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Morphological marker-based study of the genetic diversity of
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Abstract [Aim] To analyze the genetic diversity of six geographic populations of Apis cerana cerana in the Liiliang
Mountain Area using morphological markers, in order to identify populations with superior traits, and thereby provide a basis
for the conservation of valuable genetic resources and the selective breeding of this species in this region. [Methods] Based
on Ruttner’s morphometric methods and the NY/T 2364-2013 standard, 37 morphological traits were measured in 540 worker
bees. Data, including flight capacity-related indices, foraging ability-related indices, body size-related indices and wax
secretion ability-related indices, were analyzed using one-way ANOVA, principal coordinate analysis, and cluster analysis, to
comprehensively evaluate population differentiation and genetic diversity. [Results] The results indicate that 20 of the 37

morphological traits analyzed significantly differed (P<0.05) among the six sampling sites in the Liiliang Mountain Area. The
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Mizhi County population had the best flight performance and strong wax secretion ability, whereas the Zizhou County
population had the longest proboscis. The Wubu County population performed poorly in most traits. Among the six sampling
sites, the foraging-related metrics of the Wubu County population were consistently the lowest, indicating the weakest foraging
capacity. Bees from the Mizhi, Zizhou, and Qingjian Counties were larger in body size, whereas those from Wubu County
were the smallest. Worker bees from Mizhi, Qingjian, and Shilou Counties displayed well-developed wax glands and stronger
wax secretion ability, whereas those from Wubu County were the weakest in these respects. Among the 19 economic
performance-related traits analyzed, some morphological variations were observed across sites, but the degree of variation was
not statistically significant. Clustering results based on morphological traits were largely consistent with the geographical
distribution of the sampling sites. [Conclusion] The results of this study indicate significant morphological differentiation
among geographically distinct populations of 4. c. cerana in the Liiliang Mountain Area, along with marked regional variation
in economically important traits. The Mizhi County population has the best flight performance, whereas the Zizhou County
population has the longest proboscis. Worker bees from the Mizhi, Zizhou, and Qingjian Counties have larger body sizes, and
those from Mizhi, Qingjian, and Shilou Counties have superior wax secretion capacity. In contrast, the Wubu County
population had the weakest flight and foraging ability, and the smallest body size. These differences may reflect geographical
isolation, ecological adaptation, and localized selection pressures.
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Fig. 1 Morphological indices of Apis cerana cerana

A Wys B N#EBKA; CAEBE; DMK E ARG FOS 3 MG GO 6 bR H. TR LORR; ) Sk KM,
026: HpAMIkfA 026; G18: FPHBAKAM G18; D7 HEHMAKkAM D7: K19: FE##kM K19: B4: RSBk B4;
Ad: TR Ad; B9 FEENKA E9; L13: FrBBARKSA L13; J10: ATEBAKAMA 7105 J16: Ak J16; N23:
HISHKA N23; FL: ARADHEK; FB: AETHATE; a: FIKK; b: KIS Nhe S@#E%; WD: 5 3 AU
P, WT: 55 3 M EAHS; WL: 55 3 JEMRINGTE; S3: 45 3 MK L6: &% 6 @MUK To: %5 6 IHARTE; T4:
B AN da: B4 WREENK; T R 2R Fer JFRBRK; ML: Jo RIEEHTR; MT: J5 2L 9%;
PC: JEE@)E; PL: LIREIEE; K. MNEREEKIX; SC: /NEREE SCIX; B: /NEFOEBIX, TR THEIR.
A. Proboscis; B. 11 forewing venation angle; C. Right forewing; D. Cubital vein; E. Number of bee hindwing hamuli; F.
Sternite 3; G. Sternite 6; H. Tergite; 1. Hind leg; J. Head; K. Thorax.

