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Abstract

Varroa destructor - external parasitic mite is among the most serious biotic threats affecting honey bee colonies worldwide. This study evaluated
associations between beekeeper practices, reported infestation, colony losses and perceived effects on honey production in Eastern Slovakia. Data were
obtained from a questionnaire survey of 154 beekeepers and analysed using descriptive statistics and the chi-square test of independence. Regular
monitoring was significantly associated with lower reported infestation levels (x*> = 26.24, df = 9, P = 0.0019, Cramér’s V = 0.24). Regular treatment
frequency was significantly associated with lower colony losses (x> = 27.58, df = 9, P = 0.0011, Cramér’s V = 0.24). A significant relationship was also
found between infestation level and perceived reduction in honey production (x> = 33.05, df = 9, P = 0.0001, Cramér’s V = 0.27), and between beekeeper
sex and monitoring frequency (x> = 11.03, df = 3, P = 0.0116, Cramér’s V = 0.27). No significant associations were detected for beekeeper type and
knowledge level, locality and infestation level, or perceived resistance and treatment type. The findings emphasise the practical importance of regular

monitoring and treatment practices, together with beekeeper education, for effective varroosis management.
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Introduction

The western honey bee, Apis mellifera Linnaeus, 1758
(Hymenoptera: Apidae), is a key pollinator in both,
natural and agricultural ecosystems. However, honey
bee colonies are currently affected by multiple stressors,
including habitat degradation, pesticide exposure,
climate-related factors and pathogens. Among these,
the ectoparasitic mite Varroa destructor Anderson et
Trueman, 2000 (Mesostigmata: Varroidae) is regarded as
one of the most harmful agents affecting colony survival
and productivity (Genersch 2010; Rosenkranz et al. 2010;
Toporcak 2012).

In addition to direct parasitism, V. destructor acts as
an important vector of viral pathogens, particularly
deformed wing virus and acute bee paralysis virus,
thereby substantially worsening colony health (Martin
et al. 2012; Ryabov et al. 2014). Because mite population
growth may remain unnoticed until colony condition is
already compromised, regular monitoring is considered
essential for effective varroosis management (Dietemann
etal. 2013; Nazzi & Le Conte 2016). Standard monitoring
approaches include natural mite fall counts, alcohol wash,
powdered sugar roll, CO, testing and other validated
methods that differ in their sensitivity and practical
application (Dietemann et al. 2013).

Control of varroosis generally relies on combinations
of monitoring, chemical or organic treatments, and
zootechnical or biotechnical practices, including drone
brood removal, brood interruption and other integrated
management measures. The success of these measures
depends not only on the biology of the parasite, but also
on beekeeper knowledge, experience and management
consistency (Calderone 2005; Rosenkranz et al. 2010;

Topor¢ak 2012; Nazzi & Le Conte 2016; Ritter 2018;
Rangel & Ward 2018; Topor¢ak & Chlebo 2018; Urban
2018; Bava et al. 2022; Porporato et al. 2022; Toporc¢ak
& Filo 2023; Cook et al. 2024; Horr & Krupan 2025a, b).
The present study therefore aimed to evaluate whether
selected beekeeper-reported management practices,
particularly monitoring and treatment frequency, are
associated with reported V. destructor infestation, colony
losses and perceived effects on honey production in
Eastern Slovakia.

Materials and methods

Study design

The study was based on a questionnaire survey
conducted among 154 beekeepers in Eastern Slovakia.
The questionnaire collected self-reported information
on beekeeping experience, number of managed colonies,
apiary locality, frequency of V. destructor monitoring, the
monitoring method most commonly used (sticky boards,
alcohol wash, powdered sugar test or other methods),
perceived infestation level, colony losses, treatment
method, treatment frequency, perceived treatment
resistance, self-assessed knowledge of varroosis and the
perceived impact of infestation on honey production.
Monitoring frequency was classified into four categories
(regularly, occasionally, rarely and no monitoring).
Respondents also indicated the monitoring method
they most used. The level of V. destructor infestation
was recorded as the respondent’s own assessment using
the categories low, medium, high and unknown; no
standardized quantitative thresholds were defined in the
questionnaire.

