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Fig. 1 Time series of characterization factors of climate change
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Fig. 2 Time series of Trachurus murphyi catch in the South-
east Pacific
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B AR AL R AR F- Nifiol+2 . Nifiod .
Nifio3.4. Nifio3, SOI, NAO, PDO. NPI P/ % dT
(A A B AT AR DG HE 3 A, DA G 63 JHE v b S
AR EF, TERARX IS i FHEniA R . R
MAKQ), AR RIER T 1900—
2016 AT AHSC R B (K 1),

R1 SEZTHRIEEF Spearman FfEX BER

Tab.1 Spearman rank correlation coefficient of characterization factors of climate change

Charafﬁi tactor | Nifo112 Nifio4 Nifio3.4 Nifio3 NAO SOl dT PDO NPI
Nifio1+2 1.000
Nifio4 0.467 1.000
Nifio3.4 0.711 0.934 1.000
Nifio3 0.892 0.783 0.943 1.000
NAO 0.218" 0.182" 0.241" 0.256" 1.000
sol -0.583 -0.876 -0.909 -0.812 -0.289" 1.000
dT 0.153" 0.411 0.285" 0.260" -0.087" —0.143 1.000
PDO 0.435 0.589 0.580 0.528 0.154™  —0.626 0.173" 1.000
NPI -0.245 -0.286 -0.257 -0.238" 0.048 0.335 -0.091 -0.655 1.000

e T EARRIRTE 5% 5 E KT Tl A 5 *FRTE 10% 58 MoK 7 Tl i K 46 ** FIRTE 10% 53 P /K 7 b Al i 4 56

Note: No superscript means passing the test at the 5% significance level; * means passing the test at the 10% significance level; **

means that it fails the test at the 10% significance level.

M 9 N F 1 Spearman H& RECKE, HF
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Z I m BEAH DG OE R o IRl S, MR A R
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catch IIAHSCREIE A AN AAIR], AHOCHE JEE i KA J2 B
3 AR T PDO, /i 9 AR R Y AT
Nifiol+2,

*k2 BRETURERFHREFEME
RESERENEHEXLRHE
Tab.2 Thebest lag order of climate change
characterization factors and cross-correlation
coefficient between climate change characterization
factors and catch

FIERF AL S B AR R BE
characterization the best lag cross-correlation

factor order coefficient
PDO 3 0.501
dT 12 —0.468
SOI 2 —0.461
NAO 4 0.371
NPI 3 —-0.281
Niflo1+2 9 0.134
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Tab. 3 Efficiency coefficient of BP neural network model

F% scheme (m=) E, E, E\+E,
3 0.5109 0.6077 1.1185
4 0.4241 0.7524 1.1766
5 0.4925 0.6510 1.1434
6 0.4281 0.8280 1.2561
7 0.2401 0.6766 0.9167
8 0.3189 0.6628 0.9817
9 0.3291 0.6272 0.9563
10 0.3649 0.5756 0.9406
11 0.0924 0.7042 0.7966
12 0.1959 0.8793 1.0752
13 0.2994 0.4713 0.7707
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Fig. 3 Comparison between the observed catch and the
fitted value of Trachurus murphyi
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Fig. 4 Linear relationship between the observed catches
and fitted values of Trachurus murphyi
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IESRIRAL BP #2828 150180 (m=6) g A )2 2]
Bt )2 Z B B BUE TR FE N V = (v g WA SRR TT 2
B R Z A BARLEL T W = (W) )y, FeHF 0
i DA REX PR R, w, &
N EE G, j=1,2,--, 6) DHZ T i Hi 1) 2
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B AKXG)ITEA BB 6 N ALE
Nifiol+2, NAO. SOI. dT. PDO. NPI %% 25
Catch [ EURE R B 5120 0.14.0.23.,0.08.,0.11
0.23. 0.21, MM, SR 6 S fss b 3RAE B
TR AT A& 30 A )5 T /N AR BRI
A NAO. PDO. NPI. Nifol+2. dT DA & SOI, #J
PIE T 3 N BUSbE REBUEAEE Bk, 1M
Ja 2 5E 3 AR —ENER,
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Tab. 4 Weight values of optimal model of the impact

