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Fig.1 Modeling sites and verification

sites in the waters near Mauritania
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Tab.1 Multicollinearity diagnosis results

754 Variable 1B 3 Significance 257% Tolerance VIF
W4EZ a W Chl. a 0.046 0.949 1.053
W TR SST 0.033 0.836 1.196
WFFRIEL B SSS 0.022 0.867 1.153
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*2 Kif CPUE MUEE K S H &I
Tab.2 Estimation of parameters of the optimal CPUE prediction model

BT 2B S Q Quantile

Constant and coefficient 0.30 0.40 0. 50 0.65 0.75 0.85
C -8689.4802 -4 328.961 2 623.801 2 798.329 3 965.302 3 605.330 1
a _ _ _ _ _ _
b -1 028.32 -963.78 782 168. 93 7 963 -81.248 7
¢ 2 382.4312 1 255.2612 -963.330 2 -863.24 -102. 1 -18.050 7
d _ _ _ _ _ _
e _ _ _ _ _ _
f 4.230 1 55.738 9 68.541 2 -19.326 3 -11.283 1 2.309 2
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Tab.3 Statistical results of GAM about the influence of environmental variables to CPUE

FEEHRI R F~ Model factors P F

WA R SST <0.01 57.225
R ELE SSS 0.041 2 2.535
1 Eh A2 I Interaction between SST and SSS 0.023 3 4.308
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Fig.2 Relationship between SST and SSS, and CPUE based on the generalized additive model
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Tab.4 The result of Wilcoxon test between the
observed and predicted CPUEs of the

modeling sites and validation sites
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Bf, S CPUE FHIN CPUE 22 1] 5 B AH G, #5475
CIES
2.5 IHIREMWEMTM

Hi & 3 W] %0, CPUE il THI H A AH 56 14« THI
(ST 0.24 i}, CPUE %3 441 ; THI 7£ 0. 26 ~
0.38 I, CPUE 1§ Kk, A B e BLEF- 2 1
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KT 0.42 i}, CPUE ik F K

WK 3 A1 1%, CPUE B AIRME E 2L hTEL
WA X I8 16°20'W ~ 16°50'W F1 17°30'N ~
19°00'N, %} i [ THI 7£ 0 ~ 0. 24, 7E 3 >0 [
CPUE A5, SEH7E 1 ~5 ¢/ F;17°20'W ~ 17°30'W
F119°40'N ~20°00'N 35 [E P, CPUE AH X 4% &5,
7E5 ~ 10 /W ; CPUE %5 B {E 4 Wi 7E 16°50'W ~
17°10'W F119°10'N ~ 19°40'N Fi4~ X 3K, XF o7 14
IHI 7£ 0.24 ~0.28, CPUE {kF 15 v/ M1 H
TR 1E 17°25'W ~ 17°40" W F1 20°20' N ~
20°45'N i Bl 6z ) THT T 0. 40,

http: //www. shhydxxb. com

N
& S
20° 30" a Africa
5 ../’?’b
.,.B Q’}%
@ o7
e %
20° 00 °o® o
° : . £ H R T
19° 30’ N Mauritania
O
@
] @
= 19° 00’ N
+ .
] ° b
[+ Q @
— v
m o180 30/ S & °
ﬁ‘ ()
] CPUE/ (t/M) ¥
° <1 © e e ®
18°00'f @ >1 ° 4
@ > <
X ’ . >10 PP
17° 30 . o1k
KPE#
17 T Atlantic

17° 30" 17° 00’ 16° 30’ 16° 00’ W
%4 Longitude

B3 @i IHI HEZ&FSL CPUE 2%
Fig.3 IHI contour and CPUE distribution
for modeling sites

H & 4 A5 4, CPUE 1 THI HA5 B i A4 A
KM HI 25 0 ~ 0. 20 BF, X N (9 ¥ 58 K
16°30'W ~ 17°15'W Fil 17°45'N ~ 19°45'N, [ i
(1Y) CPUE JZ 56tk sl it B AR Y, 35 AT 5 v/ I
THI 7£ 0.22 ~0. 32 i}, B 17°30’W ~ 17°40'W A
19°50'N ~20°20' N, CPUE % &5 H BR 1) 451 % b
% THI [ 3 i i 8 s THT > 0. 32 B, B 78
17°30'W ~17°45"W F1 20°20'N ~20°45'N [X 1§,
CPUE s EAR B, A0 A B 4 o 3X 1361 THI
TR ARG 4T

