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The Effects of Using Heating Panels in Smart Beekeeping Systems
on Honeybee (Apis mellifera) Colonies during Winter:
Worker Bee Activity

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

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

m The issue of honeybee winter mortality has become a global concern, with South Korea
reporting high rates of winter die-offs over the past three years. This study investigated the
optimal temperature and effectiveness of heating panels using a smart beekeeping system to
mitigate winter mortality. The impact of heating pad use on colony internal temperature, worker
bee movement distance and speed, and body weight during hibernation was evaluated. The
experiment was conducted in three groups: a control group with natural hive temperatures,
and two experimental groups with internal hive temperatures maintained at 10°C and 12°C,
respectively. All colonies were monitored via smart sensors recording temperature, humidity,
and CO2 at 30-minute intervals throughout the experiment. From December to March, worker
bee movement distance and average speed were measured monthly. The results showed that
the 12°C heating group maintained the most stable internal colony temperature during January
and February. This group also exhibited the highest activity levels throughout the winter,
particularly in March. Weight measurements in January revealed that the 12°C heating group
had a higher average weight compared to the natural temperature group and the 10°C heating
group, although it recorded the lowest weight in February. These findings indicate that the use
of heating panels can significantly affect the activity levels of worker bees during and after the
wintering period.

LGLIGES Honeybee, Wintering, Winter loss, Electric heating panels, Heating pads, Activity, Vitality

N E B2 Bt 167%S 715544, =7Httt 5.8~32%71H]
Z ZpolE BTt} (Gray et al., 2020). ZT 202195
A MAEeR EH dF #HAF ZA7F HFE A B 20237k St Fe-s7olA dE 59 B Sol

2018~20194 F9H 317=9] ALH Hot d55E &4 AR AY HAbshs A7 S7Fska Atk (Kim, 2022;
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202, 2018, I|F ofZH|, O|HE, 218, ASH

S8, 2023). 202411 9] 7 FH=Fa A 3] A A
29 A= 53%2 Fto] HoiE Hedthal Hilskgit
(AAA], 2024). BE B0 A5 HALR Qe Aot
A0 gitoll AR SHEil B - FE-s 7
B 722 9t 2 Elo] BEo Fesvtol 5314

£4o] FAShE eIt (Kim, 2022). =8 ] EE HA

N
>,

t

o] 91910 2 7|t WH o], BEGol 7
o, = Ay 7hd %o L& So] X251 9Jrh(Ravoet

et al., 2013; Chauzat et al., 2016; Pohorecka et al., 2017,
Switanek et al., 2017). m oA YAoH= L5EEH HA
AFe] Akt A& Fstr] Hsl 718 & tistolA
AF7F A& Folu ofA Pt s d WS AAISHA]
FEobe ol

A 2= vl 2% AE 84 F Sl
ot FEEH (Apis mellifera)2 NEH F2-2 5 =
HOJ 2L E 33~36°CE Aok &t (Heinrich, 1993;
Kleinhenz et al., 2003; Seeley, 2014). 24 L& Hlo]
LA o o] ¥hgofl RA|7} A7) 1 (Tautz et al., 2003,
Wang et al., 2016), JIH|7] oA /dZ-o] E|2] ol HA}
Sttt (Basile et al., 2008). ©|H e #A|E sl 2st7] 9ot
of B2 AAHoR 2 2 AARS 2k gt
(Basile et al., 2008). B'H-2 tHE H-24 (poikilothermy)
250 tEA AR Aee 718 5 e oA
(heterothermic) <25 °] T} (Willmer and Stone, 2004). &
He Bt YR H ol 2 /fAE ol A =
Hop 3o 2ooA JHE2 G738 35ste] 4

WAL EYD

o

A (shivering thermogenesis)>.
2 255 A5 A1tk (Heinrich, 1996; Stabentheiner ef
al., 2003b). FH S oh= s MY FH
o] ¥l Axe] Eo17 I ES sto] & FAE SHE §
T} (Kleinhenz et al., 2003). & (Apis cerana)y &
W} Z-2 Aol et o] EEol diE %oﬂfﬂ
b A& ARgRITE o] o2 3]sk o
2 UHE I F (heat ballyS THEL FHo] 2
2 42 FAINTH(Ono et al., 1987). B WHEIT =
Td A, ﬂ‘ﬂ"ﬂ/ﬂ 5 oo HY Uil 249 712
< 59 255 Y7 Jarimi et al., 2020), B
TollA ‘é"7ﬁ’§l% Sh= €8 &5 (fanning)< St 3715
3 A HE o] L2 W2} (Cook ef al., 2016a,
2016b). BHO| AA| 2= §A] A|ARL S RO =

