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Evaluation of the Efficacy of Varroa Mite Control Using Drone Brood
Removal with Hive Spacers during the Summer Season

Daegeun Oh, Jin Myung Kim, Yun Hui Kim, Peter Njukang Akongte, Chang-hoon Lee,
Dongwon Kim and Yong-Soo Choi*
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Agricultural Sciences, Wanju 55365, Republic of Korea

m Varroa destructor is among the most damaging ectoparasites of western honey bees (Apis
mellifera) and remains a major challenge to sustainable apiculture. This study assessed
the field applicability of a hive spacer as a biotechnical approach for inducing drone brood
construction beneath brood frames during the summer dearth period and for evaluating
whether removal of the induced drone brood could contribute to Varroa management. Colonies
were assigned to control or spacer-treated groups, and colony strength, phoretic mite levels,
and brood-cell infestation were monitored. Spacer installation induced natural drone brood
formation beneath the frames in some treated colonies, and mite infestation was higher in the
induced drone brood than in worker brood from the same colonies. After drone brood removal,
phoretic mite levels showed a decreasing trend in spacer-treated colonies and an increasing
trend in control colonies at the descriptive level; however, repeated-measures analysis did
not detect a statistically significant treatment effect. Adult worker population did not differ
significantly between treatments during the study period, suggesting no clear short-term
adverse effect of spacer-based treatment on colony strength under the present experimental
conditions. These findings suggest that hive spacers may help generate drone brood that is
more heavily infested than worker brood under hot summer conditions, but the present data do
not establish colony-level Varroa control efficacy. Further studies with greater replication and
a design that separates spacer effects from colony space adjustment are needed to evaluate its
role as a supplementary component of integrated pest management.

GG Apis mellifera, Varroa destructor, Drone brood removal, Hive spacer, Biotechnical control,
Integrated pest management

M 2 B Adef 7P 2 918 291 5 shtelth(Rosenkranz et
al., 2010; Jack and Ellis, 2021). 2H-goll= F2 FHo)
EH-Gol (Varroa destructor)y= X %E &' (Apis melli- 21A 225 Aot B O] A syt Ao HS

fera)e] 7V 2| A Q1 7 7|8 o=, M AA & ZSHAIZIT} (Gregory et al., 2005; Ramsey ef al., 2019). &
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ot U7 B HTo] 3 A (Deformed wing virus, DWV) & o
A Hutd]HFo] 21 A (Acute bee paralysis virus, ABPV) 5 &
ol Al A A1 A HolH A E vizfisto] Ao
B gE5% 579 S E AP o g xRttt (Bakonyi
et al., 2002; Highfield et al., 2009; Le Conte et al., 2010;
Dainat et al., 2012). |+ W &5 AtAoA= 20214
V2022180 A H=Ao= iR dF HA 2 AF
Aol HAlH o, 7|5 ot el B3l 4
7% 49 9 gA Aurt 2 9o r A5EH Stk
(Kim, 2022; Kang and Jung, 2024; Son et al., 2024).
=2HgN PAE fof =W FE w72 2T
O] E (fluvalinate), 17| E2}2 (amitraz)@t 2= S 4]
Aol 2A] 2]&5taL ITH(Kim and Lee, 2022; Lee et al.,
2025). ZL2u o4 AHA| o] REEA . RAEY ARG
BN A AFES FEst] YA aeS w4
5] Z5HAIZA T (Jack and Ellis, 2021; Lee et al., 2025). 5
5] F =Wl AP At EFE o] E Ao ¥oist
= At 7" Y EE A'E (Voltage-gated sodium channel,
VGSC)©] L9251 EAHOlE HAet 5ol 9] Hl-&o]
A=A o g J435] G4Hd Zo g gQlE o], 7|E S}t
2 A AA ] HAZE FSSHA T (Kim and Lee, 2022;
Lee et al., 2023). °F22] 4402 = AHA| o] ¥
ol We T &E A=l A&siA S E = A%
5
3

o FAQ GFL vIA L o], o] F FBF 5 Uk F
St
A=}

[¢]

N

o1 = 12 T R

2 ol 2] (Integrated pest management, IPM) 2 4
554 (biotechnical) AH ] T glo] AAS] Q%31

QJth(Mullin et al., 2010; Jack and Ellis, 2021; Kast et al.,

sk} of A S HiAISHAY o EEE 29 &

ot i Tyt
gt A F, BE-gole] WA gelE o]&gt
<=2 A7 H (Drone brood removal, DBR)’ < -&-of] Yk

£ apH o g FAE 4 3l 7t tigtolth (Charriere
et al., 2003; Calderone, 2005; Wantuch and Tarpy, 2009).
BESN A A5 HAe fof EFEY aEd
g 7|9l AUske A2 g3l A 117k o sl
A5 3} (Fuchs, 1990; Boot ef al., 1995; Odemer ef al.,
2022). ol 8 52 E5 B LN (capping) 7170l
AR HT of 2 o4 T Zof, o7t o B2 A |
Al 5 Sl A9 @742 AlEsh] dlwelth(Martin,

1994, 1995; Odemer et al., 2022). HH AAH-L o]

34

T} (Charriére ef al., 2003; Calderone, 2005; Wantuch and
Tarpy, 2009).

