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Effects of morphological traits on body mass of Changfeng silver carp
(Hypophthalmichthys molitrix) at different ages

WU Xinyanl’ 2, LIANG Hongweil, LUO Xiangzhongl, SHA Hangl, ZOU Guiwei'

(1. Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, China;
2. Wuxi Fishery College, Nanjing Agriculture University, Wuxi 214081, China)

Abstract: To study the influence of morphological characteristics of Changfeng silver carp (Hypophthalmichthys molitrix) on its
growth, we applied the principal component analysis and path analysis methods to analyze the conventional morphological measure-
ments and truss network. The results show that the correlation coefficients between the morphological traits and body mass were ex-
tremely significant at different ages (P<0.01). Besides, the correlation coefficients between them were also different at different
stages. Principal component analysis revealed that 6- and 12-month old H. molitrix showed a synergistic growth, as well as develop-
ment of the overall structure, but it was mainly the growth of the trunk at 36-month age. Path analysis shows that the path coeffi-
cients of three morphological traits (xg, x;;, x;3) for the body mass were significant at three stages (P<0.05), and these traits had signi-
ficant impacts on the body mass at all stages. The optimal regression equations of morphological traits to body mass were estab-
lished for the three groups. The effects of morphological traits on the body mass were distinct at different stages. The results suggest
that the total length, body length and body height should be selected as the breeding targets for H. molitrix at early growth stage.
However, the target trait for selective breeding of adult fish should mainly be total length, and the synergistic breeding of fish body
width should be emphasized.
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Figure 1 Schematic diagram of truss network
measurements of H. molitrix

1. Ventral terminal of head; 2. Tip of snout; 3. Origin of pelvic fin;
4. Terminal of head back; 5. Origin of anal fin; 6. Origin of dorsal fin
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Table 1 Phenotypic data measurements of H. molitrix

PEIR Trait PEIR Trait
x, Wy ARSI S &% (1—2) xy k¥ (HL)
x, BRERIEMEZ RN (1-3) x;o HR1% (ED)
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x, WEE G ERER N 3—4) x, MK (BL)
xs TEEER S RS 3—5) x;3 M (BH)
xo BREEFTONG 4 BTN (4—o6) x4 HETH (TL)
x; SRS EMEEEE N (5—6) x5 MK (CPL)
xg BREETTONE AR EME 2 (1—4) x1s PN (CPH)
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Table 2 Descriptive statistics for body mass and morphometrlc traits of H. molitrix at different ages

" 6H % 6 Months 12H # 12 Months 36 H i 36 Months

Trait HfH iz A AR BfH FifezE LEE HH b 22 LSS
Mean SD CV/% Mean SD CV/% Mean SD CV/%

g 19.95 5.34 26.78 48.46 13.88 28.63 1 040.65 75.20 7.23
x/cm 2.20 0.25 11.44 3.49 0.34 9.80 9.20 0.60 6.55
Xy/em 3.01 0.41 13.75 3.78 0.37 9.81 11.46 0.64 5.62
X3/cm 2.62 0.31 11.68 3.83 0.40 10.34 10.63 0.58 5.42
Xy4/cm 3.70 0.45 12.06 4.99 0.49 9.87 14.26 0.55 3.87
Xs/cm 2.48 0.30 12.23 3.15 0.38 12.18 9.35 0.47 5.01
X¢/cm 3.01 0.31 10.23 4.08 0.42 10.41 12.26 0.58 4.72
X;/cm 3.17 0.41 12.80 425 0.50 11.67 12.29 0.46 3.73
Xg/cm 2.52 0.25 10.03 3.41 0.33 9.63 9.77 0.33 3.40
Xo/cm 2.97 0.33 11.22 4.39 0.43 9.71 12.57 0.59 4.69
Xjo/cm 0.70 0.08 11.10 0.90 0.07 7.68 1.34 0.09 6.82
Xy /cm 12.23 1.07 8.73 16.98 1.61 9.47 47.26 1.64 3.46
Xjp/cm 9.79 0.84 8.60 14.04 1.41 10.02 39.74 1.75 4.40
Xp3/cm 3.26 0.34 10.51 433 0.47 10.94 11.40 0.51 4.48
Xj4/cm 4.10 0.44 10.66 5.38 0.58 10.71 15.98 0.68 425
Xps/cm 1.65 0.17 10.09 2.34 0.32 13.58 6.56 0.45 6.82
Xj¢/cm 1.05 0.12 10.98 1.46 0.17 11.64 4.05 0.18 433
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Table 3 Eigenvalue and cumulative contribution rate of H. molitrix morphological traits at different ages

36 Hit M
FR A

J& x5, x15, NEBIBHEF. 6 Fl 36 HagEE
AT S R B O Wuﬁwu%%ik
e

FFE{H Eigenvalue 25k Cumulative contribution rate/%
B %
Principal component 6 it 12 1% 3611 6 125 1% 361 i
6 Months 12 Months 36 Months 6 Months 12 Months 36 Months

1 10.805 14.063 6.498 67.531 87.894 40.612

2 1.517 0.541 2.065 77.012 91.276 53.518

3 0.844 0.417 1.374 82.286 93.880 62.103

4 0.652 0.242 1.338 86.363 95.391 70.465

F4 FEIRENERER S HHERE
Table 4 Principal component eigenvector of H. molitrix at different ages
H % Month age 6 12 36
FAU5F Principal component | 2 3 4 1 2 3 4 1 2 3 4

