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ABSTRACT

With data from Taiwanese jiggers that targeted the Argentine shortfin squid (Illex
argentinus) in the southwest Atlantic between 1986 and 2013, the log-transformed
catch per unit of effort (logU) was used as an index of the abundance of this squid to
explore squid recruitment fluctuation in response to environmental conditions in
temporal and spatial scales. The results indicated that the logU exhibited no
inter-annual interaction. The logU were negatively correlated with subsurface
seawater temperature (at 5-m depth) in the southern Patagonian Shelf in February,
March and April (r = -0.573, -0.596 and -0.573, respectively; all P values were less
than 0.05). The logU also negatively correlated with subsurface seawater temperature
in the Patagonian Shelf in previous March. The logU was also correlated with the
Antarctic Oscillation (AAQ), negatively correlated in November and December of the
previous 2 years (r = -0.478, and -0.564, respectively; all P values were less than
0.05), and positively correlated in March and May of the previous 2 years I(r = 0.565
and 0.436, respectively; all P values were less than 0.05). GLM analysis selected
AAOs in November and March of the previous two years and subsurface seawater
temperature in March of the current and previous year, in which coefficient of
multiple determination was 0.83. A low seawater temperature in the Argentine
shortfin squid habitat in previous 1 year and in fishing season was important
conditions of high resource abundance. Because the Argentina shortfin squid was no
overlapping groups, AAO can’t directly affect the amount of resources of the
Argentine shortfin squid after two years, therefore associated with certain
biological or non-biological variation may exist between the Argentina
shortfin squid resources and atmospheric circulation. In terms of spatial

dimensions, semi-variance analysis showed that the distribution of the Argentine
VI



shortfin squid in the Southwest Atlantic had different spatial structures, due to the
different of abundance. In all years except 2010, spherical model for semi-variograms
extracted the most spatial information from annual distribution maps of the squid
abundance. The Kriging interpolation map exhibited a general pattern of aggregation
of the squid along the 200-m depth from 40°S to as far as 50°S. The shape of
abundance isopleth lines was elliptical, that extended its long axis further from the
200-m isobath toward shelf side in high abundance years, such as 1999 and 2007.
Scattered patches of low values were observed in the very low-abundance year of
2004. In Kriging method to estimate the total biomass of the Argentine shortfin squid
showed that the exploitation rate of the Argentine short squid in the Southwest
Atlantic fishing ground was between 2-34%, which was still a healthy stock status.
This study shows that empirical models and geostatistical procedures can be applied
to predict the Argentine shortfin squid resource, describe the annual spatial
distribution, and estimate the total biomass. The models and parameters can estimate
the total biomass of the Argentine shortfin squid and possible annual resource trends

in next year.

Keywords: Illex argentinus, Antarctic Oscillation index, empirical model,

geostatistical, semi-variogram
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b 5 M4E7F% (Waluda et al., 2001a) - 12 F #7335 7 /5 AR B F] 5 2 [P ik
HFREL LM -

~ & B&# 4 (atmospheric forcing) 5 ¥ — B ¥ & B8 4 B R R B FlF > Fl i
A F BRI RAA TR R ] SRR AR AR R EY
B 2 E Y G Bk ¥ k(Waludaetal, 2004) » @ /& % ¢ R S F OREREC
ﬁv%ﬁ%:}ﬁﬁx? 5 - kB $# )5 (Polanco et al., 2011) o A F A * F i > 4 % &
# & i (North Atlantic oscillation (NAO))4 #c® &7 & ‘= % jf #=(l. illecebrosus)
E w51 & pé(Loligo pealeii)2 2 # 4 (Octopus vulgaris) % £g & % e ';«‘ RER G OM
(Dawe et al., 2000; Dawe et al., 2007; Polanco et al., 2011) o 45 8+ i &2 H & Tkt
LS
R

»%

2 B R Is B Ep K a0 ® & (Polanco et al., 2011) - 7 &5 NAO
fx:ﬁ e e 2 AR 1 40 p (L. forbesi) &g d % # & ¢ 2 ¥ & (Dawe et al., 2000;
Dawe et al., 2007; Pierce and Boyle, 2003)  m NAO "% g 8 =% 4 g E &
(catch per unit effort, CPUE)# e 3 #25° ¢ & 3R 7 2t &% g (Polanco et al., 2011) -

Caballero-Alfonso et al. (2010) # ! Canary & + E % 4 2 & 2 &£ X NAO ¢% &



i Es B SST F.5 - Waluda et al. (1999) #&id ~ T iFa > R dpdk
(southern oscillation index, SOI)#7 5 p c-2% % 3. % (El Nifio)#7i$ = <7 SST & % - ¢

FPEFPRERZFTRHE - FAEeEARBRY %’ﬁfd % & 2. % & 4 (Antarctic
circumpolar wave) T $E >3k B3E > ¥ h- KRR U B P EF REROER
(Waluda et al., 2004) - e ¥t - B# s > 2 F R % (El Niflo Southern oscillation,
ENSO) &Pt F iR € AR B enbf i & A 3 “r23h(Chenetal, 2007a)c ¥ - = & >
FHP R F g g < ES T o doitdm t F RRIEOE S EEE TR
B dof At A G LN > SF RN e A T ERBESOL F

UERE NS T LIEE T F SR R

133 ZRA T2 FRHA

",f" AR R BN FIIRTFETRETBERB TG . AP RE
PN AT LR E R A odm FFPNERR N A S MR A BRI
LA BRRER T A F 2 FTIRE ST E 2 - (Agnew et al., 2002; Chen et al.,

el
= >

2007a; Chen et al., 2007b; Middleton and Arkhipkin, 2001; Portela et al., 2005) - Chen
etal. (2007a) 45 PR aefe B & ® & 2 AR LR & b kil d 9 TRES
e RE e NP RERDORERET KPR TR EREHETRER
e MR ARERENNRE > TREGRFI AT FL FOEE L ERD

P $2 224t 2. T R £ (Bostanci, 2002) -

134 REFTHRTHHEFES 3

Pao PIERTRERE E S 0A ahE P 40% @+ & (proportional
escapement) = P # (Beddingtonetal., 1990) » & & ¢ £ B E H{3p &Y 4 £
# (effort limitation) - #A./d F - B s> LBEE p R = F % b4 22 F (vessel
efficiencies) > & #* 12 ¥ i = b B3R ap JEY 4 £ -k 2 (Beddington et al, 1990)
pUE - A engs sBE (depletion estimates) 2 iE * o B ow ko [P TR B R IO (T
FWA PR TR M P AR R R R R - B RO TARLT

8



prek s BT RIEAEE G YR R SR ET ARG AH S MEREY B
PAETRE > X G P RE =R %5 £ F(Beddington et al., 1990) o pt -
Bv e R & £ U0 LB TR AR EF AR > R AFIREY
RE A R AR E TR TR AP Y FlEeh- k& o ¥ - 2 g 0 EARTREE T
FIEAEOTRE TAZERARDT RS A RFLFFRELTRL
b R Jg.rs 4 g E e 2 X R & ,;kg_gigﬁﬁuﬁgs:%—s;;ﬁﬂ
F£ %+ (Beddington et al., 1990) = F]yt » drie it g E B o5 305 P ITER T i ?
RE O RSB ETEFERG SR RERTRFADEL L T2 - o A FE
R RER TR E PBIZHEG 0 B G F & 1T o

345 Bellido et al. (2001) &= § 45 1 d ¢ i R 2 R & Thag 7] 2 &
R BBFFT L - SFERGIRAT R FIARRGEER 2 RE S
SR B R &

-

oo Z BRI B 2 3@ E Ak 5 (Geographical Information System, GIS) #tjir e

7 ¥ ik & =g gl (Pierce and Boyle, 2003) - ¥ - =

(‘ﬁ:

