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% [t (Oreochromis niloticus)"™ . W5 (Siniperca
chuatsi)"” . VF [ il (Sebastes schlegelii)'*'% ., TE
R F A, MR JBi EAT EDUL A RT R
PE, RIEEEE R AR B H AR R . EAE B
AR, R B E 32 ) R R T
K. BHIENTRE A ERR TR, S
P oA i I 2217 R 5 R BT B A A — A
KM BIE R T I &, 0y R PR pET
PRI, A0 258 5 AH DG L s AR e iy S 2ot
81 5 53 A7 B T 25 PR AR X 0 Joit £ ) 52 o, T
X B 285 1 AR 4 ] 42 2 5% 3K 38 X 0K BT i R 4 A
M H . BT, A 3R FE AR B XA (R
JIH 48 A0 B A R AT 0 B i R WA . A
SEER I3 8 13 1 A s A BE A BFSEXT AR
XF 34 H R AL 9O MR R AT 20 Hr, 44 TR]
P A AR A G R, R4S IR R
s AR 53 B B 8 A ) 88 98 285 2 R0 4
JoT i 0 B A A HAE T s S AT H i e
T2 A AR 5 K 5T i 1 f f 22 Je Ze ik Il H 7 AR
WAL TIHRK—KFRNCR, BIENE
AAODEAR R F R B2 H ARG, S o
Bl A0 SR B 1) £ B K R

1 MRS Tk

1.1 SEIEH R

My A B SEASKR A ) AR IR K
Bt I e A 1R A Sl A BR 2 | 3 R Ak B R B
o BEAK FH20104F BH B 3R, ACAkR
H 20074 EE W20, LMW S A
B FEA R Z ARG IR A FR AR . 20154F
6 7 AAG 22 25 AN 5 40 BE A1 AR 7 0 B 2 RS B
K HIAZ Je R As e ali AR IR % B 4 8 iz &
IR TR R ERIG SR E Y s S, 7R
SR T N T E M. 430 d= A0 m i i
H, 2R mBEAENKR T A T RS
WRHIE SR . AR ES L8R3 H ik
IR B s NS R TSRS e e S Ll S L
12 HIERE

SRAERTAEME L d, I sk T A O TR
100 mg/L)FEATRREE, 285 FH Wi bR R RO & 4
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(Xs5). BWEWX). HREROG) MR G kK ()3E84~
AR (em, K80 B /NS JE 2407 ),
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BHARER S FIRAMRIE &
WG, A Excel 201053 7312 & H i
P0E . bR 2 OB S R

ARG SLEREAR KA SPSS 19.0:
AL, HARM B r ik e WS 2% S0k [19]. 45
Rggek. KK, LK. K. Ka. B
m . MRAR L MRS SR AR i A 9 T 48 A 1Y
FH G HE M ) R A A . B2 B DTk R SRR AE 1) i
TR R 2 g es B) pAE B R IR AT, 1t
BN RIS, 4% BT 5TlkR KT 85% 1 Ji
U731 2 S 3 1 = R = 3 S [ 295 W i

@5 FIHSPSS 19.0804 40 k4,
K% A 51 A —H Bk ¥ (Stepwise) Xif 45 72 B Pk
1) J5 Bt K59 1E 17 Pearsondt 56 2 Hr A 285 1 R %o
TR T A SE AR A3 B, O ST B A R AR A R
BIREZ AR, HAKS % 545500
WS T, MRYRER AT, AT & TE SR
DA J5T o 1) T B A R R TR A o KA A G 4 A
HAE 18 2 BT B A RO A I 0 e s R B
R A MR G A Jo i 1 e [ e R B, A ORI
THELA U I T3 L PR T vk . X0
XA R, 2 P<0.05I 22 5 W3, P<0.010fH
S E

WK —IRZE X A ARSI 3 8F
13 H 1848 5 A B dh 1350, b Hok K —1k
Bt X FR, MEERK AR RO N
W=al’, HrhwhikBitt, LAERK, ah#E 5,
blHE% . Wit Excel 2010347 M4, p=32%
PR3, WM RAK, >3 Al
AR,

