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1 Xi0~X20
Fig. 1 The measurement criteria of morphological traits from Xy to X9
A-F (X10); A-D (Xu); A-B
(X12); A-C (X13); B-C (X14); F-B
(X15); D-C (X16); E-A (X17); E-B
(X15); E-D (X19); E-C (X20).

A-F is the distance from the origin of dorsal fin to the base of pectoral fin (Xj¢); A-D is the distance from the origin of dorsal fin to

the origin of anal fin (X;,); A-B is the distance of dorsal fin (from origin to the end) (X;2); A—C is the distance from the origin of

dorsal fin to the end of anal fin (X;3); B—C is the distance from the end of dorsal fin to the end of anal fin (X,4); F-B is the distance

from the base of pectoral fin to the end of dorsal fin (X;s); D—C is the distance from the origin to the end of anal fin (Xj6); E-A is the

distance from the base of pelvic fin to the origin of dorsal fin (X;7); E-B is the distance from the base of pelvic fin to the end of dorsal

fin (Xi5); E-D is the distance from the base of pelvic fin to the origin of anal fin (X,9); E-C is the distance from the base of pelvic fin
to the end of anal fin (X3).

F1 UEHERELK

Tab.1 Curve model and its formula used for model fitting

model formula model formula
linear y=bytbix growth T
logarithmic y=botb;lnx exponential y = by
power y:boxb1 logistic y= Wlbo(blx)]
30.578% 8 : Xn( 4
Xi( ), 14 Xs( X1 X2 Xis Xie Xis X
)
2.2 s 6
3 4 8 14 (P<0.05)
2.3
8 14 R ,
, 8 , 0.9 s ,
X1 Xo Xy Xz X5 Xie Xig SPSS19.0 8 14
Xs0, X3
14 R 0.9 , 5 ,

X1 Xo Xig XIS Xl() Xl7 XIS XZOa 8
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Tab. 2 Descriptive statistics for the body weight and morphometric traits of 8 and 14 months old Paralichthys olivaceus

. 8 8 months 14 14 months
trait
mean SD /% CV mean SD /% CV

Y/g 61.235 19.764 32.277 262.981 80.415 30.578
Xi/cm 18.262 1.858 10.177 28.748 2.727 9.486
Xo/cm 15.567 1.711 10.990 24.447 2.484 10.160
Xz/cm 2.694 0.485 18.010 4.301 0.395 9.177
Xy/em 6.292 0.763 12.127 10.272 1.407 13.693
Xs/cm 1.304 0.195 14.956 2.039 0.238 11.684
Xe/cm 4.421 0.465 10.527 6.352 0.827 13.024
X7/cm 1.444 0.166 11.506 1.506 0.129 8.542
Xs/cm 1.940 0.235 12.130 2.903 0.237 8.152
Xo/cm 1.625 0.242 14.869 2.431 0.352 14.494
Xio/cm 3.404 0.407 11.965 5.688 0.577 10.138
Xii/em 4.877 0.526 10.779 7.334 0.624 8.509
Xio/em 12.335 1.393 11.294 20.468 2.801 13.687
Xis/em 12.765 1.394 10.921 21.105 2.419 11.463
Xis/em 1.662 0.226 13.597 2.593 0.310 11.948
Xis/cm 9.781 1.146 11.717 15.680 1.737 11.079
Xis/cm 10.131 1.102 10.876 16.266 1.799 11.058
Xi7/em 4.123 0.405 9.815 5.974 0.503 8.422
Xis/em 11.390 1.208 10.604 18.116 1.893 10.447
Xio/cm 1.296 0.243 18.710 1.701 0.289 17.013
Xoo/cm 11.173 1.193 10.677 17.663 1.920 10.869
Xoi/em 1.321 0.143 10.844 0.398 0.073 18.344
Xon/cm 0.590 0.066 11.255 1.034 0.126 12.195

1Y X X5 X; Xy Xs Xe X7 Xg X Xio
X Xz X3
X4 Xis Xis
X7 Xig Xio
Xao X1 Xn

Note: Y is body weight; X, is total length; X;is body length; X is tail fin length; Xjis body width; Xsis body thick; X¢is the length of head; X7 is
snout length; Xy is the length of mouth oblique crack; Xy is the caudal peduncle length; Xj,is the distance from the origin of dorsal fin to the
base of pectoral fin; X, is the distance from the origin of dorsal fin to the origin of anal fin; X, is the distance of dorsal fin (from origin to the
end); Xi5is the distance from the origin of dorsal fin to the end of anal fin; X4 is the distance from the end of dorsal fin to the end of anal fin;
X5 is the distance from the base of pectoral fin to the end of dorsal fin; X is the distance from the origin to the end of anal fin; X is the
distance from the base of pelvic fin to the origin of dorsal fin; Xj; is the distance from the base of pelvic fin to the end of dorsal fin; Xj, is the
distance from the base of pelvic fin to the origin of anal fin; X is the distance from the base of pelvic fin to the end of anal fin; X3, is in-
terorbital distance; X5, is eye diameter. Codes corresponding to morphometric traits are universal in the full text.

