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Abstract

The relationship between morphological attributes on body weight and morphological differen-
tiation of Lates calcarifer was explored, 11 morphological attributes including head length (x,),
stem length (x:), body length (x3), total length (x4), body height (xs5), body width (x¢), eye distance
(x7), eye diameter (xg), snout length (x¢), the caudal peduncle height (x10), the caudal peduncle
length (x11) and y the body weight (y) was measured from Hainan Lingshui indoor industrial cul-
ture and outdoor pond culture population of eight month old L. calcarifer by correlation analysis,
path analysis and regression analysis. The results showed that the average body weight of L. cal-
carifer of indoor industrial culture was 291.19 g while the population of outdoor pond culture was
432.64 g. The results also showed that there were extremely significant differences except head
length between these two population (P < 0.01). There was a positive correlation among the mor-
phological attributes and body weight of these two groups, and the correlation coefficients
reached an extremely significant level (P < 0.01). The path analysis revealed that the direct effects
of total length, body height, body width and eye distance on body weight were extremely signifi-
cant (P < 0.01) in indoor industrial culture population, while the direct effects of total length, body
height, body width and eye diameter on body weight were highly significant (P < 0.01) in outdoor
pond culture population. The analysis results of determination coefficients showed that the total
decision coefficient of morphological attributes to body weight is found to be 0.956 and 0.844 re-
spectively, and indicating the morphological attributes are the main factors to body weight. The
multiple regression equation was expressed as Vindustrial culture group = —590.25 + 1.21x4 + 3.20x5 +
5.43x¢ + 4.93X7, Ypond culture group = —713.19 + 1.95x4 + 5.63x5 + 4.53xs — 13.18xg were established by
stepwise regression analysis respectively.
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NN T WFEEAZ S MSERERYIY (Lates calcarife)TESEREBERN R RIS ER, &
BEERKEEN T HERKEINEIERT FE—H#IK8 H ARG KA EAEE (). KK (x) FTK(x:2)-
ﬁi'&(xa)x é:-l,’:(x4)\ ﬁi%(xs)\ ﬁiﬁ(xe)x H&I\EJEE(Xﬂ\ Eﬁﬁ(xs) N %‘[ﬁ(?@)\ %ﬁ%(xw)\ %*ﬁ‘[ﬁ(xu)
SF1AMESERIAT TR, FHHT THES . BRESTREES . SGRER, ERT] FHER
Wik B SFIEN291.19 g, EANBIEFFHERYIG A EFIIER432.64 g. 2N FFHEARYIG R T LKL
BEEZRI, FEHE. FTK. AK. £K. F5. &%, BEE. R2. ERENERKSEFTER
BEERPP < 0.01). ANFHEARVGF ZFHREFHESHEEMRX, HHERXRRBIIEZMEZKEP <
0.01). BERSTERERY, ERNT] MFEANEK. A5, BEMREENEEFERREUEDIHR D
ZKFEP<0.01), MK, #H. BENREZFANMEEEIRNT /M0 FREA G EKEEREHEE]
W BEKF(P<0.01). RERZBMTETR, EHLT) WFEAKLSK. AR F SRR 4k E 3t
FHRE R M AN0.956, ESFEFRBEAKEK. BF. %, MRENBERILRRERBZ AN
0.844, YHA2ANRYIGFFFEARABES H FERX LSRR IE; BEZESRIBSH, BT 205
AR L TCEIESFE: yesrrwmm = -590.25 + 1.21x, + 3.20xs + 5.43x + 4.93X7, Vasumen =
-713.19 + 1.95x4 + 5.63x5 + 4.53x6 — 13.18 x3.
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RWyfiyi(Lates calcarifer)y)” shth 2, FE AR T ARPEERIEN B EEES, & 4w W0 [ 58 R KR T
) E SR S el o S E R [ R O I SRR I s R 20 4E, R E BRI K LB IEIE R 2 —.
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HARH R, —faRiE 5 A ULE SRS 1L 25 fh i UK, LA BRAEE 5L, S22 2 (175 bk
(1. ZIH AL, BRIE R A S H AR5 07 T S RBE e . TR A B AR [2], S
WAZA[3] JWEBA[4] [5] [6] AEFRGARIT] [B]E T thA 1B KRR ) by 7 58 3 2
AT 4B N, (Hli TR A L) IR & BB 2R E R, AN KH B SRS M, =
A IE TR BN AR AR HL DT « TR AR EOR . SeE S B e e . Bk, AHIE
e RLIB R JRARM 35 S0 75 P IR TR BB RRAS (B H X T 3 A TR B B R0 R IR Bk Z A R B SCHF