2 4R

21 BRARBARARESEREEREXE

WA B3, SAII3H WK = AR R
B, 7 91°20.66% ., 14.96% . 18.73%, i
AT AR KRR IIGRD. 5 R
AN AR R RIRAR L BRAK T 4,
3 H B MR SRR 5 R AR IE R 7.27%~
14.37%. 6.67%~13.85%. 8.01%~14.46%., 73 4b,
T A i 8 P R 0 42 Kolmogorov-Smirnov IF 2%
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Tab.1 Descriptive statistics for the body mass and morphometric traits of E. fuscoguttatus at different ages

R 3H# 3 months 8 H# 8 months 13H# 13 months

trait mean=SD CV/% mean+SD CV/% mean+SD CV/%
Yig 23.43+4.84 20.66 90.55+13.55 14.96 308.15+57.72 18.73
X,/em 11.7240.90 7.68 16.98+1.50 8.82 27.30+2.67 9.79
X,/em 9.82+0.71 7.27 14.17+1.69 11.90 23.28+2.33 10.01
Xy/em 3.60+0.27 7.56 5.37+0.65 12.16 7.77+0.62 8.04
X,/cm 1.43+0.21 14.37 2.83+0.38 13.49 5.30+0.74 13.99
Xs/em 2.96+0.33 11.15 4.77+0.32 6.67 7.27+0.76 10.52
Xg/em 1.2240.18 15.08 1.9140.16 8.56 2.57+0.25 9.68
X;/em 0.60£0.06 9.32 0.92+0.12 13.47 1.15+0.09 8.01
Xg/em 2.28+0.24 10.63 0.09+0.01 13.85 5.30+0.77 14.46

KB 1) 2 35 K P>0.05, U B AR M IE 2590 A M H AR T A, —FHMCBEERS, &

Al EAT IR S 2 T H 0 # .

HH A O R BUEFE ()T A, 3H BB, R
BU)EEREKW) . BELKX)SEEWX,) . B
12 (X7) 5 B & (X)) Z R A O REOR B3,
AR 2 18] 3K B AS [R) AR B 1) B 3 IEAH G s 8
WA B B, A5 IR 22 T R G 2R Bk 4 Rk B A
FIEMK(P<0.01); 1I3HEEHE, SHRZEM
HH G R B AN [ R B 0 8 3% IE A G . AN TR H %
F4) A S5 e 5 T T R R A 56 2R 0 G B A
IKF(P<0.01), Horbif i 5 4 K AH SC 1 34 e
K, 439150933, 0.960, 0.922, HikK | k5
AR Z . 3. SHIRA R & 5IRE LK
I RE e/, 133 AR T 5 IR AR A A 6
EX 8\

22 HBRAREARARESERMERS
T

3. SHI3H UM S A B AMINMES RS
BEORH DG P 1 R AE (B B Bt sk oR UL %63, AR s
TE B A5 KR AE A R 6 2 2 B 1 R Tk
KF85%M TR, 8. 13HRIRBGEA T, &
T STER 2R HA F87.511% . 86.359%; 3 4%
WA FE sy, BitsiikRik2085.573%, MR
3N ER I REIA RN T77.282%, N T T, #£4
A2 34 A

6 a5 B 0 AN [R) H e AR 19 32 B 43 R AT 7]
L4, 3. SHII3H WA MRS — F i
FRIEm B R R . 2K kK,

MHE, WRKHT, REARREAREERN.
3. SHI3H ALK A5 — R R A 5 R
AR, IR, KR L &S
B W= A AT, 3H BN B
W, WONEMEKN T SH YL NIRTE, BNk
e 5 13RI, BRI T

23 BRARBTRARESHERIMERE
HBE SRR ERE S

AR 38 A 0 B D B, R SPSSE A 3 B 4K

148 5 A BE A AN [R] 4% Jr 0 AR 285 P bR £ it
E%ﬁé%ﬁ,%ﬁwiaﬁiﬁﬁﬁmiﬁ

B E AR K B S R A 2, kS
AU, 3. SHFI3 i 4H Y 4 K ()X A o Y L
AR YK FREEN . 3H B MRS XG) . 1k
T (X)) B JRA 155 (Xo) 1 B A FH 343 K F B 44
s 8 IR TE (Xy) . AR & (X)) MR 5 3k K
(X)W EAE B KT AR 13H B
7R (X5) AR (X) B AR () B9 ] 4V T 20 R T

