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Tab.1 The differences of morphological indices between female wild-caught and
pond-reared juvenile E. sinensis during selection

ki GO Gl G2

index FH PR B4 we FH PR BE WC #H PR Bk WC
Al/L 0.078+0.008 0.080+0.009 0.076+0.008 0.077+0.009 0.077+0.009 0.078+0.008
A2/L 0.264+0.011 0.284+0.011 0.263+0.010 0.264+0.013 0.263+0.010 0.264+0.011
A3/L 0.715+0.013 0.724+0.021 0.713+0.017 0.715+0.018 0.713+0.014 0.714+0.016
A4/L 0.912+0.011 0.926+0.022" 0.912+0.015 0.914+0.016 0.914+0.010 0.916+0.016
A5/L 1.054+0.014 1.053+0.023 1.052+0.017 1.053+0.016 1.051+0.012 1.052+0.014
A6/L 1.123+0.017 1.13540.026 1.121+0.017 1.121+0.016 1.122+0.014 1.121+0.014
A7/L 0.556+0.012 0.550+0.016 0.556+0.028 0.554+0.014 0.553+0.014 0.552+0.012
BI/L 0.611+0.008 0.609+0.015 0.609+0.019 0.609+0.013 0.609+0.020 0.611+0.014
B2/L 0.716+0.011 0.717+0.016 0.715+0.019 0.719+0.012 0.715+0.011 0.718+0.013
B3/L 0.845+0.010 0.841+0.018 0.845+0.018 0.841+0.020 0.844+0.008 0.841+0.012
B4/L 0.937+0.048 0.912+0.018" 0.937+0.011 0.938+0.012 0.938+0.010 0.943+0.011
Cl/L 0.262+0.013 0.2510.018" 0.261+0.011 0.262+0.012 0.261+0.012 0.262+0.016
C2/L 0.382+0.012 0.396+0.015° 0.384+0.022 0.383+0.010 0.386+0.013 0.389+0.014
C3/L 0.529+0.014 0.518+0.017 0.531+0.014 0.534+0.010 0.530+0.009 0.531+0.015
C4/L 0.645+0.015 0.633+0.017 0.646+0.034 0.646+0.011 0.647+0.012 0.651+0.012
L2/L 0.551+0.008 0.566+0.015" 0.556+0.010 0.567+0.007" 0.557+0.008 0.558+0.009
L3/L 0.495+0.023 0.500+0.009 0.494+0.013 0.497+0.008 0.498+0.006 0.498+0.007
L4/L 0.716+0.009 0.705+0.015 0.717+0.014 0.718+0.010 0.716+0.010 0.719+0.010
L5/L 0.449+0.011 0.450+0.011 0.447+0.014 0.441+0.010 0.443+0.009 0.444+0.014
H/L 0.509+0.010 0.505+0.010" 0.509+0.012 0.510+0.009 0.510+0.005 0.511+0.012
S1/L 0.535+0.015 0.542+0.014" 0.534+0.016 0.537+0.009 0.533+0.013 0.537+0.016
S2/L 0.515+0.009 0.524+0.013" 0.514+0.092 0.518+0.016 0.516+0.013 0.517+0.013
S3/L 0.478+0.010 0.475+0.011 0.475+0.034 0.473+0.016 0.475+0.010 0.472+0.013
S4/L 0.408+0.009 0.403+0.012 0.408+0.038 0.405+0.019 0.405+0.007 0.401+0.010
S5/L 0.347+0.010 0.343+0.010 0.448+0.035 0.344+0.018 0.349+0.009 0.344+0.009
S6/L 0.361+0.010 0.365+0.011 0.364+0.037 0.367+0.016 0.363+0.010 0.365+0.011
S7/L 0.549+0.015 0.545+0.013 0.549+0.027 0.547+0.012 0.549+0.012 0.547+0.012
TI/L 0.697+0.030 0.766+0.040" 0.697+0.048 0.706+0.044 0.697+0.022 0.701+0.024
T2/L 0.495+0.023 0.542+0.026 0.494+0.020 0.495+0.025 0.492+0.017 0.493+0.016
T3/L 0.395+0.023 0.394+0.024 0.388+0.029 0.377+0.020 0.397+0.017 0.388+0.020
T4/L 0.056+0.004 0.058+0.005 0.054+0.004 0.056+0.004 0.055+0.003 0.057+0.003
F1/L 1.450+0.055 1.464+0.033" 1.446+0.047 1.454+0.081 1.446+0.050 1.443+0.037
F2/L 1.995+0.070 2.111£0.073" 1.995+0.082 1.997+0.104 1.997+0.065 1.995+0.072
F3/L 2.026+0.082 2.138+0.054" 2.028+0.057 2.031+0.251 2.025+0.059 2.021+0.066
F4/L 1.472+0.055 1.648+0.045 1.482+0.057 1.485+0.084 1.486+0.046 1.473+0.054