T EEMAEKCHMRIAERY, FEAIER, BHMiE KIS ERRAETN LR K
WEFCIR 72N T TR S AN TR M AL Wty ) AR T S A i, IR SESE R BRI, LR T
Het 2 PRI T R MR B R RS 225, IR SGIE 20 M AT AR 0 A SR FU AR S 1) B E T
Wy IR T ET RN T IRE-S NIRRT T R AR X AR A [BUR T RE, Rty
I IR R A RS %

2. M5 5%
2.1. ¥

AWty £ ¥ (3 F 188 BH i T [ AR AN B R AL R SRS B AL . f B A DR 13.17~83.0 g P34 K 86.95
mm. 73 BIFRIE T HE R PR K = A T AR K IR S AN B A 8 H it 2 Pt i L4 50 B/me %
FEIFR. =N FR/KIE 25~33°C pH 7.5~8.5. #hfF 27~34%.. DO >5mg/L, ZEA/MFHE/KIE 22~34°C. pH
8.1~8.5. #hJF 29~34%,. DO >5mg/L. FRFEIAMRIFRMEHT 7R b EAEPIRRCA BR 2 =) AR 7= (1) 4 B A 1]
Bl FMEE AR E ) 5~10%, £ H B4 9:00~10:00 $EME 1 7K. F55E 5 MG, S BENLAEL 150 i T
A E 0 B 5 A DR

22. MEMREA®

JIT A P PR R AR EE AR RS R 0.01 g IHLT-°F, il E ATk T, R, 2k, R
RTE ERIEER. HRAR. Wik, RWE. K 10 MR R 0.01 mm ks~ R .

2.3. BESH

BT FH 0 45 4 R /e B 3tk IBM SPSS Statistics 19.0 F1 WPS Office Excel 2% . i i 23 ¥ S 3B AH o 5
RVEG AR, FR TR BB RS K e BT 5 FE R BRI G

3. ZR55H
3.1. FEFFEHERMGFERERG T

AR 3 Hidoewptyifawizeid 5 MHEN L) AFRE, ENFREAAEER KRN 530.81 g f/ME
N 126.8 g« KA KAE N 277.88 mm. f/MEN 172.78 mm. 111 % At 3 57 5 2H 2 iy B R 44K 2 B
BRTENT AFE0A, HARER KM AN 841.71 g fH/IME N 95.81 g. MK & KAl A 313.08 mm. #
/IME R 162.86 mm (1K 1. 2 FTR).

TSR, BN IR S = SNIE TR AW A S A T TG 2 % 22 (P > 0.05), HAREE L
HATEARZE F 235 (P < 0. 01) ZE N L) ALFRFHA IR~ 4A 0y 291.19 + 84.36 g, T K& 52.2
o/H; “FHRK N 223.85 + 21.93 mm, “FIIEKEN 22.07 mm/H .. ESMUIEFEEA RV iR E A
432.64 +150.13 g, “FIKE 80.49 g/ H ;s “FIMAK A 252.21 £29.60 mm, “FIYIEK & 27.74 mm/H . =
W L) A FRFEZH AN 2 At I 55 2H SR W i 4 F 1R A 7 R A 0 O 28.97 %1 34.70%, 1)K T~ HAh TR A PR
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Figure 1. The bady weight of L. calcarifer cultured in different rear-
ing conditions
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Figure 2. The body length of L. calcarifer cultured in different group
2. TEIFFIELARMIEFHARK

