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The effect of queen cell cup diameter on the artificial rearing of
Apis cerana cerana (Hymenoptera: Apidae) queens
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HUA Qi-Yun' NI Wei-Cheng® SU Xiao-Ling"™"
(1. Jinhua Academy of Agricultural Sciences, Jinhua 321017, China; 2. Pan’ an Medicine Township Bee Valley
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Abstract [Aim] To investigate the effect of queen cell cup diameter on the artificial rearing of Apis cerana cerana queens.
[Methods] The effects of seven different cup diameters (6.0, 7.0, 8.0, 9.0, 10.0, 11.0, and 12.0 mm) on queen cell size,
emergence rate, and initial queen body weight, were measured and compared. In addition, principal component analysis was
used to compare the morphological characteristics of newly emerged queens from queen cell cups of various diameters.
[Results] Minimal differences in queen cell size had a significant impact on emergence rate and several morphological
indices, such as metatarsus length, tibia length, longitudinal diameter of tergite 5, head length, head width and mandible width
(P < 0.05). Queens reared in 7.0 mm queen cups had higher emergence rates, and queen cell cup size could be ranked with
respect to queen body size as follows: 7.0 mm > 6.0 mm > 9.0 mm > 8.0 mm > 10.0 mm. [Conclusion] 7.0 mm diameter
cups are the best for the artificial rearing of A. c. cerana queens.
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Fig. 1 Artificial queen rearing frame
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Fig. 2 Queen cell size measurement indicators

wing length, FL ). 3 5 ( Fore wing width, FW )],
F )5 2K Tibialength, Ti ), B35 K:( Femur
length, Fe)., #i7{ ( Metatarsus length, MtL ),
15 55 ( Metatarsus width, MtW ) |, T54R[ TR
2 %& (Longitudinal diameter of tergite 2, T2).

4 3 % (Longitudinal diameter of tergite 3,

T3). T Hk 4 55 ( Longitudinal diameter of tergite
4,T4).#5H 5 %( Longitudinal diameter of tergite
5,T5)], BT IE[H e 3 HLEH 9 ( Width
of dorsal hair bands on tergite 3, Td3). i¥#x 4
24 EH e (Width of dorsal hair bands on tergite 4,

Td4 )., ¥ 5 44 EH % ( Width of dorsal hair bands
ontergite5, Td5) |, DLW FHREA IR ASHEHR:
1% T 5% ( Thorax width, TW ), Sk#B[k#: ( Head
length, HL ). %% ( Head width, HW)], I-%i[ I-
i K (Mandiblelength, MdL ). |%i7% ( Mandible
width, Mdw ) ] ( Delaney etal., 2011),
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PO G/ TEAE ST e e TN a2 1 s o VR g B
BB S, ANFEALFRE R . EA R
A E . R AR bR A SR R R O 25 40 B
( One-way ANOVA ) FIXB+ 4546 ( Duncan’s
test) M2 & WL T2 5 WE AR, B3
PE7KSE 0.05, W ERST 4 Hrik (PCA) X
TSI IEATEE AN

2 HRESHMH

21 AEEENEARTHIRNM

AR HAGREGEWN AR RE 1,
M 1 a5, THEEMHRESSAFRER
BRAEZMWANTEGELEGHEM EORS
¥R EZES (P>0.05), HAFEARMRKEHRE
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Tablel Dimension comparison between natural queen cells and artificial queen cell with different diameters

HBRERE (mm) HEE (mm)
Queen cell cup diameter (mm)

Queen cell height (mm)

FEaRSE (mm)

Queen cell outlet

BKER (mm)
Maximum diameter of

diameter (mm)

queen cell (mm)

94k ¥ & ( n=4 )Natural queen cell 16.268+0.293 a
6 (n=29) 17.069+0.283 a
7 (n=37) 17.629+0.232 a
8 (n=26) 17.169+0.313 a
9 (n=28) 17.368+0.287 a
10 (n=16) 17.598+0.235 a
11 (n=3) 16.803+0.455 a
12 (n=0) -

7.280+0.063 a 8.888+0.082 c
6.985+0.077 a 9.144+0.096 bc
7.241+0.064 a 9.280+0.061 bc
7.240+0.084 a 9.382+0.085 b
7.043+£0.052 a 9.321+0.083 bc
7.216+0.092 a 9.851+0.154 a
6.960+0.346 a 9.423+0.075 b