e o RORBHAE T B3 (P<0.05). TN
Notes: “*” indicates significant differences between two populations (P<0.05). PR.pomd-reared;WC.wild-caught. The same below
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Tab. 2 The differences of morphological indices between male wild-caught and
pond-reared juvenile E. sinensis during selection

Jebw GO Gl G2

index PR Bk we PR Bk we %W PR Bk we
Al/L 0.080+0.010 0.084+0.010 0.079+0.008 0.080+0.009 0.079+0.008 0.077+0.009
A2/L 0.263+0.011 0.274+0.024 0.262+0.012 0.268+0.011 0.263+0.007 0.264+0.008
A3/L 0.725+0.036 0.730+0.019 0.726+0.038 0.727+0.018 0.721+0.012 0.724+0.013
A4/L 0.914+0.016 0.931+0.020° 0.918+0.016 0.917+0.015 0.914+0.018 0.919+0.014
AS5/L 1.041+0.013 1.053+0.014 1.043+0.018 1.046+0.018 1.045+0.024 1.044+0.013
A6/L 1.117+0.024 1.127+0.014 1.118+0.015 1.119+0.016 1.115+0.016 1.119+0.013
A7/L 0.525+0.015 0.530+0.019 0. 526+0.015 0.526+0.018 0.528+0.026 0.522+0.016
BI/L 0.606+0.014 0.608+0.012 0.605+0.017 0.605+0.023 0.603+0.022 0.604+0.011
B2/L 0.710+0.012 0.716£0.011° 0.712+0.018 0.71440.022" 0.712+0.025 0.711+0.012
B3/L 0.836+0.010 0.832+0.011 0.836+0.017 0.836+0.017 0.834+0.013 0.836+0.011
B4/L 0.935+0.011 0.928+0.012 0.938+0.016 0.929+0.018 0.937+0.012 0.934+0.008
Cl/L 0.276+0.023 0.255+0.012" 0.271+0.027 0.276+0.023" 0.277+0.016 0.271+0.013
C2/L 0.403+0.021 0.389+0.015" 0.404+0.013 0.398+0.029° 0.407+0.017 0.403+0.010
C3/L 0.545+0.019 0.522+0.012" 0.549+0.014 0.536+0.053° 0.548+0.014 0.548+0.014
C4/L 0.658+0.018 0.638+0.012° 0.661+0.017 0.651+0.021° 0.665+0.016 0.666+0.012
L2/L 0.565+0.014 0.552+0.014 0.560+.045 0 0.560+0.010 0.564+0.008 0.567+0.009
L3/L 0.508+0.007 0.511+0.008 0.506+0.010 0.508+0.023 0.506+0.007 0.507+0.006
L4/L 0.701+0.029 0.717+0.011 0.703+0.033 0.703+0.033 0.704+0.011 0.700+0.008
L5/L 0.448+0.008 0.446+0.010 0.444+0.010 0.443+0.010 0.443+0.027 0.449+0.011
H/L 0.528+0.011 0.506+0.011° 0.523+0.014 0.523+0.008 0.526+0.015 0.519+0.010
S1/L 0.496+0.048 0.535+0.016 0.637+0.010 0.635+0.012 0.539+0.015 0.534+0.013
S2/L 0.494+0.056 0.442+0.012" 0.563+0.027 0.542+0.021 0.515+0.008 0.517+0.009
S3/L 0.477+0.010 0.473+0.020 0.471+0.029 0.477+0.022 0.474+0.008 0.474+0.011
S4/L 0.405+0.009 0.408+0.019 0.401+0.033 0.406+0.028 0.404+0.008 0.403+0.009
S5/L 0.346+0.007 0.349+0.010 0.346+0.027 0.348+0.026 0.346+0.007 0.345+0.008
S6/L 0.360+0.009 0.377£0.012° 0.363+0.034 0.366+0.057 0.363+0.009 0.358+0.007
S7/L 0.545+0.013 0.537+0.021 0.542+0.034 0.545+0.021 0.548+0.009 0.544+0.010
T1/L 0.724+0.030 0.764+0.022" 0.724+0.039 0.729+0.047 0.721+0.018 0.723+0.022
T2/L 0.516+0.028 0.548+0.026" 0.494+0.030 0.495+0.026 0.498+0.013 0.498+0.021
T3/L 0.402+0.023 0.435+0.022" 0.405+0.024 0.406+0.027 0.404+0.016 0.400+0.016
T4/L 0.069+0.003 0.067+0.003 0.062+0.004 0.063+0.007 0.065+0.003 0.067+0.003
F1/L 1.458+0.071 1.516+0.042" 1.455+0.042 1.468+0.080 1.455+0.038 1.461+0.035
F2/L 1.900+0.095 2.15540.117° 1.990+0.088 1.971+0.105 1.997+0.054 1.991+0.063
F3/L 2.065+0.091 2.128+0.064" 2.060+0.096 2.088+0.093 2.066+0.041 2.065+0.066
F4/L 1.493+0.060 1.633+0.055" 1.499+0.059 1.494+0.101 1.494+0.043 1.498+0.039
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@ ETHEMMESAE: b) THRMMmMMESME: o) BFMESAMCE: ) HEAM4ENESMCE. SWESH: AL:1-1,
A2:2'-2, A3:3'-3, A4:4'-4, A5:5'-5, A6:6'-6, A7:7'-7, B1:7-8, B2:7-9, B3:7-10, B4:7-11, C1:12-8, C2:12-9, C3:12-10, C4:12-11,
L1:13-14, L2:13-15, L3:15-14, L4:14-16, L5:16-13, H: 5 167 &, S1:12-18, S2:17-2, $3:17-3, S4:17-4, S5:17-5, $6:17-6, S7:17-7, T1:23-24,
T2:25-26, T3:29-30, T4: 52940 1) 55 [, F1:19-20, F2:23-24, F3:23-27, F4:28-30

