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Tab.1 The number and size of samples from three different groupers
BEUR 8 Group type ﬁzl&;l‘& &4 Body length (cm) 1A Body weight (g)
Sample size  {i[il Range FI{H Average il Range FJ{H Average
i A B E. lanceolatus 68 18.3~26.3 23.6+2.1 250.7~442.5  336.4+60.4
=E AP E. moara 91 16.9~22.2 20.3£1.5 203.3~385.8 275.9+49.6
A E. moara QXE. lanceolatus 3 121 18.8~25.5 22.5+1.7 240.5~420.6 316.7+57.4
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Fig.1 The morphological and mark points for measurement of grouper
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1: Total length; 2: Body length; 3: Tongue length; 4: Eye diameter; 5: Head length; 6: Body height; 7: Length of caudal
peduncle; 8: Height of caudal peduncle; 9: Dorsal fin front base to pelvic fin base; 10: Dorsal fin front base to pectoral fin base;
11: Base of the pectoral fin to the base of the pelvic fin; 12: Front base of the dorsal fin to the front base of the anal fin;

13: Base of the pectoral fin to the base of the front of the anal fin; 14: Base of the peritoneal fin to the base of the
front of the anal fin; 15: Base of the pectoral fin to the base of the caudal fin; 16: Base of the pelvic fin to the
base of the caudal fin; 17: Dorsal fin front base to caudal fin base minister; 18: Anterior base of the anal fin to

the caudal fin; 19: Length of caudal fin; 20: Length of dorsal fin front
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2.1 ATEMER
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215=0.083, #*1.5=0.097, x*>_3=0.174, YI/NT %6 0.05=
12.59, AJULIX 3 Fif B RS v Ak By 22 5
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22 TAEHRK

221 REHH FIH SPSS ARG R Hritk
38T B A BE MR 2 80 BEA0 5 2 e A1 B 2 )
PPE R C IR B 0T LR (R 3), b ABtf S a8
AT BEF A RR TG HE B g 2,681, 5 8 A7 Bt £ (4 R TG
BN 3.487, &8UA B S e A BE YRR G BN
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Tab.2 Mean values of meristic characters of three groupers (Mean+SD)

A B =B = AaBtf
P Characters L A B i) Py ey i Y REE
E. lanceolatus E. moara E. moara Q x E. lanceolatus 3
T BE N AL Number of dorsal fin spines 11.00+0.00 10.90+0.49 11.00+0.00
B8 S5 %0 Number of dorsal fin rays 14.27+0.45 14.79+1.24 13.79+1.37
Jiti 5% & 250 Number of pectoral fin rays 15.03+0.32 16.83£1.00 13.90+2.81
JI5 #i& & 25 %0 Number of ventral fin rays 6.00+0.00 5.86+0.35 5.31+0.47
B BERT A Number of anal fin spines 3.00+0.00 3.00+0.00 3.00+0.00
R AE 5K 2550 Number of anal fin rays 8.00+0.00 8.72+0.88 7.79+1.35
FEHEHE 5<% Number of caudal fin rays 14.93+0.83 16.03+1.02 15.28+1.07
F3 3MAORERKERIERIKIEES
Tab.3 The euclidean distance among three groupers
PYTI A B mE AR =l favEt
K G t By A BE
e roup type E. lanceolatus E. moara E. moara Q x E. lanceolatus &
By 1B E. lanceolatus — 3.474 3.487
LB E. moara 3.474 — 2.681
=W ABM E. moara Q x E. lanceolatus & 3.487 2.681 —
5 10 15 20 25
mYORE - bommmmmm oo q---mmm - tommmmm oo bo--m--momm- t
E. moara
ol ABEE
E. moara Q x

E. lanceolatus 3

L age il

E. lanceolatus

K2 3 AR AR R RHE &
Fig.2 Hierarchical dendrogram of three groupers
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WAy, G 6 DFEMT . 19 DERXT 6 D FE s
AYRAAE ] S 6 A LA T7 2 TTRRR LR 4), 45
RWIR, BB 1A FRIFTIIRE N 24.585%, AR F Ak
O3 FREAE ) d o i A XL TN, EEE R Xy, X

Xz. Xo. Xiow Xio Xos M1 X0 S48 AR, HP, X! Xo.

