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Abstract :[Objective]ln order to understand the relationship between body mass and morpho-
metric traits of Scophthalmus maximus at different growth stages and determine the main
measurement indicators suitable for artificial selection of Scophthalmus mazximus. [Meth-
ods]Body mass (BM) and six morphometric traits which consists of total length (TL) .body
length (BL) ,head length (HL),body depth (BD),tail handle height (THH) and body width
(BW) were measured in 489 individuals of 6 months old and 439 individuals of 14 months
old. The correlations coefficient, path coefficient indirect path coefficient and determinant co-
efficient were calculated by correlation and path analysis. The multivariate regression equa-
tions which with the morphological traits as variables and body mass as the dependent varia-
ble were established by stepwise regression analysis. The best curve models for 6 months old
and 14 months old individuals were selected in six curve-fitting models. [Results]The results
showed that the correlations coefficient between two different traits were extremely signifi-
cant (P < 0.01). The path coefficients of TL,BD,BW, HL for body mass were significant
(P <C0.05) at 6 months old, and the path coefficients of TL,BW,THH were extremely sig-
nificant (P < 0.01) at 14 months old. Removed the unimportant traits, the multivariate re-
gression equations were established at two different growth stages. At the age of 6 months,
the optimal curve fitting models for each morphological trait and body mass (BM) of the re-
gression equation were linear function models. At the 14-month-old stage, the optimal curve
fitting models for each morphological traits and body mass (BM) of the regression equation
were all power function models. [Conclusion]For juvenile and adult fish in different period,
the main morphological traits of Scophthalmus maximu were different, and the effects of
various morphological traits on the body mass of Scophthalmus maximu were also different.
The applicable optimal fitting model was also different. It was recommended to use total
length (TL) (6—14 months old) as the main breeding target trait in juvenile and adult sta-
ges, and the juvenile stage was supplemented by body depth (BD), body width (BW) and
head length (HL). For reference traits, the adult fish stage was supplemented by body
width (BW) and tail handle height (THH) as reference traits, which could effectively im-
prove the selective breeding efficiency and provide measurement indicators and theoretical
support for the selective breeding of Scophthalmus maximu.

Key words: Scophthalmus maximu, morphometric traits, body mass, correlation analysis,
path analysis, model fitting
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S0 JUT {68 R 1) R S5 A AR I TR 2 MK R
BATBR A ] 2014 A T pl 1Y) 22 R AR S AR SR E A
1.2 FHikE

TR K E 6 Ak 14 H I EE, 43 b
HLEUHE 489 2 FI 439 B2, FII HUiE pr R RZ 2l & 4
K(TL) MK (BL) 3k K (HL) & (BD) B AR 98
(THH) KB (BW) 3t 6 ASJE MR O # 31 0. 01
em)  F| FH HL K OF- 1 6 FR i K 32 6 4R i i (BMD
CREm s 0.01 @,

(D EAF RS HS T

FIH SPSS16. 0 5 f4:%F 6 A 14 A ik K22
B ) A 5T it B 6 AT A IR E AT AR M g T L4
FEAB e KAE e/ MEL P S AR e 22 28 5 R
(Cx*V), Hh, B R AR Z S F¥EM
HAE

SR (C*xV) =4 i 2 (SD)/F ¥ {H
(mean) * 100%,

(2) Mo BT 5 AR 5 Br

FIH Pearson # 5& 53 M1 » 43 51 X WA~ A= K B Bt
Fh R 32 6 25 MR B Hl R AT 40, DL 6 A i 14 i
REZGY 6 ANIEAER Ty B AR 5, 4400 5k AR it R
FH SPSS16. 0 34, 43 i e 7 1 A4S A K B B i 2 T
] U5 7 e 38 X ] 05 R B AT A A AR A A F AR
SR PR AR B AR R A R A R R AR DG R
BT PR A 138 AR R B TSR AR 45 A AR kA
AR ) ) 5 AR R Pxx =IXX, X PXY’;H\:EP’
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X X, 5 Y [ S R P iE R A Py Py NN
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Table 1 Curve model and its formula used for model fitting

i NN A na
Model Formula Model Formula
. . = K b
2k Linear y =bo+by x G/‘;I(:)Vth y=ce (bo+7l>
Xﬂ";ﬂ( y = b(» + *IE/T%( = b ph“
Logarithmic by In x Exponential Y o€
— e b 1
R R T —
Power Y 0 Logistic — + bo(bD)
u
2 HRESGH
2.1 FRESHESIT
K22 025 PR 19 22 S RATE A [6) i B Bodd 3k

