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Tab.1 The significant test of variables

FI AR it 2% P2 tH PfH
independent variable estimated coefficient SD t-value P-value

#RIE intercept 569. 600 295.100 1.930 0.054
4F year -0.284 0.147 -1.932 0.050
H mouth 0.360 0.127 2.831 0.005
L5 lat 4.648 2.027 2.293 0.022
2% lon -7.080 3.399 -2.083 0.037
-4 Yk B chl -0.107 0.025 -4.306 0.000
R IREE sst -0.001 0.001 -0.607 0.544
T 5 B ssh 0.001 0.002 0.464 0.643
TR I BEK A BE gost 0.006 0.014 0.418 0.676
A« i year * lat -0.002 0.001 -2.285 0.022
4 s 2% year * lon 0.004 0.002 2.091 0.037
A # 45 month * lat -0.004 0.001 -3.846 0.000
H * 223 month * lon -0.004 0.001 -2.411 0.016

FRBU A
predicted value

-3 -2 -1 0 1 2 3
HiB{H theoretical value

3 REEXEQ-Q
Fig.3 Normal Q-Q figure of residue
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HAR B A i PUERBL  AICHH
joined independent variable R? AIC-value

-4 ZE Y chl 0.033 1568.3
H = 43 month * lat 0.201 1116.3
H month 0.236 1097.2
H * 23 month * lon 0.376 1 088.6
4E # L5 year * lat 0.382 507.5
2% lon 0.394 486.9
Zh ) lat 0.401 451.1
4E « B year * lon 0.412 447.9
4E year 0.423 440.8

B 5 k2 Q-Q /i B s , R Yy Bk 2=
Far IR EIE N B IES S . K 6 iR
A E AN SE BRULIUAE F LA B, R4y s AR P ZE I
R Lk b, AR R I s LA T B8,
B y=-0.79 IbE—RIIELW R, X2
CPUE WLM{E O BB AR A P A [ o =



24 VI R, % :2003 - 2012 4FALE SN 2E SR M YT IR F BEAF () AR L /AT 283

0.47,In(0 +o) = -0.797,
2 > ©

A
obsclrvcd value
— o —

|
(3]

-2 0 2
Higftitheoretical value

BS5 HREEXQQ
Fig.5 Normal Q-Q figure of residue

3
o
__% 2
o >
gl
B
o
S pa
w
£ e
~ o © . /é ©
-1 . /v"//
o !

~1 0 1 2 3
WM predicted value

B 6 HREMSHESEEUNERSE
Fig.6 Scatter diagram of predicted
value and observed value

2.4 =Z=E3%f In( CPUE + o) B850

SEMEAGEHES In(CPUE + o) AERR,
M 75°W ~90°W ,In( CPUE + o) 2R TR H,
M 6°S ~20°S,In( CPUE + o) 241 - FHas, E
THELHARRKTE S P HELAMAR, XKV
fEZS (6] b, ARV 5 ) B 22 5%t CPUE & B 5%
O N B [y

fLn (CPUE+ 0 ) {54
effection Ln(CPUE+0)
[

75 80 8 90
#2085 /W longitude

7 23} In( CPUE + o) BIZIA
Fig.7 Effect on In( CPUE + o) by longitude

100

B =l
S o o

-100
~150

*fLn (CPUE+ 0 ) 95511
effection Ln(CPUE+0)

6 8 10 12 14 16 18 20
/S latitude

8 %E3f In( CPUE + o) HIRNE
Fig.8 Effect on In( CPUE +¢) by latitude
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TE4F ) 284 b, #rEfL G 9 CPUE EL 44 3C
CPUE B&{i%, GAM 1 GLM By #h J5 it AL )5 1
GERBA—F, 2004 41 CPUE 2 9 SR,
2004 4E ] 2007 4F CPUE 2 e T W4 %+, 2007
-3 2010 4¢ CPUE 2218 b7+, W6 A 3 3h,2010 4F
JEIFIE T . GLM #rifEfb )5 i CPUE & ®{H
2004 4 7. 94 vd, JRARAE Jy 2007 4E 1 3.28 v/
do

