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Habitat suitability index of larval Japanese Halfbeak ( Hyporhamphus sajori) in Bohai Sea
based on geographically weighted regression. ZHAO Yang', ZHANG Xue-qing'*, BIAN Xiao-
dong® (' Ministry of Education Key Laboratory of Marine Environment and Ecology, College of
Environmental Science and Engineering, Ocean University of China, Qingdao 266100, Shandong,

China; *Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao
266071, Shandong, China).

Abstract; To investigate the early supplementary processes of fishre sources in the Bohai Sea, the
geographically weighted regression ( GWR) was introduced to the habitat suitability index ( HSI)
model. The Bohai Sea larval Japanese Halfbeak HSI; model was established with four environmental
variables, including sea surface temperature ( SST ), sea surface salinity (SSS), water depth
(DEP) , and chlorophyll a concentration (Chl a). Results of the simulation showed that the four
variables had different performances in August 2015. SST and Chl a were global variables, and had
little impacts on HSI, with the regression coefficients of —0.027 and 0.006, respectively. SSS and
DEP were local variables, and had larger impacts on HSI, while the average values of absolute
values of their regression coefficients were 0.075 and 0.129, respectively. In the central Bohai Sea,
SSS showed a negative correlation with HSI, and the most negative correlation coefficient was —0.3.
In contrast, SSS was correlated positively but weakly with HSI in the three bays of Bohai Sea, and
the largest correlation coefficient was 0.1. In particular, DEP and HSI were negatively correlated in
the entire Bohai Sea, while they were more negatively correlated in the three bays of Bohai than in
the central Bohai Sea, and the most negative correlation coefficient was —0.16 in the three bays.
The Poisson regression coefficient of the HSI.,; model was 0. 705, consistent with field
measurements. Therefore, it could provide a new method for the research on fish habitats in the
future.

Key words: habitat suitability index; geographically weighted regression; Bohai Sea; larval
Japanese Halfbeak.
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Fig.1 Spatial distribution of survey sites and SI.
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Table 1 Statistical parameters of data

A7 AREE BUME O MROKE TIE RfEE
Independent AN Minimum  Maximum  Average  Standard
variable Number deviation
of valid
data

SSS (PSU) 98 27.14 31.09 30.10 0.75
SST (C) 98 23.79 29.19 26.98 1.16
DEP (m) 98 6.85 28.66 17.83 5.76
Chla (pg- L7 98 0 13.27 1.11 1.76
SSS. M Sea surface salinity; SST: %I E Sea surface temperature;
DEP: 7KIK Water depth; Chl a; M-4¢Z a ¥ Chlorophyll a concentration. T [fl
The same below.

z;=(x;~x)/0 (2)

Horpr oz, AR AR AR S o0, O SEBRAE 1B 5
o SR SEBR B I AR EZE (R 1)
1.2 A,

GWR EAHESE I BRI Y i 4 2 R S8
PR LI IR (E B AR BB R SR PR I BB
RIAX IR,

yi = Ag(u;,0,) + z)\k<ui9yi)xik + 218171'1 + &,
E [

(3)
Koy, AR B HSUE; (w,,v,) 255 1 DA Y
25 (A AR AR 5, A2 Jmy R AR fx, PRI AE 5 A, (wy y0;)

118°  119°  120° 121° 122°E

SST (T) S\

$SS ®SU)

37°

2 i SST . SSS . DEP #1 Chl a AYZS[E] 43 A

Fig.2 Spatial distribution of SST, SSS, DEP and Chl a in Bohai Sea.
SSS: MEFELE Sea surface salinity; SST: ¥R BE Sea surface temperature; DEP ; 7K¥R Water depth; Chl a; H4£% a #RJE Chlorophyll a concentra-

tion. F[A] The same below.
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2 SR AR R Y R BOTE i ARG, B LR A (u,0)
15§ A BE, b Ao (u, ) 90 R H ROy, 4

JR By, 5 KE; B N R RN R e, i
oy, TR 2E.

SR (3) FE i s A IR R K
FE/NT 0, T AT S S A T LG 45 S

wd R T AL i BYACER R ;. AR SCRJH E3E B bi-
EAEEEE:%‘T‘IW?&E’J [i] 1% PR %ﬁm‘ w, AT R AE
A (4) Ry a3 (A% PR R w, KB
0, (1-d:/6..,,*)* d,<6 ()
0 d;>0,,
FEr a0, LI 5 7 AT A0 RO 50 i A,
E/Jﬁﬁr%,ﬁimj‘?ﬁﬁﬁ?ﬁuu,?aﬁﬁ% i ﬁmﬁﬂ’ﬁﬁ k
SFE RS AR, AR SO R H AR AR S E )
( Akaike Information Criterion, AIC) [20] WE k.

