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Tab.1 The apparent statistics of various trait
X4 X, X3 Xq Xs Xs X Xs ) n
0 X 160.8 38.6 8.7 8.3 18.8 28.2 16.6 33.5 74.8 38
S 17.0 4.6 0.9 0.8 2.4 4.7 14 3.4 22.0
CV% 10.6 11.9 10.8 9.4 12.7 16.5 8.6 10.3 29.4
1 X 176.6 42.7 9.7 9.0 19.8 32.7 17.7 35.3 86.8 99
S 19.0 6.6 1.8 1.1 35 7.3 2.9 5.6 22.1
CV% 10.8 15.4 18.8 12.0 17.7 22.2 16.7 16.0 25.5
2 X 235.6 56.3 12.9 10.9 27.0 43.9 22.9 46.1 201.2 147
S 29.4 7.3 1.6 1.3 4.8 6.8 35 7.1 82.3
CV% 12.5 13.0 12.8 11.7 17.9 15.4 15.2 15.5 40.9
3 X 303.5 72.6 15.3 13.4 37.0 54.3 30.3 61.4 463.3 321
S 40.7 9.3 21 2.2 6.2 8.2 4.3 9.3 207.5
CV% 13.4 12.9 13.7 16.1 16.7 15.0 14.1 15.2 44.8
4 X 397.7 93.0 19.4 16.2 46.6 72.6 38.9 82.4 1039.6 175
S 58.3 12.2 3.1 2.7 5.8 12.1 4.6 13.8 377.0
CV% 14.6 13.1 16.1 16.9 12.4 16.7 11.9 16.8 36.3
5 X 465.2 110.4 23.0 18.4 54.6 83.8 44.7 97.8 1676.1 76
S 49.5 14.8 3.7 1.7 7.1 9.8 5.3 15.7 536.3
CV% 10.6 13.4 16.0 9.7 12.9 11.7 11.8 16.0 32.0
6 X 548.5 129.3 27.2 20.3 64.9 95.3 53.0 115.3 2712.2 20
S 65.3 14.9 2.6 1.7 8.1 12.6 6.0 14.2 897.9
CV% 11.9 11.5 9.7 8.5 12.5 13.2 11.3 12.3 33.1
7 X 657.5 167.0 42.0 23.5 82.5 1145 63.0 129.0  4395.0 3
S 17.7 5.7 4.2 2.1 10.6 0.7 4.2 4.2 275.8
CV% 2.7 3.4 10.0 9.0 12.9 0.6 6.7 3.3 6.3
, 0 1 35 , 5 6
, 0.5471; 4 0 . ¥= 0.8615X; + 3.7778X; + 0.7147Xg
, , 150.4493, R?=0.9540 1)
0.1471 3 1 . ¥ = 0.8585X,-0.5675Xs + 2.1340X; +
4 , 0.0921, 1.4838Xs 135.9665, R?=0.9161 (2)
0.0999 2 . ¥ = 0.8811X; + 1.9387X, + 3.3032X; +
, 4.4253Xs 395.0741, R?=0.9425 3)
, 3 ;¥ = 2.4153X; + 2.1227X, + 1.5854X; +
8.1115Xs 1007.9542, R°=0.9225 (4)
4 ;¥ =0.9528X,; + 8.3185X, + 24.8450X; +
2.4 8.6064Xs 1787.9260, R?*=0.904 (5)
) Y), 5 . ¥ = 5.7086X; + 25.1023X; + 8.7657Xg—
(X1:8), 2958.7705, R?=0.8748 (6)
, ¥ @), X (mm),
, , X2 (mm), Xs (mm), X; (mm),

Xg (mm), R?
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Tab.2 The phenotype correlation coefficient among the traits of L. haematocheila