%
Corresponding author: A.Csanddy. Email: alexander.csanady@unipo.sk


https://orcid.org/0000-0003-1679-3562

16  Juhdzy & Csanady

Treatment practices were recorded according to the
respondents declared management strategy (chemical
treatment, organic acids, biotechnical methods,
combined treatment or no treatment) together with the
reported frequency of treatment. The questionnaire did
not record the seasonal timing of treatment applications
or the specific biotechnical procedures used.

Variables analysed

The following relationships were tested:

1. reported monitoring frequency x reported infestation

level

reported treatment frequency x reported colony loss

reported beekeeper type x reported knowledge level

reported locality x reported infestation level

reported infestation level x reported perceived impact

on honey production

6. reported perceived resistance x reported treatment
type

7. reported beekeeper sex x reported monitoring
frequency

It should be noted that, since the study was based

on questionnaires, no independent verification was

conducted of the reported levels of infestation or the

procedures used to manage them.

AN

Statistical analysis

Data were processed using descriptive statistics, graphical
presentation and the chi-square test of independence.
Associations were considered significant at a = 0.05.
Effect size was expressed as Cramér’s V.

Statistical analyses were performed using GraphPad
Prism version 5.01 (GraphPad Software Inc., San Diego,
CA, USA).

Results

Beekeeping profile of respondents

A total of 154 respondents participated in the
questionnaire survey. Their responses were analysed
using descriptive statistics and the chi-square test of
independence to evaluate relationships among beekeeper
practices, infestation level, colony losses and perceived
production effects.

Most respondents had long-term beekeeping experience.
As shown in Figure 1, 40% of respondents had more
than 10 years of beekeeping experience, 30% had 6-10
years, 22% had 2-5 years, and 8% had less than 2 years
of practice.

With respect to the number of managed colonies, 40% of
respondents kept 11-30 colonies, 35% kept 1-10 colonies,
15% managed 31-50 colonies, and 10% kept more than
50 colonies (Figure 2). The surveyed sample therefore
predominantly represented small-scale beekeeping
operations.

Figure 1. Length of beekeeping experience among respondents.

Figure 2. Number of honeybee colonies managed by respondents.

Monitoring and infestation level

The frequency of V. destructor among respondents is
shown in Figure 3. Regular monitoring was reported by
40% of respondents, occasional monitoring by 35%, rare
monitoring by 15%, while 10% stated that they did not
monitor mite occurrence at all.

The relationship between reported monitoring frequency
and the reported infestation level is presented in Table
1. Respondents who monitored their colonies regularly
more frequently reported low infestation levels, whereas
respondents monitoring rarely or not at all more frequently
reported medium or high infestation levels. The chi-square
test revealed a statistically significant association between
monitoring frequency and infestation level (x* = 26.24, df =
9,P =0.0019, Cramér’s V = 0.24).

Table 1. Relationship between monitoring frequency and
infestation level.

Monitoring frequency Low Medium High Unknown Total

Regularly 13 34 9 6 62
Occasionally 5 34 13 2 54
Rarely 1 8 9 5 23
Do not monitor 1 4 5 5 15

Total 20 80 36 18 154




Figure 3. Frequency of Varroa destructor monitoring among
respondents.

Treatment and colony losses

Annual colony losses associated with V. destructor
infestation are summarised in Figure 4. The largest
proportion of respondents (45%) reported colony losses of
11-25%, whereas 26% reported losses of 0-10%. Higher
losses of 26-50% were reported by 19% of respondents,
while losses exceeding 50% were reported by 10%.

The relationship between treatment frequency and colony
loss is presented in Table 2. Respondents reporting regular
treatment more frequently reported lower colony losses,
whereas respondents treating only as needed, rarely or
not at all more frequently reported higher colony losses.
The chi-square test revealed a statistically significant
association between treatment frequency and colony loss
(x> =27.58,df =9, P =0.0011, Cramér’s V = 0.24).

Figure 4. Annual colony losses attributed to Varroa destructor
infestation.

Table 2. Relationship between treatment frequency and colony loss.