AR HIETA ARV RBREEHDIEAL T E R RERBERE T A (A
SST)Ap Bt & » ;g At FERZEERERA® > TV RBERETRERE BEERR
7]+ 2. B enfd 2 (Agnew et al., 2002; Portela et al., 2005; Waluda et al., 2001a;
Waluda et al., 2001b) » » & & 7 f#47 7 it T RS H I 4 o B AT 2 - LT
FUOFPRERERT O GRT S SR RERBIETRERZ A EF R &
ek # (Portela et al., 2005) -

135 Skt
N NP ME\‘ B g K é&m/——vm B o st A BE -7 S

ST A ko i ¥ @ % i fF ki 2 B o Pierce and Boyle (2003) 1z SST -~ 4
% -k & (sea bottom temperature, SBT) ~ /X4 & @R ~ 5 & BR 2 NAO % 7]+ (¢



Fifu - E2on) 220 - B A L forbesi 7R % B i fFficA) o H i
#ic(coefficient of determination, RZ) &7 F 3 % 3242:F 0.80 - Robin and Denis (1999)
+ - # 30 h B SST SRR FG 221 VR E ARG E T RARE
ik BERCE] 0 H AT MRS 078 0 FIg o i BFEHCG AL G AE TR S R TR
PR o Ra - FRERE TS T RV i DA Tt E e
&2 = 2% R R i £ (Bellido et al., 2001; Polanco et al., 2011) - i % >
HH AP TR Ay AR Baei bl MG o LSS
(generalized linear model, GLM) % ;2 4c = #i;\ (generalized additive model, GAM) %

TR T R B RE FlF Bl % (Bellido et al., 2001; Guisan et al., 2002;
Portela et al., 2005; Sacau et al., 2005; Sanchez et al., 2008) - p- *t » i& * pEfF 5 5| F
Fk AR R A RABE R p i fF e & B & T 35404 (Autoregressive  Integrated
Moving Average model, ARIMA)> » i 4L ¥ 3&* @t & 2. 3 R 3f Bl (Georgakarakos et
al., 2002; Pierce and Boyle, 2003) -

136 % @A 4

dom ATt o ERPRERER APFF R g R MY ¥ ,u;g;g‘_ virA SR
PORINE E B MHIEE F]F 0 SN k= = (Chen et al.,, 2007b; Waluda et al.,
2001a; Waluda et al., 2001b; Waluda et al., 1999) > 2% m izt A5 #0330 5 447 2
SRS RA IR B LN o dom A VSRR R T § 5 A5
R E B A KR AR IR RS T R e R P RER PR ERR
FREE VR EREFFTIRYE R % (Chen et al., 2007b) > F]t 7 fEH AHP F
Rehz BT S AP REROFE L HELM o EHY BHATE? AT
hfp e o B fiz L3 2 F 3> L xmed Gy Y P gt
(Ciannellietal., 2004) = k@ > ¥t 7 j3 %39 ThALAFTEHARR 2B G 2B F
MAPE B AHEN Ewsd gt da 2 0 HAd R A BT 5 Tl
H¥F & L F =% (Agostini et al., 2008; Ciannelli et al., 2008; Petitgas, 1993; Petitgas,
2001) » BiEAF FFEERPFTEH TR SNL AR F3 T B oo B B H
(geostatistical techniques)’t 7 & & ‘& 2 %3 i ¥ F 4L (Petitgas, 1993) - Fl#: 4.
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EE e A9 1#) 3 L F(turnover) & 27 i { M 3t p A iF(self-sustained)
A AR 2K A (steady state) 0 B EAEIRT o A M Wip LRI EER A
HFHSHE ERERRFC MOV NG AW E TR IR AT S
Pk A B R GRRIA 5 o IR R Y L - 3 scendkjie(Fara) and Bez, 2007,

Isaaks and Srivastava, 1989; Mello and Rose, 2005) -

BE B AT A RSP HER o R ERGIZ R o BRGS0 A
AR AF DT IR D E AR N R TR BT R R IR0
R EP
¥

fho L fAT 2 DA EF IRER o Ra o d MR REkad B {rd E &

(-

+iTfr R ekgr o Jh £ (Basson et al., 1996; Waluda et al., 2008 ) 14 i®

AEEA R RAFALERENE S FTRTRE D 2 EFHRGE T RTF 17 (Pierce

and Guerra, 1994; Pierce and Boyle, 2003 )> 3 &>t @esg- 42 R ¥ m - > i & &

K- & fE o Flpt 3y 5 £k F¥(multiple cohorts) i & 0 v ELG TR o
G A HELTREIN 'd—%%im%@’*baﬁ#wf"%ﬂw%
R M BN R R 2 R A F o AT Bow 4 RE a0 R 42 (Boyle and

Rodhouse, 2005) -

RHEHFLT o 2 0 XRHRGTRETHEET > #8822 Fapp ey
B REEL > A P BT AR B EERE R F(Chen et al., 2007a; Chen et
al., 2007b; Waluda et al., 2001a; Waluda et al., 2001a; Waluda et al., 1999) - 4% 3 i
ARPARNPNPRERERABRT]F AFF 2 TR DM G F R
RS RSTIREZRE P AT AR ERFRERT R L & F]S

TE: -7 IR P RER K E ~’};ﬂlm%3‘

BRB F)F g "‘/%"J P e dvdrd ST RE G A F M s KR A (]
4o SST 22 SBT)#h » d 035 5 72 {3087 ~ f SR 4 “ R BT RRE G Mo F
AFE G TR 0T L aE 2 SRRV ATIEE Y chIR B ]S 2 - o &tk R F (Antarctic

11



Oscillation, AAQ) 47 #ick Pk 5 & X3k ¥ ~ MR 4 AHens f§ M » 2Rl 5
L3 A0 B2 65 B cnT Bk T G 5 RL > B eTi B peng g 9 Bl A

L 7% e9NAO #p 17(Gong and Wang, 1999). # 7 k7 H ¥t e L3k & £ b 3~
7 7k % SST ek #3275 B Z(Silvestri and Vera, 2003; Turner et al., 2007; Justino and
Peltier, 2008; Vasconcellos and Cavalcanti, 2010) = A 3 7 £ #-H % » 2 k5 55
Z2o— 0 E AAO HIFIRERGNE R BT e ¥ - 25 o d NSRRI
AT E P TR p AR > YA P RERFR T REEF TR 00
FRBHEAOESE T R TIRLE > P AF L TG RRR N ;%g
dRFIRER T REE A G O HET L AMTRE S E R RREE Y RO
RITRE T HFRPEE > TR T REERRE -

BEAR P m UL R PR FIER E TR E ALY R ARG R E A
= 7 f‘ﬁ-‘i- oo Z_— > %i-‘"%/z X ﬂ.’l iiﬂx" %qiﬁﬁ%%fﬁi@%i‘aﬁ :;F‘-/ijﬂb ’ ’&_IRJT

Flazkmitmig 2§ RBLpdRBE T > EFORERFFRLB L @R
Lf-.é’r%%;‘}%ri* KEBEPIRF  F gtz T ERBFF FAIR Y
FRIF R E AR em ik T RART LRI A AR F R 0 - R
¥ my o7 Z (Agnew et al., 2002) o @ 22 2 - &SR PIERIECS 0 S RIFER AP
EFE R ER DI ERP 2L - o AT AERE R N FRERT RES 2

?E/FJ » 12 Hp léﬁﬂ'ﬁiﬁzriﬁﬁ /)57% it > '}’f [# ’I‘qif—ﬁl‘? oz SF?’:‘O

12



Chapter 2 #§lg &

21 AETH

B

AP T ZREFTE ARG FRREELR A EF TV LT 2 1 0 ERE
GApA B P AT TR BT L 1986 1 2013 & o E L BEFTH 2L
B~ TER B SFREEP2ZRET(ITIE) d R A ITERRAL
EEITERE TR L AT ATETE g IR (TE R BB FE