X 0.727 —-0.290 -0.021 0.528 0.868  0.122 -0.431 -0.095 0.552 -0.486 0209  0.420
Xy 0.790 -0.247  0.188 —0.360 0917 -0.117 0236 -0.106 0.502  0.288 —0.160 —0.647
X3 0.831 -0.319 0.016 0227 0936 0.086 -0.184 -0.126 0.570 -0.377 0354 —0.194
X4 0903 -0.208 0.113 -0.177 0972 -0.077  0.088 —0.047 0.860 —0.035 -0.036 —0.148
X5 0.828 -0.205  0.159  0.031 0939 -0.154 -0.008 0.088 0.649 0.196 -0.328  0.090
X6 0.847 —-0.243 0.269  0.087 0.944 —0.081 0.086 —-0.007 0.790 -0.153 -0.200  0.049
X7 0867 -0.154  0.122 -0.277 0979 -0.080  0.080 -0.025 0.747 0266 —0.089 —0.272
Xg 0910  0.010 -0.313 —0.048 0970 0.029 -0.001 -0.013 0.808 —0.047 0245 —0.086
X9 0.853 -0.374  0.074  0.024 0956  0.075 -0.147 -0.156 0.626 —0.508  0.399 —0.137
X9 0.703 -0.098 —0.622  0.033 0.716  0.656 0225 0.048 0.536 —0.057 0.186  0.398
X1 0.865 0420 -0.002  0.020 0983 -0.016 0.007 0.035 0.853 —0.044 —0.091 0.160
X1p 0.865  0.431 0.027  0.052 0.994 -0.028 -0.009 -0.015 0273 0.718  0.433 0.298
X13 0.839 0360 —0.033 —0.004 0975 -0.058 0.094 -0.046 0.137 0.758  0.492  0.091
X4 0873  0.056 —0.319 -0.144 0963 -0.130  0.064 0.062 0.726  0.333 -0.332  0.125
X5 0.643 0517  0.292 0208 0.886 0.014 -0.170 0400 0.354  0.030 -0.468  0.496
X6 0.754 0436  0.055 -0.072 0965 -0.064 0.075 0.031 0.685 0.051 -0.024 -0.173
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Table S Direct and indirect path coefficients of traits to body mass of H. molitrix at different ages

Higy R PSS 4 B 13247 Indirect effect
Month age Trait Correlation coefficient Direct effect 3 X X x; X X1 X1 X3 Xis X16
6 Xg 0.812 0.105 0.708 - - - - 0.253 0262 0.236 —0.043 -
Xy 0.950 0.330 0.621 - - - 0.081 - 0333 0269 —0.062 -
X1 0.952 0.344 0.608 - - - 0.080 0320 - 0272 -0.064 -
X3 0.920 0.312 0.609 - - - 0.079 0284 0.301 - —0.055 -
Xis 0.668 —0.085 0.753 - - - 0.054 0240 0.257 0.203 - -
12 Xy 0.843 0.091 0752 - - - 0.160  0.222 - 0.193 - 0.176
Xg 0.966 0.191 0.774  0.076 - - - 0.257 - 0.230 - 0.211
Xy 0.970 0.266 0.704  0.076 - - 0.184 - - 0.231 - 0.213
X3 0.964 0.241 0.722 0.073 - - 0.183  0.255 - - - 0.212
X6 0.962 0.222 0.739  0.072 - - 0.181  0.255 - 0.230 - -
36 X3 0.269 —0.146 0.416 - - 0.174 0.139 0.110 -  -0.008 - -
X7 0.708 0.462 0246 - —0.055 - 0.133  0.124 - 0.044 - -
Xg 0.612 0.253 0359 - —0.080 0.242 - 0.171 - 0.026 - -
Xy 0.592 0.252 0340 - —0.064 0227 0172 - - 0.005 - -
X3 0.342 0.174 0.168 - 0.007 0.117 0.038 0.007 — - - -
it PR RBURRRIEETERS  MRTIA x50 70 g0 xqy Koxgzs S0 R o]

xqumylzﬂmﬁx”mnﬂy36Hﬁﬁx7
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KA A AT, $8 BRI A FH ) 2
R, 6 HIRAMIREIA x5 X117+ X120 X3 M X553
12 HRBIKIRGIA x; 0 xg. X114 x93 M x165 36 Hi#R
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Yepr = —38.5244+2.181x1, +4.859x5 + 1.655x,, +
2.207xg —2.724x,5 €]
Yo = —88.042 +2.298x;; +7.058x,5 + 8.069x5+
18.101x6 +3.71x, 2)

Vaoris = —1 087.057 +75.841x, + 57.312x5 + 25.63x15+
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3 (6 AH#% F=500.519, P<0.01; 12 A& F=521.581,
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Table 6 Determinant coefficient of morphometric attributes on body mass of H. molitrix at different ages
SR ril,j( X1 X3 X7 Xg *11 X12 X13 X1s X16
Month age Trait

6 Xg - - - 0.011 - - - - -
X - - - 0.053 0.109 - - - -
X2 - - - 0.055 0.220 0.118 - - -
X13 - - - 0.049 0.178 0.188 0.097 - -
X5 - - - —0.009 —0.041 —0.044 —0.034 0.007 -
12 X 0.008 - - - - - - - -
Xg 0.029 - - 0.036 - - - - -
X1 0.040 - - 0.098 0.071 - - - -
X13 0.035 - - 0.088 0.123 - 0.058 - -

X16 0.032 - - 0.081 0.113 - 0.102 - 0.049
36 X3 - 0.021 - - - - - - -
X7 - —0.051 0.213 - - - - - -
Xg - —0.041 0.122 0.064 - - - - -
X1 - —0.032 0.115 0.087 0.064 - - - -
X13 - 0.002 0.041 0.013 0.002 - 0.030 - -
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