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1 3 &
Fig.1 The phenotype morphology of three Seriola fishes
(A B C D) A. ; B. ; C. : D.
F1 3 HEEINBEAERIHR S 4 , 5 3.320%~
Tab.1 The recognition sites with morphological difference in
three Seriola fishes 13.284%,
4 t 5 (ED) (BW) L]
3.140%~11.819%,
(HL) (BW) s
3.411%~11.092%,
(HL) (BW)

x2 IHEEEXTHERSEIT

Tab.2 Statistics of countable traits of three Seriola fishes

/ i L] i
24~26° 17~20° 29~32°
213 3 ff 24~25 23~25 24~25
3 13 LVL1-31~35 L, VL 1-31~36 I, VI, [-32~34
¢ o3 , / 20~22 20~22 19~21
5 L5 5
(FL/SL) / SL/PL) / (HL/ID) 10, 1-19~22 11, 1-20~22 1L, 1-19~21
/ (LJL/UIL) 9 17 16 19
(P<0.05) 3 M , 8 8 8
( 2 3 4) : N I, VI 1
31~35 , 5 , 1
22 3 & 3135

2.2.1 3 ff (P<0.05)
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Tab.3 Ratios between measurable characters of Seriola fishes

L
+

TL/SL 1.22~1.29 1.251+0.019° 1.14~1.28
FL/SL 1.05~1.13 1.085+0.035° 1.08~1.14
SL/BH 3.41~4.17 3.718+0.169* 2.66~3.39
SL/HL 3.49~3.80 3.638+0.082" 3.10~3.48
SL/POL 6.82~8.01 7.390+0.289" 6.10~7.87
HL/ED 6.48~7.80 7.086+0.349* 4.57~5.83
SL/PL 11.74~18.26 14.386+1.289° 11.06~18.42
SL/PD 21.86~27.42 24.654+1.387" 17.10~23.73
PL/PD 1.24~2.04 1.726+0.175™ 1.12~1.82
HL/ID 2.28~2.86 2.531+0.148* 2.17~2.73
SL/UJL 8.78~10.81 9.550+0.621" 7.13~9.61
SL/LJL 6.82~8.44 7.5114£0.378* 5.65~7.30
LJL/UJL 1.14~1.43 1.274+0.091* 1.10~1.43

i i
+ +
1.225+0.024 1.14~1.25 1.202+0.024°
1.112+0.012° 1.08~1.12 1.099+0.009*
3.121£0.157° 3.16~3.60 3.392+0.106°
3.289+0.087° 3.07~3.39 3.207+0.077°
6.907+0.297* 5.73~6.45 6.106+0.178°
5.15440.259" 7.32~9.57 8.500+0.632¢
13.660+1.560° 12.04~17.13 13.882+1.213°
20.700+1.396° 24.83~31.14 28.195+1.510°
1.530+0.160" 1.72~2.36 2.045+0.194°
2.461+0.111° 2.21~2.62 2.415+0.080°
8.118+0.488" 7.88~9.44 8.703+0.308%
6.468+0.282° 6.63~8.61 7.344+0.325°
1.257+0.080° 1.10~1.26 1.187+0.032°

(P<0.05)

2 L]
Fig.2 The truss network of morphometric measurement of S.
lalandi
: 1 AB: (TL); AL: (FL); AK: (SL); DH:
(BH); AG: (HL); FG: (POL); EF: (ED); 1J:
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; D: 1 ;W s Ve ; Ut
s X: ;S 2 ;T ;O
;P

3

Fig.3 The truss network of morphometric measurement of S.
dumerili

L]

