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Abstract: Skipjack tuna (Katsuwonus pelamis) is widely distributed in tropical and subtropical waters around the world and is

a key target species in global tuna fishery. The abundance of its resources is influenced by various marine environmental factors.
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In order to explore the mechanisms by which precipitation affects the distribution and variation of resources in different K. pela-
mis stocks, based on the data from the pair trawl fishery in Mauritanian waters during 2017-2019, data from the purse seine
fishery from the Western and Central Pacific Ocean during 2018—2020, and data from the longline fishery recorded on the
TATTC website during 2010—2020, combining with environmental data such as precipitation, sea surface salinity (SSS) and sea
surface temperature (SST), we analyzed the spatiotemporal distribution of catch per unit effort (CPUE) for three different fish-
ing methods of skipjack tuna and its relationship with environmental factors such as precipitation by Generalized Additive Mo-
del (GAM). The findings indicate that month significantly influenced the CPUE of skipjack tuna for pair trawl and longline fish-
ing methods (P<0.05). Latitude also had a significant effect on all the three fishing methods (P<0.05). Precipitation exhibited an
extremely significant effect (P<0.001) on the CPUE of skipjack tuna for pair trawl fishing method and a significant effect
(P<0.05) for purse seine fishing method. The trend of this effect was relatively consistent, with higher CPUE occurring within a
more suitable range of precipitation. However, the effect of precipitation on the CPUE of skipjack tuna for longline fishing
method was not significant. Sea surface salinity and sea surface temperature also had significant effects on the CPUE of skipjack
tuna for all the three fishing methods (P<0.05). Hence, when analyzing the effects of environmental factors on fishery CPUE in

the future, it is recommended to include precipitation in conventional marine environmental factors.
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Table 1 Collinearity analysis among influencing factors

R iE=e Ay VEEG EAE HiE 4N MR IR TR M RLEE
Fishing method Year Month Longitude Latitude Precipitation SSS SST
X Pair trawler 1.38 1.93 2.20 3.96 1.59 2.89 2.60
[ ¥ Purse-seine 1.06 1.52 1.09 1.51 1.79 1.41 2.10
FEZEE] Longline 1.03 1.20 415 2.96 1.26 1.619 3.08
R GAM HEMA RBMAHGE
Table 2 GAM model fitting and optimal model screening
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Table 3 Effects of environmental factors on CPUE of three fishing methods for skipjack
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Fig. 2 Relationship between CPUE and various factors for skipjack of pair trawl

232 M¥#wék CPUE 5B HETX 4

REE 7 (7K . SSS il SST) # 5t CPUE £
e i B ARG (P<0.001) iyt 378 /K 115 Fl 32 24
F 0~10 mm-d™", /KN 0~5 mm-d™' i, & CPUE

H5HEIFMRX; T 5~7mmd’ B}, f¥/K5 CPUE
A 15 B E K3 % CPUE T &
(E 2-d). a7 SSS JuHH 3 ZAT 35%0~37%o,
% CPUE B SSS WYXGhnT b7, SSS 4 36%o I



16 2R S

H19 %

CPUE #if, HSGTFUA NF (Bl 2-e); SST £ 17~18 C
JEEIN, #% CPUE B A TR FEAL, 7F 18~
20 C JuRIN, #% CPUE 55 SST RIEMHIEER, 1M
HITERRS, 6% CPUE Rifizg SST BB INMIRS i -
2.4 BEIM#HFHELEE CPUE 5ZETFXE
2.4.1 B Mé#: CPUE & 7 Bt & 45 42

T P90 476 455 ) B ) GAML B AU 455 SR AN 55 3 A

&l 3 fr~ . BFEIE - (H ) X CPUE Joszin,
25 (A KT (426 ) Wil CPUE A W& M (P<
0.05), TELERLEE I, % CPUE 28 H A FEm A&
BRI AR (K 3-a); FESEME I, % CPUE
H B AU ST S MR R BRI T2, /N
FEREIN, fe)a /DM EERER (#] 3-b).