BLREAE T, d s bR T R a4 K [R]  H A
M TFARBUE
AR R 25 PR DR AR S5 ) e s R ORI 2 1

AR XA 5T £ 1) 2 [ e e R B0 R S R
R e RE(F6). 3. 83 H R4 IE
S PR A B 5 P R E R R 43 514 0.906
0.957#10.901, X i AN [R] H % Ok B 48 250k
AR I 5 i PR T A R, HA R A petR
KRR IR /N . 3. SHI13H WA 20 Xof 1A Jo e e
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Tab.2 Correlation coefficient between the traits of E. fuscoguttatus at different ages
A¥#  months TEIK  traits Y X, X, X3 X, X5 X X, Xg
IAW Y 1.000
3 months X 0.933** 1.000
X, 0.869** 0.933** 1.000
X3 0.602** 0.610%** 0.593** 1.000
X, 0.578** 0.494** 0.438** 0.254** 1.000
X5 0.672** 0.571** 0.571** 0.388** 0.505%* 1.000
X 0.558** 0.528** 0.484** 0.273** 0.179* 0.391** 1.000
X; 0.356** 0.332%* 0.219%** 0.092 0.277** 0.196* 0.076 1.000
Xg 0.295** 0.298** 0.365%** 0.590** 0.058 0.227** 0.227** 0.296** 1.000
8k Y 1.000
8 months
X 0.960** 1.000
X, 0.935** 0.959** 1.000
X3 0.617** 0.607** 0.582%* 1.000
X, 0.703** 0.587** 0.577** 0.446** 1.000
X5 0.808** 0.785** 0.773** 0.713** 0.627** 1.000
X 0.688** 0.624** 0.620** 0.670** 0.568** 0.699** 1.000
X; 0.587** 0.566** 0.580** 0.559** 0.397** 0.502%** 0.399** 1.000
Xg 0.564** 0.533** 0.544** 0.551** 0.386** 0.502%** 0.388** 0.974%** 1.000
1331 Y 1.000
13 months
X 0.922%* 1.000
X, 0.884** 0.927** 1.000
X3 0.643** 0.595%** 0.577** 1.000
X, 0.769** 0.903** 0.873** 0.527** 1.000
X5 0.843** 0.812%** 0.789** 0.687** 0.715%* 1.000
X 0.573** 0.594** 0.510%** 0.684** 0.502** 0.696** 1.000
X; 0.263** 0.242%* 0.262%* 0.442%* 0.208* 0.297** 0.319** 1.000
Xg 0.425%** 0.372%** 0.389** 0.712%* 0.362%* 0.547** 0.432%* 0.209* 1.000

VE: RN R (P<0.01), *RonHISSME 3 (P<0.05), FH

Notes: ** denotes extremely significant correlation (P<0.01), * denotes significant correlation (P<0.05), the same below

ERBIR R SERBI 2K, dow RE
#0.551, 0.602F10.706, 7EF:[A]de i R 50,
3 WA A (X)) 5 1A 58 (X)) P R0 4% J5 5 S i) 42
PeEE R K (0.115); 8L K (X)) 5k
(X) PP ) XoF % Jo Sk ) T 2 e A FH 35 K (0.167) 5
137 #4214 (X)) 5 R () B3 [ 08 A B o i) 1] 4
Ve K (0.372)
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BT L Z o 3 oA, 4% BRI A BT
MIVE B B 5 R, 3SHIR AR IREIA 2K (X)),
TR (Xs) . ARS8 (X)) SR R (X)), 8 IR IR 5
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Xg), BBABKKBIALEKWX). BEXs) . K5
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Tab.3 Eigenvalue and cumulative contribution rate of E. fuscoguttatus morphological traits at different ages