Treatment frequency 0-10% 11-25% 26-50% >50% Total

Regularly 29 35 9 4 77
As needed 9 23 8 6 46
Rarely 2 6 6 1 15
No treatment 0 5 7 4 16
Total 40 69 30 15 154
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Beekeeper type and knowledge

The structure of respondents according to reported
beekeeper type is shown in Figure 5. Hobby beekeepers
represented the largest group (55%), followed by semi-
professional beekeepers (30%) and professional beekeepers
(15%).

Figure 5. Type of beekeeping activity among respondents.

Self-reported knowledge of varroosis is summarised in
Figure 6. More than half of respondents (51%) considered
their knowledge sufficient, whereas 26% reported
insufficient knowledge. High knowledge was reported
by 16% of respondents, while 7% stated that they had no
knowledge of the issue.

The relationship between reported beekeeper type and
reported knowledge level is presented in Table 3. Although
professional beekeepers more frequently reported high
or sufficient knowledge than hobby beekeepers, the
association was not statistically significant (x> = 8.30, df =
6,P =0.217, Cramér’s V = 0.16)

Table 3. Relationship between beekeeper type and knowledge
level.

Beekeeper type  High Sufficient Insufficient None Total
Hobby 9 42 28 6 85
Semi-professional 9 24 10 3 46
Professional 6 13 2 2 23
Total 24 79 40 11 154

Figure 6. Self-reported knowledge of beekeepers about varroosis.
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Locality and infestation level

The reported infestation level of V. destructor is shown
in Figure 7. Medium infestation was the most frequently
reported category (57% of respondents), followed by high
infestation (22%) and low infestation (12%). The remaining
9% of respondents were unable to assess the infestation level
in their apiaries.

The relationship between reported locality and reported
infestation level is presented in Table 4. Although respondents
from rural and mountainous areas more frequently reported
medium or high infestation levels, the association between
locality and infestation level was not statistically significant
(x* =13.02,df =9, P = 0.1619, Cramér’s V = 0.17).

The seasonal period of the highest occurrence of V. destructor
is shown in Figure 8. Most respondents reported the highest
occurrence at the end of summer (45%), followed by autumn
(30%) and summer (15%). Lower frequencies were reported
for spring and winter (5% each).

Table 4. Relationship between locality and infestation level.

Locality Low Medium High Unknown Total

Urban 1 6 4 1 12
Rural 12 55 15 10 92
Mountain 2 14 12 3 31
Lowland 4 13 2 0 19
Total 19 88 33 14 154

Figure 7. Reported level of Varroa destructor infestation in apiaries.

Figure 8. Seasonal period of the highest occurrence of Varroa
destructor.

Infestation level and honey production

The relationship between reported infestation level and
the reported perceived effect on honey production is
presented in Table 5. Respondents reporting medium
or high infestation levels more frequently perceived
a moderate or strong reduction in honey production,
whereas respondents reporting low infestation more often
reported little or no effect. The chi-square test revealed
a statistically significant association between infestation
level and perceived reduction in honey production (x* =
33.05,df =9, P =0.0001, Cramér’s V = 0.27).

Table 5. Relationship between infestation level and honey production.

Strong Moderate No

Infestation level decrease  decrease  effect Unknown Total
Low 5 10 2 2 19
Medium 28 40 7 13 88
High 18 13 2 0 33
Unknown 1 5 7 1 14
Total 52 68 18 16 154

Treatment methods and perceived resistance

Preferred treatment strategies are summarised in Figure
9. Combined treatment approaches were the most
frequently reported method (43%), followed by organic
acid treatments (30%). Chemical treatment was reported
by 14% of respondents, biotechnical methods by 109%,
whereas 3% stated that they did not treat V. destructor.

Figure 9. Treatment methods used against Varroa destructor by
respondents.

Interest in new treatment methods is shown in

Figure 10. Occasional interest in new treatment
approaches was reported by 45% of respondents, whereas
30% regularly searched for and tested new methods. The
remaining 25% of respondents reported no interest in new
treatment strategies.

