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[ 0, At 22 O 208 A 7 ) P 7 8 0 B S A 00 7 T
EAFZE " EAE [ P S K 2B 3 4 850K R LA
il o AR 2 W g% B R Hp, 4% 1) ik R B (radial
basis function, RBF) ##1 24 [ 2% B 115 8 /) 2%
M N5 AR N g 2 E T N
LR G IR G BRI T — R A B0 T B
AT 58 K F RBF 125 W 4% 7 i, A 0 21 468 7R J
(Takifugu rubripes) {4 J5i 4t , 2y F) F 2 B4 MR T4l
ZLBEZR 5 AR BT B4R IS TR

LB Tk

1.1 SRIe##

ARSI TR RAE SO AT R A /3R AT, 5L 5
FHET 8 A5 Jy i Ay > 5 T H AR 3 01 £ 51 i 15 & 19 )
—HEW A AR Z A T BB LR B8 L1 6 AR T i
Feah 72 B B R MR R R 2K (TL) (&
K (BL) &/ (BD) kK (HL) IR J5 k K
(EH) WK (SL) . 1 58 (MW) (R4 (ED) (HR [A]
FE(IS) EMWI K (CPL) A& (CPD) | F& #l 9
(CPB) A% (BW) KT (TR) (B (TA) Ik
JAK 1(BGL) (i 7 8§ /i PR 9K T K EE) A K 2
(BG2) (i My i J5 2K T4 B2 ) 46 17 MBS 1%
ARLKEHHE] 0.01 em, fAFiH (BWH) HIHL T KF
PRE: A E) 0. 01 g,

1.2 A *E

o ) )3 5 AT Xof b AR E TR DL A B
(BWH) Sy A 5, DLH AR I & i IE S 1R Oy B 722
WL, BT A - BlER ik (stepwise) #47 £ o
[\ 534 , I 3 T A VFE (Tol ) F1J5 22 1 ik X 7
(VIF) b F& 5 K 45 14 48 %% ( maximum condition
index ) f #% K 5 #£ It ( maximum variance
proportions ) i 17 M 2 M A6 3 o £ A ] U9 g3 A B
SLLL PR BR ] SPSS 15. 0 B4 FE, 51 A A 7%
T RBONE B E YR IR A5 R, 2 P <0.05 1)
HREER 2 P <0.01 B E 2R

RBF 7V 2 [ % RBF #ff 2 {4 4% J&& — Fift LA
BRI ERCE T 3 Ry B ) v 80 it R e M 2%, B
A A T v 1) 48 Bl AN ELAT A0S I 2 AP R R o £
JE ST R 42 R B AR P . RBF Al 4 ) 2 45
R JE B S RBF fl 28 0 2% i A2 A% 1) 2k )2
(AR E R ) Mk th )2 3 JZ 4, LA RBF /R R
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JCIENA 7 A o i B SRR PRSI St A P 1) (. 355
FEE R GIAAFA K 1(BGL) (&K (TL) A
(BD) B #iw (CPD) | HR &) B (IS) AR J5 3k &
(EH) , LB, B & R BCR® =0.949, [A] )4 45 %
B, 75 8] U9 75 F 28 B PR A 56 rh 68 BT S I 2
PERERL, BR AR S Sk 1A 2 B0k 21 42 E KPS0 (P <
0.05) , HiAth 4% T 28 BOH #0001 4% 1% 3 B 2 3% K
F(P<0.01) (£ 1), FFTAEVH(Tol) M52
IR T (VIF) BE47 JL PR 5, 4% T2 25 MR AT
WA #HIT VIF <10 fiTol >0.10(F£ 1) , £ 0 pra

BRI A R FI M E W RE Y R
P B R R A4 KO e K7 22 L AT SL P
RORAAF R £89. 909 > 10, H TL Hl BD YK
Jr 22y 0.65 A1 0.52, KT 0.5(5%2),
FWIREHY A A8 S (B A7 A — s B R s A T
AT (19 7 22 1 ik I 1 (VIF) 73 5 2 2. 646 F
2.107, ¥ K F 2, 10 3% W A 1 AR AH L A 2 VR
(Tol) 43 5 2} 0.378 F110.475,¥/NF 0.5, X3
B P AR [ ) A7 A — i Y SR, L AR
RN RIEENERER SPS NS

x1 NRAFERYEZRRETETENAZEBEREFHHLMERRE

Tab. 1

Significance test of coefficients and collinearity statistics of independent

variable based on tolerance ( 7Tol) and variance inflation factor ( VIF)