I Xoo 48R, BB S AR )RR 565 3 A&
JR53 BTIRAR N 10.410%, LERT 2 A B0 XA PR,
ERWRbR X5 M X, 5 4 D ERITTTERE N
9.970%, SIBUERE Xy Fl Xio3 55 5 A~ F A SRR
6.542%, FMAERR X7 H Xigs 26 6 D TR TTHRRAL
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H 5.542%, JCWUERR Xi. 6 D FE R R TTER S
i 74.945%, AT RS IR , BEHE] LUFJL
ANHH B ST B PR T RS AN R R ] R S 22 5
FIH 3 A A BEAREARI o 1. 2
BAr 3 il = 42 o] A AT L (B 3), FTLUE
B AR & 800 B e A7 BE A 3 oA BE A4S

A B CRARIEERIE, R 3 AR, 34
A BEABERAE 8000 1 A 22 5 1 L 200 2 Bl
ERSr 3 5 RS R FPEEER, sati
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Tab.4 Eigenvectors and cumulative contribution rates of six principal components
from the 19 traits of three grouper populations

TE A L AR F A4 Principal component
Morphological proportional traits 1 2 3 4 5 6

X —0.432 0.051 —-0.181 0.842 0.035 —-0.163
X3 —-0.330 —0.647 0.330 0.129 0.016 —-0.059
X, —0.526 0.052 0.371 0.240 —-0.131 —0.104
Xs —0.187 -0.714 —-0.419 —-0.029 0.032 0.157
Xe 0.704 —-0.447 —-0.142 0.274 0.126 0.187
X7 0.128 0.355 0.069 —0.046 0.733 0.019
X 0.544 0.521 -0.169 0.150 0.039 0.311
X 0.713 —0.424 —-0.268 0.250 0.133 0.157
X0 0.759 —-0.236 —-0.325 0.139 0.164 —0.304
Xu —-0.175 —-0.071 0.430 0.318 —0.068 0.785
X2 0.682 0.186 -0.359 0.053 —-0.364 0.083
X3 0.603 —-0.011 0.364 0.125 —-0.230 —-0.057
X4 0.763 —-0.198 0.281 0.087 -0.113 —0.157
Xis 0.484 0.430 0.493 0.213 0.039 —-0.152
Xis 0.571 0.108 0.588 0.149 0.100 —0.066
X7 —-0.017 0.874 —-0.142 -0.018 —-0.105 -0.019
Xis -0.114 0.396 —-0.096 0.025 0.545 0.111
X9 —-0.395 0.065 —-0.177 0.848 0.021 —0.148
Xo0 0.005 0.671 —-0.343 0.122 -0.312 0.093

%E&ﬁi}’ﬁ#ﬂ(}; _ 24.585 17.985 10.410 9.970 6.542 5.542

Principal component contribution rate (%)

TS 24.585 42.570 52.981 62.951 69.493 74.945

Cumulative contribution rate (%)

2.2.3  FlA oA FIIH SPSS a8 1935 A8 H1 51 43
Mriks, Xt 3 A BEAaBERAY 19 A e @itk 17 50 51
IHT e R BN, A 4 A TTECRAR Y H MR AR R
AT HRNARK, 0N X3, Xoo Xe A1 Xy, 1 EHIX
4 A HLAGIPHIR 24 3K BB 257K P (P<0.01)(3k 5). HR 4

X A4S FE AR B ST 1Y 3 4> A0 SRE A A 170 A ) )
NS

F1=21.108X5+38.413X—97.206X3+2.223.X,,—6.849
F,=-10.344X;+21.570Xs+21.931 X5+26.901.X,,—17.406
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LD R A B m U RS s e A B 3
RE AR AR DX 0 T2
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BOA B oy R R BOSE R KL, A 3 A BE AR

