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KiF3 STAR HERFUEME |\ o B R RFB M= H
E—F, fEe? § 2V, kER™

B,
(1. ER R0, ILAR HE 266003;
2. M INE O AES REHE TRE AR A NS, LR H R 266003;
3. HHEARESEARR S ER LR E, BRI S ey I BgeinE, LR HE 266237)

E: R4 2011 4. 2013—2016 FAFAAEMN B HATH EL FRAEKE, LAZEHN
Jin M 1Bl )9 (structured additive regression, STAR) ## A M2 22 | 45 4 delta 7 3, AR 4B 3 & 6] #k 4F
WARAETAMET SHOMSAER, FHREEAFHAME P RIFEE 2 M HKFEX
BN eEHR REZE B LERTNEE. EREr, MAZEATEEANGHRES,
RERB M ABLERK, EEAEA fodelta MAWBRA R _FIHEAAL. ZEMmE
# A (geoadditive models) #y AIC B 7 — TAE A fn IE A A B 3 0 K, AR A ) LA
JmAE A (generalized additive model, GAM) 4~ 5| T f& 7.60 fn 14490, #A W4 L, & R FHAHE
Al (varying coefficient models, VCM) & & % $cfn AUC ¥ & &, 47 # 0.68 F1 0.94, T
Pefe b, B AR R X IE# AUC {8 4 (0.793+0.100) 5 &, #77 Hix £ (RMSE) &
K (21.65+4.83) K, KA NEEHAME R REENE T REHR. EREERY
Hah b, RELEMAE. FRER. 8 dkT = 4T 67 E0EFRREE (FVCOM)
WM B, FIA delta = E nEEAFNMEMN BN FZEEZRENEZRL2H. FRE
W, MNEERIRESA EEE Y T MNZ 5 IR IR KB (34.0°N~34.5°N, 121.0°E~
121.5°E), MEKEWH T EH D, EFEEFHAL . KRAXEENEMNB N FH &
Ak IR By FF R Fofk 3 3R B AR AR

KA NEE; SAAERE T, BE BN, R XRIE; EA K, BN

HESES: S 9324 SCRRFRERS: A

Yy Fh 43 A5 A5 B (species distribution models,
SDMs) J&fifF 5% A 28 Ak X W) o v A 53 A 5 W) 1)
BITVE, BEAE AR T O S U s ()R AN A B R
PEE SRR SCRE Y, o | LR PERCAY (gener-
alized linear model, GLM) 5/ LA JN#% A (general-
ized additive model, GAM) 7E iffi Ml 45 35k i HI 32
RS TR NAZ 8188 & (TR EZN s e e T
14 5 2R RSN e M 5% ) B S 43 AR S (BT
IR AN S5 K 05 TAFAE Jmy B, X L Ak 3 ) %

WisEHA: 2020-09-19  {EEIHHEA: 2021-01-07

BUTUE = LR S S PR S BOR B B R S0 5 AR & T (2018SDKJ0501-2): [ 5 & i K i
% (2018YFD0900904); [ 5% |5 S8 %} 2 45 (31772852)

F—1EL: B @A), MNEARA ST, E-mail: zhaowei9346@stu.ouc.edu.cn

BIEEE: KER, NI BP0, E-mail: zhangelg@ouc.edu.cn
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T8 1 25 6] 43 A7 b Jm FH B 23 28 BAE I S5 4446
P4 7] 15 (structured additive regression, STAR) #% 7l
XML G GAM 30 i, ARS8 2 [H] A AR 4R
PECFR PR T 0 RIGMHELL AR EOE K, 111 GAM
PAZS AV 28 ZR B0 FIREBILASON 55, 1%
Sy 235 (A N PE B AY (geoadditive models), 748 58 B A5
A1 (varying coefficient models, VCM) FlJ~ LR

A B (generalized additive mixed models, GAMM)
A (7]
~F o
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T IR R A R R AR R
{H, TR AR i 2R ik [ A S o
A 2 AT A ph S PR TR, S S E 0 Ak
THIf R AR R T 68 7™, X AS W] i B s 2 A
e RS B Ol B O BRI A (AN AR ) I,
FHE IO /A0 55, TEE X & e 8ds (i
R AF) KA, delta Jr k2 HETT Z R H
B, HABGBEAELE P AN ST 3 8 2R e 3R it 4R
i, SR ASEBROULIN F e e O T A e R