=8 §5Hs o 2AFo] B AUXE 4§ et

rlo mlm
o rlo e ru{n i mE r

2

(Southwick et al., 1990; Basile et al. 2008)

FEANEE B B2 ol A4S Foln, BE
HEE AdeE= fAsks b =52 7] flst] ¥
5 R0} 917o] THAA 52 AFEte] BT (Szabo,
1985; St. Clair e al., 2022). ?-=72] 73-¢- op7HA] & 5t
422 9D 4 T4 A0 9L e Fage,
U ] F9ll Hiet oo Fast o

1=l e ‘?—__i% Hewog hda, A€ 2& (styrofoam)
A, Y G AR, AURY o]F, A7) 71> T o
oFs

FSE HFtH o] AFS-E|™ (Currie ef al., 2015; Alburaki and
Corona, 2021; St. Clair et al., 2022), &5 7]-20] &
Lo v FFS A4S (Lima er al., 2019).
A7) 7h29] 7% st 7hemS ARgSho] H2o]
obd Bt YoM AdH oz I8 WPAA 255 &
Aol Wioltt. Y5 E AT BHES IA 9
O AH E& 25 AH[oHH 274 o]Fct] E& &
H|5}7] =4 (Crailsheim et al., 1993), O]t ¥& &=
BHO| o] 55 HP—SH%PE}(Morse, 1966). A7) 7p=2 o]
7192 QIS Pt Hoh W2 o 7] 2o EEE0] ¢F
BAHoR ALHE o %%% o 4 QA sk, €7 7]
23 Y5 RE9] ol5 Fo Fo] BHE] A
2 d55TE FAF 4 AUA Ah(Corkins, 1932; Oskin
and Ovsyannikov, 2020). & o] £t Ao FHE
T EAR we 250 oo HE9 tAPt 7 s
1 ojgpdo] Ao ARt A=-E& TS 4 9low, yR9
dHEo] &Fsto] AGH £ AaH|Fo] S7HE & AUt
(Southwick, 1983). Ho|AA&Fo] FE5 BdE2 Hol
Lo g QIgh wAL Ay e] eRlo] H|7]: ofal, %17
Y2 AR o= gt A F7HAQ1 g2 HAAZ
21tk (Oskin and Kudryavtseva, 2021). ©]2¢F &S =
517 Iol ARtE A|ARLS o]-8ofto] HE R 2%
SRlotH AL L2 FA|5h= o] 1th(Ohashi et al.,
2009; Zacepins and Stalidzans, 2012). SFA|RF A0LE oF%-
A 2RlS EE5h7] 91t jho] ol BHe= 1% HlolH
7} BEsto] aupz]ql A-go] ofz AAolth = A

o gk A7} AA Lo AFRA7] AMR

oz -
_|_.

_4

i Jhi: —{> é

=4 34
W 58 EESfohe F7HAQI A7 Zast

2 AFE LHE oS Al El% Bl A4 4%
B W5 BE (5= #HA g U2 {5 |
Jagt 71z HolHE €71 _,40]-01 115Gl Et. AHtE
Fa AA"T AAE A7) 7F23 (electric heating panel
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ADE 7t2H 0|8 EE 82 I
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et al., 2003), B0 AJEof JFS
ZH (AFB: American foulbrood g
European foulblood)?] AEE|A] &1 T2 HF2 &

QFo = SHQIE| 2] eFoktt.

2,481

i

A 7R Abgol B Yo 2=, 2 &
574 B Tl ofE IS vIAEA] Lot fl5te]
72 AMESHA 2 T (dlE; AdeE), ke
= ARgste] BE ] 2=71 10°C o]st= HojR] A
AA G2 1F (AR 10°C 7H), BE W 257t
12°C °|stz EofA| 2] Al A1 15 (< 12°C 7}
)= AAst F 37 25 e & Agskitt 2= A4
< Aed 4o dF T 47 AEekE 2=
14°C Tt W7 475}k (Johansson and Johansson, 1979),
dio] ¥ oA &5 4 Q= 2% 10°cet &
7 EYA] 2 A 2= QI 12°cE AA sk
(Stabentheiner et al., 2003a).