ANE A HIRFEE  eigenvalue

AE AR Rit 57k % /% cumulative contribution rate

5
serial number 3A# 3months 8H% 8months 13H% 13months 3H# 3 months 8H#¥ 8months 13H% 13 months
1 4.649 6.076 5.777 51.657 67.514 64.188
2 1.495 1.144 1.185 68.263 80.229 77.354
3 0.812 0.655 0.810 77.282 87.511 86.359
4 0.746 0.528 0.521 85.573 93.382 92.153
5 0.466 0.296 0.260 90.755 96.669 95.041
6 0.419 0.199 0.208 95.415 98.884 97.352
7 0.284 0.053 0.121 98.576 99.476 98.696
8 0.090 0.026 0.084 99.579 99.761 99.634
9 0.038 0.022 0.033 100.000 100.000 100.000
F4 TERARNENERIFHIER S
Tab.4 The principal component eigenvector of E. fuscoguttatus at different ages
A k4 FEfE[HE  principal component eigenvector
months principal component y X, X, X, X, X; X, X, Xq
3HE 1 0.958 0.940 0.909 0.704 0.598 0.730 0.596 0314 0.425
3 months
2 0.114 0.068 -0.039 -0.400 0.364 0.110 -0.086 0.739 -0.786
3 -0.039 —-0.062 —-0.046 0.295 0.373 0.041 -0.728 0.096 0.191
SH 1 0.942 0.912 0.905 0.774 0.714 0.876 0.767 0.741 0.723
8 months
2 —-0.174 -0.161 —-0.138 0.049 -0.262 —-0.201 -0.275 0.673 0.655
3 -0.225 -0.280 -0.297 0.507 —-0.050 0.114 0.406 —-0.035 —-0.008
137 # 1 0.927 0.916 0.902 0.804 0.853 0.912 0.739 0.391 0.600
13 months
2 -0.216 -0.319 -0.312 0.453 -0.344 —-0.007 0.267 0.544 0.499
3 0.029 0.071 0.084 -0.127 0.722 -0.073 —-0.043 0.058 —-0.499

(Xg) B A Q) ST e I I A 7

Yaji=—36.774+3.992X,+2.295X5+2.759.X,+
2.186X;

Yo ip=—64.569+7.020X,+6.480X,+6.754 X+
50.926X,

Yispi=—302.340+18.128X,+17.688X5-28.463X,+
5.928X,

34T BRI [l A 56 &R 258 Bk B & K (B H
# . F=301.449, P=0.000<0.01; 8 # :
F=678.850, P=0.000<0.01; 13 #. F=222.357,
P=0.000<0.01), £ 15 R 800 3% PER 59
I A5 MR BT 2 19 O (] 05 R B0 3K B A
FIKFE(P<0.01), [FIEFINZE R B, fiHE S

SR 25 5N 2 (P>0.05), UGB BT EE ST R A
A BEE 3 ZIT A 7 BT T E Sk

25 BRANBENEK—AREXR

Xt 3508 3~13 7 & # w1 B £ 1 A R i
BERMESRETAERBLNEE, F1ER,
THEERRBOEM G, KK IR EEE RN
W=0.0378L>*"(R*=0.9596).,

3 iR

31 BESUHRESEREEXSH
PR B R B Al E R bR, K
N RS —LE T AL SRR A
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Tab.S Direct and indirect path coefficients of trait to body mass of E. fuscoguttatus at different ages
e 2 e q .
A PR M2 BB BERA RN [B) #2412 240 indirect path coefficient
months traits correlation coefficient direct coefficient 5 X, X, X, X; X, Xq
3R X 0.933 0.742%* 0.439 - - 0.078 0.067 0.295 -
3 months
X, 0.578 0.157** 0.440 0.367 - - 0.059 0.015 -
Xs 0.672 0.117** 0.535 0.424 - 0.079 - 0.032 -
Xs 0.558 0.083* 0.466 0.392 - 0.028 0.046 - -
8 H % X 0.960 0.776** 0.184 - - 0.107 - 0.051 0.026
8 months
X, 0.703 0.183** 0.521 0.456 - - - 0.047 0.019
Xs 0.688 0.082%** 0.607 0.484 - 0.104 - - 0.019
X3 0.564 0.048%* 0.518 0.414 - 0.071 - 0.032 -
13H#% X 0.922 0.840%* 0.081 - 0.222 -0.330 0.190 - -
13 months
Xs 0.843 0.234%** 0.609 0.682 0.189 —0.262 - - -
X, 0.769 —0.366** 1.134 0.759 0.209 - 0.167 - -
X, 0.884 0.239%* 0.644 0.779 - -0.320 0.185 - -
T BN RN, T
Notes: the short line in table represents null, the same below
*6 TEARBAAMEBESHERINERENNRERY
Tab. 6 Determinant coefficient of morphometric attributes on body mass of E. fuscoguttatus at different ages
A#  months AR traits X, X, X, X5 X, X
3w X, 0.551 - 0.115 0.099 0.065 -
3 months
X, - - 0.025 0.019 0.005 -
X; - - - 0.014 0.008 -
X - - - - 0.007 -
8% X 0.602 - 0.167 - 0.079 0.040
8 months
X, - - 0.033 - 0.017 0.007
Xs - - - - 0.007 0.003
Xq - - - - - 0.002
137 X 0.706 0.372 —0.555 0.319 - -
13 months
X - 0.088 —0.122 0.055 - -
X, - —0.153 0.134 - - -
X, - 0.057 - - - -

