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%1 Simrad EK80 FESHMKRAEFEE

Tab.1 Main parameter settings and calibration
information of Simrad EKS80

Parameters Parameter settings

HRAER S Transducer type £S38-7
RHTIIE Transmit power/W 2 000

Jik wp BE Pulse duration/ms 1.024

P H ff Beam angle/(") 7

WU %% Absorption coefficient/(dB/km) 5.498

7 Sound speed/(m/s) 1547.83

XL A A Two—way beam angle/dB -20.70
HRfE R 25 Transducer gain/dB 26.55

Sa f& 1F 2% Sa correction factor/dB 0.02

112 AYresids

A DXk P A 42 A s AT ISR A
(D), IR BY S 22 Bl T35 SRR B 1 4
i b v R SR SR R, 32 B 434 mx97.1 m,
R 11 A% 40 mm , BLELEAE o i 2k o0 o7 A3 i 0] 4
ERAS - (U TN R B NN (L= PN VNS 2 S
67.78 m. FFUH PIFFEEIS[E] 2924 1.5 h, P2tk
4.6 kno H1 T IRFIA]AT BR , 4 UCGES )5 BE AL 126 4%
A2 30 B, B AR R BTEAE R
1 1.3 Pk

ASBIFFE AL T B0 VEE P R A A 7 3 T i
J# (Sea surface temperature, SST) | VAf 3¢ [fj £h &
(Sea surface salinity, SSS) | Vi 3 Ifi & & (Sea
surface height, SSH) Fl it %% & a Jit & W &
(Chlorophyll a mass concentration, Chl.a) . T
PSR R X 0 AF e R PR A IR 55 o
iL> (https : //data. marine. copernicus. eu/products ) , Bif
A7 RN 1 ds
1.2 HiEWALE

R AT P ol 10 7 2 B i Ak B A
Echoview 12.0 #4743 #7 . i F Echoview N B 11 3
R AR B SR P A i T 7 Rk v g 75 )
SO0 AR EERL T E ) 3x3 R IR L 7XT
U AT 7XT T 208 S S S it g — A Y M
ZERFE TR B . BCE AT AR BT
KT 1) 1 nmi, 3 B A 250 mo U
=75 dB 2 B3 B AR R BR, ~30 dB B2 B |
PR, XF 5~250 m ) [m] 7 R dEAT B 0r o I AR Pt
oA e A5 v i £ i o BSCEE LA AR T 3 T
ARAGR 00X R NASCAR, THAE A
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o N ARG 10 1Y NASCAH ; ¢ A a8k i L ]
NN R BT T YRR NASCA .
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1.3 SI##
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T AR S AN R AR 2 B S R . AR
FE M 7 23R BUNASC 4 T 4% PR 855748 B 114 ST
SR HUE A 0~1, 24 NASC f KT, BR485748 5 119 SI
g1, F N % I A AR A1 A B 5 24 NASC iz /)
B, PRBE AR 5119 STk O, e 1M St AN I B i £
IR, SR

_ ik i, min ( o) )
; .

K S,, WIAEEAS & 55 kY SN, AR BE A
5 RS BR T NASC N, TN, 5N
FRBE AR T i 0 0L 1Y) R 0S8 34 NASC 1) 55/ IME R
RAH o #4357 sR BOE R B/ 3R ok i =
B, HENT SIS T2 B SR W

Si — e*a(,’(*b)z (3)
K. S A IREEAS & 1 ST a A b AT TS50 X
RIS AR T AE
1.4 HSIEE

W B A IR B AR Y STE 21 A k2 ok # 57 HSIT
S YA ARSI T PR BT N AR
BB SR AY (Arithmetic mean model, AMM)
F LA S48 ( Geometric mean model, GMM) :

1 n
Hyw = Z X ES; (4)
i1

H gy :(ﬂsi)4 (5)

T H o B H oy 73 52 3T AMM FI GMM J7 7
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1.5 #1EEIIEIE
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NG E R FRE A 500K o BRI AS XBHIE , # 5E T
YR 1345 21 59 HST 10 48 5 35 003 4 1)
HIST B 75 2 P [T VA 20 BT, 30 3 4 i 2 1 6
FORMA ZE W R B . A AR R
R H IR b {5 B 1 W) (Akaike information
criterion, AIC) RIFEHJE T AMM Fl GMM ZE 37 ()
P HSTRCAY 1y P fE
1.6 LHHSIHHE
B TR B B HS U . (IR
FERITR I 38 v HL 4 7 VA HST B i iE 4725 1)
AE, o o Jr 22 IR B TR R AT LG
24 HSI>0.7 B, 28 7% 12 X 38l 2 vy Jo G 6L M
7E ArcGIS 10.4 ez filfif 6 HST 923 [8] 53 A [, 52
PRABE L5t 1 T AL I 5 S BRI A B 6 NASC
AT ELER

