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Effect of Varroa Mite (Varroa destructor) Infection Rates on
Overwintering Honey Bee (Apis mellifera) Colony Loss

Minwoong Son, Daegeun Oh, Changhoon Lee, Peter Njukang Akongte, Yong-soo Choi and
Dongwon Kim*

Apiculture Division, Department of Agricultural Biology, National Institute of Agricultural Science RDA, Wanju 55365,
Republic of Korea

m Recent incidents of honey bee (A. mellifera) losses during overwintering have become
increasingly common in domestic beekeeping. The primary cause of honey bee losses during
overwintering is attributed to varroa mite (V. destructor], and it is known that damages can
escalate significantly when multiple factors act in combination. Effective control of varroa
mite requires relevant knowledge, particularly ecological information that influences honey
bee colonies. Therefore, this study aims to evaluate the impact of varroa mite infection levels
on overwintering success rates and post-overwintering development of honey bee colonies.
To achieve this, honey bee colonies were subjected to levels of varroa mite infection across
treatment groups from December 2023 to February 2024. We were then compared for
parameters such as strength of honey bee colonies, detected number of varroa mites, and
colony weight. As a result, it is evident that the overall average cumulative number of dead
bodies was highest in the group with over 10% varroa mite infection, at 40.1£53.0. The average
cumulative number of detected varroa mites were also highest in the group with over 10%
varroa mite infection, at 2.0£3.1. Post-overwintering success rates were 80% in the control
group, 100% in the group with less than 5% varroa mite infection, and 20% in the group with over
10% varroa mite infection. Overall, negative effects on the honey bee colonies were observed in
the group with over 10% varroa mite infection. Based on the results of this study, it is considered
that they can serve as predictive baseline data for honey bee overwintering success and post-
overwintering colony development, according to the level of varroa mite infection.

GG ER  Varroa mite, Colony losses, Post-overwintering, Varroa mite population, Honey bee death
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= "AH, 11 7HA e oA LEETHA] AEH 0w
A= Qlth(Southwick and Southwick, 1992; Khalifa
et al., 2021). 12} 2| YA o473t o8 7}
2] EHE Este Qe Q8] Bl g /A4
Sh= dl e old e AL Lo, BAA wsx o
d Z715FaL Itk (Conte and Navajas, 2008; Hristov et al.,
2020; Laurino et al., 2020). 2006'd ©]=tol|A&= FaEHd
(A. mellifera)©] ZA7] AESAY Algfz]= @421 &
5T A4 (Colony collapse disorder; CCD)©] HAY ST
I (Ellis et al., 2015), =Wl A= 2022\ L5 B HA
A% dAto] dojyttt(Jung and Bae, 2022; Lee ef al.,
2022). B2 AFAEL o] e dAFe U1S et
2 EEsteletl, o2 8915 5 7MY dEA dgle=w
LGN (Varroa destructor)ys A5t 1t (Downey
and Winston, 2001; Kim and Lee, 2022; Stahlmann-Brown
et al., 2022; Tang et al., 2023). BH-Sofli= oFE-EH7} 7|
HEH (A. cerana) Tl 71751, F5& WAAZ= A
SALE ZH= AEO|thH(Traynor er al., 2020; Kim, 2022).
o] EE ool AHEH Ftoll o2 74| EA17}
HASHA ok B8l o] ¢ 715 AEdolsle
U 1900 = AFdste] ol 29 & It AAA A
7F glolA FEEHE 7|FHEE] AT (Beaurepaire ef al.,
2015; Kaise and Hoshiba, 2023). o4& o532 A}
a7t AEE AASEESET ddos F7)
ol FE-57He] Woli7t 2A] HEar Qlet. EE-gof
A= e AwshH 2520z WSt 9lew, oo
oiek &l o] Alget Aol

