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(L) % 13 VB @U\(mm)ﬂ’l@ﬁﬁ(ﬂlmo SR A OG ZR B0 e R 480 845 2R 80R 19 5 B A5 GE 1T 05125 53 1 bR 285 MR R AL
B0 40y £ BT SR AR R A B2, 45 S % AN SEER 4 14 SRR ) B AEAE R B 3 M 6 6 2R (P<0.01) 5 S R AL L8 1 52 i
Ji , AR5 BT 1 HTXTR@QEXTMKF%%%HHE%E’J4/\3@ SRR, B HEAE T R B/ NHEE : Ly> L, > Lo > Ly, TRIFEAE T iR 3/ HE
J¥ :Ly>Le>Ly > Ly, S PEE ZECH R EVINHEIT Ly > L, > Ly > Lo s WURALTR L ) 5 MBI, EEAEH R ENE L,>L,>L,>Ls>
L, AR REVINE L >L,>0,>Lg >, SAMPeE RECH KRB/NA Ly>L, >L,, > L, > L ; 3 BRA R AR BT 2 5 T A Mtk g
ZItEA TR 3K . W=-0.819+0.106L, +0.027L, +0.006L, —0.050L, , R* = 0.94; W = —0.778 +0.078L, +0.016L, +0.015L, -
0.055L,+0.018L, ,R* =0.930, 45 HRFEW YU T I AR5 15T 5t i A DG AR AT AR DU T i A Ry 4 45
SRS AR A 1 SR D -, L P AR R R e TR R 1 SR T AR IR B RUAE 0 (3 B AR o i B R AR A B SR R SR
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Effect of starvation on the correlation between morphological characters and body

weight in Amphiprion ocellaris
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Abstract: Amphiprion ocellaris is one of the most popular marine ornamental fish species. Its growth performance has been
degraded during artificial culture, so selective breeding programs aiming to improve growth is necessary. Some individuals of
A. ocellaris may be starved for a relatively long period by some factors during artificial culturing. However, it remains
unclear whether starvation has an effect on selecting suitable breeding index. In this study, multivariate path analysis was
used to describe the relationship between body weight and morphological characteristics of juvenile A. ocellaris after 7 days

of starvation ( starvation group) and non-starvation ( control group). Body weight (g) and 13 morphological characters
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(mm) such as total length (L, ), standard length (L,), body depth (L,), head length (L,), head depth (L), snout
length (L), caudal-peduncle length (L,), caudal-peduncle depth (L;), pre dorsal length (L,), pre pectoral length
(L), pre pelvic length (L, ), pre anal length (L,,), and eye diameter( L) were measured accurately. The statistical
methods such as correlation coefficient, determination coefficient, path coefficient and regression equation were used to
analyze the effects of morphological characteristics on body weight under two conditions. The results showed that there was a
significant correlation between the 14 personality traits of the two experimental groups ( P<0.01); after removing the
collinearity effect, the path analysis selected four morphological traits of the control group that had a significant impact on
the body weight. The direct effect was ranked from large to small in the order of L,>L,>L >L,, and the indirect effect was
ranked from large to small L,>L,>L,>L,, and the order of independent determination coefficient was L,>L,>L;>L. For the
starvation group, 5 morphological characters were selected, and the direct effect was L,>L,>L,>L>L,, the indirect effect
was L,> L,,>L,>L;>L,, and the independent determination coefficient was L,>L,>L,>L,>L:. The maximum collaborative
coefficient of determination to body weight was body height and body length both in the control group and the starvation
group. For the control group and the starvation group, the multiple regression equations of body weight and morphological
characters were W=-0.819+0.106L,+0.027L,+0.006L,—0.050L,, R*=0.941; W=-0.778+0.078L,+0.016L,,+0.015L,-
0.055L,+0.018L,, R*=0.930. The results showed that starvation affected the correlation between morphological traits and
body weight, but body depth, body length and snout length were the key factors affecting body weight under starvation and
non-starvation conditions, among which body depth was the most important factor. The results could provide theoretical

support for the determination of breeding indexes in the selection and breeding work of A. ocellaris.

