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Fig.1 Spatial distribution of acoustic transects
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Tab.1 Environmental variables used in this study

23 1Al 453 »‘:) 3 S 151 PAN 3:; 3

I EE K Variables J‘.IEJ ﬁﬁ]ﬁ{ IR 73 . FAf Unit BRI Source

Spatial resolution Temporal resolution
4t &K a Chla 0.25°%0.25° HAF-y mg/m’
4 DO 0.25°%0.25° H3y mmol/m’
pH 0.25°%0.25° A T
. N R R https://data.marine.copernicus.eu/
RARREMLD 0.083°x0.083 J m
Tp TR BE SST 0.05°x0.05° Hr C
W HE EKE 0.083"x0.083° A m?/s’
A RS PAR 0.042°%0.042° A W/m* https://oceanwatch.pifsc.noaa.gov/
JKIR Depth 0.033°x0.033° m https://rda.ucar.edu
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PRE5E R
1.2 K&t
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N H MBI T (£ D . Z &P,
75% VE R EERL N ZRAEAS | 25% 1F R IR AR T
flBERY

SRR AR E AT AR vfE Al kb B PR A K-
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Y8, VR oy J5 2 15000 45 2R v oAH R 26 53 i NASC
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2 il ) £ 22 PR, 8l ) 7 1o AR W
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K P ZFF%WE’JIZ@& S[6], #E Lh
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9(0) = L(y,y)+£2(0) = 22y—y)2+7T+
1
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FLSE 3 b iR 25 /M AR 0 SRR
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MR I S BT RS 19 07 el AR
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P X, N Y ET 2 R R B KON -1, 1 Y
BEMLEL ; B M N TEZS 53 A 1 A0 KA 240 1,
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JEE BRI 4 iy o 25 308 0L BE AL 5 o T 10°7°, 3 4 53 B
1.3.3 SSA-XGBoost 5

FIH SSA S TiE 77 5 H S S50 B2 PR 1 AR 4
X} XGBoost RO S8 AR B R EE 524>
REINSHGATRAL , B A SSA-XGBoost F7

K 2 B8 T SSA-XGBoost B 15 19 BAR AR .
FIJH SSA 42 Jmy FHRRE 7, 78 1 B (0 18 2% 5[] P X
XGBoost [ Z 8 (W IR FE 7 2] %) AWk AR
1k, AR et SSA-XGBoost T AR AL ASHF 5T
B R AR B L R [ 10,50 1, B (9 TR B2 1 -
AERIAL5,15] 2% ) R FIIER [0.01,0.3 ],
1.4 BTN RITEM

AW 5T R FHHER % (Accuracy, Ao) TEHT Y

AR IRDT o AR R A T AT RE AR T I 45 2R LE
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A W (Recall, R, K8 R 55 76 B Ay 7]

— 2N ) &t SR TP T TE A Y L 9, 8 TRl SR R A TR
Sl E TR R 310 17/ P = Ny = R/ it (1

A= (ToHATO (T F+F o+ Ty) 9)

P.=T,/(T+F,) (10)

R.=T./(T,+F,) (11)

Hig
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A T O HEZE AR, BRI 2R O TR 26, SEPRl
JEIE MR ARLGR ; F o0 BOES I BCR , RIZr 2k
N IEZE  H SR S R REA R 5 By M R
R, B2 S T2k (H S B 2 TE S A R AR KK
i TR LSRR, B3R 512, e bRl 2

TRIIREA L

FEEYR. B AL

Data preprocessing

{

K-means W7

K-means analysis

RGN grde/ MR

Dividing training and testing set

{

RISF, B —SNASCIIE

Classify and calculate
each kind NASC value

SSAIEE

SSA initialization

\

\

XGBoost#J#Ek

XGBoost initialization

HSE R B I HE -

Calculate fitness and sort

:

;

WESHEH

Update built-in parameters

EHRESE

Update location of sparrow

A

A

Wit EES . mE
Output optimize hyper parameters
and predicted values

TGN ERREALE

Calculate fitness and stop

A

R
End

&/Yes

% /No
BBV RL KM

Satisfied or not

E2 SSA-XGBoost HEEIHEFIZE
Fig. 2 Flow chart of SSA-XGBoost model
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2.1 SSA-XGBoost B 71l 45 B