Y X4 X, X3 Xa Xs Xe X Xs

Y — 0.8274™ 0.71577 05992 0.5439” 0.6141" 0.6228" 0.5766"  0.6814" 1
0 X1 0.9658™ — 0.4901™ 03717 0.3321" 0.2773™ 0.3942"  0.1830™  0.2916™

Xz 0.9146™  0.9410™ — 0.8913™ 0.8713™ 0.8424™ 0.8786™ 0.8161" 0.7847"

X3 0.7065"  0.7143™  0.8048" — 0.8827  0.7929™  0.7921"  0.7655"  0.7449"

X4 0.8043™  0.7974™ 0.8434" 0.8285™ — 0.7502™  0.7693" 0.7055"  0.7065™

Xs 0.7454™ 07571 0.8377" 0.7752" 0.8171" — 0.7593™  0.8129™  0.8079"

Xs 0.8173™ 0.8385™ 0.7604"  0.4754™ 0.6272" 0.4767" — 0.8075™  0.7686"

Xz 0.9208™ 0.8973" 0.8477" 0.6931™ 0.7494™ 0.7013"  0.7557" — 0.8180™

Xg 0.7499™  0.7028" 0.6980" 05894 05776 0.4868"  0.5294”  0.6892" —

Y — 0.9443™ 09037 0.7890" 0.5718™ 0.7982" 0.8373" 0.7995"  0.9236™ 3
2 X1 0.9479™ — 0.9271™  0.7924™ 0.5829" 0.8079™ 0.8652" 0.8052"  0.9001""

X, 0.9168™  0.9305™ — 0.8074™ 05737 0.8125" 0.8039™ 0.7802™ 0.8750

Xs 0.5650™  0.6260  0.6286™ — 0.4884™ 0.6551" 0.6638" 0.6650" 0.7815™

X4 0.7667  0.7580"  0.7382"  0.5672" — 0.6476™  0.566”  0.4652"  0.5388™

Xs 0.8705 0.8671" 0.8281"  0.5333™ 0.7516" — 0.7114™  0.7542"  0.7934"

Xs 05971  0.6683" 0.6364"  0.5344™  0.4901"  0.4564" — 0.6906™  0.7909"

X7 0.9059™  0.9030™ 0.8707" 0.5457” 0.6980 0.8176"  0.5674™ — 0.7927"

Xg 0.9370™  0.9031" 0.8594™ 0.5307" 0.7565" 0.8392” 0.5831"  0.8647" —

Y — 0.8919™  0.8280"  0.7359  0.6094™  0.7990” 0.7774” 0.8484"  0.7620™ 5
4 X1 0.8084" — 0.8286™ 0.7308” 0.5738" 0.7820™ 0.8113" 0.8117" 0.6418™

Xz 0.8844™  0.7534™ — 0.8020™  0.6543™ 0.7701" 0.7219™ 0.7844™ 0.6312"

Xs 0.7196™  0.6228™ 0.7869" — 0.6395™ 0.7334™ 0.6217" 0.6898™ 0.5725™

Xq 0.3823"  0.3305™ 0.3820"  0.3891" — 0.5445"  0.4702™ 0.5521"  0.4557""

Xs 0.7042™ 05734 0.7598"  0.5559™  0.3679" — 0.6647  0.7498"  0.6729™

Xe 0.7529™ 0.6671" 0.77357  0.6847" 0.3989™  0.5773" — 0.7582™  0.6775"

Xz 0.8909™  0.7544™  0.8405™ 0.6975™ 0.3541" 0.6763"  0.6930" — 0.6776™

Xg 0.8755™ 0.7263" 0.7889"  0.6347™ 03195 0.6742” 0.6857"  0.7916™ —

ro.0s,86 = 0.3208, ro 01,86 = 0.4080, rg.05.97 = 0.1980, Fg01,97 = 0.2579, rg.05.145 = 0.1620, 01,145 = 0.2120, rg 05310 = 0.1102, ro01,310 = 0.1442,
Fo0s17s = 0.1493, ro01,173 = 0.1956, ros,74 = 0.2260, roo174 = 0.2944 ° " "