/N 1 (Larimichthys polyactis) 3 J& %5 12 H
(Perciformes) f1 & 1 £l (Sciaenidae) ¥ 4 J& (Lari-
michthys), FRERMEIRZOIE, JZ 00 TR
W AR SRR 5 T R R, ARk,
AT A AR AR A LR, /N R ) R A
i N AR E R AR ORI S, AR S B/
RIL . REAE . MR AT R R AR Rk
PRRR TR AT, i 22 B A X AN [R) i /N B
a2 AT T e TR At oE . A B AN AR R
Z RN 3 A BB 5 T B P N B A0 AR gy
A, RVAS 52 AU R FH AT S M M R RO AL Y
TR Mg /N v A A5 (B A3 AR, T AN
FH two-stage GAM HF 7 15} V25 Ko L 208 305 163 358 /)
040 B A B 25 0 A RAE AR 55 FHAEDS i FH AV B
T8 M S BB TR 53 ¥ P VS /)N o £ 1Y 255 [) 53 AT R
fiEo SR, X ELHF 5T 30 S8 /N e £0 1 25 (8] 3 A1
SER R AH SCRRAE B R A i th R (E A 2 1 )

ARSI ARG 2011, 2013—2016 4F- 4 7 15 iff
NV HEAT 0 S 4 I E A Al . LB T 5 b STAR
PSR Xof T M T /N B £ 7 2 W R I 2 0 A 1) T 4
AEo M, FPXBIEFEKZHEN, RHT
delta J7 2 0 AR | e B A 7 8 XM T VS /N o
0 GE PR A I 23 3 AT R AT SN, DA A B 0 v
VS /N £ B U 3 AT 4 B 2 AR Bl Sy Rl A
GICIESESRIPRR /2 Eah St S

1 MESTHE

1.1 BERIE

BUESET 2011 4E, 2013—2016 4FEZE (5 A)
TV P VS S AR 3 Vg ol O J g G4 P 8 . ) A
IR 34°20'N~35°40'N, 119°20'E~121°10'E,,
Pal ARl LT R 43 2 BEAILBORE AR 8 2
B KM SN RN 2ZES, KRR
A~E 5 A (B 1), BAATIRTERS XN B
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Fig.1 Map of bottom trawl survey areas in

Haizhou Bay and adjacent waters

B— e Fom vk A, Horp 2011 4R JE A b 47 £
R 244, HABAFEG A 18 14

A JIT R FH 0 R 3 A Y D) %5 220 kw, H
BN 2~3 kn, BEEEHEMIETEZ 1h, (HHREHE
ASLTR] A5 2R 4545 A i o7 Y BRAL PR 08 K080 o oA ) L
T YE R 25 m, RS 6 m, FERX H R
17 mm, {RFE A B SR = ge gk, JfaE
A4 ] (1 h) DA S (2 kn) PO AR EAL AL 3L
FESH AR IE R AT 4 BB ) PR A e )
HEATI,
1.2 REFGE

eI/ A R IR (Y, kg/km®) PR A I
s, SEA VAAEXT/INET £0 45 [B] 43 A5 (R A 58 Y
ZRUO B UK )2 K IR EE (SBT, °C). K21k
EhJF (SBS). /K& (Dep, m)3 > FREE P 7~ Fll sl 7 28
BE . GEERAEGY 3 AN A AR AP IR R R i
FIH STAR AARIMELL , SR AN [R] J7 Ak #1253 [a] £
AR, FYH S PR (M1~MS):

MI : Y:ﬁyear +fl(SBS) +f2(Dep)+

£3(SBS) O]
M2 : Y:Byear +f1(SBS> +f2(Dep)+

/3(SBS) +f5(Lon) + fo(Lat) @)
M3 : Y:ﬁyear +f1(SBS> +f2(Dep)+

f3(SBS) + f5(Lon, Lat) (3)