4 i

Fig.4 The truss network of morphometric measurement of S.
quinqueradiata

(5 6 1) , 13
, 12
(P<0.05)
2.2.2 3 ff
; L
(SL) (BH) (PL)
(PD) ( 8),
0.587 0.313 0.141  0.108, ,
, 3
34.5%, (9.8%); ,
. 22.9%,
0.968 L
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Tab.4 The statistics of phenotypical traits of Seriola fishes
1% 1% 1%
TL/cm 80.400 3.971 4.939 43.771 1.612 3.683 83.117 3.129 3.765
FL/cm 71.087 3.495 4.917 39.743 1.435 3.611 75.967 2.791 3.674
SL/cm 64.243 3.180 4.950 35.720 1.254 3.511 69.200 2.670 3.858
BH/cm 17.300 0.907 5.243 11.477 0.730 6.361 20.417 0.948 4.643
HL/cm 17.660 0.861 4.875 10.861 0.341 3.140 21.577 0.736 3.411
POL/cm 8.707 0.561 6.443 5.180 0.270 5.212 11.337 0.415 3.661
ED/cm 2.477 0.082 3.320 2.111 0.097 4.595 2.550 0.176 6.902
LJL/cm 8.560 0.565 6.600 5.531 0.275 4.972 9.433 0.436 4.622
UJL/cm 6.757 0.582 8.613 4.416 0.301 6.816 7.957 0.314 3.946
PD/cm 2.613 0.189 7.233 1.733 0.124 7.155 2.460 0.145 5.894
PL/cm 4.517 0.445 9.852 2.644 0.277 10.477 5.023 0.488 9.715
ID/ecm 6.997 0.469 6.703 4.420 0.217 4.910 8.940 0.365 4.083
BW/g 4 968.330 660.000 13.284 1187.143 140.312 11.819 7 856.667 871.48 11.092
x5 BAFREHZTREMKEBEXES T
Tab.5 Correlation coefficients among morphometric traits of S. laland
TL FL SL BH HL POL ED LIL UJL PD PL 1D BW
TL 1 0.948** 0.957** 0.586** 0.899** 0.800** 0.171  0.759** 0.766** 0.665** 0.661** 0.574** 0.920**
FL 1 0.965** 0.571** 0.867** 0.787**  0.255  0.730%* 0.751%* 0.641** 0.635%* 0.568** 0.903**
SL 1 0.622%* 0.894** 0.800**  0.188  0.696** 0.754** 0.617** 0.598** (0.532%* (.933**
BH 1 0.572*%* 0.642**  0.033 0.381*  0.656** 0.481** 0.449*  0.371* 0.794**
HL 1 0.862**  0.192  0.695** 0.711*¥* 0.667** 0.597** 0.560** 0.851**
POL 1 —0.049  0.497** 0.744** 0.487** 0.697** 0.361* 0.823**
ED 1 0.345 —-0.066 0.267 —0.198 0.268 0.114
LJL 1 0.648** 0.619**  0.423*  0.426* 0.684**
UJL 1 0.341  0.657**  0.171  0.796**
PD 1 0.457* 0.615%* 0.685%*
PL 1 0.289  0.682%*
ID 1 0.495%*
BW 1
sk (P<0.05), ** (P<0.01)
Fo6 BEEHZTREMMKEEXES T
Tab.6  Correlation coefficients among morphometric traits of S. duremili
