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I KRR HT iR R S b X R 2 A
BRI RMERG R, H AT T TR A i 2 fa (1 ex
argentinus)'"!, i (Scomber japonicus)!' & B 5T i,
{EL I 2 17 AR R XoF K 68 4 A £ 20 A 3G S5 o o 00
W98 B I B SRR EATIIE . Ik, AREFSE R
FH 2015—2017 4F 5—8 HHE (A &M & H1IX)
JIT A e Y 1 K 68 4 e £ 2 Y A 7 H AR EE, LA
2015 4EFH 2016 4F 1Y i IS FIPR 58 B0 1 T i
KRR, 15 K S iR S M N 72
FIEISE R, I 2017 4F BB EUR 1A X Rl o6 R
Ha At K B8 4 £ A VER AR AT S A A, & i 2017
AT SE B Ol BOE SR AT I, HE3 A R R S AR 8
PR 22 8] ) 56 22 S HOU PR b A A (14 . H AR
1k, LA A% T ARE 7 2 ) () 2 S N E A B,
RO 8 4 £ (1) S S TARAR 1L 2 %

1 HRET®

1.1 #ERR

111 GEWEE KT KEE S M IE s
P BRI T 2015—2017 4E P [ OF & Hs I 45 Hb
D) T A A B4 B8 A SE AR B T 15 H AR (R 1),
AR A B AR A S P R
el 25 B3 2 WF K B S AR 01 10 9 PR A 4 45 U
W, R R AE S A f0 T P 140°E~130°W,
0°~50°S ML, R EhEE 2B 7E 25°S L
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Tab. 1 Fishery trips in the south Pacific longline
fishery of Thunnus alalunga

GO X 8 hs8iiBiitE el K #ud
year area total vessels total fishing days

n 50 8551
2015 s 3 331

both 54 9187

n 56 9419
2016 s 3 202

both 56 10970

n 73 15072
2017 s 4 331

both 59 10889

H:on Fom 00-25°S XIH; s FIR 25°S-50°S XIK; both Fin
0°-50°S [X 1.

Note: n denotes 0°-25°S area; s denotes 25°S-50°S area; both
denotes 0°-50°S area.

AL 25°8 LARG AN [F) B9 20 A1 R o ASBIF ST ok i
WI(5—8 H)MLIX IR Ay il & s, I 2L 25°8 5t
Sl AT ST

1.1.2 IMEHHE K MIRE ¥ (sea surface tem-
perature, SST) M A [E /K GRUREE | 15 42 1 18 i (sea
surface salinity, SSS). & & J2 ¥ (mixed layer
depth, MLD)RIE T [E Argo SERFHOREHHL.L, B
[ 3 BRI, 28 B e R 10x1°, R TH
M3 (sea surface wind, SSW)FIVAf 2 T = [ (sea
surface height, SSH)Z3 5~ 2% B 3¢ E T i J= 4y 1
TR TE2F B A B AT RS 0 (PO.DAAC) I K £ 4

WF5E 0 (APDRC), B[] 53 BER 20 H, & Y
2B R 0.25°%0.25°, Ja# R 0.59%0.5°,

1.2 HiEwALE
(1) LAFAA A5 85 ) B i (CPUE)RAE K
U

CPUE = —<atch. (1)
hooks

K, U e FRIZEN A B Y R aska,
H kg oo S IEAEN A B B KL, B
>4 hooksx1000,

(2) HEHL2015—20164F 5—8 H K & 446 a1 15
CPUE (CPUE 5 R HT 40%) 1426 B 8, Jf
PLoesv i alHH . ] Matlab % 2017 K684
0 0 ARERE 1) 25 ) oy BRSO 1, IR
25 ()3 PEF R BN X N Y CPUE,

(3) S5 M ASE Y LR PR 85 R 2 1) 45 () 43 R
13—k, FIH arcgis 10.2 FRFE, FEHEKZERY
SR HERGE— K 0.25°%0.25°, L4 asc #% 20k H .
1.3 BIBESHAE
1.3.1 BRKRKEEE 5 KRR R I I O
LR AR, & — BB T Y AT A AR T
Ao A LA 2 2T Okt LR O i i
FIEN], ARPEYFp oA AL T I AE 25 B,
BT KAELE M BEHL A BE, 000 KAk B b i
VEAERE B A U TEASHIE ST AR N K g 4
M AR B L B, A8 esv. RBEEIZE N
Vg 2 T U B MO R K R . R R L R
T3 . TR 00 R RN A 2 IR B ) ASCIT A%
BiE, a5 HERN 0.25°%0.25°, BEHLEBCL $
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T5% K P TRV, Hoa 25% 80808 H] T30k .
1.3.2 MaxEnt BEGEM (208 TARRHE
[th£& (receiver operating characteristic curve, ROC)
PEAL S KA R A MERR B2, DL ROC 4T 1HI R
(area under curve, AUC)HY /N Ay S i A5 72 i ]
WERG R (35 AR, AUC (I35 B 0 0.5~1, AUC i
A I 5 PR RS TR 0 ) o A R, R AUC
KT 0.7 HiF B AT 2440 R4 4 T s el