Skt L SRy b B TR ((HST A5 D) 5 4 SR A TR
(HSI, B H) 122 55 AR SCEHL SST,SSS . DEP Al
Chl a 4 />0 855 48 &t 4 5] g 57 SI BERY, SI =
CeXP{_(x;a)z},/H\¢:b=ﬁ0;c=ma;a g
{8 ;0 SAbRAE2E IR BT 34 10k g 57 42 SR A A
RREFRYHE ST Ty % LSk 3-4].

X T AR TN B ) — e BRI A AH OC R B
I, SIA A AR 52 R %<0.4 0.4 ~0.499 ,0.500 ~
0.6997F1>0.700 Hf AH K 14 45 A $50 I 658 7 43 ) Ay 2% |
R

2 HRESH

2.1 fRAIZ,
2.1.1 HSI, ERIZE SR ok b 35 22 53 46 D ( geo-
graphical variability test, GVT) J73£' 5 Hi SSS Al
DEP ey b7 i, SST A1 Chl a jqé)%’ﬂ‘r iy
] HSI gy BB 2R R
HSI g = Ao(uy,v,) A, (uy ;) SSS, 44, (uy,v;)
DEP.+B,SST.+B,Chl a.+e, (5)

& 3a i GWR ik Esr 1 HSI . A R 25 5. &
4 2hy HSI g B0 1) oy ML 5 A, IR b AR 155 SSS
DEP [REL A, F1 A, B2 0] 4340, 42 ey A8 4 SST Al
Chl a P ZREL B, 1B, 4354-0.027 F10.006.

TE HSI gy PR EEAR I, %A% B 50 9E 17 10— 1k
ARFR BT L) JRy R B SSS FI DEP [ FREL A, Fl A, LA
Je 42 JRy7E B SST 1 Chl a B R EL B, F1 B, Y4 XHE
IR/, AT DA IZ S 7 J 25 6] 0O HST 52 Ml (1)

i(k)

l’L

F/IN T ZREUY IE B AR 0% 5 B HST X T I AR i
FEIZ p, B IE A .
2.1.2 HSI,, MBEAVZER A SO 98 ANl o 1 5 is
Fi I SST 4HHR 1.3 °C .SSS 4HiE 0.5 . DEP 4H#E 2 m),
Chl a 415 0.5 pg - L7 PEA7 20 20 FNER AL N3, 9t
I IEZS [T 05 532 4 o ) e o 20 5006 45 ST
SI A N FE 2 T LU H, Chl a 5 ST #5749 ST, 58
R RPFIRAE RPN, W] Chl a 5 SI Z M JCIEAH
KK Z B Chl a A% Global A7 4= 2 7K 3% ]
ST AR ST (AT ST, AR ] FH A RO 2k
SEAFHERY HSL,, 158 SRIA0R
HSI (S[%§T+SI%§% +Sl ey )/3 (6)
HSI,,p, 0 Y (R0 45 5 DL & 3.

HSL M RUFT HSL,, AR T ) HSL A1 ST AY
THPAE G ZR B, 2 2 A 30 A& 5 vk 1 HST I Y (E
FbR 22 UL 3R 3.

2.1 3MERINT L AFR 3 AT LAE Y, 7E T AR A
HSI,, A5 50 5 ST A7 #4207 M6 R B0k 0.705,
HSI AU (8 S50 45 5 A 00 s HSL,, A58 5 ST AYIA
PG A R B0h 0.531, HSI,,, 15575 fil 7500 2%
R B HST gy o BB 1 PN GE 7 B A T HSL,,,,, 5.

M3 FE 1B AT RUE H, GWR kS
Global J7 15 AR BE by Huks ST 11 23 [R] AR 73 A7 i 34
B o HSL . BERLBERE ST 25 8] 4345 10 20 /NS5 7
REHDLHE Sk | v V5 VS 5 I M VS 2 S 1) v L DX
HSI,, SRS AR 23 (8] 0 A bk TP, g
AR T HKE S50 4 200 /NS A AL H ok

®2 SLEESH

Table 2 Parameters of SI. models

X sl = x—a 2
e [(5) ]

a b c R/ % R
Adjusted R?
DEP 10.78 12.38 0.77 0.715/0.644
SSS 29.86 1.00 0.96 0.779/0.669
Chl a 2.09 10.35 0.72 0.004/-0.328
SST 29.09 6.62 1 0.894/0.823
®3 HSIZITFESH
Table 3 Statistical parameters of HSI
THAAE G R B B brifi2E
Poisson’ s coefficient Average Standard
of correlation deviation
SI - 0.194 0.194
HSlgwr 0.705 " * 0.191 0.120
HSLg0 0.531* " 0.583 0.178
# % P<0.01
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Fig.3 Spatial distribution of HSI of fish larvae modeled by HSI ., model (a) and HSI,,, model (b).