TL FL SL BH HL POL ED LIL UJL PD PL ID BW
TL 1 0.913** 0.866** 0.498** 0.727** 0.597**  0.109 0.556** 0.612** (.313** 0.02 0.598%* 0.792**
FL 1 0.963** 0.574** 0.755%* 0.658**  0.121  0.553** 0.552%* (0.280* 0.052  0.619** 0.815%*
SL 1 0.574** 0.693** 0.578**  0.150  0.511** 0.510%* 0.282* 0.095  0.625*%* 0.818**
BH 1 0.419** 0.369**  0.143  0.576**  0.152  0.476** 0.350** 0.451** 0.727**
HL 1 0.655**  0.198  0.491** 0.516** 0.238* 0.118  0.463** 0.651**
POL 1 0.070  0.366** 0.492**  0.024 —0.124  0.326** 0.605**
ED 1 0.068 0.162 —0.068 0.326** —0.018 0.140
LJL 1 0.473** 0.443**  0.223  0.457** 0.674**
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TL FL SL BH HL POL ED LIL UJL PD PL ID BW
UlJL 1 0.042  —0.300* 0.332%* (.484**
PD 1 0.338**  0.266*% 0.393**
PL 1 0.145 0.238%*
ID 1 0.697%*
BW 1
x7 IAFEHRIREMKEEXES T
Tab.7 Correlation coefficients among morphometric traits of S. quinqueradiata
TL FL SL BH HL POL ED LIL UJL PD PL ID BW
TL 1 0.874** 0.862** 0.707** 0.677** 0.532**  0.045 0.483** (.566** 0.31 0.460%* 0.325  0.800%*
FL 1 0.975** 0.732** 0.776** 0.734**  0.035 0.582** 0.666** 0.426* 0.519** 0.470*%* (.835%*
SL 1 0.749%* 0.795** 0.712**  0.029  0.553** 0.606** 0.435*% 0.553** (0.493** (.834**
BH 1 0.593** 0.565** -0.067 0.487** 0.631** 0.313 0.418*%  0.363* 0.879%*
HL 0.720*%*  0.127  0.516** 0.597** 0.517** 0.420% 0.624** 0.712**
POL 1 —0.04 0.478** 0.617** 0.655** 0.520**  0.309 0.619**
ED 1 —-0.032 0.16 0.081 -0.054  0.398* 0.08
LJL 1 0.823**  0.349 0.353 0.357  0.684%**
UJL 1 0.369* 0.243  0.473** 0.766**
PD 1 0.354 0.311 0.454%
PL 1 -0.15 0.454%
1D 1 0.482%*
BW 1
F 8 HEEXHRIMRMAEZWMBES N
Tab.8 Effects of phenotypical traits on body weight of S./alandi using path analysis
(i P)
() (P Y SL BH PL PD Tol VIF SL BH PL PD
SL 0.933%* 0.587** 0.346 — 0.195 0.084 0.067 0.416 2.406 0.345 0.229 0.099 0.078
BH 0.794%** 0.313%* 0.480 0.365 — 0.063  0.052 0.591 1.691 0.098 0.040 0.033
PL 0.682%%* 0.141%** 0.541 0351 0.141 — 0.049 0.623 1.604 0.020 0.014
PD 0.685%* 0.108%* 0.577 0362 0.151 0.064 — 0.595 1.680 0.012
i