Key Words: Amphiprion ocellaris; starvation; morphometric traits; correlation analysis; path analysis

R TG S FRIEAS B AR B/ SR 2 — SR a2 R R ol )RR AR P A i
Rt SR AE Y BAFIEAS B R A F R E LA T, TR R R A KPR B B e b, IR
BA T R b B2 BARHIR B AR SEBRERAE b R iR X AN N S AR B 1 I S 7 R B A
% XA E IR AT F ™ A% B3R, 5 A0, i AR SRIK 43 0 5% il i 22 4K, i A, - R5 S v aff P L
SR 2 DI AR SC T AR A VE Z20E 98 TARRY B AR o 38 AR50 BT T LR BEAS 22 B 1% AH DG 14 4 fiff 1 2 R ] 422
S0 DT R 3-t FER g o R 2 i) DG IR A SR 27 Sy 75 i s i BB AL 5 R SE AR . Bl i 5 6
1B 20 G0 T4 A RE A2 4 A, BT LA B S A 22 6 4T ( Ruditapes philippinarum ) ' | FLAH 5 X HF ( Penaeus
vannamei) ! 5T JFRELUF ( Procambarus clarkii) " 2158 ( Charybdis feriata)'®" ¥ ( Paralichihys olivaceus)'’ |
/N A1 ( Pseudosciaena polyactis) "™ VM A0 BEAA ( Epinephelus coioides ) ' FHXW) i ( Lates calcarifer) "' BT E
ARG R (AR OCHE R AT DL PR S TR IR R BT st fs bn ik B B 0 B 1Y . BFR R W], B (E B A7
FELEFINZES SR R AR EFBT NG, AR, @2 Z 2R g,
Ub, UG R 2 A K g A3 AR AT R 45 T A5 B 5 0 B RS B g A I Lo £ 28 T
ARFAE R 0y T BRI B =

HIR EXE XL 5H £71 ( Amphiprion ocellaris ) {8 FRZN TN, 216535 (13 B} ( Amphiprioninae ) B /N H A FK G B — 51, J&
ERENERKM B aRh Ry — /NN TZERO L0 Dy (HF 20058 TAE MR, B avE R IR BE
R e (A FRAE I IR RG & 70 G IR OR 2 Ry R B S, AN 2 R A TR ALY AT
P AR A, AN LR R D2 RN TR A K S G AT 6 BT R R A K R A
BILAE. B TMEZEF AN RER IR0 5 8 rh S S0 T] BB S BRI [E] A THUCIRAS | B AT, DL HR BT
BRAO TS PERIR 5 1A T A DG B s e oK ARG, 2 5 X B R AR 1 B A S R AT AL, Rt B9 E
b FAVAASCHY AR 3BT, BIFFE DU IR B SUE #4008 A5 HotR 5 4 BT i B9 AR DGR 2 i, B FE AR DL FI RV
RS S o R B U 00 (R o £ 1) 2 BB ASMEAR | R A PR G A 5 St g 24 P L TR P R e VR L 159
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R ARRAS SR BT B 58 SR Z2 ot M)A 5 FE S R SRR f8 1 e £ B A TARSR (L2 5 BOkE 286 BlR
filh, [0 ARk Ay IR BXE XSG £ A= BHAR 285 O WT ST B R AERI R

1 #MRERFE

1.1 ek 57k

ST 2019 AF 12 F TR I T B S g A T SR R IR R T T/ HA B R R it
FRATEINEAL L E Y 60d {@ER AN M0, 16 78 40 I SL g0 % FESL I S B 7 7d Ja BENL A B SL I SR A G T, SE
BEOUVRZA AN BRZH  BR2H 3 AT, 20 30 B . FRAHET N 60 emx40 emx40 em BIEHET X RZH (E 0, & H
P 2 U, YU R $mE , AR FRTE 26— B0 IR PR K IR, 5 KR Tw 20638 Led JTOGIR 120, /KR 25—
26°C . SEHRHEAT 7d, SCURAE AT A EREURE SRS SR H MS-222 BRI TRV S 40 BRI A o 1
1.2 Bosi & /oA s i

FHWR K AR T 5256 fa AR 7K 43 5 FIRE BE R 0.001 ¢
4 LRI A B (W, ), HB TR AL IR BE T X
B S5 A0 AT IE SRR MR ZE FLIG 1 ] Tmage—Pro plus 6.0
AR A — R A B SR (mm) G2 K
(L) ALy MR (L) SR (Ly) ki (L) WK
(Lg) WK (L,) B (Ly) ITEERIIE (L, ) g
FE(L,) JEEEHIIE (L, ) JBEERIEE(L,) R (L,) 5
13 645 A58 2 0.001 mm,