AT A PR :

o oA WM Y,=217.572X5+750.765 X5+
1425.499X; +413.410X,,~336.464

PSP ST £ Y>=318.678X;5+839.713 X4+
1020.377X3+358.203X,4~319.723

=~ kA W Of Y5=258.526X5+672.660X+

1334.033X5+311.962X,4-269.278
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Fig.3 Scatter diagram for the first, the second and the third
principal components of three groupers
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The red dot represent E. lanceolatus;

the green dot represent E. moara; the blue dot
represent E. moara @xE. lanceolatusd
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224 HRHEFEpH XA BRA =800 5K
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RO 2200, R f N 3 22 oo B
2R LI T 2 H L0 (GE 8), S5 H R,
TEX 3 AMEERRY 19 NMESEBIYERMES, Br X, 4b
(P>0.05), HATEZAS Lo Ptk 2538 31 5 25 7K - (P<0.05)
O K (P<0.01), Z2E R BN, ¥l a
B 5 n8ra s 17 MES AR [ 255755
B EKE, 15 AR R EKE, S AR
78.95%; iy B S A B [ AT 15 MES
BIER 2 0] 22 Sk B B K, Hoh, 5 14 ik F]
W EACE, 5 RMIR 73.68%; w8 AKMS
T AP Z A 12 MBS HBIPEIR 2 18] 22 51k B i)
WEKE, HEERAY 63.16%.,

3 itig

BT, AR TR 22 205508, A
LIS (AR, 200 1) Flor T A W) 24 (1 & 445,
2008), 20 a2 AIM, FIHF A=Y % AFLP. SSR
5507 AR S IFSE 23 B A 1 ) st A DR R 2 3 . 7
FIH RAPD X} 5 Fffy B fa ()i 4% 22 S A Tk 98 o0 Mt
B, ARBLIX S Bl B 2 [0 AL AR, T
LML SN 60.34%~73.94% (X LHEE, 2008), F
FH o3 A2 W5 7 10 R S8R AR () 1 352 4% 22 S5 1
B, (ARAIE RS 45 5 3545 , PRk

3N EEEK 19 N EEFITEIK AYZE S #1 5] Wilks’ Lambda &

Tab.5 Wilks’ Lambda values of stepwise discriminant analysis of 19 traits in three groupers

A IR HEA geit i dfl iR B K5 F {H Exact F
Step 7% Entered  Statistic i1 Statistic dfl daf2 B E MK Sig.
1 X4 0.409 1 2 277 200.375 2 277.000 0.000
2 X3 0.178 2 2 277 189.139 4 552.000 0.000
3 X 0.124 3 2 277 168.403 6 550.000 0.000
4 X 0.080 4 2 277 173.409 8 548.000 0.000
& o HEFIZIREF M F)MFIEES TR E
Tab.6 Eigenvalues and variance canonical discriminant function
PR FEE DIt S EYAVIY &S BLRYRE OC R A
Function Eigenvalue Contribution (%) Cumulative contribution (%) Canonical correlation
1 2.844* 55.9 55.9 0.860
2 2.245° 44.1 100.0 0.832
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Iy = H KA, AU B T 2 008 oM v Al i
PERIEF RS

=~ RS =800 B N e A B 3 A
PRI RIS 5 Ao T 25 SR — 30, BB S
fE L, BEALEMBIT, A —ERERES,
L = e A BE A AR SRR AE LA ) TR AR = 80 B
fi, TERIIEE R, m AWM S5 800 it
R —3, RIF SEar AR a RN — %, WA
B0 5 = S B ART o 2 E R AR P A T
MEIMEE R, &A= o0h BT 50 5 5
AN, S A REE SR B K . = A B 5 A )
AR4lifh 3 AMREARIE S 2R E S, B AL 3 AR
TR, ZuscFh o e Bt AR B SRR . )
AR 2 215 S A R R L FIFEH , SR
I MR 22 S5 (K IESE, 2017). m8lAbEty
Bl A B0 22 [ AE T AR RRAE 11 25 5 0 2 R X A
PR 2528 B ), ARG s B, AR5 FP o e A0 BE
5B AR < 80A B L SRHEA T, 7T RES BEARRL
N, b ARIE A g TR R, AW MANIES
FRAE T BB A2 2R 1A L [ 6 3K 19 5% Tl (Bolnick et al,
2008). = oA BE LR R EE R 415 2 80 B AR
IR 99.8%, H#xar A BN N 89.3%(Gao et al,
2017), FEHBIHTH, FIAWK/ &K RE/aek,
A i /4 K RIS B LR S R E i s AR R/ K 4 A
TR R KBS B S R B R B, LR A R Rk