FHGNE FeEHo| YA 7= A= ohYst
oh A AR 2 FeEdo] A FFo= YoM o
2 712 WS izistHE | EH (vector, 28H2h 7 H
Tt (Manley et al., 2020; Posada-Florez et al., 2020). TFF
3t vlo]|HAE of/fsl=d] thE A 22 Deformed Wing
Virus (DWV)2} Black Queen Cell Virus (BQCV) 5] L
o DWVE 4% 4d9] 7 Z2AE doA 44
9l Y7l 5-& oA Tk (Ryabov er al., 2020). 3FH
GVl 50l E7Fe S A2 ogEs @ 4 sl
B, B UF 2 24 Sl A7 A sHA Hot
BQCV 9| Z-¢ ool 4lgt 583} o] JFS F
+ HiolH AR A B39 AEE FAA7IAY 51714
T {HFe 4= ok (Naggar and Paxton, 2020). & HA] &
ARe B AER o7 W8S HAaAA DA &

12

wofl G2 FA Hrk(Bourgeois e al., 2016). ¥4 AF
gh Hiolg Aof| 2] et A9 4ol Eols
A o2 72 AHof FeFotA| Eth(Noel et al., 2020).
459 o] ZolEA =W B HE & §A71 o
HYA| 2, A=l Bt RS A @] UEhE = 9L

o § & ZAE oP7IRtth. A& 501 o]d71%ddel 9
sto] B Bto] Algo] Hasty, 2=t Fk 2 9o
Saoll 2ol A7 Aol EE-gol A7 HAA
Hotd, B Wl A fA= A ErFssHA =i A
o= AR o]0 754 o] oIt (Bruckner et al.,
2021; Schwartz et al., 2021). EZF, =T L x]oflA] 54
S5 AMEE HeUIE ol =A AFA ol =58
U2 B A AEHUA B4 2 57 Y
3 FrAlel FFS ot AlFo] oFshE 4+ Atk (Annoscia
et al., 2020; Son et al., 2023). °|%, AF 7P 53T A
7191 Aol f1¢F Z2 ZA7F A& EHA Fto] dEst
A AFE e o] TS H it (Insolia er al., 2022).
U FEs7tolAe B3N E LA sl o
2] 742 BS ARgReh 2 3 A7RA R stej2te of
nEgtz, futxs Z2IYolE § 4 45 A7
S AHE-519TH(Bahreini et al., 2020; Benito-Murcia et al.,
2021). 298] FEs7tlM= o] FAES B2l F
5] Agstal E5ol Soi7HA "tk 12y o] AEE
FeEdoe dFe 71, A4 or EEZN7L

T RS AFAS 27 =0Tt (Higes er al., 2020;
Rinkevich, 2020). Z=°ll= sid A= AH&ste e
T EEgole B med WolA|al Uk 2ERe 2
A5kl Aokt FeEdont 44 9FE vA &
- Al o] oFgtE]= 7397 EASHA Eth(Gashout et al.,
2020; Begna and Jung, 2021.). ©]& 325}7] gt &
Ao g g W AAAM = HAES Fofl BHINE

WAl57] ARt Anlat Bl S 58 A18T

_l

2 rlo
N
M)

et al., 2020). AAH o7
ZH-s17] 913t ehet o
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o] et 95 F WS FREY AFHE 24
Ak, BT, FREE AN AEY BASNY 45
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¥ 20249 3€71A] 3= Ut A B A4S 2023
109¥ sl 9% 4tgto] F549 B2 A5t Ad
of AHEH FeEY B2 IEHEE s/HY BE 1572
Bt 51500 sfigshs Aoz x5t BE ¥
T2 U= ghEolxl ekl Fejo|, Hign2 HE
FloflA &etold Aoz Be 4 QU THEolA Qlrh A

£ 3709 IFe 2 oA Zdstelet, 95 A A
Fefo] Ajujat A7 717 DEjsto] BEH-Gof dEE X
Astolet. FaEd FtollA Ed-gof Ta-&ol 30%7t
Hol7 | =¥, DE5S AlFshr] Aol HAt =7 o
of A& Hofl Ak A = 5 Q! 10%E A 7]
02 AAsHAcH(Kim, 2016). 37} 152 247 E4S
off 10% o1 #E 257 5% vwt ¢ OF, 2T (E
3ol o W)= AAstAct. Z2F 159 EH-Sol A
HE H7H= Macedo er al. (2002)7} FHESH I o 2 4~3)
Skt o] el wet 10% o) 44 B2
Bt 164+2.7%°11, 5% |5t ZE 182 5.6+2.7%,
Z7E0.1+03%= e