F % A5 21 P R B0 BE I 5O )2 0 e 2 o
FEARZE 10 0567, 3T K-means BZE0H, X Fr
BREARVEATIY 28, IR G T B — B R 1 A4~
IEE A T H{H 5 NASC 34 . 45 FRF(£2),
FEXI A9 10 ZEFEA Y, 7 e =i 1 R 5 6 25(C6)
4 21.87% , H: NASC ¥J{H Hy 21.88%10* m*/nmi’,
FE AR A5 325 (C3) M 0.86%, H: NASC ¥I{E
9.11x10* m*nmi®, NASC ¥ {8 fic i 09 N 55 7 2%
(C7) , N 32.43x10* m*’nmi®, % 25 9 & K

10.67%, NASC ¥ {H 5 L B9 M 45 9 25 (C9) ,
8.20x10* m*/nmi® , % i H ok 3.85%

SSA-XGBoost £ Y i Il 25 25 S F B, iz 4 7Y
EIRAC 15K, BRAE AR N 6, IR IBEB S B G
R BTREE Ry 12, % 2] %68 013, SSA-XGBoost 5
TR (10 T 45 SR 1) TRV R R 0 11 3 BT, AR T
(1) Y B 5 N 80.51% , 4% 1 K 76% , 43 18] R 78%.,
b BRI 55 10 SIS J2 TR0 RS 0 2 de
H99.6% , X5 3 2 1) FUIDRG i 8 B I R 22.9%
X5 6 ST % 43 0] 2R A 1 R 93.8%, 55 10 2511
AR RN 63.1%.
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X2 K-means BENTER
Tab.2 Results of K-means clustering
A
Z0 FNte &gl g HRE O EMA WRER Wk Wahhe g%g IKIR NASC ¥J{H
Class  Proportion/ Lon/  Lat/  Chl.a/ DO/ pH TR R EKE/ PAR/ Depth/ MeanNASC/
lable % (°E) (°S)  (mg/m®) (mmol/m?) MLD/m  SST/'C (m%s?) (W/n?) m [%10*(m*/nmi?)]
m
c1 296  69.96 4426 034 28345 804 9071 1079 020  22.61 389339 17.22
C2 16.82 63.59 33.39 0.17 240.66 8.08 62.92 17.92 0.01 25.84 4499.71 28.95
C3 0.86 73.51 48.55 0.83 337.46 8.04 80.07 3.28 0.03 17.63 1812.83 9.11
C4 6.92 80.05 45.57 0.39 298.13 8.04 92.46 8.18 0.04 22.04 3647.83 15.65
C5 9.95 68.54 40.37 0.38 256.09 8.06 220.50 13.47 0.03 18.30 4282.11 31.44
C6 21.87 57.88 25.13 0.07 219.37 8.09 51.37 2291 0.02 35.33 4 556.00 21.88
C7 10.67 67.77 39.06 0.34 256.34 8.05 48.63 15.09 0.02 38.79 4313.76 3243
C8 19.53 62.26 27.50 0.09 217.60 8.04 21.14 24.00 0.02 49.24 4350.97 21.64
c9 3.85 72.36  49.11 0.35 331.72 8.03 70.15 391 0.01 22.35 1442.84 8.20
C10 6.57 92.38 26.01 0.14 230.43 8.08 35.55 20.83 0.02 45.34 4320.09 15.82
1 56 19 1 2 2 30.9%
2 5 19 22 / 8 1 1 15.9%
3 27 3 2 4 1 27.0%
4 4 7 128 22 7 2 24.7%
5 1 6 12 18 115 5 26.8%
w
R § 6 3 3 5 14 1 6.2%
S
e 7 7 2 14 9 16 4 21.7%
"
= 8 1 8 34 10.3%
9 1 1 8 7 19 19.3%
10 1 12 28 33 5 7 34 30 36.9%

KA

Prediction classes

B3 SSA-XGBoost # i)l 45 R iR B 4B
Fig.3 Confusion matrix of SSA-XGBoost model result
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SN T P R B VR 2011 AF R[] 225 L E Y
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R ZE(LA) %I P AL DX B 0
S it A7 A B R R (2 o IO ) R R A
AR B4 7 B, T B A3 A 7E 50°S LA RS iR, LA K 2% 5,
PRG3R Sl AE AR I DX I, Bt 221 Y
B XS )2 00 %% B U A A R AR 3R K-
PEAR , FERZE(10 F) B 09 5 2% X A B
INAE B 2 T A HERS |, R R DX R A A
XFor 0, e Rk R (4 7 ) B0 2 00 1 %% B IX )
PR I
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Ji Tl