MEFBEEZ R A oV SRR B2 ke AT M3 ARISHAE T

E50R: T0ORZFTFF - FRIGELPRAMG AT S T XL
Flo 3 e 51 mitugheni & A% @ F(Fig. 5) o P 2esitip s F A 1986 &
3 2013 & #7 & A g) R E ST Eaya o d 302 R 2 £(05 x 0.5 degree) ;

REFTR? ALY ¥ 22 F R R(Fengetal, 2015) » geAF7 7 1t X R 2
REHE LR RY 2R AL IR R FRARGZHEE T 50
o

B R EEEFRRERGEE L BRRH R ED 9 100 M2 L
4y Cepfc) A 800w b T B abgdn e 50 23 60 & p ¢ 49 o CPUE et
EuEayE A e R Eg s )k A > BE - ieEE A (tv-d )

3

P

CPUE ¥ 2 4p %t74 J& 5v 4 2 (relative fishing power method):& 7 {& & i » # R 1@ 5 =
Hinjgdpa a R EH g kR kT B 2 ZoBAHI L) FEEF - HITER
4y e CPUE v B> AL 5 %38 8 4 %]+ (local power factor); 2) 3+ 8 %3¢ 8 4 7]+ 5
- R EITE A CPUE W 6] » 25 25 5 4 %]+ (global power factor) » p* ¥ % &
6 * kter CPUE 2 445 #k(FF standardization coefficients) (Chen and Chiu, 2009)
BE - BREGREE) #7F hdyE % hCPUE ST 3515 5 & CPUE» 11 5 %
%R 2 gtk o Rtk & 7 H CPUE R #% P i 2 & 4 CPUE L 35@ i o

ARFLZRAWE LARRECTEBRATEPATERSA G F SN

NHREA LA NP B2 ZRAARANASF MBS AR o FRD
13

It

o



AT LR SR E o XA RS RN A CPUE L3518 G dpdk e &Rk
HERFUD kg &6 s FHHIECPUE)®RA 28 -7 ~ M3 A3k iHERE
T RHAF2Z A oo

E¥REEe 2B EF A G CPUED i 2 ##i(logV)

A~ 3 1 CPUE & T il
E P B A4 o

EREACEEN § G~ THEN
22 BEFH

AEL R ZRBETRE § o104 K kB SBTSOI # % 4& 2 i 45 #(AAO) -
T4 & -kE 2 SBT p International Research Institute for Climate and Society (IRI)
website http://iridl.Ideo.columbia.edu/SOURCES/CARTON-GIESE/SODA/.v2p0p2-4/)
T Y A5 RS Simple Ocean Data Assimilation (SODA) € A7f#17 & & & = /%
17 & (Carton and Giese, 2008) - & # pr ¥ #p & 5 1984 & 1 2007 & - SOl & AAO
B NOAA Climate Prediction Center website (SOI:http://www.cpc.ncep.noaa.gov/data/
indices/soi; AAO index: http://www.cpc.noaa.gov/products/precip/CWIink/daily_ao_
index/aao/monthly.aao.index.b79.current.ascii.table) ™ §¢ » y* 2 8 T3 F pe R P A

% 1984 # 1 2013 & -

TERREESBT g 2242 2B 448 UFpFIERLT ERL L
BEPaS 2 BB o AP g
BRLTRPOLLGERE  FTERPREFIZLIESILEREF B2 KR
(Arkhipkin and Middleton, 2002; Chen et al., 2007a; Haimovici et al., 1998; Sacau et
al., 2005; Waluda et al., 2004) = # = %% 28(s ¥ 36 & ~ & 553 R): P REHRT
i Mt 5 1 g 4 E 40 Fl(Waluda et al., 2001a) » fr{Rasie 7 e £ 7 0 5 12 0 £

£ B(2 50 B~ 75 60 B)S PRI AT

At s i di R (Haimovici et al., 1998)e 2 B %4 g2 » T35 KR AEd % Fl 4 B2
B RokiETioa @ (Fig.6) o BiE 73 B AT A TR R Y J @R A TEE
PR 17 e B (in Situ)iT & & CRIEE T A 4T o

14



23 2FEZBBF|FPMAA

AT L RER AR ADME AT R - B RERTRELI R P LA
1%k 2 & (Pierce and Boyle, 2003) o 14 g 4 #<(Peterson’s)4p b ~ 17t € & B Ik B
F| 3 g2 e fiegt T Rdp (logU) bl (5 o e R 2 A RBFT A R h2 &
BIFERFOR o A uE e T RE B RApiRL E LR TGN AT B
NEFFERERTREF RELEETFF 25 BELT o J WRE T HF
PR TR E DR ET o o PR et B s (time lags)(Chen et al., 2007a;
Waluda et al., 1999) » F]pt d i i74p B A 475 > logU » |28 X % & & ~ h F 5 -
#R(lagl)2 a5+ - #R(lag2)2 LEHEBFF ! P EWF f'wﬁfﬂiﬁﬁfw\ﬁ o

ol R EIAS - E 1LY R FM - BREORERALE Y- &£ 11 0 3

MEFEDL0 Y Sk o

24 PERESSRE

241 ZmPEHE

Z A (GLM) A 45 # 2taE 2 logU 223k 35 F] 5+ cniS S it o EH LIRS
Fl P (¢ FAPFRUEES §PEFRER) Ak A 72 logU BFR 2
>kEF GLM hE i o GLM 127 52 f258 £ 1 2 ¢

logU ; = intercept + Ey¢j + Eagj + ...+ Eiyj + & &£ ~ N(0, 69),
(logU ~N(u, 6%) ;

He logU: 55 p Aoy t 2 CPUEEiy 5% 1 BAHRBFF ! st

F_&

Eenfg o j A2 md¥e AW 501,20

i 3% ¥ i §F (backward stepwise procedure)it * k& 7 GLM 4 47 ¢ if & k3
Fl+ EH o T2 F H(P-value) ~ 7 2 1% # (coefficient of multiple

15



determination, R?) ¢ Akaike’s information criterion (AIC) % 3 58 Apih s 27 e &
TR GFR o ok - F]F b 55808 0 2 Povalues o)t <015 Bl g A
EHCC Y o de% P-values = 0.15 R € 4445 T % 418 & E i (over-fitting) 2 18
AR R G F1F e M (8T U3 F A28 0.05 5 L H(RO)NFIF 4 ¢
¥ T (Pierce and Boyle, 2003) - 2 AIC EE # #38pF > %02 AIC @ 5| st 5
B A RHESERMFEDSE 3 Hip ke H L FEWRTS
(variance inflation factor, VIF){& & _* >t s%k £ s #r:E F]3 4od VIFE >2 FF >

g p N % o AFTF 1R AL ag(vers. 3.1.1; R Core Team, 2014):& 7 5% i
;445 > I i * rms package (Harrell, 2014) -

242 FFRIAEA

5B f2 GLM #1iE F) 3 enf 2 B > iR H R TALEAF R 7 GLM & 45 e
ko o 12 1986 3 1998 & nF AL REA A GLM o pr i E S R4 - &
FH s M EATEE GLM A 45(2 1 2007 & 5 0b) » SRR L 55 F] 5 L~
GLM ¢ i) » 4ok F]F 2 FIF R R &2 FHORP S GLM 2 73 » 7