A9
o

r

OF
+ O

N
OHT

EEMS

4

L EES0H HE BLEY
=

20234 12¢Y 6L E]

Atk GE Al A wiF 13], A7 o FEE
(Dead Honey bee Body; DHB)E <~7{5t%itt. 2+
At Aol FeEHol AAE EY #7174 %5
o Al A& AAste] ARAZF Rt A A
Attt 2 Aol A= Wel A o]-§5to]
Alztetedet. Aol Alo] 2= FaEd 45 O
A7 24T 7 Jou AAE 7HA 2L SskA] &
Ato]z= AAE QI A FeEd Al AdA
7FA et B0l EHE-Sofl (Detected Varroa Mite; DVM)
£ Agotal 715530t o] FeEH o UE2 2024
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FEEE T AT g dEE 288 € vlus

FHL e
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2 e B W
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AT E3H dE A Dol 2 & 74 A e
HFom g FAE SAstd. FA= g AW &
A 31314 £ W, dF A9 o F 43 SAE
Aot dF & 2 AlEe S5, 20241 3 22
7] F 33 ZASHAT. HARE Bt AlE2 002
stod Attt FeEE S A= Delaplane er al.
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208, 2uiZ, 0|&E, I|E Ot 3H|, 2|8+, ASH

WSt Tukey’s HSD test® AFE A5t A2 1F
7t Gt B AE (EF ot fiH7 I )2 B A
2 Y A] grot H|R4HA Q1 Kruskal-Wallis testS 5

Y5t 95% A ZF|F7F S==Fof| A H| WSt AL, Bonferroni

o) A A9t

tests S

Z H% &% 9 DHB= 3
5 Xd%‘—Ei s T 37t
x] 7} 1249 DH34 A4S HW Z—gﬂr(Table 1), 2023
| 129 20 €Joll= FAA ApolE WA ekt of
T Lol 10% o1 7 2Fol 7 B2 AMssE

AL, 5% 1“* 7“-?3 TIE 2ol 7h AAAT th 2w =
E‘r. AA DF 713 S WA A7
‘% DHBE H| et A3} (Fig. 1)
1*01]/11 40.1+53.0ut2] 2 7}
oA 7+l 1228 iyt
1*4 Zpo]7F AT,

100 a
80
60
40 b

20

Mean cumulative No. DHB/hive

control

less than 5%
infection
over than 10%
infection

9 Fv DVMS Heh 23t 20241 24 1042 Al
O3t RE ZAFIOA 2Fol7t GlITH (Table 2). oid &
2kl 10% ©1F A TwollA 7 =2 2.6+ 1.97H]
£ Yepdlon, x4} 5% vt 74 dEdAE HE
}q;{] 01—01-1‘4— Jﬁ__nL ‘—;H DVMQ] 7(:)]_?_ %—HJQOH 10% ]
A 7D aEe] 2031712 7P = YERg e,
Uz £ O59 5AHoz2 §olgt Aol S vetytt

Table 1. Comparison of the mean number of dead honey bee (Apis
mellifera) bodies (DHB) (mean + SD) found at the entrance of the
beehive by each varroa mite (Varroa destructor) treatment groups
during the overwintering season from 2023 to 2024. The compar-
ison of group means was conducted using the one-way ANOVA
(P<0.05). The post-hoc test utilized the Tukey’s HSD test