P25 Hp 6 H iR 2 A8 5 250k 0. 319,
14 F AR 1728 5 R ECh 0,266, I A K B B
A 5T it 1) A8 S R RO O e K U I IR T B AR
MIIERENE 1 (3R 2,6 HIR KEZGPREARC 489,14 H
W RSEEEREARR N 439), 6 AR5 14 A IRETE, 2
SRR A BRR BTSN, H A PR Y AR
S ZB0CH 0.083~0. 128,0. O76”v0.168,f3$ﬁX¢ik
ZIN o DAL I 38 o T 25 RO 4R B AT () 2 5, TT 4
kﬁgmhﬁﬁ&m@%ro
2.2 HEXERH
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JEMDGHE (R 3>, 6 A, REFEFIA T & 5IE S MEIR
MIAH DG R B H KRB /MRR 2 K (TL) > k5
(BD) > KK (BL) >3k (HL) > {KJE (BW) > #
$e(THHD ;14 A 4K (TL) >k K (BL) >{kJ&E
(BW) > EAK % (THH) >3k K (HL) >{& & (BD) .,
2.3 BRESWHER
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BN 1 A R EAR, 6 I B BOBEEY Y T E &

BHR 0. 933, FARHF e=+/1—R> =0.258;14 H#%
[ B A R g B R B 0. 938, B AN T e

Fz2 6 AN 14 AR AZHEREMESERNBRESITE

JT—RT =0.249, BiAE K B BE O A 3 7 34 8
5 T AT 4 TR 2 A A T U Rt 7
Nﬁm%ﬁ W 22 AT TR AR

N=NI=A
H

Table 2 Descriptive statistics for the morphometric traits and body mass of 6 and 14 months old Scophthalmus maximus
AR Trait(6 H#,6 Months) PEAR Trait(14 H# .14 Months)
T Jq o e 2 . N Fos T =
Ijt\ea £ L3S kK E BWR KR EEE 2K LSS PN e R R R
TL BL HL BD THH BW BM TL BL HL BD THH BW BM
(cm) (cm) (cm) (cm) (cm) (cm) (g) (cm) (cm) (cm) (cm) (cm) (cm) (g)
|=}
Eﬁl\;gl\rfﬁ 19.11 15.75 4.52 10. 45 1.92 1.70 110 23.03 19. 27 6.58 12.67 2.39 1.9 215.8
E
BIMjZlE 28. 82 25.07 8. 46 17.37 4.08 3.00 568.40 37.84 32. 39 12.02 27.08 4.98 3.20 1243.2
qi/[lif‘ 22.329 19.071 6.321 12.957 2.631 2.224 254.225 30.372 25.745 8.953 19.622 3.469 2.475 586.878
*mff));‘ 1. 844 1.743  0.614 1. 241 0.337 0.234 81.156 2.302 2.209 0.724  3.295 0.411 0.308 156.156
7R EL Z f
E&%ﬁ 0. 083 0.091 0.097 0.096 0.128 0.105 0.319 0.076 0. 086 0.081 0.168 0.118 0.124 0.266
x3 AR 14 ARAEFIMERBNBEXRE
Table 3 Phenotypic correlations between the studied traits of Scophthalmus maximus at 6 months and 14 months
6 Hi## 6 Months 14 A% 14 Months
Trait RpiwE 2k LSS PaS &5 B ks &k LSS PaS e RE
BM TL BL HL BD THH BM TL BL HL BD THH
2K TL 0,947 " 0.915" "
R BL 0.873% % 0.929* 0.868" " 0.925" "~
JHK HL  0.802** 0.811** 0.811*" 0.766" " 0.814" " 0.766"
& & BD 0.924** 0.913" " 0.889"" 0.801"" 0.615*" 0.601"" 0.727"" 0.553"
AR THH 0.757** 0.777** 0.863"* 0.695"* 0.807"" 0.767*" 0.762" " 0.795"" 0.654" 0.751"
RJE BW  0.780** 0.718** 0.553"* 0.576** 0.706** 0.478"* 0.839"* 0.789"* 0.752** 0.681"* 0.554"* 0.668" "
T RSP <<0.0D)