Therelationship betweenreported perceived miteresistance
and reported treatment type is presented in Table 6.
Although some variation among treatment categories was
observed, the association was not statistically significant
(x*=11.52,df = 8, P = 0.1741, Cramér’s V = 0.19).



Figure 10. Interest of respondents in searching for and testing
new treatment methods against Varroa destructor.
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Sex and monitoring frequency

The relationship between reported beekeeper sex
and reported monitoring frequency is presented in
Table 7. Male respondents more frequently reported
regular monitoring, whereas female respondents were
proportionally more represented in less frequent
monitoring categories. The chi-square test revealed
a statistically significant association between sex and
monitoring frequency (x* = 11.03, df = 3, P = 0.0116,
Cramér’s V = 0.27). However, this finding should be
interpreted cautiously because the analysed sample was
strongly male-biased, which may have influenced the
observed association.

Table 6. Relationship between perceived resistance and treatment type.

Resistance Chemical Organic acids Biotechnical Combination No treatment Total
Yes 9 21 19 0 54
No 4 14 18 1 39
Unknown 9 11 9 29 3 61
Total 22 46 16 66 4 154

Table 7. Relationship between beekeeper sex and monitoring

frequency.

Sex Regularly Occasionally Rarely NO, Total
monitoring

Male 56 47 15 10 128

Female 6 7 8 5 26

Total 62 54 23 15 154

Discussion

The present study provides further evidence that V.
destructor remains one of the principal threats affecting
honey bee colony health and productivity. The overall
pattern of responses is consistent with previous studies
identifying this ectoparasitic mite as a major factor
contributing to colony weakening, viral transmission
and increased colony mortality (Rosenkranz et al. 2010;
Genersch 2010; Ryabov et al. 2014).

One of the most important findings of the present study was
the significant relationship between monitoring frequency
and infestation level. Respondents who monitored
their colonies regularly more frequently reported lower
infestation levels than beekeepers performing only
occasional or no monitoring. These findings support
previous conclusions that regular monitoring represents
a fundamental component of effective varroosis
management (Dietemann et al. 2013; Nazzi & Le Conte
2016). However, the present questionnaire evaluated
primarily the reported frequency of monitoring and did
not distinguish between the effectiveness of different
diagnostic approaches. Consequently, the present study
cannot assess whether monitoring methods differ in
their ability to detect increasing mite populations or

reduce colony losses. Early detection of increasing mite
populations allows timely intervention and may reduce
the probability of severe infestation and colony decline.

A similarly important result was the significant association
between reported treatment frequency and colony losses.
Respondents reporting regular treatment more frequently
reported lower annual colony losses, whereas irregular
treatment or absence of treatment was associated with
higher mortality. Although these findings are consistent
with current knowledge of varroosis management, the
questionnaire did not record the seasonal timing of
treatment. Consequently, no conclusions can be drawn
regarding the influence of treatment timing, which is
considered an important determinant of successful Varroa
control (Rosenkranz et al. 2010; Jack et al. 2023).
Although professional beekeepers more frequently reported
high or sufficient knowledge levels than hobby beekeepers,
the relationship between beekeeper type and knowledge
level was not statistically significant. This suggests that
practical experience and individual interest in bee health
management may influence knowledge acquisition
independently of beekeeper category. Nevertheless, the
descriptive pattern observed in the present study generally
supports previous findings emphasising the importance
of beekeeper education and management experience for
successful disease control (Jacques et al. 2017).

The relationship between locality and infestation level was
also not statistically significant. Although respondents
from rural and mountainous areas more frequently
reported medium or high infestation levels, the observed
variation among localities was insufficient to support a
clear geographic effect. These results suggest that colony
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management practices may exert stronger effects on
infestation dynamics than locality alone within the studied
region. Another factor that may contribute to infestation
dynamics is the density of neighbouring apiaries and the
associated risk of mite reinvasion. This variable was not
included in the questionnaire and therefore could not
be evaluated, although it may represent a more direct
determinant of infestation pressure than the general
classification of apiary locality. Similar conclusions were
reported by Smolinski et al. (2021), who emphasised
that environmental and climatic factors interact with
management practices, colony condition and local
environmental characteristics.