4 F 4 F
() (b) (©
3| 3t 04t
N 2 2| «
™~ v [T}
sy Pl p? /\/
:,T 5 /_\_/\ QND‘
> 0 \PV\ > 0 =
-1 -1} -04 |
_2 T T _—uim _2 TR - ” "
160 165 170 175 180-175 -5 0 5 0 2 4 6 8 10
2 % Longitude/(°) i [ Latitude/(°) F%7K Precipitation/(mm-d-')
4 F 4 F
(d) (e)
3t 3}
5 2 g 21
s S
P 0 \/\’_\ S 0 iEFETTY———
-1 1}
-2 )

34.0 345 35.0 35.5
TR ELFE SSS/%e0

23 24 25 26 27 28 29 30
R SST/C

E3 FEIMER CPUE 54&HTFHEER

Fig. 3 Relationship between CPUE and various factors for skipjack of seine

242 HBEM# CPUE 53#%HE-T X 4

[ /K FN SST Xi CPUE (540 i % (P<0.05),
SSS X} CPUE Y52 Ml H i 3 (P<0.001, 3 3),
Wy FHEEKIEEH 0~15 mm-d™, 41+T 0~3 mm-d™
iy, @ CPUE S5F/KREIEAX; AT 3~6 mm-d™!
i, & CPUE SREK ARS8,
i CPUE 57K 2 IEARSE (8] 3-¢)o SSS AT 34%0~
34.5%0 B CPUE Mg, M uF)fE, 68
CPUE Bi#5 SSS 34 mmmi F 5, 1MiJ57E 34.5%0~
35.3%0 A EIE A ME, ZJE B HiFEAL (K 3-d).
SST 5t CPUE AR, i CPUE 8=
SST JE AT 23.5~24.5 C (& 3-e).
2.5 HEEPHEELE CPUE 5&EFXER
2.5.1 244442 CPUE & i & 4542

FHEZE B 1082 1Y) GAM BLBIZE BN 3
K 4 iR, A4y-5i% CPUE S0 B ML R (36 3),
£ 1 8% CPUE fmy, FZIFIR TR, 5—7 AFS
A T G X AREE R, 10—12 AA TR
(K 4-a); =3 [A) A F-45 BE il CPUE A W& M
(3% 3), Bk (R4 =546, % CPUE BT

(&l 4-b),
2.52 %4988 CPUE 5335 B F £ &

R K X il CPUE JC it 52 (P>0.05),
SSS 1 SST X}t CPUE A & M5 (3£ 3), Rifn
1 SSS Ul TN 34%0~36%0, M CPUE 4 SSS &
IEAHKR KR (Kl 4-e); BRI SST W F 24N
15~29 °C, fi® CPUE Jelfi& iR BT Emisgn, 26
it 22 °C W% CPUE A3 N F&RE% (4 4-d).

3 PHE

3.1 SSS 5 SST %t 3 #{E /A3 CPUE RN

1 G R N FE AR AL R N RIZY R
JiE 38 1 5 M A0 R Y 98 0 R Y ke el AR o A 8
YRR —FPRK a2, St oA f-F R LB
AL AR, MR TRt
2%, BT AR, HARE S SSS Z AT
FEARSR A FASEMEL S AR 450 B 5T ds s A 7
FER BEJL N 34.0%0~35.5%0, AT 4E 55 HAH
1, M GAM BEARIE W] LUE 1, 005 0 i $h B 5%
B, a3 A AR TR AE SSS A 34%0~36%0 10 FI I,



55 6 1 LA A FREETX 3 ORI 2 A58 CPUE BYSZIRAT ST 17
02 + (a) 02 + (b)
0.1 0.1 ¢
& )
g N \/\/ ; 0L
£ 5
“ -0.1 w -0.1 F
-0.2 | -0.2 |
1 | - | 1 1 | - | 1 1 | -l 1 1 | -
2 4 6 8 10 12 -30 -10 10 30
A 43 Month A Latitude/(°)
02 | © 02 @
0.1 0.1
o 0F 0 0 _\/\-/_\
» -0.1 | v -0.1
-0.2 -0.2
33 34 35 36 15 20 25 30
R 10 E B SSS/%o 3R T BE SST/C