Fig. 1 Locations for morphological measurement points of E. sinensis

(a) measuring points on the back of the carapace; (b) measuring points on the one side of the carapace; (c) measuring points on the breastplate; (d) meas-

uring points on the four step foots on the right side of the body.morphological parameters: Al:1'-1, A2:2'-2, A3:3'-3, A4:4'-4, A5:5'-5,
A6:6'-6, A7:7'-7, B1:7-8, B2:7-9, B3:7-10, B4:7-11, C1:12-8, C2:12-9, C3:12-10, C4:12-11, L1:13-14, L2:13-15, L3:15-14, L4:14-
16, L5:16-13, H: The body height of measuring point 16, S1:12-18, S2:17-2, S3:17-3, S4:17-4, S5:17-5, S6:17-6, S7:17-7, T1:23-
24, T2:25-26, T3:29-30, T4: The width of measuring point 29, F1:19-20, F2:23-24, F3:23-27, F4:28-30

GO .

FEHEF,=780.10(A1/L)+2 744.84(B1/L)+
1 885.21(C2/L)+2 330.57(S2/L)-2 013.26

74 F,=932.65(A1/L)+2 608.56(B1/L)+
2 444.35(C2/L)+2 146.76(S2/L)-2 108.00

GOk .

FEHHF,=834.66(A1/L)+2 630.70(B1/L)+
2 467.37(C2/L)+2 120.30(S2/L)-2 115.55

¥ 4= F,=849.17(A1/L)+2 661.37(B1/L)+
2 265.64(C2/L)+2 199.21(S2/L)-2 078.94

Gk :

FEHHF,=—62.17(A1/L)+6 800.71(B4/L)+
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Fig.2 Morphology of wild-caught (a) and pond-reared (b) juvenile E. sinensis before and after breeding

GO: unselected juvenile; G2: juvenile after second generation of selection

778.43(C1/L)+1 697.84(S1/L)+1 951.59(S2/L)—
4312.95

B} H-F,=—19.52(A1/L)+7 378.71(B4/L)+
415.41(C1/L)+1 178.62(S1/L)+1 611.87(S2/L)—
424488

G/ .

FeHF,=—136.51(A1/L)+7 434.87(B4/L)+
393.57(C1/L)+1 196.25(S1/L)+1621.74(S2/L)—
4297.37

Bf 4 F,=—72.73(A1/L)+7 204.76(B4/L)+
529.14(C1/L)+1 357.57(S1/L)+1 728.40(S2/L)—
4285.07

G2k .