3.2. ARIFFEARMIESEEMEREIFIE K E S

R 2P, PIAFRARME SR SRES 2 IEMK, HAHSCREBIIE RN EZE /K TP <0.01); =
WL WIRGEH & TSR S R E O R B TR B s MR KM KT = /N0IE R . =
WL AFRGEA, R A E SR TE A OGIERE B fe ok, HUGR AR, RKERES . EAIMBIEIR
T, RE SRR R, HUONRK . ERAMATE, RIESHEWIK. AN IRIELALS TR A A
RABIIEBIN R Z AP <0.01); =N L] WIREASMIREMIES KB ZEK S 2K, SR/
FRPAAUAIR ;T PISFRIE LA O 2 e NI T 22 5 (3 2)

3.3. FRIFFEARMGFHESERIFERNE RS
Hi IBM SPSS Statistics 19.0 X HHREHRREAT 0, FRAG T HIN AIBAR R ¥ Zd & MRS
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Table 1. The descriptive statistic of morphological attributes of L. calcarifer cultured in different group
= 1. T EIFRFELE R8s = T MR FER M St

ylg Xi/mm X /mm  xg/mm  XJ/mm  Xs/mm  Xg/mm  X/mm  Xg/mm  Xo/mm  Xie/mm  Xi/mm
3 AWARFIIE + b5 3018+ 37.32+ 4597+ 11352+ 137.73+ 34.88+ 1479+ 1204+ 670+ 655+ 17.77+ 26.80%
Wit fEZE x+s 1322 546 712 1646 1851  4.69 2.27 1.28 0.56 0.99 2.27 4.43
FHME + #7291.19 + 67.83+ 101.43 + 223.85+ 265.06 + 78.36+ 36.24+ 23.07+ 1234+ 1343+ 2924+ 28.61+
=hT MEZExEs 8436 6.46 10.857 21.93" 25057 8.02" 3.897 1697 0917 1597 283" 4307
J TR AsR A% 2897 9519 10.695 9797 9449 10229 10739 7.343 7.374 11845 999 15021
i 2N 1 N —
O P
” g/HEmm/ 5220 610 11.08 2207 2547 870 4.29 221 1.13 1.38 2.29 0.36
H
FHIME + $5432.64 + 67.65+ 121.00 + 252.21 + 304.06 + 91.39+ 4243+ 2504+ 1176+ 12.98+ 3468+ 30.15+
Mz x+s 150137 8.03 16557 29.607 33.877 12.017 5657 2207 098" 1.197 4277 4167
Al "
A 0,
Wi Eﬁff&m 34701 11.867 13.675 11.736 11.14 13.139 13.325 8776 8.302 9.2 12299 13.715
I fiyi
MK o/ 80.49 6.07 1501 27.74 3327 1130 553 2.60 1.01 1.29 3.38 0.67

B mm/H

T REY) R x)s BTRKE) K (xe) AK() HE(6) R%E(xe) MRIEH() IRAE(X) MK (xe)s MR (Xa0)s JEHIK (xar), ™
RFEWEEZER, REEEMEZS, UUFHFE. Note: body weight (y); head length (x1); stem length (x); body length (xs); total length (x); body
height (xs); body width (xg); eye distance (x7); eye diameter (xg); snout length (xo); the caudal peduncle height (x,0); the caudal peduncle length (x11); *
means significant difference (P < 0. 05); ** means very significant difference (P < 0. 01); the same below.

Table 2. Correlation coefficients among morphological attributes of L. calcarifer in different group

