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Tab.1 Body weightsand body lengths of Oncorhynchus

mykiss at different days of age X £SD
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time days of age sample size  body weight  body length
2015-05 516 4362 98.68+29.86 19.71+1.86
2015-08 608 2252 432.55£94.79  30.06+1.83
2015-10 668 4168 662.82+213.41  35.26+3.27
2016-05 883 4159 1748.78+384.04  48.46+3.39
2016-10 1036 4358 2624.09+684.41 54.70+4.29
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Tab. 2 The sample sizes and estimates of residual error variances within age intervals

H % X ] REAE R/ 1% 2% )5 2% residual variance 1R 22 P J7 % residual covariance
day of age interval sample size 1A H body weight &K body length A E &K BW-BL
516-565 8724 0.29 (39.97) 0.23 (0.10) 0.11 (0.05)
566-776 12840 1598.26 (52.99) 0.79 (0.03) 15.02 (6.85)
777-1000 8318 10003.90 (1099.14) 1.31(0.22) 48.42 (26.37)
1001-1036 8716 3305.38 (1962.10) 2.83(0.24) 40.90 (16.04)
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Tab.3 Choiceof RRM for BW and BL based on BIC criterions

o B

{A T body weight &K body length

model pa?;n?efter —2lg(ML)  BIC  —2lg(ML) BIC

LP0O 6 21110336 211162.56 47252.56 47311.77
LPI1 8 201265.39 20134433 43711.19 43790.13
LP12 11  198640.42 198748.96 43073.48 43182.02
LPI3 15  198572.24 19872025 42909.53 43057.54
LP21 8 200464.89 200543.83 43107.90 43186.84
LP22 10  200463.19 200561.86 43065.53 43164.20
LP23 13 197824.46 197952.73 42458.66 42586.94
LP31 17 197790.75 197958.50 42253.76 42421.50
LP32 11 19764543 197773.70 42298.25 42406.79
LP33 13 197660.87 197769.41 4224873 42377.00
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Note: The underlined values represent results of the selected
RRMs.
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Fig. 1 Changes in heritabilities and ratios of permanent environmental variances to phenotypic
variances with days of age for the two growth traits of Oncorhynchus mykiss

223 EfEHEX. REBEXFMAAMREEX K
2 /R T 400~1000 H ¥ [a], PHASA KR 19 mont
H % 2 8] s L M S ) = 4R, iR A K AL
FH O B AR AR IR AL Y o FESE H i 22 (] 1 35 1%
FREEF 1, T RIBE K B WA H % 2 8] 1) 8
RIS/ TF 1, FELBEE F O 18] B 0 384 i 35t 4% A1
RFFLEIRAG . XA MRAE A KA H #4228 1
AL A DG FE R ) H O 2 1) B s S A e . TE
400~1000 H#%, &8 19 /Nt LA R 0.856, 14
KW 0772, FEARKRI, RELER H 2 (8]
A A OC R FRIUA G . £ 5 M 6 73550 H
TR EE VAR 8 A K H S 22 8] ) 2 R 56
TR A o 7E 400~1000 H#%, A H )%
RUAR AL A SR I T 0.80, 1RTE MY BT AT 7K
AFREEFAC T 0.90, TR (197K A FREEAHH G

=/MEH 0.89,

P AR 22 180 1) 38t 1 A S A = i B
RAE BN H % 2 8] 1 352 A% AH SR AR B0 44 1 14
3 AR 2 TR A BT R O A a8 A DG = 2k TR
(A LI 2 A =R E AR, DR Btk A
] — H & 38 AL A OAE R 1 A TR H & 22 18], R
FMA K 8B A0 5 M 800 H #3119 0.773 784k % 400
Hiib R 0.828, [z, TEAR H 2 0], BEHH%
(R /M & AR 7R AR ER 1 400 H R FIA K9 1000 H
W2 0] InZe 7 fgk 8 FiR, SIS, i
A RMR 22 18] 8 7k K R BRI AH 56 A2 AR 56
FH 5 AR R, RAS T —H itz
] A A 2 R BRI ] o K A RS AH e — 8 T
WAEA ORI OE . FEAHIR H i 2 0], P-4k
NN iy E e S = i L [ <N