026: Forewing vein angle 026; G18: Forewing vein angle G18; D7: Forewing vein angle D7; K19: Forewing vein angle K19;
B4: Forewing vein angle B4; A4: Forewing vein angle A4; E9: Forewing vein angle E9; L13: Forewing vein angle L13; J10:
Forewing vein angle J10; J16: Forewing vein angle J16; N23: Forewing vein angle N23; FL: Right forewing length; FB:
Right forewing width; a: Cubital vein length; b: Cubital vein width; Nh: Number of bee hindwing hamuli; WD: Distance of
bee wax mirror on sternum 3; WT: Slanting length of bee wax mirror on sternum 3; WL: Width of bee wax mirror on sternum
3; S3: Length of sternum 3; L6: Length of 6th sternite; T6: Width of 6th sternite ; T4: 4th tergite length; 4a: 4th tergite hair
band length; TI: Hind tibia length; Fe: Hind femur length; ML: Hind basitarsus length; MT: Hind basitarsus width; PC:
Labial base color; PL: Labium color; K: Scutellum K area color; SC: Scutellum SC area color; B: Scutellum B area color.
The same below.
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Table 1 Univariate variance analysis of 37 morphological indicators of
Apis cerana cerana in the Liiliang Mountain Area

$54% Index 8 H. SD SR H WB

KigE Mz

T 2z THE QJ AR SL

W) 500+£0.13¢c  498+0.12¢

Length of proboscis
EERpERS

Forewing length

A A 58

Forewing width

s Rk

Number of hindwing
hamuli

it RkFE %k
Index number of
cubital vein

P EREEN
Length of tibia of
hind leg

Ja R
Length of femur of
hind leg

Ja FEHE BT
Length of hind leg
metatarsus

J R LR T
Width of hind leg
metatarsus
LURICEIES
Length of tergite 3
54K
Length of tergite 4

872+029b 8.59+0.25¢

3.03£0.10b  295+0.11¢

13.21+£0.80ab 12.69+0.73 ¢

4.19+0.62 a

3.64 £0.64b

2.90 £0.10 ab

276 £0.17 ¢

2.38+0.11a

2.31+£0.17b

2.08+0.12ab 2.01+0.15¢

1.06 £0.06 abc 1.04+0.07b

2.01+0.13ab 193+0.12¢

1.96+0.13ab 1.87+0.17¢

505+£0.13bc 5.18+043a

879+0.23ab 885+0.38a

3.05£0.07ab 3.08+0.13a

13.48 £0.60 a

4.03+£0.71a

2.84+0.18b

2.39+0.11a

2.10+0.13 a

1.07+0.12 ab

2.05+0.11a

1.98+£0.08a

498+0.09¢c 5.09+0.12b

8.77+0.25ab 859+0.16¢

3.02£0.09b 3.01+0.08b

13.51+0.85a 13.24+0.70ab 12.94 + 0.56 bc

369+ 0.85b 4.10+£0.83a 422+081la

2.82+0.22bc 2.88+023ab 2.92+0.09a

237+0.18a 238+0.11a 2.39+0.08a

2.07+0.18ab 2.10+0.10a  2.03 £0.05bc

1.06 £0.09 abc 1.09+0.06a  1.04+0.06 bc

202+0.14a 2.06+0.14a 1.96+0.06 bc

1.97+0.15a 1.98+0.13a  1.92+0.06 bc
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££3k 1 (Table 1 continued)