50° 60° 70° 80° 90° 100° 110° E 50° 60° 70° 80° 90° 100° 110° E
%2 Spring

50° 60° 70° 80° 90° 100° 110° E 50° 60° 70° 80° 90° 100° 110° E
k= Autumn &2 Winter
8 32

NASC/[ X 10* (m?/nmi?) ]
4 2011 FEREZFT NASCHNLE R
Fig.4 Prediction results of different seasons in 2011

S . . 174 S
20° [ 20° |
-
30° 1 30°
0°f o 40°
>
50° 50° |
50° 60° 70° 80° 90° 100° 110° E 50° 60° 70° 80° 90° 100° 110° E
#Z Spring EZ Summer
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= Autumn &2 Winter
o NASCEL _ HHER ) PR
Gravity center of NASC Isopleth (NASC>28) Standard deviation ellipse

5 2011 ERFZEH NASCHIMNERBSEEXEN
Fig. 5 Spatial distribution of high density of predicted NASC of different seasons in 2011

http://www.shhydxxb.com



1364 SR C S N S SO 33 %

3 i

3.1 NASCEAERSHSEHRHIEA
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A AL G G IEAS 7 e LS BRL 2 R A
ST T 2 A A R O 2 X R
(14 o Tr) SO 3 88, 6N 52 4 B A A S b 2 Ay 1 100
T, AT LA 3 5 2 A X VR B A R AR A
WS 6 NASCH . HAAMIGER FH B NASC {E 7E
B ZMRE P AR T 2. W
BEHAGLE 25" B 5 & B0 V5 19 BV B v 55 2 10
NASC W fE H BUAE h 26 I, B4 MR TE
B NASC IR 4 1 dbfe 8. ARIZA 558R
FH NASC {f R AF 4= BR BB P 80 2 i 0 U
T TSR AS B B SE T, aBRIE R G A A
2B R B . DIOGOUL 255 % B 2E Py N R KBl
AU U2 A NASC I 5 4 R I B
FRAARAT , ARz M U 2 2 TR e s
o

NASC A 7E TG 1 JR I B 2 rh B 2
JEI, TT RAAG S5 AE BT 2 0 R X 0 R 25 R
F IR W 5E o (EAS 1 =W )2, 76 R NASC
R I 57 B R A% 15 NASC B 1Y 7 3L, NASC At
FA AT F IR AR N BT AT W AR RS O AR L B
# NASC {H 1938 K, Fm iz B BV KAk b i
PR ) R B R S . XTECH 2L A
FN 2%, A B REAS SR AL TAEME LT R, HOA
Ivi] A= 9 ) B B b5 BE S [, T DA A R )2
NASC {EAFFE—EMERE o (HAT AT LUK A J T 2L
fif U2 NASCAE AR Ak, 158, MBIk IR N 2%
Wy Rl 4 B F AR AT, NASC {Es A , 20
2 XS A RO 5 R, S R AT R AR N 4%
PR B H AR 25 SRR, NASC {H K,
FENIZ X IR 1 b 2 BT A 2 TR T B A
FERELC R AR R RS ik, 75 A
B R S2AN T NASC B AR/ IN TG 15 v B 4 1 1 i
Z AR AT, R R AT K. R, i
W R B IET BLr A 2R A S ELREE, Jf
WS R AE D R 2 B AR SR o XX EUH 2
(ARG HERIF 9T 2 SCH R
3.2 SSA-XGBoost # 2 7 FA 2 R

