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Today, the honeybee parasite Varroa destructor is thought to be the most dangerous creature in the 

beekeeping industry worldwide. In this study, the efficacy of using drone brood cells (known to 

have no residue concerns in bee products and harmless on bee health) as traps against V. destructor 

was investigated. A total of 16 honeybee (Apis mellıfera) colonies with V. destructor infestation 

percentage of less than 5% were used for the trial. The treatment group consisted of 8 colonies that 

were randomly assigned to molded drone comb (comb with 5.4 mm hexagonal cells). The other 8 

were assigned to unmolded comb to form the control group. In the trial groups, after 20 days (from 

10th May), all drone combs with complete pupation were removed and destroyed on 30th May, 

20th June, 10th July, 30th July, and 20th August. During the trial, varroa mite infestation rate (mean 

abundance), colony development, and varroa mite preference for drone and work bee brood cells 

were determined. The results showed that the application of drone brood cells as a control method 

was statistically significant against V. destructor, and did not negatively affect colony development. 

On the other hand, V.destructor's preference for both drone and worker bee brood cells among the 

groups was not statistically significant. In conclusion, drone brood cells ensured an approximately 

43% success rate as traps against V. destructor compared to the control group. The effective 

application of drone brood cells as traps in combination with other Varroa mite control methods 

should be investigated. 
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Introduction 

Beekeeping is a common agricultural activity for 

pollination and the production of bee products. Honeybees 

contribute directly to humanity with their products such as 

honey, pollen, propolis, royal jelly, wax, and bee venom, 

and indirectly with pollination in plants. Furthermore, plant 

origin foods account for about 35% of the world's food 

production. 85% of these plants are pollinated by insects, 

and the share of the honeybees, Apis mellifera as 

pollinating insects is about 80% (Klein et al., 2007; Potts 

et al., 2010; Smart et al., 2018). In terms of sustainable 

agricultural production and food security, the health 

protection of the honeybee is very important. Honeybee 

colonies have been decreasing numerically in the last 50 

years in the world due to proportional reductions in 

honeybee health (Liu et al., 2016; Smart et al., 2018). This 

is due to factors such as harvesting methods, parasites, 

growing and feeding systems, climate changes due to 

global warming, and genotype (Goulson et al., 2015; Liu et 

al., 2016; Smart et al., 2018). The parasite of the most 

economic importance in honeybee keeping is the Varroa 

mite (Varroa destructor) (Goulson et al., 2015; Liu et al., 

2016; Smart et al., 2018). The methods (e.g., chemical, 

physical, and biological) of combating this parasite have 

been studied for years, but no definitive solutions have 

been found to destroy it completely (Szczurek et al., 2019). 

Despite the long-term use of the chemical method, positive 

results have not been completely achieved due to the mite 

resistance to chemicals (Goodwin et al., 2005). Also, the 

above method leads to a decrease in the quality of bee 

products due to chemical residues in bee products and 

deterioration in bee health (Berry et al., 2013; Mancuso et 

al., 2020). The limitations of chemical control accelerated 

the development and application of physical and biological 

parasite control methods although they have been unable 

to provide a precise solution (Guichard et al., 2020). 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
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The varroa mites remain a global challenge and if not 

fought in a timely and adequate way, their negative effects 

include a decrease in the quality of bee and bee products and 

destruction of colonies which decreases the production of 

bee products. The parasite has a high preference for brood in 

the drone bee cells (Fuchs, 1990; Al Toufailia et al., 2018). 

After about 7 days of life on adult bees, the parasites enter 

the brood cells which are about to cap for their breeding and 

multiplication (Anderson and Trueman, 2000). The varroa 

mites enter the drone and worker bee brood cells, 40 and 20 

hours respectively before they cap (Rosenkraz et al., 2010). 

