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Fig. 1 Fishery resources and environment survey

station in the coastal waters of Shandong
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M (1 hy Hif (2 kn) SEATFRAELL, 755 1 ARG Y 7%
TR A (g/h)o AR i Ah RN 2R 558 5085 0 52 2 24 4 R
CHEFPEARLIE ) (SC/T 9403—2012) HEAFI, B
B8 th [R) A FH Y CTD(RL Sy CTD75M/1167)
PAF, WIEKE. REZRE . KZ2ERE. £)2
HREMIR)ZE

12 #HBRMAT X

AT 5% A6 A% G5 BP R AU ) S filt 1 38 0k X g A
At WIARBUE AR S 8CH X 3 AT TR AR A
HEATARAL , FEVTAGAS [RIAS RS ) AR AL R

WMARELEF B 43 4 AL FREE B (group
method of data handling, GMDH) i A5 4 gk
TE 7 % i AR B 5 T A M B AN, RRAAE
A FAR FE BERR )T, %07 B Ivakhnenko 45
P, T R R R R R, 545
BP #AUAH [, GMDH % H A3 B A i i B =X
AT B AR, AT AT b R A
R, 3 I s A R S R Y U 3 R
IR FEREAY

Bates 55" F 1969 44 ARV 5 ik 4R
RERLTRN P VA . G, AR L St BP A5 AU X
LM R G A B A R A B, (H A
g M LA E B9 18], AW 50K BP AL AL S GM-
DH F LS &, LIS AL Ak . GMDH &
it Matlab R2018b(9.5.0) #f4-H maGMDH 5281,

MIEAALH . L5 BP BERIA) 4R (5 B
SERENLI, 255 S 8E I RORML . WS g
Ry FR AR /M S5 ] BP0 R, R AR A fE Y
XTI B AT 2 CHEEWMIEN . BE Ak
(genetic algorithm, GA) H.A3 R i1y F-HLAE S,
TR A: Py kAl R Y B4 R AR A R kP
Iz g T BP AL A) I AE AR Ak T
FLBAE 38 A AE A HE 25 0K () JR BT e it
A B AR S S DL A, DA T 4 v A 2R Y R E

R, ASHIFFE 58 R F GA B2 % R ASU(E E
A, s O th B a8 R 25 18] SR )5 FH] BP
TR A Jry 8 A A P A ) Lk B B A JRy FS AR
/N TR, DT X BP B Be AT R4k . GA
¥k 8 1 R3.5.2(Eggshell lgloo, 2018) 4% {1 H i
genalg 52 .

W& s ML TEALSE BP AAI T W2
SERRAI AR B 1) R [ P A1 B A 58 30 0 AR 5
O )2 R R A B e, i A2 38 i GMDH
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SRR RE, TR 2 BRI B S B E 1
B Z MKHE . Homik 5 5T R, — PRS2
R 22 2%, BTy R R 8 22 AT DA SRS BE M
T — DAL R B R, A AR5 7 ot Al
b PR A Y R AR H AR T AL RE

AW 7% i 3 [ 1% B 51 (adaptive algorithm)
B 2 BT B O TR R AE M 4o ) L
o, R PR B R A A I b A 2 R R A A
75 B 5 38 BT A B I 2 2 R L o S A o
FERRZ TR E YR, T B e RE . A
T e A DL O S B

HERSIE : S,= > 0%~ O]
=1
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p=1
Ry =

VSi%4/S;

Kb, 04,0 O RBRATI QL jIESF 25 p MEEA
BRSO O iy j7E4 2 58 n DFEAR S )
I, n R I REA BB, SRR BT RS
M2 B INZRAE R, Ry Fm Ay s i, j ARG 3%
TR . HMHCAFFE R, $,<(0.01~0.001) R AT % A
BR; R;>(0.8~0.9) BDUiEH i, jUIREESR , FEA
FEEA

1.3 BP =& 5%

AMFRER AR . iR, =00 3 a s A
T, DLAOKIE, RZWE . K)ZRE . RZH
FE L ORJZEESEIL 8 MR FAE MR AR R, TEAR
BRI EEZ /T, >R H 7 22 i ik A F (variance expan-
sion factor, VIF)? #4172 \EILLL MK, — M
JEWFVVIF > 2, R L BEILL Y,
BT LA B . 15 58 BP BRI R FH & A [l )5
PPN AT IR F R LA, s F RO 2 A R
K (variance interpretation rate) Fl 5% 25 % /5 Fll (resid-
ual sum of squares, SSE) I W51 1 (1) $1 & %5028
B 250 M, BRI E R R, B
LSRR B AR R B R T 2% filk R 3R RN Bk
ZE VT AN AR L, AR R AL 25