*3 &N CPUE ffrA{L/E CPUE
Tab.3 Nominal CPUE and standardized CPUE

Ay 4 L CPUE(t/d) GAM #3#fk )5 CPUE(v/d) GLM #7344k )5 CPUE(t/d)
year nominal CPUE standardized CPUE by GAM standardized CPUE by GLM
2003 4.605 4.253 4.230
2004 8.336 7.943 7.939
2006 5.749 5.623 5.631
2007 3.368 3.271 3.282
2008 4.482 4.388 4.395
2009 4.456 4.227 4.232
2010 5.837 5.511 5.516
2011 3.912 3.494 3.474
2012 3.997 3.554 3.536

http: //www. shhydxxb. com



284

£ ® B ¥ KX

AL 2L
¥

=

#H 4%

7£ CPUE ¥ A 8128 1k I, 4 X CPUE 1 GLM
FriEfL i CPUE &Rk —2, 23 B 13 sh
P, AL )E ) CPUE B shPER /N, ik XA
#] CPUE H{BI7E 2007 4Ef9 4 H , HAE W 1.57 v/

d, 554 Y1 4 CPUE HBLAE 2010 48 12 A, &
W11 16 vd, £ GLM EEIARHEALSS , B lE A 3
CPUE 52011 #£4 Ay 1.76 v/d, &= A CPUE
2004 4£1 A 9.58 t/d,

XfLn (CPUE+ o ) [RI5% M
effection on Ln(CPUE+o0)
o
|

L5 N 1 B =

2003 2004 2006 2007 2008 2009 2010

2011 2012

FE4Y year
B9 EXR&RXEFEEEFRATH

Fig.9 Inter —annual variation of Dosidicus gigas abundance

-~ 4 XCPUE nominal CPUE
— GLM#RHEALJGCPUE standardised CPUE by GLM

CPUE/ (t/d)

2003 2004 2006 2007 2008 2009 2010 2011 2012
4} year

R ¥4 X CPUE #1 GLM #r# /5 CPUE
Fig. 10 Average month nominal CPUE
and standardized CPUE by GLM

& 10

(=] — [\
1
I
|
l
|
I

$FLn (CPUE+ 0 ) [RI54 M
|

effection on Ln(CPUE+0)
]
|
|
|
|
I

|
N

1 2345 6 7 8
H# month
B1 ZXEFFEFEABER
Fig.11 Monthly variation of
Dosidicus gigas abundance

9 101112

http: //www. shhydxxb. com

3RS

RIE GLM #r #Efk iy CPUE %48 & w (B
12) fhEMEEFALF R A SR A&, CPUE
AW R 12 A356.33 v/d,CPUE &K A
4 Ay ,AF 3.00 vd, 3 -6 A CPUE {KF
EEEYE, WETIRE, ZXRALETD,
TAIPE % j3#2 1991 - 1999 4Efh & 4G 2L fa
WFoE B, BB A () 25 32 a7 N R W Ry 10
AzMAEL A,FE R 11 ., ARGUELLES %!
HRIE 1992 A =R A R, A il 22—
T8t/ INUBE P AR RS TE 115 ~ 220 d, K EIBELE 200 ~
354 d, @A TFIRZFER R E AT AR Sk —FM E
BEATEI A FAMBREILC M SR EEE
B o

WF5EINH, 2003 - 2004 4E, TR & SN GZE L A
IR R D EF,2004 - 2007 4E ], WEIR R RELE
T BE,2007 423 2010 4ERE IR =218 LA, A I
31,2010 SEJ5 I T, ZEXANEHF RS LK
W SR B E A R, U Z 3B /R e i (EL
Nifio) AL JE M (La Nifia) fRMA" ), % A JE/R
JeERIAESY 15 RS , BBV B R EES, =
BUKIRBAEFET =, R EING AT ARER



24 VI R, % :2003 - 2012 4FALE SN 2E SR M YT IR F BEAF () AR L /AT 285

TR, JE/R SR AL e RS 4 ¥ & AE T R Nino
3.4 SSTA #5413k FEAE,2006 4E 8 — 12 H F1 2009
6 -12 A kAELB/REiESE M, GLM briEfb)E
2009 4E5F-¥ CPUE 2k 4.23 v/d (& F 5 E-HH,
2006 “EMJE/R e S & A A B8 , T St [a]
B, X F A AR X YRR B S 5 , BR AL
J& 2006 4ESF-¥] CPUE Jy 5. 63 v/d, JiiJ5 1y 2007
CEGEIR B SEI55 , CPUE 3k B & Fe ik i 3. 28
vd,

