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TR, SRR, BRI S L oL a3
SITER BRI ASICAL , IFAL TV KR & —M,
B T S (/N T ELBET 0 BV, R A
APV LT 2003 4F 9—11 H A BTHLAA I 25 12 1 7% U
A R AR AT 0, 10 A R )L g 4y
TAFE 15°N~16°N, 61°E [flirifek, &k 27~29°C,
1R 35.96~36.03, H LR AES FLF 2004 4 9—
12 3 B ATz AFT v 15 4 ko I ) 44 e A 58, A
H T~ SUImPERE A (generalized additive model, GAM)
SR, BEWm R S5 RE . 50 200 m KR
KA ZEHEN R EY],

GAM 284 )3z v T 55 i 3 3¢ U5 43 A
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HHEN T Z R OCER, HAFURH A i 2
I R AR UL B 5 A2 55 0] ¥ 37 95 YR 0 A Y e AN A
FAELMEME T B NS A GAM X 4%
KRR M5 IR S5 7 X RH#AT T — RS
A FERDT, IF A GAM TE i 37 25 [8] 43 A Tl
I 45 7 T AR T AR DA ST LA 4 A (prin-
cipal component analysis, PCA) J& i i [F 4k £ A4
2 S AH SR i A O AN AH G B LA A B0
(PCs) FGEIT 7k, H 3% H ARV 2 G
PEAR v 1 728 5 B Al i SO LA A B 7 i A
FHE D 0972 B R O P B R ERME R D
TG R P 22 A T T AT 30 e A ) I A4 1) ] A
i Je i zs  BREE AR T TR T A A AT Y
JG W L1 B ( Cynoglossus joyneri) % i PCA-GAM
TR, 2830 22 WERIER W, PCA-GAM #57Y
LM BE RN RN AR Y1 T-5 58 1 GAM.,

] P A0 A DL BT s 15515 O 9 905 A 2 [) 5
A I A A OCHRTE , D T S AF M 1A R AT SRS TT
BANHIBTHAA TS S SIMBEIR, ADF5SET PCA-
GAM BAY, ] 2017—2019 4R [ 7 Bl v A7 16F
O3 AR P54 L A U AR, A4 0. 50, 100,

150 #1200 m K JZ AR . WE . RE)ZRE .
B E RN . & a (chlorophyll a, Chl-a) ¥
FE . HEERTLE . &P AR, N BTN S
WS AL k4 (R) A PR AL, JF R AT 58 RE
DIy 5 5 i 0 e TR P AR 2k A

1 M THE

1.1 ¥HEkRIE

55 ) 4 45 A ok A E 2017—2019 4
(TR (/N Z A i | AR A E A S A € A b
WEEEWHY ., 28, 4. mfh, mE%E,
2017—2019 4 55 5 W3 31 & 19 25 (8] 43 A A&l 1 p
VAN A e g RN 77 0 o S i o7 B A [ R
BRI, 182 R T 2017—2019 4F4% H 1955 15k
S RIS B AR 5 8% 00 i 3R i (catch per
unit effort, CPUE) i ¥ {8 M br 1 % 2% (standard
error, SE). & H M= g MY, WEEHRG R
JiE 22 KU, BT AR U A T R AL AR 9 H &
BAESH,
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Fig.1 Distribution of fish catches of S. oualaniensis in the Arabian Sea during 2017-2019

H-2¢ K a WRIEHIE K H CMEMS (the Coperni-
cus Marine Environment Monitoring Service) #2 it fit)
4 BR T 43 M1 B0 3G (https:/resources.marine.coperni-
cus.eu/?option=com_csw&task=results), i [d] 43 #F
RANH, RGP N 140, KR (salinity,
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S). & ¥ (temperature, T)., 1R A JZJEE (mixed
layer thickness, MLT) ., ¥ [ /= B 5 . 1 2 o
(sea surface vector, SSV) (¥ & CMEMS #2 it 1y
T 90 7 L0 T UL ) 4 K VEEVE 3D AR 1)
4 L AL PR (reprocessed, REP) &fi, Hf[a] 5 HER