AT R M GA H ik . GMDH 5 fil H i
Mo R 3 7 AT LA, AR 7 RO TR Y
414 Ak BP LAY (3% 1), b Model 1 1y 14 48
BP K%, Model 2~4 Jy HT7 HILALKRL, Model 5~

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

7 MW LA DL AY T Model 8 S = 7 1]
LR A A
£1 FEMGWESH BP EH

Tab.1 BP models with different combinations of

optimizing methods

At )79 optimization
bR o i Ay
B T R A LT R
model JALSEL: group method of

genetic algorithm data handling

[SPCIVA K73
adaptive algorithm

Model 1

Model 2 +

Model 3 +

Model 4 +
Model 5 + +

Model 6 + +
Model 7 + +
Model 8 + + +

W RN TEModel TIBEAE Fif Bz fh S0k HE AT 1k
Notes: + means selecting this algorithm to optimize it based on Model 1
5% 38 3o 28 S8 UE A9 7 12 PE A AR 28 1
RO o 28 S I Bl AL HORE AS B8R 1 75% 1R R
YIZAEAR TR NG, T4 25% %K
P AT B TN . BRI EE A 5T 1000 K, RH
175 MR 22 (root mean square error, RMSE)., #H¢
Z % (correlation coefficient, COR) Fl 5% 22 5% J5 Fll
(residual sum of squares, SSE) AY-FII(H , 1 K 1) K7
FE RS T P BEHE A, L EROA W] 4 A O A A8E 7 i
WIPERE . Horh SSE 3R B S 5 #lill (A =2 22 1Y
S5, ARG R . HAE BN ROR
BRI SRR R L™, ez, iFEAR:

SSE = Y _(Pi — 0,)?

i=1
HA %

HH G F H (COR) I T BIF 50 78 2 22 ] 1) 46 1
FHOCARBE, AT rh R 1000 5 55 =[]
(R AH OGP, B B TR ) T A5 R, L 4 X {1
FEIE T 1 VLA SCRE B O, RVFT s8R B,
Rz, AP,

Cov(X,Y)
KX, Cov(X,V)VH X, YW Ir 2, VarlX]h X
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7525, Var[Y|h YR TTr 25,

RMSE 1 Jy 7 5 454 R0 F0 000 o o P 0 45 %,
FIE f% S Il A A8 00 L 179 8 R P2 T, H(E )
&7 R L TR P o B R L IR A 2 6 K
TR . HaotE A

RMSE =

o, PONESUE, O WTE, n RTINS,
2 HEH

2.1 ERNEER

WL VIF f 3 3R W, IRZIRE . RZHAEE
RIZEE ., RERE . KK, T, MG
FERY VIF {H 55k 2.48, 1.96, 3.82, 1.72. 1.71,
229, 2.66 F12.96, £ HF[H] 2 ILLE A i 3,
W] A Ay fife R A AR

Model 1 # 25 LR, A . JiC )2 TR A
G JZ R B O G AR R A o, Rl R
FHEEVIRR, HER ZMREEN 64.43%, H
A R STk R R K, T 39.39%, HKONIKZE
T TR Z R, STERE 53100 17.12% 1 7.92%
(#2).

£2 Model  IBAZEREREEATHEENY

Tab. 2 Fitting results of Model 1 and

importance of each factor

$H M 3; fEKIEFT GMDH B3k TR A H aE [
BILALAL ) Model 4 Tl 6 FefL By 50 H h 45 7
GMDH $ 36 458 F 15 B 38 57 53 2 U8 AL Y Model
7 8 IR T S EH Ry 5

=3 TREAEMLBPIREMELR
Tab.3 Results of BP model construction of

different combinations optimized

PPN} RBTT % W=
it A7 TRREZE /% TTHREE /% S5 A
model added variance importance  residual sum
factors interpretation rate of squares
Model 1 N 39.39 39.39 2.94
SBT 56.51 17.12 2.55
SBS 64.43 7.92 2.40

W NRRAE, SBTRRIRZRE, SBSRRIRZHE, FH
Notes: N is latitude, SBT is the bottom temperature, SBS is the bottom
salinity, the same below