Jol BSA A1EY £33 A AL HE)
SuENEI]E G918 WAE ST MEA A 2]
o] Wad) wEeo] gol 48Tk WA} glol =)
57 @% g Alcke] 2t} o2 M SAat
oz, Frll A BEG PAo AF i L& 2
o AHgEIE TP AFgste] £ AL fEstel B
o] WAlo] ALg ot ik, B Aol AE 7)E WY

Syt o4 EH-gof MAE TP 7t
Al7lelH, A2 AN E Zfujatat 22 {714 A2l 9]
AT} QEE Aol gt 2= #1744 1Tt (Underwood
and Currie, 2003; Jack et al., 2023; Oh et al., 2024; Oh and
Jung, 2025). wHEpA 2 Aol A= HAZE of 22 =

4 3 218 FHeR S g8 d &
AR 0] A7) A A7 EE-GN AT A vl X LA
AILE A 02 Hristgitt. o) E Bl OFAl A &
Hebsty, Ao A Aulgo= &g 753 XgH

2 2ol B 71ee] 7 Ade AAIstaA .

M= 3w

2 A7E usinetd ARRTOIN A
St AN FEE (Apis mellifera) 107 S o2
Y= AT ZF Fo] oFE Y] A2 E2 A7l A
Atoto] ekl BE S A WA oiE &
Qlsto] Aol WAL | o= Bvta ARESIH. A
2 o534 77 717 B2t 7 (Spacer)= o]-&3t
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HY 7| e 2 SHHE 7] A A7 EE-l (Varroa
destructor) A0l v 2= 275 H71517] Y3, 20254
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Fig. 1. Installation of a yellow plastic hive spacer to increase the
vertical clearance between the bottom of the comb frames and the
bottom board.
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o2, ATYE, 23, o} 3H| LE], o|F =, ASH, 2EF

Table 1. Changes in adult worker population in spacer and control colonies during the experimental period

Group n Aug 1

Aug 11 Aug 20

Spacer 10,043.3+405.7

Control 10,626.0+1,086.0

10,541.7+£38.3
10,005.0+488.3

94300+12434
9,1540+651.6

Values represent mean + SE.

v5.3 (OpenAl, San Francisco, CA, USA), A E4L2
SigmaPlot v12.5 (Systat Software Inc., San Jose, CA, USA)
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Changes in Varroa mite counts (sugar shake method)
T

BN Spacer
mm Control

1
Drone brogd removal
(Aug 11)

1

10 A

Number of Varroa mites (mean + SE)

Aug 1 Aug 20
Sampling date

Fig. 2. Changes in Varroa mite counts in adult bees measured by
the sugar shake method before (Aug 1) and after (Aug 20) drone
brood removal. Drone brood induced in spacer colonies was re-
moved on Aug 11. Values represent mean = SE.

Fig. 3. Natural formation of capped drone brood beneath the
comb frame. The honey bees constructed natural drone comb and
capped drone brood directly under the bottom bar of the comb
frame.
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Fig. &. Varroa mite infestation rates in drone and worker brood
cells within spacer colonies. Drone brood cells induced below the
comb were collected and examined for mite infestation, and worker
brood cells were sampled from the same colonies. Values represent
mean * SE. Asterisks indicate significant differences between brood
types (p<0.001, Cochran-Mantel-Haenszel test).

Varroa mite infestation in worker brood cells

201

15 4

10 4

Varroa infestation rate (%)

Spacer Control
Group

Fig. 5. Comparison of Varroa mite infestation rates in worker
brood cells between spacer and control colonies. One hundred
worker brood cells were examined per colony. Values represent
mean=+ SE.

AHP=185.96,p<0.001). =HAA 7T 0] B TAE
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Temperature Variation (Jul 20-Aug 20, 2025)
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Fig. 6. Daily variation in mean, minimum, and maximum ambient
temperatures recorded at the experimental apiary located at the
National Institute of Agricultural Sciences, Wanju-gun, Jeonbuk
State, Korea, during the experimental period (July 20 to August
20, 2025).

zpole BAIH O R FolotA] YT (Welch’s t-test, t=

-0.981, p=0.378) (Fig. 5).
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