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S v 37 1R B DI B B S (temperature anomaly,
TA)EUE 5 R & 2 1) e S BCHl i A7 o b, LRI
Cn] A A (generalized additive model, GAM)X}
2005—20094F Fib - 7 1y 377 4R DL 15 8 Kb T i #11
AR T 0 B A MR AT B gl 5 A 0T ) A i
37 AL ) B A

1 MBS A

1.1 BUEXRIE

Bl & B 1) A 7 R ok TR T AL B K SR
IMARPE M 34f; (http://www.imarpe.gob.pe/imarpe/de-
tallereport.php?id_seccion=I10131020101000000000000),
H2005—20094F Fb 65 &k 11 (8°~15°S, K )% —
T ZE T ] (4—8 )R H VS 1 il B B 5
M52 B9 DR TR T R R S ) A R BT AR A Y A
B B 30 B (IO AR A0 B B A% MO 1R M ) B AR
B o BT DA B JEE R v Al IR ) R AN A
e T )R BR A, AR A A 5 e TGRS 1 I R AN
[, ] b 3 YRS 1]t 77 78 36 R 7 41l 455 A I 30
GRD. —BoRUL, 4y R R amE . Kk,
PA4H 1 H B Ae 24 8 ARl 55 i S 1A, x4
KA %% 1 i (effort) FLEL I 3K B (catch) HEA THE B,

F1 2005—2009F &R EARE LR
K BY Tl [ ) 5 AR U 4 ol Bt 8]
Tab.1 Fishing time of the large industrial seine vessels in

Peruvian coastal waters from 2005 to 2009

fE4y year RIS )/ fishing time

2005 210, 13~15
2006 5~7. 10~11
2007 23, 5~7. 10~11
2008 46

2009 418

e DEE4 T H BT S D S/ MR 1, Rp B s
FAY AN 18]

Notes: The numbers in the table represent the fishing time (week) taking
the April 1th as the first fishing week in one year

2005—20094F i 11 W37 B il >k A ok I
5% [ ¥ 5 PR K URNOAAR) OceanWatch b i
(http://oceanwatch.pifsc.noaa.gov/las/servlets/dataset),
I QuikSCATIL A e i i) 98 3% 11 XU FJ (wind
stress, T)EUHE, OLHE RN 1 R /NFI DT ), Bs (]
Iy PERYINE A5 A PRS0 05 0.5°%0.5°,
T A i 32 B 2 T 230 n mile 50 myK IR A Y
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Bl H10.59%0.5°% I W ks A ifg 3 10 XA 37 B4 P AEAr B B
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Fig. 1 Distributions of Peruvian ports and the sea
surface wind stress data points

The rectangular grids of 0.5°x0.5° in the picture represent the locations
of sea surface wind stress data points. White dots represent the position
of port. From up to down: Chimbote, Samanco, Casma, Huarmey, Supe,

Vegueta, Huacho, Chancay, Callao, Tambo de Mora and Pisco

10 37 i BE R BE B V- i >k UR T IMARPEM]
vk (http://www.imarpe.pe/imarpe), A HbE- 1 3 s
X 14 (Chimbote, 9°06'S, 78°35'W). IL7F
(Huacho, 11°06'S, 77°37'W). K. (Callao,
12°04'S, 77°04'W)Fl1 7 B Bl (Pisco, 13°42'S,
76°13"W) I f A4l (51 1), X443 1 A g AL 4
JE B B LR B R T U b 1 5 B (8°~15°S) . 1B
WA EMmaR, HHEHA1—TH, 8—14H15—
21 H F22—28 H Y73 i B Fil 2 BEF, H
TR ) ) I B RO B BE S AR BN, M EATE
fER A4, 11, 18FI25H X4 H %, Hiba X
F14) 250 A0 0 o 2 P A 1B 1 T RS P S B S
HEAT I (E2), 5 v R 4 W 1 RT3
ok R B Sy i 3 1 AR TR R
1.2 HIELTE

b AL 3T ) e i AR AN AR 5 4%
J7 10 )RR T2 R ) 44 S RN J 4 5% ) i
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Fig.2 The scheme of temperature calculation in the
fishing ground (using the first five weeks’ observed
temperature at Chimbote in 2005 as example)

The grey circles in the pictures represent the actual observed
temperature. The numbers represent the estimated temperature.
The horizon lines represent the mean weekly temperatures
which can be seen as the temperature in the fishing ground.
The number 1-5 below the abscissa indicate March 25th, April
4th, April 14th, April 24th, and May 4th respectively

# & (catch per unit effort, CPUE), Ll4% X CPUEfE
R e bR . AKX
Catch

CPUE =
Effort

v, Effort oy — JE PN ITAT W5 11 S 1 v s 14 54
I, Catch>hy 4 J] ik £ ¥ iy i 55 30 0 B i AR &
CPUEHLA Mt/ o