Y=-8 732.725+121.837X,+227.847X,+208.460.X;

+379.031X; (R*=0.966),

(LJL)

L.

(SL)
(POL) (

(BH)

9,

0.326 0.265 0.231

s 9.9%,

10.6%,

0.177

0.851

Y=-2 354.733+36.248X,+50.718X,+151.078X;
+94.426X,+91.680X; (R’=0.852),

(5)
5 L]
(ID)
10),
0.184, 0.277,
2
(7.0%);
(8.1%);

E

(BH)

>

, 21.3%,

(LIL)

21.6%,

(6)
3

(TL) (
0.544 0.285

0.894
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Tab.9 Effects of phenotypical traits on body weight of S. dumerili using path analysis
) ) (i £)
> SL BH ID POL LIL Tol VIF SL BH ID POL LJL
SL 0.818%* 0.326** 0.492 — 0.152 0.144 0.102 0.094 0.395 2.530 0.106 0.099 0.094 0.067 0.061
BH 0.727%* 0.265* 0.433 0.187 — 0.104 0.065 0.106 0.560 1.787 0.070 0.055 0.035 0.056
ID 0.697** 0.231%* 0.466 0.204 0.120 —  0.058 0.084 0.577 1.732 0.053 0.027 0.039
POL 0.605%* 0.177** 0.491 0.167 0.153 0.106 —  0.065 0.655 1.528 0.031 0.024
LIL 0.674%* 0.184%* 0.428 0.188 0.098 0.075 0.067 — 0.598 1.673 0.034
F 10 IEEHREEKIEEZNIABESHT
Tab.10 Effects of phenotypical traits on body weight of S. quinqueradiata using path analysis
(s P
() (P 3 BH LiL TL Tol VIF BH LIL TL
BH 0.879%* 0.544%* 0.335 — 0.139 0.196 0.472 2.117 0.296 0.151 0.213
LIL 0.684** 0.285%* 0.399 0.265 — 0.134 0.724 1.38 0.081 0.076
TL 0.800** 0.277** 0.523 0.385 0.138 — 0.475 2.105 0.077
i3 POL SL/PL SL/LJL PL/PD UIJL/LJL)
: 7 ,
Y=-14 159.820+500.625X,+569.874X, 2
+77.236Xs (R*=0.895), (7) 0.954, Wiks Lamdba
®) ©® O ¥ (BW), Xi~Xs 1=0.090, » 298.488, P=0.000<0.01,
(SL) (BH) (ID) (LJL) 7
(POL) (TL) (PL) (PD) 3
23 3 4
2.3.1 : L] W
Y=4 073.030X,+126.278X,+922.101X3+30.359X,
, 13 KMO +4.309X5+457.868X+89.555X,—5 628.780, (8)
Bardet ’ MO =09 g1 s an R B ER S S ERRE
0.5, Bartlett  P=0.000<0.05, KTab.ll Eig;ve:h:lzs and VE;lriance contribution raJt;: of
13 , phenotypical traits of three Seriola fishes
3 4 , 4 1% /%
1, 1 4.547 34974 34974
79.947%, 34.974%, 2 3.107 23.897 58.871
3 23.897% 11.587% 3 1.506 11.587 70.459
9.4899% ( 11) 12 , , 4 1.234 9.489 79.974
SL/BH HL/ED SL/PD SL/LJL  PL/PD > 0-889 6835 86.782
0.733  0.904 0.912 6 0.594 4.365 91.348
0.903 0.7’65; 7 0.416 3.199 94.547
SL/HL SL/POL SL/PL LJL/UJL HL/ID 8 0.279 2.143 96.692
( 5) .3 ﬁ‘fﬁ 9 0.197 1.518 98.210
10 0.131 1.006 99.216
232 3 @ﬁﬁ ’ SPSS 11 0.095 0.734 99.950
230 ’ 13 12 0.005 0.005 99.988
13 0.002 0.012 100.000

6 (FL/SL SL/
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*12 ERSHEER 100% F <001, 3
Tab.12 The component matrix ’ 3 ’
7 )
PCAI PCA2 PCA PCA4 v
TL/SL ~0.176  0.612 0.323 0.346 ’ ’
FL/SL -0.528 0.166 0.338 0.279
SL/BH 0.733 0.501 0.200 0.081 233 3 ﬁ 3 ﬁﬁ
SL/HL 0308  0.855  -0.013  -0.025 13 ,
SL/POL 0217 0869  -0.146  —0.023 ( 6), L] fi
HL/ED 0.904 -0.207 0.035 0.026 , @ﬁ
SL/PL 0.109 0.240 0.716 -0.568
SL/PD 0912 -0.244 0.127 -0.029 3
HL/ID 0.047 0.199 0.203 0.749 31 3 ﬁ
SL/UIL 0.642 0.580 0352  —0.134
SL/LJL 0.903 0.202 0.115 -0.022
PL/PD 0.765 0375  -0.308 0.326 ’
(Sistrom et al, 2012) , i i
LIL/UJL -0.282 0.500 —0.651  —0.133
fi, 3 M
e e 13 Pearson
. {/ ////V ,3 @gﬁ 12
| 12EE S,/a/;;d'i\\—\,%\(// J (P<0.05) .3 /
=9 « &80 S.dumerili .
I8 S quinqueratfata _ | (FL/SL) / (SL/PL) /
2 : Wi (HL/ID) / (LJL/UJL) 4
& 4 | (P>0.05), /" (SL/BH) /
= / (SL/HL) / (SL/POL)
™
fé (P<0.05), 3
H ,
(2009) 7
\20\0\
cgg\ (Synechogobius ommaturus) ,
S \' , / /
3 © )
4%) v .
(2019) figi(Phoxinus
5 3 f 1 2 3 oxycephalus) figk(Phoxinus lagowskii) ,
Fig.5 Score of principal components 1, 2, and 3 of three Seriola / / /
fishes