of climate change characterization factorson Trachurus
murphyi catch

FAEH T J
characterization I
factor

1 2 3 4 5 6

1 053 —0.66 125 —0.07 053 0.74
2 -128 019 061 1.09 118 036
3 0.593-0.51 -0.17 0.03 043 0.60
" 4 -0.83 1.12 —036 -0.14 -0.52 0.54
5 060 020 060 092 —0.67 —0.72
6 032 089 082 044 —0.85 —1.09

w; -0.08 -0.09 0.07 -0.29 0.71 0.10

3 iFig

FEO [A] B3 v, AR AR A R AE R 7
ek sZ AR, A 24 H B R AR AR bR AR
D7 B B . ST AR R U T %
FABF RIS R S AA A 3 A~ T2
T NAO. PDO UL NPI, ELA ARZHsE %
A B AT 45 PR A D 52, 4 Beaugrand'*'1y
5T & LR VG N Z Pk 2 2 sl i) = B e 2
£ 5 NAO #H¢; Southward 25U RIFY & 90 HA 78
16 fH4g, & [ 4 SRR R BE IR /R 6 /9 i (Clupea

harengus L.)FNVY T 1t (Sardina pilchardus)¥l il
% NAO 52, 1 H 2] 19 g sEfvd T F 5
HKIRZ HFZ ), Cabrero %P5 & AL B H A Y
KPGH KK L NAO Z 0D T fi(Sardina pil-
chardus)#h 7t B 1) 5 K ; Sanchez-Rubio %51
HIBIF 9% & B0 25 VG A5 T 630 A9 8% vl 8k (Brevoortia
patronus) | e 5 NAO £, Gamito 25122
MBI 5 e B 25 2 v A 2 T L R i s BR VD T £
(Sardina pilchardus) 1) 5. A 4 5 %5 ) & i 3k &
(landings per unit of effort, LPUE)5 NAO £ i fH]
FHKF; MM Sanchez-Rubio %M 73 —Iifff 5 %
B NAO AR Rk & 25 P ER ke 1 5P A rpb
W W5 & (Callinectes sapidus) 2 25%F-FEH)AEAL
KT PDO Xl sz, A5, 2000
A DLORAE B K 2 IR 7K S804/ 3K 1 B2 (Engraulis rin-
gens)a ik &5 PDO 75 % & A AH & M [17]; b,
S8 R AE RV 1, Bl i hn 5 38 (=174 v
AT PR EEAE 20 THH4DJ5 70 4F i3k Kk AR TR
AR LS PDO IE ARG e HAr XY, 5 L[l A,
AW EE H A R PR R, PDO 252 H AR T
i (Sardinops melanostictus) Fllfif(Scomber japoni-
cas) AN TR — P EEREP; Li HPHERR
X} 5 1l (Clupea pallasii)FhiE sz i & P #5
BRI RS PDO SFFEFRE VMG,  Castillo
LTG5 K IR it 8 (Engraulis ringens)HY
Sl AE S PDO AR A 5, Lennert-Cody
2 PSR 53 5% B 3 R RS T 6 350 1 /0 280 o
24% (Carcharhinus falciformis)= %2545 PDO A
5%; Shanks A ST & B 2007 4548 X M 126 37 72
(Coos Bay)f X V-7 K1 (Cancer magister) KHIR4))
AR R ER 254 5 PDO AHE; Zwolinski 255
5 % B0 A AR e i e B R SE VD T
(Sardinops sagax)MIFHEELE A2 L5 PDO #HK,
IRt T — TP PDO BB T
i Ah T AL AL . OCT NPL X il Y 52 i,
Goyert 255 UH HI 5 B8 1005 LA T NPT &S
AR ARFE A 0T BT S v 5 B AR AR B s e, F
NPI 5 SRR L 2 ARG OC R, WA B
R, WAL 5y KR LT &E(Oncorhynchus nerka)
(43T R 15 22 I 18] 55 NPT A8 A6 A B i AR e 21
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A AR FH DA R S A5 AE A %ot ¥ 7 A 0 5 il 4 LB 1
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BRI Fe a3t R S A LA R — T