WHZFFHEHNTREL RO -
2.4.3 N IRR BCE

GfEr GLM 22 2 2 55N AE R 2 B o AT T TE T RO 2 SRR o
111986 # T 2004 # 2 & WA FALF AL F GLM BN Gz £ v RF2

fiest Th it 17 2005 # logU 2z e > v B &2 R iR pipl B2 2 £ - H 1S £ 12 1986
£33 2005 £ 2 FHEF DS 2 3 2007 £ L0k > £ 27 3 E 2 TERIHH -

25 A
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2.5.1 ¥ B ¥t Hji(geostatistical techniques)

B B iyt Pogke(geostatistical techniques) & 2 7 B FAden™ 2 20 — o % 0 dE s

FRBL LT B i MALE > A TEY AR T 2 F ke B FHREE
2004) - 7 11¥ 8 st zdff%%ﬂiﬂiﬁ—;‘tﬂ“ B AR MBS 0 RIT TS -

RABE G Eo R FAREL Rl TR AL R hf Ap M
% - H 5L g R S fc(semi-variogram function) s it F’J.fsg-f]&(Agostini et al.,
2008) » Matheron (1965) % & £ % £ S #cde™ !

y(h) = (L/2N(h) * SUM ((Z(vi+h) -Z(vi))?) for i = 1, N(h)

He y( i 2 B3 h 2 L HB E > Z(vi) N & i =% 2 88 & > Z(vi+h) 2 e8|
BLEEHE G h2 ¥ - 2 @RIZEE > Nh)ZEESRE:E hz 7 FRpdEk 3872 F

FEAE2 LR P v g F L % 2 Bl(semi-variograms)(Fig. 7). &g T X R R RS
TE AR EE LR B RF™ % % R B (theoretical variogram) » & ¥ *
MR L %R Rl B0 S 4p BEC5C (exponential model) s 7k 25 #5¢ (spherical model) -

% #74-5% (Gaussian model) ~ & 14 #5-37¢ (linear model) £ & 3 -3¢ (power model) (3 >
2004; Ciannelli et al., 2008 ) > 5% £ i {8 » ¥ #F 5 4 B 48 (Fig. 7)> ¢ 45:1) &
#. 3z s (nugger effect, Co)> A&/ Z F ¢ TR AOEFER 2) A=~ E(Sill) y(h)
2 & Ap Bt 3) FEHE(Length, ¢) > % 7% ¥

FEAFTHZ Faip i de . = TR B R 4) Scale
Sill 4e% Co™ & scale: = pr &4 137k =~ @ (Sill)# 2 b < 7 3 % £ (3 %2007 ;
Ciannelli et al., 2008) -

far
&
g
T

M
¥
_6»
F_L
=
-
b
R
St

\_

FRA A2 ER B A R A

AEI LR RIECRER GRS TR F - TR R DL
£ R CPUE #1328 » RG22 AP R 2 kEE Rt A2 %3 Sk
2 808 Sl Z(i) R R PR i X R 2 Y R R iR(log(U+]) o B AR &
A2 FALEER 2 PN AT et TR - P HRER R Bp R o B
e s 1o Zvith) s s i X R 2 REERh h2 R 2 R2 FREA - N(h) 5 il
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5 h 253 FiprddE 22572 h ZngsyR 1 A2 B E 2w jei
(Euclidean distance) %2+ & > h 4 (X1-X2)? + (y1- Yo)?2 B 4255 > H @ x g2y o u %
ERw3 FRweR4c LR 2 RS- T 1B h B 2 gl 136.3km (A= 5 45°S
R e dWAFTZFRGULERSRIFEE > F RS2 M 4 (22 0.5h 2
FFE3 4r > B % 3 4r 10 B @ (Bh) o X % £ #ic2 3+ 5 12 Variowin ver. 2.2 #48 &
2_(Pannatier 1996) » @ 45 7 +if & & (indicative goodness of fit, IGF) i+ 2 £ 4% & & &
B RANG 2 gy o

"ﬁ**frxﬂ':' RERT LR P%‘ rETEES ‘1‘&&\:‘3: SRR R &R
R17 B A 190 ¥ & B CPUE T2 £ %3 Bl(Box-and-whisker plot) & 45 3+

R ABHE S L

25.2 5.l £ 7% (Kriging)£ 5, 4 £ £ (total biomass) 7 &

Tl PRBESEAS TR TER G E R RN S ERS  iF S T
&2 (Kriging) %@ £ LB 2 FREAR B &> x| * SURFER # 48 (SURFER for
Windows ver. 6.0) & & ¥ @A B &5 EARE e A1 LR RIBE FIE R AN
# RN (Fig. 5) » I 1 ff 4 4 i o {2 2. & (3, 2+~ £ (total biomass, B) - 7 {3 2&¢e
z_ 41 * = (exploitation rate, E) _%& 5 & ;% J& € (annual catch, C)& m 3+ 2. £ %44 &
B)zpg A& » =T E=C/B x 100% - o **[r{latgrez ¢ 32 P 4% 5 B3F F > 40%
Sl o FRMAE R I FF LR R ER &y gk e

peek o AR T F g B enyd 2t dic(coefficient of determination, R%) % 2.
’f ;V ﬁ_%ﬂ&/&ﬁmj £ fi s m 11 ETFA\’}?’LL&%;U? $/z‘ H"l’l‘—_, |4 mFl }fl‘g' }‘;‘ lp

EEFL ST ARFESGERFOLAM AT RN AHEER R

»

253 HEHYRE-KE2Z 21 %2 #(Cross-variogram)

%R % 3 dc(Cross-variogram) * 5k 247 7 432 FiRdg 2 Kig 2 7 M 1% o

18



BRIFPFEPIVERT R ZE LB AP 24740 00> B Sdcde™

v(h) = (1/2N(h) * SUM ((Z(vi+h) - Z(vi)) * (T(vit+h) - T(vi))) fori = 1, N(h)

He Zv) R4 P RER AL RS Y R R A T(V) A % F % pF % A(in situ)

2354 K RE -

19



Chapter3 %%

1986 % 2013 & 2 A & & T 35 CPUE [ 5 2.2 3] 27 #f& 4p-x (t v-d ') » =
$oiE 5 114tv-d ' &/ CPUE & ¥ # jéif 10 12+ o CPUE *+ 1999 ¥ 2008
P FE R D BRI (Pl 0 (Fig. 8) o logU erps F 8 48 f 4p B &
VR & E R FMME > AP eR gER LG £ T2 23 7% (Fig
9)- 1986 % 2013 £ T3a% » CPUE R w A B E o — & 117 3 4§ &9 »
AR PR L1360 (Fig.10)c 97 § S RigEM 107 Bl rinFo 7 0
2 6B P H YA REE AP Fp S, ‘é'ﬂ—ﬂ’“q* logU ek 35 % #icedp BE A~
F59 0 A F TIATORBE TS A4 WY - E 110 FlAE 6 enFReF
PR

EHBEHT ALt E e e S e (Fig. 8) 0 2 ¢ 1999 ¥2 2007 £ 5 B a4 &
ERRLAEAER LAHE YRER 2004 £ 5 MPEBEER 0 N FREEFR
¥YRER . T3EY 52010 EfFaEA Y £ 3K ¥ PR 0 2011 & 2012 E 4R

S FER

32 RBRETFF

321 CPUE &5 %1+ M A 45

#B CPUE(logU)dEm - & ~mi— 2§ R 2 LIIRB T3 00 A 1788
TologUEigE g ERe > 2F 822 04 hiTd K-KE 5 AP (Tablel) o
logU® g 5% # R 12" AAO R I 4phf - #-logU 225 — & £ 7 >k B 7]+ (lag 1)
EEAPM AT 0 H R AT logU BpF - £ 30 5 3 2 M T4 KK