F5%% Index #ZfE 8 SD REELWB KRR MZ T zz HIE QJ fitEE SL
534 4 WK 397+021a 3.80+025¢ 4.03+£0.16a 3.99+029a 4.04+023a 3.88+0.09Db
Length of tergite 3 +
length of tergite 4
%3 ERK 2.53+0.10c 2.47+0.15d 2.62+0.09a 2.56+0.19bc 2.63+0.11a 2.61+0.08a
Length of sternite 3
53 IE MU T 1.20+0.08 ¢ 1.16+0.07d 127+0.08a 1.23+0.11bc 1.26+0.07a 1.24+0.07 ab
Width of wax mirror
on sternum 3
53 ME U EAHKC 2.19+0.10b  2.13+0.13¢ 225+0.10a 2.19+0.16b 226+0.15a 2.25+0.09a
Slanting length of wax
mirror on sternum 3
553 AR S e B 0.28+0.07a 027+0.05a 027+0.06a 024+0.06b 024+0.05b 0.26+0.06a
Distance of wax
mirror on sternum 3
56 HERE 2.31+0.23ab 2.28+0.13b 238+0.08a 2.35+0.16a 237+025a 236+0.08a
Length of 6th
sternite
ENY Y 2.83+0.15b 2.75+0.17c¢ 2.89+0.16a 2.83+0.23a 290+0.16a 2.88+0.12a
Width of 6th sternite
ANk A4 3024+1.72 3092+1.84 30.00+1.86 30.32+2.04 30.08+1.69  30.63+1.69

Forewing venation
angle A4

Rk B4
Forewing venation
angle B4
RNk 1 D7

Forewing venation
angle D7

Bk 1 E9
Forewing venation
angle E9

RIS A1 710
Forewing venation
angle J10
Bk Ay L13
Forewing venation
angle L13
Rk A J16
Forewing venation
angle J16
Bk f1 G18
Forewing venation
angle G18
RSk A K19
Forewing venation
angle K19
Bk A N23
Forewing venation
angle N23

94.01 +3.08

20.19+1.35

46.70 = 2.83

14.11+1.22

106.03 +3.15

88.82 £3.32

79.18 £2.75

88.22 +3.44

94.78 £2.56

20.05+1.09

46.51 £3.84

14.34 + 1.34

106.94 + 3.47

88.77 £3.82

79.42 £2.97

88.34 +4.04

94.14 £2.94

20.82 +1.30

46.06 £2.80

14.07 £ 1.31

106.9 +£3.23

89.07 £ 2.93

79.95 £3.10

88.06 £2.99

94.86 +£3.40

20.54 +£1.53

46.62 £3.67

14.07 £ 1.58

106.39 + 4.86

89.98 +£3.44

79.04 £ 3.01

88.60 £4.92

94.07 £3.25

20.25+1.28

46.14 £2.72

14.05 £ 1.43

106.03 + 3.09

89.33 £2.86

79.39 £2.71

88.27 £ 3.67

110.35+4.82¢c 110.07+4.68c 110.68 +5.13ab111.73+4.72a 110.65+4.46b 110.12+4.66 ¢

94.34 +£2.58

20.08£1.16

46.08 £2.95

14.47 £ 1.37

106.88 +3.26

89.39£3.17

79.98 +2.88

88.8 +3.62




+52 - R HEE 2R Chinese Journal of Applied Entomology 63 &

23k 1 (Table 1 continued)