Note: * * indicates extremely significant correlation ( P <0.01)

x4 HEPR

Table 4 Model summary

wx e HLRE
AR A A(ij\uﬂtcd
AR B B K5 Corre- Determi- " e ”
Growth M d 1 lation  nantion -
stages ode coeffi-  coeffi- determi-
cients cients nation
R R? (Rz
6 iy 4 1 The first step 0.947¢ 0.897  0.897
6 Months %% 2 # The second step  0.958>  0.918 0.917
%5 3 4 The third step 0.965 5¢ 0.932 0.932
%5 4 & The fourth step  0.9669 0.933 0.933
14 A% %5 1 The first step 0.915% 0.837  0.837
14 Months %% 2 # The second step  0.935¢ 0,874 0.873
%5 3 4 The third step 0.938" 0.880 0. 879

TE s T AR 50 B0 A4 5 b T A O 3 B
AR A R AR d T 2
e e TN AR BN B 2K KR
JEE AW TE

Note:a: predictor variable: constant, TL;

ol NN TN RO 1R
R E R K R R
L T AR 4 O H i KK

b: predictor variable: con-
stant, TL,BDj;c:predictor variable:constant, TL,BD,BW; d: predic-
tor variable:constant, TL, BD, BW, HL; e:
stant, TL,BW; f. predictor variable:constant, TL,BW,THH

predictor variable: con-

W 5 frR, KEEGE 6 A BE, B Jr i 4
K(TL) AR (BD) ARJE (BW)3 A [ A28 5 1 [9 I &
B i B (P <<0.01), 3k K (HL) 5y 1 14
ZBAI N B ECP <<0.05)  BIEIE S 4 MR
ARl EH 28 0 Z MAF7E W25 . ik
by 22 £ M Il 9 O B AR ST . 6 IS By BE 2 ot [al T
Filh BM= —676. 754+ 22. 915TL+ 18. 296BD +
62. 194BW+6. 951 HL; [F B, 14 A By B, [81 15 )5
BhaE 3 A A2, 552K (T KR (BW)
AR 5E (THHD , 3 A~ 1 748 5t 1Y [l 5 3 500K 56 34 O
Wl (P <<0.01), Al I\ £ Jo £ 1% [l 14 5 12 1
S, 14 A BB Z ot il 4 7 By BM =
—1161.655+ 40. 383TL + 147. 25BW —+
45.413THH, ZmEIHH0, DL 2 A2 50tk B
TR AT E S MIEE R AR E (P >
0.05), Uil 2 M2k mlIA B E A S % 8
SC, A AR A AR B A B

AR B A i br A S [ 13 3R B B T
eI R BRI HHE A R g, A AL RZ
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Vi) F8) A G 22 550 SO0t PR A% o5 1) 3 A2 R AT RS 45 A AR
WA AR R (GR 6) . 6 A kA KA, K267
AR 4K (TL) R & (BD) K& (BW) F13k &K
(HL) X 44 it & (BMD) (13 42 & £ 4 9l 0. 521,
0.280,0.179 F1 0. 053514 H #% 1 K By Bt , K22 6F A4~
R4 K (TL) R JE (BW) AR 98 (THH) XA i
H (BMD Y38 72 2504 3 0.595,0. 290 1 0. 1205
5 6AMMI4 ARAEHTAREHAHER

TEPA AR B B, fi R 424 (CTL) X 44 T i (BMD
(30 18 R B8 S B K, R B R R ik 6 H
i K 14 8 AE KB B 4 32 B A RO AR 5 Y
FLHEE AR R RS A AR R B A L e T A5
T 25 M RN R I 5 ) 5 i i R 222 8 19 2 A WG % R
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Table 5 The calculation regression coefficient of Scophthalmus maximus at 6 months and 14 months

KB UncFp A VTR i fE I R Gl
Growth = L nstandardized coethicient Standardized LT P
ctages Variable oefficient t ~stat
stages %’iﬁ B */14\7'&1\;? SE coelricien
6 11 # #¢ Constant —676. 754 11.837 —57.174 0.000* *
6 Months
2K TL 22.915 1. 390 0.521 16. 488 0.000" "
A& BD 18.296 1. 985 0. 280 9.215 0.000" *
&2 BW 62.194 5.993 0.179 10. 379 0.000"*
Sk HL 6.951 2.751 0.053 2.527 0.012"
14 A% B Constant —1161. 655 36. 088 —32.189 0.000"*
14 Months
2K TL 40. 383 2.137 0.595 18. 894 0.000* *
& BW 147. 250 13.927 0. 290 10.573 0.000"
MY THH 45,413 9. 888 0.120 4.596 0.000* *

e * FARMBEMECP <0.0D), *» Fn BFEHE (P <<0.05)