*® 2. NEIFEBERMEEFSMEIRERIEX R

2H group Atfﬁgjljttes y X1 Xo X3 X4 X5 Xs X7 Xs Xo X10
X1 0.923**
X2 0.934** (0.868**
= X3 0.970** 0.942** 0.962**
1] X4 0.970** 0.942** (0.959** (0.996**
T Xs 0.967** 0.865** 0.908** 0.931** 0.927**
I X6 0.971** 0.900** 0.902** 0.941** 0.942** 0.960**
4 X7 0.944** 0.920** 0.903** 0.951** 0.949** 0.903** 0.921**
i Xg 0.652** 0.650** 0.618** 0.666** 0.666** 0.609** 0.619** 0.658**
Uizl Xo 0.694** 0.719** 0.634** 0.702** 0.697** 0.634** 0.662** 0.683** 0.519**
X10 0.941** 0.877** 0.885** 0.928** 0.930** 0.929** 0.923** 0.899** 0.620** 0.670**
X11 0.591** 0.583** 0.559** 0.640** 0.637** 0.543** 0.592** 0.636** 0.571** 0.418** 0.596**
X1 0.789**
X2 0.922** (0.635**
X3 0.966** 0.804** 0.948**
= X4 0.969** 0.814** 0.944** (.995**
4h Xs 0.977** 0.773** 0.927** 0.959** 0.961**
it X6 0.963** 0.755** 0.906** 0.942** 0.948** (0.970**
b X7 0.937** 0.824** 0.880** 0.947** 0.952** 0.929** 0.924**
7 Xs 0.704** 0.672** 0.716** 0.764** 0.772** 0.723** 0.722** 0.742**
Vil Xg 0.631** 0.711** 0.562** 0.646** 0.659** 0.626** 0.604** 0.655** 0.516**
X10 0.957** 0.775** 0.929** 0.966** 0.970** 0.954** 0.951** 0.927** 0.751** 0.645**
X11 0.787** 0.589** 0.779** 0.790** 0.792** 0.808** 0.782** 0.763** 0.586** 0.518** 0.824**
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2 RIA BB Z KPS MIR(P > 0.05), 48U 3. % 4 fiw.

% 3 P, At M. AR TE AR [A] PE R 6 == N T AL FR B AL AR 4R R AR R Y R IR,
ISR ZE KA (P < 0.01) 0 Horp A0 R E 52 e (1) ELEEAE ) R ECR 0.373, B3 KT HAMAR(P < 0.05),
X WA ARt 4K oA B I BV AR o 2 2t R ) B8 o) 4 B 5 i ) B0 R B AR BN
E B I I A KO A P AR R TR A A2 B K, O 0.354,

% 4 B RV = AN IE IR A TE SRR E @A R Ak, fmE. fRs FIIRA S
PRE (118152 REGEE B B 2K (P < 0.01). Horf, S i B BAE A R 50 K0 v 14 (0.468), 4K
(0.389) Ik z., HRAE(-0.001)8/IN. %4 AWy AR A7 50 A B g2 M ) BL 44 E F R ECN 518, RIHIRAR X R H 52
Wi Ay A e AR A, R IR A i AR TR P AR ORI TR E Y, FL A 0.740.

3.4. NEFFELARMGHSERT EENRERE

5 WonAK. M, MTE AR EE X 2 N TR ARV s S KB R, RS Rk
TEREZ N 0.956. XK LA RGIX 4 NTEAR T BRI ILAAE, mImMEREmAKR. & 5iEER
XA A HRRR G A, KK BRI e A E R R, 5 0.139; K SRR
[ 4224 FH 8 K (0.201)

Table 3. Path analysis of morphological attributes to body weight of indoor industrial cultured L. calcarifer
3. BRI WFRAARMBEZHSERIEENBE S

AR B34 HEEMEH A #4E H Indirect
Attributes  Correlation coefficient Direct s X4 Xs X6 X7
X4 0.97 0.373 0.587 - 0.270 0.230 0.087
Xs 0.967 0.291 0.663 0.346 - 0.234 0.083
Xs 0.971 0.244 0.715 0.351 0.279 - 0.085
X7 0.944 0.092 0.841 0.354 0.263 0.225

Table 4. Path analysis of morphological attributes to body weight of outdoor pond culture L. calcarifer

4. EINOIEFIEBE ARG R SR IMEERNBERE 24

EZN UEESES-t HAEEM A]#%4F H Indirect
Attributes  Correlation coefficient Direct ) Xa Xs X6 Xe
X4 0.969 0.389 0.512 - 0.450 0.133 -0.070
X5 0.977 0.468 0.444 0.374 - 0.136 —0.066
Xs 0.963 0.14 0.757 0.369 0.454 - —0.066
Xg 0.704 —0.091 0.740 0.300 0.338 0.101

