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m Overwintering failure of honey bee is becoming bigger concern not only for beekeepers but also
for the public, Climate change, pesticides, nutrition, habitat degradation and pest pressures
are considered as the multiple stressors to honey bee health. In this study, we analyzed
the overwintering failures of honey bee, Apis mellifera in 2022~3 winter relative to the pest
occurrences and damage levels from the questionnaire study from beekeepers nationwide.
Since the impact of varroa mite is well documented, we focused on the possible impacts of
Deformed Wing Virus, Tropilaelaps mercedesae and Vespa. The overwintering failure of 439
survey respondents was 36% with Jeju (67.7%) and Chungnam (22.6%). The main symptom
was the empty hives due to loss during overwintering (63.3%). There was a positive correlation
between overwintering failure and pest factors. Interestingly the number of acaricide application
also was positively, and queen replacement rate was negatively correlated with winter failure.
There was strong interaction among those factors. This study indicates that not only varroa
but also many other pests and disease are influencing the honey bee overwintering failure and
acaricide use should be carefully organized.

LGS Overwintering failure, Tropilaelaps mercedesae, Vespa, DWV, Acaricide
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Table 1. Percentage of overwintering failure of honey bee colonies and its symptoms during 2022~23 winter from the questionnaire survey

of 439 beekeepers in Korea

Number of Overwintering Symptoms (%)
Province resp?::;l ents fa(g/j)r ¢ Mass Empty Shortage of Weak Disaster
mortality colony food colony
GW 9 30.1 450 40.0 0.0 0.0 15.0
GG 137 331 172 554 54 17.8 43
GN 44 341 12.5 74.7 6.7 37 24
GB 102 30.1 82 75.1 40 83 43
IN 48 349 10.5 714 49 6.2 6.9
B 16 369 6.1 63.1 64 12.0 124
1 8 67.7 444 55.6 0.0 0.0 00
CN 48 22.6 14.8 52.8 14.5 11.8 6.2
CB 27 349 6.7 82.0 40 5.1 22
Overall 439 36.0 184 63.3 5.1 72 6.0

*GW: Gangwon, GG: Gyeonggi, GN: Gyeongnam, GB: Gyeongbuk, JN: Jeonnam, JB: Jeonbuk, JJ: Jeju, CN: Chungnam, CB: Chungbuk
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Fig. 1. Pearson correlation analysis between the overwintering failure
and the level of deformed wing virus (a), the level of Tropilaelaps
mercedesae (b), and the severity of Vespa damage (c) from the ques-
tionnaire survey of 439 beekeepers in Korea.
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Fig. 2. Pearson correlation analysis between the overwintering fail-
ure and the number of acaricide application (a) and the queen replace-
ment rate (b) from the questionnaire survey of 439 beekeepers in
Korea.
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Fig. 3. Multiple regression analysis between the overwintering
failure and related factors from the questionnaire survey of 439 bee-
keepers in Korea.
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=og olojd 4 gloH g olof tiet 7 A7 ER
St (Mullin ef al., 2010; Kim and Lee, 2022). THHA], &
ofj & HHA|E 95l sFsha HiA|Hut o2} £’ A &80
U 8 e & B2 AEfA U S S A 285}

= F3 B} Bastol, st WA A8L 245t
7] 918 22 4171 2 ALgle] o A7k Bash,

= A FRS A= 8
25 HAPE Y 0] w2 Aor T 24 24
ol Uetitth. ol B9 B Y 44 vvhA
shto] aolo] BE oz Agshe At o 744
9lo] P g Aol A dhal 2 A= gt
(vanEngelsdorp et al., 2009). T3+ 2 Ao A ohF2] 5
2 AT, 712, 3 5 ERIE 499 9% 3
Al F7H4 0 2 28519 4= At (Jung and Bae, 2022;
Lee et al., 2022). WehA], %‘?-_,j AF AreE FAaAl7]7]
Pl oS B oS U5 57 38 A0
et AS

erw @57 27 W A7

Q50| B YRS 1)

n

HU flo

B 36%= HEIS o™, 1
= ‘T—g- z/q.oiL é% = tﬂ'/ui QIS Hl HE0] 633%

2 Uepdtt. - mikedt B A% As) 2 89s

(22T utolg L, =TS B ET2 Fol A
e Zte AR et 4 Hikedt 7E 83s
S ool Al Slohs gl RS BHalem, o Al
F WA el fldltt Fol e Hole &4l
=2 LR b3 97 24 o 23 BE 2dE°]
A8e ohe AT M w2 SRS whe Bale,
0F 3440 Al fle AoE e & 35
5ol Wsis efol wet 20 EF HAkEo] AolsH
Uerd o= lths ZAS At shAIE, 2 Aol A o
FA G Se] AlE, ol 712, St Wl A Hol
of it FE 5 EE 5wt TEo e vt
f50] EARM. w2bA, EE dE AileS HaAl]
7] sl oS TelEnt ohyzt et A AL
ol 71 di-s WUt B dE7] B Wl T2 Hol7HA