M 3 ATLAE H, GWR #5 f HSIT 5 ST 193
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MR 22 FNAAE A B m] L& BR, 19 A 75 A
LAY HST B BB 53 A1 A X T ST B4 43 A 5 55
£ (0 GWR kS B IMEFATHOR BB E
PEAT4E /N, HFE Global 75k rfr | T i35 3 s .
2.2 HSI g BB 42 R 722 i 2R A

Wi GVT J5k, 451 SST 1 Chl a A4 R 728 .
FW] SST H1 Chl a Xy LG 5 £ A7 HE £01 9 52 e A
73 [a] 2Rk i A2 k.

X} Chl a i 7 ,Chl a ) REL B, H-0.027, H4
SHE/NT 0.03, 3561 Chl a X 0 FCF fif £ 4 #E fa 25
6] S A BRI AR /N, R AR Chl a REMSIC RS HRE
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[ AFHE T RS AR R, H Chl a 38 % 5 i
KAV S LA FPRE AN 43T K & ( Calanus sini-
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41° T T

cus) 3T IERI S 38 W R IV i s S AT Ak
AL, AFAE i 8] 35 - HEBR AR FH . AASERY (1 #5240
Z5RORE B 2015 £ H ZE Chl a SV IRT B AT
HE £ 9% J3 S 5 1 SARHOC.

X SST MM, BT UL A 48 (g B[] 54 2015 4F 8
AR E = KRG A A 45 KPR 220N,
I, SST XA 53 A 1 5% Wi AS B 2. 575 A6, AN HSI
BIA SST (1 R4 B, WEUH H& , HAE/NT 0.01.3%
2015 4F 8 H SST X1 a2 mafR /N, I i R R ik
55 1 FAH G
2.3 HSI gy B Jry 2R HiE 2R B0 25 0] 22 55 A0 A

Wit GVT J5ik, 15 SSS 1 DEP Jy JRy b Ar .
2.3 1R RS A 22 5 SSS FE HSI gy 57 H1 H
Jry MR £ SSS HAH R A, AR fLE L - 0.3 ~
0.1, 45 XHE RS- 0.075, 8 BT F70 &R i fa
FRAa A L I A KA, B2 A B M FE =08 Y
A TN IEAR G, FLAE L AR IS T 19 R 4 X
B 0.05, Hor FESIEM S (1) AR5 /NGB g Sk g K 3
0. 12547, i v 1 R 43 b IX S 0. 7 0 163 1 v ]

122° E
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Fig.4 Spatial distribution of A;, A, and A, in HSI y; model.
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A B R 58 . L v RS 43 ¥ 1 DX I8 ) A £ %%
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KT 0, =X 19 A, Z8XHE KT 0.12, Hidh i
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DEP 5 6AH G, = 1838 43 AH DG M de K, it v 3
DX A DG fe /I, 33X 2 BR T 38 V — VT XA AR 223 i
TEAREIRK , KB, 38 BLATHE (A A7 T FE )
X B TR, AR EE SR A+
S AP HE AL AR K i B2 b DX 1) A HE £ 40 5
BT IR IR R B AR A AN 43 k.

2.3.3 75 B AL A, XF HST MSEM Ay (uyy0,) N
HSI gy B H RO, H A 25 A AR AR (u,0) F R
BAE HSLy  FEAL A AT AR WA % Y
PSR T X5 HST S0 4 B R DA 3 A, A, ZEAEAS
O IE, o8 WA 5 R R 1 PR BRI R X i
HSI (S B IE A SE A I R(E N 0.45, T BRAE
S AR AL D ], e/ IMEEE 0, H BUAE RS
PR R AR TR I A I 5 XA A, SE MM 0.20, %
(EAEK, IR SR A A R T X HST B SE K.

3 i

ARICIET GWR Jr ik dESr T i v T i fa AT
HE £8P0 0G5 I 35 ‘B BB A3 AT TR IR
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RV Bt 2 ) AR Ak , 6 BE AN BE X HST [ 5 it i 2.
Al TR EE 2% X HST B SR AE 25 ) | EBLA
— Sk S5 AR AS AR b S AR e A 25 ) AR
4 R R X}, BT GWR J7 5 i HST AR R 1) 45

PG5 T AL T 3E T Global 7514 HSI A7,

L GWR LB A 5C R B KN, 7T LAAS
TR 4 AR R P 520 2015 4F 8 H i v G
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HSI Y43 [8) ZBREILF) 0.3 1016, 111 i B 4 %
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REIMRHORE 0.01.
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