P4 AEL4RFYEE CPUE 5% ¥ X%
Fig. 4 Relationship between CPUE and various factors for skipjack of longline

XUHEAE L 8% CPUE %85 B A9 SSS Z9°8 36%0, X 1]
e 5 HAAE BRI R O, BRI+
A IARFIZE R B A pE i sl , ARG
Ak, 5 RS AL S A LI RE KT A 22 Rk
XER A, TR m TR DY, SO Xk
SSS oy T HAW R

0 28 1 A= PRI Bl A H A AR SST yilfl, SST /&
SOt B | AR KRR AR —
22 BAENSCIEN, &4ty Fp G IE EAK
A SST ARk g e, HNA R, &
FLEN [ A A W BEXE SST By BURFE BE AR TR, 40
01 Bt 25 AF I B 35 K4 SST £ W s . A wF5E
R, SST X 3 FhAE Mk Jr =X 6 () 52 e B o f 2%
(P<0.001), H.fi% CPUE % SST AN[F, A4
YRV % CPUE 7E SST K 20 °C W, IR Al il
CPUE 7£ SST K 24 C Wi =, IEZaF91E L% CPUE
FE SST oA 22 °C Ay ; 3 AL iy =0 CPUE A
BRI SST I EE M, (04 SST M i il X [1]
J5H CPUE ¥BE % SST By Fh i i MK o 3 B
SST B AR AR XA [ ok fry 0 ¢ Y5 A 2 1 T AR 7 T 1Y)
M, MIRIEXIREFE 33~34 C W, B i
(R 2 i L (CHC 32 v BBl T 20~32 )M, gl

SST Xl () A= A7 R o3 A5 72 A T SR
3.2 BEIK3T 3 F4EN A NEE CPUE B9340

il e AE AT LA TN, BAERE IR, AR O
25100 JIHCPY, HEFETTR AL B 20k H 2P
AP TR I S e A P R 5 BR BT 2 DA
K r=oNtT . BERRIE R, KERE R B
#8331 000 n mile!, HHALSMAYFALL,
R ) ELs S R, AR T LEK)ZE, PERHXT
IR i EAMIGIR T 2 A BR 7Y AR 47 AE
WEAIR, (GEAWE THXHREE . &% amrK
2, DRI R 2 R B A Ak 2 X R AR 457 7 A S )
TR E PR AR AL T BE 2 RE MV TR R, ATTSZ M)
0% B /INFRARE A3 A1 8T VA R FR 8 S AR A
B FREE A 2 H I, K AT DL I 5
VR A T ALY, SEER Hk A 2
A R YRR AL R AR S g R IR K
{14 W 2 RIS [] 352 M A AT L) 1 ik AR i A L L
Y5 B e RV R 251 OGRR L 402 . AR
A W IR AT REE S R TR . S SR R
BB % DL Kl As o J2 RS fiff S M B 25 S e
TR B A ) b ER AL 2E PR 1T DT S M 02 1)
THE | PR B R IR A 53 A