B %R A AnBE(Tablel)e #-logU g2+ = & & 7 i>Tks 53 (lag 2):& {7 4p BE A 47 -
20



BREA logU fod P 6 254 kKR 27 BEEARM > 82 & 0 6 SOl Lt BEAR
B PR E R fw - #E 117 ~12 0% 32 2 58 s AAO 488 - # ¢ logU &2
AET - E 110 #2120 HAAOF fApM o @ 239 2 59 5 1 4ppi(Table 1) -
b ologUEig g E - E2mc £ 2 SBTWiRd BEAM

EEipH AR KR TIE R RA T F A TR & 5] (1999 -
2004 ~ 2007 ~ 2010 ~ 2011 ~ 2012) > @& /& % 9.04 + 159 ("C) > 13.36 + 1.23~9.53 #
1.52+10.24 + 1.29~11.31 + 1.57 2 1113 + 1.74(Fig. 11) - #p % B &5 4 1.5
CrRaEFTH TLAKNE TREFLE - ET30 04K LE & logu o
SP3BT L SRR A 9-10°C (1999 27 2007 #) 2004 £ £ 4p 4t 8 8 0134
Co Fhis RINEME o ML FAATHT orFT § nE P o [Pl 2 &
BCPUE Z v ¥/ T4 Kk-KiE 7 A ARM

3.2.2 AAO £ CPUE

logU B ¥+ % - &2 117 123 ~3 7 2 53 cnAAO B H E P pF B %
tElogUz R EI R HY 11 P H 12 ERFwgH @ 3125
PRI %6 0 @ 2 2004 # 2 $ 6k L & ¥ (Fig. 12) -

33 FRARZ §HRHE

3.3.1 ZmMEH;E

12 GLM 22 = Fikdp th logu 2 IR 8: F]+ g S iyt o 300 e B W RFAR A
FRGLREK PSR eT 2 2(lag)ll P 2 30 HAAO - F A E 30 2w -
E3V A A E TAKOKE ¥4 BRES RS AT GRS 0833
(Table 2+ Fig. 13) « VIF 5 % & % 57 0t 4 B R B AR 5 £ LR o 2R
AIC 5 4P » GLM #-% 2 & 12 ' AAO 7 » {3 F15 » ® ) 5 B % fcehird) 2
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AIC (& B0 4 B 9 HHEA] > o 5 % Boho] £ A it @ ik i Be(R)H o425 0.05 » 2
2 120 AAO BBAKAY X ABF o 4orw 1 EhlogU i r fE5 ik

ROk Gl 7 MFP=0324) 0 RAEWEL ML A

332 FlFAEXE A I

A B4 FALZ GLM A 475 % 37 » %1998 T 2007 & fF » % - & 11 7 87 3
P AAO M- BIRB TS EF TR 4 HE L GLM A FF 0 A 10 %
Oz #w 1£37 &= 238 4 A KE Er GLMER? o AF %

% e}
Ea £ B30 T4 K KIE B 2004 22 2007 & & 0 e ® LA x50

3.3.3 - IRRIA

121986 # 3| 2004 & FReTaE 2 GLM 5% 0 8 7RIS 0 B % B T
2005 & 1 2007 & -8 % > PREE T RE R 5 L 2 AR & F HEPIZ ARS 4p
oo BEARIER] LT BB AT A > SRBLRIE Y ATERIE % 95% 4 % A A (Fig.
14) -

341 CPUE X %2 #ch 7

CPUE 2 L R i idpdi > Ad s A 0 ¥  WRERTRL AT HLFF
B B P YR KRG M (Fig. 15). Ry & RE AT 2_1% Bc(R%) 2]
AFTY R E T 2010 £ o g AR G o 324050 (spherical model) i3 1R 0 @ s
BEARPERERERAS T RSN NS ZEFFT A (Table 4) - @ 3 FRER D

1999 # F 4% & Sl (ERA B 4o MR )RR AT SRR B kR
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G2 B L% AR M (R*=0.969)° A28 2010 & sh7 AF B 1% ¥ 45 s (exponential
model) { B3 TR 5450 o L 5B HohTsS (4 5 2004 21 2012 hF ALY B b s
B33 > &~ % L 68.1%% 53.5% -

FEB AP A~ B2 A e T.4%3 41.2%he RIR 0 P giE Y
> Hoo

A ﬁﬁ%p—rimﬁﬁﬁﬁﬁ LHBWME AT bR B

ko iz lgar o 2012 a7 L- B F B At iE 412% 0 @ 2012 &
FR Y R S B S PR B o

001999 # e d £ S B FEEAE(L) & 1.93(2011 #) 1 2.99 (2012 #)RF %
Lodpdid e A T EPRERBI DI FR P FRLICGAE25 R8T o

342 A-REREFTIREZ R %L B(cross-variogram)

R BB R AT AR § YR 8RR R 3 B 4p M2 (Fig. 16) -
B R E (1999 & 2007 #£) > 22 R B o () EEF KRS T FEFER
SOt Ap B 4o AR :}ﬁ 1999 #2 2007 & 2 T 4 &£ R (2012 #)> 4 HEREEAR
e R T ER o ARa AR (2004 #2 2010 #£)3 T § & B (2011 &) ¥ =

%i@%@%@ﬁmﬁijﬁﬁéﬁijﬁﬁo
343 iLflérButHERE

LR B AT A IR R A BT g ok o P T Sl 0 Tl &
i B (Fig. 17)° & & PRZFEE G35 B2 B ot [F 4 1739800 B ¥ stie g i o
A-¥ e 5 0811 1 0981, H AR fl&ZahEE My RHEET RS "
- Tk (Fig. 18) o — 4@ 7 0 i F 200m ERAM 0 d 3 40 B Ls Bk
W E o 40 1999 2 2007 £ o #F

2 F0R HAFFTRATLER - A a3
(e 2y MER2004 £ 5 ¥R

Fl1% E4d 200 m /745 L pajsfplat @

~

BIEFRAE P A fend B R -
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FI* fF o Gl cnfp i E R 2 4 & (Table 5) - % % & 7+ & 2007 &
P PRiEg 4 8 5B (1,093,013 #f) > H =t 5 1999 £ (780,474 #F) o T § &
¢ R A $ 8 enfe ) 5 225,776 1 400,679 #F o 52004 # > PG - 2R
M eniy 2 4 # (109,815 #f) o W 4oyt o TR AR hE RV PR ] 5

M 60% > Fla AP gRp E 2T 40% L F PR e
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Chapter 4

-l

b

AT RF AT e AT ELRHRGTTETHE O UERFE IR AR
(dimensions):& {7 f@ 3282 TR 247 - 100 f2H TR % & (fluctuation) % f& o A pe ¥
MEZG P EEETPRERZ TRAGESERR2ZAGTH O 2P T4
B kE (5 mokiE) SRS RS (7 AAO F )T L B R R
%%Eﬁﬁ@%%oCNEﬁiiﬁﬂﬁ329N49%£ﬁ—ﬁ3g“%%

TP g3 TdhKEsPREAAPM - R CPUE ~X jhF 3 - #2
AAO B3 A gz - ¢ 7 4 BIHREFF IR 30 R CPUE
2 EFRT 833%:fEa 4 o AFFFETAAL Y o EH 4 1098 T 2007
EARETH > X AHE GLM 2 TS R S5 WP AT E 2 2 BN
g @ T o

AT RER > T RATLITY IR RER AT 3 2 F XRHEF DT R
BH e AFLHYRPREBROIFAFERGFEERS LE o TRBWEH
PR St FEFRTF T 8 X F R ﬁ&,@%ﬁﬂﬁf{'}iﬁﬁ]& °

BAFE AT E R MR FRLE RIPIER R R 2T AR KRG fARH -
F 200 m EEAD 3540 B As P e w50 R MR flE2EF AT RERET
PR LPRERFER RS o AFERER > 401999 2 2007 £  #FFF ER
200 m SR < P N L REER 0 AMERE > 402004 E > PIFREBRI|KE
FF TR g2 @PREARRIFEMRAET 3 S 0 Fgd > HEER
BB ERE - PHEAFRAERIRIBATROZRZIF S F RN A 7 B