Note: * * indicates extremely significant correlation ( P <Z0.01), * indicates significant correlation ( P <Z0. 05)

x6
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Table 6 Direct and indirect path coefficients of morphological trait to body weight

] 3223 482 2 %L Indirect path coefficients

KB PR LIPS/ NI SHEEES i
Growth stages Trait %(?erfrftiiﬁf I;;Z;;;E‘:: Ja¥ill EogiN Lz R SS R P vE
; ! Total TL BD BW HL BW THH
6 H i 2K TL 0.947 0.521" 0.428 — 0. 256 0.129 0.043
6 Months L
1A% BD 0.924 0. 280 0. 644 0.476 — 0.126 0.042
A& BW 0. 780 0.179" 0.603 0.374 0.198 — 0.031
£ HL 0. 802 0.053 0.750 0.423 0.224 0.103 —
14 A% 2K TL 0.915 0.595 0. 320 — 0.229 0.091
14 Months
K5 BW 0. 839 0.290 0. 549 0.469 — 0. 080
FEAsE THH 0.767 0.120 0. 647 0.453 0.194 -

W * FARMBEMECP <<0.01), » Fon BFEHE (P <<0.05)

Note: * * indicates extremely significant correlation ( P <C0.01), * indicates significant correlation ( P <C0. 05)

TE A AS 6] (9 A K B B &K CTLD XA T i
(BMD) [ 18] $2 38 12 28 803 Sy de /Iy, 43 53 2 0. 428 Fi
0.320, H¥/NF EH BB R R B B4 K CTL) XA 5
i (BVD Y B4 A FH R 3 o At M bR X A T
Y TE] A 5 i JHG Aty = 22 08 28 P RO 4 it 1 (BMD
P18 T 2 38 A5 2R BORE X /N, B8/ F ] 3l A R 4 /D
AR R T E AR, Y E 8t 2K (TL [
PERg AR T i . Hoh .6 R I O R a4 K
1A 5 i B 18] 424 R (0. 476) 514 7 #4 if 0, 44 J5E

gk AN AR 0T 0 R4 4 T R K (0. 469) . 5 G
PR 22 18] R FH 26 43 BT BT, 5 4 K A 56 e B 1Y T
SRR, 4 5 A 32 bR o A I % ) 4 R
2.4 EEUERMERENRERE

Fb 5 R I A [F) A K B LA 32 IR 28 R AR X
AT Y Bl e RAE IR (R T Ho, 2K
e i BB R 43 0. 271 F1 0. 354, &% 98 &1
PR A% 5 e R /NI 43 301 R Sk K (0. 03) T
W9 0. 014) . FEPI D PERIL R e REh, 6 H ik
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— 3,
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Table 7 The determination coefficients of morphological

traits on the body mass of Scophthalmus maximus at different

growth stages

AR B B

2.5 MZEBUESER
DAL & 76 Z2 ot [l B rp i R S RO B AR
;,fZI:ﬁ%;(BMmlxa,%lJﬁHi% 1y il 2 A AR
HEAT RIS A BT (32 8.9) . 255 o, 4% B A 0l &
gE RSP A S P <<0. 01, Hirb,6 A i A
KB, 4K (TL) & & (BD) R JE (BW) fil 3k K
(HL) 5 {4 i i (BM) B i 6 30 & v RECR F {H
PO R MR e A, R e £ il 4R 4005 A TR ) R £

oo ERIN 2k k@ WE LK ORI BERL, $l & B R 4> g S BM = — 676. 526 +

s Trait TL BD BW  HL THH

stages 41.684TL,.BM= —528. 115+ 60. 381BD, BM = —
A PANNES . _ . _

SOam o ERTL 0.2 350.418 -+ 271.871BW, BM = — 415. 564 -+
W& BD - 0.266 0.078 —  — = 105.955HL., 14 H B Bt &K (TL) R JE (BW)
1A JE BW 0.134 0.071 0.032 — — MM (THH) 5 G (BM) thZ i & &
kK HL 0.045 0.024 0.011 0.003 — BRI F 8 24k S R BORE 00 5 e B A i 4 4

WAR KT 0ss - - o o ¥ Sy FE B OHORE L, B4 B 5 5 BM =
14 Months
% BW 0.173 — 0.084  — — 0.01TL**™, BM = 113.448BW""', BM =
EM% THH 0.109 —  0.046 —  0.014 65. 922 THH ™ _
x8 6AMKRETESUENRECREHEZERMELER
Table 8 Models curve estimation results of Scophthalmus maximus at 6 months
FR I B Model summary ZH it Parameter estimate
m LAY AR =8
Regression Model Ds;z;}?gir:;t::n F 8314 F -stat P B Constsnt Cocfl’f;icicnt
R? !