M4 : Y:ﬂyear +f1(SBS) +f2(Dep)+
£3(SBS) + fyear (Lon, Lat) “)

M5 : Y:ﬂyear +fl(SBS) +f2(Dep)+
f3(SBS) + fpat (Lon, Lat) Q)
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oAk

46 &

L, MIHEFEIRIE . R WERAEG %L
Gt GAM, M2 il JH A 4% 1 28 B M 26 B A
MI1~2 M H GAM B AR, 523 [ 25 M LAY 4T 1L
. GAM KK

Y=B+ Y. si(x)+e ©)
Kb, YRR, BOMEIEI, s (x;) IR
55 i AL AT, e NANST [ iR 2SI

M3 7E Modell f9 R F {8 ] — 4k 5k & BRG]
FEARLA 25 [ RS 2, M4 AR AE 0 U4 A1
HAST G, 8T R, M5 R T
Gt eEnyRI oG T i, MBI 25 40 A IR AP AR v B
FtiHl3% (stationary gaussian random fields), iR M1
HR 0 M ZICIER M, A E LS Y Matérm B
T3 26 ROV R 26 W J5 26 00 B it AT 28Uk 1, BT
23 [ AR A

Vlay |

C (dy) =0° (1 + @) e<77> ™)

X, dy R i A Z R EEES, o2 Riph
CENIE

a5 1k 3k BE LA AR UE A AR R 2 ] g T e
A TR A B — G E S BCE R S
BOKAEBRS R 5, 4 AES BRI K (EIR
il 155,

P EE B, TN T /INEE £ R R A Ay
F A FL I35 7E 20% LA b, FE 2014 451 2015 4F
Ik 50% AT (B 2) ARG R A delta 77 75 fiff Tk
T 2, %77 AR hurdle J7 7 8¢ two-
step JiE, BETTIZ NS AR AL R
delta 7 4 WL 0 4R 1t Y, o0 R P 4 — & 00
BRI R MR R, R IESBAMETHER
@gﬁﬁui:

Z; ~ Bernoulli (m;) ®)
Ai ~ Normal (p;) 9)
Y=Z:\ (10)

IR 1 FH 35043 A6 il logit 4 1 bR KT
MRk %z, , IEAMRI BN, EASS
oY, tweedie MM 2E LR AT, AHFSE Zoid Mok
PR 1E 25 43 A R identical 2 492 bR BT AR 22 it 3
Ao, TR Y, S WA AL

1.3 EEYRIFMN
AR 27 1508 R AE ph 26 R 1 AL (AUC),
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Fig. 2 Distribution of L. polyactis survey data in
Haizhou Bay in 2011, 2013-2016

PesE FA(R?) MR A7 B EN (Akaike information
criterion, AIC) X A [R) A5 7 (1Y $L & R SR 47 % L
Hrr AUC 1 R AR UG RCR s AICHE R
BAVAR RN e bR, Hata A, ®
AIC=2k—2In (Z) (11)

Kof, KRBTSR, LHEIBISR A%

5% 72 23 [8] H # 5% (residual spatial autocorrela-
tion) F/R &R AL A M5k 25, T35
M AT Ao R 2 B T 7 K 2 5 () H AR DG 1 5
i %% { A G IE (Moran’s 1 correlograms) #£47 AJ
AL, FHIBE TARFTE T, 2 R5E 2841 (global
Moran’s index) [RGB, Y T8 (LR 5 R I
T RN RS L i R N A AL DG R AR AR
FE LA [R] & 3 A 50X Bhe) (4 SR 5L 2 4Rk, &
B IR RO TR AR

2015 2016

n it Wil (x,—)?) (xj—)?)

global Moran’s index=—

* >lim (xi_i )2
§= Z:l:l Z;;l wij (12)

AP, x 8 RIS, x ERZE R AR,
n AUERIEL (), w g zS AU AR R (CY P2 7
FE SRR, AE R 1, RZH0), £RE =
FRBOU W= ) A2 H i SRR R, RN IEAE, 1R
KM AEACGRERM S HRSRET
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%, RERZS M FEHLE" AR R BRIRHE . 2RISR TAE
FIH 300 ¥k 5 148 SLEIE (5-fold cross valida- 1E R(version 3.6.2) P HEAT, #|H R’BayesX!™" #4)

tion) A5 56 T 75 A5 70 Frg T A5 2R, B AR AR, B2 FR BT i spdept™ HEAT 0BT, SR

B AUCHH , delta BRI R DL S B i 22 T spt™ AT Mg AL AL 3L

(root mean squared error, RMSE) 252 KGR AU 41 %o} .