IR TEASEARIE BRI L s, Dy i S 412 0% Fig.1 Schematic diagram of morphological index measurement
22, A Rl RO TE S AR B ol BT o0 IS, 4 A0 £ L, : &K, Total length; L,: & <, Standard length; L ; & &, Body
PRZE A T AT SR PRI 5 — U, £ PN A2 1Y 4 8K depth; L, : 3k K, Head length; Ls : % # , Head depth; Lg : WK, Snout
PEHOFBEAE N B e B T o it orbr, length; L, : & 4 &, Caudal-peduncle length; Ly : F& 4 %, Caudal-

iz FH IBM SPSS statistics 25 ZAFXTBAEIEATHIT  peduncle depth; L, - T$8ERITH , Pre dorsal length; L, 65 3755 , Pre
Mo TSR AbR 2, S PEARAESF RZB pectoral length; Ly, : S HIHE, Pre pelvic length; Ly, : B 6§ A B, Pre
(CV) IR A, anal length; L 5 : IR1% , eye diameter

CV=(tpiEZE/FH{E ) x100%

SeXT R BE (PR ) HEAT IE SRR 50, K 50 15 48 J5 >R FH Pearson ¥4 X 2 T8 A MR 5 440 5 5 14647 40 56 43
BT s FEUCIERN T3z FE A0 5 |-G R 37 T AR 5 A T 6 1) 22 o etk Il 0 5 2 3 e T 285 P PR OXo A ot
1) 38 728 2R BRI B B2 A R, AT 45 T8 A P RO AR 5 1) LA RN B4

AT Y A R /NG W

1 ESERUEREE

—p?2 —
d;=P7;d;= 2r;x P, X P,

o, d BRI BT R IS d S IR 0 R A BT i S r SR MR R Z T ARG R, P, P
O3 B BAASRIR @7 XA T B ) AR R AL
2 H#R
2.1 B EASTERIE

YRS & W (AR ) AT IE A TERE R, 25 5 7R Shapiro-Wilk &4 KT 0.05, Kolmogorov-Smirnov I 3
PE 0.200 ( FCEME T IR ) BRI EZ 00, o] DI BT 5 AR R4 7 10 5347

2.2 FAVEIER RS
Ko IR BXE XU £ 40y £ 44 o AT S R B gE AT R MG T, 5 SR L3 1, X BEAE ALk 2 A8 3 R 80 K
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B R WK ) 2 %0(32.651% F1 34.063) , ML A MR AR 55 R 5 i KAY 2 Lo (W) K, 25.486% FiI
20.689% ) , H/ME L (IR4E,8.708% 1 7.339%) .

R1 REMRKEER ST

Table 1 Descriptive statistics of measurement phenotypic traits

X} HRZH Control group YUERZH Starvation group
LN b A5 5t it GIET
Traits A :Iilf;fd Loefﬁcij&of A ;Ififd Locfflcfjtﬁ(of
Mean deviation variation/ % Mean deviation variation/ %

W/g 0.459 0.150 32.651 0.389 0.133 34.063
L,/mm 27.490 3.186 11.590 26.118 2.769 10.601
L,/mm 22.039 2.404 10.909 21.399 2.241 10.474
L;/mm 8.928 1.015 11.367 8.483 0.973 11.475
L,/mm 6.308 0.675 10.692 6.218 0.645 10.366
Ls/mm 7.589 0.830 10.935 7.340 0.783 10.674
L¢/mm 1.431 0.365 25.486 1.531 0.317 20.689
L,/mm 2.691 0.386 14.351 2.690 0.432 16.052
Lg/mm 4.120 0.590 14.308 3.997 0.444 11.106
Ly/mm 6.994 0.746 10.663 6.675 0.735 11.009
Lo/ mm 7.306 0.882 12.077 7.367 0.832 11.295
L,,/mm 8.163 1.009 12.365 8.329 1.122 13.474
L,/mm 14.361 1.870 13.025 12.807 1.510 11.793
L;3/mm 2.052 0.179 8.708 1.991 0.146 7.339