- =2
2 ATE NS AR AA LAV AFE EE
B34 A7 A (o172 s B8 AntE $e] 7]& 7
HF RS-2023-00232847)%] A ¥ o2 43P 5] Utk
g2

Amdam, G. V,, K. Hartfelder, K. Norberg, A. Hagen and S. W.
Ombolt. 2004. Altered physiology in worker honey bees
(Hymenoptera: Apidae) infested with the mite Varroa
destructor (Acari: Varroidae): a factor in colony loss
during overwintering. J. Econ. Entomol. 97: 741-747.

Bailey, L., A.J. Gibbs and R. D. Woods. 1963. Two viruses from
adult honey bees (Apis mellifera Linnaeus). Virology
21: 390-395.

Berthoud, H., A. Imdorf, M. Haueter, S. Radloff and P. Neumann.
2010. Virus infections and winter losses of honey bee
colonies (Apis mellifera). J. Apic. Res. 49(1): 60-65.

Buchmann, S. L. 1996. Competition between honey bees and
native bees in the Sonoran Desert and global bee con-
servation issues. pp. 125-142. in The Conservation of
Bees, eds. by A. Matheson et al. New York: Academic
Press.

Burgett, M., P. Akratanakul and R. A. Morse. 1983. Tropilaelaps
clareae: a parasite of honeybees in south-east Asia. Bee
World 64(1): 25-28.

Chang, Y. D., M. Y. Lee and Y. N. Youn. 1994. Visiting pat-
terns and control of giant hornet, Vespa mandarinia
(Hymenoptera: Vespoidae) in apiary. Korean J. Apic. 9:
178-180.

Chang, Y. D.,, M. Y. Lee, Y. H. Yim and Y. N. Youn. 1993.
Species and visiting patterns of wasps (Hymenoptera:
Vespoidae) in apiary. Korean J. Apic. 8: 22-28.

Choi, M. B., K. K. Jeong and J. W. Lee. 2013. Checklist and
distribution of Korean Vespidae revisited. Korean J.
Appl. Entomol. 52: 85-91.

Choi, Y.S.,M.L.Lee,H. S. Lee, H. K. Kim, K. H. Byeon, M. Y.
Yoon, A. R. Kang, T. V. Toan, I. P. Hong and S. O. Woo.
2014. Morphological analysis and determination of
interference competition between two honeybee mites:
Varroa destructor and Tropilaelaps clareae (Acari: Var-
roidae and Laelapidae). J. Apic. 29(4): 327-332.

Crane, E. 1990. Bees and beekeeping: Science, practice and
world resources. Oxford: Heinemann Newnes. 614pp.

Dai, P, C.J. Jack, A. N. Mortensen, T. A. Bustamante and J. D.
Ellis. 2018. Chronic toxicity of amitraz, coumaphos and
fluvalinate to Apis mellifera L. larvae reared in vitro.
Sci. Rep. 8(1): 5635.

Frost, E. H., D. Shutler and N. K. Hillier. 2013. Effects of flu-
valinate on honey bee learning, memory, responsiveness

http://journal.bee.or.kr/



to sucrose, and survival. J. Exp. Biol. 216(15): 2931-
2938.

Govan, V. A, N. Leat, M. Allsopp and S. Davison. 2000. Analy-
sis of the complete genome sequence of acute bee para-
lysis virus shows that it belongs to the novel group of
insect-infecting RNA viruses. Virology 277: 457-463.

Gray, A.,N. Adjlane, A. Arab, A. Ballis, V. Brusbardis, A. Bugeja
Douglas, ..., R. Brodschneider, et al. 2023. Honey bee
colony loss rates in 37 countries using the COLOSS
survey for winter 2019-2020: The combined effects
of operation size, migration and queen replacement. J.
Apic. Res. 62(2): 204-210.

Gray, A., R. Brodschneider, N. Adjlane, A. Ballis, V. Brusbardis,
J.D. Charriere, ..., V. Soroker, et al. 2019. Loss rates of
honey bee colonies during winter 2017/18 in 36 coun-
tries participating in the COLOSS survey, including
effects of forage sources. J. Apic. Res. 58(4): 479-485.

Gregorc, A. and J. D. Ellis. 2011. Cell death localization in situ
in laboratory reared honey bee (Apis mellifera L.) larvae
treated with pesticides. Pestic. Biochem. Physiol. 99:
200-207.

IPCC. 2007. Summary for Policymakers. in Climate Change
2007, The Physical Science Basis. Contribution of Work-
ing Group 1 to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change, eds. by
Solomon, S., D. Qin, M. Manning, Z. Chen, M. Mar-
quis, K. B. Averyt, M. Tignor and H. L. Miller. Cam-
bridge University Press, United Kingdom and USA.