133 KESREFBEHSMOTNREIE F|
FH 2015 4EF1 2016 4F 5—8 J BiBIAS L AR5
IR - Z IR O R AR R BHH DG R AL, #2017
4 5—8 HMFREE BRI, 741 2017 4 5—8 H
K8 S A 0 B FE M B ML A o BEIREE IR T A
ArcGIS 10.2, #E47 R AT B8 A8 10 75 EATS
Mooy A B 2, RS 2017 4F 5—8 A KiE4:
£ 1) 52 B v AR5 T LA IE .

B e AR (R TR BE T, K 2017 4%
Al B s T HT 40% 3] 43R i 2R X, 40%~80%
FIEA X, JE 20% M GEAE X, DL 2015 AR
2016 AEHHRG 1 2017 AFEVELEA B o A, R
M B PEFE BN 0.6~1.0 RIAP NEEAIX, 0.2~
0.6 JHIEAE X, 0.2 DA A IKGE A X, TR A5 1 R
SRNTRIE €/ PO ARSI €k S ISR A R/
K A:

n
Z;,M(x,y)

Py =5 )

_Z::, Axy)

X, P RIS TUERG R, A Fos T o3 A i) 4
AR, MR B A R R R S By
A (2B AR H

2 ERESW

21 BEHEERRITH

BB RS T 2 9 FA SR T b
PR, ] 2 B A B A K R IR
FEH 200~300 ml'™, HLAFfE B pcRs i o, o
DA R R TR 17 [ BRI T, I e AR i
X BRBE PR T34 R A 40T (i T 07 B A 91
), BB RE THERIEE . 300 m AKIRIRE

T RN R EX 4 MR TS5
M, B RMRBRLY) AUC {H /R (G 2), 4 H AUC
HI435 0.7 UL L, FF6 SEMIAR brifE, HiIA
Shy S TR AR TR T i AT PR A B 4 A 10 7 7 A7 5
Gy R TIOI E B . VAER SR, 2016 4F
AUC AR T 2015 4F; MIXBICRE, 25°S LIRS
X3k AUC {E = T 25°S DUk,

®2 RKXMHREM AUCHE
Tab.2 The AUC value of the maximum entropy model

EO O OBdEXE KB O SA 6A 1A 8 A
year data type area  May June July  August

gk n 0.908 0872 0.892  0.840

training data

2o1s s 0916 00923 0942 0.943
TR n 0909 0903 0878 0.762
test data s 0.862 0.895 0.945 0.936
R e n 0904 00908 0907 0914
2016 training data s 0.927 0.911 0.925  0.958
e n 0924 0848 0826 0.879
test data s 0917 0913 0.937 0.961

T n FoR 0°-25°S [Xie; s Fm 25°S-50°8 [X 1.
Note: n denotes 0°-25°S area; s denotes 25°S—50°S area.

22 MEEFHRETCEMTEHE

HRAE £5 FREE IR 7 19 fe 3 {EL (3R 3), 25°S DAJEIX
W1 K B A AR f S 2 SST iy 28.4~30.6 C,
300 m /KRR (t300) 4 13.2~17.6 °C, SSS A 35.6~
36.7, % X AL 4 & (Vane) H—1.6~5.8 m/s;
25°S DApg X IR iE HAK g S M i B SST
17.8~23.4 °C, t300 }9 12.2~16.9 “C, SSS 4 35.2~36.0,
Vind N-0.7~4.9 m/s. WA 446 f i 3k 50T 45 30
Be 1y R i th 4T LA (] 1~4), AS[A]H s
TIPSt 0 3R R0 45 A BE TR 7 1 IR it il 46 2
P—F, MR R AT T AN