RN T3, SFI3H IR S AKANTESERS

BEWBOR . W R Ay gmiy, 24

RN iR ER, FripESsreRys KSR ILEZ, O8R5 00 M

A5 1 A G PE 38 38 BB 8 3% KR (P<0.01), &K
55RO AE DGR B K, R O IR R R A
WK 3T A IR 5 A T o DR AR i BE AR OG, il
13X 3AN B A MR R AR 5T 85 32 47 [ 42 2% R 3R 45
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Y R PEAR G . AP R RLRI, BEE
MM AER, IEAMR SRR B A
JEANTE] ., B — ARG R Bt (Larimichthys
crocea)13 & B Bt 5 14 Jit & AH SCHE B R PR N
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1 BRARBENEK—FREXR
Fig. 1 The relationship between body length and
body weight of E. fuscoguttatus

AT, 20 7 4 B B R T A S I R R
N AR K 5 4k f6 (Nibea albiflora)2 A 1 Bt 5
M A SRR K RO IR T, 18 H & Ky
g ARszghdr, 3. 8MII3H I S A B 5
TR A e R KR A K, 5 Bk
K, Eih MR RAE . i LR
B, o] g5 A [l 40 il A KA v A KRB 6
32 EHASH

TEH GE 1153 M 5 R BE 58 fa 2 2 S B AR R
FHSE PR, PR A B 22 2 38 i 43 B 1) 8 i) &2
Zebk, fEAEBEHE SR D, AMTAEMRA %L
WAMGHELRERE. ERE2ELT, 4
WZEA —EMHEER, S5 Z A
—EMELAN, 2FUFEERHBAESHE .
F o o BT R X TR SR Y BT AR e, R AR
KB R AR 2, # L R AT RE A R AR
el 15 1 6 7 A8 G S K G, {H BE S AT BB AR 4
JRA 15 B o FERER SE IR 3 8 o BTk i 5
2~SHIR R B B AR MBI ARG KA, 2551
N, H— MY ERT, FARE - E
B A48 1) AR KT sl K R 32 AR IR A
FE A X T AR U A 2~6 17 S M A 25 R A
KRR AT 0T, S5R R, & HBE—F W
SFIRAAR AR K BN, 2~4 15 — s
Fe RIS KB IEM, SHI6H WH — F iy e
Mk L B B A B IHN; =k X AR
A2, 15F18H #8)1F FCF il B A MR 19 32
I35y MR 5T A5 A5 IS 1 EG ST il 5 — 32 o 2
TR BERN T, W25 B R EEECGE A
g%, ISFIH 43 lFs M 48 T K+ . BRI+
A A I AR 6 A i K 10 B 6 1 TR S PR 40 )

