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Comparison of Summer Thermal Conditions and
Colony-Strength Dynamics of Honey Bees ( Apis mellifera)
between a Smart Shade House and an Open Field
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M This study examined the thermal response of honey bee (Apis mellifera) queens to high-temp-
erature conditions and compared summer thermal conditions and relative changes in colony
strength between an open field and a smart bee house equipped with automated shading. Small
queenright colonies were exposed to 20, 25, 30, 35, 40, or 45°C for 3 days, after which the number
of eggs present in each colony was quantified. Egg counts remained relatively high at 25~35°C,
declined at 40°C, and were lowest at 45°C; the mean egg count at 40°C was 27.8% lower than
that at 35°C. Based on this response, 40°C was used as an operational criterion for evaluating
extreme heat exposure in the field experiment. During summer 2025, mean ambient tempera-
ture and daily temperature range were lower in the shade house than in the open field (27.5 vs.
30.5°C and 16.4 vs. 21.0°C, respectively). The mean daily number of 10-min temperature records
> 40°C was also markedly lower in the shade house (0.8 vs. 23.8 records day™'). Internal hive
temperatures varied with both rearing environment and colony strength, while exposure to
temperatures >37°C and >40°C was substantially lower in the shade house. Relative adult bee
abundance decreased to 83.2% in the open field but increased to 118.2% in the shade house by the
final observation, whereas relative capped-brood abundance did not differ significantly between
environments. These results suggest that, under the conditions of this study, automated shading
was associated with reduced exposure to extreme summer heat and provided a more favorable
thermal environment for maintaining adult bee populations during hot periods.

Automated shading, Colony strength, Heat stress, Hive temperature, Honey bee, Thermoregulation
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FE T QIThIPCC, 2021). 71-2-2] s B o] 9]og
e A B AR ARAdge] g3 AR &
of Agatel B Bl Fadt @ adlo s A8
6J":]'(Jung and Bae, 2022; Lee et al., 2022; Kang and Jung,
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AEY LAt O SH W3t o 22 M wst
2 2 HA Q1 T o R Az 4= lck(Sonter et al., H e 20251 68 18Y HFH ST HAFEH
2024; Kang and Jung, 2025). “L2{u 2pgo] o5 d7517} oA AbS F9l Bl o]-85te] wrldS BT &, A
Aaote et gAlof FE o] AR A oA AL A 2 odT a5 A4ty A AP oA A mm]A|
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] o] gatel A8 7HsAdS BrkokaAt shgict 9] 12 25FAtE T3t FaAE W S-S AARte 2 o}
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2] 2 Albe] mhE WS e Afols S x AR A
A 7o el BRe Aue Fd+EE
LAHSE)R AASHA LT, FAA Fo4E2 0052 HH
sttt E 54 242 R version 4.5.3 (R Foundation for
Statistical Computing, Vienna, Austria)2} RStudio 2026.01.1
Build 4032 ©]-85to] 4=fo}3iT.
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1. 2=0f mE o2 Azt HE)

25 2710 2 oY o] AteteE vt A7t
25~35°CollA =& A7t GAIE o™ 40°CHE &
A= A0 2 Yt A2 B 4= 2000
A1 1,960.0+92.77H, 25°Cell A 2,360.0+ 156.87H, 30°Cell
Al 2,480.0+131.97], 35°CellA 2,520.0+91.77H, 40°Ce]l
A1 11,8200+ 131970, 45°COllA4] 1,080.0+ 111 470 = LHERSE
th(Fig. 1). =& Ao iE A= o3 Afolg B
At} (one-way ANOVA, F=20.31, p<0.05). AtEAA 2
T}, 40°C A E] 2] A= 25,30 W 35°C A2 FHoH &
oJ5tA] Wk o™ (Tukey’s HSD test, p<0.05), 45°C A&
TE 20~40°C A FETE 52151 W3t (Tukey’s HSD
test, p<0.05). 53] AFetr7t 78 =8k d 35°Ce} Bl s}
™ 40°Col A= °F 27.8%, 45°COll A= °F 57.1% 7431
o}, wba] B Aol A= 40°CHE] oG At fAavt
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Fig. 1. Effects of temperature on the egg laying (mean no. eggs/3
days) by Apis mellifera queens during 2025 summer season. Tem-
perature treatment significantly affected the number of eggs (one-way
ANOVA, F=20.31, p<0.05). Different letters above bars indicate
significant differences among temperature treatments according to
Tukey’s HSD test. Error bars represent standard error (SE).
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2025 8 2YHE 8Y 25U7A] 2] 9}f 2} A
o] o AgtE-g Hwst A} x| GRS} A %
EAHTH =7 debgth(Fig. 2). 98 98 2=

2] 30.5+0.5°C, AF FBA} 27,540 4°CE Aol A 52
S| =%tk (Wilcoxon signed rank test, p<0.05). &5 &
T AHEEO 1-7]21.0+09°C, AFY UEAL 164+0.9°C
2 Ueh 2ol FlotAl I A YEFLTH(Wilcoxon
signed rank test, p<0.05). o] d A2t AP oA At Zh4
7} 8Ho1H 40°CE 7|Fo g2 1 WA HIx g vwet 2
h, LGt 40°C o HAY Sl 2] 23.8+3.69], A
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Fig. 2. Ambient thermal conditions (mean =+ SE) around honey bee
hives placed in the open field and shade house during summer 2025.
Ambient temperature was recorded at 10-min intervals using data
loggers (HOBO U23 Pro v2, Onset, USA). (a) Mean daily ambient
temperature and mean daily temperature range. (b) Mean daily
number of temperature records >40°C per day. All thermal condi-
tions have statistical differences between treatments (p <0.05).
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FEAH 0840292 UERFoH, lex]oflA FoJ5HA &3
Th(Wilcoxon signed rank test, p<0.05). THeFA] 2Fg &F
e 18 HEA o SRS B ¥ okt
2= Wsle} 40°C o] BT e L EL Fol= A
Uehtct,
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lo no
iU o ofx