5 6 :
(P<0.01),
(P<0.05) 3
(P<0.01) 3.1
, 1
, , 7
, 7 , , 2—4
, 1 5 6
(P>0.05), 2
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Tab.3 The path coefficients of the multiple correlation index of L. haematocheila in every age and morphological traits on the weight

P; > X1 X2 Xs X7 Xe R?
0 X1 0.6675™ 0.2983 — — 0.2195 0.0788 0.9540
X7 0.2446™ 0.6762 0.5989 — — 0.0773
Xs 0.1121™ 0.6377 0.4691 — 0.1686 —
1 X1 0.7397" 0.0879 — — -0.0747 0.0521 0.1105 0.9161
Xs -0.1896™ 0.8125 0.2916 — — 0.2297 0.2912
X7 0.2844™ 0.2922 0.1354 — -0.1531 — 0.3099
Xg 0.3788™ 0.3027 0.2157 — -0.1457 0.2327 —
2 X1 0.3148™ 0.6331 — 0.1607 — 0.1260 0.3464 0.9425
Xz 0.1727" 0.7440 0.2929 — 0.1215 0.3296
X7 0.1395™ 0.7664 0.2843 0.1504 — — 0.3317
Xs 0.3836™ 0.5534 0.2843 0.1484 — 0.1207 —
3 X1 0.4743" 0.4700 — 0.0886 0.0540 — 0.3274 0.9225
X2 0.0956™ 0.8081 0.4397 0.0501 — 0.3183
Xs 0.0624™ 0.7750 0.4104 0.0769 — — 0.2877
Xs 0.3638™ 0.5599 0.4269 0.0837 0.0493 — —
4 X1 0.1472™ 0.6612 — — 0.2026 0.2290 0.2296 0.9040
Xz 0.2689" 0.6154 0.1109 — — 0.2551 0.2494
X7 0.3036™ 0.5873 0.1111 — 0.2260 — 0.2502
Xs 0.3161™ 0.5594 0.1069 — 0.2122 0.2403 —
5 X1 0.5266™ 0.3652 — — — 0.2005 0.1647 0.8748
X7 0.2470™ 0.6014 0.4275 — — — 0.1739
Xs 0.2566™ 0.5054 0.3380 — — 0.1674 —
o (P<0.01)
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Tab.4 The determinant coefficients of L. haematocheila traits on the weight

X X2 Xs X7 Xs >
0 X1 0.4455% — — — — 0.9540
X7 0.2930 — — 0.0598% —
Xg 0.1052 — — 0.0378 0.0126°
1 X1 0.54712 — — — — 0.9161
Xs —-0.1106 — 0.0360% — —
X7 0.0770 — -0.0871 0.0809% —
Xs 0.1634 — -0.1104 0.1763 0.1435°
2 X1 0.0991% — — — — 0.9425
Xz 0.1012 0.0298% — — —
X7 0.0793 0.0420 — 0.0195% —
Xs 0.2181 0.1139 — 0.0926 0.1471°
3 X1 0.2249% — — — — 0.9225
Xz 0.0841 0.0091% — — —
Xe 0.0512 0.0096 0.0039% — —
Xs 0.3106 0.0609 0.0359 — 0.1323°
4 X1 0.0217% — — — — 0.9040
X, 0.0597 0.0723% — — —
X7 0.0674 0.1372 — 0.0921% —
Xs 0.0676 0.1341 — 0.1519 0.0999°
5 X1 0.2773% — — — — 0.8748
X7 0.2112 — — 0.0610% —