18 2R S

H19 %

AW R IRREIKRT 3 Bl 7 =X CPUE H5%
Ml AS[R] o 37K X6 U4 1 L ARl 6% CPUE A2 ik
=, HXIi% CPUE BUsZmEch—3k, X 2 FpEk iy
A IR AEAE TS B AR REKYE L ; TIREE AKOR S 2
FIfEL % CPUE [REMIAN 35 (6 3), X rlRE&H
KRR TR RIS [ 52 X Sl R (G L . A g A
piResEa s 3 A n Nl SN T S S Y€ T (3
A AR T LS e W R, fEAEE JLNE
B AR R FE ARSI B B, 38 5 FEBR LAY 5
T2 AR XA P il B I Aol 2 1, st
B R T2t diil o P A Ak 2 R M it
Hi DX PR EE L KT RS LR HOR) ST e R
HEMT A Y AT R, O B T s AR K
R BB G M AR A R R,
VYR % CPUE 5 B K A7 B M O R,
T 25 K-V 4B 2 44 % CPUE 55 [ /K JC i 3540 ¢ 56
R, XATRE AR E YR TR, R R E i
PR 232 B IRSE AL O PERZ R ) X P g R
SRR, R SST HAREAE 28 C LIk, BT
POz, HARME T AP K H il 44t £
Wigia, SRR REZ, Bl
Jr s R W Sh A AR AL WX AR R i
B, PR T R JER et RSN, gl e A
R At fa iRl B AR A AR )RR L
g . SARNFFEMLEL, HP AR i R 2k
FEHEMRATTRE, TAMERE | A ARKE I 55
AR W, i R K O W T 5% CPUE
(R RE I 255

kKX 3 Al 7 Ui CPUE S22 5, b
AFRESZAEAM s, WHHETRCRE R | R
A K R H MBS Wl A Aoy HER 22 5 L A
o5 6 S VERL 22 S A L U AR L ) i LA 5 R IO
o, DARAESh B4 HAR, 7E28 AR 346 L3k
AR S G g 2 e FLAR T R RCR A, SRR R 3
YR, H CPUE fHEK, KIHEHRE W E A
&, ATREXT ARG rh /K S5 % CPUE fAH G =4
RO, AR SCRAER il £, PR EEL
D5 AAYFRIALBRF] CPUE HA ik —8, HiE4gsh
Tl AT HRAIE R s i) R AR e R A %o — 2 £k
P, PRUEAT R R BB R R s H AR HE 4R 44
BA = BT X G A Rh AR TR R B A, A
WA SCfift FH ) 2 A K R T G B s, T
A GEUR At B R Ay AR (%) 3 A AR Ak, R B

{002 Py iR DK N OB, L HE AR . A IF SR R I KR T
45 cm MER AT UIAERR I 7850 )5, R 2R
el P00, RS Ay 2 5 1 i S
B, HABBIA LA X R KR I R e R 45 e, X T
AR BR K XT RELE /Rl 7 2% CPUE Y52 M AN I
s A FH A8 U RN L DR AR SRl 4 R g 1 S
DL EdE , 25 [ HEREUN (0.25°), THIELEEI1E
MV SRS A SE P I A 2 B 2 Rl 1 S R 1 20
s, AR PERECR (5°), KA 2SR RE 13
K, BSA/INE DT AL HG ()RR R, i DX Py
IR EEE B 2P, T RE SR K 5 il
CPUE WYAHICHE ;. FEEZa #yitnlb AR bt # v, FH4Y
LB AR AR B A S FE DY, &
BB BRI R 2, NI % CPUE A2 /%
TKIFEMA AN 2

4 NG

AWEFEAH F GAM FERIX 7K . SSS. SST i
WA F 51 CPUE ERIEATo0HT, 25 R FHIREK
5B WU PR PR 05 DR — A 2 X R 9 AR B 7 A
M, ARSI A3 T B 5% R - Xk, CPUE 950
ORI, BRI T B SE N Frp o 2Lt
Haa BRI EZ AR T, et o RE . i
TSR, DR R SRA X ol 5 IR 1Y) 5
i, AT B 4 [ b A R 0 05 = 8 A8 8 5 A TR
TRIMLER.

S 3 k:

[1] COLLETE B B. FAO species catalogue, Vol 2. Scombrids of the
world: an annotated and illustrated catalogue of tunas, mackerels,
bonitos and related species known to date[J]. FAO Fish Synop,
1983, 125: 1-137.

[2] ZAINUDDIN M. Skipjack tuna in relation to sea surface tempera-
ture and chlorophyll-a concentration of Bone Bay using remotely
sensed satellite data[J]. ] Ilmu Teknol Kelaut, 2011, 3(1): 82-90.