3.2025d 2 L5 28t
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Bt AlF o] w2 Y7 %‘i%‘% H| et A3} P &
L= Hl HEA %] 300+0.2°C, AHF FEAL 28.1+

0.2°C%l.o™, 31 1%1011*1% 247} 345+02°C2} 34.1+

0.5°C, 51l Bl Ae ZH2} 34.4+0.3°C2} 342+03°CE
eI TH(Fig. 3). Bt W 2= 873 (two-way ANOVA,

F=10.72, p<0.05) B A2 (two-way ANOVA, F=
188.11,p<0.05) @ F 8.?19] A4S 2-8 (two-way ANOVA,
F=445,p<005)°] oJaf folet g2 Tdch iif &
T dHEER2 ¥ EFoA 2] 189+0.5°C, 2HF FEAt

_—
&

12.8+0.8°CH o™, 30 Bl A= ZH7}F 8.3+0.6°Cet
40£0.7°C, 57} “S-oll A= ZH2E 6.7+ 1.0°C2F 4.2 £04°C
2 et Wi 25 dHF5E2 3 (two-way ANOVA,
F=58.78, p<0.05)7 B A2 (two-way ANOVA, F=
145.13, p<0.05)°] w2t o8t Zpol7t Qe &
I BT Alge] AoAg2 fol5hA] &kt (two-way
ANOVA, F=330,p>0.05). 1 HF 25+ 5 d5ofA
2] 47.9+04°C, AHF FEAF 403+ 1.2°CE LIS

3uf) Bl e 242 44.0+1.8°C2F 37.940.2°C, 59 &
o AE Z2F 41.940.7°C2}F 382+0.2°CE LERGTE. 2
DU 5= 317 (two-way ANOVA, F=54.50, p <0.05)
T} B A2 (two-way ANOVA, F=9.73, p<0.05)2] 3F
= FOlotA et ot, T Bt Al E ] e A2 f
oJokA] ekokth(two-way ANOVA, F=2.17, p>0.05). =}
Al B AlEo] 71 S Ul 21 257 Yol 7
e Holow, FUtt g AlZolA= 2Pd FaAte] &
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Fig. 3. Internal thermal conditions (mean =+ SE) of honey bee hives with different colony strengths (0, 3, and 5 frames) placed in the open field
and shade house during summer 2025. (a) Mean internal temperature. (b) Internal temperature range. (¢) Maximum internal temperature. All
three thermal parameters were significantly affected by environment and colony strength (two-way ANOVA, p <0.05). The environment X colony
strength interaction was significant only for mean internal temperature (p <0.05).
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Fig. &. Percentage of internal temperature records (mean + SE.) be-
low or above the temperature range in honey bee hives with differ-
ent colony strengths (0, 3, and 5 frames) placed in the open field
and shade house during summer 2025. (a) Records <33°C. (b) Re-
cords >37°C. (c) Records >40°C. The proportion of records <33°C
was significantly affected by colony strength (two-way ANOVA,
p<0.05), but not by environment and the environment X colony
strength interaction (p >0.05). The proportion of records >37°C
was significantly affected by environment (p <0.05), but not by
colony strength and their interaction (p >0.05). For records >40°C,
data were square-root transformed prior to analysis, and signifi-
cant effects of environment, colony strength and their interaction
(p<0.05) were detected.

T 257} b AR G Uehg,

B W 2% AmE o]-8dte] o 5H g Sof
H 2r HIE 7|Fo 2 33°C nHt} 37°C 2379 2%

7F 715 HlEe AFESHl o, o Al Aol A

715H HE&S %ﬂi EM*B}"E‘E‘r(Fig 4). 2 &
ok F 3888709 & 7]E-& o]-85H3

T}, 33°C H|ghe] 257} 7155 HE2 §1 HFoA] X
68.3+0.9%, X FEAL 794 +12%%.0 ™, 30f ol A
B 247} 421 £8.8%2F 21.1+15.1%, 571 Boll A& ZHzt
0.7+11.6%%} 264+9.6%% LEFGT (Fig. 4a). 33°C 1]

715 v Bt Al ol et {27k 2ol 7t Qi ot
(two-way ANOVA, F=1436, p<0.05), &3 (F=038, p>
0.05)7} 2+ x B AlF o] F 528 (F=144, p>0.05)
frofotA] koket. 37°C o] 257t 7|55 Hle2 Kl
HE A A] 21.8+1.0%, AF FBA5.6+1.7%32H,
3uf) Bl e 242t 237+03%2F 32+1.1%, 5U B+
o = Zt7t 17.8+3.9%%} 3.5£0.8% % YEFTH (Fig.
4b). 37°C 23} 7|5 H]&-2 3P 9] JFS FolstA Wk
Ot (two-way ANOVA, F=125.63,p<0.05), 5+ A& (F=
1.67, p>0.05)3 247 x B A2l o] o 2-§ (F=1.45,
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Fig. 5. Relative changes in adult bees (a) and capped brood (b) in
colonies placed in the open field and shade house during summer
2025. Values were standardized to the initial number (100%) and
are presented as mean + SE. For adult bees, the environment X date
interaction was significant (p <0.05), and relative adult bee numbers
were significantly higher in the shade house than in the open field
on August 14, 21, and 28 (Holm-adjusted comparisons, p <0.05).
For brood, the environment X date interaction was not significant
(p>0.05), and neither environment nor date had a significant effect
(p>0.05).
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