FEHF =4 784.28(B4/L)+1 056.22(L5/L)+
2 286.68(S1/L)+2 011.68(T1/L)-970.38(T4/L)-
133.12(F3/L)-3 775.12

Bf /£ F,=5 369.09(B4/L)+794.12(L5/L)+
1 509.55(S1/L)+1 578.52(T1/L)-1 567.70(T4/L)—
10.58(F3/L)-3 615.29

G2k .

FHHF =5 340.38(B4/L)+806.46(L5/L)+
1 478.69(S1/L)+1 561.78(T1/L)—1 371.59(T4/L)—
10.72(F3/L)-3 576.14

97 A= F,=5 164.58(B4/L)+885.60(L5/L)+
1 758.31(S1/L)+1 717.33(T1/L)-1 303.22(T4/L)—
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51.47(F3/L)-3 655.52
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£3 BRAGREAEROHRERE R 2B A 25 S B0 — RS — 3 L 2
Tab.3 Discriminant results for morphological trait MIEC S E, FEEBAGO. GIAG2MAR 22 8] 45 2
measurements of pond-reared and wild-caught E. sinensis BN, BAENARER B L X, X

L pan AR TR % B 55 5 RO 1 88 b A 1 7 o R P AR S AR AE AR Ak
%EPE? dlscrlmmatlon result

poputaion 00 Tt vr b we anemiion BODCE6)s EERER GO GG ik
SEA T R 2B i X8 7), e ET B

GO
sl R AT RE R H VRS IR SRR R, Tk
o0 10000 BACIF A K KA
WA WC 30 1 29 96.67
n 24 BRESH
GOl
554 PR 20 - 5 0333 ALY RGN o T R AR O
} KL, o MR AR, RISk
WA WC 30 0 30 100.00 i
, SCISHEAS A3 SR 2K AL, b R B A 1) 3 2 B
G (PGO. PGIFIPG2)5 A BERIE & J5 1) 241 % Ff
J%5H PR 30 23 7 76.67 (WGI?FHWGZ)%%%%]—EZ, i B A B A B 4G
B we 30 8 22 73.33 (WG SRR LR i, R ST i — S (1 8).
Gl o
3 g
J%5H PR 30 22 8 73.33
FE WC 30 7 23 76.67 VIR B 5% 3¢ BH K VT 7K 2R B A 488 1% 263l R
G2 PERIE . A RBRKY, WK IIK FR th 5 5% 50 %
#5 PR 30 17 13 56.67 Bt HAloR 3R B A BRI H A GUE B (E japonicus)
y AR 05 JETER IR AT
A WC 30 10 20 66.67
it FEHEM , VT K FR 3 57 B A R A O 8 2
’ B PEZE R AT B TR IR Je BT, A
PR 020 10 6667 BRFTG R, KU B A R e 7 2R, T 1Y
e we 30 ? 21 70.00 36 A5 2R AIE RN R 22 18 3 A Tth 37 7 7 A 1

LS, XULHBRIRE . ERHE, 282
56N EE T E R B A IR B 60%, 1 BF AR B AR S B K B A S I A R REAE g A S B R R b
A7 B B B K 60%(£4) EH B FEFE R

=4 EABMMEN KT RS DT EERM R T ST E

Tab.4  Eigen value and cumulative contribution of principal component analysis of morphological parameters among