PL 2015 4 25°S LAA4S H 0 A i e i
WoR (Bl 1), SST S5k 37E 29 C ZHi 2 M H 1IEAH
X, FE 29 CZIEEH BRI, ty SR
SVRERTF O R Ik, Ko e 14~16 CHA
PR PAR . SSS SR IEAHC, Wik AphER
JERYIE TG K o Vna 5O ETF H 0] T B4
W, IHLE 3.5 m/s IRRIREE., [F4E 25°8
Pir s iAo E 2 (8 2), SST Hifagk
REE LRI O R NI C R, fE 18~22 C
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Tab.3 The optimum value of the environmental factors in the maximum entropy model

enjfnlﬁial EH KB 5 H 6 H 7H 8 H enjfﬂim Eh Kk s H 6 H 7H 8 H
factor year area May June July  August factor year area May June July  August
n 29.6 29.2 28.4 29.5 n 36.5 36.4 36.7 36.0
2015 2015
S 17.8 22.3 21.3 21.3 S 36.0 35.8 36.0 352
SST/°C SSS
n 30.6 29.8 29.6 29.2 n 35.6 36.5 36.5 36.4
2016 2016
s 19.6 21.4 23.4 20.4 S 359 35.8 35.9 35.9
n 13.9 17.4 17.0 17.6 n 0.7 3.1 3.2 5.8
2015 2015
s 16.5 16.4 16.9 16.6 s 2.5 3.1 -0.7 4.9
t300/°C Vynd/(m/s)
n 13.3 13.2 15.1 15.6 n -0.5 -1.4 -1.6 -1.3
2016 2016
S 12.2 16.0 13.8 15.2 S 2.4 2.4 2.7 2.3

TE:n 378 0°-25°8 XI; s IR 25°S-50°8 X sk, SST RIRMERILIE; tsoo R 300 m AKIFILIE; SSS RIRMERILIL; Ve KRR NI
sy, RigemR, PALRIE.

Note: n denotes 0°-25°S area; s denotes 25°S—50°S area. SST denotes sea surface temperature; t;op denotes sea temperature at 300 m depth;
SSS denotes sea surface salinity; V,,,q denotes northward sea surface wind.
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Fig. 1 Response curves of the environmental factors affecting Thunnus alalunga CPUE in 0°-25°S area in 2015
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T LR o Vind FURRIE 3 m/s ZHTE
IEAMSE, HfE-1~2 m/s FRFFRRBN RN, 1
3m/s ZJa s Tk .

TELL 2016 4F 25°S DLAEAY B 1A A4 i ik
b (& 3), SST Hifa kA 28 CZ G 2IF H T
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HIF R L R . SSS SRRk R
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B BN R R BOR e o W RNAE 25°S LIRS
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Fig. 2 Response curves of the environmental factors affecting Thunnus alalunga CPUE in 25°S-50°S area in 2015
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Fig. 3 Response curves of the environmental factors affecting Thunnus alalunga CPUE in 0°-25°S area in 2016
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JEIX IR FZ HIAE 160°E~130°W Z[H], 1E 25°S
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[FEE, ABFSERIE 2017 4F 5—8 H K64
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S A% distribution probability

S A% distribution probability
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Fig. 4 Response curves of the environmental factors affecting Thunnus alalunga CPUE in 25°S—50°S area in 2016

x4 RAMBREADRIMNEEFHTEKE

Tab. 4 The contribution rate of the environmental factors in the maximum entropy model

35 A N 355 [A] N
WRAT e ws sA 6A 1A sA | CPEIT oy ko s 6A 1A 8 A
environmental environmental
factor year area May June July  August factor year area May June July  August
2015 n 17.1 11.5 28.7 51.3 2015 n 14.2 28.7 8.7 30.4
SST S 64 83.1 71.3 55.8 sss S 17.5 8.1 10.2 16.5
2016 n 73.7 33.5 22.7 12.2 2016 n 10.1 40.7 53.7 54
s 76.9 84.6 13.2 36.7 s 2.9 2.2 76.8 45.1
2015 n 48.9 38 54.2 9.9 2015 n 19.7 21.8 8.4 8.4
S 12.3 2.3 5.1 3.6 v s 6.3 6.5 13.4 24
BGoo 'wnd
2016 n 14.7 19.1 17.6 31 2016 n 1.6 6.7 6 2.8
s 2 9.1 5.7 10.5 s 18.3 4.1 4.4 7.6

H:n R 0°0-25°8 X3 s Fom 25°S-50°8 X3, SST F/nifF F il thoo 27 300 m /KR ; SSS /R RELE; Vs BB RXIG R

ek,

Brzgm K, LAJE R IE.