https://www.china-fishery.cn


https://resources.marine.copernicus.eu/?option=com_csw&amp;task=results
https://resources.marine.copernicus.eu/?option=com_csw&task=results
https://resources.marine.copernicus.eu/?option=com_csw&task=results
https://resources.marine.copernicus.eu/?option=com_csw&task=results
https://resources.marine.copernicus.eu/?option=com_csw&task=results
https://resources.marine.copernicus.eu/?option=com_csw&amp;task=results
https://resources.marine.copernicus.eu/?option=com_csw&task=results
https://resources.marine.copernicus.eu/?option=com_csw&task=results
https://resources.marine.copernicus.eu/?option=com_csw&task=results
https://resources.marine.copernicus.eu/?option=com_csw&task=results
https://www.china-fishery.cn

2342 KopE OE R 46 45

3(5) [ 13k catches — 1 12
.0 | — CPUE T || 108
35+ b = m
+~ o
£E 307 %% <8g$
=8 251 s
I8 o 6 5=
w2200 53
EZ 15 ¢+ 14 @ 8
10 | & B
4 2 H“
05 | H g
[0 P | | SRR
123456789101112
i 1|/ H
month
B2 2017—2019 FHHHEES SMWEKEM
CPUE BN B 9%

Fig. 2 Monthly distribution of fish catches of
S. oualaniensis in the Arabian
Sea during 2017-2019

A, AR 1/4°, VT 5% (sea level
anomaly, SLA)A 1 T = B 8080 B V(8 . FREE 25080
0L BRI, &% SETEHE
5°N ~ 20°N, 50°E ~ 75°E,

1.2 REBRH*E

3 A I IE PCA-GAM B A #9542 B
JEAL FEREE R BB s B LR AL 80%
(B #  PCA-GAM BEHRL, 20% 11 545 2517 7
i, JFEE 100 K ; Faxt L—238 AR 45
RAATG T . BeE, R TS S IR a2
[ 437 1 T4 o

HAEA Sy v g ST BT RAPT T B
GAM [N CPUE, AZE MG (0.
50, 100, 150 Al 200 m 7K JZ ) S I T. MLT,
SLA. Chl-a, SSV), =wHAsE (B, 45)¥), CPUE
fRI3HEA: CPUE=Catch/N, H:H Catch 2y 0.25°%
0.25° M % PN 45 H B3R i, N oA 0.250%0.25°
SRR N E (AT QK vy AT T

FFH WA AT 09 ik 5 AR R b AT e 4, 453
A H IEA I R4 PCs, SRJ5¥F PCs /E GAM
R AR it o R T R 45 PR B A0 B A v 25 AN [ 1) 5
M, PSR f {E S bn oAb S B EAT B 43 AT o
CPUE "H774E 0 i /NMAME, X HLFHZE & min_cpue
RREXAB/NIE, 24 CPUE<min_cpue %75 HXT
NGB ZS A7 AN R UFR MY, 5556 min_cpue=
1YW B AR &y R BT A 6 25 2 I i 37 )2
5 H B, B y=0 /8 CPUE<min_cpue, y=1
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7~ CPUE>min_cpue. H &M (Hp=P(y=1|PCs,
lon,lat) & /R 7E £ 4> PCs. &% . i &KUT
5 7 IR, B4 1-p TR E R
PCs. 2% . SiEEMAME T S 3R & A Ak
., CPUE M _{E%¥E y 5 ik F hi 4> 4> & PCs
P MR A [ B ICHL, BARGESE 3 579 4.