2B PEKG B8 collinearity diagnostics

AR [l )1 5 it R % FRUEDR 22 test . FME(Sig.)
variable regression coefficient standard error significance FVE Tol  JF &M T VIF

H % constant —-2198.136 106. 779 -20.586 0. 000 - -

& &£ 1/cm BG1 42.754 3.423 12.489 0. 000 0.378 2. 646
4K /cm TL 33.140 3. 109 10. 660 0. 000 0. 642 1.558
{& & /cm BD 63.291 12.337 5.130 0. 000 0. 475 2.107
FEEMiE/cm CPD 41.928 12.581 3.333 0. 001 0.548 1.824
HR [A] #E/cm IS 47.067 15.922 2.956 0. 004 0. 586 1.706
ik 5 3k & /cm EH -27.175 13.351 -2.035 0. 046 0.755 1.324

R2 ETHERREZFGEHNSEKAATELLHLZERRE

Tab.2 Collinearity statistics of independent variable based on maximum condition

index and maximum variance proportions

J7 24 1 variance proportions

i) FRAEE AR

dimension eigenvalue condition index i A I i/ Wi/ Fet s/ W1l ./ Wk 1/
constant 1/cm BG1 cm TL cm BD cm CPD cm IS cm EH
1 6. 985 1 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
2 0. 006 35.481 0. 00 0.05 0.01 0.10 0. 00 0. 00 0. 46
3 0.003 45.174 0. 00 0. 00 0.01 0.19 0.36 0.01 0.25
4 0. 003 50. 444 0.16 0.10 0.07 0. 00 0.18 0.05 0.23
5 0. 002 68. 099 0.20 0.09 0.05 0.03 0. 00 0.73 0. 00
6 0.001 82.302 0.16 0.56 0.21 0.35 0.40 0.09 0. 04
7 0.001 89.909 0.47 0.19 0. 65 0.52 0.05 0.13 0.02

2.2 BRFHEMZERESHT

P %% it AR A8 AR 8] Fr) A1 & A 23 A,
Y5 1 ff 7R 5l AR T R S P 2k B A 2 UK P Y
2K (TL) (A K (BL) . /& & (BD) (MRJ5 3k K
(EH) (A3 (MW) [R42 (ED) R [ABE (1S) |
Wi (CPD) (A5 (CPB) (1R 58 (BW) K+ K
(TR) B K (TA) K JH K 1 (BGL) Fl ki K 2

(BG2) 14 AR RIPEAR, A O M 45 fi AREAS, B &
=14 IR EE X =X, X, X | &R (K35 H
21 fif 2R Ty flg AR Jo ek S I B CXO) AR g 19 45 O — K
AR B w =15 2T A St S 7
5 PR o AR AL RO T RO AT A G AR B
W2 307 TR 22, B S B R B S AR 14 4
eIt )2 1 DR ITH RBE M2,
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Tab.3 The phenotype correlation coefficient between phenotypic traits and body weight

PR traits K& /g BWH PR traits K JF /g BWH PR traits K FH /g BWH

4K /cm TL 0.622"* 1% /cm MW 0.549 ** K55 /cm BW 0. 809 **
K /cm BL 0.366"" R 4%/cm ED 0.401** JKFK/cm TR 0.580""
{A & /cm BD 0.688 ** MR 1E]#E/cm IS 0.614** K /cm TA 0.275**
3 K /cm HL 0.218" R /cm CPL 0.247" & JE K 1/cm BGl 0.878 "
MR 5 3% 1+ /cm EH 0.338 " FEA% & /cm CPD 0.653"* & JH 4K 2/cm BG2 0.742""
W) /cm SL 0.197 " F A5 /cm CPB 0.650 ** 1A i /g BWH 1

