stock of the Apicultural State 
Institute and were kept according to good bee-
keeping practice. This included varroa treatment 
with 85% formic acid twice in the previous season 
(August and September) and winter treatment 
with 3.5% oxalic acid in November/December, 
the last treatment before drone frames were 
sampled. Colonies were housed in Hohenheim 
standard hives with 10 Zander frames per box. A 
hive consisted of two boxes for brood and up to 
two boxes for honey, separated by the use of a 
queen excluder. One empty frame without foun-
dation was placed next to the brood nest, either 
as frame no. 2 or 9 in the upper brood box. Bees 
and brood showed no clinical signs of disease 
upon inspection throughout the sampling period. 

 
2.2 Data collection  
 
Whole drone frames (n = 262) were collected 

from mid- April (18 Apr) to mid- July (15 Jul) of 
the 2011 season. We applied a brood washing 
method similar to that of Dietemann et al. (2013), 
chapter 3.1.4.2.2.In brief, the entire brood was 
uncapped with a sharp knife, and the comb parts 
were rinsed through a first sieve (5 mm mesh) 
with a hand shower until all the cell contents were 
removed. Subsequently, empty comb parts were 
washed again, and cell caps that were removed 
and washed separately, as mites can hide under 
them. All mites were then collected in a second 
sieve (0.5 mm mesh) and dried on tissue paper. 
They were counted with the help of a counting 
grid and a hand counter. Prior to washing, the 
area of capped cells of each drone frame was 

measured in 10 × 10 cm squares, which were 
then converted to percentage using the Liebefeld 
method (Imdorf et al., 1987). One Zander frame 
fits exactly 8.1 dm2 or eight Liebefeld units per 
side and thus a total of 8 × 230 (1840) drone cells 
(Aumeier, 2017; Imdorf & Gerig, 1999). 

 
2.3 Statistical analysis 
 
We fitted a negative- binomial mixed model 

(estimated using ML and nlminb optimizer) to pre-
dict mites with month and location (formula: mites 
~ month + location). The model included the pro-
portion of the frame with capped cells as a ran-
dom effect (formula: ~1|capped_perc). The 
model's explanatory power related to the fixed ef-
fects alone (marginal R2) was 0.65. To compare 
groups pairwise, estimated marginal means were 
calculated and adjusted by the Tukey- HSD 
method for multiple comparisons for the response 
variable month (= adjusted means). In addition, 
linear regression was performed to identify 
whether the number of mites per frame, and the 
proportion of capped cells were correlated (for-
mula: mites ~ capped_perc). 

All analyses were performed in R v.4.1.2 (R 
Core Team, 2021). A significance level of α = 0.05 
was used for all tests, respectively. 

 

3 RESULTS 
 
3.1 Varroa mite count 
 
The model's intercept was at 3.94 (95% CI 

[3.07, 4.81], P < 0.001). To illustrate the effect 
size, the estimated marginal means (± CL) are 
shown in Figure 1. The number of mites per 
drone frame increased each month, as indicated 
by the higher mean values.  

The increases from April to June, April to July, 
May to Jun and May to July were significant (Fig-
ure 1, Tukey- HSD, P < 0.05). Across all samples, 
a single frame carried a median of 71.5 mites 
(Mean = 208.49, SD = 344.21, Skewness = 3.31, 
Figure S2).  

The number of mites per frame across all 18 
apiaries was significantly different (Tukey- HSD, 
P < 0.05), as was the number of drone frames re-
moved (Figure S1). Overall, there were only six 
samples with 0 mites (2.3%) and 40 samples with 



NO BEES, NO LIFE · EBA MAGAZINE                             Issue 13, July 2025 · www.ebaeurope.eu31

www.filderhonig.de



<10 mites (15.3%) (Figure S2). Note that all data 
points above 200 are shown in Figure S2 only. 

 
3.2 Proportion of capped cells 
 
For linear regression, 12 data points were ex-

cluded from the analysisbecause their capping 
status was not recorded. Therefore, only n = 250 
data points were analysed. With R2 < 0.01, no 
correlation was found between the number of 
mites and the proportion of capped cells (Figure 
2). On average, the proportion of capped cells 
was 63% across all samples, with the majority 
above 50% (n = 210 samples or 84%, Figure S3). 

 

4 DISCUSSION 
 
It is known that drone brood attracts varroa 

mites on average eight times more than worker 

brood and is, therefore, an effective means of 
controlling this pest when removed (Charrière et 
al., 2003). Due to limited data, it is currently 
unclear how many mites are removed by a single 
frame and at what status drone cells were cut. 
Understanding how a temporal progression can 
alter drone brood infestation could provide insight 
into the effectiveness of this measure and further 
improve it. In this study,  therefore, we evaluated 
drone frames taken from 18 apiaries over an en-
tire season to determine mite counts and infesta-
tion patterns that have not been reported 
anywhere before. We found a significant increase 
in mites over time, consistent with mite devel-
opment in the entire colony (Wantuch & Tarpy, 
2009). Less than 3% of our samples contained 
no mites at all and only ~15% contained <10 
mites, demonstrating the effectiveness of this 
method. Assuming that DBR was performed four 
times per season and colony, an average of 834 
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FIGURE 1: Number of varroa mites per drone frame. Black dots and error bars indicate the  
adjusted means (±CL) of mites per drone frame. Means that follow a common letter are not  
significantly different (Tukey- HSD, P > 0.05). Note that all values above 200 mites are not  

shown in this graph but are available in Figure S2 



mites could be removed (mean). This agrees with 
the results of Charrière et al. (2003), who re-
moved 788 mites under similar conditions. It is 
important to note that our data are left- skewed, 
which requires a cautious interpretation of mean 
values. A more reasonable interpretation, in this 
case, is provided by the median of 71.5 mites per 
drone frame (von Hippel, 2005). Removing four 
trap frames during the season, therefore, yields 
a more realistic estimate of 286 mites removed 
(median).  

Furthermore, the proportion of capped cells 
of the drone frame did not affect the mite count. 
When the frames were evaluated, an average of 
63% of the cells were capped. This indicates that 
all open cells containing larvae were in an appro-

priate condition to be infested (i.e. <60 h before 
capping) (Calderone & Kuenen, 2003; Frey et al., 
2013). In practical terms, this means that DBR 
does not require fully capped frames to be effec-
tive. Thus, frames could be removed earlier to 
minimize removal intervals and maximize re-
moval frequency to extract more mites. Likewise, 
Licek et al. (2004) suggest overwintering colonies 
with drawn trap frames to promote drone rearing 
in the early season and extend the removal 
period. Some beekeeping magazines also rec-
ommend using two trap frames and collecting 
them in alternating order to maximize mite extrac-
tion (Bienen & Natur, 2022). 

Since we have only presented a small data 
set on this subject, a better insight into the infes-
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FIGURE 2: Scatterplot of capped cell proportion (x- axis) versus varroa mite number per frame  
(y- axis) including 250 valid data points. Linear regression for mite count and proportion of  

capped cells was not significant (P = 0.22) 
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tation pattern of drone brood and ultimately an in-
crease in the effectiveness of DBR could be the 
result if studied in more detail. This is why we en-
courage data collection from different countries 
to enable future region- specific recommenda-
tions for DBR as an integrated pest management 
measure in beekeeping. 
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