PCA-GAM #2#! GAM W] LU [ 75
PR R Se . ARZEVEH, X BUKE R PCs,
ZNE . LR B B ALFR O PCA-GAM LAY
PCA-GAM TS A (g dE ST o A 4, 25—
SEIR AR RAL p HUREAL . PCA-GAMI AR, 55—
T IR B AR . PCA-GAM2 £

PCA-GAMI1 B & T FH AL /Y Togistic
ELEBERY, RAR B — I, A

logit ()= Y. s (PC,) +s(lon,lat) += (1)
X, PCRHEIA TS, n WP AR E
AT AL, s RORFESTEIE REL, lon K
IR, lat FoRGAE, o NBRIEIE, WRUE,
ERE PR ogit PRER, 122 PREIE N I3 i .
‘logit’ %K logit 2846t , logit (p) =In (%) o EM
OYOINTRT RS | ARSI A E AN B E, K
25 (1) A b B T SIS

PCA-GAM2 t I J& T SUAH N Y b i) 22 o
ek, ARPERNAARL, R AR B RO = oA
CPUE H. A 5 0 W fm Ak, 75 ) A o 4 ek K2
e B T LA, At
In (CPUE + 1)= > s (PC,) +s(lon,lat) + & (2)

X rf, CPUE 7R 0.25°%0.25° 1% P 1) B3 41l 455
& yanigfie, HAWZ RS LS5 AK 1) -8, &
FEpRER R “identity’, TRZEBENETIME N, )0
FI H 3.6.0 Bz R # {4 (https://www.r-project.org/) [
mgev BT GAM FE8Y (R dE A4

ARA B E R AR, A 22 SCEiE
1Y 75 SR A AL (Y TR 25 R . FEATLR AR 80% 1Y
Bkt d PCA-GAM KA, ) F 1Y 20% %icdls H
RAEAT IR, Wt R SRR 100 5, i
TEE RN GRS . 3T PCA-GAMI BLAY il i
AR AT S PR, HET PCA-GAM2AEE Y
Pl 137 CPUE P & HIfF S C &Ko, M E&
A8 C'Rl 38 3o e 37 e A= AR 232 PRI C IR ARAR Y,
e S LY/

C'=P'xC (3)
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K AR AE C AL {H CPUE ) H] £k 4 [l 15
SUREE
C'=a(In(CPUE +1))+b 4)

Xob, e WRER, b FORIIE, o BRI 1, b
HEIT 0 7R TR 45 R R N L™ 3157 100
YRR T T (L ARDUL I (L ) A O R, IR 3RAT A
KRB A BRI (E, A C R BUE B,
P TIOR8 5o 2 ) A
pURTIVE = ekend 111 v = ) [ PR <39 9=
BB T

2 4

21 HEEFHEXRY

0. 50, 100, 150 1200 m 7K J2 (1) £ B Fi sk
#&. MLT. SLA . Chl-a. SSV MFHCREC N 1
Fim o RO AR B 22 B MR DGR LU B, R 1
TR R A DC R A T 0.5, I BRAL TR Ay 2tk
K, HiEMA GAM, S5RERINSIIE, %
RASE Y By 4055 B N oA fiE
22 ERDHH

BB ASE (0. 50, 100, 150 F1 200 m/KJZ
AyERBEFIZK IR . MLT, SLA. Chl-a, SSV) #kf1¥
B3 43 it I A% AT 8 A4 3 A4 PC1~PC8, PC1 -
Y107 Z R 5 L 24.35% (£2.13%), PC2 i It

V%

17.49% (£1.98%), PC3 i kb 13.73% (22.11%), Hij
3 AT T 2R EL 55.58% (£2.43%),
PC4~PCS8 L 5 [t 22.97% (+1.40%), Fi8 4> & 4
-2 07 22 R BN EE 87.34% (£0.86%)