TR R E bR R, SRR S A R INE R R 22 5 3% (P<0.05, Duncan [RZHE ILEHL ). % 2 [,
Data in the table are mean+SE. and followed by the different lowercase letters in the same column indicate significant
difference (P<0.05, Duncan’s multiple range test). The same for Table 2.
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(P>0.05), {HE%/NF 8.0, 10.0 F1 11.0 mm
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100 a 3H (n=16)
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Fig. 3 Theimpact of different queen cell cup sizes

on the Apis cerana cerana queen emer gency
rate in experimental months

EHhANF/NG FHER R %5 3% (P<0.05, Duncan [
ZHE IS ). TRIERR 3D HFE b4
5 “n” F/REL %L, Datainthefigure followed by
the different lowercase letters in the same column indicate
significant difference (P<0.05, Duncan’s multiple range
test). The line chart represents the average emergency rate
for 3 months. The 'n' in parentheses represents the number
of repetitions.
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®3 AEAAEERBENDEEEETHSEREN S THER
Table3 Principal component loading matrix of morphological indicators of queens
reared in Apis cerana cerana queen cells of different diameters

JE 253545 Morphological indicators F—Fs PCAL a4 PCA2 5 =F 5 PCA3
K Forewing length -0.874 - 0.442 0.043
M %i Fore wing width 0.384 - 0.922 0.033
B Metatarsus length 0.207 0.403 0.891
BT Y8 Metatarsus width - 0.290 0.795 - 0.462
JE5 K Tibialength 0.677 0.331 0.648
B4 Femur length 0.065 - 0.645 0.199
M 2 F& Longitudinal diameter of tergite 2 - 0.267 0.288 - 0.734
M 3 %% Longitudinal diameter of tergite 3 0.423 0.119 - 0.239

AR 3 LB v
Width of dorsal hair bands on tergite 3
M 4 5% Longitudinal diameter of tergite 4 - 0.950 0.308 0.040
IR 4 580 58
Width of dorsal hair bands on tergite 4
M 5 % Longitudinal diameter of tergite 5 - 0.846 0.284 0.283

G Rt

0.756 0.626 0.154

0.192 - 0.954 0.108

Width of dorsal hair bands on tergite 5 - 0412 0.810 0.074
Jit9 %8 Thorax width - 0.580 0.751 0.261
3k K Head length 0.950 0.151 -0.221
3k %% Head width 0.976 0.102 - 0.186
%K Mandible length 0.625 0.722 - 0.067
|- %i %% Mandible width 0.908 0.305 - 0.095

TRPREE G P BRI W FIRASTE 3 DFEM EWNLE 185 K AHRT 4

F= ( 0.419 8xPCA1 + 0.322 7xPCA2 + B3R 4) Uas E XS J7 22 TTIR A N AR

0.130 7xPCA3) /0.873 2, HEATERPEAICR AN, ¥ TS TN HET A -

FIHIZERIT RS 5 MEEERETN 7.0 mm> 6.0 mm > 9.0 mm > 8.0 mm> 10.0 mm.,

*k4 FAEAEEREFNHELEERETIRESEIRHEF
Table4 Morphological scoresand ranking of Apiscerana cerana queensreared in queen cells of different diameters

BEER (mm) AR F

| Y EE = el HE
Queen cell cup PCAL PCA2 PCA3 cip Rank
diameters (mm) components score
6.0 2.8708 1.147 6 - 2.0536 14967 2
7.0 25247 0.2295 1.704 8 15537 1
8.0 0.1801 - 23605 0.9309 -0.6464 4
9.0 - 29136 3.3032 0.500 2 - 01050 3
10.0 - 2.6620 - 23198 -1.0823 - 22991 5
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2ot e A S Y A /ML, X AT e
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8.0 mm 5 LA HiAh H 4241 ,6.0.8.0 A1 9.0 mm
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SRR, WR E G/ R AE K 25 1],
I R AT e T gl iubavg , e KN A
SRIEFEAGE I PR E T RAEN T £ AR,
7.0 mm SEMNEGRTSAREG LR F%E
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Pr, Bl 5 8 25 5 00 B R AE T M A 6 AN )
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BEZ R, XFE—ERE LR T hig g
MBS GIE TRYIREME L AR
JRE L, AR N SR S R ER AR
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FEAE U N RS g B 5, X
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TR B A B (1A AL T AR R, 3 H I 4 H e T i
B R AR S EEN 7.0 mm, 450k
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Z—, MT¥EFREPTEEW7N, HEE
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SLERAY H R 4 B AR N, MR b
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DL U O | W A A ) D) RE 1 I E ) T
( Naumann et al., 1991; x| R I§: % , 2017 ), Zheng
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oy, PRI E AR /N 340 6.0 1 7.0 mm 5
SRR H e YA AR R, KRR
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#r, w3 A FERU A S SR AR .
TERNGL B L . AR SR A A O, B
7 Z 5Tl Rk 87.32%., L BRIk HRAH 45
bRk i) 4845, A S5 A B i TR
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i) W BB 5 M X 5 SE I B2 R B A G, JR &2
A HE— 25 e 5 A PR RE A G B P R AR, DA
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5 35 B I A b v e 0 AR S R DL O A
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E 5 g 1 2 B AR A A A s, A UAE i A
THFAESPAeEE 7.0mm B G, LR
Th e F B TR HER2S
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