SE T RSB B e Y PRERORAFEF A G ST
MR AR T L L R i R
41 #-EFTHhERZEE

bAFG ¢ o & CPUE enpbatp4phi A 45 0 2 52 GLM &
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% & & 2 CPUE &= - # & CPUE & & & % 4p B (Fig. 9) - Pierce and Boyle (2003)
g4t < @ & L forbesi A L g ide i - ERE Y 4 e h B 0 &2 B a4
s&ﬁﬁfﬁtg‘ iz 4 o Daweetal (2000) » 4p 18 &< & & 1. illecebrosus %~
THMARELCAMF AN o SLATOLP LRFH FHEAR A H2L D
MR A igss o pRIEE - AR - b - RAEEHEE T o F
T PAPHEARET g e AT AT T'Fé?.if:ii%ﬁ.iﬁﬂi?]t > FERRET - AF
g 4<% (Rodhouse - 2001) - Beddington etal. (1990) 4 47 % ¥ {v % 7~ e
Mk "HPE- R A RO B EEYRPMMET I 5 o d 3% HE
d Al (PR TR AT SRR (B L AR TR R W
- :&i?;‘}ﬁiﬁi@m el ok &2 F IR L ) FE(Bostanci, 2002) o @ B iT GFT
TEFOERBRFFF R ARTERLT RS T fo® R OB T4 (Pecl and Jackson,
2008; Pierce et al., 2008; Waluda et al., 1999) -

42 &B F|F
421 kg F3

B Asr? * A FpeRERYRDEEFF > L5d FRTEZ
SST(Chen et al., 2007a; Chen et al., 2007b; Waluda et al., 2001a; Waluda et al., 2001b;
Waluda et al., 1999; Wu et al., 2009)c A w5 F7 3 305 0 [P cn® B X T A P35 ~
it F 2 OB @ e cnSST B2 2 (Agnew et al., 2002; Bazzino et al., 2005; Chen et al.,
2007a; Chen et al., 2007b; Fang et al., 2013; Middleton and Arkhipkin, 2001; Waluda et
al.,2001a)> SST F P B ERBERE e " F 2B AR s RR T4
R oo BRFFT R LE (WP ET ke SRS FERGHBEEY R
FE R BE %) 82 58 %5 48 75 7% (Middleton and Arkhipkin, 2001) - 4t ¢ > Forsythe (1993) ¢
Frigd AL Ee as Phls LT #F 1CokE R BHLE
HA4c2B  adkg 2CHRE MR BHEEH SR - B5EP T ERLE

L RBAR PR LR 2 R EB RS
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WAy Y o kg CPUE 8 3 B L 832 7 2 8(3 " B8 L T EP)
EhFEQI A4 )urikRER f AR (Tablel) o Pt % &P > HIe s
mE AR SHE T AP RMMTAE KRS8 A EEYRZEZTZ o F

I

F_
=

LR B R AL ET T 2 AR i A & i85 -k ®](Chen et al., 2005) » ¥ A&
CEBRALEIARLFHEHLIEPLESE » A s FE RS R hR A KT
v #- B4 A4 % (Chenetal,2007a) » A4 7 &8 57 2 {$[P i B 4B 4
I AHEm > H AP e R s £ 3~ 37 2 3 PE EC(Arkhipkin, 1993; Arkhipkin,
2000) - Chenetal. (2007b) 4 # 1999 # f3%/4 4 4 7 i P iE » FEGRT [P 192kt
s EoRREHBY AZAE TS A K2 4 A w5 Fptig = 1999 & 2. § CPUE -
Y- 25 0 F5 A RERARMKGDER > R L §RAVERER - ¥ R4 D
BRT O ASRZE SRBMEREEKERS » T B E ¥ 5% 1 (Pecl and
Jackson, 2008) » F]pt B CPUE 7 ¥ si 4= F|3t MR # (» PR fRak gk et & + o fapt
e kP RER 2R T SRR

Waluda et al. (1999) 45 12" = 358 £ L e e {1asge it | 7 7 cnSST & % &
fe %’Q&ﬁ%iﬁzé’;‘é_*ﬁ fApRE o P SST ¥t PR T v £ 7 &2 » R A
Fpedi- £03 22 8.SSTeh7 7 27 CPUE ¥ A F 400 o Ap¥den AFT 5 BF
TRk fEERE W - E 3 st - Y BT A KRR G B F f AP M (Table
1D -5 98N T - FaERe ad - $YEAMITAE KE > F PR
Egp e G WY G - Fh R Sd TRE  dow it o - MR G R
FPilitpe s R AR ¥ 2 K S BAE 0 J 302 “ric(fecundity) Bt 2 £ 2 £ 8

3 I 4p B (Haimovici et al., 1998) » zxav — & 4 F IR B /4 K ME 9718 = eh = B 4Y

(w,

IR L ERE PR BT R PREREDTRAER 0 PR HPRE

T R E B s B o

\\\

422 = F S#4 2 P8
AF B TGk R RDER o AT RS AAO FFR R
iefre CPUE 2 3%7cflsy 2 # ek (Table 1) o %] L Plasgeind F¢ &5 - &
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BHFG g - BAEYIPRTRAEAR > SR ng,,]»E:sz-«*,:;@@
7T kend % ¥ (Waluda et al., 1999; Waluda et al., 2004)- ## 7 ¢ AAO ¥
Bend E g B AAO Vi F 24 BB R O R 0 A 0~ X F TR

B

RO TR R B L T A2 A2 Pl e A Canary ¥ § H 1

v

% 4 (O.vulgaris)srF= 7 iu i HipEE g 5 SST A #en % > L E R A REE

\

Ab e d e NAO B2 Bl ' chA wh B Fl 21 Ftak v7

a

(Caballero-Alfonso et al., 2010; Polanco et al., 2011) - Waluda et al. (1999; 2004):}; d
SOl s T xg L g F2 Fevaidd o B R E ¥ F 3 - &3 % (teleconnection)
i SOl #0485 3 § i e flusgeig B £ - R Boofk . L5

=

b

m)‘

N F b RN EARFTRAEOPE LA AETREY oAV

BB A 0 Fla il 3 e L TR B

SEE

@ & + @ % Gherardietal. (2010) 45 AAO &2 =» w202 %2 IBRZFR ™
GRBAELE kN SST B A5 24K - %™ 5 P fiR| 2 e e i o
BoavEET R 12 0 R ity 3 IR gr(Haimovici et al., 1998) - AAO £ SST
A b dE 15~24 B B RE L w0 AP A 24 B pF
(Gherardi et al., 2010) - - ARy i w A E 1L P PR AAO K- H 1S =
ERRaie 2 7 oa mit St M2 SST TRt » @ F] LA T BB R I i B
Bt R SST BT — b E e e geig ER 5 f 4P (Waluda et al., 1999) -
Flpewa # 112 i AAO BT A € 8 - E (523G B PR ER IR
Fig. 19) -

¥- 25 »AAO “,%é’% SST 3 BE4 > B B F|F » pldoja X2 g2 4 ~ F0R

H

(Waluda et al., 2004) - AAO ¢ # = 2 M L s %% = £ (Silvestri and Vera, 2003;
viE- R ORI E 2 R