$5#% Index 2L SD SEH WB

KIEE MZ

TME 2z i QJ AR SL

34.09 £3.70 34.07 £4.07

HAA KA 026
Forewing venation
angle 026

B4 TMABH K
Length of smooth
bandon tergite 4

55 2 AR
2nd thoracic
plate color

53 TR
3rd thoracic
plate color

INE R SC X

Scutellum SC area
color

MNEREE KX
Scutellum K area
color

NEREE B X
Scutellum B area
color

=3l
Labium color

JE AL @

Labial base color

1.14+0.21 1.12+0.16

1.02 +£0.21 1.03 +£0.23

2.02 +0.21 2.02+0.15

2.82+1.23 2.83+1.19

0.44 +1.07 0.44+1.13

0.39+£0.92 0.39+£0.84

1.01 £0.10 1.00 +0.00

1.00 £0.21 1.00 +0.00

34.04 £3.34

1.12+0.17

1.03 £0.38

2.03 £0.28

2.82 +1.31

0.43 +0.78

0.39+0.71

1.02 +£0.15

1.01 £0.35

34.39 £4.02 34.04 £3.74 34.14 £3.56

1.13+0.24 1.13+£0.15 1.13+£0.10

1.03 £0.43 1.03+0.48 1.03 +£0.48

2.02 +£0.45 2.02 +0.21 2.02+0.15

2.83+1.33 2.82+1.62 2.82+1.39

0.44 +0.88 0.43 +£0.99 0.44+1.18

0.39 £ 0.87 0.39+£0.77 0.39 £ 0.51

1.00 +0.00 1.00 +0.00 1.01 £0.28

1.01 £ 0.41 1.01 £0.57 1.01 £0.38

[F) — AT 8 J5 b A AN [R) B SRR AR Ge 4 W35 22 5% (P < 0.05, Duncan BT M 22 24650 ).
SD: Suide County; WB: Wubu County; MZ: Mizhi County; ZZ: Zizhou County; QJ: Qingjian County; SL: Shilou County.
Different letters within the same row indicate statistically significant difference among groups (P < 0.05, Duncan's new

multiple range test).
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BAE PCoAl 7KV L ESHIFRE#L PCoA2 K (K] 2),

2.3 BEEHEXIERS

231 BEBEXERBERRTESHT XN T
AE ST AHCIE S bt A7 BN R T 22004, FFAI
HORERER (K 3:A-D ). Z2RAIAL, BRILIX 6

AR ) RATRE ST A ETE R R 2R/ X T
AT, KigE sk, H (8.85+0.23)
mm, £ EE R, A (8.59+0.16 )mm( [¥] 3.
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(3.08+0.13) mm, =E&BEHPEE, X
(2.95+0.11) mm (& 3. B); *T/5@4%L,
KigE et L, H (13.51+0.60) 4>, REH
g/, S (12.69+0.73) 4~ (&l 3: C); %
T ka5, AR higR XK, A 4.2240.81,
REEE RN, b 3.64+0.64 (& 3. D), %
A 4 YATRE M OB A8 ArI e [T £ 2, B
ZINIX 6 ANFE sEDK AR B P i A i | 534
BOEE R, B AR SN, HpTatn =2
Herbrtdel i (/N



134 i T TR EARCH B3 X rh A B e ) AL Z AP E DT 53 -

0.050 |
9 : B :
8 0.02s) LT f;. B, . 415 Group
it sk 3 P S o {liE SD
% A g‘ R AR A o RAZEH WB
il of * 2 ooy’ f{} Ly 2™%% ¢ o KJEE MZ
]Hj . N T & f PR o THIH zZ
® o o s o.‘. o ¥ pe® & ¢ . e, ‘ ® ?ﬁﬂﬁjg‘ QJ
L v N FOR FiRkE SL
~0.025| . o 3 ' S 4%,
. ;_c o °
~0.050 ~0.025 0 0.025

25— F A bRk PeoAl
2 AEHEHREEE PCoA D
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Fig. 3 Results of one-way analysis of variance (ANOVA) for wing-related metrics
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A. Forewing length; B. Forewing width; C. Number of bee hindwing hamuli; D. Index number of cubital vein. Different
letters above bars indicate significant difference (P < 0.05, Duncan’s new multiple range test). The same below.
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Fig. 4 Morphological discrimination analysis of wing related indicators
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Fig. 5 Results of one-way analysis of variance (ANOVA) for foot and beak-related metrics

A JFRETR: B KRR C R 2RI DR 2T B WK,
A. Length of tibia of bee hind leg; B. Length of femur of bee hind leg; C. Length of bee hind leg metatarsus;
D. Width of bee hind leg metatarsus; E. Length of proboscis.
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Fig. 6 Morphological discrimination analysis of foot and beak related indicators
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Fig. 7 Results of one-way analysis of variance (ANOVA) for tergum-related metrics
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Fig. 8 Morphological discrimination analysis of tergum related indicators
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Fig. 9 Results of one-way analysis of variance (ANOVA) for sternum-related metrics
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D. Slanting length of bee wax mirror on sternum 3; E. Length of 6th sternite; F. Width of 6th sternite.
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