4 PC1~PC8 55 4 PRI K 1 2 A 1) 265 T {E LA
MR EIERER (K 3). PCLJERT 8 N FE M/
G5 BRI, PCI~PCS Y3 fif B A Z T A
0~ 200 m 7K J22 (1 £k B2 Al BEAE PC1 ik far e K,
PC2. PC3 k2, 1EPC4~PC8 1, H#M/NT 0.2,
MLT B # A 76 PC1, PC2 i, PC3IRZ, 1F
PC4~PC8 H1 # fif /N T 0.2, SLA HY % fif 7E PCI1 .
PC2 Hif; =, PC3. PC4, PC5, PC6KZ . Chl-a
B9 7% ff 7E PC1, PC2. PC3. PC4 g, PC5.
PC6 IKZ.. SSV MyZkfifE PC2. PC3, PC4 Hiff,
PCl. PC5. PC6 Kz ., SLA. Chl-a, SSVZE PC7,
PC8 H#ifai 4/N T 0.2,

2.3 RESMH

B R A a5 R PAE N T B KR
0.001 Y78 f G WXL A sE i 5P, TS
T 100 AL RUILA AR & W S M b, 45
WRIRTESR 2, 1E PCA-GAMI B | PCI,
PC4, PC5. PC6., 4J% . ZhE &M 5 LK,
100 YA i I 83 IRHR A 25, PC2 1) i Pk
B RAR, & 9%, PC3. PC7. PCS8 (1) 5 21
bR 0, FBW XA PC1, PC2, PC4, PCS5,

®1 BKEFEEFZEBNEXRY

Tab.1 Correlation coefficients between each environmental factor

SO S50 S100 S150 5200 TO T50 T100 T150 T200 MLT SLA Chl-a SSv
S0 — 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00
S50 0.78 — 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.99 0.00 0.00
S100 0.72 0.76 — 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
S150 0.34 0.27 0.54 — 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
S200 0.22 0.06 0.25 0.71 — 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00
TO 0.23 0.15 0.40 0.17 0.08 — 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
T50 0.18 0.39 0.35 012 —0.15 0.28 — 0.00 0.00 0.00 0.00 0.00 0.00 0.00
T100 0.27 0.47 0.52 0.06 —0.41 0.15 0.64 — 0.00 0.00 0.00 0.00 0.00 0.00
T150 0.15 0.29 0.43 038  —0.10 0.14 0.60 0.85 — 0.00 0.00 0.00 0.00 0.00
T200 0.14 0.17 0.37 0.63 0.45 0.10 0.35 0.45 0.78 — 0.03 0.00 0.00 0.00
MLT —0.05 0.07 -0.18 -0.16 —0.21 —-0.70 0.19 0.21 0.17 0.04 — 0.00 0.00 0.00
SLA —-0.03 0.00 0.29 029  -0.06 0.48 0.51 0.57 0.74 0.63 —0.18 — 0.00 0.00
Chl-a -0.12  -0.12 -029 -024 -0.04 -0.55 -020 -024 -032 -0.30 0.44  —0.44 — 0.00
SSv —0.41 -044 —-038  —0.09 007 -0.04 -032 -043 -032 -0.18 -0.15 —-0.09 0.09 —

e RPF=AMK AN, E=MAPH
Notes: Values in the lower triangle of the table are correlation coefficients with bold font being significant at correlation coefficients(> 0.5), and values in
the upper triangle are P values
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Fig.3 Box plots of correlation coefficients between environmental variables and
each principle component over 100 simulation runs
1. 80, 2. S50, 3. S100, 4. S150, 5. S200, 6. TO, 7. T50, 8.T100, 9. T150, 10. T200, 11. MLT, 12. SLA, 13. Chl-a, 14. SSV
%2 100 N PCA-GAM R h R T8 EZ A HEE H0.532 7, J2EK 0.034 2 (K] 4), Tl HE A5 108 I
Tab.2 Proportion of 100 simulation runs in which a factor {H 22 (8] 1 — 70— UK [B] U A B () bR a (R 4 E R
was indentified as significant 0.708 7, Jr2:4 0.054 1, #K7 b HIIE R 1.471 1,
flfl% Bfrﬁ%l/l% Wﬁz/z% F2ZH 0.484 8 (32 3),
tor: t t
= = ELBOARE  FIF PCAGAM T
PC2 9 100 55 ke 37 0 i s ) 23 Af B0, Sy AR AL ]
pC3 0 53 F1R B8040 Ay S IR TR0 T 5 I e A Bl A RS
PC4 83 100 15
PC5 95 100
u=0.5327
PCo6 100 100 > 0=0.034 2 L~
PC7 1 43 P '§ 10 + -
PC8 0 39 $SEIS /
(lonlat) 100 100 ¥ = / !
22 5| \
o
PC6. L. £ PCA-GAMI #5717 PCA- &
GAM2 ##I - PC1, PC2, PC4, PC5, PC6, & 0 P 5!
JE | SRR EE G R, 100 YORBL Y 040 045 050 055 060 065
PC2. PC7. PC8 Hy 3 Ph & EAS AR, 23 % 5 kb M RB
53%. 43%. 39%, FWIFFIAI PCl & PC8. 4 correlation index
J | ZREEHE PCA-GAM2 AL, B4 100 LIRS HHEHWAFFIR CPUE 8
HXZHMESH