EobgkRA A PRGN TR
# (upwelling velocity, UV)/E by it 5l I T 37t 5 BE 1
FAFG AR o IR . RAE LT =40
FORS, R AT LA e XU AR SR R £
15 T B 4 7 AR AV R LRI DA B AU
JIT5E 5% (wind stress curl)iE i 3% v = il 7= A= 19
FH, B EE A AN R, WS LTt
W, Wi H BB AT KT, KL
FEIFFE R LIRS, B AR E KU T
TiF B RS A PN 3R B R RN, AR X
DR Sy B g%, TR ) i A KU ) B
(4 3 1) B R 5 0 R A AP AT B PE b E ),

WD KR Ty 4 A T 3R v & B R s, R
R 1pv i D /AS W /(1B e

E T

puf
KA, p, HUEKAE (1 024 kg/m®), fHEHKS
B, iHEARKE:

f=2Qsinyp

Krf, QML ER A MEE, 57.292x10°7° rad/s,
oM, dudihIE, M. BRI Kk
A5 B LTI 1] 6 2 1T 1] 1) 3 B U 02 355X
R,
_E

Ry
Arh, RAWE 1228 JE (Rossby radius of de-
formation), MRHE LT ZLH0 A GTE,

Rg=6.89 +1396.94 x (8 +0.5 x 191) "' —
2 587.56x (8 + 0.5 x 141)~*

o 2R R, SCEREE U A s
T HE10°~60°S, #F5TH18.5°~10°S N Y =~ R A%
E10°SAIE (K1), PRI IX = A A% ) R UL T AL
iz A AT

45 TR BT B 134 A% 19 1 T 90 T L
TR 0BTV 1Y, 453 24 JE g 0 b i

T~ T A A I SCRT s B AT DL H] SR b
AR AR AR g 2 [ AR R, BT
RE A% 73 AT 45 v U BE (R PR SR Al Ay R T, AR
5 i L R AR AR 20 7z Y R A S AR
FHAZAS AL 53 B BR300 ¥ 375 1 52 Wil

HUAER AN E, AR R R
A DCBHE T30 S 19 4l 57 55 ) 1 R i AR o 1 AR
W, TEEEA B I A B IR )], AN AEAE
Bk, AR b, K
AFFAECPUE Ot/ A B, PRLH PR AR A 1) ST
v, 35 & A FE RS B CPUE B i b 58 26 $ LA Bl
1EOfE I FEFE . W5 CPUEBIR M IEZS 734, DA
CPUEfE Wi N A8 4, #a 37 E MR RE (UV), i
JEE ()i JBE 1T (T A Oy fife o 78 3 57 GAMAE
B, AR

CPUE ~ gam [s (UV) +s(T)+s(T4) +¢]
A, s ARRE 25 F- 7 (plate regression spline).
eENRZEI, e=c"H.E(e)=0, LR AR 2550 A ik
A 15 Wi 43 4 (Gaussian distribution).,

w
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1.3 REREIEMN A

MRYEE AL A B A, R R GG SR 54
A3 B A5 5 CPUEME, JF 5 AH S E AT HXT,
DA KA B0 AR R 4 R

B £ A 1~ 18 R A A Hi B VR, 1T 45
JAICPUE{H , i ik #H G 43§ 19 J5 : 45 52005 —
20094F (1) 5 — 2= £ J&] ] CPUEAE 3 fi¢ K i P 4F
PLIX AR R ARER, BAKR S i b b T i A
KRR B B A2 Ak X i 3 B R . LA SRk b T
TR IR ) i 553 7 Ak X A 37 0 AR VR

2 4R

21 WHEHHESEARMKRERHXR

BE T B 8% 00 AR A5 R IR B R A R
(5% 1 B A LA 2 it 5 E TR
KRB KRR AR, Z5REH: 2005—20094F
W AE, i LI (UV)E1.42x%
107°~7.44x107° m/sZ [i], HiH2x107°~5%107 m/sZ
[T 7 Lo s e, 3 o SR 119 93.64%, KT ek
1o T XA B A 5 5% T BRI, A i
BRI 1.77%H14.59% (18 3-a), 37 1R (T)3
1£16.61~19.42 °CZ[A], HH117.5~19 °CZ A Jir 5
Fe e, b Bk AY74.95%, (KT 17.5 )CHIE
T19 °CIYH 5 %5 I 5 0 2653 3] o7 S AR 19 19.55%
F15.50%(1€13-b) . a3z i I #E -1 Bl (TA) 7 -
1.87~1.69 °CZ 1], HHp—1.5~0.5 °CZ [H] fir LT
di B, B R 93.42%, IKF-1 °C
Fl s F0 °CR A 5 8% Jg it 40 2 43 30l o S 4R 1)
4.18%F112.40%(%3-¢c)