DRI HU 2 e R Tz e 7, 5T R4
A1 DR EE V9 A M A0 42 2 T S A 7 2 50T

http://www.shhydxxb.com

B W I RAE DIATSRAR /N . BRI, Sl A A ST A 3
ARSI I R Vg S 2 B U B AR A
BT A SR IR A3 A L EEE . XGBoost 2 AL
2 ) T — BT 24 I AR BB, g 22 ] I AR 4
BRIl — A~ BB TN K 2 2T B AU
s 045 Be 1R TR Ge i b [l i EL7EAR
IR e i B b f H bR eR T | LE 0T, A5 455036k
G T AR B 55 20 TR AR A /0 118 9 U = 0 00 A A
A AR H XGBoost WAFESHGE £, ME LIk
PRI S A A R IE . e R
A R4 SR R e AR GRS, fE
A RLRAN XGBoost 11 [ 3k — Bl [ . Ak, SSA-
XGBoost 15 I AH LU A% St 1) % 15 = 2 10 000 A5 784 B 35
B R AR I A

A B 5 00 3K 4 1 45 SRk B, SSA-Boost 15
BIXF K-means 2S5 0L 55 3 208 (1) TOINRS ff 4 A
IR (R 22.9% ) , TR 555 3 28 22 () B 1 FUI g
5510 255 [Al B X 26 10 28 A T 45 SR 32 0, 1300 1
ANEE 10 2R A AE TR TN 0 575 3 2, {H AR AR
KT, SSA-XGBoost 155 71 [ - 4T A K K 1 %
101 Z 4351 K 80.51% , 76% H178% (3% 2) , i Bl
TR ()RS B A R R AR N AR e 4y, AR 4y
S0 (TR A R A 2 o R SR A 2 1 TR A
B, HApOR R 250 2 8] X 45 J3E A /N i 3 B
U SRR AN ORGSR E R L it
A AHIFFE BRI T 8 NI B R T I 2 425 (] AR
SR R RO AR A Y R AT I 5, R4S 3 3 B0 1
BRI 5 T 4% DR GO TR) 6 DI A 8 7= A
(R M, ALK T i 248 B 22 5w LA A S8R BRI
F14) 7] 858 A% Wi 1 56 B A1 PR - % ke ] i 4o
T O B P3RS T A AR A 2
YINZEMERE T PE I 8 1 TU At SR A0 42
AR DR R

A1, SSA-XGBoost 151 Y H.£& [ 4 1) 7l fiff ¢
PERES AR . 7% ] ff B J5 1T, XGBoost W& T
FROE S PEAG T, BB An AR A X AN [R] 4
TER R RR FE o 38 28 43 BT 3k LR AIE 1) 220, i
% T UR b, 3L A A5 AU A R SR A AR P R DG B IR 3R
[A]H, XGBoost 3& TP S A il 4 il 2 >, Hipke S v
SRR RFDGE 7 5, AT L g ] R Ak T L Y A R R A
RUYE BRI o E PSR 8 4R s AR R 9 ]
{5, 7Efafdt: J7 M, SSA-XGBoost () 7 Ab B 4
BRA Bl TG D0 R Ak B ) P A R R SR T



6 ) TR, 45 T HILER A ~T 04 P R EJRE PR RV FBCA 2 P 2 B 1365

S6 L PR R R [R] T 51, SSA REAS 1 e AR Y
Xof S A A R T, DTS 1 S AR [ R
P FLUR , XGBoost i 28 1F W A4 79 45 il #5784 1) &2
F B AT R Ik LA i TR X R A
Iz ALRE T o RIS SRR R, AT L% R 28
SCYAIE, B R A i, A R R B 4 I
SR AN ERE Y | FF— 5 PP A L B AR 1,
PRBBIAE A IR 7 A N AR R R 47
3.3 HHEEZRBEEENZTESHEHE