Date Control Le.ss tha.n 5% ngr thar} 10%
infection infection
2023
December
13th 24.6+30.8a 114£9.0a 342+329a
20th 11.0£5.9ab 54+3.8b 65.6+52.3a
29th 18.6+29.8a 6.0x6.1a 82.8+749a
2024
January
3rd 8.6t11.9a 50x4.5a 43.6+39.8a
10th 8.4+7.5a 8.6+29a 424+398a
17th 20.8+16.0a 21.6+12.8a 28.4+34.3a
24th 20.8+16.0a 21.6%12.8a 28.4+34.3a
31st 13.8+13.7a 16.2+7.6a 37.6+£67.9a
February
7th 40.2+30.5a 37.6+322a 23.4+46.8a
15th 89.6+64.3a 434+27.6a 16.6+33.2a
22nd 19.2+15.0a 122+10.3a 24.0+48.0a
260
s a
=
> 4.5
(a]
2
2 3.0
E
s 15
g b b
§ 0.0 e iy i
°
B
3

less than 5%
infection
over than 10%
infection

Fig. 1. Mean accumulated number of dead honey bee (Apis mellifera) bodies (DHB) per hive at beehive entrances and mean cumulative
detected varroa mite (Varroa destructor) (DVM) per beehive by treatment group, throughout the overwintering season. The error bars rep-
resent the standard deviation. The mean differences between groups were tested using a one-way ANOVA (P <0.05), followed by post-hoc

utilized the Tukey’s HSD test.
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W07t B 250l ojk= FE

(Fig. 1). DHBS} 95 7|7t 5 HARE DVM Atol & 24 19 310 ool AA7F HE A dhollA =S
3| Ao (Fig. 2) BN AECl =25 e ow ok ZH-3l 10% o)/ A4 1E WelA EF T A8t
o FeEE AESTE SVt Aol 3Sithlog (No. FaE=d +4 *}z |4 HEE BE-8) ¥4 A&
DHB +1)=1.8756+1.4478 xlog (No. DVM +1)). A9 o] H]-&-& A4t AF}(Table 3), HASHA] -2 11 B
AR 3048%= AYE, SAHCRE Folot3Tt o] 7P W2 vl&-& UEtllth. 95 A 4% = AT
(P<0.001). A 1898 gd 23 2AE u|wst ﬁJ)r(Flg 3), 4%
Aol BE S+-o] FA 2fo|7t TAH o= F-2fotA] &

3. S F S M MES gtol} 4% Ea AT Wy B DA A 2ol S e}
Pzo] 2oy T 7t JEHe 9EHTEO g2} Wit 5% Bt B30l 7HE 450l 21.8+1.3 kg2 7}
80%. 5% T 7 1B 100%, 10% ol 7 15 © 7 ISP HET 179291 ke, 10% O HE L

2 20% =2 UERTE g2+ F st gl A 20243

Table 2. Comparison of detected varroa mite (Varroa destructor)
(DVM) mean counts (mean £+ SD) in each treatment group on dead
honey bee (Apis mellifera) bodies at colony entrances from 2023
to 2024. The comparison of group means was conducted using the
one-way ANOVA (P <0.05). The post-hoc test utilized the Tukey’s
HSD test

Date Control L§ss thap 5% Ov§r thap 10%
infection infection
2023
December
13th 0.0£0.0a 0.0£0.0a 24+30a
20th 04+0.5a 0.0£0.0a 52+5.1a
29th 0.0£0.0a 02+04a 36+34a
2024
January
3rd 0.0£0.0a 02+04a 30+3.7a
10th 0.0+0.0b 0.0+£0.0b 2.6t19a
17th 0.2+04a 0.0£0.0a 0.6+0.8a
24th 0.0+0.0a 0.0£0.0a 20+3.1a
31st 0.2+04a 0.0£0.0a 1.6+2.7a
February
7th 0.2+04a 02+04a 0.8+1.6a
15th 0.0+0.0a 02+04a 04+0.8a
22nd 0.0+0.0a 0.0+0.0a 0.0+0.0a

2551111 kg wo= Yetth 95 557 7 A
H gt S AES Bt AihFig. 4), 4F 7o BS

F8-3ol 10% o1 AE 1E°] 621.0+1292.87H] 2 7}
ZFugrom EAX o7 Qolstgirt, 2wt} 59 0|t

ZA 1E-2 o)zt ik Mul7 o] A% 10% o1
7 2F0] 2433+581.10ME 2 7P Weron, 5AH

log(No. DHB+1)

1
log(No. DVM+1)

Fig. 2. Linear regression analysis between detected number of var-
roa mite (Varroa destructor) (DVM) and the number of dead hon-
ey bee (Apis mellifera) bodies (DHB). The linear regression equa-
tion is log (No. DHB + 1) = 1.8756 + 1.4478 X log (No. DVM + 1),
and the R-squared value is 0.3006 (F =71.47 and P<0.001).

