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Comparison of worker morphology and productivity in colonies with
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Abstract [Objectives] To select and breed high quality Apis cerana cerana honeybees in Jiangxi Province. [Methods]
The performance of colonies with either jujube red, or black, queens in Jiangxi Province was compared, and superior queens
were selected for breeding. Artificial insemination was used to control the mating between queens and drones, and the birth
weight, honey sac weight of foragers and 38 external morphological indicators of each generation of worker bees, were
measured and compared. [Results] Although differences in foraging effort and fertility were not significant, the weight of
newly emerged worker bees and the honey sac weights of foragers in jujube red queen colonies were significantly higher than
those in black queen colonies. Jujube red queen colonies were therefor selected for breeding. The birth weight and honey sac
weight of the offspring of jujube red queens were significantly higher than those of the parent colonies. The length indices of
the offspring was also significantly higher, and the color, number of wing hooks and elbow pulse index were significantly
different from those of their parents. [Conclusion] There was no significant difference in honey production between colonies

with either black or jujube red queens, but the emergence weight and honey sac weights of workers were significantly higher
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in F1 colonies of selectively bred jujube red queens. There was, however, no obvious difference in morphological diversity

between F1 colonies and parent colonies.

Key words Apis cerana cerana; jujube red queen; black queen; artificial breeding; morphology and production performance
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Fig. 1 Queenswith two different colors

A BEET; B RAMET,
A. The queen with black color;
B. The queen with jujube red color.
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Fig. 4 Anatomical diagram of worker bees
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A. Front and back of worker bees; B. Clypeus; C. Proboscis; D. Hind leg; E. Sternite 3; F. Sternite 6;
G. Scutellum; H. Fore wing and hind wing; . Tergite 2; J. Tergite 3; K. Tergite 4; L. Tergite 5.
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Tablel Comparison of fertility of honeybee colonies

K1 BESFHEARE

Lz e H AL MR TR R
Brood type Date of measurement Jujube red colonies Black colonies
Bl (100 %% ) 2019.7.24 16.86+1.756 a 12.78+1.622 a
Eggs (x100) 2019.8.4 14.16:1.888a 143242787 a
2019.8.15 12.94+1.511 a 11.82+0.560 a
2019.8.26 13.28+1.418a 10.20+1.374 a
4 (%100 H ) 2019.7.24 16.92+2.271a 16.28+1.998 a
Larvae (x100) 2019.8.4 18.42+1.993a 18.26+3.054a
2019.8.15 20.86+2.258 a 19.42+2.181 a
2019.8.26 12.44+1.697 a 10.98+0.705 a
#HET (x1004) 2019.7.24 55.02+3.738 a 49.46+2.758 a
Caps (x100) 2019.8.4 52.36+4.865 a 49.74+3.619 a
2019.8.15 67.64+7.556 a 64.28+5.954 a
2019.8.26 45.02+7.916 a 44.80+4.659 a

T IE b FRRI R R 2 R AR E (P>0.05, tRK ), FRAFRKZRER BE (P<0.05, tH),
The same lowercase letters in the same line indicate no significant difference (P>0.05, t-test), while different lowercase
letters indicate significant differences (P<0.05, t-test) .
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F., F, and F; are all offspring from the
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The same lowercase | etters in the same line indicate no
significant difference (P>0.05, ANOVA test), while
different lowercase letters indicate significant differences
(P<0.05, ANOVA test)
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Fig.9 Honey sac weight of foragers
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x2 THEERSHIE
Table2 Morphological characteristics of worker bees
FRIERED (KAFEMEAL: mm) L T HLAWERE Ry LR RGBT AR
Characteristic index Bl ack col oniesOF Jujube red Jujube red Jujube red Jujube red
(Length and width unit: mm) ®  colonies Ry colonies F; colonies F, colonies F3