122K Total length; L, . 7&K, Standard length; Ly : &7, Body depth; L, : 351, Head length; Ls : 3k 55, Head depth; Lg : K, Snout length; L, : &
i+ , Caudal—peduncle length; Lg : FEA# 5 , Caudal—peduncle depth; Ly : 5 #&HITE , Pre dorsal length; L, : FEERTEE , Pre pectoral length; L, : J& #ERIHE,
Pre pelvic length;L,, JEBERTIE  Pre anal length; L4 :Hﬁﬁ:,eye diameter

2.3 SRR AH I S BT
XU L R R 2 IR TR AU £ %) £ SR BRI A TR M B, 5 SR 3R, A MR RN A AE A R
IR F R KT (P<0.01) (3 2) , Uk B A MR AR B 8 DA R Gk SR 2 [ A7 A R A G . X BRI 84
ARFHAR B A0 5 BECA K/ NIE (v) K9 Ly>Ly>L,>Ly>Lo>Ly>Le>Ly,>Ly >0 > >SSy , YURATE S YRR RHA
A S BB KNI (£) A Ly>L>L,>L>Le>L,>Ly >y, >L, >Ly>Lyy>Le>L, o X B4 YL v 5 4 5
S AH DG R B R = (IR I S s T LB T A R 5 A T A DG R BICHE 3 A 2 B A — o i 22 50,

F2 FREMKZEHEXESTREEERE

Table 2 Correlation analyses and significance test on phenotypic traits

,Eji W L Ly Ly Ly Ls Lg Ly Lg Ly L Ly, Ly Ly
14 1.000 0.919 0.928 0.947 0.874 0.908 0.682 0.413 0.902 0.911 0.902 0.885 0.893 0.833
L, 0.932 1.000 0.985 0.921 0.915 0.957 0.704 0.374 0.932 0.903 0.947 0.938 0.927 0.829
L, 0.922 0.980 1.000 0.915 0.910 0.947 0.691 0.466 0.905 0.924 0.937 0.932 0.919 0.839
Ly 0.938 0.926 0.909 1.000 0.862 0.928 0.617 0.341 0.912 0.894 0.900 0.866 0.890 0.830
L, 0.867 0.880 0.904 0.858 1.000 0.921 0.825 0.385 0.882 0.929 0.960 0.926 0.874 0.798
Ls 0.901 0.907 0.897 0.926 0.830 1.000 0.745 0.337 0.925 0.893 0.935 0.903 0.879 0.819
Lg 0.705 0.712 0.732 0.642 0.820 0.642 1.000 0.252 0.743 0.726 0.796 0.756 0.684 0.592
L, 0.544 0.675 0.701 0.667 0.659 0.667 0.520 1.000 0.228 0.460 0.340 0.352 0.274 0.450
Lg 0.887 0.864 0.858 0.914 0.811 0.885 0.596 0.589 1.000 0.839 0.923 0.883 0.903 0.773
Ly 0.831 0.834 0.859 0.796 0.939 0.767 0.825 0.592 0.739 1.000 0.930 0.907 0.869 0.814
Ly 0.844 0.856 0.867 0.797 0.900 0.772 0.833 0.570 0.741 0.943 1.000 0.961 0.911 0.823
Ly 0.833 0.804 0.817 0.790 0.861 0.757 0.738 0.526 0.742 0.886 0.927 1.000 0.910 0.777
Ly, 0.839 0.799 0.815 0.753 0.763 0.741 0.650 0.453 0.722 0.758 0.810 0.820 1.000 0.733
Ly 0.829 0.827 0.829 0.828 0.811 0.792 0.700 0.583 0.793 0.758 0.757 0.738 0.688 1.000

XA TR IR, 28 TP B UKL ; B A AR SR PR i .3 P<0.01
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2.4 HBIHIEE