Table 5. Determination coefficient of morphological attributes to body weight of indoor industrial culture of L. calcarifer

5. BRI WHRABRMETSERIMFERRE R Y

TR Attributes X4 X5 Xs X7 )
X4 0.139 0.201 0.171 0.065
Xs 0.085 0.136 0.048
0.956
Xo 0.060 0.041
X7 0.008
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EAMBYEFRTEL 0 B S I E R 0.844, FHZA ARG A R FEZ 2K K, K5,
IR 4 PRIRFEW . AR Sz AW ik 5 1) BB e R0 0.219, R & FHAMMBR, HikoheK
(0.151), HRA4%(0.008) /)N 4K Al iy xof Ak 2 (1 ) 4224 FH 5 K (0.350)

Table 6. Determination coefficient of morphological attributes to body weight of outdoor pond culture of L. calcarifer

3 6. EINUIEFERMB SR A ERRE RE

TR Attributes X4 Xs X6 Xg T
X4 0.151 0.350 0.103 —0.055
Xs 0.219 0.127 —0.062
0.844
Xs 0.020 -0.018
Xg 0.008

3.5. ZEAFENEE

iV EVE D) PPN LS R EIEES - €T bl 2N S nEI VP p P
Y snrrwrn = —590.25 + 1.21x + 3.20Xs + 5.43xs + 4.93%;
Y smumren = —713.19 + 1.95%, + 5.63x5 + 4.53x5 — 13.18xg

T ZE AR, PIASFRIAA 2 TC a3 7 AR 18] 5 56 2R ATk BB 8. 2 7K F(F = 1673.1, P = 0.000 < 0.01;
F =1230.99, P=0.000<0.01), =N R*=0.971, TMEIFEHE R*=0.979. LR EMKL, TR x, (&
)\ xs (MA51m) s xe (FRFE) AT X7 (AR [A]FE) XS 28 P4 L AR FE S M iy 44 B (10 et 1] U1 R 00k 1) 4 285 Bl St 35K
*(x4: t=7.69, P =0.000 <0.01; Xs5: t =6.78, P =0.000 < 0.01; X¢: t=4.95, P =0.000 < 0.01; X;: t=2.50,
P =0.014 <0.05); IR x4 (22K)~ X5 (D) Xo (RFE) Tl xg (HRAZ) XS 2 ANt I8 77 5 I ) i 44k 2 (1) fig [ U
REOEBI R E KT (Xq: t=7.76, P =0.000<0.01; Xs: t=6.56, P=0.000<0.01; Xs: t=2.87, P =0.005
<0.01; xg: t=-3.85, P=0.000<0.01).
4. g

BRI, Rt 4 BT (Epinephlus coioides). 75 ri A1 B i1 (E. akaara) W4 R 4Kk, (Him
HFL R E M R ERRE R[] FERIEEXT 3 H 2 P BE 2 (Trachinotus ovatus) fZ 4 PR X 44 5 (1)
WA R, KR HARE N E R OR, IR R TR R E[10]: XK 1 R
(Micropterussalmoides) A = 5 i £ i 2 P TR A RO AR B . AR KRR (] PE[11]; 22N &5 [12] % iR 7K &
(Pangasias sutchi Fowler)JE 2 R 544 H 9C R IFEATHIE I, 25 32 B o0f FLAA B A7 Sl 35 1k sl 1) 2 G Sk B
RGEARAA: X =0 R B O R H K e B EE R BIIMKR O 2K > fim > RIS > B [13];
M R R AN HRAR S8 A2 5 i i Sk it &)y 0 44 B2 1) 2 SRR [14] 0 Z8 BT, SEmaAS A Fh 2R IR E )
TERTEARE P 22 5