%K Length of proboscis 5.15+0.034 b 5.26+0.041a  5.31+0.013a  5.30+0.042a  5.33+0.012a
A& Length of forewing 8.78+0.020 d 8.80+£0.020 d 9.11+0.026 b 9.04+0.020 ¢ 9.29+0.016 a
A3 98 Width of forewing 3.07£0.022 bc  3.08+0.016 bc  3.13+x0.021ab  3.06+0.017 c 3.15+£0.022 a
4 Length of femur 2.62£0.0410a 2.61+0.0096a 2.63+0.0100a 2.57+0.0101a 2.62+0.0084 a
JZ77 4 Length of tibia 3.16£0.012cd 3.24+0.030ab  3.22+0.015bc  3.16+0.019d 3.29+0.085 a
154 Length of metatarsus 1.99+0.0084c 2.03x0.006 7b 2.06+0.0170a 2.00+0.0071c 2.06x0.0070a
B %% Width of metatarsus 1.13+0.0053b 1.1240.0048b 1.14+0.006 1ab 1.14+0.004 1ab 1.16+0.0150a
% 3 T Mk Length of tergum 3 2.05+0.0053d 2.06x0.0074d 2.14+0.0049b 2.10+0.0066c 2.19+0.0150a
% 4 MK Length of tergum 4 2.02£0.0050b 2.06x0.042ab 2.08+0.0530b 2.06+0.0062b 2.14+0.0140a
% 3B Mk Length of sternum 3 2.79+0.0075b 2.82+0.0411b 2.84+0.0074b 2.82+0.0065b 2.91+0.0172a
E4i 4 Length of wax mirror 1.30+0.006 3 bc 1.29+0.0054 bc 1.32+0.0240a 1.27+0.006 7c 1.30+0.005 8 ab
K% 9¢ Width of wax mirror 2.18+0.006 9c¢ 2.18+0.0085c 2.21+0.009 9 bc 2.19+0.008 4 bc 2.23+0.007 1 a
fiti5ElE] # Distance of wax mirror  0.34+0.0150ab 0.30+0.004 8 ac 0.33:0.006 0 ac 0.34+0.028 0 bc 0.31+0.006 2 ab
% 6 [k Length of sternum 6 2.50+0.0084b 2.52+0.008 1bc 2.61+0.0065d 2.55+0.0272c 2.68+0.0939a
%5 6 IR 8 Width of sternum 6 2.83+0.0076b 2.88+0.0092b 294+0.0120a 2.84+0.0088b 2.92+0.0101a
HEERBEELK 0.38+0.0050b 0.38+0.004 6 bc 0.43+0.0082a 0.39+0.0059b 0.40+0.006 2 c
Length of tomentum on tergum 5

AR BN 1 0.28£0.0100ac 0.26x0.0118a 0.20+0.0088b 0.26+0.0083c 0.16+0.007 6 d
Width 1 of tomentum on tergum 4(1)

ARG R 2 1.01+0.0123b 0.98+0.0110bc 1.12+0.0093a 0.96+0.0261c 1.15+0.0082a
Width 2 of tomentum on
tergum 4(2)

JEHEHi 2 Pigment of clypeus 7 7 7 7 7

_FEHifs Pigment of labrum 6.71+0.150a  6.71x0.142a  589+0.131b  6.44+0.108a  6.09+0.079 b
INE R B 1 8.24+0.068b  8.39+0.080 b 8.22+0.063 b 8.60£0.057a  7.95+0.089 c
Pigment of scutelluml

JINE BBt 2 4.83+1.51dc 5.19+1.41 ad 4.58+0.18 ce 5.45+0.11 a 4.35+0.13 be
Pigment of scutellum2

52 SRt 7.13+0.142d 8.28+0.121b 7.64+0.229 ¢ 8.75+0.057a  6.97+0.162d
Pigment of tergum 2

3T 6.81+0.086 c 7.67+0.069 b 7.58+£0.093 b 7.93+t0.069a  6.85+0.075cC
Pigment of tergum 3