Xif A ZH AUR LI A IR X A T i Y B A0 R B I 6 3 BB 2 SR k2 W L 2 ™ i %) A R XA
RN B (AR B KRS R T L, L, L L5 4 DMIEAMRA & YURA S RRE T L, Ly, L, L,
L 5F S MBS MRAR 1, Bt fR 0 AR o 2 (9 52 e 3k A% 25 7KF- (P<0.01) , ARIE LA 800, #H ¢ R 4kmT
53 R EARAE ] GEAR R0 FITRIFEAE T ()42 2 3R 80 W AR 3 o % BRAH B384 T e R BN AR Ry 2 Ly >
L,>Le>Ls [0V EFHHET 7 - Ly >Lo>L, > Ly s WA ELHEAE R B R BINHEFARIK R . Ly > Ly > L, > Lo > L, [ HEP
N :L;>Ly>Ly>Le>Ly, T UL X6 B R URZEL w7 0 9 B VR 35 SR 35 K (43 310 0.718 F110.574 ), Tl 4:AE
1Ry dmes 0N 2 T 1t T A5 PR e o — P T 24 /N T B VR AR 5 50 — R AR 3 IR (4
WA 0.432 F10.314) 3 5 BRZH B4 T /N 3k 155 (=0.276) , Xof A 5 5 i 522 47 pia) 7 3, (E G ) 39640 P ek
(1.184) WU B4 dR/ N AR K (-0.178) | [F)AE 22 B ) /5 T, ) e/ A R (0.730)

R3 HXRESHE
Table 3 Decomposition of correlation coefficient
5l . éf(ﬁ)iliiﬂi A I A Indirect effect _
Group Traits et Direct effect L, L, I L L, L E}E
Xt HRZH Ly 0.947 0.718 0.395 0.090 -0.256 0.229
Control group L, 0.928 0.432 0.657 0.101 -0.262 0.496
Lg 0.682 0.146 0.443 0.299 -0.206 0.536
Ls 0.908 -0.276 0.666 0.409 0.109 1.184
DUk Ly 0.965 0.574 0.286 0.057 0.135 -0.119 0.359
Starvation group L, 0.944 0.314 0.522 0.065 0.146  -0.125 0.607
Lg 0.760 0.088 0.368 0.230 0.116  -0.093 0.622
Ly, 0.951 0.179 0.432 0.256 0.057 -0.081 0.665
L, 0.898 -0.178 0.383 0.220 0.046 0.081 0.730
2.5 JEAMRARN AR T i A P R
Xof R AL ZH 25 A R PR A 5T i 1 D BB WL 4 3Rrp AR R MR8 7 () B0 Ry R Jot
B4 R e FR A, PSS R DR T R BB S B AT TR A T ity St [l e e R4k, NSRRI & XA T i B’J$
M Z A KRB NHEF X BRZ 5300 Ly>Ly>Lo>Le IUREL R Ly>Ly>L0,>L,>Lg AT UL 6k BREFNL A 5
TRE AU R S A, HUO IR Boph s RER /N WA s o BREE ALk 20 Sh [ e e 2 B R i 1
K Ly Ly, RIS i RV X A 5 o 11 3 ] ke A T e R SR [ e R B0 /N B X BRELRY Ly Lg (A i P03k i)

(-0.368) , YLK N L, L, (A m AN ) (-0.136) , S 0 S mAE . PR 1 Bk i 28 B0RT-5 H B otk
R P RBORAE R e, U AR AR LIRS I, R AR e R R R e EE AN B At ok
FE ZBORMPIPEIR S [ P 22 8500 SRR e i e M TR ) S e 2R 880, W RRZE R 0.930, ULIHRZH M 0.941, H Bk
FE RBOT AR A T, W IR e=0.2638, LR e=0.2310, 13 B WIS 52 36 2H 44 o 8 ol i R T 77 0 ik s 19 |
IR MRS A e AN R F
2.6 ZIullEREFE

i1 229 BUAAHT , 50 bk 2 S22 W M P 7% T 19 725 e AR Ko A S5 5 T S g 3 0 AR o, o A ST T X
TR YU ADE SRR SR X R Z 0 nIH T2 .