2 4k

2.1 EREHSEFIR NASC

AR A TR A N 8 5K ) 4 442.83 kg,
G Enfh V0T B2 RN 58 4 (Myctophidae )
s Hod i fn 1 796.38 kg, ¥ T 112 259.5 kg, il
4346.95 kg, T % 1 40 kg,

TEG bR A B A A 11 329 R iR fa AR AR |
1010 BV T fafEA 446 R uLtarEAR 1 221 2
ST AR A D SR K R s . BR AR K
1.20~38.70 cm, PR Ky 16.15 em, (K T i K
7.02~590.45 g, F-HIR T iR 37.08 g3 Vb T fafR+
7 1.20~26.70 cm, FEE KK K 14.42 om, (K JF 5
H4.94~213.26 g, P EIIR T Ry 22.71 g; g f0{K
£ 4 7.60~17.00 cm, ALK H 11.82 em, 1K i
N 1.56~24.77 g, KB R 9.44 g3 ST JE
A K 4 1.50~15.50 em, EH4EK H 7.61 em, (K5
O 0.35~22.63 ¢, FIR T 4.04 . RHEHS
Yy A - 25 A R AR AT e A e R B R
48 446 F& , /5 IIr A U AR B L AP R 24.90% .

AT BN T A AP 28 B9 NASC Ol 0~
11 575.24 m*nmi?, -3 NASC 5 358.56 m*nmi?,
LA 43 A0 RN 2 (8] 53 A5 43 S0 1 2~3 B o AR
fiey £ 500 LU 51 0 I T 45 86 £8 %) NASC S L Ry 0~
2 881.77 m*/nmi?, *F-3) NASC 4 89.27 m*/nmi’,

2.2 HELTEHISI

XF % T SST SSS \SSH il Chl.a 4 AR5 A5
Ffis fi NASC T8 15 2 5 SUE S T & i L&, 43
AR B[R B8 A 0 ST 2R (B 4) , B PR
A STREY B 280 o F1 b B W26 2, U BUR Y
BT

5 it NASC & A= 7K 38k XF B A9 SST
14.48~25.57 °C , H v 22.51~25.09 C J2& #f 11
1% H SST (SI>0.7) , X Wi f% NASC fi K 0.01~
1 165.41 m*/nmi®; if 1 NASC & A= 7K 38 1) SSS Ky
32.84~34.64, H. 1 34.09~34.65 J& i i (1) 1E H
SSS, X i f) NASC {H & 0.01~1 165.41 m*/nmi’;
fify 1 NASC & A 7K 38 i) SSH "~ -0.31~1.20 m, H:
1 0.48~1.14 m J& B 6 1Y ifi B SSH, X 1 NASC
{8 4 0.01~939.31 m*nmi’; fif; i NASC & 4= /K 15§
i) Chl.a 9 0.11~0.73 mg/m’®, H: 71 0.13~0.23 mg/
m® J2 6 £A 1) 35 BT Chl.a, %F % NASC {H 4 0.03~
939.31 m*/nmi’,
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species in the survey area

http://www.shhydxxb.com



978 RGN I I N S 3%
e
N Russia
46° |
P e T 1
% i
420t ! Yilii M |
° ] e g Yy it i
= : — ) 3 :
2 : g N lq..\ J :
‘:‘ | 3 ﬁ e x  m— o —— e © o® !
S iy B> 1% i
%:f H A o8 ) l\, 1 I
] Japan [ S—— N V ; R
E ) sl Lad ;
34° i .
o e e e 5 e S i J
Jififh2E NASC
NASC of all species/(m*nmi?)
s 0 250 500 nmi * 0~100 e 1 000~5 000
30° . . | 100~500 * >5 000
* 500~1 000
140° 144° 148° 152° 156° 160° 164° 168° E

£:J% Longitude

E3 2021 FEFAIKXFFRAHLENASCHZE S
Fig.3 Distribution of NASC of all species in Northwest Pacific Ocean in the summer of 2021

1.0

—_
(=]

I
%

0.8

I
o

0.6

N
~

0.4

I
[

0.2

I EPEFE SR Suitability index
i B R %L Suitability index

0 L

WM IEE Sea surface temperature/°C
(a) SST

I O 1
14 16 18 20 22 24 26 325 33.0 335 34.0 345 35.0

IR ELE Sea surface salinity
(b) SSS

3 EEFEEL Suitability index
JEEMEFEEL Suitability index

42107 57 & Sea surface height/m

(c) SSH

HEZEFR S1=0. 7 7K P2k
Dashed lines represent SI=0. 7.