4719] HF o2 4utE AE-S APt A A7t
A £ AYE AALE 18 9487+435.3 (meant
sDyute], 10°C 7 15 8,970 +419.91tE], 12°C 7}
15 9430419972 15 7Rl 2to|7t §lslk
(one-way ANOVA, F9=1.780, p=0.223). &= H59]
A 83 suiE Tkt

58 ATt (FOM, B, . 201
= |

(AM-2320, (F)H]- &8, A5 b3 Fholl ] 245 ex
£ gQlsto] A 2= (2 AFolA 10°C, 12°C) °lot=
oA ¥ 7}2oto] BFe] 2 & FARt o]2f’t Al
g2 A7) 7heo g Qo g Ui =7 YT EobA
EHO ANALE 7HEAA o d 9] 4hete R ok
F2H82 9 4 A& Aotk (Southwick, 1983).

AlA 2] QA= J-2] HETE-0] 213} 31 A-H] Ato] 9]
gl HOo=HH 10cm, ol E 10 em 1A ol AX]51H3
T}, CO, AlA (MH-z16, (F)HI2H, A& &5 k=)= 4
H| 9} 7121 Afo] o] Hpet o] A 2|5hlnt, A= 11
T 4875 ALk, ggtol 7hme AR5k
7h2t 2] 912 AH] R £ 9 Zof] YAAIZIH.
7w A4 27t d wizikx] EEsh] wiZel Aot
7i7to] QLo W AH o] Wido] 55 &4 Qlo] AH|eF AL
£ °F20cm Hol=d FAthFig. 1). 7H2Te 1249 2
HE 252 ARSI 7t a2 SUtt K2 xgo

= dEor3lH

e

5 = = o X o

2 AYS dEeaol 7R AMgste] U 2%
£ A6l =t g5 T dEEY &5 HEo 34
49l e vld Aolch 2 e Asiolch. L4
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Fig. 1. Sensor location inside the beehive and heating pad instal-
lation location.
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Fig. 2. Average internal temperature of beehives and average
external temperature for each experimental group (natural tem-
perature, heated to 10°C, heated to 12°C) by month. A: December,
B: January, C: February, D: March. The “ X mark represents the
average.
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ALE P 73 2ol & HolX] %*‘Zlﬂr. 1%2(N=31)
2 2L % OF 11.7+£1.3°C, 10°C 7F 15 13.0+
1.1°C, 12°C 7} T1F 14.6+1.3°CE 7} I3 A4
25 15 7F 7935t 2FolE B At (Kruskal-Wallis test,
Hpy=47.692, p<0.001). ©]% Dunn’s AFEAAS A5
o] Z} 71 2 Bl E S-eysk ek AR A AA 1L
FolA BT 2F 2 FoRt ZolE Hlth(p<0.05). 2
AN=23)2 AHLE TI5F 17.9+7.4°C, 10°C 7F 11
& 18.615.6°C, 12°C 7} T1F 23.0£5.5°CE {F-2I3F 2}
o]5 B ATt (Kruskal-Wallis test, Hpy=7.669, p=0.022).
ATAA AT AALE TFT 12°C IF AtololA &
03t 2}olE HYth(p<0.05). 38 (N=25)2 A%
11%F 31.6£2.0°C, 10°C 7} Z1F 29.7+£3.0°C, 12°C 7}
2 15 31.7£1.6°CE F23F Aol & H It (Kruskal-
Wallis test, Hp) = 8.408, p=0.015). AFEA4 A1} 10°C 7}
2 T1F} 12°C 7F2 T1F AfelollA folgk AtolE H4l
I (p<0.05), AALE 12T} 10°C 71 1E Alo]ofA
GOt ZJolS HATHp<0.05). LY QF &5 HHFS
129 3.1%£4.4°C, 1€ 0.1+ —2.6°C, 2¥ 12+3.2°C, 3¢¥
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9.0+3.8°CE S =t (Fig. 2).