T+ RAZERLF(P<0.05), " FmERMEE(P<0.01)

Notes: “ means significant difference (P <0.05), “* means much significant difference (P <0.01)

P %9 2k T R S B 1 52 AR
WA INGREA . T A B RN ENA—
B, R 1 R 22 ST IR A s A7 ) —
Ak PR, SR )5 BEsE RBF A 48 R 2% 1) 2 75 % 22 H A5
(B, B2 & B Enm N B E . 2T — 1k
107 1) bR 5, XoF RBF 1 28 9 28 (19 e 2 J2= 4 4200
ABCHEAT VR R A R B B iR 22 T
F XS L, 0 58 e R & R ph g oo 8, &l
U, B SR B0 RO 10 1F RBF i 28 ) 4%

(IR A R 227 5 Rl 1,591 % 10 7" A 3 42
209 3.535 x 1077 KRR A B 22 °F 5 Al
1. 653  AHXHE 2K 0. 114, 4% 2235 LK BE Bk, A
A f R ORI 1) o BRI BT eR R
Softmax ; 4 H JZ W% s AL AHAF . B JZ 10 44
2200 2 i 2 M2 00 45 A 4% BUIE 2 G
1.166 .1.861, —1.096 , —0.362, - 0.266.0. 821 ,
0.249 0. 114 - 1. 111 fl - 1.430(£ 4),

E1 FEERHNEE
F:TL, %24 ; BL,f&¥; BD,f&m; HL, kK ; BH,IRJG LK SL, YK ; MW, [1%8; ED,IR4; IS, IR #E; CPL,EAH#iK; CPD, B
Wi ; CPB, BT ; BW &% ; TR, 4K T4 TA,BK; BGL, K AK 1; BG2, fKJHK 2; BWH, {5 i
Fig. 1
Notes: TL ,total length; BL,body length; BD,body depth; HL  head length; EH,length between eye and head; SL,snout length; MW,

Radical Basis Function network diagram

mouth width; ED,eye diameter; IS, space between eye and eye; CPL,caudal peduncle length; CPD,caudal peduncle depth; CPB, caudal

peduncle breadth; BW ,body width; TR, trunk length; TA trail length; BGI1 ,body girth 1; BG2,body girth 2; BWH,body weight

http: // www. scxuebao. cn
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Tab.4 Weight of neurons in input layer,hidden layer and output layer
REE Ak K/ e/ REK/ D%/ R/ IREE, BWEs B#SE, R RKTR, RBK EEK BEK B
hidden cm cm cm cm cm cm cm cm cm BW/ cm cm 1/cm 2/cm -
layer TL BL BD EH MW ED IS CPD CPB cm TR TA BGl BG2

1 1. 644 1.385 1.420 1.720  -0.187 0.621  0.896  0.851  0.051 1.262 1.350  0.912  0.755 1.284 1.166
2 1.178 1.274  1.036 -0.897 1.061 -1.449  1.710  1.541  0.307  0.977 1L.612  0.747 1.466  0.950 1.861
3 -0.685 -0.554 -1.458 -0.150 -2.060 -1.449 -1.819 -0.299  0.307 -0.730 0.444 -1.078 -0.449 -0.092 -1.096
4 -1.709 -1.662  0.269 -1.084 0.437  0.621 0.353  0.851 2.097 -0.256 -1.09 =-2.157  0.098 1.242 -0.362
5 0.247  0.388 -0.115 -0.150 -0.499 0.621 -0.733 -1.219 -0.460 -0.446 -0.824  1.327 -0.394 -0.258 -0.266
6 -0.033 -0.166 0. 844 0.037 0.749 0.621 -0.462 0.391 0.307 0.028 0. 444 0. 083 0.645 -0.008 0.821
7 -0.079 -0.554  0.652  0.224 0.437  0.621 0.624  0.161 -0.972 1.072 -0.734 -0.083  0.810  0.492 0.249
8 0. 759 1.052 -1.075 1.533 1.061  0.621 0.353 0.161 -0.205 0. 693 0.263 0.083 -0.175 -0.800 0.114
9 -0.685 -0.831 -0.499 -1.271 -1.124  0.621 -0.733 -0.759 0.307 -0.730 -0.190 0.083 -0.667 -1.384 —1.111
10 -0.638 -0.332 -1.075 0.037 0.125 -1.4499 -0.190 -1.679 -1.739 -1.869 -1.277 0.083 -2.090 -1.426 -1.430