Xs 0.1735 — — 0.0859 0.0659*
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Tab.5 Analysis of variance of multiple regression equation and multiple correlation index
F P R?
0 17031.8430 3 5677.2810 234.8646 0.0000 0.9540™
821.8675 34 24.1726
17853.7105
1 43872.9175 4 10968.2294 256.5669 0.0000 0.9161"
4018.4987 94 42.7500
47891.4162
2 932568.6646 4 233142.1661 582.3426 0.0000 0.9425™
56850.0179 142 400.3522
989418.6825
3 12711225.0792 4 3177806.2698 940.3427 0.0000 0.9225™
1067894.4698 316 3379.4129
13779119.5490
4 22356666.9105 4 5589166.7276 400.2116 0.0000 0.9040™
2374139.9017 170 13965.5288
24730806.8122
5 18871876.5795 3 6290625.5265 167.7312 0.0000 0.8748™
2700303.3548 72 37504.2133
21572179.9342
*x (P<0.01)
F 6 mEEAREETE LN EZ AT
Tab.6 Test significant of partial regression and intercept
T 95% 95%
0 b —-150.4493™ 9.9817 -15.0724 0.0000 —455.2885 —154.3899
X1 0.8615™ 0.1115 7.7237 0.0000 -0.8841 2.6071
X7 3.7778™ 1.3105 2.8828 0.0065 -3.8767 11.4323
Xs 0.7147" 0.3356 2.1298 0.0397 -0.7334 2.1628
1 b -135.9665" 7.4938 -18.1438 0.0000 —405.7876 -133.8546
X1 0.8585™ 0.0393 21.8314 0.0000 —0.8452 2.5622
Xs -0.5765™ 0.1753 -3.2882 0.0014 -1.7205 0.5675
X7 2.1340" 0.4646 4.5936 0.0000 -2.1009 6.3689
Xg 1.4838™ 0.2166 6.8505 0.0000 -1.4608 4.4284
2 b —-395.0741" 13.9192 -28.3834 0.0000 -1175.8771 —385.7289
X1 0.8811" 0.1970 4.4733 0.0000 -0.8603 2.6225
Xz 1.9387" 0.6302 3.0764 0.0025 -1.8928 5.7702
X7 3.3032™ 1.1667 2.8313 0.0053 -3.2251 9.8315
Xs 4.4253™ 0.5623 7.8694 0.0000 —4.3206 13.1712
3 b -1007.9542™ 25.7349 -39.1668 0.0000 —-2991.0082 -975.0998
X1 2.4153" 0.2762 8.7445 0.0000 -2.3366 7.1672
Xz 2.1227" 0.9573 2.2175 0.0273 -2.0535 6.2989
Xs 1.5854" 0.7954 1.9933 0.0471 -1.5337 4,7045
Xs 8.1115" 0.8285 9.7906 0.0000 -7.8471 24.0701
4 b -1787.9260™ 78.43154 —22.7960 0.0000 -5316.7402 —1740.8882
X1 0.9528™ 0.25520 3.7335 0.0003 -0.9453 2.8509
Xz 8.3185™ 1.50838 5.5149 0.0000 -8.2528 24.8898
X7 24.8450™ 4.01355 6.1903 0.0000 —-24.6487 74.3387
Xs 8.6064" 1.17151 7.3464 0.0000 -8.5384 25.7512
5 b -2958.7705™ 213.8849 -13.8335 0.0000 —-8852.9435 -2935.4025
X1 5.7068™ 0.7919 7.2064 0.0000 -5.6617 17.0753
X7 25.1023™ 7.7438 3.2416 0.0018 —24.9040 75.1086
Xs 8.7657" 1.9824 4.4218 0.0000 -8.6965 26.2279

(P<0.05), ** (P<0.01)
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Tab.7 The growth rate (%) of major quantitative trait of L. haematocheila