W=-0.819+0.106L,+0.027L,+0.006L,~0.050L( R* =0.941 , F =267.294, P=0.000) ;

W=-0.778+0.078L,+0.016L,,+0.015L,~0.055L,+0.018L,( R*=0.930, F =267.294 ,P=0.000) ,
R EIH AR ZEERE(R) YR T 0.85, F W BT AYTE 25 IR 43 1) 252 Wi o R 2H ALk 4 HR 20 XL
Bt G AR R R OCEE R - F ARSI ZE IR o, b N 5 AR ) 0] )5 56 R 44358 152 /K (P =0.000<0.01) ;
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t A6 25 R R b 18] 05 R A TR A5 MR A S5 A D [ 0 2R Y 3R i 2 b 3 K (P<0.01 B ( P<
0.05) (F5),FrLARRFEIE T R B35 00 . TN AR HE 5% 22 - 3B HERR vE 22 X BE4H R 0.000+0.967 , LR 4
4 0.000+0.976 , F B #7119 2 Tt [B1H 5 BB A A HUA T AREA LIS,

T4 EESERIMEREORERE

Table 4 The determinant coefficient of the morphometric traits on the body weight

2 5] PR PLE FEL Determination coefficient
Group Traits Ly L, Lg Ls Ly, L,
Xof HEZH Ly 0.516 0.568 0.129 -0.368
Control group L, 0.187 0.087 -0.226
Le 0.021 -0.060
Ls 0.076
Pk Ly 0.329 0.328 0.065 0.155 -0.136
Starvation group L, 0.099 0.041 -0.078
Lg 0.008
Ly, 0.092 0.021 0.032 -0.029
L, -0.016 0.032
x5 HEEHNRPRE RBER
Table 5 The coefficient value of the model and its t-test results
4151 Ei=tan FEB FrifELR . P
Group Index Regression coefficient B Standard error
X REZH W -0.788 0.045 -17.350 0.000
Control group Ly 0.106 0.013 8.299 0.000
L, 0.027 0.006 4.469 0.000
Lg 0.060 0.019 3.153 0.002
Ls -0.050 0.021 -2.331 0.022
Pligker s -0.778 0.038 -20.262 0.000
Starvation group Ly 0.078 0.011 7.409 0.000
Ly 0.016 0.004 3.582 0.001
L, 0.015 0.004 3.499 0.001
Ly -0.055 0.012 -4.396 0.000
Ly 0.037 0.018 2.101 0.039

3 iTFig

FHRAE AT 2T, Bl £ 9 13 /4~ HR B GUSE 0 40 8 A PR P i A7 AR B B G SE & (P<0.01)
AR AR A RER WL R PER B A FL G R A BEHE iR B E A R R MRIR O e 1 ok . BT LUK 1 S BR oA
W BRI AR AT, e AR R 4 A A e ) SR B SCHERR AR 2 M mT LR B AR X
AR TR I RS 53 B W RN HE 0, O RE ST 4 I etk 2 IR DI J D > — ke it , A > A 8 i1y
FRAURE S Z B B AR 14 2 KPR, 4 AT DL PR [ R ek, 45 0, A L HERRAE AN R S8 42 43 H7 ok
SERBUIHTR AR DGR IOE B S (R ) KT BT 0.85 i, RIS £ 2 (A6 ) ABFFEARL
TS IRLURY LR AL 20 S T 8 ) 4 A1 5 ASFEPR  EA DO BT i B P E BB T 0.85, F W HR BE XU £
PR AR S 2 U ISR SRR BE I, BT AR U AN UAR S T 132 ) 12532 i HR B UL £ 1
R SGHE N T

ABIFSE B, DU 52 000 5 MR BREXUARG £ 40y €0 25 MR R B A R AR DG, ZEAR VLIRS T i R
W Ik o 55 4 B S TERIOR D 0 A (Y J2 2R, LIRS S P B AT M R A
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K45 5 MBS ST i EZ A K, HETRIFTT W], 0 T8 2 RO 1A 5 S 199 52 el £ 76 e ] 22 5
WS F I R A8 ( Crenopharyngodon idellus ) WRFE i fie FEEL R 7 5 5 5L DA U2 (AR R ) B A /N i #
PRE AR (R K i T 4 A AR Bt S KRR FEEFED RN R AR B B A7 7E
B2, 6 H I KREEET (Scophthalmus maximus) , 44 MRy AR JREFN KA A BT 52 e e Rk, 107 14 H 9% 0 42
K AN A s RIE /St ( Hexagrammos otakii) 6 5 ARK Sk AR AR SE i 18 A i ) hy 4
K R R SRR TEN S S A, B B A R GE e BB R 25 S Rk RO, in W Ak f ( Oreochromis
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