Jeong, S., C. Lee, D. Kim and C. Jung. 2016. Questionnaire
study on the overwintering success and pest manage-
ment of honeybee and damage assessment of Vespa
hornets in Korea. Korean J. Apic. 31(3): 201-210.

Jeong, Y. S., M. S. Jeon, S. B. Kim, D. W. Kim, S. H. Yu, K.
C. Kim and I. C. Choi. 2022. Study on the Technology
for Searching Vespa Velutina Nest Using YOLO-vS5.
Korean J. Apic. 37(3): 255-263.

Jung, C. 2008. Economic value of honeybee pollination on major
fruit and vegetable crop in Korea. Korean J. Apic. 23:
147-152.

Jung, C. 2015. Simulation Study of Varroa Population under
the Future Climate Conditions. Korean J. Apic. 30(4):
349-358.

Jung, C. 2022. Multi-functionality of honey bees for eco-friendly
food production. Food Sci. Ind. 55(2): 166-175.

Jung, C. and J. H. Shin. 2022. Evaluation of crop production
increase through insect pollination service in Korean
agriculture. Korean J. Appl. Entomol. 61: 229-238.

Jung, C. and M. L. Lee. 2018. Beekeeping in Korea: Past, pre-
sent, and future challenges. pp. 175-197. in Asian bee-
keeping in the 21st century.

Jung, C. and Y. H. Bae. 2022. Production and characteristics of
winter generation honey bees, Apis mellifera: Discussion
with overwintering failure. J. Apic. 37(3): 265-274.

Jung, C.,D. Kim, H. S. Lee and H. Baek. 2009. Some biological

characteristics of a new honeybee pest, Vespa velutina
nigrithorax Buysson, 1905 (Hymenoptera: Vespidae).
Korean J. Apic. 24: 61-65.

Jung, C. E. 2012a. Initial stage risk assessment of an invasive
hornet, Vespa velutina nigrithorax Buysson (Hymenop-
tera: Vespidae) in Korea. Korean J. Apic. 27(2): 95-104.

Jung, C. E. 2012b. Spatial expansion of an invasive hornet, Vespa
velutina nigrithorax Buysson (Hymenoptera: Vespidae)
in Korea. Korean J. Apic. 27 (2): 87-93.

Jung,J. K., M. Y. Lee and Y. I. Mah. 2000. Infestation of Varroa
jacobsoni and Tropilaelaps clareae in some apiaries
during spring and fall seasons, 1999-2000 in South Korea.
Korean J. Apic. 15(15): 141-145.

Kim, H. K. 2022. The effect of honey bee mites on the winter
colony losses. Korean J. Apic. 37(3): 291-299.

Kim, Y. H. and S. K. Lee. 2022. Current status of fluvalinate
resistance in Varroa destructor in Korea and sugges-
tion for possible solution. Korean J. Apic. 37(3): 301-
313.

Klein, A. M., B. E. Vaissiere, J. H. Cane, I. Steffan-Dewenter, S.
A. Cunningham, C. Kremen and T. Tscharntke. 2007.
Importance of pollinators in changing landscapes for
world crops. Proc. R. Soc. B: Biol. Sci. 274(1608):
303-313.

Laigo, F. M. and R. A. Morse. 1968. The mite Tropilaelaps
clareae in Apis dorsata colonies in the Philippines. Bee
World 49: 116-118.

Lanzi, G.,J. R. de Miranda, M. B. Boniotti, C. E. Cameron, A.
Lavazza, L. Capucci, S. M. Camazine and C. Rossi.
2006. Molecular and biological characterization of de-
formed wing virus of honeybees (Apis mellifera L.). J.
Virol. 80: 4998-5009.

Lee, M. L., Y. M. Park, M. Y. Lee, Y. S. Kim and H. K. Kim.
2005. Density distribution of parasitic mites, Varroa
destructor Anderson and Trueman and Tropilaelaps
clareae Delfinado and Baker, on honeybee pupae (Apis
mellifera L.) in autumn season in Korea. J. Apic. 20(2):
103-108.

Lee, M. Y., I. P. Hong, Y. S. Choi, N. S. Kim, H. K. Kim, K. G.
Lee and M. L. Lee. 2010. Present status of Korean bee-
keeping industry. Korean J. Apic. 25(2): 137-144.

Lee, S.J., S. H. Kim, J. Y. Lee, J. H. Kang, S. M. Lee, H. J.
Park and C. E. Jung. 2022. Impact of ambient tempera-
ture variability on the overwintering failure of honey-
bees in South Korea. Korean J. Apic. 37(3): 331-347.