HI [l 5 mf 0, THI (48 fe s 34 55 THT & —
o BT, Ny BRI R AL AT b T CPUE,

gi b, THI %5 0 U S8l 0T Bz 48 /8 A S
CPUE,, PH I3 14357 B3 R U405 15 1 1) 6 R ABE AR
REAL I Hh [ e CPUE 51 VERREE R I G &, Tl
Mse ) RAT o



6 31 TN, 4 - T LI & TR, I A 25 437 S5 VBRI 1 X 22 873
e M 3 e
0 50} @) A Africa g
& 31 RS ME BT R R R
w000t @ G5 BT B 2 2 R — 45 LA Y 5 T
& I S A H7 A RO ST g S T gy
19°30"F o . Rl A3 B ] U A AR AR B 1 ABE A 2 B /N 4 X i
) 2000 DR M A3 0 U A T 2 S R A
2 15 00 /o[ AR B R0 e 0 ST A SR 8 P A A
z s 3 HORAERT B - RAT 4 A Bl R 112
m1s° 307 ST/ (D) A RAERERE G 0 BRI R 2, B S B
% . < SR AE S A O A TR IE AR S 40 Ao 4
& 00’ o R0 16— 5 9 2 50 23 A S 7 2
® - . G JEL T A 40, 43305 1 1485980 o8 L 2 e P
— @ - AP
o 3.2 HISHBHRNGER
ea]  Pmntic SO IR X R AR GAM 455580 W] 48, 1637
“ PRSP0k H AR 8% CPUE [ S W L Sy 22 TR
17° 30’ 17° 00’ 16° 30’ 16° 00’ W

THT

U

2P Longitude

4 Dk = THI S{E&F1 0 CPUE 4370
Fig.4 IHI contour and CPUE distribution
for the verification sites

JiE IR A HAR LA R R A, M4 a Wk
%} CPUE 34 B3 50, GAM 175t H A< fif
X EL AU B FNER BV R 20 19 ~22 °C 11 36.3
Fedio AR FIHI PR T O GAM AR

—e—IHI'

—&—IHI 0.8

IHT’

1

0
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
WiE Site

5 IiEuh s THI'F0 THI L a5
Fig.5 Trends of THI' and IHI for the verification sites

http: //www. shhydxxb. com



874 (SR (T E NI S S 1 29 5

SEITEAEITE 1—8 J v AR PG v v A vl s £
I 25 AR AT S, 5 £ 30 3 J0 1) T 3R
BEAE 20 ~21 CJE % 5 el 4F I GAM fi
) B AR R PRI P | )2 28 CPUE 1Y
F Ak Isf 23 3 A 5 e T Ui B 4 PR A PR ) 6
FRIN, 15 Y Rl SST O 20 ~22 €, ARG
0 21 5 HC L PRI 245 K5 LT GLML A
GAM BRI AR (B H A5 137 5 3R 58 H 1 1Y
KR 8 B R B A 34 2oy, ALY
S S HA AR, JEHE T BRI LiEES
H R A I AT T K S AR E AN T, YU 26 5
7t BE#E SSTA (sea surface temperature anomaly ) |
SSHA (' sea surface height anomaly ) F1 NPPA ( net
primary production anomaly ) 1 A FR 455 U (A 1~ 411
& HSTACRY, S B 2 1 i 32 A T o 2 0 2= R
Vg H A5 14 B 3 L 7 A R AR S ) 5 VA
VS 1 GAM AR AR A3 1999—2011 4F 3R
BEPR RS B H A 1) BE 05 F 1 52 R i
75 H T 2R T YL X A B85 1) 9% U T B ) e K
ARG HERESE 18 A HPAR KPP i
H A i 3 1) i 23 A8 A A5 VA R R R Y
5 55 WP M O 9t 2 T I RE L 8 R - ¢
B a W . ASCIRREAT v R TR B X H AR5 1)
TR A 5 W g5 R, 33X ) DA S B 1 O A 2 i
B T BB JE RS T L PN IV I R I 4 |
FEPLHY I H AT, A3 A T30 37 18 i, F€ Wz 7K HAL X
N7 TR ) AR Ak DR IH T 2 TR B %o H A 65 1) 5
WEREE, YU S IO ARG H AR i 5
AR ER a YR BLOURIDESE 3R s 2R A0 451 I F e e
P IS U T I 85 R 6 AR AR e b 0y A
AIRZI 15 4R R a W EEAS IR T L H A 85 137
M EZR R ASCAR 9—12 4K a MR EEXS
H A8 %) CPUE JC . 3% 52l , Ji X ) e T2 it it
Gh) S/, 25 I T IR A B R R
MR T4 3R a WRIESL, B 57 Hh R U 55 HC A 35
555 DR ¥~ [ S M 4 40 A 0 1 i FRASE 5 fin b A
PO A B T B AN B8 O, M4 3R a W2 172 4k
KR AR A 77 T 28 5708, PRI G52 v oA
W,