[3] BREEPE, RIS, S0 TN, 55, TP 5% 00 ity b g AP vl
1 [ RO A TSN 34T ()], HE# AR, 2017, 39(10): 32-45.

[4] KIMJ, NA H, PARK Y G, et al. Potential predictability of skipjack
tuna (Katsuwonus pelamis) catches in the Western Central
Pacific[J]. Sci Rep, 2020, 10(1): 3193-3199.

[5] DRUON J, CHASSOT E, MURUA H, et al. Preferred feeding habi-
tat of skipjack tuna in the eastern central Atlantic and western In-
dian Oceans: relations with carrying capacity and vulnerability to
purse seine fishing[C]. Seychelles: IOTC Proceedings, 2016: 18-31.

[6] YEN KW, LU H J, HSIEH C H. Using remote sensing and catch

data to detect ocean hot spots for skipjacks in the western central



5634

L R FRERE X 3 BRI 2SR CPUE 152 a5 19

Pacific Ocean[J]. AE/K/=2% 22T, 2012, 39(4): 235-246.

[7] R T2, TEAVE, . FE T8 5 7 i b P RO e fi
0 ST AR BB AR A ()], ) AR R 2, 2022,
42(6): 81-87.

[8] HSU TY, CHANG Y, LEE M A, et al. Predicting skipjack tuna
fishing grounds in the Western and Central Pacific Ocean based
on high-spatial-temporal-resolution satellite data[J]. Remote Sens,
2021, 13(5): 861-877.

[91 T7#k, BRVETE, MR 2E, 5. TR R R 119 oY RP v £
GEIRE B G BN R £ (7], MR 20T 5T, 2018, 36(4): 60-
67.

[10] PUTRI A, ZAINUDDIN M. Impact of climate changes on skip-

=

jack tuna (Katsuwonus pelamis) catch during May —July in the
Makassar Strait[J]. IOP Conf Ser: Earth Environ Sci, 2019, 253(1):
1-8.

AR, BRI, TV, TP M8 £ CPUE I 25 73 A1
SWERTRER [J]. ] AR RF4R, 2023, 43(1): 33-40.
LEHODEY P, SENINA I, CALMETTES B, et al. Modelling the im-

[11

—

[12

—

pact of climate change on Pacific skipjack tuna population and
fisheries[J]. Climatic Change, 2013, 119: 95-109.
2 A, OB 4% 1) RE R I8 L IO0 BT U3 37 1) 25 AR Al e H
ENSO B [J]. iR, 2017, 39(4): 72-78.
DUERI S, BOPP L, MAURY O. Projecting the impacts of climate

[13

[t}

[14

[y

change on skipjack tuna abundance and spatial distribution[J].
Global Change Biol, 2014, 20(3): 742-753.

[15] DRUON J N, CHASSOT E, MURUA H, et al. Skipjack tuna avai-

[t

lability for purse seine fisheries is driven by suitable feeding habi-
tat dynamics in the Atlantic and Indian Oceans[]J]. Front Mar Sci,
2017, 4: 315-332.

[16] ADLER R F, GU G, SAPIANO M, et al. Global precipitation:
means, variations and trends during the satellite era (1979-2014)
[J]. Surv Geophys, 2017, 38: 679-699.

[17] TRENBERTH K E, SHEA D ]. Relationships between precipita-

—

tion and surface temperature[J]. Geophys Res Lett, 2005, 32(14):
1-4.

[18] LONG S M, XIE S P, ZHENG X T, et al. Fast and slow responses
to global warming: sea surface temperature and precipitation pat-
terns[J]. J Climate, 2014, 27(1): 285-299.

[19] MEYNECKE ] O, LEE S Y, DUKE N C, et al. Effect of rainfall as a

—

component of climate change on estuarine fish production in
Queensland, Australia[J]. Estuar Coast Shelf S, 2006, 69(3/4): 491-
504.

