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Abstract: [Objective] The effects of morphological characters on body mass and the growth character-
istics in different growth stages of Chum salmon (Oncorhynchus keta) were investigated to provide basis
for the research of large-scale artificial breeding and deep development and utilization. [ Method) Wild
Chum salmons at the ages of 4,8,19 and 32 months were breed in the thermostatic closed-loop seawater
systems. During the breeding process,the Chum salmon were randomly sampled for measuring 11 morpho-

logical traits,including the body mass, fork length, total length, snout length, head length, eye diameter,
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head depth,body depth,caudal peduncle length, caudal peduncle depth and body width. Mathematical sta-
tistics methods were used to analyze the correlation between the morphological traits,and obtain regression
equations for evaluating body mass at different ages. [Result)] Body mass had the largest variation coeffi-
cient among all ages,and the coefficient increased gradually with month age,indicating that the Chum salm-
on has great potential in actual breeding selection. The correlation coefficients between morphometric char-
acters were very significantly different (P<C0. 01) or significantly different (P<C0. 05) in 4 months old
Chum salmon, while all correlation coefficients were very significantly different (P<Z0.01) for 8,19 and 32
months old Chum salmon. Path analysis showed that total length,body depth and body width were impor-
tant traits affecting body mass of 4 and 32 months old Chum salmon,fork length,body depth,body width,
caudal peduncle depth and head depth were the key traits for 8 months old Chum salmon, while fork
length,body depth,body width and caudal peduncle depth were important for 19 months old Chum salmon.
The total determinants of morphological characters on body mass were 0. 887,0. 890,0. 853 and 0. 901 for
the ages of 4,8,19 and 23 months, respectively. The established multiple regression equations based on the
stepwise multiple regression analysis were consistent with the results of path analysis. [Conclusion] The

relationship between morphometric traits and body mass in different growth periods can be effectively ap-

plied in artificial breeding and protection of Chum salmon.
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Table 1  Phenotypic statistics of morphologic traits in Chum salmon

i WA wrE/, WK/ iR A%/ XK/ ek/ KK/ E/ﬂ*j E’fw‘ K75/ em Sk / 5/
Month Ttem g cm cm cm cm cm £ /cm f/cm BD cm cm
BM SL ED FL TL HL CPL CPD HD BW

- 45 {5 Mean 1.010 0.194 0.382 5. 442 5.726 1.183 0.927 0. 369 0.814 0.732 0.373

trifi 2 SD 0.137 0.024 0.025 0.401 0.398 0.088 0.073 0.034 0.084 0.091 0.048

4 fi B Skewness 0.264  —0.240 0. 454 0.007 0.013 0.122 0.289 0.262 0. 340 1.662 0.318
W ¥ Kurtosis 0.521 0.093  —0.481 0. 290 0.590  —0.351 0.206 0.001  —0.333 6.328 —0.114
BRER/ Y% CV 13.57 12.37 6.54 7.37 6.95 7.44 7.87 9.21 10. 32 12.43 12.87

SE 34 Mean 14. 804 0.677 0.707  10.929  11.801 2.492 2.022 1.077 2.286 1. 640 1.264

K% SD 2.143 0.067 0.038 0. 494 0.618 0.119 0.154 0.126 0.183 0.135 0.178

8 i Skewness 0.633  —0.175  —0.152 0.663 0.261  —0.686 0.692 0.208 0.293 0.473  —0.113
I BF Kurtosis —0.068  —0.417 0.112  —0.190 —0.746  —0.349 0.703  —0.391  —0.761  —0.030 —0.871
SRR/ Y% CV o 14,48 9.90 5.37 4,52 5.24 4,78 7.62 11.70 8.01 8.23 14,08

SEH{H Mean 286. 357 1.810 1.317  28.799  31.069 6.533 5.589 2.101 6.189 4.580 3.272

B2 SD 73.970 0.223 0.104 2.940 3.109 0.635 0.657 0. 254 0. 827 0. 456 0.543

19 fi/¥ Skewness 0. 465 0.243 1,501  —0.126  —0.047  —0.348 —0.474 —0.202 —0.186 0.258 0. 640
W ¥ Kurtosis —0.321  —0.184 5.433  —0.008  —0.306 0. 401 1.473  —1.036  —0.088 0.196 0.513
TRARB/ Y% CV o 25.83 12.32 7.90 10. 21 10. 01 9.72 11.76 12.09 13.36 9.96 16. 60

SEHH Mean 765. 422 2.901 1.260  39.104  41.604 8.989 7.170 3.026 8. 828 6. 386 4.715