Note: n denotes 0°-25°S area; s denotes 25°S—50°S area. SST denotes sea surface temperature; ;oo denotes sea temperature at 300 m depth;

SSS deno

T B
REW

tes sea surface salinity; Vynq denotes northward sea surface wind.

CIERENGEREN T ZEB SRR, 45 mEREN T, BREEHRE . BRI
MR . 300 m KRR TTHRREL A STMRR AR B . [ I AN [R) DX I A TR v B
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BRHETF R W RAEAEZES, BRIREE
25°S DI 1 Tk R WE = T 25°S AAb X,
300 m /K IRIEJEAE 25°S LLRG X A 5T Rk R B 2 H
25°8 DIk X4 o

T 88 2 5 ] £ 28 0 A 5 11 e A A B A
Tz —B02 K S S AR £1 T BT ELAE 200~300 m

e ~
CPUE(kg/ T#)if) 545
CPUE distribution

0°

10°S
20°S |

30°S

CPUE(kg/ T#)i 575
CPUE distribution
0-100
101-200
201-300
301-500
. 501-1000

140°E 150°E 160°E 170°E 180° 170°W 160°W 150°W 140°W
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Fig. 5 The potential distribution area of Thunnus alalunga in the south Pacific
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Tab.5 The predication accuracy of the maximum entropy model

i i) B AL B RE Tl predication value R R/%
time real value degree total number of real value & high 1 medium & low predication accuracy

= high 132 58 74 0 43.94

2017 45 1 .

12 2 1.

May 2017 F1 medium 0 9 86 5 71.67
it low 82 5 48 29 35.37
= high 118 42 76 0 35.59

2017 4 6 A .
Tune 2017 F1 medium 103 12 84 7 81.55
% low 73 2 47 24 32.88
= high 100 26 74 0 26.00

20174F 7 H .

1 11 .

July 2017 1 medium 86 0 65 75.58
it low 66 2 46 18 27.27
% high 99 36 63 0 36.36

2017 4£ 8 A :
d 99 8 82 9 82.83

August 2017 ! medium

ik low 50 2 31 17 34.00
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Analysis of albacore (Thunnus alalunga) habitat distribution in the
south Pacific using maximum entropy model
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Abstract: Albacore (Thunnus alalunga) is a migratory pelagic species, and its spatio-temporal distribution is vul-
nerable to environmental variation. Thus, a better understanding of the environmental effects on the albacore
habitat is of great scientific importance. We used information from the albacore logbooks of mainland China
commercial longline vessels and the oceanographic environmental data in the area of 140°E—-130°W, 0°-50°S for
the South Pacific fishing season (from May to August) from 2015 to 2017 to analyze the response curves of the
environmental factors affecting albacore catch per unit effort (CPUE) and the contribution rate of the environ-
mental factors through a maximum entropy model (MaxEnt). We also explored the potential albacore habitat in the
main 2017 fishing season and assessed the prediction accuracies compared to the actual catch data. The results
showed that: (1) the optimal range of environmental factors were homologous: 28.4-30.6 'C of sea surface tem-
perature, 13.2-17.6 C of sea temperature at 300 m depth, 35.6-36.7 of sea surface salinity, —1.6-5.8 m/s of
northward sea surface wind north of 25°N, and 17.8-23.4 “C of sea surface temperature, 12.2-16.9 C of sea tem-
perature at 300 m depth, 35.2-36.0 of sea surface salinity, —0.7—4.9 m/s of northward sea surface wind north of
25°S. (2) The environmental factors (sorted by importance) north of 25°S were sea surface temperature (31.3%),
sea temperature at 300 m depth (30.1%), sea surface salinity (29.2%), and northward sea surface wind (9.4%);
north of 25°S, the environmental factors were sea surface temperature(60.7%), sea surface salinity (22.4%),
northward sea surface wind (10.6%), and sea temperature at 300 m depth (6.3%). The most important environ-
mental factor north of 25°S was sea surface temperature (over 60%, on average), which was more significant than
the same variable north of 25°S. The importance of the first three environmental factors was similar north of 25°S
(approximately 30%, on average). (3) The overall prediction accuracy was 30%—85%; the prediction accuracy of
the medium potential habitat was relatively high, while prediction accuracies for the high and low potential habi-
tats were low, as a result of the model and limited data.

Key words: Thunnus alalunga; environmental factor; potential habitat forecasting; maximum entropy model
(MaxEnt); the South Pacific
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