ARG IR AR B AT A 58 o i AR 1k 52
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AR 3R 22— X R AT A #0057 1460
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HEAT IR PP I BN T G R R, 2R B A A
HEA TR AT 5 fh0 i0 4R b M AL s e ) SCRT fip e A
(GAM)T 5| AR RE | S 28 Wk B il 5t 32
BRBE, Li S0 AT R AT 46 fr gt itk b of A P
SIA TR FIE /R e FF55 . AL EAE 1L
FAEH F1E R R 2=k Aot oe, i A
(BRI R AR 73S IS D S 58 i F o
SR B ) PP A BE A BRI, AN A 1R 8 1k S
I AR AR 2B S B E e R &R,
B P T A 05 A e QT % T UL B A AT AR, B
VRPN A5 A2 b 2 50 AR A 48t 1)
M) X (A E A7 5T, W Arcos ZEVEESY T 1997—

1998 51 Jw /R JE 1 S 11 14 4 A X R A S5 £ 5 0 7
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Impact of climate change on Chilean jack mackerel catch in the
Southeast Pacific

XIAO Qihua"?, HUANG Shuolin®

1. College of Information, Shanghai Ocean University, Shanghai 201306, China;
2. College of Marine Culture and Law, Shanghai Ocean University, Shanghai 201306, China

Abstract: Chilean jack mackerel (Trachurus murphyi) is a species of pelagic fish widely distributed in the
subtropical waters of the South Pacific Ocean. It is one of the main commercial fish species in the Southeast
Pacific Ocean. The catch of Chilean jack mackerel began to increase steadily in the 1970s, decreased rapidly
after reaching its peak in 1995, and then remained at a low level. This may be due to many reasons, including
global climate change; thus, thepotential climatic reasons for the change in Chilean jack mackerel catch will
be discussed in this paper. The long-time series data of eight low-frequency climate change parameters, such
as the North Atlantic Oscillation (NAQO), Pacific Decadal Oscillation (PDO), North Pacific Index (NPI )and
El Nifio, from 1900 to 2016; and the global sea air temperature anomaly index and total catch data for Chi-
lean jack mackerel in the Southeast Pacific from 1970 to 2016 were collected. Based on correlation analysis
of the above data, prediction models of Chilean jack mackerel catch in the Southeast Pacific Ocean were es-
tablished using a back propagation (BP) neural network model, and by taking the efficiency coefficient as the
evaluation rule, the optimal prediction model was obtained. The results showed that the optimal prediction
model was a three-layer BP neural network with six neurons in the hidden layer; in the optimal model, the fitting
and observed value of catch had basically the same trend; and the linear correlation coefficient of the two se-
quences was 0.745. The fitting effect of the optimal prediction model was good. The factor sensitivity analysis of
the optimal prediction model showed that during the study period, the NAO, PDO, andNPI are the main factors
that affect the catch of Chilean jack mackerel in the Southeast Pacific Ocean. In the existing research, on the one
hand, the factors affecting Chilean jack mackerel fisheries are usually the elements of the marine environment
affected by climate change; there are few discussions on regional or global climate variables. On the other hand,
most current studies are short-term studies within 10 years; however, climate change often lasts for long periods of
time (usually for decades or longer). Therefore, these studies have limitations in revealing the impact of climate
change on fisheries. In this study, based on the long-term (more than 100 years) data of low-frequency climate
change parameters, a prediction model of Chilean jack mackerel catch in the Southeast Pacific Ocean was con-
structed using a BP neural network model. It can help to analyze the long-term impact of climate change on Chi-
lean jack mackerel fishery resources from the perspective of global climate change, and provide scientific basis for
the sustainable development of Chilean jack mackerel fishery.

Key words: climate change; Chilean jack mackerel; correlation analysis; BP neural network model
Corresponding author: HUANG Shuolin. E-mail: slhuang@shou.edu.cn