FIRVBC O (R R BB B R, 2 BN

B BRIP4 2.1 {EEILLE
14 HFT 5 FIBER LA R R A [ BT A

RIEHIRIPEAG OS5 5, PRI RO B (M2~MS) ZERE AL LA A R s, A
VAT e A P M S /N R IR A i T IR AR delta BT AE A 23 (8] A5 HLAULA 3%
T BT A AR B PRI A A A SRR T T A S O Y i i A, M4
R 1A B 2 1 2 A5 A (finite-volume coastal ocean (I RBE R AR B, H AUCTEH N 0.94,
model, FVCOM), FVCOM 2&—MIL&5MMg . A B MIEEE 7 0.09, 7EIESHAF delta 155 1
FRATL . Am R =470 7 BRI R A R fe s AR 430 S MS(ES [a] AR ) Fil M4,
TN AR ST N A T AT RS AL, 3RS 1321 A MR T4 0.3, AT R TR AIC {1
AW, FEXF FVCOM Bt 17 % 34 L Ab B HAK, Horp MS 7E IO R ANE S BRI AIC A
PRI PR B DL O N S NI R HE IR WO RACE, B ML IR T 7.60 A1 144.90
IR, F 1),

F1 SHRBABESHR
Tab.1 Fitting effect of 5 models

IR IEAEA deltafii A
) PN binomial model positive model delta model
models added factors
AIC AAIC AUC AIC AAIC R R
M1 — 98.13 0.86 615.69 0.26 0.30
M2 ALon)+ALat) 94.69 345 0.89 594.50 2119 0.43 0.53
M3 f(Lon, Lat) 99.97 1.84 0.87 599.12 -16.57 0.49 0.55
M4 Jyear(Lon, Lat) 98.45 0.32 0.94 590.54 -25.15 0.51 0.68
M5 Jyear(Lon, Lat) 90.53 =7.60 0.90 470.79 —144.90 0.54 0.57

e - R BRR I R AL B BAICAK KA
note: - indicates that no explanatory variables are added to the model or AIC does not change

ABIFFERR P08 A N ROE OB A T MIL(E 4),
[ i LA R 5 9 22 TSGR (& 3), 5 b 0 T delta BEAIHEAT 300 UK 5 4738 LERIE Y4
(5% 22 23 () { A G E 22 B/, T IE SRR AN BoR, ABEIRBUN B i E ROR . o
delta B 226 3%, A ZS ) B T i ms  AA RITMEIAEL R T 055, Hoh M4 o
2] [ MCHE B MRAE, U M5 i BURAL,  (0.73) (& 2). 5 FIBEAIAY RMSE 2B R0/, H i
AR 4 SR 50 FE BB I A TR S B g DUREREHEY . MS>M2>M3>MI>M4. BHOKE, MS

[ORE AR S ER LT HA AL RMSE(21.33),
22 TNIE 2.3 Smium
S Z IR FEFT 300 YR 5 758 LI IF A9 45 B 5T 22 BH == () PR AR AR (MS) /9 — 300FT IE 25

R, MACEE ZERERD) 7E400 4 b HAT B B, REAY I B IR AIC, 439714 90.53 Fi1 470.79;
E LTI B A 22 T HA A R . MG EndE H AUC A R 230014 0.90 1 0.54, 28 B ik Y
FORD) ZERUA RO T PR RE 24 BA R, H  S5REIR, 7RI/ f IR R A o
B MS A0 FLA A 23 [ A R T M e 24 25 s R AR R e v e B A A
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A models
= M] == M2 == M3 == M4 == M5
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Fig. 3 Moran correlograms of models residuals