B2 SD 248.971 0. 362 0.136 3.469 3.559 0.851 0. 865 0.313 1.320 0. 880 0.779

32 fjJ# Skewness 0.582  —0.207 —0.227 —0.688 —0.651 —0.417 —0.831 —0.103 —0.194 0.380  —0.234
I J¥ Kurtosis 1.406  —0.945  —0.360 1.168 1. 440 1.119 2.986 0.275  —0.338 2,117 —0.355
BRER/ Y% CV 32,53 12.48 10. 79 8. 87 8.55 9,47 12.06 10. 34 14.95 13.78 16. 52
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Table 2 Phenotype correlation coefficients between traits of Chum salmon

A i H {LNpi Wy K IR 72 XK 2K SN Rk R N K LN
Month Item BM SL ED FL TL HL CPL CPD BD HD BW

B BM 1.000
WK SL 0.427** 1,000
R4 ED 0,554** 0,411** 1.000
Xk FL 0.891** 0.585** 0.645** 1,000
2K TL 0.896* * 0.603** 0.624”* 0.986** 1.000

4 3K HL 0.721** 0.689** 0.738”* 0.833** 0.818"* 1,000
Rk CPL 0.771** 0.623** 0.501** 0.855** 0.856** 0.682** 1.000
B CPD 0.698* * 0.420" * 0.492** 0.720** 0.706** 0.621** 0.585** 1.000
7 BD 0.895% % 0.474** 0.601** 0.892** 0.878** 0.725** 0.792** 0.687** 1.000
3.5 HD 0.624* % 0.477** 0,447 0.700** 0.677** 0.572** 0.657** 0.537** 0.633** 1,000
k5% BW 0.685%* 0.261*  0.399** 0.565** 0.565** 0.432** 0.484** 0.335** 0.567** 0.326" 1.000
k& BM 1..000
WK SL 0.444* * 1,000
R4 ED 0.385%* 0.314** 1.000
Xk FL 0.835** 0.388** 0.403** 1.000
2K TL 0.804 * 0,504 * 0.415"* 0.919** 1.000

8 3K HL 0.627** 0,440 * 0.357"* 0.648** 0.680* * 1,000
K CPL 0.691%* 0.461** 0.383** 0.756** 0.774** 0.607** 1.000
FAiE CPD 0.814%* 0.500% * 0.414%* 0.741** 0.689** 0.544** 0.726** 1.000
k% BD 0.828* * 0,408 * 0.348"* 0.693** 0.710** 0.542** 0.598** 0.646* * 1,000
3.5 HD 0.739% *  0.403** 0.353** 0.596* * 0.608** 0.453** 0.550* * 0.599** 0.632** 1,000
155 BW 0.813** 0,488 * 0.317** 0.640* * 0.679** 0.534** 0.640** 0.758** 0.703** 0.667** 1.000
& i i BM 1.000
WK SL 0.514* * 1.0000
R4 ED 0.459**  0.,376** 1,000
YK FL 0.801%* 0.556** 0.473** 1,000
2% TL 0.757** 0.473**  0.427** 0.955** 1.000

19 JK HL 0.726% %  0.641%* 0.4197* 0.797** 0.739** 1,000
A CPL 0.649** 0.342** 0.335"* 0.678** 0.654** 0.559** 1.000
FHiE CPD 0.840* * 0.571** 0.462"* 0.815"* 0.745** 0.839** 0.666** 1.000
5 BD 0.689* * 0,492 * 0.332"* 0.436* " 0.398** 0.479** 0.420** 0.638** 1.000
3L HD 0.807** 0.470** 0.581** 0.816** 0.757** 0.715** 0.741** 0.816** 0.621* * 1.000
55 BW 0.867** 0.459** 0,515 * 0.773** 0.749** 0.641** 0.687** 0.794** 0.583** 0.792** 1.000
k& BM 1.000
W& SL 0.710* * 1,000
R4 ED 0.698** 0.635** 1.000
XK FL 0.818** 0.736** 0.671** 1,000
2K TL 0.828** 0.742** 0.681** 0.983** 1.000

32 K HL 0.796** 0.709* * 0.683** 0.744** 0.753** 1,000
Ak CPL 0.681** 0.574** 0.648** 0.770** 0.773** 0.762** 1.000
EAHiE CPD 0.790% *  0.540* * 0,587 % 0.647** 0.654** 0.728** 0.597** 1.000
& BD 0.909* % 0.648** 0.706** 0.715** 0.722** 0.771** 0.654** 0.766** 1,000
3.5 HD 0.570* * 0.473** 0.531** 0.517** 0.529°* 0.494** 0.451** 0.470** 0.572** 1.000
k5% BW 0.844* % 0.589"* 0.608** 0.647** 0.663* " 0.648** 0.536"* 0.759** 0.840" " 0.603** 1.000

T 7 FIRAR AR 8] 10 A 56 1 36 ) 10 K (P<<0..05) 5% % % "R 7% 48 b (8 19 4R 6 ¥ 3K B AR 12 2 K F (P<<0. 01) .