R 3
, Xig Xy Xy, 3 3 , Xig Xia Xo, 14
(P<0.01), 3 : Y=-484.931+31.959.X,5+81.928
> X14—17.889X5
, 8 , X1g

—119.541+7.191 X5+10.135 X4+7.197 X;; 14 0.965,
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Tab. 5 Partial regression coefficient and regression constants of Paralichthys olivaceus at 8 and 14 month

R unstandardized coefficient t
P.
growth stages variable square B SE t-stat

constant —119.541 5.324 —22.454 0.000

8 Xis 7.191 1.218 5.905 0.000
0.965

8 months X, 10.135 1.895 5.349 0.000

Xu 7.197 1.908 3.772 0.000

constant —484.931 18.836 -25.745 0.000

14 Xis 31.959 2.575 12.413 0.000
0.984

14 months X4 81.928 13.685 5.986 0.000

Xo —-17.889 7.695 —2.325 0.028

s Xig . , Xl , Xia )

Xo .

Note: Xisis the distance from the base of pelvic fin to the end of dorsal fin; X is body width; X}, is the distance from the origin of dorsal fin
to the origin of anal fin; X}, is the distance from the end of dorsal fin to the end of anal fin; Xy is caudal peduncle length.

e=vI-R>=0.187, 14 3
0.984,  e=0.126, , » Xig
, (8 0.439, 14
.8 0.752), , Xis
14 (8 0.522, 14
, 0.226) ,
, , Xig ,
, 8
, .3
) s Xll
, 6 8 14 (0.191), (0.692), Xii

Fo6 EEHKMEAEMEESEEBZAY
Tab. 6 Direct and indirect path coefficients of morphological trait to body weight

indirect path coefficient

stage trait correlation coefficient path coefficient total Xis X, X
Xis 0.961" 0.439™ 0.522 - 0.361 0.159
8 X, 0.956" 0.391" 0.565 0.406 - 0.158
8 months
X 0.883" 0.191" 0.692 0.367 0.324 -
XIS X14 X9
Xis 0.978" 0.752™ 0.226 - 0.279 -0.053
14 Xia 0.938" 0.316" 0.622 0.664 - -0.069
14 months . .
X 0.603 -0.078 0.681 0.511 0.170 -
! (P<0.05), (P<0.01). Xis . Xa , Xy
, Xia , Xo

Note: * donates significant correlation (P<0.05); " donates extremely significant correlation (P<0.01). X;gis the distance from the base of
pelvic fin to the end of dorsal fin; X; is body width; Xj; is the distance from the origin of dorsal fin to the origin of anal fin; Xj, is the distance
from the end of dorsal fin to the end of anal fin; Xy is caudal peduncle length.
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, R’ 0.961 0.816 0.510,
14 » Xis Y =0.036X3% ; ¥=0.095x5";
> Xa X 8 : Y = 62249 X1
, Xo
, ) Xo 3
3.1
, Xig ,
8 14 R 61.235¢
2.4 262.981g, 330%,
X X, 14 Xis X Xo) ; 32.277% 30.578%,
, 6 (7 ,
8) , 8 ,Xis Xao Xn
: R 32
0.923 0914 0.779, Y=
—117.866+15.724X1g; Y= -94.579+24.763 X,; 14 , ,
» Xis Xia X ,
*7 SARFTHESHERENHE 6 MREUEER
Tab.7 Models curve estimation results of Paralichthys olivaceus at 8 months
model summary parameter estimate
regression model R? F F-stat constant b
linear 0.923 602.640 —117.866 15.724
logarithmic 0911 511.323 -361.119 174.016
power 0.916 543.890 0.021 3.268
XY growth 0.894 422,018 0.754 0.290
exponential 0.894 422.018 2.126 0.290
logistic 0.894 422.018 0.470 0.748
linear 0914 531.695 -94.579 24.763
logarithmic 0.902 461.178 —216.098 151.390
X-¥ power 0.881 369.897 0.34 2.802
growth 0.862 313.367 1.22 0.451
exponential 0.862 313.367 3.388 0.451
logistic 0.862 313.367 0.295 0.637
linear 0.779 176.187 —100.602 33.184
logarithmic 0.774 171.368 —189.341 158.723
X power 0.773 170.299 0.530 2.971
growth 0.752 151.849 1.076 0.611
exponential 0.752 151.849 2.933 0.611
logistic 0.752 151.849 0.341 0.543
t Xis , Xa , X1 , Y