Table 3. Rate of cumulative detected varroa mite (Varroa destructor) (DVM) counts per number of dead honey bee (Apis mellifera) bodies
(DHB) in groups of varroa mite over than 10% infection during overwintering

Colony number

Variable
1 2 3 4 5
DHB (Mean = SD) 92.6+55.3 34+5.1 78.8+53.2 3394354 13.6+£36.6
DVM (Mean = SD) 2719 0.1£0.3 52+34 37+42 0400
Cumulative DHB 833 31 709 305 122
Cumulative DVM 24 1 47 33 4
DVM/DHB (%) 2.9 32 6.6 10.8 33
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2018, Ui, o|& =, L|E| OL3H|, 2184, ASH

’ (=

o5 GBI, WA 5% 0]et 2E 15 71 Aol
vERLEA] o,

HGofji= & se4ute| 2 UERTH 9% A 2AL] A
Sl & 333utE|t AEHS oM, 45 F= 5
£ 25172 2 SIS 7 A vl gels =
4. 5 2 EY30 L= EESl U8 ARSHY, 7 AP OFEE vluet 2
TH(Table 4), B5 Hol= 2E-5oH 10% °18 &9 1F°
23.5+19.801E] 2 71 B4 Yepton EAHoR &
ottt ey dF Fof v EE-go] 2EE ]

e

—_

A% AT Yol FRA T WE vikol £AHY

Ocontrol  Mless than 5% infection ~ Mover than 10% infection Sk 7‘__,537,]- = E'FOH 10% O]/‘J 7‘:}%1 1—%—0] 38.7i54.8U]-
Before overwintering After overwintering E]E 7 ]’X(;' %"—1_‘7 ]—IE— 6]'93\_2_1/}’ %7«'"&‘]_2_; 'IQF"(')’] 6]'1]—15— %’9):
Ns NS NS
30 ’ | ‘ ‘ | | - ‘:]'
g 25 + H ,
z h
Y .
= b
5 .
i
o
: 10
g dF A 2HSN A4 A= wet dE 5 el
: 558 2AE AT BES 10% o1 TE 18
2023.12.01 2023.12.13 2023.12.20 2024.02.29
M EE ol AHH o r FEEE A7t =7 UE
. . . . = Z
Fig. 3. Average weight of honey bee (Apis mellifera) colony be- wom, Ax £ AMeS ohE Ae 15 tiH 7P =
fore apd after overwintering, by varroa mite (Varroa destructor) o AL stolEtgct AAIA] e AL EL B B
infection treatment groups. The error bars represent the standard
deviation. The mean differences between groups were tested using o &40 gigt FQ Yelo g EHLoE &35l 9
a one-way ANOVA (P <0.05), followed by post-hoc utilized the - -
Tukey’s HSD test. l\ftﬂ, %% %j %%J%OH'Q’] ?—:']—];—7} /%)H:O]—O] T—g-o]'q-jl ?’:_]'—
2 7500 a _"E’ 7.500
<= a 3
g 6,000 _é 6,000 .
Z 4,500 g 4500 ®
- 2 &
2 3.000 g 3,000
= b 2 b
<
S 1,500 g 1,500
0 = 0
= © © s 2 =
£ tg &g g g 3¢
o 5 = =] =] = =
8 2§ &% °  2& B3
D 1) =
g 5 g k4 - 5 8
—_ > g
[=]

Fig. 4. Comparison of honey bee (Apis mellifera) colony strength (mean No. adult bees and mean No. capped broods) by treatment group
surveyed until March 22nd in 2024, at the end of the overwintering season. The error bars represent the standard deviation. Each groups
mean was compared using the Kruskal-Wallis test (P <0.05), followed by post-hoc tested the Bonferroni test.