pond-reared and wild-caught juvenile E. sinensis during selection %
ENE %y GOME  female GO male Gl female Gl male G2 female G2lff  male
principal - Tyer mlouiR  APIEM  ROURE  RHER  ROOURE  RHEM  BTOORE WA RlGRE  BEE R
component eigenvalue contribution _eigenvalue contribution _eigenvalue contribution eigenvalue contribution eigenvalue contribution eigenvalue contribution
1 14.03 40.07 13.81 39.48 6.09 18.00 6.34 18.13 6.30 17.42 6.59 18.85
2 3.47 50.00 4.47 52.26 4.32 30.71 3.87 29.20 4.44 29.76 3.68 29.38
3 2.68 57.66 2.09 58.24 2.97 39.63 3.11 38.10 3.12 38.25 3.17 3845
4 1.88 63.05 1.65 62.96 2.75 48.06 2.87 46.32 295 46.13 3.04 47.15
5 1.69 67.89 1.48 67.19 2.42 54.84 2.19 52.60 2.37 53.06 2.30 53.72
6 1.38 71.85 1.31 70.95 1.84 60.85 1.82 57.81 2.10 58.32 1.81 58.90
7 1.18 75.25 1.11 74.14 1.37 64.83 1.51 62.14 1.39 62.24 1.61 63.51
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Tab. S Eigen value and cumulative contribution of principal component analysis of morphological parameters among
pond-reared and wild-caught juvenile E. sinensis during selection %
ES'% FRHME PR female FRME PR male YFAEME WC female 9P WC  male
principal FREE RiFTuRE FEE RiFTuRE FHEE RiETORE B RiTORE
component eigenvalue contribution eigenvalue contribution eigenvalue contribution eigenvalue contribution
1 7.10 20.29 6.87 19.65 14.02 40.08 13.71 39.18
2 4.56 33.32 5.31 34.84 3.60 50.38 433 51.55
3 3.11 42.22 2.93 43.21 2.68 58.05 2.03 57.38
4 2.37 49.01 2.26 49.67 1.88 63.44 1.64 62.07
5 2.07 54.94 1.66 54.44 1.57 67.93 1.33 65.88
6 1.79 60.07 1.57 58.95 1.23 71.46 1.23 69.41
7 1.34 63.91 1.34 62.80 1.10 74.61 1.07 72.47
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Fig. 3 The scatter diagram of first and second principal component for the morphological parameters of

unselected pond-reared and wild-caught juvenile E. sinensis
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Fig. 4 The scatter diagram of first and second principal component for the morphological parameters of

pond-reared and wild-caught juvenile E. sinensis after first generation of selection
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Fig. 5 The scatter diagram of first and second principal component for the morphological parameters of

pond-reared and wild-caught juvenile E. sinensis after second generation of selection
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Fig. 6 The scatter diagram of first and second principal component for the morphological parameters of
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Fig. 8 Diagram of cluster analysis of pond-reared and wild-caught juvenile E. sinensis during selection
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Effects of selective breeding on the morphological characteristics of
wild and cultured juvenile Chinese mitten crab (Eriocheir sinensis)

JIANG Xiaodong 1‘2’ WU Xugan 1‘2>3, HE Jle ],2’ DENG Deng 4,
XIANG Chaolin*, CHENG Yongxu "**"

(1. National Demonstration Center for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China;
2. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture,
Shanghai Ocean University, Shanghai 201306, China;
3. Shanghai Collaborative Innovation for Aquatic Animal Genetics and Breeding,
Shanghai Ocean University, Shanghai 201306, China;
4. Shenzhen Aohua Agriculture and Animal Husbandry Co. Ltd., Shenzhen 518054, China)

Abstract: The morphology is an important criterion for the evaluation of carb breed quality of Eriocheir sinensis.
High-quality carb breed were thought to possess patent rostral spine and verruca as well as relatively longer perio-
pods, but it remains unclear whether these morphological characteristics can be stably inherited and be served as
indicators for selective breeding of E. sinensis. Therefore, thirty-six morphological indices were used to evaluate
the changes and difference of juvenile E. sinensis from pond-reared(PR) and wild-caught(WC) populations before
and their offspring from the first generation (G1) and the second generation (G2) after the selective breeding pro-
grams; and the analysis methods included One-Way Analysis of variance, discriminant analysis, principal compon-
ent analysis and cluster analysis for discrimination. The results showed that: (1) in One-Way Analysis of variance,
there were significant differences between unselected PR and WC populations (GO0) in the 16 and 15 out of 36
morphological indices for females and males respectively, and these differences disappeared gradually during se-
lection so that no significant difference could be found in 36 morphological indices after selection for two genera-
tions (G2); (2) in discriminant analysis, the accuracy rate of discrimination were 93%-100% between unselected
populations and this value decreased obviously after first and second generation of selection (G1 and G2), only
56.67%—76.67%; (3) in principal component analysis, only GO individuals of PR and WC population could be di-
vided into two independent groups by the first two principal components; in terms of WC populations, GO indi-
viduals were separated from G1 and G2 individuals, and it is hard to distinguish GO, G1 and G2 individuals of PR
population between each other either; (4) in cluster analysis, GO, G1 and G2 individuals of PR population clustered
with G1 and G2 individuals of WC population while GO of WC individuals clustered independently, whether fe-
males or males. In conclusion, although there was significant difference in many morphological indices between
WC and PR juveniles, these differences disappeared gradually during the selection process, and the similar mor-
phological indices were found in the juveniles of G2 between PR and WC populations. Therefore, morphological

characteristics could not be used as effective indices for the selective breeding of E. sinensis.
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