H A §55 (14 2 A3 R0 55 L A ST 15 1 O R
PR FER I o 9—12 J THI 73 A
BRI X ISTE 17°25'W ~ 17°45'W H120°15'N ~
20°45'N, X R ERE 2 FE 3 H Rt I, 9—

http: //www. shhydxxb. com

10 A ZR 045 R [l AL RS 21y, JL P I I It 14 54
TR A€ I A8 55, S KR4 E AT b i
i, PRI B A B 1) b SR A, B R . 10—
12 6B ERAA IR BERRAR, H ASBE R 1T, 647
sl A5l G O B AR I SR A A AL T T, AH Y
THI 0455 o

THI 437 5541 1 K37 16°02' W ~ 16°28' W
F17°30'N ~ 18°50'N, Sy 4/ Ji 1o J5 A 76 F
9—10 HILHA 4 M FEWE I sC3, H At
U, PRLH AR P DX H A B 3 00 3 B AR, THI B Al
Bk,
3.3 i

THI A5 70 B 458 o fff Y900 H A< 6% 1) CPUE,
H A (18 THI 43 4 e R0 5 = 38 258 oo 1) IX S 7
17°25'W ~ 17°45"W 1 20°15'N ~20°45'N, [H it
IR LT Bl 9 i A B HL I R g ) 9—12
AEMV SRRl R W X s 4 P e ok X, LA
B R A A RS . HARET AU B S
Je iR /INRS b e ) AL R A,
AN T /Y, I i T SR 54
Py EEE, THI A7 B A XU 16°02'W ~
16°28'W F1 17°30'N ~ 18°50' N, H A fif 1 BLi% £
TR, R e 9—12 A, ] DLAE I I 38008 24
BN RSB SRR ] DA S AR O TR AR
VI a1 v 2 A
3.4 FEERE

FEWFFE Al G5 ) B 25 4 A B, VR R
B A R — , PR 0 S A AR T A ) T
JE 2 T2 00 35 N BT A 11 A 5 PR 28 () R T e
SERYT L RS F A E R RO R
25 (8] FARREVLHA H ARBE TR B /A . BLAk, HAR
55 (1Y s} 225 728 B3 5 Vs A AL TH R R 3R AR A A
FREA K, FL, ZAEE 2 R R 1 A6
2RO G I OE R IR B IR AR [
To ARUWEA BB, H L2 )5 iy 2
JAT IS sk a5 B, A R A ], PR A A
. 740, A e RE, i UR RCREKKEN
TR YRR H A Y B S S, IR A
I FE H A B (1328 s R I S 1

ABRAFE) T L2 55 R HAF 3 T, 43
FAEAAF(LERBREL) &L LA RNE =



6 1 KA, 55 - 56 HLIE T2 W H A B I 25 4040 S R B 1 56 &R 875
it % 097”7 %ﬁg%&/}‘\@ﬁg 71-“[ WK A )}k’}féf, iigtﬁj» patterns in fishing ground of Scomber japonicus in central
7%; 5 Eastern Central Atlantic Ocean[ J]. Fisheries Science, 2018,
37(1) . 31-37.
(1] &deln, Phoeis, Wat, 4. ABeidE HEE R SO AL T

S % Xk B[], fEA2Ededs . 2008, 27(5) : 841-846.