2. L JliH|e] 0] F 2| Bl

OFE 49 A9 olFA (1EE N=56)= 14+
(129) "ol A AARIE, 10°C 7}, 12°C 72 <=2
2 2,6772+18543,1,707.0+1432.3,28134+18775
cm (mean+SD)2 SAE SN, IF 7F F2Jg zo|7t
ATk (Kruskal-Wallis test, Hoy=12.929, p=0.002). A}

SA4A AT} 12°C 71 15-10°C 7 15, Adex
T1E-10°C 72 T1E Arololl A ot apol & HolH
(<0.05), 10°C 7F2 TIgof Hlaf] A2 T53t 12°C
7HE 59 dEE0] H & F olsAE HolFql
o 22h(18) HlIE 1,411.0£1,199.1, 1,959.3+1,652.8,
1,969.9+1,664.7 cm& 18 Ato|o|A] §-2]gt z}o]7}t
ARk 32 2Y) H W E 1,715.841,106.4, 1,460.6+
1,372.6, 1,798.6 £1,547.7 cm& 15 Afolof A o5t
2to] 7t 1t 42H(39Y) Hl= 586.0+781.0, 761.7 +
8212, 967.1+12663 cm& 18 7t 523t 2to|7} 919
o (Kruskal-Wallis test, H)=7.367, p=0.025). A-$A4
A} 12°C 7H2 TF-AA2 Lol A {08k 2ol & Holm
(p<0.05), 12°C 7} 152 F o527t =34t (Fig.
3).
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Fig. 3. Monthly distance data (cm) for worker bees in each experimental group. Different spellings on the graph indicate significant differ-
ences (p <0.05). A: December, B: January, C: February, D: March. The “ X mark represents the average.



A0l = = A -3
2, 2013, O|E| o} SEl|, O|&E, 284, USA
5.0 5.0
as| A a 8 as| B
- 40 = 40 a
~ o
E 35 £ 35
< b & a
g 3.0 g 3.0 a
o o e
2 25 2 25
& 20 % 20
o
g 15 X § 15
>
< 10 < 10 X
05 L 05
0.0 0.0 —
[ Nature B 10°C W 12°C [ Nature B 10°C W 12°C
4.0
C 1.4 D

3.5

Average speed(cm/s)

a a

3.0

2
25
2.0
15
1.0 %
0.5
0.0 —

[ Nature B 10°C E12°C

1.2

ab
b
1.0
08
0.6
0.4 =
0.2

0.0

Average speed(cm/s)

[ Nature B 10°C E12°C

Fig. 4. Monthly average moving speed (cm/s) data for worker bees in each experimental group. Different spellings on the graph indicate
significant differences (p <0.05). A: December, B: January, C: February, D: March. The *“ X mark represents the average.

Table 1. The average weight of individual bees in each experimental group by month (N =56). There were significant differences between
groups in January and February. Dunn’s test: January (12°C-nature, p <0.05, 12°C~10°C, p <0.05), February (12°C~10°C, p<0.05). The
same alphabet indicates that there is no significant difference between groups

Average weight of a worker bee (mg, mean £ SD)

December January February March
Nature 979+12.3a 96.1+£10.1a 115.1+16.4a 1149+132a
10°C 100.1x154a 97.1£10.2ab 118.8+14.0ab 1143+155a
12°C 99.6x17.1a 104.7£16.6¢c 111+12.5ac 1169+ 14.6a
p 0.87 0.008 0.027 0.601

3. 22 JHHIe] 0| S&E Hlw

O5d Al A ol FEE (LEE N=56)+= 12t
(129) "o A A2, 10°C 7F2, 12°C 7 &2
2 1.57+1.10,0.99+0.83, 1.65+1.10 m/s (mean = SD)
2 S35 15 2 77t o)zt L3It (Kruskal-Wallis
test, Hoy=13.862, p<0.001). A5 A7} 12°C 7} 11
B-10°C 7 1%, A2 J5-10°C 72 2FlA
Folgt 2ol & Ho|H (p<0.05), 10°C 7F 159] H|5|
AALE TIFT 12°C 7H2 150 52 BdEEE B
Atk 22 (1Y) Hl oA 1.00+£0.86, 1.12+£0.93, 1.32+
1.02m/s &2 & 7+ Fogh zfo] 7k glelet. 321 (2Y) H]

oA 1.1240.72, 1.10£0.87, 1.13+0.90 m/sS.2 “I&
b 522t kol 7t §1GITE. 42t (39Y) oA 0.36+0.46,
46+0.53,0.58+0.78 m/s 2.2 15 7+ 72t Zfo]7} Q)
Tt (Kruskal-Wallis test, Hpz=6.708, p=0.035). A-%A
A¥} 12°C 7F2 1A T1EolA 720§k 2fo]
5 oM (p<0.05), 12°C 7k &9 BHE=7F =%
tH(Fig. 4).