TEVRIR 23 (] 434 b, GAM R i 7R 28 BE I
S E#5 In(CPUE + o) 24MXR R, N 75°W 3|
90°W,In(CPUE + o) 2L TR E, M 6°S 3]
20°S,In(CPUE + o) 24 EFH#aH BAEHE
B it Bl BT 37 3K B0 A1 25 5 £ R IR TR &
B, A Y g IR B AR A, ZE R A A,
R, 1 -4 A9 -12 A RhikEs,5 -8
AN szt . IR e s KB R
) —FPAMET , B AR BT R B B, A M TS
XA BERE M In(CPUE + o) ZELFE E 7R = PEAK
MR, 76 45 B b 25 5 0T RE 5 0 38 0 O (BB
) HEE Y B R A AL B

-

CPUE/ (t/d)

O = N W s oo

1 2 3 4 5 6 7 8 9 1011 12
H4} month
12 #WeEsMNEERERIEATH CPUE
Fig.12 Monthly average CPUE of
Dosidicus gigas off Peru

Zid BET, BRE A T A SRR
BEXH In( CPUE + o) A SR E PRS2, 1038 W BN
XTI R e Y SST AR B3 1, X
] RES B HE A SR VR AN R A BT AT N A K. FERE
B O A E B A AT A SRR R A,
LR MK SEFEIA 68 R IEEE A X
BEATHE S, R AT B R R TE—RE
KBEEN(E 13) . BHWNN, FEWGINE, ZE
F A EGE SST Ky 17 ~23 T, ABFFEHY
P A, SST AbAE 17 ~23 CHEREI ) &
69% ,{##% SST X} In(CPUE + o) (ISZ A B o

45
40
> 35
® £ 30
¥ 25
RS 20
& 15
10 H H
5
o] |
18 21 24 27 30 33
WREEE/C SST
13 MEIMNBEREEFHARE
FRIB TR REAES
Fig.13 Frequency distribution of fishing
times in different SST in fishing ground
of Dosidicus gigas in Peru
SE K

[1] NIGMATULLIN C M, NESIS K N, ARKHIPKIN A I. A
review of the biology of the jumbo squid Dosidicus gigas
( Cephalopoda; Ommastrephidae) [ J]. Fisheries Research,
2001, 54(1):9 -19.

[2] TAIPE A, YAMASHIRO C, MARIATEGUI L, et al.
Distribution and concentrations of jumbo flying squid
( Dosidicus gigas) off the Peruvian coast between 1991 and
1999[J]. Fisheries Research, 2001, 54(1) :21 -32.

(3]  E28FBRBE. AR R ARG
[M]. dbst: ¥R R, 2005.

WANG Y G,CHEN X J. The resource and fishery of world
oceanic economic squid[ M]. Beijing: Ocean Press,2005.

(4] Rk, BRHTEE, HUER, 5. JE/REWH RBP4 5
EINEEFR AW REm[T]. K=, 2012,
(5) :696 -707.

XU B,CHEN X J, TIAN S Q, et al. Effects of El Nino/La
Nina on distribution of fishing ground off Peru water[ J].
Journal of Fishery of China,2012(5) :696 —707.

[5] VENABLES W N, DICHMONT C M. GLMs, GAMs and
GLMMs: an overview of theory for applications in fisheries
research[ J]. Fisheries Research, 2004, 70 (2/3) :319 -
337.

[6] BIGELOW K A, BOGGS C H, HE X. Environmental effects
on swordfish and blue shark catch rates in the US North
Pacific longline fishery[ J]. Fisheries Oceanography, 1999,
8(3):178 —198.

[7] DAMALAS D, MEGALOFONOU P, APOSTOLOPOULOU
M. Environmental, spatial, temporal and operational effects
on swordfish ( Xiphias gladius ) catch rates of eastern
Mediterranean Sea longline fisheries [ J ]. Fisheries
Research, 2007, 84(2) :233 -246.

[8] MCJ, JHT. Statistical Models[ M]. London: Chapman
and Hall, 1997.