It is established that the parasite preference for drone bee 

cells is a result of the longer pupa stage that enhances their 

progenitive potential compared with worker and queen bee 

cells (Rosenkraz et al., 2010; Traynor et al., 2020). In 

addition, 1 and 2-3 adult daughter mites are produced by the 

varroa mite from the worker and drone brood cells, 

respectively. These emerge out of the brood cells with the 

mother mite and the hatching bee. Those that have not 

become adult mites die after the brood is out of sight 

(Rosenkraz et al., 2010; Traynor et al., 2020). The female 

Varroa destructor enters the brood cell about 5 hours before 

the brood honeycomb cells are capped and begin to absorb 

brood blood (hemolymph) and fat body tissue (Rosenkraz et 

al., 2010; Ramsey et al., 2019). A few hours after the female 

Varroa destructor enters the cell, oogenesis begins, followed 

by vitellogenesis, and about 70 hours later, the female V. 

destructor lays her first egg (Ifantidis, 1983; Rosenkraz et 

al., 2010). These first eggs are normally haploid males. 

Within 30 hours, these males become adults and mate with 

females, leaving diploid (2n) eggs (Rehm and Ritter, 1989; 

Martin, 1994). In spite of the application of various control 

methods in bee production, varroa mite is persistently one of 

the major causes of colony losses in several countries. 

Therefore, in this study, the effect of using the biologically 

"drone brood cells method" as traps against the Varroa 

destructor parasite was investigated. 

 

Material and Method 

 

The trial was conducted at the apiary of Niğde Ömer 

Halisdemir University Ayhan Şahenk Agricultural 

Application and Research center, Niğde province, Turkey. 

The province is located in the Central Anatolia region of 

Turkey at an altitude of 1299 m (37°58′00″N 34°40′45″E). 

The trial took place from 10th May to 20th August 2019.  

 

Bee and Hive Material  

The trial used bee and hive material belonging to a 

commercial business. A total of 16 honeybee colonies that 

were partially balanced in terms of adult bees and brood 

were used. Their queen bees were of the same age (bred in 

2018) and breed hybrid (F1) (Apis mellifera caucasica x 

Apis mellifera anatoliaca). The structure of the colonies was 

the Langstroth model with a capacity of 10 wooden frames. 

The colonies with Varroa destructor percentage infestation 

of less than 5% were selected for the study. From the 16 

colonies, those whose Varroa destructor infestation rate was 

close to each other were selected and randomly divided into 

two groups of 8 (treatment and control). The colonies in the 

treatment group received one drone frame (For the aim of 

Varroa destructor control and trapping in honeybee 

colonies, combs with cells sized for drones (5.4 mm 

hexagonal cells) were used). The control group colonies 

were not altered during the trial period. The queen bee was 

caged on the drone frame for 24 hours and then released each 

time the comb was taken from the colony. Drone combs that 

had completely undergone pupation after 20 days (from 10th 

May) were removed from the colony, and the above 

procedure was repeated 5 times (on 30th May, 20th June, 

10th July, 30th July, and 20th August 2019).  

 

Determination of Pre- and Post-Trial Infestation 

Percentage of Varroa Destructor in The Colonies  

This was determined using the icing sugar method 

described by Panziera et al. (2017). Briefly, about 200-250 

adult bees from any frame with capped larvae cells in the 

colony were collected and placed in a jar with a mesh lid 

in the middle. 50 g of icing sugar was added to the jar via 

the mesh. The jar was shaken for 3 minutes to ensure that 

all the bees were covered with icing sugar and then 

inverted. The detached varroa that fell via the mesh lid 

were collected in a sieve to remove the icing sugar. The 

mites were tipped onto the clean piece of paper and 

counted. The number of bees and the counted Varroa mites 

were used to calculate the V. destructor percent infestation 

of each colony with the formula below (Çetin, 2010).  

 

VIAB (%) = (TVIAB / TNAB) × 100 

 

VIAB :Varroa destructor percent infestation on 

adult bees 

TVIAB :Total number of Varroa destructor on adult 

bees 

TNAB :Total number of adult bees  

 

Determination of Infestation Percentage of Varroa 

Destructor in Drone and Worker Bee Pupae 

To determine Varroa destructor's percent infestation in 

drone and worker bee cells, 200 pupae in one worker and 

drone comb were removed from the cells with the help of 

tweezers. This was done each time the combs were removed 

from every colony on 30th May, 20th June, 10th July, 30th 

July, and 20th August. While uncapping the cells, the pupae 

with V. destructor were counted. In the control group 

colonies, 200 worker bee pupae were removed from the 

worker comb and counted. 200 of the drone pupae in the 

corner parts of the other combs were uncapped and counted. 