Model 2~8 E Model 1 3 fill F X} % A28 &
W46 AUE R B S A B i T Ak, R RIS TR A
AR ZE R (3 3), H, Model 2. 4 Fi1 6
() ff B 2S5 Model 1 —3, NEE | R)ZIRE
MR )ZEL % . GMDH H 1L i) Model 3, 5, 7
1 8 ¢ Model 1 3 MK RAE A SCHE i B8 it . Bl
TR B EARRAEE T LS, KT
H 3E W B AR B Model 2. 3 i1 5 B A B Y
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it NN HIRBUE By S H
model added factors initial weights number of hidden nodes

Model 2 N+SBT+SBS 0.0016 3

Model 3 N-+SBT+SBS+depth — 3

Model 4 N+SBT+SBS — 4

Model 5 N-+SBT+SBS+depth 0.0016 3

Model 6 N+SBT+SBS 0.0016 4

Model 7 N+SBT+SBS+depth — 5

Model 8 N+SBT+SBS+depth 0.0016 5

e depthR7m /KR, —RRHIABUEZFEHLIY
Notes: depth represents the depth of water, — means that the initial
weight is random

2.2 BTN M BE

2 S UEAF F 1000 YA [R) 241 A4 A A5 70 1
VIO5 R R 25 . AH OC R B B 25 °F 5 M A5 48 bR
BIH (£ 4). Bk Model 4 Fi1 6, H A5 A1y 7 AR %
Z /N T Model 1, HH Model 3, 5 fl1 8 ¥ 7R
BRZET/IN, [A]IHAR OC R B T Model 1, KW
Model 3. 5 i1 8 M HREILT Model 1, L+ Model
8 M R A K, M TN % BE B4 ;5 Model 2
7 B9 M OC R K0S Model 1 A1 o3 AR5 A48
LT T 4 E 5 Model 1 #1224 K5 Model 4 il 6

R4 TRBRBMILMER

Tab.4 Optimization results of different models

T Yo iRz AR AL BRI

model RMSE COR SSE
Model 1 0.52 0.38 2.40
Model 2 0.45 0.38 2.39
Model 3 0.36 0.39 2.25
Model 4 0.54 0.35 2.25
Model 5 0.37 0.38 2.24
Model 6 0.54 0.35 2.26
Model 7 0.45 0.36 1.96
Model 8 0.35 0.45 1.94
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f A 56 22 20 A T Model 1, A5 751 i) 950 7 fik
W2,
23 HSXRBMEERFHXR

i BP A A 43T 1R G 2 (8] 43 A 5 O R
B TR F . Model 1 F1 8 45 B8], [ HFbG
PR T 5 A Jdbd) R 2 R O R AR
FE— 8, IR U R B 2 R Y T e R
TR R A R 2 R B e B R R R T
() I B (LA, (L IR I B IS 2 3 3 18 i 2
EFE G (2, #3),

Model 1 1 8 Hr, 1 HF il 28 5% B 5% 2 1R
JER K RAFEH B 225, Model 1 1R it 7% 5 2%
JE B EC )2 L BE T v S B S R FEAS AR, Model 8
EMP S TG TR ER 5N, Model 8 1
TR GRS 5 B IR BT 7, 11 gk 9% 5 %
SR TS |l Weaw =M 3 OF S

3 iR

SEHG RIS [F) 77 1% 0 A 48 BP A BY 3 A5 T
PEATAL, TR R ZE L M OC R B 2
F-J5 FER G LB AT R R AR RECR At 2R
AT T U O e A 5 O A 5 A 5 A X A A
W PERE HEAT PRAL . WESER W], GMDH 55 3% Hiph
LA 1 GA . GMDH 595 4 & AL B e A 242 7t
BP HE R BN PERE ,  HL =5 3 [R] 0 A A 7 i
BOR B AE o ALY RENS g BP 1 28 19 2 A5 Y ¢ i
B BEA MR Z 2, (R 2R 30 g 13 e
23 (8] 73 A1 5 45 R 858 N 1 56 R T I S i o o &
I L ERR RYREEL AT g L AR T R A G Y 3
b BERAE PR R A 4R =