1222

K B 5505 %

1.0 ﬁ; 1.0
g body weight =]
(=}
509 £ 09 E
o -a
g body len;
3 08 § 0.8 y length
2 2
£ 07 g 07
o0 80
fi 3K
1000 0.6 1
4% 06 900 ¢ ¥ 900, ‘3,2
4 800 (s & 800 &7
H s 700 O # 05 700 &°
600 S 600,
200 > 500
0.4 0 04 400 5 &
1000 900 800 700 600 500 400 <> 1000 900 800 700 600 500 4007 <
H i#%/d days of age H #%/d days of age

P2 IS A AR IRAE 1 P % 1] ) gt A A 5

Fig. 2 Genetic correlations of the two growth traits between pairwise days of age of Oncorhynchus mykiss
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correlations of body weight between pairwise days of age
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0.9945 0.9960 0.9987 1.0000 0.9989 0.9958 0.9907 0.9842 0.9763 0.9667 0.9546 0.9388 0.9177
0.9760 0.9779 0.9824 0.9865 1.0000 0.9989 0.9958 0.9909 0.9842 0.9754 0.9637 0.9478 0.9262
0.9693 0.9712 09776 0.9842 0.9767 1.0000 0.9990 0.9959 0.9908 0.9833 0.9725 0.9572 0.9358
0.9607 0.9627 0.9704 0.9792 0.9744 0.9806 1.0000 0.9990 0.9958 0.9899 0.9806 0.9666 0.9462
0.9515 0.9532 09619 0.9723 0.9697 0.9783 0.9837 1.0000 0.9989 0.9951 0.9878 0.9757 0.9571
0.9149 0.9162 0.9250 0.9362 0.9352 0.9454 0.9527 0.9575 1.0000 0.9986 0.9939 0.9844 0.9684
0.9098 0.9106 0.9193 0.9309 0.9309 0.9424 0.9515 0.9585 0.9354 1.0000 0.9983 0.9920 0.9796
0.9032 0.9033 0.9114 0.9227 0.9230 0.9353 0.9459 0.9549 0.9345 0.9440 1.0000 0.9977 0.9896
0.8939 0.8931 0.9000 0.9104 0.9103 0.9228 0.9344 0.9452 0.9277 0.9408 0.9512 1.0000 0.9970
0.8802 0.8785 0.8837 0.8923 0.8913 0.9033 0.9154 0.9278 0.9135 0.9301 0.9452 0.9572 1.0000

6 EAABWE, AKNRE(T=A)MEXMAAFRE(E=/A)HEX
Tab. 6 Phenotypic (lower triangle) and per manent environmental (upper triangle)
correlations of body length between pairwise days of age of Oncorhynchus mykiss