ﬁ%] A EBE S TR ARG NG Ak %im..‘%ﬁ (Lloret et al., 2004) - 742

FREPHUZY R RBEARREEDN ’ﬁ?ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂéﬁii%%
Vasconcellos and Cavalcanti, 2010) » @ "% & & % it

itk airdat B ’%#?3 Fo BB TR R LR PSR RES P E]
k& 4. (Engraulis anchoita) 3 4 s2<4f @ B 7% (Jereb and Roper, 2010) »  Fr 2 2& 4 /f 4£
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TofP s " R L TP S a4 -~ By 2 3y —%z » H A B g s 4T
L PRk k4 (Jereb and Roper, 2010) o AAO *Tiz X BB > Ad TF 8
EREP R FES FIREREATRE  $ BREHRE 4 F P LA

(B EPIERTIRER Y > IS MG FiE- KT e

Sk AAO R E BT R B A F BB 0 4o s X T %S0l AAO T
PBE G A B EOES R Fla U 0 E Pk B T e e
B KA R LT R F AR SRR A e

3 F (e o

43 PEFARAERES

oA ERB DR E > T RE
SRR ZGRELOF AR RHEER
=
A

A EEEEG RS 2 2 smEd (Pecl and Jackson,
Rz

hEERIDE P g gt - Rt

&+
R e 0 - 7 AR TP

o

G- > Fld g 1990 £ ik~ £ R
%1987 & » HALKFhEvs F3 1989 & > H 1211988 £ 4rj &% m,J £ 5%
PR FTRES KA ?/}EMT ~ § 07 gz %1 (Boyle and Rodhouse, 2005)- #]p >
RidF R Aew o R IR FS L RETRAD NHFERER > 2 R R Al
TR EFEL o meanE & 250 374 K-KE ~SST w2 SOl = 4§ ivE & k5t 7]
F RIFPIPRER 2 A HEER > L H V2 S v i< o Sacau et al. (2005) 2 SST
2SR EFFEE 5B GAM H55 0 HR R TR E 2 F & 30%5)
50%2z. & - Waluda et al. (2001a) 1 F* 42 2% it H-Eif SST & f ¢ b3 B 22 AL
B0 20 Bl%ehF R E %1t o Waludaetal. (1999)12 7 — # 4 = 3R R & FE
77 SST 4R 2 MMH - j2f 1 4AL3%HFTRERT o AFTRERHIFTFRE

BFEFEFsr s HEERZFPOR B "7 TR RHZ S F HH 4 0 2 A

S F RBROBE NRAE DR o AFTFE DL SEESGEE 0 83%

AR R (Table 2) > e A gy 5 2 o HP 2B FF 572k 1 2

AAO > P 1 AAD 3 RERTAE TE T Hoi¥rum- &£110 2 30 2
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AAD % 1+ it 7 GLM % » R/ 0601 it A5 5§ > d 30 AAO 513 §
2 & sut Bl o o 050 i Waluda et al. (1999; 2001a) 4% 1 fh»+ SST #7182 57

E5 R AT AT 2 & TIRIP TSR TR P ARR > TR g ¥
FIEIL o T L - Gt e

F-25 0 AFCLM B R AAEFZ AR FHER A F 3 F
HENER e AFETHEYZFIRIASI ZAFELEA A bR 10 245
Fhr 2R FTRAERFTHOGLM 245¢ > m- & 11 "2 3% AAOZ2 % 1 # 3
T S EL ITEARCRIEIEAR N FERBEGVT S 0 WP AT E 2 2 kS
SoREH A EFIFTHEET A G TR > R AT B T R o

44 ZEBHAH

BB FRE R 1999 2 2007 £ > I AAeipdp e LB R BV AP 02
1% $c(nugget (Co), scale (S) % Length (L))E > 2% 3 FRER £ 7 & 5 4pinehz
B $ 5% (pattern) e b4 1999 & > MU H5Y F LAk LTt W DR Foandf ok
PRI R RE P IUER SRR L NI 3 30 % (Fig. 15) 0 H ¢ ok ®oonihid S
5 # & 4 £ (Chenatal. 2007b) » F e ¥ - 8 FRE AR £ (2007 £)d + 5. 3 4
22 PORBEZRI AR L% B #K(Table5;Fig. 15) » #pF ¥ » d M ¥R &

2004 £ 715 4 » - 4B E SRR T R R IR W R cnp zx;.fsﬁ; AV R Y

\ﬂb g

MeiT A B REFEPREROE PR AT o dow i > PREREE A

E T F AL i =R Lk R](Chen et al. 2005) > ® AT BB K I AR
J 4 P"F"}:FHKF]' ﬁ‘a[%'—;’—; 3*" ) ’l —5/’; /r'"éf/-_{-/rl E[g—_“ g%%ﬁj/ﬁlé’}\_agblég\"’gié

4 %3¢ (Chenetal. 2007a) » 3§ 4c 7 PR h B & o

IR S PE Rt N REES (o = SRR O ) -] B - B £ & F | (Pierce
and Guerra, 1994) - [e{litgk YR ERE FHES A H > BV g X BB RR £
ﬁﬁéﬁ—/‘f’ﬁ"’i P'EFE-:JQ—’E ¥ ¥ )‘L7 ?Im#} ’§K° gt oh ’ﬂ]‘?‘*}"i‘&ﬁ‘fsﬁ"f’_i

bR RFRAAGE D H R RS W F end B AR
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ARk RE PRk PR ERE FF 2 ok % (Waluda et al., 1999;
Waluda et al., 2001a; Waluda et al., 2004) » /% B 4-SST» 34 A 4 ~ FE 02
PR RAERBE S AL ﬁ&-,&f&i,l ~ i A7 ¢ R 4 %)% (Waluda et al.,
2004) o i FFERR ALY 0 AAT T TR DGR 2 W JRpFER
FRTAREAGEARARL Be BRI RFTANGHFRERER DR -

L

45 BAPHER

S T\

RS SRR TR RIER L RO R S EER BT R SR
FELFARE-RE F I g2 9TEFNRIRERT RS TRETE S B ER
24 B K s sGR ] R AR TR A F S 2303 dho AF - 3
Bop it A ERTOE LT LAE  HWRIERY MA AR B REE o L)
ARG AT RERE N AR SARYREPL M ERF SR b E LY
@ 7] 10 & (Table 5) o $f >0 Fr42asitip % > p 512 40% i d 2 H LA @ 48
et it & 4 57 48 20 * & (exploitation rate)(Beddington et al., 1990)- % /& ¥
EAER BB AR T A T ERRERS T X5 21%3 33.7% 0 %

PP PP AR R R L T R R

FU* 52 Tfef2 P85 M BRAIoB KRR 2 RBY S PRER
PR FL TG LET  AERRTF ARPPRERDZIFLTIHFER
4 ¢ (Chen et al., 2007b; Piatkowski et al., 2001; Waluda et al., 2001a; Waluda et al.,
2001b) e [PiRitft s B T T R R AR IR & Byt K R B B B (Chenetal.
2005) > @ 2004 & % £ 13.36°C ¥ 3217 & K -KiE > p >t 1999 2 2007 & 2 3§ #
ARER 9-10CH 5 » 3 e A28 % 7 1 enThik o 04 2 JUiE 2 > 3 b
2yE A BRFRERS(FIG15) - § 2 A KERE > blde i 2004 & om0
i CPUE (Fig. 10) » f.if & ch BLf il & i B 4 £ #2045 £ SRt o
PHE FIS AR AGERE RRAEY 4 B FN iR AEAS TR I 2 g e R
TE e B R - RF MO BR300 2004 E M B o Hof s

A B 2004 E B K 0 1) g B A E S R R AE(77.3%) % B 5 2)
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LREBAPETHEY FARS R
RAEPE S B Mo