B FER I, kT A0 B P Fh b, B Ak B A= B B AN [R], HAA B () o g TR AR AN AR [RI[15] [16] [17].
FE R [18]%F 0~4 F 4 BB £71 (Esox reichrti Dyhowsk)HEAT I E /34 & B0, 0 A BiA K. kK. 3k
B Sk AR RS o AR B ) R BORR, T 1 AN EK. ke Ok, 3 gk, ke,
RBEANK DT, 2 A 4 HR AR Sk iy o 1 SR [191A R s A A 2 11 F 8 [ 33 22 B (Verasper
variegatus) R F () FE MR, 10 14 H ek, AEAsLK e, SKMEEE 17 AR K EEEM. &
IC P fifi(Sebastes schlegeli). #2 1 (Liza haematocheila) & 7 ¥ (Paralichthys olivaceus)Zs fI A A AE K1, 44
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i

Eic

farey
=¥

P TR WA —5[20] [21] [22]. TESRWprigy iy B, 520 44 8 1) 2 MR R W B 58 2 T B2 AT
FIREES . . R RS 25 1 W& S IE B4R 23] A FU4E BB R, BEMR My p £ A4 8
PR ERE K em. TE. RBIPEAMIRESE, XS54 MATZER. XRFRVIGTANE A
MR I 32 B RE TR 22 5 o KUK BT SR [2410ARIX b 22 S AR AE 5 A W) S AR KA O AR TR R AN ]
FREEARE T SR i B s PR B B L, AR RE H IR E— R S

VIR E R T 2R ARG BAEE R AL AR BER RN, AR bE AT
HIZIA R 35 2 — o AR4RKE[25] & 3 B 7R B A VR 7R 5 20T 45 i D1 (Mytilus edulis Linnaeu) < 2 (1) 52 e JE AR A
], 50 B 0 52 I ity B J2E Ao 381 576 75 THD ¢ 1y oo 140 B2 8 2 R B 7R XK TG DUUR B (R R s TR FRIX SR FE AR K A
RS . TR ARSI SR B X 2 # 0 5E e D1 (Patinopecten yessoensis) & E R & 7 K, HiAth
3AMMX NS Z AN, Hiedi[26]. thot, WABFERB, [F— PRI TEAR 2 R IR FE A 55 1)
RRITA A2 52 [27] [28] [29]. fEAMEFRH, =N T (IR R E F S 4K, K5, K% IR
[ EESE 4 ARG 2%, T SAMNBYEFREARYIN 54K, fhm. SRR EZE DI,

5. &g

AR AT BAEHTRENE AT TE, B T =N L IR A S = bt R B 4 2R
Wt () A KA SR SRR SRS SRR, EN T A FREAHIRM) 5445y 291.19 + 84.36
g, T¥IWKE 5229/H; FHAK N 223.85 £21.93mm, FHEKE A 22.07 mm/H . EAMNBEFREA
AW PR N 432,64 +150.13 g, P R 80.49 o/ H s TFHMRK N 252.21 +29.60 mm, P K
& 27.74 mm/F . RRVIETE = SN FRIE A SRR T B AR 2 DN IRIEA RV R E
RFK K, 2K, Mm%, BRIFEE. RS, R m A AR S5 7 T AR 535 % 5+ (P < 0.01). @
O aE B, EA LT TR K AR 40T R IR B] 0 4% 25 PRI AR R AOE B 2 2 KF(P <
0.01), MaK. . ARGEHNIRREE 4 DT 3 I 75 FE 2H A4 5 IR IR A 2R 250 08 34 2 2 K1
(P<0.01). ENL) WFRMEARI 4K PR A5 AR ) BE A 2 1 3t [ vk 2 282 A4 0.956, =4t
BEFRFHA R ALK s, AT, FIHRAR A HE I SL R g RECZ AR 0.844. 2 ANFREAH IV 2 0 1m] 5
JiRE:
Y wmwes = —590.25 + 1.21%4 + 3.20%5 + 5.43%5 + 4.93x%;
Y somwmzon = —713.19 + 1.95%, + 5.63x5 + 4.53Xs — 13.18x3.
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