1T E BT 3 i R B RS — F 0, 8k
KIGK, FEARSLE T, WS asm3, 813
M5 — R Bt R s . kK. WK Jrm
FfE S, WAl S AaKatERER Y, KR
HWMERA RS 0, XMW AaKan
EREFBRE., B FERSHBIRAETEK,
DB 3~13 1 W #8 o5 4 B £00 488 o 9 TR s, IR T 4R
Itk & E . 3HBFEm R AR 8 45 m K
SeAK; BARREmEREARK, Hi, E%Sa
BEfa3~13H ) TR, N M ek
ER EE MR, B R LR, AR E ik
W FE f 2 ATE S — U TE A MR AL
33 BESHm

AR 5T BT BE 6% LS R R 45 AR ORI AR
MO R, AR R BUR A & bR AL Y D 8] 1 R
¥, BEAT DL | AR S AR Y AR
FH A AT DL A b B H At [ AR 50 DA AR S5 e 71
[V EEAE H o 3207 % T 58 K ™ 4 5F sh W ik
BAERYE A RSN E Y, BN
Tl e R SRS DL R B Y
JRUTIS S, Ry R AR I R A
R RS Z M. E6TE H R A T M
e, T8 A R RO AR B B Y R ORI AN
[, ] —fa 2N ] AR K B B 28 MR X A T
B 52 M SOR M AR TE 22 57 0 SR 0 55 2% 6 1 0% A
M ABE(E. akaara) 3 ZIE S MR -5 04 0 & (14 FH
KA AR B, AR NHA it i 19 14 H(0.61 1D
K, &K5 K xR 2
Mo XIS U%T 4.5 H #4887 A /N 4 (L. polyactis)
TEAMER SR EE AT R B R, KK
Xof A S5 Y R (0.589) B ks R 5 B P40
Ty £ T2 25 P PR G A o 2 () ) 6 R AT A BT R
B, 27 i XA T B s e e KA MR B e K X
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Principal component and path analysis of morphological traits of
Epinephelus fuscoguttatus at different month ages

HUANG Jiansheng, CHEN Gang®, ZHAN Jiandong, WANG Zhongliang ,
LIU Bihuan, RUAN Tao
(Fishery College, Guangdong Ocean University, Zhanjiang 524025, China)

Abstract: In order to research growth characteristics and the effect of morphological traits on body mass of
Epinephelus fuscoguttatus at different month ages, data of total length (X;), standard length (X;), head length (X3),
body width (X}), body depth (Xs), caudal peduncle depth (Xg), eye diameter (X7), head length after eye (Xg) and
body mass (Y) were collected at 3 months, 8 months and 13 months of age in this study. The morphological traits
were analyzed by principal component and path analysis. The results showed that: (1) the correlation coefficients
between all morphological traits at different age phases and body mass were extremely significant. And the
correlation coefficients between each trait and body mass differed at different age development stages. (2) The first
principal component reflected the growth and development of E. fuscoguttatus at different growth phases. The
second principal component reflected the development of eye at different month ages. Thes third principal
component was different and reflected the tail development at 3-month-old, body width development at 8-month-
old and body height development at 13-month-old. (3) The trait with strongest direct effect on body mass was total
length at all the age phases (0.742, 0.776 and 0.840). The path coefficients of four morphometric attributes (X;, X;,
X, Xg) for 3-month body mass reached significant difference level. The path coefficients of X;, X}, X5, and X; for
8-month body mass were also significant. The path coefficients of X}, X5, X; and X, for 13-month body mass were
highly significant. The multivariate regression equation was Y3 o nih-ola=—236.774+3.992X,+2.295X5+2.759X,+
2.186X¢, Ys-month-ola=—04.569+7.020X,+6.480X,+6.754X4+50.926Xg, and Y13 month-o1d=—302.340+18.128X,+
17.688X5—28.463X,+5.928X,. This result suggests that the vital traits that affected body mass at different growth
phases were different. (4) The relation equation between standard length and body mass was W=0.0378L**"
(R>=0.9596) in 3-month to 13-month stages of E. fuscoguttatus, which demonstrated the standard length and body
mass growth at similar velocity. We proposed that the total length was the target trait for selective breeding of E.
fuscoguttatus at 3—13 month-old stages . This paper provides theoretical evidence and measure targets for breeding

of E. fuscoguttatus in the early growth stage in aquaculture.
Key words: Epinephelus fuscoguttatus; morphological trait; principal component analysis; path analysis; growth
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