2.2 GAMIRBIpHTLER

MCPUEM M #5304 BTl B, #5635 T1E
ABor A, X H M IE 25 4 A 0 B AT 58 E
5% 7 5 A Kolmogorov-Smirnov!', {5 CPUER
MIEZS 201, 438 PIE M 0.44, R AR 3% A
37, CPUEMRMIEZS 73l (u=181.24, ©=38.368)
(E14), PIHBIFFE R GAMAES RS0 5 2 4 BRI

BIRGAMABL R Y e RELR>H0.60, XF
CPUEf 2 K Bl B R N 67%. Fi a3 EE R 1
XF CPUE I 5 i 4B 2 i 3 1 (P<0.05) . GAMAR !
FW, 7E0~4.5x10"° m/spyyL Fl N, CPUEFEH
UV EFHmi AR, HREUVE DT 24,55
10° m/s)5, CPUEFf#E UV ETHfi R [ (& 5-a);
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Fig. 3 Relationship between fishing effort and
upwelling velocity, temperature or temperature

anomaly in the fishing ground.
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5 GAMREEHE &I EE T X CPUERI R
s (B T)ure 26 R BRI & (8, Ron JEX CPUER I . stk 3k
/NCPUERH R, b F WM R 2k 3 7R 77 2 R 95% LA X 1)
Fig. 5 The effect of each environmental factor on the
CPUE based on the GAM estimation
s (factor) is the fitted value of smoothing spline functions, which repres-
ent their impacts on CPUE. The solid lines represent the expected values
of CPUE; the dotted lines represent the 95% confidence intervals of

estimations

0.5 °CIHCPUE FFEH R, 0.5 CFBEM B H L E
BAE G (F5-c)o LA SH R85 PR 1E %00 BT 7E 3
FELE A & (B CPUERY I& B B, ] 21 454> 3 45 P
T 3E BV B4 ) A UV F4.5%x107° m/s; TN
18.4~19.5°C; TA/MT0.2°C,

2.3 CPUEFN 4R & AYEMN

H£2005—20094F 1) IR 55 B0 P oy AR TR A5 )
BEHICPUEMH 5 bR EHE AT g, K BIBR T
2008411 = J&] , A5AY BB 5 1y MRS A0L ¥ 37 1) 2% B
R R OC A B A B 1 & AR 5L B AE S B RLE T
HI A O BR800 0,79, 0.74, 0.87. —0.41F0
0.93, R T 20084F, A4 3 (19 AH OC R 4 £z ik
VL UESE TR TE A 258 (Kl 6). BLHlF 515 b7
B (S A R X 1R 25 R 9.17%

B SeBRAA
estimate value actual value
250 ¢ : ! o
' Ly Lo
L e ! AN
AZOO/\/\ AV L:\:\’\
€ IR o \
s 107 o N
) b Do '
g 100 7 b Lo /
o ! ! Lo
50 A

2005 2006 2007 2008 2009
P 1) /4

year

B 6 2005—2009FGAM#EE
EHUE 5 CPUES LR ERI LR
Fig. 6 The comparison between the observed CPUE
and simulation CPUE based on GAM from 2005 to 2009

24 ERFHHLEBSF

B s 55— 22 B R T 41 6] N ¥ 3 CPUE I 3R 855
[F) A SRR A AR T i G Y 06 R o R IR 2R —
FE 188 N ERAT Fi 5 Rk, %§2005—20094F 1)
WA NI CPUEME AT AL, 45 W
N, TEHRTR1~3J&, CPUERA & J& B 14 i 14
Jn, ZJ5 CPUERH % & %5 2 T R B #(K17). #
KATHrE W, 20054 F120074F () CPUE Y 41 #H 3¢
AEE /N (F2), R DL AR A B s AR R,
95 3iE P 5% AR A0 X i 37 CPUE I 52 1]

SRR, L S S B BRI
CPUE, &AM LAtz #], Flan: 20074F
M6, 13 . 168 f20054E /5178, Tt
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Fig. 7 The simulation of the fluctuation of weekly
CPUE in 2005— 2009 based on the GAM

The error bars in the Figure represent the standard deviation

2 200520095 E 1+ CPUER FI A B 18 X 1) #4551
Tab.2 Pairwise correlation analysis of the predicted CPUE
sequence from 2005 to 2009

2005 2006 2007 2008 2009
2005 1.00
2006 0.68 1.00
2007 0.32 0.69 1.00
2008 0.46 0.81 0.47 1.00
2009 0.82 0.85 0.46 0.67 1.00

WK T5%x10° m/s, $3 T CPUEW T [%
(8, 9-a); WA BT E A 5
B E R CPUE, WI120054F F120074F B Hif 128 0 3%
2 2 R T =) Y B 2 o 185 o
L, MR LA B B A CPUE R RE#H, [H
I, 7E20074F16J8 LA, ity b T i el AR,
CPUEWLRfiZ Tt (K18, [£19-a)
250