(1] J e T B R S 2 B DX A A B R S R B JINLR, SUN K P, HE H S, et al. Research advances in
[M]. dbst: BRe#ih iR, 2006: 599-607. habitat suitability index model [ J ]. Chinese Journal of
TANG Q S. Marine biological resources and habitat Ecology, 2008, 27(5) : 841-846.
environment in China’ s exclusive economic zone [ M ]. [12] ZBRE, MREE, ml, 2. 8 S B e ol B
Beijing: Science Press, 2006 : 599-607. ey R L T]. IR SR SR, 2011, 20(2) .

[2] EASTWOOD P D, MEADEN G J, CARPENTIER A, et al. 260-269.

Estimating limits to the spatial extent and suitability of sole GONG C X, CHEN X J, GAO F, et al. Review on habitat
(Solea solea) nursery grounds in the Dover Strait [ J]. suitability index in fishery science[ J]. Journal of Shanghai
Journal of Sea Research, 2003, 50(2/3): 151-165. Ocean University, 2011, 20(2) : 260-269.

(31 XS, AR, W A LML et EAL [13] ST, iR 0T . R 1 I 1 1 SR
HiRRAL, 1991 413452, BP9 R [1]. LI o K41, 2019, 28 (3) :419-
DENG J Y, ZHAO C Y. Marine fishery biology [ M ]. 426.

Beijing: China Agricultural Press, 1991 413-452. FAN J T, ZHANG J,FENG X, et al. Relationship between

(4] W07, i, Buie. BHFRWEFEEV[I]. ) Sthenoteuthis  oualaniensis ~ fishing ground and marine
Rk 58, 2011, 26(4) ; 20-23. environmental factors in Nansha area[ J]. Journal of Shanghai
HAN B P, FANG H, RUAN W. Outline of marine fisheries Ocean University 2019 ,28(3) :419-426.
in Mauritania[ J ]. Modern Fisheries Information, 2011, 26 [14] THOMSON ] D, WEIBLEN G, THOMSON B A, et al.
(4):20-23. Untangling multiple factors in spatial distributions: lilies,

[5] ALLAYA H, BEN FALEH A, REBAYA M, et al gophers, and rocks [ J]. Ecology, 1996, 77 (6): 1698-
Identification of Atlantic Chub mackerel Scomber colias 1715.
population through the analysis of body shape in Tunisian [15] KOENKER R, BASSETT JR G W. Regression Quantiles
waters[ J]. Cahiers de Biologie Marine, 2016, 57(3) ; 195- []]. Econometrica, 1978, 46(1) : 33-50.

207. [16] i, HUESL, MoBias. JET 0 C0%ml )3 i) v R K1 g

[6] MACHADO A M, FELICIO M, FONSECA E, et al. A FRAE W 2 f0 WG L M A TR B S [ 0], M R W R R, 2010
resource for sustainable management: De novo assembly and (1) 1522.
annotation of the liver transcriptome of the Atlantic chub FENG B, TIAN S Q, CHEN X J. The habitat suitability
mackerel, Scomber colias[J]. Data in Brief, 2018, 18: index of lllex Argentinus by using quantile regression method
276-284. in the southwest Atlantic[ J]. Transactions of Oceanology and

[7] YU W, GUO A, ZHANG Y, et al. Climate-induced habitat Limnology, 2010(1) ; 15-22.
suitability variations of chub mackerel Scomber japonicus in [17] RAIBH, m2eik, BN, . ﬁ?ﬁ}{jﬁ@ﬂ] AR PE P
the East China Sea[ J]. Fisheries Research, 2018, 207 ; 63- PR A M RIR M A SRS ZR S 4R B L) ] K284,
73. 2007, 31(6) : 798-804.