»”

Note:“ *

indicates significant correlation at P<C0.05,and “ * * ” indicates very significant correlation at P<C0. 01.
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Table 3 Path analysis on effects of phenotypic traits on body mass of Chum salmon

— W R [&] $2/E ] Indirect
A g CELE f D FR 2K I W R e
Month — Ttem Direct = FL TL 5D BW CPD. 1D
4K TL 0.413* 0.483 0.358 0.125
4 A& BD 0.408" * 0.488 0.363 0.125
A58 BW 0.220% 0. 465 0. 234 0.231
XK FL 0.301* 0.534 — 0.190 0.122 0.131 0.091
K& BD 0.273*~* 0.555 0.209 — 0.135 0.114 0.097
8 155 BW 0.192* * 0.621 0.193 — 0.192 0.134 0.102
A CPD 0.177% 0. 637 0.223 — 0.176 0.146 0.092
38 HD 0.153% 0.153 0.179 — 0.173 0.128 0.106
XK FL 0.259% 0.542 — 0.106 0.311 0.125
19 1K E BD 0.244% 0. 445 0.112 — 0.235 0.089
155 BW 0.403* * 0. 464 0. 200 — 0.142 0.122
i CPD 0.154% 0.686 0.211 — 0.155 0.320
4k TL 0.334% 0. 494 0.356 0.138
32 1K # BD 0.494% 0.415 0. 241 0.174
1R 5% BW 0.208" * 0.636 0.221 0.415

TE o VIR A5 MR B R AR O T 3K B4 A2 K - (P<C0. 01D

Note:* % * ” indicates very significant correlation at P<C0. 01.
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Table 4 Determinant coefficients of morphometric traits on body mass of Chum salmon
A i L XK ESN Ly & 5 FEAA = Sk
Month Item FL TL BD BW CPD HD
2K TL 0.170 6*
4 &% BD 0.295 9% 0.166 5%
K55 BW 0.102 7% 0.101 8% 0.048 4%
YK FL 0.090 6%
A% BD 0.113 9% 0.074 5%
8 K55 BW 0.074 0% 0.073 7% 0.036 7%
FEAR R CPD 0.079 0% 0.062 5% 0.051 6% 0.031 3%
3k HD 0.054 9% 0.052 8% 0.039 2% 0.032 5% 0.023 4%
XK FL 0.067 1%
1A% BD 0.055 1% 0.059 5%
19 5% BW 0.161 4% 0.114 7% 0.162 4%
s CPD 0.065 0% 0.047 9% 0.098 6% 0.023 7%
4K TL 0.111 6%
32 1Kk # BD 0.092 2% 0.244 1%
95 BW 0.238 3% 0.172 7% 0.043 3%

TE 357 RN B — RO A TR B P Rk RIR 2 A MRS D AR B Y e R

Note: ¥ indicates the determination coefficient of single trait on body mass,and s indicates the determination coefficient of two traits on

body mass.
RS KREREESUERKSEFRENERXSH
Table 5 Multiple correlation coefficients of three morphometric traits with body mass of Chum salmon
nm | BEEAR WECRE  WRRE | REMERE  GERE i TEME
Month Vumb(r of  Multiple C'O.I'I’CIHUOH (,oxjrclatlon Ad_]USTC.d correlation Standard F value Erro'r'
variables coefficient index index error probability

1 0. 896 0.803 0. 800 0.088 1 236. 304 0. 000

4 2 0.925 0. 855 0. 850 0.076 3 20. 352 0. 000

3 0.942 0. 887 0. 881 0.064 9 15. 765 0. 000

1 0. 835 0.698 0.695 1.183 2 256.393 0. 000

2 0.910 0. 829 0. 826 0.894 8 84.088 0. 000

8 3 0.932 0. 868 0. 865 0.788 7 32.573 0. 000
4 0.938 0. 881 0. 876 0.754 1 11.221 0.001