(9]  BRHTE, xlaapk, HIESR, 55 AT RE R F R

http: //www. shhydxxb. com



286 B\ W ¥ K ¥ % #H 24 %

H AR T 7 Jb A 7 5 #a ( Ommastrephes bartramii ) #i squid Dosidicus gigas in Peruvian waters [ J]. Fisheries

Y], SR, 2009(6) 707 -713. Research, 2001, 54(1) ;51 -61.

CHEN X J,LIU B L, TIAN S Q, et al. Forecasting the fishing [13] CHEN X J, ZHAO X H, CHEN Y. Influence of El Nino/La

ground of Ommastrephes bartramii with SST-based habitat Nina on the wester winter-spring cohort of neon flying squid

suitability modelling in northwestern Pacific[ J]. Oceanologia ( Ommastrephes bartramit) in the northwestern Pacific Ocean

et limnologia sinica, 2009(6) ;707 —713. [J]. Ices Journal of Marine Science, 2007 , 64(6) :1152 —
[10] GUISAN A, EDWARDS T C, HASTIE T. Generalized linear 1160.

and generalized additive models in studies of species [14] ®AEH, BEHE, BN KPR aml Ay

distributions; setting the scene[ J]. Ecological Modelling, WFFEe ()], TR RS, 2009(3) 98 —102.

2002, 157(2/3) :89 - 100. HU Z M, CHEN X J,ZHOU Y Q. The study progress of
[11]  BEZS, BB, A, %, PEKHEMARZENE A4 biology of Dosidicus gigas in southeast Pacific[ J]. Journal of

¥k CPUE $r#E46[J]. /K243, 2013(6) ;951 -960. Guangdong Ocean University, 2009(3) :98 —102.

LU H J,CHEN X J,CAO J, et al. CPUE standardization of [15] MJBRE. 2001 4ERLEF1EEF0 A1 307 35 22 0 A1 g 25 52 40 IR 4l

illex argentinus for Chinese Mainland squid-jigging fishery in GER R AP I]. W, 2002(4) ;165 - 169.

the southwest Atlantic Ocean [ J]. Journal of fisheries of YE X C. Conclusion and analysis on the experimental fishing

China, 2013(6) :951 —960. of Dosidicus gigas in the offlying sea of Peru and Costa Rica in
[12] ARGUUELLES J, RODHOUSE P G, VILLEGAS P, et al. 2001[ J]. Marine Fisheries, 2002(4) :165 —169.

Age, growth and population structure of the jumbo flying

Inter-annual variation in abundance index of Dosidicus gigas off Peru during
2003 to 2012

XU Luoliang"*, CHEN Xinjun'***, WANG Jintao"*"*"*

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. Collaborative Innovation Center for
Distant-water Fisheries, Shanghai 201306; 3. The Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources
Ministry of Education, Shanghai Ocean University, Shanghai 201306, China; 4. National Distant-water Fisheries Engineering
Research Center, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Dosidicus gigas is one kind of important economic fish in the world and also one of the most
important squid jigging species of Chinese Mainland. According to the fishery-dependent data of 2003 — 2004
and 2006 —2012 by squid jigging boats of Chinses Mainland and the environment data from satellite remote
sense, we standardised the CPUE of Dosidicus gigas off Peru by generalized linear model ( GLM ) and
generalized additive model (GAM ). We analysed the inter-annual variation of Dosidicus gigas off Peru. By
significant testing, the 9 variables chosen into the model are year, month, latitude, longitude, concentration
of chlorophyll-a, interaction of year and longitude, interaction of year and latitude, interaction of month and
longitude and interaction of month and latitude. The results of GAM indicate that coefficient of determination
(R?) is 42.3% which is high. The standardized CPUE has the same trends with nominal CPUE and the
average value is a little lower than nominal CPUE. The inter-annual variation of Dosidicus gigas abundance off
Peru during 2003 -2012 is severe, the highest value of abundance appeared in 2004, the average CPUE after
standardizing by GLM was 7.94t/d; the lowest value of abundance appeared in 2007, the average CPUE after
standardizing by GLM was3. 28t/d.

Key words: Peru; Dosidicus gigas; GLM; GAM; abundance index
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