A B G P 9 20 28 Hic Il ik 2%
S8R 19 RBF i 22 [ 45 10 A6 56 i #4 i RBF
2 ) 23RS R P T M o R R A il e A B A Y
HhBEAT U, O 55 S IME R AT LR A, LA B0 A R 1Y
HERAE FIARE M o A IT R P A [ 3 3 A 4 245
R, VERBR H0.991 6(1& 2) M T
Z UKL R {H(0.948 9) , B £ L&
e [ U158 0 5 A A v Y R A AR e AR A U A
SEIEL 5 v F B GE AR %0, RBF Aift 22 ) 45 55 TR fE 1
ARG o fifp % 21 858 73 5 Sl A o B A

1450

1400
1350 r

y=0.999 8x

T A 5 R/ g

calculated bodly weight
%
S

1200 1300 1400 1500
SRR TR /g

observed bodly weight

1 000 1100

2 RBF #H& R &K ERHNES SSMERIEF 250

Fig.2 Regression results of RBF neural network
3 i
WFSER BT, 7K Az Bl W B0 30 o 2 B 1 R A A S
R RAETE IR AR S T L T R AR A
PR X oG 2, AT g A S LA SRR AR O A
AR R 5T Ay PR R R S I A A

HHHB . H T, 78K 4 T 2R 4 Ak (8
) 5 1 A K B 2 AE L T N 4y
Mrep AU AR R 5 B R Z AR R SRR &R
[DRENSES o 1B RC R R e N =Y RO Ry
Git MK XM AR N 2 E L LN
(multicollinearity ) (AR Lk 1) . ZHILL MR
Z ool o3 h — 28 A R 2 ny (), i T 3L 6
PERIAEAE , 231 55 [l 51 28 B0 Al 11 {8 A o it 4 A A
SEAE  [R) I A AR L F] RE A AE B — SE AR, T
HOZTR AP PR A 5 ) A AR AR M O R, T
2 AR 4 R T A R AR O AR 22 L b
LW ZR O R R M S AR
[F {1 18 AR OG5 FRAE AR 5 A5 PR RO 365 T 22 T ik
W (VIF) 53 87 %5 G 4ok, N T #l & W 2%
(artificial neural networks, ANN) LI J #4555
Frab¥ae g e A AFGERE 1 . A 2% 2T BB ) S5 10 5
IR 2 I 4% 4008 b i 52 2% AE 2 1k &R 42 1)
b B 1) #2 4 (back propagation, BP) fift 22 %]
2 AR 1) S pR IR 25 I 2 B2 9B 3 B A S I,
HEHUA T B i S KT EE T BP 2 W 4
RBF #fi 2 W 2% [K] H: BB 08 LA AT: 556G B 8 I AT 2 3%
SERRA TR N 2 2] B TR R B B R AR
AN T g AR R R T — R A AT
W ARE TN R