5 0. 944 0. 890 0. 885 0.7257 9.626 0.002

1 0. 867 0.751 0. 747 37.178 7 205. 130 0. 000

2 0.902 0.813 0. 808 32.449 7 22.264 0. 000

19 3 0.914 0. 835 0. 828 30.716 7 8.773 0. 004
4 0.924 0.853 0. 844 29.192 7 8.071 0. 006

1 0.909 0. 827 0. 825 104.213 7 377.600 0. 000

32 2 0.943 0. 888 0. 886 84.214 4 42.977 0. 000
3 0.949 0.901 0. 897 79.906 3 9.637 0.003

2.6 KHWREESEREERESTEAFTEN FrAS W2 I 2SR e & i A 6] H 8T8 28 AR
=52 Xof A JBE g 1Y) S5 O TR0 R 43 ) O

GBS e T U N NCIDER PN N R RS |7
AR AR T 22 18] A AR OGP 1 2k B I A
K- s ] SPSS 19. 0 #4722 508 4 81 U3 73 #r » S Y

Y'l - 1. 277 + O. 204X11 + O. 957X1;|) +
O. 9O4XBW;

— 16. 028 + 1. 308Xw + 2. 301 Xpw +
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21. 806Xy, +6.504 X5 3 Zou 345 R B, AR A B RG2S
Yo = 1841, 259493, 142Xy, +23, 348X+ ARET KT it A9 [0 5 28 44 3k BB 2 %k T (P<

66. 394 Xypw o
itl:,:l ZY'I \Y8 \Y19 iﬁ] Y32 éj\%u%%i—\‘ 478’ 19’32 H ﬁ/‘?\,ﬁg

0. 01, [l YA R WY S 158 32 5 8 T AA 4880 1oz T
BRI N T FRFE e T B AR 7 SE bR GR 6 FIR 7).
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Table 6 Analysis of variance of multiple regression equations for morphological traits and body mass of Chum salmon
A iH I % [ERiNS ¥ 75 A7 ZH 5
Month Item Variance Freedom Square F Sig
1] ]9 Regression 2.024 3 0.675 146. 057 0. 000
4 % 2% Residual error 0. 259 56 0.005
T Total 2.283 59
[a] ]9 Regression 457,947 5 91. 589 173.910 0. 000
8 % 2% Residual error 56. 351 107 0.527
Bt Total 514. 299 112
[A] 7 Regression 322 140. 352 4 80 535. 088 94. 501 0. 000
19 W 2% Residual error 55 393. 719 65 852. 211
#3t Total 377 534. 071 69
[8] )9 Regression 4 467 258.170 3 1 489 086.057 233.216 0. 000
32 5% 2 Residual error 491 646. 470 77 6 385.019
3t Total 4 958 904. 640 80
K7 ARKRERSEREGCRENREEREMEEESNEEEKRR
Table 7 Significant test of partial regressions and constants for morphological traits and body mass of Chum salmon
A A5 h Iﬁlﬂﬂ,%ﬁ( Regression coefficient ﬁﬁg;ﬂ T % S
Month Variables . %M FRUfEE 2 SD Partial regression T statistics Error probability
Coefficient coefficient
H# Constant —1.277 0.139 —9.192 0. 000
4 4K FL 0. 204 0.047 0.413 4. 329 0. 000
&% BD 0.957 0.224 0.408 4.265 0. 000
£ 55 BW 0.904 0.228 0.220 3.970 0. 000
H$ Constant —16.028 1. 867 —8.583 0. 000
XK FL 1. 308 0.230 0. 301 5.689 0. 000
8 A58 BW 2.301 0.681 0.192 3.378 0.001
&5 BD 3.198 0.602 0.273 5.310 0. 000
3k HD 2.429 0. 730 0.153 3.329 0.001
Wi CPD 2.161 0.697 0.177 3.103 0.002
44 Constant —309.512 39.937 —7.750 0.000
& 55 BW 54. 856 11.773 0.403 4. 659 0. 000
19 FEHm CPD 44,787 29.578 0. 154 1.514 0.135
A% BD 21. 806 5. 800 0. 244 3.760 0. 000
XK FL 6.504 2.289 0. 259 2.841 0. 006
H# Constant —1 341. 259 107. 387 —12.490 0. 000
39 &% BD 93.142 13.663 0. 494 6.817 0. 000
4K TL 23.348 3.668 0. 334 6. 366 0. 000
& 55 BW 66. 394 21. 387 0.208 3.104 0.003
3 3t [] 1% KRR I 0025 T 25 PR AR 48 s v M4 3 6 1 A8 R R
e B e FLBZE 1 U B K 2 R B K
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