2.4 RBVIGIF

Fig. 4 Probability distribution of correlation coeffi-
e 100 B, Tl A AU cients between observed and predicated CPUE for the
B AH 2 R B AR LT R 0.459 2~0.614 3, 1{H test data in the cross-validation over 100 simulation runs
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3 JUMFATHRERIER R R
Tab.3 Coefficients for the regression models of observed

and predicted values

EX 4 PCA-GAM #5i7
coefficients PCA-GAM model

HHIEREL  correlation coefficient
R%a  slope(a)
HiFED  intercept (b)
e R REGRE T bR

Note: Standard deviances were provided for these values

0.5327+0.0342
0.7087+0.054 1
1.4711+0.484 8

B . 4. 4 . CPUE[ &1t In(CPUE+]) 7%
e ], FUHRAE A RO Y A R R . S
5, ¥ 20194 1—4 A, 9—12 A SEPRAY CPUE
[ 4850 In(CPUE+) 28 48 | 5 il 4 B 2E 47 =5 [|] &
X EE, DT G 56 a3 U (R RCR (B 5). 5
CPUE f& A X 32 B0 A5 A 3 BTz A1 2 i 1 it 3k
PCA-GAM #5573 I () 25 55 W 5 7 & X5 52 B
CPUE 7+ il KEAHAF, I PCA-GAM HE W Fiil il
BT ¥ 15 5 W IR ) A

3 Wi

A AT J 5 e R 37 B AL )
NN SR ETHR, LTS R R K
B, Ak TAEE RS, A BT,
WA RPN . TR X TIRJR R K5 3%
JERRAGL, SEURKIRIE . HBERRR . B

R85 R 28 0 85 5 A 0 0 1) 43 A A A T R Y
M 24230 {5 G v 7K 3 AN AN R Sk 2 2% B B )
R ' % N1 VA N N % 1 =123 -1 | DAY e
BP0 = B, O I KR A Sk R
TR T e S SR SR IR R L AR TR L T
THE &, AEAEREE A R 2 IR 3 5 B R Y,
TR Z R E SRR S S E R EEEY), EH
7K £ B A R T 5 50 5 K AR B B R
FHEY, W22 a Wk BE 2 WAV B ERPIR B, VR
i 37 2 R W 3T Vg 2% J2 v R 0 2% 30 0 VI T DR
g, BEWERAEETH, HRAEKTER
Ab, R EE R Z KSR, WO KR EE R
JEE %) 3 L 235 0 2 6 25 1 I 7 RN 3 T L —
SE SR PO, R IR A AR AN R R A e S
Prig il A, o550 B B 200 m DL FIROKE,
e BE £ 0~200 mok )2 B W K IR BE SR B A ok
5z