AT R AV A 5 22 I K R 5 DA R e R
AR BOR B K7 22 HO % T 2 8 ) R e [l 05
TSR AT AR . BT AR
(Tol) 177 22 B2 ik B 7 ( VIF ) X [m] U1 45 5 i 47 4
VA R I, £ T SR B BA g VIF < 10
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PR, — W AAE IR 2 W S H H8 hw; 17
22 I M A T 2 12 W 22 oo S 4 Pk ™ o R A 4
Bio BTALG A S M G T80 80 J A0 1 2 80 Al 1 2
AT, 30 Ty BEAE K 50 25 V(A T 7 22 W Kk Y 7 19
FEA b, R B R % A 4 BRI B Ry 28 LU O 1k
PEATILER R . G E G OL R 4 e R AR A
k=10 HAHR i R Ir 22 RF 0.5, /[ B 48
RS SR BN, RN
89.909, H TL F1 BD ¥ &t K /7 2% L 4> %14 0. 65
F0.52, Bk F 0.50, 5% L] A 5 A8 & (A4 7R
— 5 W SRR M e 22 o SR [ T A R e A
TE— iR, WE Tol <0.5, M VIF >2 i}, [ 48
it (AL AT REAE AEAR R B AH OGPk o FE L AR v T W 28
R EFR T AR A OCR K AR, Ed 2
JCLRE ] A T 21 68 7R T il 1) 4K ot o, 25 3 30—
FERIRZE . AT ST A8 X 2188 25 T i 2 v [m] ) A5 7Y
et oy Al bl RO SRR i T
J5F RBF i 28 W 2% 1) 21 8 7R Ty i 4% Jo 4t 0 00 A8
AU WA FLAR ot o o 0B 0 5 AR O T A A 1Y
RBF #fi 2 f 28 150 ) 36 47 9 ik, & 902 T RBF ffi 2
Do £ (4 21 668 7R Ty i A T 5 00 S R 1) 0 S AR 4K
R* 5 0.991 6, 1fif £ JG £k P [0 5 20 47 19 R* {HL N
0.948 9, X KWK T RBF 1 28 [ 45 J5 1 44 4 1) 13
DAEAITE BR 1 2 20 d b B 28 o i ke 2 ) R
bl 28 e [T 0 5T 0 A5 Y 7 B o R R R 4. 53 %, Tl
DA FE w8 T 2 Pk ol 05 J7 s . & T RBF M2 X 4%
AR5 S 0 AR AR ) ) S, SRy A R B IR ORS 0 DF
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R e

[1] Sheng ZL,Chen Y S. Quantitative genetics [ M ].
Beiing ; Science Press,2001:132 - 137. [ &% & Bg, B4
A B L e db et BE A i R AL, 2001
132 = 137. ]

[2] Wang X A, Ma A J, Xu K, er al. Relationship

between morphometric attributes and body weight of

juvenile turbots Scophthalmus maximus [ J]. Acta

Zoologica Sinica, 2008 ,54 (3):540 - 545. [ £ ¥

LR VA AR R Y RAVE SRS

WHE Z MR SC R 39 % iR, 2008, 54 (3):

540 -545. ]

[3] Wang X A,Ma A J,Zhuang Z M, et al. Effects of

morphometric attributes on body weight of Fugu

http: // www. scxuebao. cn

[5]

(7]

[10]

[11]

rubripe ( Temminck et Schlegel) [ J]. Oceanologia et
Limnologia Sinica,2013,44 (1) :135 - 140. [ £
B R R VA, L LU IR 5 Bl TR 3A E AR R AR
q 5 m Rk R M S W, 2013, 44 (1)
135 - 140. ]

Lin Q,Wang Y J, Wang D W, et al. Comparison
analysis of quantitative traits and path between two
cultured populations of Crassostrea gigas and C.
angulata [ J]. Marine Science Bulletin,2014,33(1) :
106 — 111. [BRIE, £IIR, F 10 3, 55 KP4 W5
U9 %5 2F Sk W % T 1A o TR L A A AT i
JM4RR ,2014,33(1) :106 —111. ]

Zhang C S, Li F H, Xiang J H. Path analysis of
effects of morphometric attributes on body weight of
Exopalaemon carinicauda [ J]. Journal of Fisheries
of China,2013,37 (6):809 - 815. [ 5k Wit , &= &
16 AH G A R MR TR 25 DR R 4% J5T o 52 1 1) 58
A3 . K77 24,2013 ,37(6) :809 - 815. ]

Sun Z X,Chang L R, Xu J P. Effects of phenotypic
morphometric trait on body weight andsoft-tissue
weight of Neverita Didyma [ J]. Oceanologia et
Limnologia Sinica,2010,41(4):513 - 518. [ #p 4
D4R MR, TR RS R B g A R X A AN
MHR A 5 Rk 4 B ¥ 5 I 2010, 41
(4):513-518.]