FL T delta 25 [H] fINPERE A, XF iV /N B f0
BZATFIR A AT (K] 5). Z5REH, H
GEUR A A E B TR RIPGERAL  MbIX, B
IR I B /b, EAERIS S B, A,
2011 AF/NE M A Tz, EEE T T 35°N
DIEF R, TTE 2013—2016 4F L LG P HHB AR
I I A H A 2B A EO, o
S T PG 30 N A, H 7 P A R Y
Ay AR HARIRI AR LI &, R RV A0 A A e
HAR R AN

3 Wi

31 MEBWEESHE

MR B/ N R I 2 —, H
R/ NI, I, AR S
2 BT URINS 25 0375 X ¥ P VS /N B £ A B PR AP A
FREE MR WFFEE R RN delta =5 6] ik
L B TR foe W, TN 25 R s, /N
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Fig.4 Cross-validation results of binomial models

T2 delta FREIAZNIIFLER

Tab.2 Cross-validation results of delta models

TR g REL ¥ 7 iR 22
models R RMSE
M1 0.31+0.05 22.12+5.61
M2 0.56+0.05 21.55+4.65
M3 0.60+0.07 21.65+4.83
M4 0.73+0.05 23.01+6.14
M5 0.58+0.08 21.33+£5.33

1) B 5 0 A7 S 0 — 5 1 IR 235 A% JRy AR BH S 199 4 ]
A ARBIESE N R 2R A A S AT R AR b
EGER Gy BHAFNC A PV /N o S TS R
RIS B0 A5 5 X VL 9330 2 Vg Sl /) B £ ) 2 3 A e
TEMRIE T A5 P 2508 — B, /N R B0 A 7
35°N DAFG . 10~20 m &5 PR Z6 Ak 9 YT I8 15 16 35
FETEBLHEAT =00 . WAk, PP A AR SR TN
PRALIREE 5 b IR R B VIR G . AR R
B, /INEE A 72 B DX — M 0 A AR T T XA 42
WMERWWEX, HAE4—5 7, HKHER T,
TEANEE AR A /N A G R I R0, ol B
PR R R AR E A 16~22 °C, R 2 K
& 31.59~34.65"" 5 7 WGV K HI SR, T
MV AR LR U 2 K R B R AIG
(IR WL = N O 0 W i ) N i ol s N v
RS R EEAR R W] R S RN B AR R F R,
PLAh, T R AT R I U Ry /N ) AR
G AGA B A R R B R AL G IS TR PR R .
T RSB ACIE, RIS 359N LA Re Y30 2 16 ik
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Fig. 5 Predicted abundance distribution of L. polyactis in Haizhou Bay during spring by delta-geoadditive model

oRRTIINE:H BRI 2 ST M AN (o M I 75 R
R S0, K R I TR ER RS /)
BRI P SR B S B TR IR
ANE RS AR ARAN, R &) A B 3
RS HHEAT RIS, Jok T R R /N B A A T 2 g
SN A S B 2 PR R 2 —
3.2 STAR#E#!

5T T STAR HERIAESL /347 1 25 [A] K 7
X GAM LA LA K FmPE RE A5 . AP o8 22
23 [A] AL (I A BRI AR AL RS R R0OR 5 A
AU SR R 2E BE /N, A S (] A - A A AL 3R
AR FR 22 2 18] [ RH OGP, B T AR 1Y) 5k 2 A
SEPE A S HN TR T R, PR s (R Y
TG ] U A (4 Ay A AE MR . e, 23 (]
IS AR T M GE T O vk iR 22 WA T LA, B
A B BLEROCR B[R] B O T AR 1) 5 2 R B R
B 2575 (8] A AR AR RAR A K-, T A8 R BUOp Al
WAL T S LA S, PG RO A
TN BE R 25 . Potts 1 HLEE T JLFIAS [H] 25 [R]5%
N AT GAM [sZm, & BT GAM fig
% 7 400G SR RN T M e 2 ] 3 380 A e 1 AL AT
Stock ZE™ FLER T AR GAM AR 22 B0 AU 7E Tl
TN 53 8 o A0 24 vl R R e ) R B, LR AN
ARG —3, AR RBOBRL B T i LA RS,
FEZH0C R G IO R B R A GAM B 25, R’
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BNt , AR R BRI RRUE AR R AR 1 22 R 28 BLAE
AARF s AR A — 2 B, 4 Dippold 4557
T A8 FR SO AT B 495 8% ) 4R 1 (catch per
unit effort, CPUE) ##5% & BLAE AN [l 1 25 [A] 43 X T
H A5 A8 5 X5 B 3l ) 2 S8 e AN W) o T
GET YD o A AR AL 38 5 =S R BE LR fif B T
ROV 3] 1) e 5 Ao s 18] o A il #, DATERY
5 3% B LA 3 B b PR BE b B0 A B 1) Tt
RE, HARMTR A IS B,