RT ET4NMTHEENLREEN AR E 3 MEEA AN D TER

Tab.7

Results of discriminant analysis of three groupers based on

three discriminant functions with four significant ratio variables

T 32 F 50 A }
o Forecast classification Discrimination accuracy (%) LEEFINR
TR A P Comprehensive
Group type B O 800 B s et P P discrimination
E. lanceolatus  E. moara E. moara § x 1(%) 2(%) rate (%)
E. lanceolatus &
ol A BE L E. lanceolatus 65 0 3 95.59 97.02
YA BEE E. moara 1 85 5 93.41 100 06.43
=R 1 0 120 99.17 93.75
E. moara Q@ x E. lanceolatus®
ST Total 67 85 128
H 3% Percentage (%) 23.93 30.36 45.71
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Tab.8  Means of the 19 morphological traits of three groupers

AR Traits  #ew A B E. lanceolatus

VAW E moara

=l AR E. moara @ x E. lanceolatusd

1.185+0.016"
0.21240.0104
0.130+0.005"
0.363+0.019"
0.326£0.012"
0.136+0.0194B
0.123+0.0058
0.318+0.010%°
0.2010.017¢
0.135+0.010
0.443+0.016"
0.377+0.035€
0.31620.025¢
0.660+0.0218
0.639+0.017¢
0.646+0.0174
0.032:+0.0204°
0.185+0.016*
0.52640.0234

X, 1.158+0.0258 1.180+0.021*
X; 0.180+0.012" 0.267+0.017*
X, 0.099+0.003¢ 0.127+0.006*
X5 0.349+0.028¢ 0.393+0.044"
X 0.364+0.017* 0.362+0.027"
X; 0.140+0.018* 0.131+0.022"
Xg 0.13440.008* 0.114+0.010€
X, 0.351+0.018"* 0.345+0.0234°
Xio 0.242+0.0234 0.226+0.027"
X 0.13240.016 0.13620.020
X1 0.487+0.037* 0.440+0.026"
Xi3 0.438+0.072* 0.404+0.029"
Xia 0.404+0.032* 0.368+0.035"
Xis 0.696+0.030" 0.656+0.055"
Xis 0.678+0.043* 0.657+0.048"
X7 0.639+0.027* 0.598+0.034%
Xis 0.334+0.096" 0.309+0.0285¢
Xio 0.164+0.024% 0.180+0.021*
X0 0.523+0.058" 0.477+0.0328

TE: AT RARE A A R/ING FhE 378 22 53 135 (P<0.05), & A7 AN R K5 R 19 378 22 570 1. 35 (P<0.01)
Note: In the same row, values with different small letter superscripts mean significant differences (P<0.05); different capital
letter superscripts mean extremely significant differences (P<0.01)
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HEEARRI 19 M BRI 2250 2 5 i 2
REW, a5 aRaZmfa 14 35
IRFW R E K, SagthaifaZ mg 12 NS50k
FMY I 257K, Wi 2 e A B a0 T SRR AE i 1) T
REAR = QLA LA,