0 1 1
-0.5 0 0.5 1.0 L5 0.1

0.2 0.3 0.4 0.5 0.6 0.7
liges PoigieridEs
Chlorophyll a mass concentration/(mg/m?)
(d) Chl.a

El4 E-TFSST, SSS, SSH N Chl ail& 153 H ST # £k
Fig.4 SI curves based on SST, SSS, SSH and Chl a

http://www.shhydxxb.com



414 REEGAE 25 LT P 2R B 202 1 45 5 75 P AL AP 8 £ 479 5t i A 979
Fx2 ETESHTRHEINGHSIEE S
Tab.2 Parameters of SI models based on Gaussian function
AR SIALAIZH Parameters of ST model
Environmental variables a b P
SST 0.21 23.80 <2x107'°
SSS 4.52 34.37 <2x107'°
SSH 3.20 0.81 <2x107'°
Chl.a 151.08 0.18 <2x107'
#£3 ETFTAMMHIGMM 7 iEMEK HSIAREE R R R°F1AIC
Tab.3 The intercept, slope, R* and AIC of HSI models developed by AMM and GMM
o R Intercept e Slope R AIC
£
Model | CFHIE e FHf i Il il Tl i
Mean Median Mean Median Mean Median Mean Median
AMM 0.06 0.06 0.98 0.98 0.74 0.77 -136.89 -136.63
GMM 0.05 0.05 0.97 0.97 0.65 0.67 -58.25 -53.59
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LA AMM 5750 Sy f Af A5 7 22 ol v b K- 7 iy

A AT S MBI PR s ) oA 1 (181 5) , 955
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LA 36.6°N . 156.6° E BT A7 7E 3~ fif £ 25 NASC{H

RAE X, NASC #4135 2] 500 m*/nmi* Pk I, f
NASC fx K {H H P AE 38.25° N, 154.25° E Ak,
1 165.41 m*/nmi’s 7R3 BAVE M7 1T, B Z=P4 0K
S A EU PR R AT S AR A 38N ARSI
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Fig. 5 Distribution of HSI values and NASC of S. japonicus in Northwest Pacific Ocean in the summer of 2021
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3 i

3.1 EEREE RS S AN

TRE T £ 28 ) 1 BT A B M 49 A 5% 31 SST . SSS |
SSH 1 Chl.a % A5 41 A sg 72027 o R L, 4R
Tt B AR R A S bl - 5 96 T PR 8 22 [RD 1R) SG
F2 A B AV S R AE X T v G AN A e R
AR E ™, SST 5 M /N I8 1 0 A S b
(AR E >, e 5alkmAERK BE "
W7 2 AR DGR o e £ R Sk — e A iy
JEV IR 1 PR £ 2, S YRR 0 G B b X SST
%) 728 Al A HAEORRE, SST 2 5 i HAE S8 b 43 A3 1)
WHEE T AR, PE AR TP e
Z5 (%) 38 L SST N 22.51~25.09 °C , X 5 CHEUNG
A4 TR IR 1) e B TS AT R K IR R 25 CCZE A A —
o BRI, 50 F5 M A AR B 0 5 I O VR b
8 H 1l i SST X 7] [ (18.83+3.94) “C 45 A Eb
W 1R o KR P FRATT A F 5 X8 A 26 i EE AR
KB . SR CEET R KA L, PE L
KPG8 B SST B — e 25 5 . FRIEEDS
I IF 5 2 B, vl 6] 3T IAF 7 £ 3 2 ) i 3 SST 6
27.2~28.6 °C; ¥ % IR | v MG £ ) A 5T ke R
H:7—8 H f38 B SST 4 29~30 °C., X Fh2s FF
AN T g 3l 1 iy £ A P R 4038 7 1 PR AR [

R 5 ) £ 20 A ARV S Hb 43 A 1)
T3 — B R0 A A K B B AT R A
FERERFEI 7 A58 R BV AL KT £ A
75 138 BT SSS M 34.09~34.65 , 3% 55 £ Ik 450
M 59 AN R A0 B SSS 1 BIF 5T 4 SR 33.3~
34.3 F134.72~34.74 % Jg 33k

SSH 515 i 5 1 AR & S8 i e 2 R VA
STl S8 5 ) i 0 0 R B Y b
Hh, SSH WA 7R 1 17K KA IZ Bl FE 57 8 i 3h
(S, 7E— AR I R e 1 D) B AR b 1
B ASHIFIE & 3P b KTV i 7E B 2 1) 3
B SSH Y5 7 0.48~1.14 m, $FZ 2 (BF5EIA K
fify £ 7—8 H 138 ‘B SSH 7E 0.65~0.75 m , £E A< Hf
A OB N S Dl 2 B = =3 £ T S e = 1 R 2
TR, 53 A1 52 30 4% B £E B W 9 VR Y SR 3K
Blio ARSI P IR TE T BE 2 R A TR 9, A
I Ry i 0 B s B A ) 1 2

2R ER a TV AR SRy S A i A 7
ARULIHE b5 5 M0 28 1 2R KORTRb se 45 G . B fE
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Sy /N A EE A TR R AL E . B,
BRI A B TR AR, (AR IR & 32 B¢
ROl sg > AE5Y & B0 J6 K
fify .75 B 22 Y18 B Chl.a 4 0.13~0.23 mg/m®, 52
W EES B 5E 45 R (0.10~0.30 mg/m®) AHIT , (H AT
2SS, XERR —ERE LRI X
ANTR) 3 BB, AT B A 5 XS T H R R ER T
.