200 .. — 2005 - - 2007
£ 150
|84
S 100
& 50
0 N N N N N N N ;
2 4 6 g8 10 12 14 16 18
P 1 /&

time/week

& 8 GAMEH12005F120074 CPUER %

Fig. 8 The simulation of the CPUE sequence in 2005
and 2007 based on the GAM

AR 0 1) A% B [ A 5 B 3 CPUE Y 28 1k
(K18, [K19-b), 20054 (5558 LS F120074F, Fifi
& AR CPUB B R I T FEA R %, X 5K
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R TR —E R, 200545558 Z [0 1)
HRETRTF18 °C, 4bFGAMM 2 (1 e id iR
[l (18.4~19.5 °C)IN, il CPUERS I, i
20074F B H A K IR R R F 18 °C, X & i
JUJE 2 5 25 32 8 CPUERY JE K . X T 3 3 18 3 1
L IXPHAR B U B A AE GAMAS B 9 I R P
FFE ] (—2~0.2 °C)N, {HZE20074F (1) 7 B #E S &L
REL/NTF20054F (1K19-¢), X Al figth /& F 220074F
MK CPUEE K T-20054F iy J5 F 2 — (1K18) .
gE L RTik, Wy b TR AR IR B0 ) AR Bl 3 [
S T ¥ CPUEN A2 3l o b T it ik il o v 23
15337 CPUEMR A

3 WTie

FE LRI a3 5 e A R - 1 o fr e, Al
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Xof ¥ 37 1 5 M)

o % XU SRR A BRI DL R B, A iR
RAMBY B, WA KR 2 S i
FE AT B PG AT 1], fR O v AR K B 3R 5 2
e A% AR IR B e KA TR . #F2005—2009
AR B TR B, TN ) TR 0 R
BBl M 1.42x107°~7.44x107° m/s, HPyayRIE], W
HA E TR AAAE s AR 95 GAMAR AL Y 45
TR AT /N T 4.5%10°° m/sHy I, g
CPUERA # I T 3t Uit 3 1) 35 i B AR AR FEAN S
B2 R N IERY o X 0] DLl A8 48 19 T+
XT38 B ML BEAT AR R, B BT
I IRZ M E R BIRIZ, HEGEKE
2% W R, R BOR WA Y OL A EH
i, IFESI R, Nt REEEE, H
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Fig.9 The weekly fluctuation of upwelling velocity and temperature status (temperature and temperature anomaly)

at Peru coastal waters in the first fishing season of the year 2005 and 2007
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Influence of Peruvian upwelling on the anchoveta
(Engraulis ringens) fishing ground

CHEN Peng '’, CHEN Xinjun "***,  LEI Lin "***

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China;
2. Key Laboratory of Oceanic Fisheries Exploration, Ministry of Agriculture, Shanghai Ocean University, Shanghai 201306, China;
3. National Engineering Research Center for Oceanic Fisheries, Shanghai Ocean University, Shanghai 201306, China;
4. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources,

Ministry of Education, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Anchoveta (Engraulis ringens) forms the largest production in the world’s single species fishery. There-
fore, study of the relationship between the Peruvian upwelling and E. ringens fishing ground could help under-
stand the mechanisms about the formation of this fish’s fishing ground. Therefore, Our study aims to summarize
the regularity of the upwelling and temperature to the E. ringens fishing ground formation. In this study, we used
the upwelling velocity (UV) as the index of Peruvian upwelling, and combined the temperature (T) and temperat-
ure anomaly (TA) data in the fishing ground from 2005 to 2009 to analyze their effects on the fishing ground
which was indicated by the nominal catch per unit effort (CPUE). The results showed that UV, T and TA in the
fishing ground was 1.42x10°—7.44x10~° m/s, 16.61~19.42 °C and 1.87—1.69 °C, respectively. In addition, we
used the generalized additive model (GAM) to analyze the influence of environmental factors on CPUE. The GAM
could explain the changing trend of nominal CPUE as 67%. The optimum range for each environmental factor
based on GAM was UV: less than 4.5x10” m/s; T: 18.4—19.5 °C and TA: —2—0.2 °C. When UV was lower than
4.5x107° m/s, the CPUE nearly remained the same with UV. However, when UV was higher than this value, the
GAM showed the decreasing trend of CPUE. The studies suggested that the upwelling's impact to the E. ringens
fishing ground was not following the pattern “the higher, the better”. There was also optimum range of upwelling
velocity for the fishing ground. the results indicated that the optimum sea surface wind, moderate upwelling and
appropriate temperature condition were beneficial to the fishing ground formation.

Key words: Engraulis ringens; Peruvian upwelling; fishing ground; sea water temperature; sea water temperature

anomaly
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