ARAFFE PR K-means BRI 45 R0,
NASC Y1 % &5 19 3 25 (NASC>28%10* m*/nmi?) ,
HOP- 45 B 4391k 33.39°S,40.37°S,39.06°S, 5
TR () T 5 SR R B HOA )2 1 NASC s %5 3 X
AL TF 30°S~50°S, 156 BH S H 4 5 100 B B A
25 [0 4% A M W) & . BEHAGLE 45" Al
BOERSCH-SUPAN Z£ iy i 57t 11, V4 g
TV S5 B 2 9 U B A v 1) T DX TP A I A
I, SO T B IR G o AR . A
— A AT TN B ) T AR B, K B
B X EO AR pE ) PG G 7 i B ol Horh R 2
N UES 30 oy A o N 5o 4 AP ERT N =
ZREE -Pa AT ) b O K T ARG - VI R T .
B 2 EL O B R AR B, 1T BRI TR AR 1 2
TS IRMN . BERR A T
i 7 3 PP 2 A i ) DGR R i R R L AR TRETE b
JZ ' HEORITRL B i 2 B R s B R AR A
P 3K B B Vg K B AL A5 (R B ) AR A i — 25 5
HOH AT S o B W A BT RRAE X — AR
A AE R A TR b T XTI 0 5 AR — sk
PGS TN BAHE K P S L G , BN | & 1 TR
5 BR8] R R OKOF AR At & R B0 3 R
AR I ZENT AR TR OB Bl Jyad A,
FUBE R, A Ry 2 BIK S Bl 2 28 8] 43 A A8 Bl i
EERFED p REERER R, A
PEREE KRR B sl , P2 B — il X 77
Ui sh AL ) B 2 2 D) — W X RN E Y
FRPLE TRRNE TR MALFERER T
&, DA Bl AR VR VR ) () A ) i oA, B A
M) 37 Ui 20 90 1 A RV Sl Al B L, H %
A7 IV R 2 TV 2 AR U YRR X
AR AL o AT i — A T w2
PiRh ) E B A W ROV S5 R S R B B R Y
ZATZS [A] 5

JRUAE 38 1 A AR IR A A ST mT AR Y
TR B AT TN SY A T A AR et
R et USSR A S Bl RS,
PROUD 47" ARIZA 455843 5 % 42 1R RO IS
J2 % U A B ST (4 S0 AT, 45 SR 0 2 S A
SEAM AR . KRR 22 R R T
e H AT Z 5 R, R 5 R U2
25 ()3 A 5 e AR ShALBE 0 A2 2t . [, il T
E LT IO 2 v 8 A R S A 1 o S
55 o A, K3 LR T 9 22 R FH A O
5if I FEAF ARG A5 Wy i, 1717 G 1 M DAk 4 ) %
Wit . PRUL KRB 2 I 98 T B A LR 75
2SI AT SRR AT A JERE b K EE B A A R
VR B TN AR | 7 3 T 0O 2 0 7 B A
R DLVEASG EL 78 U i, DA S % A M DGR U2
(R RE 235 43 A R AE S S5 PR IR BT (1 5 &R L 55 AL
SHETER PR RS LB R AR A2
JIE = A BRI

SE

[1] DUVALL G E, CHRISTENSEN R J. Stratification of
sound scatterers in the ocean [J]. The Journal of the
Acoustical Society of America, 1946, 18(s1): 254.

[2]  GIORLIG, DRAZEN J C, NEUHEIMER A B, et al. Deep
sea animal density and size estimated using a Dual-
frequency IDentificationSONar (DIDSON) offshore the
island of Hawaii [J]. Progress in Oceanography, 2018,
160: 155-166.

[3]  PRIOU P, NIKOLOPOULOS A, FLORES H, et al. Dense
mesopelagic sound scattering layer and vertical segregation
of pelagic organisms at the Arctic-Atlantic gateway during
the midnight sun [J]. Progress in Oceanography, 2021,
196: 102611.

[4] POLIS G A, ANDERSON W B, HOLT R D. Toward an
integration of landscape and food web ecology: the
dynamics of spatially subsidized food webs [J]. Annual
Review of Ecology and Systematics, 1997, 28: 289-316.

[5] KLEVJER T, MELLE W, KNUTSEN T, et al
Micronekton biomass distribution, improved estimates
across four North Atlantic basins[J]. Deep Sea Research
Part Il : Topical Studies in Oceanography, 2020, 180:
104691.

[6] DAWIDOWICZ P, PIJANOWSKA J, CIECHOMSKI K.
Vertical migration of Chaoborus larvae is induced by the
presence of fish[J]. Limnology and Oceanography, 1990,
35(7): 1631-1637.