The significant association between infestation level and
perceived reduction in honey production further supports
the importance of V. destructor as a major economic and
biological threat in apiculture. Respondents reporting
higher infestation levels more frequently indicated
moderate or severe decreases in honey production.
Previous studies similarly demonstrated that mite
infestation negatively affects colony vitality, worker
longevity and foraging efficiency, which may ultimately
reduce colony productivity (Medina-Flores et al. 2011).
No statistically significant relationship was detected
between perceived mite resistance and treatment type. This
may reflect the multifactorial nature of treatment efficacy,
which depends not only on resistance development,
but also on treatment timing, dosage, rotation of active
substances and overall colony condition. In addition, the
questionnaire did not distinguish between individual
biotechnical practices, such as drone brood removal,
brood interruption or queen replacement, which may also
influence treatment effectiveness. Nevertheless, resistance
to acaricides remains an important concern in modern
apiculture, particularly under repeated use of identical
active compounds (Elzen et al. 1999). The present findings
therefore support recommendations favouring integrated
and rotational treatment strategies.

The significant relationship detected between beekeeper
sex and monitoring frequency should be interpreted
cautiously because the analysed sample was strongly male-
biased. Consequently, the observed pattern may partly
reflect unequal sample structure rather than biologically
meaningful behavioural differences. Additional studies
using more balanced respondent samples would be
necessary to evaluate this relationship more reliably.
Several limitations of the present study should also be
acknowledged. The analyses were based on self-reported
questionnaire data rather than direct field measurements,
and several evaluated variables reflected respondent
perception rather than objectively quantified infestation
or production parameters. Infestation level was based
on respondents’ own assessment, and no standardized
quantitative thresholds were applied. Furthermore,
although the questionnaire included information on
monitoring methods, the present study focused primarily
on monitoring frequency and therefore did not evaluate

differences among individual monitoring methods. In
addition, the questionnaire did not record the seasonal
timing of treatment or specific biotechnical management
practices. Finally, the study was geographically restricted
to Eastern Slovakia, and variables such as apiary density
or the risk of mite reinvasion from neighbouring colonies
were not assessed. Despite these limitations, the study
provides useful information on beekeeper behaviour,
management practices and perceived impacts of V.
destructor under regional apicultural conditions.

Conclusion

The present study showed that beekeeper practices were
significantly associated with several important aspects
of Varroa destructor management and colony health in
Eastern Slovakia. Regular monitoring was associated
with lower reported infestation levels, whereas regular
treatment was associated with lower annual colony
losses. In addition, higher reported infestation levels were
significantly associated with a perceived reduction in
honey production.

In contrast, no statistically significant relationships were
detected between beekeeper type and knowledge level,
locality and infestation level, or perceived resistance
and treatment type. These findings suggest that colony
management practices, particularly regular monitoring and
treatment, may represent more important determinants of
infestation dynamics than beekeeper category or locality
alone.

The results emphasise the importance of regular
monitoring, regular treatment and continued beekeeper
education for effective varroosis management. Despite
the limitations associated with questionnaire-based and
self-reported data, the study provides useful insight into
beekeeper behaviour and management strategies under
regional apicultural conditions in Eastern Slovakia.

References

Bava R, Castagna F, Piras C, Musolino V, Lupia C, Palma E, Britti D,
Musella V. 2022. Entomopathogenic fungi for pests and predators
control in beekeeping. Veterinary Sciences 9(2): 95.

Calderone NW. 2005. Evaluation of drone brood removal for management
of Varroa destructor (Acari: Varroidae) in colonies of Apis mellifera
(Hymenoptera: Apidae) in the northeastern United States. Journal
of Economic Entomology 98(3): 645-650.

Cook S, Posada-Florez F, Sonenshine D, Evans J, Boncristiani D, Pava-
Ripoll M. 2024. Natural enemies of Varroa destructor identified from
eastern North American honey bee colonies: A biological survey of
candidates for mite control from Maryland, USA. Biocontrol Science
and Technology 35(1): 52-70.