[8] LIG, CHEN X J, LEI L, et al. Distribution of hotspots of SONG L. M, GAO P F, ZHOU Y Q, et al. Habitat
chub mackerel based on remote-sensing data in coastal waters environment integration index of Thunnus obesus in the high
of China [ J]. International Journal of Remote Sensing, seas of the Central Atlantic Ocean based on the quantile
2014, 35(11/12) ; 4399-4421. regression| J |. Journal of Fisheries of China, 2007, 31(6) :

(9]  EMNE, 4RFIRE, 4249, 4F. 1999—2011 44 | Bl R 1% 798-804.

P REAE ST [T ]. Kp=223R, 2014, 38(1) : 56- [18] ANN H B. Studies on age and growth of the pacific mackerel
64. Scomber ponicus Houttuyn[ J]. Bulletin of Fisheries Research
WANG C J, ZOU L J, LI G, et al. Analysis of the inter- and Development Agency, 1971, 7. 7-24.

annual variation of chub mackerel abundance in the East (197  fafwefe, xS, A EIEAF (M. 2 . dbst. T E
China Sea and Yellow Sea during 1999-2011[J]. Journal of ANE KRR, 2007 171-184.

Fisheries of China, 2014, 38(1) . 56-64. HE X Q, LIU W Q. Applied regression analysis[ M]. 2nd

[10]  Z=W AR, debfh, R, & hARKGH DI M ed. Beijing: China Renmin University Press, 2007; 171-
a3 I 2 AP FTE [ T]. K7 RL, 2018, 37(1) 184.

31-37. [20] ZHANG T J, SONG LM, YUAN H C, et al. A comparative
LI X S, PANG Z W, ZHU J C, et al. Spatial-temporal study on CPUE standardization of bigeye tuna in the Indian

http: //www. shhydxxb. com



876

oo FE K ¥

¥k

29 %

[21]

[22]

[25]

[26]

[27]

[28]

Ocean using multi-scale fisheries data and environment data
[ C]//Proceedings of the 10th Working Party on Methods.
Donostia-San Sebastian, Spain, 2019.

SONG L M, ZHOU Y Q. Developing an integrated habitat
index for bigeye tuna ( Thunnus obesus) in the Indian Ocean
based on longline fisheries data [ J].
2010, 105(2) : 63-74.

BER, BROLE. RGUTHAES RFPEIM]. dent: 3R
2= AL, 2007.

XUE Y, CHEN L P. R Statistical modeling and R software
[M]. Beijing: Tsinghua University Press, 2007.

KIM HY, LEE C W, SHIN J K, et al. Dynamic simulation

Fisheries Research,

of the behavior of purse seine gear and sea-trial verification
[J]. Fisheries Research, 2007, 88(1/3) . 109-119.

COLE C A, SMITH R L. Habitat suitability indices for
monitoring wildlife populations-an evaluation [ J]. Trans.
No. Amer. Wildl. Nat. Resour. Conf. 1983, 48 367-375.
BROOKS R P. Improving habitat suitability index models
[J]. Wildlife Society Bulletin, 1977, 25(1) ; 163-167.
OKAMOTO H. Standardized Japanese longline CPUE for
bigeye tuna in the Atlantic Ocean from 1961 to 2005 J].
Collective  Volume of Scientific Papers, International
Commission for the Conservation of Atlantic Tunas, 2006, 60
(1): 143-154.

YU K, LU Z, STANDER J. Quantile regression: applications
and current research areas| J]. The Statistician, 2003, 52
331-350.

BHEL. AR A 1] gt S5EBwE,
2006, 21(3) : 35-38, 44.

LI'Y A. An introduction to quantile regression and it’ s
application[ J ]. Statistics & Information Forum, 2006, 21
(3):35-38, 44.

KOENKER R. Quantile regression. Econometric society
monographs [ M ].
2005.

CADE B S, NOON B R. A gentle introduction to quantile

London: Cambridge University Press,

regression for ecologists [ J]. Frontiers in Ecology and the
Environment, 2003, 1(8) ; 412-420.

TR, TR U A TR B A LA T ek [T ]
G5 0u0, 2011(17) ; 24-26.

http: //www. shhydxxb. com

[32]

[33]

[34]

[35]

[36]

[37]

LI Q F. Estimation method of panel data model based on
Quantile regression[ J]. Statistics & Decision, 2011 (17):
24-26.