31 XEFBEETHUNESR

AL BP R J5 AT OGS PR K O 2
55 Model 1 3§ Jil7K 78 by G 5 PR 58 R %8 11 0 e ¢
BB EAHY LR, DR R IR S 545
JEJZ B R O RIAL TS AR, (A%
U5 %85 B2 A6 VS )2 B B s F0 0 %) O 225 (4K, T e
5 OEREGE R T A O, X AR R
SR P I P o AT BB R TR Al A B R A
TR B BE E B R AR, KRS
4 B il 7 5 /0 15 L . Model 8 3% Model 1 7£ 5
RERENXR T HAEN 25, 7SR
JEE ok e R el R R M B R AR, AR
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B2 Model 1 &N EF 5 O 4R,
REFEZEHX R
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Fig. 2 Relationship between the impact factors of
Model 1 and the resource density of O. oratoria

In order to speed up the learning and training speed of the network,
the data is normalized by [x—min(x)]/[max(x)-min(x)], (a) the
relationship between resource density and latitude, (b) the rela-
tionship between resource density and bottom temperature, (c) the rela-
tionship between resource density and bottom salinity, the same below
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Fig. 3 Relationship between the impact factors of Model 8 and the resource density of O. oratoria

SMEI SR EHLNE S, EmEAERKREE
Ak BRI PSRBT, R R IR
S 16~24°C, A HEHUKIZ RN 6.26~27.12 °C,
RS R IR E K ZREA S EELTET
R B RF A UIAETSE . [FIAF, 7 HES Model 8
Xof ST R P AR e i, B B A b i B S
M X, 54, Model 8 H 1S sk 8 5 1R
Wl G R B AR AR ) OC &R, LW U B B K R
HOomES LA E R B, R RS N
IR ) 53 7K TR A 30 m IR IR A 56¢, 16 30 m
JLFEI P, BE K TRIG I, 0 el % U R R T
HAH R I K I T i R R B 34 T
fiko 55— 7, TmIRES 10 0F I 9 A 06 0 R 1R
Koo MSCHWRGE I, 11 MG W U5 T ) AR AR
2SS, RIEEh&EAMUKK I E S £%F.
Bk A& [alE, A A (AR TR K X
PR BE B ™, B BRI R R K X
FEOE, Bk, RFEZRW KK AT HIL,
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T T o R B K R S B TR R R
e AN, AN TR) 2 4 10 il 6 2 () 23 A A 5T I A7
TE2E 5, (HAF ST AR A 3t vh R B £ 2 3545 h
KRR T, AT BES 21 RN A BRI
THREAK, FNWEA—-DEEEMHERE, K
170y VAR 11 o) 7 P <19 ol

32 BHEMAKRE

ABEGE R, R 3R 7 ik 4y A Ak Xt
Model 1 /)5 W7 FE 88K 22 5+ . GA B 1k,
S Y F T 0 B AN LSRR A X F Model 1 FEA4%
PRFFANAR , HAS R T i) o o M 4R T . X
4 L 58 ] AR 25 B0 2005 4R 4 MY 19 GA B A
BP M &, KIA GA Bk REM LIB T
N R A5 E], HOR 5 B A R A /N E A
U ZE AT, ATRES GA Bkt b3 2] A4
iR FUAH 5 Model 1 Fifi L 35t B Y AH 22 R KA K
GMDH 57 i Ak % 50 70 4y A AR B8 11 35 6 2 fik o
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HAE BT, 2006 AEHERRAE $E R ] GMDH
S BP Bk gt AT eoEt, 5 i GMDH A RERS
A RARAL W 25 454 o LA e B0 AR B T RE
UL A5 R FIASE B T % v 0 1 X A B AR T,
5 A BE AR — B, T HES GMDH 57k ML
RIGERG T7 W AT AL, O 8 5 O 5 3 B A
AR O o ARG I K TR AR g R ) 11 AR
Uty 0 DR B B SCBE PR AR PR T, ) R 2 A A R AT
LA, HETT R TE 7 AT A 0 E R o K IR AL B
(38 i n] BE -5 11 RS R AR T A G, fE—E
JE _EEIE T GMDHS L X AL & g £ A L3, [
P A 78 00 114 A B 1 AR T P 5 A R A o
M IERPEA . A SN %5 GMDH Rk i1k
RS PRY O RITEA Y b X N A VA R W o
B 0 405 ROR AR B T7 LA Th fe s, (ELRE 2R 13
004 R N A o PR DT R, T RER A
TSR A B BT R H 4 A L 3R e R A XL
H 3, £ B3 TR, e
TR ESE O, MBS R, R
TSI A B 3 S