H % days of age

400 450 500 550 600 650 700 750 800 850 900 950 1000

400
450
500
550
600
650
700
750
800
850
900
950
1000

1.0000 0.9991 0.9975 0.9946 0.9895 0.9813 0.9701 0.9565 0.9414 0.9260 0.9113 0.8979 0.8863
0.9635 1.0000 0.9994 0.9970 0.9921 0.9839 0.9726 0.9589 0.9438 0.9286 0.9141 0.9013 0.8906
0.9568 0.9676 1.0000 0.9990 0.9955 0.9888 0.9788 0.9664 0.9525 0.9383 0.9249 0.9129 0.9029
0.9476  0.9626 0.9705 1.0000 0.9987 0.9942 0.9866 0.9764 0.9645 0.9520 0.9399 0.9291 0.9197
0.9105 0.9280 0.9393 0.9462 1.0000 0.9984 0.9937 0.9862 0.9767 0.9663 0.9560 0.9463 0.9377
0.8992 09188 0.9331 0.9435 0.9241 1.0000 0.9984 0.9939 0.9871 0.9791 0.9706 0.9623 0.9544
0.8857 0.9069 0.9236 0.9372 0.9214 0.9297 1.0000 0.9985 0.9946 0.9889 0.9824 0.9756 0.9685
0.8707 0.8929 0.9118 0.9281 0.9157 0.9272 0.9347 1.0000 0.9987 0.9955 0.9909 0.9856 0.9794
0.8391 0.8618 0.8820 0.9004 0.8911 0.9052 0.9154 0.9220 1.0000 0.9990 0.9963 0.9925 0.9874
0.8247 0.8482 0.8698 0.8901 0.8832 0.8997 0.9123 0.9212 0.9097 1.0000 0.9992 0.9969 0.9930
0.8110 0.8352 0.8581 0.8799 0.8750 0.8931 0.9077 0.9185 0.9089 0.9144 1.0000 0.9992 0.9967
0.7981 0.8234 0.8473 0.8701 0.8665 0.8858 0.9016 0.9138 0.9058 0.9130 0.9180 1.0000 0.9991
0.7856 0.8123 0.8371 0.8605 0.8575 0.8772 0.8935 0.9065 0.8997 0.9083 0.9152 0.9204 1.0000
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Tab. 7 Phenotypic correlations between body weight and body length on the selected days of age of Oncorhynchus mykiss

H i days of age 400 450 500 550 600 650 700 750 800 850 900 950 1000
400 0.8991 0.8963 0.8910 0.8823 0.8598 0.8473 0.8331 0.8184 0.7805 0.7699 0.7583 0.7447 0.7280
450 0.9107 0.9102 0.9064 0.8995 0.8786 0.8678 0.8551 0.8417 0.8042 0.7946 0.7838 0.7709 0.7544
500 09171 0.9174 009161 009115 0.8930 0.8847 0.8742 0.8628 0.8262 0.8180 0.8080 0.7955 0.7789
550 0.9196 0.9208 0.9214 0.9200 0.9042 0.8989 0.8912 0.8821 0.8468 0.8400 0.8311 0.8188 0.8019
600 0.8936 0.8951 0.8977 0.8990 0.9051 0.8849 0.8804 0.8741 0.8414 0.8363 0.8286 0.8171 0.8003
650 0.8913 0.8930 0.8975 0.9017 0.8927 0.9097 0.8924 0.8888 0.8577 0.8544 0.8477 0.8367 0.8197
700 0.8857 0.8875 0.8936 0.9004 0.8945 0.8988 0.9141 0.8992 0.8701 0.8685 0.8632 0.8528 0.8360
750 0.8775 0.8791 0.8867 0.8957 0.8926 0.8997 0.9039 0.9177 0.8783 0.8787 0.8748 0.8655 0.8491
800 0.8515 0.8528 0.8613 0.8720 0.8712 0.8806 0.8872 0.8911 0.9000 0.8688 0.8666 0.8588 0.8438
850 0.8418 0.8428 0.8519 0.8639 0.8650 0.8764 0.8851 0.8911 0.8686 0.9028 0.8726 0.8665 0.8531
900 0.8317 0.8324 0.8418 0.8546 0.8570 0.8698 0.8801 0.8881 0.8676 0.8739 0.9029 0.8720 0.8608
950 0.8217 0.8221 0.8313 0.8442 0.8471 0.8608 0.8723 0.8818 0.8634 0.8718 0.8763 0.8999 0.8671
1000 0.8112 0.8112 0.8198 0.8321 0.8348 0.8486 0.8608 0.8715 0.8551 0.8659 0.8732 0.8756 0.8937

%* 8 TERmAMTEE AU, KA EZEB KA EHE XM
Tab.8 Permanent environmental correlations between body length and body weight on the selected days of age of Oncorhynchus mykiss