1 25 1) B i G 5 P R L i Ak 2y T B
AN TR A= A B BT S o R 0 4 D SR A T AR B £ A
AR AR S AT, AR Y 66 £ i AR 22 R 4
i, [FES, AR A A R K A
YU IR, s [) 5 S A A X Ja 5 e £ 1) R R
PRI i % 2 T RE N — 3. X I PR A A —
TEFERE |5 BUA I 5% e 3R A ) S 2 iy 00 Al B
b F 305 PR R 2R 1R 5 LA B 5 Y 4 SR A P 22
5o B, A B P b RS T R 2 R A
RPN = E Z WA B 1T 25 A
Mt , IS THBIF G 45 3 0 MR PR ARk 4k
3.2 SREEEMSMIS ST

AHIE 5T TR A T S T R R AR Y R
IR AR ER ) 35 T AH AT 38K, 45 ok T8 LR /K 141
PRA Sish, 7 T B RN R AR % R
() v 7 Rk 5 I B K AR5 G, (2 E T IR A
(R B A0 O 28 ok T E B B Yok R
FIE B A9 2B 6 R85 . AR R 9T 3 I B 0 L K F
B £ 38 P A AT S A TP A 38N LA e T
B, ST R 3T AR PR Sk PR K RS R
iyt 8., BRI AE Y RAER Z | R hfa R AT
R 55— 5 1, 2240 %1 B £ () v
O 37538 W BRAE SSH AR K (B AN /IME AT AL,
FEEE VT A — K 38, B B AR ¥4 7K A R 7K
PH 5831 X HL5E ST B8 K A — . 76 AR AF 5 0 A 1
[i] , PR — 0 B K A A 22, 2 o — 0 D L2 94 7K A
S PRk, PR RN o G £ B IR A B DDA
%o MeAh, 202147 A & 8 A1 38°N UL 52
TSR — M A A T 5E B U R R S X
—F XA SRR T IE R R T
SR, AT 5 0 LB AT R 6 i 28 40 A i i
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AT A 7= R R A HSTZE SR . ARBF5E 4
BIRFH AMM F1 GMM J7 3% 58 4 57 HSTASEAY | 9 %
Sy BIFE T AP . AR E R 500 38 X
B UF AT 3 1 o 3 AR T L RO T i 1 A S,
b R TP R SR AR ST A 5 WL 2%
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Modelling of Chub mackerel (Scomber japonicus) habitat in the summer of
2021 in Northwest Pacific Ocean using Acoustic Index Analysis

XUE Minghua', TONG Jianfeng"**, ZHU Zhenhong', LYU Shuo'

(1. College of Marine Living Resource Sciences and Management , Shanghai Ocean University , Shanghai 201306, China ;
2. National Engineering Research Center for Oceanic Fisheries, Shanghai 201306, China; 3. Key Laboratory of Sustainable
Exploitation of Oceanic Fisheries Resources, Ministry of Education, Shanghai 201306, China)

Abstract: The Chub mackerel (Scomber japonicus) in Northwest Pacific Ocean holds significant economic
value. It is important to better manage its resources by understanding its suitable habitat distribution. This
study transformed acoustic data collected from the high seas fishery survey during the summer of 2021 into
acoustic index suitable for habitat modeling. By integrating satellite remote sensing data on sea surface
temperature (SST) , sea surface salinity (SSS) , sea surface height (SSH) , and chlorophyll a mass
concentration (Chl. a), this study analyzed the relationship between suitable habitat and marine environmental
factors. The ranges of environmental factors corresponding to suitable habitat were analyzed. Habitat
suitability index models were established using both arithmetic mean method and geometric mean method.
Their performance was compared through 500 iterations of cross-validation, and the suitable habitat
distribution map was developed. The results indicated that the suitable ranges for SST, SSS, SSH, and Chl. a
were respectively 22.51-25.09 ‘C, 34.09-34.65, 0.48-1.14 m, and 0. 13-0.23 mg/m’. The model
developed using the arithmetic mean method performed superiorly in terms of regression slope, R and AIC,
proving more appropriate for modeling suitable habitat for Chub mackerel. Suitable habitat was primarily
concentrated south of 38°N, near the Kuroshio current.

Key words: Chub mackerel (Scomber japonicus) ; habitat suitability index model; fishery acoustic;

environmental factors; Northwest Pacific Ocean
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