i 3 MEMZ TS T S 07 22 T i 2
ATLUE H, B0 . ERaa8r . HIBIa TS 0 2%
AIATT 285 TR ARARLRY , MAS TR] 10 £ B Mg 52 T R [RD 1)
RS2SR, HIREAEARBFH IR . BRI
ST DK 2 A YRR SE T AL, R i AT A R
A T] g S R R BBE (3R AR, 1990), [ T LE R
FITEZS 22 W (B AELR SR, 2011; hiffvk, 2014), &
BT AT B KR4, K Z2 A HH S R 2556 Sl 2 B0l
SR, TR AR R 22 5, I H AT DAAR e A
ARV BEARTE A F 00 AR L5 K 2 8 (BT
%, 2003)0 TR HTTERE G AR 22 52 BOET R FP IR
BT Z (i, 2014; EAEESE, 2010), K54
Mrwg AR AR 2 55550, 3@ i %t 24 AR 5
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551 R RO BEAR 34T ) 51 (Krzanowski et al, 1995), B
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[ AR A W R AT 45 ) (CEHESE, 2014; A%, 2009)
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Analysis of the Morphological Differences Between Hybrid
“Epinephelus moara Q xE. lanceolatus 3> and Its Parents

LI Zhentong'?, CHENG Meiling®*, TIAN Yongsheng™*”, TANG Jiang'?,
MA Wenhui’, HOU Yunxia’, WANG Xiaomei’, ZHAI Jieming’

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306; 2. Key Laboratory of Sustainable
Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs, Yellow Sea Fisheries Research Institute, Chinese
Academy of Fishery Sciences, Qingdao 266071; 3. Laboratory for Marine Fisheries Science and Food Production Processes, Pilot
National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071; 4. College of Fisheries and Life Science,

Dalian Ocean University, Dalian 116023; 5. Mingbo Aquatic Co. Ltd., Laizhou 261400)

Abstract Seven countable traits and 20 measurable traits of three populations of the hybrid
“Epinephelus moara Q@ x E. lanceolatus3” and its parents, E. moara (9) and E. lanceolatus (3) were
measured, and the comparative analysis of morphological characteristics among the three groups were
performed by virtue of three kinds of multivariate statistical analysis methods, including cluster analysis,
principal component analysis and discriminant analysis and variance analysis methods. Chi- square test
results showed that there was no significant difference in the countable traits among the three grouper
populations. The result of cluster analysis revealed that, characters of “E. moara @ x E. lanceolatus3”
was more similar to E. moara than E. lanceolatus. Six comprehensive indexes reflecting morphological
characteristics were constructed by principal component analysis. The contribution rates of the six
principal components were 24.585%, 17.985%, 10.410%, 9.970%, 6.542%, and 5.542% respectively, and
the cumulative contribution rate of those was 74.945%. There were obvious deviations in morphological
characteristics among the three groupers, forming three different groups and hybrids. “E. moara 9 x E.
lanceolatus3” has its own unique morphological features. By discriminant analysis, four morphological
characteristics that have the largest contribution to discriminating grouper, X3 (tongue length/head length),
X (height at withers/body length), X (height at caudal peduncle/body length), X4 (ventral fin basal to the
front of anal fin basal/body length), were selected to fit the typical discriminant function
(F1=21.108X3+38.413X,—97.206X512.223X1,-6.849,  F,—10.344XG+21.570X+21.931.X5+26.901.X14—17.406)
and the classification discriminant function (¥;=217.572X3+750.765X+1425.499X5+413.410X,4—336.464,
Y>,=318.678X3+839.713X:+1020.377Xs+358.203X,4,-319.723 and Y3=258.526X3+672.660Xs+1334.033.X;
+311.962X14,—-269.278) that can distinguish the above three groupers, the comprehensive discriminant rate
was 96.43%. It can be considered that the four morphological characteristics selected by stepwise
discriminant analysis are feasible for the preliminary identification of three groupers. The results of
variance analysis showed that the morphological differences of the three groupers reached significant or
extremely significant levels in all characteristics except for Xj; (The pectoral fin base to the pelvic
fin/body length). Among them, there were 14 morphological traits between “E. moara @ x E.
lanceolatus3” and E. lanceolatus reached extremely significant levels, and 12 morphological traits
between “E. moara @ x E. lanceolatus3” and E. moara were extremely significant. The results of this
study provide biological basic data for the germplasm identification of “E. moara @ x E. lanceolatus3”,
E. moara and E. lanceolatus.

Key words Epinephelus moaraQxE. lanceolatus®; Epinephelus moara; E. lanceolatus;
Morphological difference; Multivariation analysis
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