P T — S I VR I A e 2 () A A e B A O
PG, BRI T 0 A
HEAT T RRAERY, LB mdtektt, HAa8IMhT 8 &
43 PCI~PC8 1E 5 GAM Wi BAs &, 4 PCA-
GAM HERY, AN[R] 32 0 v 4% A8 8 1) 3 2Pk 3l 2o AR
AR F AR AR, By RN E T A A
IR G 8, A ED R S iz AR e 5 = Ry 22 (8] 5%
ABEYIEY, NE 4L, PCl R T 4%
IKIZERE | BB SGRMER, & T MLT. SLA.
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Fig. 5 The monthly observed CPUE and forecast results distribution of S. oualaniensis
based on PCA-GAM in the Arabian Sea in 2019
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KIZELE . IRE . MLT. SLA. Chl-a, SSV HJ#B
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o3 fi B . PCI~PC8. 4% . i & £ PCA-GAM2
HRY P AR AR (R 2), KT 0. 50, 100,
150 #1200 m /K JZ W R B . & . MLT. SLA.
Chl-a. SSV X555 I B8 8 5311 (1 SE MK

PCA-GAM BRI A §F 2 ASF IR . 3 5B
FLATE B 5 30 37 e A HE SR 11 logistics ] 115 A5 7Y
PCA-GAM1, 1% CPUE[ £ it In(CPUE+]) 4846 |
HINZEHLNE . JELERIR PCA-GA2, R ZL) T
WE Ry 2 S FRERIGE R TR, 2 AR A AT
PA— & R 2% /i CPUE 1 0 {EL I Ik i g ), 7
100 YK 1) 8 H1 28 SLEGHEHr, i i A FULI F A 56
REUEEA T 0.5 4), FUZH R BA BT
P TEPERE . A FZBE R FR 9 2019 4F 1—4 7 |
9—12 H Y55 12 I ¢ Y5 2 0] 40 A 5 L L &
JER R (B S), FIIZAER RERS F 1y b R BT A1)
VRNV 5 R 9 5 A 1) 25 [R) 43 A o

(3 7 WA A SUTC 52 B s A2 B Al 22 )
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Research on the prediction model of spatial distribution of Sthenoteuthis
oualaniensis in the open sen Arabian Sea based on PCA-GAM
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2. Key and Open Laboratory of Remote Sensing Information Technology in Fishing Resource, East China Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China)

Abstract: In order to scientifically predict the distribution of Sthenoteuthis oualaniensis and to utilize its
resources, this study established the PCA-GAM prediction model of S. oualaniensis was established based on the
production data of light seine in the open sea Arabian Sea from 2017 to 2019, combined with the data of salinity,
temperature, 0, 50, 100, 150 and 200 m water layers, mixed layer thickness, sea level anomaly, chlorophyll a con-
centration, sea surface velocity, longitude and latitude. The correlation between environmental factors will cause
multicollinearity, resulting in over-fitting of the model, and reducing the prediction ability of the model. The envir-
onmental data were transformed into a few unrelated principal components (PCs) which retained important inform-
ation of these environmental factors based on the application of dimension reduction techniques such as principle
component analysis (PCA). The average variance explanation rate of the top 8 PCs accounted for 87.34%
(£0.86%). The top 8 PCs were taken as explanatory variables of the GAM model to construct the prediction model
of the distribution of S. oualaniensis. The establishment of PCA-GAM prediction model was divided into two-
stage GAM. The first stage GAM is to estimate the presence probability of S. oualaniensis. The second stage GAM
is to estimate the log-transformed CPUE of S. oualaniensis. The overall log-transformed CPUE was the product of
the results from the first and second stages of the GAM. The eight fold cross-validation results showed that the
mean ofthe correlation coefficients between the predicted values and the practical CPUE (log-transformed) was 0.532 7,
the mean of the slopes of the regression models was 0.708 7, and the mean of truncation values was 1.471 1. The
degree of overlap between the predicted values and the practical CPUE (log-transformed) from January to April
and September to December 2019 was very high in spatial distribution, which indicated that the PCA-GAM model
was able to predict the spatial distribution of S. oualaniensis in the Arabian Sea.
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