H i days of age 400 450 500 550 600 650 700 750 800 850 900 950 1000
400 0.9737 0.9761 0.9765 0.9740 0.9683 0.9596 0.9487 0.9362 0.9222 0.9065 0.8886 0.8673 0.8412
450 0.9754 0.9777 0.9779 0.9753 09696 0.9609 0.9501 0.9377 0.9239 0.9086 0.8911 0.8702 0.8447
500 0.9772 0.9793 0.9800 0.9783 09736 0.9661 0.9565 0.9451 0.9323 0.9178 0.9010 0.8806 0.8554
550 0.9785 0.9801 0.9816 0.9815 09786 0.9731 0.9653 0.9556 0.9443 0.9310 0.9150 0.8952 0.8702
600 0.9778 0.9789 0.9815 0.9832 0.9827 0.9795 0.9740 0.9664 0.9568 0.9450 0.9301 09110 0.8862
650 0.9744 0.9749 0.9785 0.9823 0.9842 0.9837 0.9806 0.9753 0.9677 0.9575 0.9439 0.9256 0.9013
700 0.9681 0.9679 0.9726 0.9784 0.9828 0.9848 0.9843 0.9814 09759 0.9674 0.9552 0.9380 0.9143
750 0.9594 0.9585 0.9641 0.9717 09785 0.9830 0.9850 0.9843 0.9809 0.9743 0.9637 0.9477 0.9249
800 0.9491 0.9476 0.9540 0.9632 09719 0.9787 0.9830 0.9845 0.9832 0.9784 0.9695 0.9549 0.9332
850 0.9384 0.9363 0.9432 0.9536 09641 0.9728 0.9790 0.9826 0.9832 0.9804 0.9731 0.9602 0.9400
900 0.9283 0.9255 0.9327 0.9440 0.9557 0.9659 0.9739 0.9792 09817 0.9807 0.9753 0.9643 0.9459
950 0.9195 0.9161 0.9232 0.9349 09474 0.9588 0.9680 0.9749 09790 0.9799 0.9765 0.9676 0.9515
1000 09123 0.9083 0.9151 0.9267 0.9394 09512 0.9614 0.9695 09752 0.9779 0.9767 0.9703 0.9568
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Fig. 3  Genetic correlations between the two growth traits on
the selected days of age of Oncorhynchus mykiss
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Abstract: Growth and resistance are the most important agricultural traits for genetic breeding in aquaculture
animals. The growth trait of Rainbow trout is central to the economic development in scaled production. Launched
from strains of Bohai, Denmark, Norway, Donaldson and California, family selection of the rainbow trout was
performed for four consecutive generations based on biallele crossing design. Only data from the fourth generation
was selected for this study. Dynamic genetic analysis was conducted using 19299 records repeated body weight
(BW) and body length (BL) measurements, which were obtained to genetically evaluate the growth traits of 4368
samples for the fourth generation at their 516 days of age, 608 days of age, 668 days of age, 883 days of age and
1036 days of age. According to the Bayesian information criterion (BIC), Legendre polynomials of three orders
were selected as the most optimized submodel to fit changes in additive genetic and permanent environmental
effects on both BW and BL. With a bivariate random regression model (RRM), both traits were analysed simulta-
neously. The heritabilities were estimated to exhibit a downward tendency between 400 and 1000 days of age,
from 0.288 to 0.164 and from 0.469 to 0.186 for BW and BL, respectively, while BL was inherited in a consis-
tently higher manner than BW. The genetic correlation of BW and BL showed a tendency towards the decrease of
heritabilities with the enlarged growth space. However, the traits in the initial and later days of age showed higher
correlation for both traits which are all above 0.75, especially for BW, which is higher than 0.85. The genetic cor-
relations in the same growth days of age for both traits are equal to or above 0.75, but decreased from 0.83 to 0.63
in different growth days of age. In summary, the genetic correlation of a single trait or both traits between paired
day-ages decreased with the increasing age-interval. However, the consistent genetic correlation between paired
day-ages makes the genetic selection for BW feasible at an early stage. These results provide the theoretical basis
for breeding selection focused on BW and BL growth traits. At the same time, this research also provides accurate
genetic analysis results which is most fitted for the combined selection. Due to the existing higher genetic correla-
tions between early and later stage for BW and BL, the combined selection is suggested from early
400-growth-day. In addition, the big population with couple families will be artificially divided into several indi-
vidual subpopulations and repeated random measurements for growth points series will be executed for every
subpopulation. This technique will satisfy the requirements for an improved fitting with the growth curve and also
save money, including from decreased labour costs.
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