Varroa destructor percentage in brood cells was calculated 

using the expression below (Çetin, 2010).  

 

VICC = (TV/ TNUC) × 100 

 

VICC :Varroa destructor infestation in the cells that 

were capped,  

TV :Total Varroa destructor in the cells that were 

uncapped by the researcher 

TNUC :Total number of cells that were uncapped 

looking for mites.  

 

The obtained Varroa destructor infestation rate 

(percentage) lead to the determination of varroa mite 

preference for drone brood. This was calculated using the 

formula below (Fushs, 1990). 

Drone cell preference = (Varroa infestation percentage 

in drone cells/ Varroa infestation percentage worker cells)   



1228 

 

  
Figure 1(A) and (1B). Varroa destructor mean abundance in the treatment and control groups over time, respectively 

 

Table 1. Average Varroa destructor mean abundance before (10th May 2019) and after (20th August 2019) the study (%) 

via sugar shakes (Mean ± SEM) 

Group Number Before trial After trial 

Treatment 8 1.87±0.31 12.14±0.75b 

Control 8 1.49±0.35 21.37±3.3a 

P  0.461 0.036 
SEM, standard error of the mean, a,b Values within a column with different superscripts differ significantly at P<0.05 

 

Table 2. Varroa destructor percent infestation of drone and work pupae over time (Mean ±SEM) 

Variable Group n May 30 June 20 July 10 July 30 Aug 20 

Drone PI 
Control 8 4.4±1.28 7.8±1.82 8.2±1.71 10.6±1.46 10.8±2.41 

Tr 8 10.2±3.15 11.6±3.15 13.4±5.95 13±4.48 11±3.27 

Worker PI 
Control 8 4.3±3.84 6.3±4.37 3.3±1.33 8.3±2.40 14±3.46 

Tr 8 2±1.15 4±1.52 0±0 9.7±3.75 12±5.50 
n, number of colonies; PIR, percent infestation; Tr, treatment group; SEM Standard error of the mean 

 

Table 3. Change in adult bee population (number of frames covered with bees) and brood area over time in the treatment 

and control group (Mean ± SEM) 

Variable Group n May 10 May 30 June 20 July 10 July 30 Aug 20 

ABP 
Tr 8 5.00±0.00 6.87±0.12 11.75±0.67 13.50±0.50 8.75±0.16 8.75±0.16 

Control 8 5.00±0.00 6.75±0.25 12.12±0.74 14.37±1.01 9.12±0.22 8.50±0.80 

BA 
Control 8 5.00±0.00 6.50±0.18 8.75±0.31 8.12±0.22 8.75±0.16 6.25±0.49 

Tr 8 5.00±0.00 6.25±0.26 8.62±0.26 8.50±0.18 8.37±0.92 6.25±0.99 
n, number of colonies; ABP, adult bee population; BA, brood area; Tr, treatment group; SEM, Standard error of the mean 

 

 

Calculation of Varroa Mite Destruction Effect of 

Drone Comb Cells 

The effect value of destruction of drone comb cells that 

were provided to the treatment colonies after trapping was 

calculated according to the formula below (Çetin, 2010). 

 

Effect value (%) = ((PAT × FPC) / (PBT × IPC)) × 100 

 

PAT :Percent infestation after treatment (treatment 

group) 

FPC :Final percent infestation of control group 

PBT :Percent infestation before the treatment 

(treatment group) 

IPC :Initial percent infestation of control group)  

 

Determination of Colony Development 

Before the trial, the colonies were evened out with 5 

frames (equal bees and capped brood). This was done to 

determine whether caging of the queen bee to the drone 

comb for 24 hours would make any regression in 

population development. For the above aim, bee and brood 

frame counts were recorded in both treatment and control 

group colonies during the study period.  