33 ZEMUYR

Model 5~7 Xt Model 1 #4775 1 40 &t Ak,
1E GMDH .74 Fl [ 38 1 8 1 10 505 T AR £k 56 il
HEm GA Bk AT A Ak, B GA kAR
LG B AR PR RE AR A S . RS
25 By S PRI BR SC A R ] GA Bk R A AU T
BERIPEBE M 451 A — 80, (B — B E LRk
T GA B LA bRTE , BR TP BE AL S5Ok
AR ENEES ;75 GA B [ 38 W 5
AR AT, B GMDH ke s
PR f 400 AR L TOUIIN AR SR R R T T ) o
PEXE I BRI, %A BT RS A AR
R 250 A AR 5 19 3l 0 1R R UE T 3R 40 1 i Sl
B, AR LS A AR X, 5K
T AE M R A P AE A Y AE R A — B, A
Al e 5 GMDH 574 BE % 76 18 KR B I fi A5 0 B
INEE U S PRAE B, IS T &R A % i
TE GA B35 fl GMDHE. 1 55 1 A Ak 1 2 Atk 1
B A 38 N AR A AR, AR R A TR R
WA REAR, BARPEREWR B R % 458 5%
MW ECI A RA T2 5, TREJE RROT AS AL
H ) g Il E1 R bt 9 R % R S A BRI T 2 R Y
KRE b, SHAERRR BRI 20,
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AT R R T A PR B o 145 RS D5 T R A
B 1 0 R AT AE R P R Y 45 SR A — B, —
SEFREE FIAIE T AR A MERE . W, 3 ROy
S [ A0 A A i A2 5 B T v T A e f 4, (H
AR TN (7 o 1 P 5 GMDH Bk 5 0y 1 A 4k 2%
GA 53 GMDH 53 W 75 T A& AL A — 2L
U D 7 A 2 N ) o A A T A T Ak
X A -5 R 2 ) A7 7 AN B RE AL O R A O

i ik, AE— RO IE DAL AL Y A L
BRI Ts ik, SR BE Y 32 T =2 18] 5F
FEFI R RINSCHR, Hn] BEAAAE S A AT E T o

4 HiiE

ARWFEIHE T BP M4 28 B p A AL T %
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Relationship between spatial distribution of Oratosquilla oratoria and
environmental factors in Shandong offshore based on
optimized BP neural network model analysis

LI Pengcheng '?, ZHANG Chongliang >, REN Yiping "**, XU Binduo ', XUE Ying "

(1. College of Fisheries, Ocean University of China, Qingdao 266003, China;
2. Field Observation and Research Station of Haizhou Bay Fishery Ecosystem, Ministry of Education, Qingdao 266003, China;
3. Laboratory for Marine Fisheries Science and Food Production Processes,

Pilot National Laboratory for Marine Science and Technology, Qingdao 266237, China)

Abstract: As a common machine learning method, BP neural network model is widely used in species distribution
models to analyze the relationship between biological distribution and environmental factors. Compared with the
traditional regression models, this model can flexibly deal with the nonlinear relationship between variables.
However, there are substantial uncertainties in parameter setting as a result of its complex structure, which may
affect the prediction and application of this model. This study considered approaches to optimize the model para-
meters, including the group method of data handling, genetic algorithm and adaptive algorithm, to improve initial
weights and the number of hidden nodes of the model, respectively. Seven combinations of optimized BP models
were implemented based on the survey data obtained from fishery resources and environment in Shandong off-
shore between 2016 and 2017. Our results showed that there were significant differences in the predictive perform-
ance of the seven optimization models. The predictive performance of the one-way and two-way optimization
models was approximately the same. The root mean square error and the square of residual error were 0.35 and
1.94 respectively, which were smaller than the initial model's 0.52 and 2.40, and the maximum correlation coeffi-
cient was 0.45, indicating that the optimization effect of the model was the best. After the comparison and optimiz-
ation, it was found that the resource density of Oratosquilla oratoria was basically different with the increase of
bottom salinity while the resource density of O. oratoria was significantly different with the increase of bottom
temperature. In addition, the increase of water depth in the optimal model compared with the initial model was a
key environmental factor,which had an important effect on the resource density of O. oratoria. In this study, the
parameter optimization method of the BP neural network model was further developed, which proved that the para-
meter optimization had important effect on the prediction performance of the BP model, and the model optimiza-
tion was of great significance for the analysis of the relationship between resource density and environmental
factors.

Key words: Oratosquilla oratoria; species distribution model; artificial neural network; model optimization; pre-

dictive performance
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