[7]  ROE H SJ. Observations on the diurnal vertical migrations

http://www.shhydxxb.com



1366 NS T VNI B 336
of an oceanic animal community [J]. Marine Biology, micronektonic distribution is structured by macroscale
1974, 28(2): 99-113. oceanographic processes across 20-50° S latitudes in the
[8] KLOSER RJ, RYAN TE, YOUNG J W, et al. Acoustic South-Western Indian Ocean[J]. Deep Sea Research Part
observations of micronekton fish on the scale of an ocean I: Oceanographic Research Papers, 2016, 110: 20-32.
basin: potential and challenges [J]. ICES Journal of [18] CASCAO I, DOMOKOS R, LAMMERS M O, et al.
Marine Science, 2009, 66(6): 998-1006. Seamount effects on the diel vertical migration and spatial
[9]  Z=%br, ik, 45, 45, ROTKEUN 20 39258 structure of micronekton [J]. Progress in Oceanography,
WEFELT]. MEEEAAE, 1986, 8(1): 107-110. 2019, 175: 1-13.
LIY X, YANG Y H, LIZK, et al. Experimental study on [19] BENOIT-BIRD K J, LAWSON G L. Ecological insights
the deep scattering layer in the South China Sea[J]. Acta from pelagic habitats acquired using active acoustic
Oceanologica Sinica, 1986, 8(1): 107-110. techniques [J]. Annual Review of Marine Science, 2016,
(101 3B¥:Tr, sRATAN, Bl B0 i e 052 1l (A B 8: 463-490.
HWEE [T ). TR, 1999, 18(2): 50-53. [20]  FhME, ZE2, VLB, 45, BET Stacking ML &% I ALY
QIU X F, ZHANG R H, YIN Y. Observations of high- R T [T ). WP , 2023, 40(1): 39-45.
frequency acoustic volume backscattering in the mid- SUNZ, LI'Y, JIANG Y W,et al. Sea temperature forecast
Yellow Seal J]. Technical Acoustics, 1999, 18(2): 50-53. in the northern South China Sea base on Stacking machine
(1] XN, 5, BRE%, % MiBwES S = EE learning model [ J]. Marine Forecasts, 2023, 40(1) : 39-
S ARSI RS L) ). Rkl 2015, 33 45.
(2): 173-181. (21]  ddEsde, XUAREE, PR3C2%, 45 ST 2 MARAE APl %
LIU S G, TANG Y, CHEN G B, et al. Vertical > BRI K R S ()] I AL R R 2023, 41
distribution and diurnal movement of the deep scattering (3): 498-509.
layer inthe South China Sea [J]. Advances in Marine MENG XY, LIU Y X, CHEN Y L, et al. Spatial feature-
Science, 2015, 33(2): 173-181. based machine learning model for shallow water depth
(12]  BRe, BEd, Boeke, 5. ST ADCP F LADCP retrieval[J]. Advances in Marine Science, 2023, 41(3) :
ORI 4 T O PR R )2 (D). R R 2016, 34 498-509.
(2): 240-249. [22] 2Bk, fINEL, 5, 55 HETHLES T TR SEn A/
CHEN Z, LYU L G, YANG G B, et al. Research on sound AL SR BUE BT [) ] T E ARSI, 2023, 39(4) :
scattering layer in the South China sea observed withship- 196-205.
board ADCP and LADCP [J]. Advances in Marine LI F, HE C Y, LI Y, et al. Research on real-time
Science, 2016, 34(2): 240-249. automatic red tide warning of bathing buoy based on
[13] ok, B, #£58, % T2 PORTEA E K- machine learning[J]. Environmental Monitoring in China,
FEABUTRIAE )] MRS, 2018, 42(9): 1-9. 2023, 39(4): 196-205.
ZHAO C, LYU L G, JIANG Y, et al. Research on the (23] HRIRERK, FISCRE, BEeiify, 45 . QWIS SE R I JO M 58
sound-scattering layer in the Western Pacific observed ZIRI AR T A= i S ——FE T XGBoost ML 2 > Bk
witha multibeam sounding system [J]. Marine Sciences, [J]. B4R, 2023, 43(11): 4674-4688.
2018, 42(9): 1-9. TAN Y X, TIAN Y C, HUANG Z M, et al. Aboveground
[14]  &38, Mot B2 P LIRS SUs 225 21k ]. biomass of Sonneratia apetala mangroves in Mawei Sea of
MR TRE, 2022, 41(2): 144-152. Beibu Gulf based on XGBoost machine learning algorithm
GAO S, YANG G B, XIONG X J. Seasonal variation of [J]. Acta Ecologica Sinica, 2023, 43(11): 4674-4688.
sound scattering in the northern South China Sea [J]. (24]  WCws, 7RI, wEB . T ConvLSTM HLER 22T 1Y
Coastal Engineering, 2022, 41(2): 144-152. AR I B AR A A (). R R, 2022, 45
[15]  BERTRAND A, BARD F X, JOSSE E. Tuna food habits (5): 674-687.
related to the micronekton distribution in French Polynesia XIE W H, XU G J, DONG C M. Research on storm surge
[J]. Marine Biology, 2002, 140(5): 1023-1037. floodplain prediction based on ConvLSTM machine learning
[16] MOLINE M A, BENOIT-BIRD K, O’ GORMAN D, et al. [J]. Transactions of Atmospheric Sciences, 2022, 45(5):
Integration of scientific echo sounders with an adaptable 674-687.
autonomous vehicle to extend our understanding of animals [25] )R AU RS g R A b 5 TR R
from the surface to the bathypelagic [J]. Journal of D], b R, 2018.
Atmospheric and Oceanic Technology, 2015, 32 (11) : WEI G E. Spatial and temporal analysis of Ommastrphes
2173-2186. bariramii fishing ground and its resource abundance
[17] BEHAGLE N, COTTE C, RYAN T E, et al. Acoustic prediction in the North Pacific Ocean [D]. Shanghai:

http://www.shhydxxb.com



TR, 45 T HILER A ~T 04 P R EJRE PR RV FBCA 2 P 2 B

1367

[30]

[31]

[32]

[33]

Shanghai Ocean University, 2018.

WG, ROTAR, BRRTAE, S T BPMZ M1 PG LR
PRI E RN ()], LR R A, 2022,
31(2): 524-533.

CHANG L, CHEN F L, CHEN X J, et al. Prediction of the
CPUE of neon flying squid in the northwest Pacific Ocean
based on back propagation neural network [J]. Journal of
Shanghai Ocean University, 2022, 31(2): 524-533.
JAPEER, iU, N, & BT IRK ORI
S O IR RO (], MK R, 2021, 17
(3): 1-7.

ZHOU X H, WU Q E, ZHOU Y B, et al. Prediction of
abundance of Sthenoteuthis oualaniensis in South China
Seabased on optimized grey system model[J]. South China
Fisheries Science, 2021, 17(3): 1-7.

HARIS K, KLOSER R J, RYAN T E, et al. Sounding out
life in the deep using acoustic data from ships of opportunity
[J]. Scientific Data, 2021, 8(1): 23.

JEAAR . PR R L R L 2% T K A K A 17
FEAPAFE D], KA KGR, 2014: 20-32,
QU T C. Acoustic investigation of Antarctic krill in the
northern Antarctic Peninsula and Pritz Bay [D]. Dalian:
Dalian Ocean University, 2014: 20-32.

MACLENNAN D N, FERNANDES P G, DALEN J. A
consistent approach to definitions and symbols in fisheries
acoustics [ J]. ICES Journal of Marine Science, 2002, 59
(2): 365-369.

PROUD R, COX M J, BRIERLEY A S. Biogeography of
the global ocean’s mesopelagic zone[J]. Current Biology,
2017, 27(1): 113-119.

UL, EBE, VG, 55 o E R REFE K 25 4% JR) {2
BrERSZ(T]. mAKALIE SRR, 2017, 15(3): 30-36.
WU K, WANG X L, XU Y, et al. New facts about
evolution of spatial and temporal pattern of precipitation
mainland [J].
Transfers & Water Science and Technology, 2017, 15(3):
30-36.

CHEN T Q, GUESTRIN C.
boosting system [ C//Proceedings of the 22nd ACM

over Chinese South-to-North  Water

XGBoost: a scalable tree

SIGKDD International Conference on Knowledge Discovery
and Data Mining. San Francisco: ACM, 2016.

XUE J K, SHEN B. A novel swarm intelligence
optimization approach: sparrow search algorithm [J].
Systems Science & Control Engineering, 2020, 8(1): 22-
34.

MENG K, CHEN C, XIN B. MSSSA: a multi-strategy
enhanced sparrow search algorithm for global optimization
[J]. Frontiers of Information Technology & Electronic
Engineering, 2022, 23(12): 1828-1847.

RLAE, TP, kR BT B XGBoost A5 1 T
ISP NS e S Ry RT3 S R 5 2 1/ R B E 8

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

2022, 44(2): 112-120.