 

Statistical Analysis 

 

Varroa destructor percent infestation between groups 

was analysed by Mann-Whitney U Test. The change in V. 

destructor percent infestation between groups during the 

trial was analysed by One-Way ANOVA. V. destructor 

percent infestation within the groups was tested by the 

Wilcoxon Test. To compare colony development between 

groups, bee and brood frame quantities were tested by the 

Repeated Measures Test. Cross group V. destructor's 

comparison of drone and worker bee cell brood preference 

was analysed by Independent Sample T-test. SPSS 

program version 17 was used in all statistical analyses 

(SPSS, 2008), and all statements of significance were 

confirmed at P<0.05 level. 
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Results 

 

Comparison of Varroa Destructor Population of Pre 

and Post-trial 

The Varroa destructor mean abundance (percent 

infestation) obtained before and after the trial is shown in 

Table 1. In the treatment and control group, the Varroa 

destructor mean abundance was 1.87±0.31 and 1.49±0.35, 

respectively at the beginning of the trial (May 10, 2019). 

There was no statistical difference in the Varroa destructor 

mean abundance among trial groups before the study 

(P>0.05). Furthermore, in the treatment and control groups, 

the V. destructor mean abundance per colony was 

12.14±0.75 and 21.37±3.3, respectively at the end of the 

trial (August 20, 2019). After the trial, the treatment group 

had approximately 43% lower V. destructor mean 

abundance (percent infestation) than the control group 

(P<0.05). 

 

Rate of Change of Varroa Destructor Infestation Rate 

Overtime During the Trial 

Varroa destructor infestation rate (mean abundance) 

over time is shown in Figure 1a,b. The results showed that 

the statistical difference in the Varroa destructor mean 

infestation rate in both the treatment and control group was 

significant on 20th June (P<0.01), 10th July (P<0.01), and 

20th August 2019 (P<0.05). However, no significant 

difference was found on 10th May, 30th May, and 30th 

July 2019 (P>0.05). 

 

Drone and Worker Bee Brood Preference by Varroa 

Destructor  

In the study, no statistical difference was found between 

the groups in terms of Varroa destructor infestation rate in 

drone and worker bee brood over time (P>0.05). Infestation 

of drone and worker brood (pupae) by varroa is given in 

Table 2. The preference for drone brood cells by the varroa 

was on average 1.6 times more than in the worker group 

colonies. On the other hand, the parasite's preference for 

worker bee brood was on average 1.3 times more in control 

group colonies than in the treatment group. In May, June, 

and July, the preference for drone bee brood by the parasite 

was higher than in August. 

 

Determination of Change of Adult Bee Population 

and Brood Area (Colony Development) 

The adult bee population data of the trial groups is 

shown in Table 3. The change in the adult bee population 

(number of frames covered with bees) throughout the study 

was statistically significant (P=0.000, P<0.05). However, 

there was no statistical difference in the adult bee 

population between groups over time (time × group 

interaction) (P=0.635, P>0.05). In the treatment group 

colonies, it was observed that caging the queen bees to the 

drone frame for 24 hours did not affect colony 

development. Statistical data on the brood area (number of 

frames covered with brood) over time in the treatment and 

control groups is shown in Table 2. Change in brood area 

over time between groups was found to be statistically 

significant (P=0.000, P<0.05). The change in brood area 

over time between the treatment and control groups (time 

× group interaction) was not statistically significant 

(P=0.796, P>0.05). 

Discussion 

 

In this study, the effect value of using drone bee 

honeycomb as a trap on V. destructor infestation rate was 

found to be approximately 43%. This value has been 

confirmed as 44% (Huang, 2001; Wilkinson and Smith, 

2002; Charrierere et al., 2003; Wantuch and Tarpy, 2009; 

Al Toufailia et al., 2018; Wang et al., 2019), 91.14% 

(Çetin, 2010), 71% (Calderone, 2005), and 67-96% (Calis 

et al., 1999). Furthermore, when this Varroa destructor 

biological control method is compared to the method of 

sprinkling icing sugar in some studies, the effect value 

(43%) partially harmonizes with the 39.72% and 44.26% 

effect value of powdered sugar application to colonies in 

the morning and afternoon, respectively (Muz et al., 2014). 