B AERTE 5.68+0.091 ¢ 6.75+0.122a  6.31+0.183b 6.40£0.101 b 5.65+0.072 ¢
Pigment of tergum 4

Wk A4 (°) 31.52+0.32ab  31.66£0.27bc  30.72+0.36a  31.33t0.28ac  31.54+0.27 ac
Angle A4 of forewing venation (°)

Wik B4 (°) 109.79+0.64a 110.33+0.61a 108.75+t0.79a 110.25+t1.30a 110.65+0.58 a

Angle B4 of forewing venation (°)
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#E3k 2 (Table 2 continued)

FRAESS R (FAYBAL ©) L W TRE

RLOMERE o AL EMERE R RO EHREF, RO R,

Characteristic index . Jujube red Jujube red Jujube red Jujube red
(Angleunit °) Black colonies Fo colonies F colonies F; colonies F, colonies F3

Wik D7 96.76+0.60 ac  96.36+0.37 a 95.03+0.68 bc  94.76+0.40 b 95.19+0.38 bc
Angle D7 of forewing venation
Mk E9 20.24+0.21ab 21.57+0.16c 21.51+0.19ab 21.22+0.15b 21.85+0.17 a
Angle E9 of forewing venation
Mkt G18 88.46+0.50ab 87.71+0.37b 89.23+0.60 a 87.67+0.40 b 87.65+0.39 b
Angle G18 of forewing venation
Wik s J10 48.44+0.48b  46.85+0.62cC 49.96+0.40 a 50.27+0.35a  46.96+0.29c
Angle J10 of forewing venation
Whksa J16 100.90+0.53a  97.70+0.48b  100.25+0.47 ac  99.49+0.38 ¢ 97.36+0.46 b
Angle J16 of forewing venation
# i/ K19 Angle K19 of forewing 80.60£0.49 a 79.18+0.41b 78.90£0.63 b 78.31+0.39 b 79.45+0.44 ab
venation
Mlkfa L13 15.17+0.20 a 14.81+0.15a 13.74+0.19b 13.25+0.15 b 13.24+0.13 b
Angle L13 of forewing venation
Wk N23 Angle N23 of forewing 83.11+0.64 a 78.82+0.51 b 81.92+0.56 a 82.16+0.52a  79.12+0.47b
venation
Mhksa 026 31.27+0.45a  30.05+0.42b 27.73+0.40 c 28.46+0.43 ¢ 28.27+0.43 ¢
Angle O26 of forewing venation
i fikcHs % 4.14+0.091a  4.32+0.078 a 3.83+0.076 b 3.80+0.070 b 3.84+0.065 b
The index number of cubital veins
ek (4) 18.41+0.15 b 18.55+0.16 b 19.51+0.26 a 19.39+0.24 a 19.13+0.19a

Number of hindwing hamuli

AT R bR TR 2R 22 AR 83 (P>0.05, ANOVA 70T ), FREAR[R #2253 18 % (P<0.05, ANOVA 23047 ),
The same lowercase letters in the same line indicate no significant difference (P>0.05, ANOVA test), while different
lowercase |etters indicate significant differences (P<0.05, ANOVA test).
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BEAR | 2 6 SR SERSE 5 WIRE B . LIEH
. NERBG 2, 8 2 REIG . 4 I
0 5 A SR TE 15 4 ISR 75 2.
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Yo, AT MR 2B 3 TR . BB A
6 MK . 55 6 AR EAEE S B ERK . LI
g, NERBG 1, NERBIE 2, 5 2 R
i, 5 3B | 2 4 TP BATTE 1 S
VU B 9E 2. kA G18 A dRbr S
(P<0.05), HAthfghrzz R AR (P>0.05).