[20] SOBRINO I, SILVA L, BELLIDO J, et al. Rainfall, river discharges

[

and sea temperature as factors affecting abundance of two coastal
benthic cephalopod species in the Gulf of Cadiz (SW Spain)[J]. B
Mar Sci, 2002, 71(2): 851-865.

[21

—

MINTA S O. An assessment of the vulnerability of Ghana's coastal
artisanal fishery to climate change[D]. Troms: Universitetet
i Tromsg, 2003: 56.

[22] le PAPE O, CHAUVET F, DESAUNAY Y, et al. Relationship

between interannual variations of the river plume and the extent
of nursery grounds for the common sole (Solea solea, L.) in Vi-
laine Bay. Effects on recruitment variability[J]. J Sea Res, 2003,
50(2/3): 177-185.

[23] GILLSON J, SCANDOL J, SUTHERS I. Estuarine gillnet fishery
catch rates decline during drought in eastern Australia[J]. Fish
Res, 2009, 99(1): 26-37.

[24] &, SIS, AT, 45 T GIS W BRI 4R F I K
2SR T HLER (], #AMOKF, 2021(10): 9-16.

[25] J5F, BRPEE, OB, 55, R T AR RIS RLIT S PR A 5% e g
KPR ST IREBERSENA (7). T DK™ B2, 2018, 25(5): 1123-
1130.

[26] RODRIGUES M, de la RIVA J, FOTHERINGHAM S. Modeling
the spatial variation of the explanatory factors of human-caused
wildfires in Spain using geographically weighted logistic regres-
sion[]J]. Appl Geogr, 2014, 48: 52-63.

[27] WEEHE, TEG T, BRI, 45, R BRI 65 At f ifa SR 5K
BRIRELRRWETE ). MK B2, 2021, 17(5): 86-92.

[28] PMi. 45G BRI D10 25 L 02 0ol £ [ 1 v S el AR B xor
oA (D], i BIERFERE, 2022: 4.

[29] MAHADURAGE I G R. Environmental effect on the skipjack tuna
(Katsuwonus pelamis) fishery in the Sri Lankan waters[D]. Busan:
Pukyong National University, 2016: 19.

[30] ROUGERIE F, CHABANNE J. Relationship between tuna and sa-
linity in Tahitian coastal waters[]]. TO-AN, 1983, 17: 12-13.

[31] WM e, RIS, JEl U, 25, ST Argo 53R 14 v G RSP i
Pt SR RBEECRMVILHITE )], KK B
#2, 2010, 25(1): 34-40.

[32] #EAR, T, Brsk. B S e Wi i LS (7). SRR
12,2011, 26(4): 20-23.

[33] NEILL W H, CHANG R K, DIZON A E. Magnitude and ecologi-
cal implications of thermal inertia in skipjack tuna, Katsuwonus
pelamis (Linnaeus)[J]. Environ Biol Fish, 1976, 1: 61-80.

[34] GRANDE M, MURUA H, ZUDAIRE ], et al. Reproductive timing
and reproductive capacity of the skipjack tuna (Katsuwonus pela-
mis) in the western Indian Ocean[]]. Fish Res, 2014, 156: 14-22.

[35] MCBRIDE R S, SOMARAKIS S, FITZHUGH G R, et al. Energy
acquisition and allocation to egg production in relation to fish re-
productive strategies|[J]. Fish Fish, 2015, 16(1): 23-57.

[36] FONTENEAU A, HALLIER ] P. Fifty years of dart tag recoveries
for tropical tuna: a global comparison of results for the western
Pacific, eastern Pacific, Atlantic, and Indian Oceans[]]. Fish Res,
2015, 163: 7-22.

[37] GRAHAM ] B, DICKSON K A. Tuna comparative physiology[J]. ]
Exp Biol, 2004, 207(23): 4015-4024.

[38] LOUKOS H, MONFRAY P, BOPP L, et al. Potential changes in
skipjack tuna (Katsuwonus pelamis) habitat from a global warm-
ing scenario: modelling approach and preliminary results[J]. Fish
Oceanogr, 2003, 12(4/5): 474-482.