Man J L, Yang W. Based on multiple collinearity
processing method [ J ]. Mathematical Theory and
Applications ,2010,30(2) : 105 - 109. [ #4025, ¥
T BT 2 E AL AL By B B e 5 N
F4,2010,30(2) :105 -109. ]

Zhou Z Y ,Zhang Y,Lin H K, et al. Weight model
based on regression of principle component analysis
of Xinjiang brown cattle[ J]. China Cattle Science,
2012,38(1) .1 —4. [ 4R 9, 5k b5, i & 9L, 5. 5
TG A 1] U 3 T A 2 A% T TN A R F
7% FE 4B ,2012,38(1) ;1 -4, ]

Cai Z H. Application of the least square method in
estimating cattle body weight [ J ]. China Cattle
Science,2000,26(5) : 1 —4. [ R4, F/N P ik
TE B A VR F A 0 o A B o [ 2Rl B2, 2000, 26
(5):1-4.]

Zhang Y Y ,He X. Multilevel nonlinear mixed effect
model for evaluation of Muscovy ducks body weight
for growth[ J]. Scientia Agricultura Sinica,2012,45
(3):540 -547. [3KITER, B E. Z)Z LR G
ML AR EL I T 9 A AR G [ ARl R 4 ,2012,45
(3):540 -547. ]

Fu W S, Teng G H, Yang Y. Research on three-



12 39

FEH LA BT AR ) bR (RBF) o 22 0 4% 1 £1 6% 7R Jy fal 1% J5g S T

1805

[14]

[16]

[17]

(18]

[19]

dimensional model of pig’ s weight estimating [ J].
Transactions of the CSAE,2006,22 (suppl.2) .84 -
87. [ 2R, e Ot e , A7 . b 1A o = 4k 504 4
AU BIF 58, 4Rk T AR % 4z, 2006, 22 (4§ T 2):
84 -87. ]

Liu TH,Li Y Z,Teng G H, et al. Prediction of pig
weight based on radical basis function neural network
[ J]. Transactions of
Agricultural Machinery,2013,44 (8):245 - 249. [
X[ i, 248 5, OB , 55 . B T RBF #1425 1Y
Fhos 1k BN, 4Rl BL B 24 4k, 2013, 44 (8) .
245 -249. ]

DuK L, Swamy M N S. Neural

the Chinese Society for

networks and
statistical learning — radial basis function networks
[ M ]. 2014 .
299 -335.

London: Springer-Verlag Press,
Muhmann M D. Radial basis functions: Theory and
implementations [ M ].
University Press,2003:2 - 5.

Chen S, Fillings S A, Grant P M. Recursive hybrid

Cambridge: Cambridge

algorithm for non-linear system identification using
radial basis function networks [ J].. International
Journal of Control,1992,55(5) 1051 - 1070.
Muhmann M D. Radial basis functions [ J ]. Acta
Numerica,2000,9.1 - 38.

Jamshidi A A, Gear C W, Kevrekidis I G. Time
varying radial basis functions [ J ]. Journal of
Computational and Applied Mathematics, 2014, 266
(15) .61 -72.

Park J,Sandberg J W. Universal approximation using
radial basis functions network [ J ]. Neural
Computation, 1991 ,3(2) ;246 - 257.

Ding YL, Kong D L, Mao Z F. The common

[21]

[23]

[24]

diagnosis of collinearity of multiple linear regression
[J]. Journal of Mathematical Medicine, 2004, 17
(4):299 -300. [ T ook, fLPHH, BREME. ZEHE
P B 3B R i R T L S8 I vk RO R 2
2R 55,2004,17(4) :299 -300. ]

Yang M, Xiao J,Cai H. The multicollinearity and its
processing technique of multivariate analysis [ J ].
Chinese Journal of Health Statistics,2012,29 (4) .
620 -624. [ 1, ¥ i, £50F. LT L &
et R4 BT k. b B T AR ST, 2012, 29
(4):620 -624. ]

Huang H. Simulation test of principal component
analysis — RBF neural network model based on SPSS
[J]. Journal of Xinjiang Agricultural University,
2010,33(6) ;535 — 538. [ # 1. KT SPSS [ PCA-
RBF #ft 28 [ 45 A5 AL 10 47 Z03 3. 087 3R ROl K 2% 2
% ,2010,33(6) :535 - 538. ]

David W. Neural network credit scoring models[ J].
Computers & Operations Research, 2000, 27 (11 -
12).1131 - 1152.