Dietemann V, Nazzi F, Martin SJ, Anderson D, Locke B, Delaplane KS,
Wauquiez Q, Tannahill C, Frey E, Ziegelmann B, Rosenkranz P,
Ellis JD. 2013. Standard methods for Varroa research. Journal of
Apicultural Research 52(1): 1-54.

Elzen PJ, Baxter JR, Spivak M, Wilson WT. 1999. Amitraz resistance in
Varroa: New discovery in North America. American Bee Journal
139: 362.

Genersch E. 2010. Honey bee pathology: Current threats to honey bees
and beekeeping. Applied Microbiology and Biotechnology 87: 87-97.

Horr B, Krupan F. 2025a. Almanach moderného véeldra. 1. ¢ast. Nitra:
PTH.



Horr B, Krupan E 2025b. Almanach moderného véeldra. 2. ¢ast. Nitra:
PTH.

Jack CJ, de Bem Oliveira I, Kimmel CB, Ellis JD. 2023. Seasonal differences
in Varroa destructor population growth in western honey bee (Apis
mellifera) colonies. Frontiers in Ecology and Evolution 11: 1102457.

Jacques A, Laurent M, Ribi¢re-Chabert M, Saussac M, Bougeard S,
Budge GE, Hendrikx P, Chauzat MP. 2017. A pan-European
epidemiological study reveals honey bee colony survival depends
on beekeeper education and disease control. PLoS ONE 12(3):
e0172591.

Martin SJ, Highfield AC, Brettell L, Villalobos EM, Budge GE, Powell M,
Nikaido S, Schroeder DC. 2012. Global honey bee viral landscape
altered by a parasitic mite. Science 336: 1304-1306.

Medina-Flores CA, Guzman-Novoa E, Hamiduzzaman MM, Aréchiga-
Flores CF, Lopez-Carlos MA. 2011. Africanized honey bees (Apis
mellifera) have low infestation levels of the mite Varroa destructor
in different ecological regions in Mexico. Genetics and Molecular
Research 10(4): 2432-2440.

Nazzi F, Le Conte Y. 2016. Ecology of Varroa destructor, the major
ectoparasite of the western honey bee, Apis mellifera. Annual Review
of Entomology 61: 417-432.

Porporato M, Manino A, Cuttini D, Lorenzon S, Ciaudano S, Parodi V.
2022. Varroa control by means of a hyperthermic device. Applied
Sciences 12(16): 8138.

Rangel J, Ward L. 2018. Evaluation of the predatory mite Stratiolaelaps
scimitus for the biological control of the honey bee ectoparasitic
mite Varroa destructor. Journal of Apicultural Research 57(3): 425-
432.

Ritter W. 2018. Zdravé vcely: Prevencia, diagnostika a liecba chorob.
Bratislava: Citadella.

Rosenkranz P, Aumeier P, Ziegelmann B. 2010. Biology and control of
Varroa destructor. Journal of Invertebrate Pathology 103: $96-S119.

Ryabov EV, Wood GR, Fannon JM, Moore JD, Bull JC, Chandler D, Mead
A, Burroughs N, Evans DJ. 2014. A virulent strain of deformed
wing virus is associated with colony losses and vectored by Varroa
destructor. PLoS Pathogens 10: €1004230.

Smolinski S, Langowska A, Glazaczow A. 2021. Raised seasonal
temperatures reinforce autumn Varroa destructor infestation in
honey bee colonies. Scientific Reports 11: 22256.

Toporcak J, Chlebo R. 2018. Veterindrna a produkcénd prax vo vieldrstve.
Bratislava: Slovensky zviz vcelarov.

Toporcak ], Filo P. 2023. Metodika na celorocné osetrovanie vielstiev proti
kliestikovosti. Bratislava: Slovensky zviz v¢elarov.

Topor¢dk]. 2012. Hodnotenie rizika pre SR - Varroéza (Varroa destructor).
Kosice: Univerzita veterindrskeho lekarstva a farmécie v KoSiciach.

Urban M. 2018. Veelafeni od jara do zimy. Praha: Grada Publishing.

Beekeeper practices and varroa infestation

21