Note: Xjsis the distance from the base of pelvic fin to the end of dorsal fin; X is body width; X, is the distance from the origin of dorsal fin

to the origin of anal fin; Y is body weight.
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Tab. 8 Models curve estimation results of Paralichthys olivaceus at 14 months

model summary parameter estimate

regression model R? F- F-stat constant by
linear 0.956 627.213 —489.570 41.541
logarithmic 0.941 462.969 —1839.876 727.300
power 0.961 715.501 0.036 3.063
KoY growth 0.955 620.398 2386 0.173
exponential 0.955 620.398 10.874 0.173
logistic 0.955 620.398 0.092 0.841
linear 0.761 92.331 -348.998 28.996
logarithmic 0.778 101.643 —1581.088 606.003
power 0.816 128.880 0.095 2.587
Ky growth 0.783 104.717 2.935 0.123
exponential 0.783 104.717 18.813 0.123
logistic 0.783 104.717 0.053 0.885
linear 0.364 16.609 —71.829 137.745
logarithmic 0.408 20.011 -35.609 340.285
power 0.510 30.161 62.249 1.584
oY growth 0.449 23.669 3.972 0.638
exponential 0.449 23.669 53.071 0.638
logistic 0.449 23.669 0.019 0.529

: Xig > Xia > Xo , Y

Note: Xigis the distance from the base of pelvic fin to the end of dorsal fin; Xj4 is the distance from the end of dorsal fin to the end of anal fin;
Xy is caudal peduncle length; Y is body weight.

[24] [25] Xis
13 20 (0.961 0.978), Xig
9 73
0.800~0.977, 3 s s
, 8 ,» X1g
Xis Xa Xoo Xo Xis X1 Xiz Xis, 14 ,
Xig X Xie Xo X1 Xis Xz Xio( 33
0.90 ) ,
, 8 [26] (Micropterus scolmoides)

X1 Xo Xis Xie Xis X
, 6 (P<0.01),
, 0.599 R
8 14 , 3
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) 075214 )
Xis
, Xig ,
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[27] [28]
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[29]
R 0.924 0.946
, 8
0.965, 14
0.984,
34
[30] 2 7
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Abstract: Paralichthys olivaceus is one of the most important aquaculture species in China. However, intensive breed-
ing and many generations of inbreeding have resulted in poor disease resistance and slow growth. Therefore, it is nec-
essary to improve the quality and productivity of P. olivaceus through selective breeding. To study the relationship be-
tween morphometric traits and body weight of P. olivaceus at different growth stages, 83 fish were selected randomly (8
months old, n» = 52 and 14 months old, » = 31) to measure 22 morphometric traits and body weights. The data were sta-
tistically processed using correlation, path, and stepwise regression analyses, and multivariate regression equations were
calculated. The traits were included in the equation as independent variables, and body weight was the dependent vari-
able in six curve-fitting models to select the optimal model. The results showed that: (1)the correlation coefficients be-
tween body weight and each trait varied and differed at the two developmental stages. (2)The path coefficients of Xis,
X, and X;; for 8-month body weight were highly significant (P<0.01). The path coefficients of Xig, X4, and Xy for
14-month body weight were also significant (P<0.05). The multivariate regression equation was ¥ =—119.541 + 7.191
Xig +10.135 X, + 7.197 X;; for 8 months, and Y=—-484.931 + 31.959 X5 + 81.928 X4 — 17.889 X, for 14 months. This
result suggests that the vital morphometric traits that affected body weight at the two growth stages were different.
(3) All optimal models at 8 months were linear, including Y= —117.866 + 15.724 X5, Y =-94.579 +24.763 Xy, and Y =
—100.602 + 33.184 X;;. However, all optimal models at 14 months were power models, including Y= 0.036 X183‘063, Y=
0.095 X4~ and Y = 62.249 X,'*. These results indicate that the growth rhythms between the two growth stages
were different. The R? values for the multivariate regression equations at 8 and 14 months were 0.965 and 0.984, re-
spectively, indicating that the equations can be used to predict P. olivaceus body weight. The R* values for the X,
linear model at 8 months and the X,y and X;, power models at 14 months were all < 0.85, indicating that X, Xo, and X4
did not explain body weight as a single independent variable. The X5 path coefficient appeared in the multivariate re-
gression equations at both growth stages, indicating that X is a predominant morphometric trait affecting body weight
and can be regarded as an assisted selection trait for body weight. These results provide a theoretical basis for selective
breeding of P. olivaceus at different developmental stages.
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