Meng J E, Shigian W, Juwei L, er al. Face
recognition with radial basis function ( RBF) neural
networks [ J ]. Ieee Transact Ions on Neural
Networks,2002,13(3) :697 - 710.

Tianshu B, Zheng Y, Fushuan W. On-line fault
section estimation in power systems with radial basis
function neural network [ J |. Electrical Power and
Energy System,2002,24(4) :321 -328.

Sridhar S, Hassan K K. Output feedback control of
nonlinear systems using RBF neural networks [ J].
Ieee Transactions on Neural Networks,2000,11(1) .

69 -79.

http : / www. scxuebao. cn



1806 K R 39 %

Prediction of Takifugu rubripes weight based on radial basis

function neural network

WANG Xin’an'?, MA Aijun'*", ZHAO Yanfei' , YUE Liang',
SUN Jianhua'?, MENG Xuesong’, LIU Shengcong’
(1. Yellow Sea Fisheries Research Institute ,Chinese Academy of Fishery Sciences; Key Laboratory of Sustainable Development
of Marine Fisheries ,Ministry of Agriculture; Qingdao Key Laboratory for Marine Fish Breeding and Biotechnology,

Qingdao 266071 ,China; 2. Laboratory for Marine Biology and Biotechnology,Qingdao National Laboratory for Marine Science
and Technology ,Qingdao 266071 ,China; 3. Dalian Tianzheng Industrial Co. Ltd. ,Dalian 116000, China)

Abstract: Takifugu rubripes belongs to the bony fishes, Tetraodontiformers, Tetraodontoidei,
Tetraodontidae , Takifugu. It is distributed mainly in Japan of the western north Pacific,the Korean peninsula
and China’ s coastal areas. Due to its appealing taste, rich nutrition, low fat content and numerous trace
elements, Takifugu rubripes represents one of the fish species with high economic value. In recent years,
Takifugu rubripes are farmed in large numbers in Dalian, Qinhuangdao, Tangshan, and Tianjin regions, and
has become the main cultured species of puffer fishery in china. There existed large errors due to self-
correlation between different phenotypic traits, non-linear relationship between some traits and body weight
and the collinearity among independent variables, when the linear regression model was used to predict
Takifugu rubripes weight. As a solution, a Takifugu rubripes weight prediction RBF neural network model,
according to Artificial Neural Networks theory and Radial Basis Function model, was constructed with the
phenotypic traits (including total length,body length,body depth,head length,length between eye and head,
snout length, mouth width,eye diameter, space between eye and eye, caudal peduncle length,caudal peduncle
depth, caudal peduncle breadth, body width, trunk length, trail length, body girth 1,body girth 2 and body
weight) of 72 Takifugu rubripes based on the nearest neighbor clustering algorithm , and the credibility of the
neural network model constructed was tested by linear regression techniques. The results showed that the
coefficient of determination R* of RBF neural network prediction model and the linear regression model for
Takifugu rubripes weight were 0. 992 (approximately 1) and 0. 949 , respectively. Obviously, the coefficient
of determination R> of RBF neural network prediction model was improved by 4.53% compared with the
linear regression model. In addition, the collinearity diagnostics of linear regression, based on tolerance and
variance inflation factor as well as maximum condition index and maximum variance proportions, indicated
that there existed certain collinearity among independent variables and self-correlation between body girth 1,
and body depth. The results suggested that the RBF neural network technique was an effective method to
construct the prediction model of Takifugu rubripes,and the collinearity of the independent variables,in RBF
neural network analysis,was eliminated and it has higher accuracy than linear regression prediction model.
Weight prediction model based on radial basis function neural network provides a new method for accurate
prediction of Takifugu rubripes weight.
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