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Abstract
The global beekeeping industry faces ongoing losses due to Varroa destructor. In Korea, large-scale overwintering colony losses from 2022 to 2024 were linked to 

Varroa infestations. Despite various control methods, climate change and resistance to conventional treatments have hindered effective management. Integrated pest 
management (IPM) strategies combining multiple approaches are increasingly emphasized. This study evaluated the efficacy and side effects of queen isolation combined 
with formic acid treatment for Varroa control. Results showed that queen isolation effectively exposed mites on worker bees, and 98.7% of those mites were eliminated by 
formic acid. However, this method caused a 60% reduction in worker bee population higher than in other groups and negatively impacted queen survival. These findings 
underscore the need for further research to develop safer and more effective Varroa control strategies that ensure colony stability.
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Materials & Methods

Results

Varroa detection methods

<Sugar shaking>

<Sticky board>

- Rectangular isolation cage 
(7.5 × 5.7 × 1.8 cm) made of 
a wooden frame covered 
with a 1.5 mm² metal
- fully covered comb frame 
was considered to contain 
approximately 2,300 bees
- brood cell estimation, the 
area occupied by sealed 
brood was measured and 
converted into the number of 
brood cells based on a 
standard calculation of 100 
brood cells per 5 × 5 cm 
section

Queen isolation

<Colony strength assessment>

Processing schedule for trt

Table 1. Linear regression analysis of standardized worker bee population (%) trends across experimental
groups over the entire experimental period. * Indicates a significant difference.*: Indicates a significant difference

Figure 1. Pupae 
percentage (%) 
among treatment 
group. Each line 
represents the 
mean pupae 
percentage for a 
specific group, 
with shaded areas 
indicating the 
standard 
deviation.

Colony Strength by Group

Sticky Board Method

Comparison of Brood Cell Numbers

Comparison of Detected V. destructor Mites

Powdered Sugar Shake Method

Figure 2. Comparison of 
detected Varroa mites using 
the sugar shake method 
after experimental 
treatments (queen isolation 
and formic acid application) 
across experimental 
groups. The data represent 
the mean and standard 
deviation of Varroa mites 
detected in each group. 
F=Formic acid, *: significant 
difference at P<0.05.

Figure.3. 
Comparison of 
fallen Varroa mite 
proportions during 
the queen isolation 
period and after 
acaricide
treatments at 
weekly intervals. 
Error bars indicate 
standard deviation. 
Significant 
differences 
between groups 
are marked with an 
asterisk (*), 
P<0.05.

Worker Bee Population &

Comparison of Remaining 
Varroa destructor in Colonies

Figure. 4. 
Proportion of 
Varroa mites 
detected after the 
final intensive 
acaricide
treatment. Error 
bars indicate 
standard deviation. 
Significant 
differences 
between groups 
are marked with an 
asterisk.

Figure. 5. 
Average 
external 
temperature 
during the 
queen caging 
and acaricide
treatment 
periods. Error 
bars represent 
the standard 
deviation.

External Temperature During the Experimental Period

Discussion
1. A 20-day queen confinement effectively removes brood, causing Varroa mites to move onto worker bee bodies.
2. Combined treatment of queen confinement and formic acid shows high efficacy in Varroa mite control, but side effects occur, such as 
worker bee reduction and queen loss.
→ Additional treatment adjustment experiments are needed to reduce these side effects.
3. When formic acid is applied after queen confinement, a single treatment removes most Varroa mites.
→ Applying formic acid only once reduces side effects caused by formic acid treatment.
Further experiments are required to establish the optimal integrated Varroa mite control strategy that enhances control effectiveness 

while minimizing side effects.
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The global beekeeping industry has sustained continuous damage due to Varroa mites. In Korea, large-scale disappearance 
and mortality of overwintered honeybee colonies were reported between 2022 and 2024, with Varroa mites identified as 
one of the primary causes. Although various methods have been employed to control this pest, a lack of appropriate 
control manuals in the face of climate change and the emergence of Varroa mites resistant to conventional treatments 
have made effective control difficult. In light of the limitations of single-method approaches, integrated pest management 
(IPM) strategies that combine multiple methods are gaining attention. In this study, we evaluated the efficacy and adverse 
effects of queen isolation and formic acid application, together as a means of Varroa mite (Varroa destructo) control. 
The results showed that queen isolation effectively exposed Varroa mites on worker bees, and 98.7% of those mites 
were eliminated by formic acid treatment. However, this combined treatment reduced the worker bee population by an 
average of 60%—significantly higher than in other treatment groups—and also negatively affected queen survival. These 
findings highlight the need for further research aimed at securing colony stability while pursuing safer and more effective 
strategies for Varroa mite control, both in single-method and integrated approaches.
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Background/PURPOSE: Honeybees are vital pollinators, playing a crucial role in sustaining ecosystems and agricultural 
productivity. However, they face a multitude of biotic and abiotic stressors that threaten their health and survival. These 
stressors include parasitic mites, pathogens, invasive species, agrochemicals, habitat destruction, and climate change. 
Understanding the interactions between these stressors is essential for developing strategies to mitigate their impact on 
honeybee colonies.

Problem Description: The decline in honeybee populations is a global concern, driven by a combination of biotic threats such 
as Varroa destructor mites and vectored viruses, and abiotic factors like pesticide exposure and environmental changes. 
These stressors often interact synergistically, exacerbating their negative effects on colony health. Despite extensive 
research, the complex interplay between these factors remains poorly understood, hindering effective conservation and 
management efforts.

METHODOLOGY: This review synthesizes existing literature on the biotic and abiotic stressors affecting honeybee health. 
It examines the impacts of ectoparasitic mites, pathogenic microorganisms, invasive species, agrochemicals, and 
environmental changes on honeybee colonies. The review also explores the interactions between these stressors and 
their cumulative effects on colony survival and productivity.

Results and CONCLUSION: The review highlights that V. destructor and vectored viruses are among the most significant 
biotic threats, while agrochemicals and habitat loss are major abiotic stressors. Climate change further exacerbates these 
challenges by altering floral resources and increasing the prevalence of pathogens. The interaction between multiple 
stressors often leads to greater colony losses than any single stressor alone: pesticide exposure can weaken bees’ 
immune systems, making them more susceptible to parasitic mites and viruses.

Practical Implications for Beekeepers: Beekeepers can adopt several strategies to mitigate these stressors, such as 
breeding mite-resistant bee strains, reducing pesticide use, and providing diverse foraging habitats. Regular monitoring 
and early intervention are crucial for managing colony health. Additionally, policymakers should consider the broader 
environmental impacts of agricultural practices and climate change to support sustainable beekeeping and pollinator 
conservation. By addressing both biotic and abiotic stressors, beekeepers can enhance colony resilience and ensure the 
continued provision of pollination services.