YUAN H C, GAO Z Y, ZHANG T J. Prediction of
albacore tuna abundance in south Pacific based on
improved XGBoostmodel [J]. Transactions of Oceanology
and Limnology, 2022, 44(2): 112-120.

FEEWIEE , WA, BRBT . R TR S ) PR
03 3 O [J/0L ], JK 7% % 4l » 1-13 [2023-09-26 .
http://kns. cnki. net/kcms/detail/31. 1283. S. 20221011.
1357.012. html.

XIEM Y, LIN B, CHEN X J. Prediction on fishing ground
of Ommastrephes bartramii in Northwest Pacific based on
deep learning [ J/OL]. Journal of Fisheries of China, 1-13
[2023-09-26]. http://kns. cnki. net/kems/detail/31. 1283.
S.20221011. 1357. 012. himl.

ARIZA A, LENGAIGNE M, MENKES C, et al. Global
decline of pelagic fauna in a warmer ocean [J]. Nature
Climate Change, 2022, 12(10): 928-934.

DIOGOUL N, BREHMER P, PERROT Y, et al. Fine-
scale vertical structure of sound-scattering layers over an
east border upwelling system and its relationship to pelagic
habitat characteristics[J]. Ocean Science, 2020, 16(1) :
65-81.

BOERSCH-SUPAN P H, ROGERS A D, BRIERLEY A
S. The distribution of pelagic sound scattering layers across
the southwest Indian Ocean [J]. Deep Sea Research Part
II: Topical Studies in Oceanography, 2017, 136: 108-
121.

IV, EAAE . WISl s LS e ik e (1], R
A4, 2017, 37(10) - 3219-3231.

SUN D, WANG C S. A review of open ocean zooplankton
ecology[J]. Acta Ecologica Sinica, 2017, 37(10): 3219-
3231.

JENNINGS S, MELIN F, BLANCHARD J L, et al.
Global-scale predictions of community and ecosystem
properties from simple ecological theory[J]. Proceedings of
the Royal Society B: Biological Sciences, 2008, 275
(1641): 1375-1383.

GOD® O R, SAMUELSEN A, MACAULAY G J, et al.
Mesoscale eddies are oases for higher trophic marine life
[J]. PLoS One, 2012, 7(1): e30161.

FENNELL S, ROSE G. Oceanographic influences on Deep
Scattering Layers across the North Atlantic[J]. Deep Sea
Research Part 1: Oceanographic Research Papers, 2015,
105: 132-141.

CONDIE S, CONDIE R. Retention of plankton within
ocean eddies [J].
2016, 25(10) : 1264-1277.

HAUSS H, CHRISTIANSEN S, SCHUTTEF, et al. Dead

Global Ecology and Biogeography,

zone or oasis in the open ocean? Zooplankton distribution
and migration in low-oxygen modewater eddies [J].

Biogeosciences, 2016, 13(6): 1977-1989.

http://www.shhydxxb.com



1368 SR C S N S SO 33 %

Prediction on acoustic resource density of deep scattering layer of the
southwestern Indian Ocean based on machine learning

WAN Shujie', CHEN Xinjun"***
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2. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources, Ministry of Education, Shanghai 201306, China;
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Abstract: Predicting the abundance and distribution of deep scattering layer is important to indicate the
distribution of marine protected animals, important fishing grounds, and develop fishery resources into the
scattering layer. This study used the Nautical Area Scattering Coefficient (NASC) as the resource density
indicator of the scattering layer, and used K-means clustering and SSA-XGBoost model to predict the
resource density of the scattering layer based on multiple environmental factors in the southwestern Indian
Ocean. The results showed that the accuracy of the model prediction is 80. 51%, the precision is 76%, and
the recall is 78%. The sample data matches the high-density spatial distribution of the predicted data, and
the application effect of the model is good. By predicting the density of the scattering layer in different seasons
in 2011, it was found that the center of gravity in the high-density area of the scattering layer moved from
southeast to northwest, with the latitude of the center of gravity being the largest in spring and the smallest in
winter. The dispersion of the center of gravity in the southeast-northwest direction is greater than that in the
northeast-southwest direction. This study can provide a new method for elucidating the distribution and
resource variation patterns of scattering layers in larger spaces.

Key words: deep scattering layer; machine learning; acoustic resource density ; southwestern Indian Ocean
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