YR, FEUK, KRR, & I DGO
MEEANFE[I]. PEFEE, 2009(1) @ 9-15.
JIAO C, WANG X C, ZHANG M Q, et al. Quantile
regression: an important supplement to the psychological
China Examinations, 2009(1) ; 9-15.
M, SRR, KA, F. PRI MER D L
RS A [ T]. AR SAIRA, 2016, 35
(11): 3072-3079.

PANGZ W, LIX S, ZHU J C, et al. Spatiotemporal patterns

statistics| J .

of central fishing ground of pelagic fishes in the sea area of
central Eastern Central Atlantic [ J ]. Chinese Journal of
Ecology, 2016, 35(11) : 3072-3079.

U, BRBIE, 2240, GLM F1 GAM BIAIHFIT 7R 0 g R %
B SN TR AR [T]. K24k, 2008, 32(3)
379-386.

ZHENG B, CHEN X J, LI G. Relationship between the
resource and fishing ground of mackerel and environmental
factors based on GAM and GLM models in the East China Sea
and Yellow Sea[ J]. Journal of Fisheries of China, 2008, 32
(3): 379-386.

B, WA HZR AR Y 0 B S I IR A T
BICR L] HHEEATSE, 2009, 27(1) : 1-8.

LI G, CHEN X J. Study on the relationship between catch of
mackerel and environmental factors in the East China Sea in
summer| J|. Journal of Marine Sciences, 2009, 27(1): 1-
8.

VR, BRI R T P 0 A 55 £ 0 3 T B AR
WO RS ART]. #ERElL, 2007, 29(4) : 289-
295.

XU Y J, ZHANG M. Distribution of plankton on Trachurus
murphyi fishing grounds of the Southeast Pacific and its
relationship with fishing grounds [ J ]. Marine Fisheries,
2007, 29(4) : 289-295.

HUSTON M A. Introductory Essay: critical issues for improving
predictions[ M]//SCOTT J M, HEGLUND P J, MORRISON
M L. Predicting Species Occurrences: Issues of Accuracy

and Scale. Covelo, CA: Island Press, 2002 7-21.



6 34 R, 25 T LB Je Wi H A 23 0 A1 S5 PR BRSO R 877

Relationship between spatiotemporal distribution of chub mackerel and
marine environment variables in the waters near Mauritania

SONG Liming'*** | XU Hui', CHEN Mingrui' , EBANGO NGANDO Narcisse'

(1. College of Marine Sciences, 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, Shanghat 201306, China; 4. Collaborative Innovation Center for Distant-Water Fisheries,
Shanghai 201306, China)

Abstract; From data collected at 112 sites in waters near Mauritania from September 20th to December 31st,
2017, the relationship model based on Quantile Regression method was established using 78% randomly
selected sites between catch per unit effort( CPUE) of chub mackerel ( Scomber japonicus) and environmental
factors such as chlorophyll-a concentration, sea surface temperature and sea surface salinity, and the
predicted CPUE model was validated by the remaining 22% site data, then General Additive Model ( GAM)
was used to evaluate the impact of environmental factors to CPUE. The integrated habitat index (IHI) of chub
mackerel in the waters near Mauritania was calculated. The predicted CPUE values of the modeled and
validated sites were tested by Wilcoxon test. The predicted CPUE values were tested by Spearman correlation
and double tail tests. The relationship between IHI and CPUE was analyzed. The results showed that; the
most significant environmental factor affecting CPUE of chub mackerel was sea surface temperature, followed
by the interaction between temperature and salinity and sea surface salinity, while chlorophyll-a concentration
had no significant effect on CPUE; there were no significant differences between the predicted CPUE and the
nominal CPUE of the modeled sites or the verified sites; the IHI model had good predictive ability on CPUE of
chub mackerel; the higher IHI were defined in the areas of 17°25" W — 17°45"W and 20° 15’ N -
20 °45 'N. It was suggested that the Chinese fishing vessels should concentrate their fishing efforts in this area
on the second half of the year in order to increase their catch.

Key words; chub mackerel; spatiotemporal distribution; marine environment; quantile regression; integrated

habitat index; Mauritania waters
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