BN 2k Linear 0. 897 4 245,379 0. 000 * * —676.526 41. 684
TL-BM AL Logarithmic 0. 882 3 642,758 0.000 * * —2735.519 963. 608
T BRH Power 0. 857 2 913. 854 0. 000 * 0.008 3.324

H K Growth 0. 855 2 861.639 0.000° 2.316 0. 142

$8 % Exponential 0. 855 2 861. 639 0.000* * 10. 132 0.142

R A Logistic 0. 855 2 861.639 0.000" 0.097 0. 867

g -1 T 251 Linear 0.853 2 824.213 0. 000 * —528.115 60. 381
BD-BM Xt %4 Logarithmic 0.831 2 402. 447 0.000 "~ —1787.720 798. 495
BB Power 0. 845 2 661. 225 0.000 " * 0.181 2.818

HK Growth 0. 849 2729.168 0.000* * 2. 764 0.211

$8 % Exponential 0. 849 2729.168 0. 000 * 15. 863 0.211

T Logistic 0. 849 2729.168 0.000" * 0.063 0.810
[ZNES NG 21 Linear 0. 609 759. 085 0.000 " * —350. 418 271. 871
BW-BM X% Logarithmic 0.585 687. 547 0.000% * —227.697 606. 944
T REL Power 0.595 714. 349 0.000* * 44, 489 2,141

H#: K Growth 0. 606 747. 611 0.000* * 3. 385 0. 949

18 # Exponential 0. 606 747.611 0.000" " 29.527 0. 949

R A Logistic 0.606 747.611 0.000* * 0.034 0. 387
K- 28k Linear 0.643 877.136 0.000* * —415. 564 105. 955
HL-BM %t %4 Logarithmic 0.612 767.508 0.000* " —975. 800 668.715
TR Power 0.598 723.588 0.000* * 3.455 2.314

H K Growth 0.616 779. 857 0.000* 3.201 0.363

F8 8 Exponential 0.616 779. 857 0.000* * 24,569 0.363

BT Logistic 0.616 779. 857 0.000 " * 0.041 0.696

W o« RRW B EMKCP <<0.0D
Note:

* * indicates extremely significant correlation ( P <Z0.01)
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Table 9 Models curve estimation results of Scophthalmus maximus at 14 months

BERNC S Model summary

Z ¥t Parameter estimate

sy ALY HRE R H Z ¥
Regression Model D(e::)zﬁ?clg:tl:n F %iilie F -stat P H B Constsnt Coef}ficienl
R? !
Eo8 NN 2 Linear 0. 837 2 250.578 0.000* * —1298.710 62.082
TL-BM
XT %% Logarithmic 0.818 1 968.762 0.000* * —5 744.517 1 856. 356
TR Power 0.851 2 501. 465 0.000" * 0.010 3.203
# K Growth 0. 850 2 474.026 0.000* * 3.127 0.106
15 %% Exponential 0. 850 2 474.026 0.000** 22.795 0.106
AR Logistic 0. 850 2 474.026 0.000"* 0. 044 0. 900
A R T A 2k 1 Linear 0.705 1042.816 0.000" * —467. 819 426.150
BW-BM
X% Logarithmic 0.693 983. 929 0. 000 * —342.118 1 034.051
TR E Power 0.726 1156.116 0.000" 113. 448 1.791
# K Growth 0.724 1149.012 0.000* * 4.531 0.731
45 %0 Exponential 0.724 1 149.012 0. 000" * 92. 860 0.731
BT Logistic 0.724 1149.012 0.000* * 0.011 0. 481
FEAR T8 - T 1 2%V Linear 0.588 623. 236 0.000" —423. 839 291. 323
THH-BM
X+ 41 Logarithmic 0. 582 607. 286 0.000 " * —665. 285 1012. 204
TR Power 0. 600 655. 543 0.000 " * 65.922 1. 740
HK Growth 0.590 628. 483 0. 000 * 4. 627 0.494
$8 % Exponential 0.590 628. 483 0. 000 * 102. 250 0.494
78 58 % Logistic 0.590 628. 483 0. 000 * 0.010 0.610

W o« RARWBEMKECP <<0.0D

Note: * * indicates extremely significant correlation ( P <<0.01)
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