Table 4. Comparison of varroa mite (Varroa destructor) density (mean + SD) on beehive bottom boards by each treatment groups, detected
before and after the overwintering season. The means number of varroa mites each treatment groups were compared using the Kruskal-Wal-
lis test (P <0.05), followed by post-hoc testing with the Bonferroni test

Survey season Control Less than 5% infection Over than 10% infection P value

L Before 54+£8.5b 44+60b 235+19.8a 0.0069
Overwintering

After 12+1.7a 0.8%1.1a 38.7+£54.8a 0.2546
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of 0|l g

H A 9tk (Giacobino ez al., 2014; Seeley and Smith, 2015;
Gregorc and Sampson, 2019; Hristov et al., 2020). 1% 7]
o2ol], A7AHE2 5ol Eol7] A BE-gofe] de
£ ZAk= Zo] A% B 9] o] € 4 ok
1! At} (Giacobino er al., 2016).

tixet El-goff 5% nlvt AE 159 A4S 4
FEeEE AT E ZolE UERA] 2t %‘%ﬂ

o 49 A&7t 5% vt A2k Hes 28-S sheet
12

= 9% % Bl A Nl A g2 4 e
A0 AAHA, 2712 TAH APE Ag_ o 159
o}, g8 gAle] A9 o 7]

S Anlar Aol g Ao
7+ A2 sgiu, olefg BE-L o3]e °J—“s~%‘?=j°ﬂ 5

A9 &S 718 71 vk AA R DF T FaE
H A= ﬂ&%ﬂ ZEHLf 59 oyt 74 1FHTH

- £ YEFAT Ostermann and Currie
Fead Tl Mt A2 o &
.gole] Wxo] ufet HgEt okt e 4 A3, F
BEEoE RAH 4FS F 4 Jokn St & A
o)A okAle] el watol AAEA thRA o
grov} Afulsto] Bu-gofo] FIA WA FLEY

o e F 4 10U Abgel Fofsior & Wart 9l
(Underwood and Currie, 2003).

OJE 7(4 g—tﬂ OOH 71—0ﬂ Z—]Eoﬂ tq—ﬂ— OJ% oo]:%_g_
Aol M AEE B8-S 45 mliF Bl 232024
149 1092 ALJR BE AL A o= Aol
f13ltt. 20249 19 10L0fT FAAY Aol & HA

o]o o_>,;

nE

A1) ool W ol -5 FF ool 2 @e] An
23 FAZH QIek. e, o] o] AT Al S8 Fast

o = 71 EAAA AT 2% M3t (Lee et al., 2022)
o, A 5 7|e ofe] QRlEY} EH-golo] HelAel
T o)A B 4= Qltt(Beyer et al., 2018; Neov et al.,
2019). 95 T FeEH A4 HEH BESH 5

7} 7} Bzo] FREY AF4eto) *oh 4 BAT 2
3} AEE BUGO0] 7} BLSE FFEE AL F

01 ‘th}il OJE}(Doke et al., 2015; Zee et al., 2015). B2
T2 8RlEo] EA5H = oftf, Ed-gofjet BEdAor

EAE TAYAA Bl FEE E 5 . 2H (Desai and
Currie, 2016), B He|2t= A7 oF B AKA B E

S T2t Qlrt.

4E TR F Bl 5o 9% A¥ELS Rt
7} 80%, Bl 5% "INt A E 1F°] 100%, =H-g<l
10% o4 #4494 180] 20%= Uergth iz g 7
o] B & 4 gl olRE ool AFgsto] HAL

SHAL, BH-SN 10% oY T 52 9% SOl 47

g0l ﬁﬂ/\}ﬁ} ATt ERL HE A2 252 G Ao vl
=% o AR SAHIAT, dF T2 5 =HSoH

10% o1’ A4 15 7HE B2 B+t B FAE U
H-gofo] AEEo] EUH 1EF9 HARE] 7t
% %‘Rl%tﬂ, o] e} H] =Rt Ao A & EH-Sofl o] N
o] 245 FeEE AT A o FAAN IF
11 & A Qlth(Dooremalen er al., 2012). T
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