With such a difference in effect value, it is thought that it 

may be more effective to combine both the drone bee brood 

trap and the powdered sugar sprinkling methods to obtain 

synergistic effects. In the current study, the change of 

Varroa destructor infestation rate over time is in line with 

Wilkinson and Smith (2002) who identified that using 

drone bee brood as a trap can delay V. destructor from 

reaching a harmful population for up to four months. 

Similarly, Wantuch and Tarpy (2009) stated that drone 

brood destruction was effective in controlling varroa until 

the end of summer. In addition, Traynor et al. (2020) 

concluded that the changes in the quantity of existing 

worker and drone brood over time influence the ratio of 

varroa mite in brood as opposed to adult bees. Similarly, 

we observed that there was a change in varroa mite percent 

infestation in both worker and drone brood cells over the 

course of the trial although no significant difference was 

identified between the groups (treatment and control).   

The change in the adult bee population is expected 

because the study started at the beginning of May and 

continued until mid-August. For beekeeping, under normal 

circumstances, there is an increase in the adult bee 

population until the end of July when honey is harvested, 

and a decrease after harvesting. On the other hand, the 

change in brood area between groups being statistically 

significant, and in both groups being constant is also 

expected. This is because, in the Nigde province, where the 

study was carried out, brood increases continuously until 

the first week of August, and decreases afterward. The non-

statistical significance in the change between the treatment 

and control groups for the brood area may emphasize that 

caging the queen bee to the drone frame for 24 hours has 

no negative effect on the brood area. Similarly, Calderone 

(2005) found that caging of the queen bee to the drone 

frame has no negative impact on colony development. Our 

study identified no adverse effects of drone brood cell 

treatment on adult bee mortality, brood production, and 

colony population. This could be associated with a lack of 

inefficiencies caused by overdose, temperature, humidity, 

etc as observed in chemical and organic control 

applications (Gregorc and Sampson, 2019; Szczurek et al., 

2019; Guichard et al., 2020). The use of drone bee brood 

cells as traps against varroa mite can be easily applied in 

colonies over time of high brood activity. In line with our 

study results, Charrière et al. (2003) reported that both 

colony development and honey production were not 

affected by the destruction of drone bee brood in over two 

years of the study. Calderone (2005) emphasized that 
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destroying one drone brood comb per month in spring and 

summer does not affect bee health, population 

development, and honey production. 

In terms of preference, Allen (1965) determined that the 

drone comb was preferred by V. destructor 4 times more 

than the worker comb, and Traynor et al. (2020) found that 

varroa mite shows an 8-fold preference for drone bee brood 

compared to 1.6 times in our study. Moreover, Fuchs 

(1990) stated that varroa preferred drone bee honeycomb 

8.3 times more by mid-summer when brood and feeding 

were plenty. Like in our study, a higher preference of 

varroa mite for the drone bee brood was in May, June, and 

July. This emphasizes the point that varroa mite infestation 

rate changes with periods of the year. Furthermore, the 

study by Al Toufailia et al. (2018) identified that varroa 

prefers drone bee brood 13 times more than the worker 

brood which is a very higher preference value compared 

with the above-specified researchers and the current study. 

 

Conclusions  

 

Using the drone brood cell trapping method can protect 

against Varroa destructor which is one of the problems in 

honeybee production. It is concluded that the rate of V. 

destructor percent infestation is less than 43% when drone 

brood cells are applied to the colonies. In practical 

beekeeping applications, this method alone is not enough 

to combat Varroa destructor but can be used as an 

alternative control method. In particular, it can be applied 

over time when the brood and honey production continue 

in colonies. The application of removal and destruction of 

drone brood cells has positive effects such as ensuring bee 

health, enhancing colony development, and ensuring 

quality bee products. Therefore, if the application is used 

in combination with chemical and organic methods, there 

can be a reduction in the use of chemicals for the control 

of varroa mite. 
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