i
Y=3 894.741.X,+103.847X,+865.620X5+17.910.X,
+3.336X5+443.652X,+81.378X7—4 928.930,
fi:
Y=3 865.719X,+107.174X,+814.712X5+40.877X,
+7.825X5+410.910X+86.266X—4 967.871, (10)
, X1~X5 TL/SL SL/BH SL/HL HL/ED
SL/PD HL/ID SL/UJL

©)

, 3
, 13 3 fi

P P 100%,

#13 ETFINTHMEZFHRTEH 5 &R 3 MR
BRF B IR
Tab.13 Results of discriminant analysis of three populations of
Seriola based on seven significant ratio variables

/%

] ] P P, 1%
o 40 0 0 100 100
L] 0 70 0 100 100 100
i 0 0 30 100 100
40 70 30
/% 28.57 50.00 21.43
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KK/ERE SLPD 0.87
KK/BRE HUED 8:23
RK/RG KK SLPOL 0.01
KKK SLHL -0.28
/R SL/PL :gg;
TR SLLIL 114
K BB SLIUJIL
RENMKRS SL/BH
YEMRE FLISL
KK/ARIBEE HUID
T/ Eat LIL/UJL
PEMRE TL/SL
B0 S.lalandi Tl S.quinqueradiata S{AE S.dumerili ‘
6 13 3 i
Fig.6  Cluster heatmap of three Seriola populations based on 13 phenotypical traits
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COMPARATIVE ANALYSIS OF MORPHOLOGICAL CHARACTERISTICS OF THREE
SERIOLA SPECIES

WANG Kai-Jie, XU Yong-Jiang, CUI Ai-Jun, JIANG Yan, WANG Bin, LIU Xue-Zhou

(Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Joint Laboratory for Deep Blue Fishery Engineering of
Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071, China)

Abstract To reveal the interspecific differences of phenotypic characteristics among three Seriola species, the
morphology of farmed Seriola lalandi, Seriola dumerili, and Seriola quinqueradiata in China was analyzed. The countable
and morphometrical characteristics were measured and compared, and the relationship and difference were determined
using multivariate statistical methods including one-way ANOVA, path analysis, principal component analysis,
discriminant analysis and cluster analysis. A total of 190 experimental fish were used. Results of one-way ANOVA show
that there were significant differences among all the morphometric indexes (P<0.05) except for fork length/soma length
(FL/SL), soma length/caudal peduncle length (SL/PL) and head length/eye diameter (HL/ID), and mandibular
length/maxillary length (LJL/UJL). In addition, four phenotypic traits (SL, body height (BH), caudal peduncle length (PL),
and caudal peduncle height (PD)) are the main traits affecting body weight in S. lalandi as path analysis shown. Five
phenotypic traits, soma length (SL, BH, eye diameter (ID), mandibular length (LJL) and head length behind the eyes (POL)
in S. dumerili were the main traits affecting their body weight. Three phenotypic traits (BH, LJL, and total length (TL))
were the main traits affecting the body weight of S. quinqueradiata. Four principal components were constructed by
principal component analysis, of which the first principal component contributed 34.974%, followed by the other three
principal components (23.897%, 11.587%, 9.489%, respectively), and their cumulative variance contribution rate was
79.947%. The discriminant accuracy rate of P, and P, of Seriola fishes was 100%, and the comprehensive discriminant rate
was 100.00% as revealed by discriminant analysis. S. lalandi and S. quinqueradiata were clustered into a branch, and then
were clustered into a large branch with S. dumerili. The present results provide intuitive morphometric basis for the species
identity, germplasm norm establishment, and genetic breeding of Seriola fishes.

Key words Seriola species;  phenotypic characteristics;  path analysis; multivariate morphometrics;

multivariate statistical analysis