™Rl

=]

ox X2
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ADLE 7t2% 0|

g8d 249

U

&, 10°C 7 115, 12°C 7h2 15 =92 9794123,
100.1£15.4,99.6+17.1 mgl 2 15 7t Ho H|wof| A
-2k 2ol & Holz] ¢Skt 192 96.1+10.1,97.1+
10.2, 1047 £16.6 mg2 2 15 7t 723t zlo]E Bt
(Kruskal-Wallis test, H2=9.594, p=0.008). A543 2
T 12°C IAE- A2 IEolA fogt 2kol & B
(»<0.05), 12°C 7} T15-10°C 712 15 ArololA] -2
St AbolE HAT (p<0.05). 282 115.1+16.4, 118.8+
140, 111+125mgl 2 1% 7F §2J5t ZJo]= Byt
(Kruskal-Wallis test, Hoy=7.214, p=0.027). A} 244 2
T} 12°C 782 T145-10°C 72 15 AtoloflA #-2o3t 2¢
o8 HATH(p<0.05). 392 1149+132, 1143+155,
1169+ 14.6 mgl 2 18 7+ §2)3t 2}o] & Holz] 9ot
T}(Table 1).

A&d 95 B BFolA ATE Fa AL"HE o]
83 A7) 7h2uo] Abgo] HE 2k, 4ol &Y, odd
o] FAlo mA= FFS Frlstoith. dEawo W+
2= AEE AR 1299] H¢ 3709 Ad IF Aol
of| A FoJgt 2polE Koz gFetet. o F Hit 7|22 of
3°CE ol AR, S Ui 2=7f 72 2 A 2
LT7A| Yoz 2] groba] 7h2ao] 2HE6kA] ¢ighr] wii
°f *é?-j% Zb SoJet zpol 7t WhAystA] kgt o] At
+ 1299 A 7F2wo] Aol e gle 7 k= A
< EO%TE} 199 Z-¢ &7 dY Bt7|-20] FotHe
2 gojz|= 717l A 712 F 51% oV A& E o] 7}
20| a7t YeohA Eegth Wi 227t A2
T IR 7keEe AR 1FEC] frolsHl #A &
A=} ol BEE0] 9dEolr] 2 Pl &4
= AlEsto] BEO] oA ARE Fo|i EES EY
A2 AJAFgI}(Oskin and Kudryavtseva, 2021). 29
O] 7% 1hof| Hlo FotA Y 722l do] AA ¢
T T 39%= WAANE, 12 24%E 0 B2 o] JsHd

]

29 B2 715eH. 28olle AdRE 15
12°C 72 15 AfoloflA] Bt U 0] fol7t Apo
7h ST 7k 1EEe] £k WEAdol ¢ #Hgle
H, AALE T, 10°C 72 1, 12°C 7H2 T1F A
2 ga dd UiF 257t 57 SAE] Tkl gt

—

el e Ao AR Y-S HolFgch 38 7
% 23 A B 710l FaHEoR WolAlk g ¢

QIeF. 10°C 71 geo] TFE F I8t folsh] ke
QY P G LES RAAT, TheTS AE5HA)
of th2 20l0] ofat £ Afo] 2 HolAlt, e 9|3 7
LME heRe AT 150 BFEC] LEL b
T AHgoHA) S 150 BRER B W LES
fASHc olelet Anke A2 A7) 7Hewo R g

T —

—_—

8 g o

== Oq%L Ay JJr— 7hens Ao S A
A0 FF= E 5 UE Ao AAEY =5 274
Q1 A7+ " Q&) Holth(Saleem e al., 2020).

%1134 [©) ﬁﬂEEﬂ ZZ—]ﬁjq- 7]—23}% /\]-%é_} 5% O]%
Ae)et W& 7 EA S = AT 3023 dEEY] o]
7129 A% 124 (12h SH A= 7ol AHE6HA|
R7| ol 371F BF 2E7F 2EER] o= 270
A Beeo] SHEUT TURN oF & oA
A2E 5 12°C 7H2 TE2 Hlwt o] s A EE B
o]F3AL, 10°C 7H 15T o] F IFHT W2 o]F
AYE 7155 10°C 7F 150 o 1F Akl
A AYRE 2o o] ?MS Heola] gt EHEL EF
I o9l 5k, v, Bl o 7
T tgsh] ol 2= o]€]
Sh= ofwgt g¢lo] YUQIRIA]
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