[39] DONEY S C. The growing human footprint on coastal and open-



20

MOk 7R

H19 %

[40

[

[41]

[42

—

[43]

[44]

[45]

[46]

ocean biogeochemistry[J]. Sci, 2010, 328(5985): 1512-1516.
NAJJAR R G, PYKE C R, ADAMS M B, et al. Potential climate-
change impacts on the Chesapeake Bay|[]]. Estuar Coast Shelf S,
2010, 86(1): 1-20.

RABALAIS N N, TURNER R E, DIAZ R J, et al. Global change
and eutrophication of coastal waters[J]. ICES J Mar Sci, 2009,
66(7): 1528-1537.

WHITEHEAD P G, WILBY R L, BATTARBEE R W, et al. A re-
view of the potential impacts of climate change on surface water
quality[J]. Hydrolog Sci J, 2009, 54(1): 101-123.

DONEY S C, RUCKELSHAUS M, EMMETT DUFFY J, et al. Cli-
mate change impacts on marine ecosystems[J]. Annu Rev Mar Sci,
2012, 4: 11-37.

SR, VLA, Bk, 4F. B HLREJE W Sk RS TR IR B Il IR
0. k{5 25158, 2017, 32(3): 217-224.

BLABER S, BLABER T. Factors affecting the distribution of juve-
nile estuarine and inshore fish[J]. J Fish Biol, 1980, 17(2): 143-
162.

WA, RS, E 2, S5 TP R R A R B YN S 40 A

[47]

[48]

[49]

[50]

[51]

[52]

KHSFARBZEA 7). AL, 2011, 33(4): 417-422.
LEHODREY P. The pelagic ecosystem of the tropical Pacific Ocean:
dynamic spatial modelling and biological consequences of ENSO
[J]. Prog Oceanogr, 2001, 49(1/2/3/4): 439-468.
ERAUSKIN-EXTRAMIANA M, ARRIZABALAGA H, HOBDAY
A'J, et al. Large-scale distribution of tuna species in a warming
ocean(J]. Global Change Biol, 2019, 25(6): 2043-2060.
ARRIZABALAGA H, DUFOUR F, KELL L, et al. Global habitat
preferences of commercially valuable tuna[J]. Deep-Sea Res II,
2015, 113: 102-112.

NIHIRA A. Studies on the behavioral ecology and physiology of
migratory fish schools of skipjack tuna (Katsuwonus pelamis) in
the oceanic frontal area [Japan][J]. Bulletin of Tohoku National
Fisheries Research Institute (Japan), 1996, 58: 137-233.

B, BB A RIPREEREAS T 25 18] 0 PR LR
CPUE FRUEILAYSZNA (7], MR, 2021, 45(4): 147-158.
RAB, VR 446 0 SE 40 29 R PEREBIT ST HE R (7). b 7K™
Fl2#, 2021, 28(7): 925-937.



	1 材料与方法
	1.1 渔业数据
	1.2 环境数据
	1.3 数据处理
	1.3.1 CPUE标准化
	1.3.2 统计方法


	2 结果
	2.1 时空和环境因子的共线性
	2.2 最优GAM模型
	2.3 双拖捕捞作业鲣CPUE与各因子关系
	2.3.1 双拖鲣CPUE分布时空特征
	2.3.2 双拖鲣CPUE与环境因子关系

	2.4 围网捕捞作业鲣CPUE与各因子关系
	2.4.1 围网鲣CPUE分布时空特征
	2.4.2 围网鲣CPUE与环境因子关系

	2.5 延绳钓捕捞作业鲣CPUE与各因子关系
	2.5.1 延绳钓鲣CPUE分布时空特征
	2.5.2 延绳钓鲣CPUE与环境因子关系


	3 讨论
	3.1 SSS与SST对3种作业方式鲣CPUE的影响
	3.2 降水对3种作业方式鲣CPUE的影响

	4 小结
	参考文献