R EEER F 5 FRAZRIMETREK . §id
Y R B B 3T AR L B 4 TEAK

53R . B . BEEETE . B 6 IR .
96 MY, S IMEERK . LEHIM. /D
JERBUE L, NERBUE 2, 5 2 1 REE . 5
45 EI . Wk E9. J10. J16. N2 ZE45hx
R E (P<0.05), HALiEirzER AR E
(P>0.05),
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B T AR AR R R T R 2 00, 45 R an &l
10 iR, Fi-3. Fr2. Frd, Fi-1, Fp-3. Fp-5%
BNHF—Z, Fs-4, R5, R2, Fs-1, F33, Fs-5,
Fs-2. R3. B5. F»-1, B2, R1 B N5 2%, Fi-2.
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BT RN SR (00 MY, SRR AT 5o Ak
LI MR Z M TSR A 2
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Fig. 10 Cluster analysis of morphological characteristics of worker bees (Average connection method)
Kl B1-B5 735l 4 A EIEHERY 15 HE-5 5 R1-RS 03 AL O IERER 15 HE-5 54f;
Fi-1-F-3 3 AL B 15 FE-3 58 For-L1-F-5 2n il e Ry 15 7-5 57
Fa-1-F5-5 70 4L 6 Fo U 1 S RE-SRE.
Infigure, B1- B5 are colony 1- colony 5 of black colonies, respectively; R1- R5 are colony 1-colony 5
of jujube red colonies, respectively; F;-1- F;-3 are F; generation colonies of colony 1- colony 3,

respectively; F,-1- F,-5 are F, generation colonies of colony 1- colony 5, respectively;
Fs-1- F3-5 are F3 generation colonies of colony 1- colony 5, respectively.

3 @itSiip

FRIRAE S I 52 JEke v A L B Al 2 AT AT (0 0
E SRR, (RN TR I8, bR TR R,
EEZGEHE . R PR F AR AR — A MIR,
A—ERERAF AR LT EAR, o A PR A
—E S EERE R HEME (ER,
1997), Pk, ABEFTE So BT T R iR
AL A S fAE T 8 A0 AR T | B E R 5
S5 SR PR PR REAR BRI 22 5, SRR,
ST {0 4 TG (040 A R R A i A T Y W
T REERE (P<0.05) , RUPAL AR T
MR TN AR — E R BT R A AR

T, HBEMERENMTFNZRARE
(P>0.05), XA fig-5 SRR iR & iE FE s L
BHEEA K.
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6 FRCE LRSS 4 RDIE R T (B2 IR 5L
AR, ATRESE B T EX Y S e &
BERIE N o SRR B 0O R T
RN T, 40 T IR F P B R, D) B
Al (HF, 2019),

AR Fy A0 5 04 FFUR AR T4 bRt
KoM TAE 2020 Rk Z At 5 BT SE R
WY, PECE M N AR JRAE , I TG S8 B AE
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W ) A RN B B TR AR AT A W R e R
KA K (Bl FREWiHRED, 1HEE
FRIER 0T ok IR A 1 o1k . B
BromREFEE B /0%0d 10 MHACAYES
H, B HNETHERIR R A e e 8 (s
U, 2020), P, EARWIEEMEREREIEI
A—E 1T, IEAFMERE R TRERME, &
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HIEH A AR — R RN, 5—
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A BRI G | SRR AN 3
A, AEERE ARSI IMELIFE il . (R,
HBER N THRE 1 7 s il e 28 2 o (R
T i RS R D, N T AR A e — 2
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PR A TG ZAE PR A R], T FE RS AT .
Y A A A RE A B BUM AR . Xl Rt H
AA 1k B N LT %A AR5 128 B 10 e v e i R
A JE A

VTV A b ) 35 B A LT (506 F e A T ) 2
RN A SR AR e 2 0 T 34 B R T DR e T
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WD E WL AR T i) AR E A
R AR W e HLA W E N, PS5 R AR L
B, TIEMIER Z R AR B B B4k .
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