Levin, M. D. 1983. Value of bee pollination to U.S. agriculture.
Bull. Ent. Soc. Am. 29: 50-51.

Ministry of Agriculture Food and Rural Affairs (MAFRA).
2022. Domestic animals statistics. MAFRA Press, Se-
jong, Korea. pp. 44-46.

Mullin, C. A, M. Frazier, J. L. Frazier, S. Ashcraft, R. Simonds,
D. Vanengelsdorp and J. S. Pettis. 2010. High levels of
miticides and agrochemicals in North American apiaries:
Implications for honey bee health. PLoS One 5: €9754.

191



Oh, H., T. Begna and C. Jung. 2024. Evaluating the efficacy of
registered acaricides on Varroa destructor and Tropi-
laelaps mercedesae, in Apis mellifera colonies. Korean J.
Apic. 39(1): 21-30.

Pietropaoli, M. and G. Formato. 2019. Acaricide efficacy and
honey bee toxicity of three new formic acid-based prod-
ucts to control Varroa destructor. J. Apic. Res. 58(5):
824-830.

Ramsey, S. D., R. Ochoa, G. Bauchan, C. Gulbronson, J. D.
Mowery, A. Cohen and D. vanEngelsdorp 2019. Varroa
destructor feeds primarily on honey bee fat body tissue
and not hemolymph. Proc. Natl. Acad. Sci. 116(5): 1792-
1801.

Rosenkranz, P., P. Aumeier and B. Ziegelmann. 2010. Biology
and control of Varroa destructor. J. Invertebr. Pathol.
103: 96-119.

Roth, M. A., J. M. Wilson, K. R. Tignor and A. D. Gross. 2020.
Biology and management of Varroa destructor (Meso-
stigmata: Varroidae) in Apis mellifera (Hymenoptera:
Apidae) colonies. J. Integr. Pest. Manag. 11(1): 1.

Ruttner, F. 1988. Biogeography and taxonomy of honey bees.
Springer-Verlag, Berlin. 284pp.

Sammataro, D., U. Gerson and G. Needham. 2000. Parasitic mites

192

of honey bees: Life history, implications, and impact.
Annu. Rev. Entomol. 45: 519-548.

Sampat, G. and C. Jung. 2016. Global honeybee colony trends is
positively related to crop yields of medium pollination
dependence. Korean J. Apic. 31: 85-95.

Sim, H., M. L. Lee, Y. S. Choi, H. K. Kim, I. P. Hong, S. O.
Woo, K. H. Byeon and M. L. Lee. 2014. Pattern of emer-
gence of Vespa velutina nigrithorax Buysson (Hyme-
noptera: Vespidae) in spring in southern Korea. Korean
J. Apic. 29: 353-358.

Terpin, B., D. Perkins, S. Richter, J. K. Leavey, T. W. Snell and J.
A. Pierson. 2019. A scientific note on the effect of oxalic
acid on honey bee larvae. Apidologie 50: 363-368.

vanEngelsdorp, D., J. D. Evans, C. Saegerman, C. Mullin, E.
Haubruge, B. K. Nguyen, M. Frazier, J. Frazier, D.
Cox-Foster, Y. Chen, R. Underwood, D. R. Tarpy and J.
S. Pettis. 2009. Colony collapse disorder: A descriptive
study. PLoS One 4: e6481.

Wu, X., C. Liao, X. He, L. Zhang, W. Yan and Z. Zeng. 2022.
Sublethal fluvalinate negatively affects the develop-
ment and flight capacity of honeybee (Apis mellifera L.)
workers. Environ. Res. 203: 111836.

http://journal.bee.or.kr/



g

B 712

0l0
et

Appendix Table 1. Percentage of respondents basic status (beekeeping career, number of apiaries, number of colonies, honey production
per colony, migratory beekeeping, apiary environment) from the questionnaire of 439 beekeepers in Korea

Beekeeping Number of Number of Honey production

years, (%) apiaries, (%) colonies, (%) per colony, (kg) Migratory, (%) Environment, (%)
~5,(15) 1,(51) ~50, (15) 2022 Acacia, (20) Yes, (55) Open, (61)
6~15, (49) 2,(34) 51~150, (44) 2023 Acacia, (16) No, (45) Bee house, (39)
16~30, (24) 3,(12) 151~300, (30) 2022 Multifloral, (12)
31~,(12) 4~,(3) 301~, (11) 2023 Multifloral, (10)

Holi= m|sH

Appendix Table 2. Percentage of honeybee pest damage (Deformed wing virus, Tropilaelaps mercedesae and vespa) from the question-
naire of 439 beekeepers in Korea

Levels Deformed wing virus Tropilaelaps mercedesae Vespa
Very high 27 23 36
High 54 38 40
Moderate 11 18 12
Low 6 6 12
Don’t know 2 15 0
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