AWE5E N delta 77 7 AL BHE A 504 o FE
2R, 25 R R HACR BT EL[R] IR 32
Z RO mE Y. — B E KNI
Fee, T2 delta J5 B RCBCAAAE PO AH B N7 1 ok
FRYLE R RN AR, M 7E Thorson™” il Cantoni
R T AR SR I LR AT BE N BT . FEARSK
1) AR, AT DL At A R R K R 7 3
241X Thorson B J5 Y delta BEALEY Bl 72 17 fid
AT W48 B 43 A W gamma 53 A7 L tweedie 47
14,

T 3 ) A o3 AR AR TR PR T o 43 A FAH OC A
TEZEIAOCER, NI 0 H bR R i B8 R 5 A 2
SLIIZH AR TBZ — AR5 IEIFXT
TJLFP STAR KR, 2545 WY ZAEAL BT % delta
Ty, NP S /N B A0 R ZRE G PRI 23 A3 A AT T
fEL8 i T | S N 0 e -4 DS R o 1 78 S
Y. WEER . R BT RLAE R R e A
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Koo R

46 &

BRI Z SN FEANTE I8 T 23 ) A S A ) 52
Wi, R BEE BT E] A ARG, 4 e AT LA REE
A B R | AL 55 7 AR [0
2 AR ARG R,

(3 7 WA A U 52 B s A2 B Al 22 )
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Spatio-temporal distribution of Larimichthys polyactis in
Haizhou Bay based on STAR model

ZHAO Wei '?,  REN Yiping "*’, XU Binduo '’, XUE Ying ">, ZHANG Chongliang "**

(1. Fisheries College, 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: This study was conducted to evaluate and improve model performance for estimating abundance and
occurrence of small yellow croaker (Larimichthys polyactis) based on the data collected from fishery independent
bottom trawl surveys data in Haizhou Bay in the spring of 2011 and 2013-2016. According to different methods of
processing spatial data, five species distribution models were formulated by combining the delta method with
structured additive regression framework, they were compared in terms of their performance on fitness, predictive
capacity and independdence of residuals for two commonly used response variables, namely, occurrence and
abundance. Result showed that models with spatial covariates had significantly better fitting effect and lower resid-
ual spatial correlation, and positve model and delta model showed more improvement than binomial model. The
AIC of geoadditive models was the lowest in both binomial model and positive model (respectively lower than
GAM without the spatial term by 7.60 and 144.90). Varying coefficient models had the highest R* (0.68) and fit-
ting AUC (0.94). Geoadditive model had the highest AUC (0.793%0.100) and the lowest RMSE (21.65+4.83),
indicating that geoadditive model's estimation n the occurrence probability and resource density of L. polyactis
were most accurate. Therefore, we predicted the spatial distribution of L. polyactis in Spring using delta-geoaddit-
ive model based on FVCOM simulation data. Prediction result reflected the distribution and variations of L. poly-
actis was mainly distributes in the southern and western coastal areas (34.0°N-34.5°N, 121.0°E-121.5°E),
decreasing with the water depth increase and varying significantly over the years. This study aimed to provided a
scientific basis for the development and protecttion of L. polyactis fishery resources in Haizhou Bay.

Key words: Larimichthys polyactis; structured additive regression; spatial effect; cross-validation; model compar-
ison; Haizhou Bay
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