X1 X, X3 Xa Xs Xs X7 Xs
2 33.41 31.85 32.99 21.11 36.36 34.25 29.38 30.59 131.80
3 28.82 28.95 18.60 22.94 37.04 23.69 32.31 33.19 130.27
4 31.04 28.10 26.80 20.90 25.95 33.70 28.38 34.20 124.39
5 16.97 18.71 18.56 13.58 17.17 15.43 14.91 18.69 61.23
6 17.91 17.12 18.26 10.33 18.86 13.72 18.57 17.89 61.82
D4 58 )
;5 6 ,
(2009)
, (2007)
879 , ,
25.5%—44.8%( 1), , , ,
3—6 , (1992)
(1992) : 5 ,
, (1987) 0—5 ,
, , 3.3
(Y)! (x)!
3.2 ,
: (1)—(6),
, , (P<0.05)
8 (P<0.01),
(X)Y (Y)a
, 2008.
Sd , 0.8748, 0.85 :  17(6): 655—660
, , 2005.
’ () 237—242
) s , 2009.
3 4 5 : , . . 33(6): 964—
970
) s , 2002.

. , 33(6): 673—678
, , ,2008. “* 1
(2008) . , 5(15):
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. , 41(6): 907— .
913 . : , 319—327
, 1992 . : , , , 1987. . : , 1—44
1—188 , , 2010.
, , , 2003. GB19162-2003 ) : , (1): 51—53
,1—5 Liu Jian-Yong, Lun Zhao-Rong, Zhang Jun-Bin et al, 2009.
, , , 2010. Population genetic structure of striped mullet, Mugil cepha-
. , (2): 37—48 lus, along the coast of China, inferred by AFLP fingerprint-
, , , 2008. GB18654.3-2008 ing. Biochemical Systematics and Ecology, 37(4): 266—274
3 : : , 1— Xu Chun-Fang, Philippa Talmud, Herbert Schuster et al, 2007.
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MORPHOMETRIC ATTRIBUTES TO BODY WEIGHT FOR THE REDLIP MULLET
LIZAHAEMATOCHEILA

GENG Xu-Yun!, MA Wei-Lin? LI Xiang-Pu®, SUN Jin-Sheng™*
(1. Tianjin Aquaculture Disease Prevention & Treatment Center, Tianjin, 300221; 2. Tianjin Administration Office of Fishery and Fish-
ing Harbor Supervision, Tianjin, 300451; 3. Tianjin Fishery Institute, Tianjin, 300221; 4. College of Life Sciences, Tianjin Normal
University, Tianjin, 300074)

Abstract The redlip mullet Liza haematocheila is an important economic species in aquiculture. However, the superior
varieties of artificial breeding were not well selected, so fine breed selection was needed. The body weight is a direct indi-
cator to productivity, in this paper, the relationship of morphometric attributes to the body weight of the redlip mullet was
studied. 879 original species of L. haematocheila were collected from Bohai Bay. Morphometric attributes of body length
(Xy), head length (X,), snout length (Xs), eye diameter (X,), interorbital width (Xs), caudal peduncle length (Xs), caudal
peduncle depth (X;) and body depth (Xg) were measured according to the method of GB18654.3-2008. Redlip mullets were
classified by age after the weight and age were detected. Path coefficients, determination coefficients and correlation index
were calculated. Morphometric attributes of every age that affect the body weight were determined except the path coeffi-
cients of not significant attributes. The results showed that the weight of redlip mullets was affected by the body length and
depth. X, at age of 0, 1, 3, 5 and Xg at age of 2, 4 showed significant effect on body weight; X; was an important attribute
that affect the weight of redlip mullet except the age of 3. X;, X; and Xg exhibited significant indirect effect on body weight,
X, and Xg illustrated slight direct effect on body weight. The multiple regression equation to get the body weight was es-
tablished. As dependent variable in weight (Y), morphological traits as independent variables (X;.g), the data of redlip mul-
let determination in each age group for multiple linear regression analysis, and remove the regression coefficient, which is
not significant traits, established the best multiple linear regression equation in each age group. Above conclusions were
helpful for the selective breeding of redlip mullet.

Key words Liza haematocheila, Morphometric attribute, Correlation analysis, Path analysis