R

W) aAETHE > 2004 £ ke

*F?ﬁﬁwﬁﬁﬁﬁﬁ*?%%%’ﬁﬂ%%ﬁpfﬁ%&wm,%m{
F At S I FehFIBE R o Ra 0 hF b R A S Rehb i Y o 8
@M s L Eak g (Cao et al, 2015) > ¥ A HFE A B F O FOEHE FEHTG
(Rodhouse ed al., 2014) - P {liege )t - B EMFH P FId ®2 6~ B 4 &
e fBie o @ K @ FEBE LA EE RS TEY REY 4 R dlH
(Beddington et al., 1990) - ¥t >MiG s W3 § 7 ® ) PP R 52 > o 0 EF E 4F
FereFp M B d 1 FRE K Y % (Falkland Islands Government, 2014) -
AMITEE IR EF AP AN USSR RERT R o AT ORPE

Fad FpdtERPREROERBFS)PA50% 0 FU T AR

=

.
%

T lf;%%ﬁlﬁ,y rﬂ? LD Z ot A I F 1% mrﬂ;}i%f oo

g SST B (T4 - A ERBFF > LR RGEEDHE M (Agnew et
al., 2000; Agnew et al., 2002; Waluda et al., 2001b; Chen et al., 2007a; Chen et al.,
2007b) = SST #7F reia KR & 5 — P kB 75 » BB SES bF oty
SRR PRZ & }izl ~ e #4058 (Agnew et al., 2000)- TF“ ik @ 2 »Waluda
et al. (1999, 2001a)# F' #* = 358 & L ¥ it i K SSTE kEhF R E T
1B @ £ SST & 16 - 18°C g MM o Wu et al.(2009)4; 1 6 5 + &
v fRitasge g £ SST 5 7-15°C o @ 1 4e & 050 305 P R e
e R % B P SST #:E » 5 Bif 3p B3] en %) 3 2 — (Sacau et al., 2005) - i
FIrgsmyihigsk  TRflEr fEER DRI ARERZF G L FM
(Fig. 10 2 13) > G F4rdt » KAFF T RT2E KBS ZFMBERYE - &
AT O EHBRAERTEFTARLKERLZ O-10C A L BRAEEHF &
b 2R (Fig.10)e 21 SR B AT H RPN OWP A5 A FEER E (1999

&2m7EFMi$’i“&é%ﬂ%%@W’%E?W TARRE o KA B
@2 MR R E (2004 5 mm£ZMLﬁ’ﬁ%ﬁﬁﬁééﬁ%o FRSE-3 .4 F
RRPLARA T 1 * 1T 4 )é] AR R RHILE BKER '%éﬁ]ﬁ"'ﬁ—%g{ ’
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Chapter5 %#%

AFEFTY O RAEFEIZFARY K1 BRBETFFEFPREKETRE LS D
Mo AFLOEELAP > RBEAF oSG HIP SR TREL EHF T
B Ft BT TR B SR AR TR OB R - of o SST A ke
SFHREARPTE S -RBERBEIMTTZEBR e A AL H B 74 Sk
FIGLM S5 #5372 1] 83% e R R A F o ApIRTES Y A SR
B A WEERINS RS REPIE G AR AR R o T
-2 B FHRNOIERIB o TR 8 B ARRIFP RO RS - &
FrHRILAAD G RBEFIFEFETFR BF AV AR ET 2 & TIERIPIIERT
TR AR H P RERGE DI T S - okt o 0 AL F
FREr B BN AN AR GEET AT IER o AT 8 A 7 ERS
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TABLES

Table 1. The coefficient of correlation (r) between the log-transformed catch per unit of effort (logU) of the Argentine shortfin
squid (lllex argentinus) in the southwest Altantic during 1986-2010 and the environmental variables in the same fishing
season and with time lags of the previous 1 and 2 years. Variables with P-values <0.05 are shown, including subsurface
seawater temperature on the northern and southern Patagonian shelf and Antarctic Oscillation (AAO) indices. Note that N_5m
and S_5m stand for the subsurface seawater temperature at a depth of 5 m at the northern (36°S, 53°W) and southern (50°S,
60°W) Patagonian shelf, respectively. The fishing season lasts from the November of the previous year to the June of the
current fishing season.

Environmental Previous 2 years Previous 1 year Fishing season

factors Month r P Month r P Month r P

N_5m - - - March —0.452 0.030 - - -

S 5m - - - March -0.477 0.021 February  —0.573 0.005
- - - - - - March —0.596 0.003
- - - - - - April -0.573 0.005

AAO November —0.478 0.016 - - - December  0.401 0.047
December —0.564 0.003 - - - - - -
March 0.565 0.003 - - - - - -
May 0.436 0.030 - - - - - -
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Table 2. List of coefficients of generalized linear models used for analyses of the influence of environmental factors on catch per unit of effort
(CPUE) for the Argentine shortfin squid (lllex argentinus) in the southwest Atlantic, P-values, coefficients of multiple determination (R?), and
Akaike’s information criteria (AIC) that resulted from backward stepwise procedure for predicting the squid's abundance. The dependent
variable is the log-transformed annual CPUE (logU) from 1986 through 2007. Note that PPANov, PPAMar, and PPADec represent
2-year-lagged Antarctic Oscillation indices in November, March, and December, respectively, before the fishing season; S 5m_Mar and
PS_5m_Mar stand for subsurface seawater temperatures at a depth of 5 m at the southern Patagonian shelf in the concurrent and previous March,
respectively; and PN_5m_Mar represents the subsurface seawater temperatures at a depth of 5 m at the northern Patagonian shelf in the
previous March.

Environmental variables

Model Intercept R? (%) AIC
S 5m_ Mar PPANov PPAMar PS 5m _Mar PPADec PN_5m _Mar
1 12.186 (_000207?3 35.6 27.61
2 12010 (_0%20665) (_0%20915) 63.7 1697
3 11336 (_0%20022) (_0%2041% (8:882) 764 9548
s gm emoem o o
. am om o em o em oam o om
0 12,019 (_09.010673) (_09.020166) (8883) (_0(?.011765) (_00 i02866) (8(5)32) 86.0 4.001
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Table 3. List of environmental variables in the predictive generalized linear models used in analyses of the influence of
environmental factors on catch per unit of effort for the Argentine shortfin squid (lllex argentinus) in the southwest
Atlantic, when progressive analysis was performed with data from 1998 through 2007. The shading in a cell denotes that
a variable was included in the model with either positive (+) or negative (—) loading. All coefficients in models were
significant at P-value <0.05. Note that PPANov, PPADec, and PPAMar represent 2-year-lagged Antarctic Oscillation
indices in November, December, and March, respectively, before the fishing season; PS_5m_Mar and S_5m_Mar
represent subsurface seawater temperatures at a depth of 5 m at the southern Patagonian shelf in the previous and
concurrent March, respectively; and R? represents the coefficient of multiple determination.

Environmental variables

2 [0)
ear PPANOV PPADeC PPAMar PS 5m Mar S 5m Mar R° (%)
1998 - T - 913
1999 - + _ 93.9
2000 - + - 90.2
2001 - + - 90.6
2002 - + _ 90
2003 - + _ 87
2004 - + - 84.5
2005 - + - 78.7
2006 - " + - 82.2
2007 - + _ - 83
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Table 4. Parameters and goodness of fit for variogram model estimation for the Argentine shortfin squid (lllex argentines) in the
Southwest Atlantic.

Year Model Parameters Goodness of fit
Nugget Scale Length % R?
1999 Linear + 0.05 (Slope)
Spherical 0.240 0.176 1.716 96.2 0.969
2004 Spherical 0.130 0.297 2.075 68.1 0.690
2007 Spherical 0.16 1.766 2.805 87.6 0.879
2010 Exponential 0.036 0.304 2.703 84.3 0.844
2011 Spherical 0.059 0.739 1.930 88.0 0.881
2012 Spherical 0.154 0.220 2.993 53.5 0.707

48



Table 5. Cross-validation of Kriging estimate, average CPUE (U) and integrated annual biomass of the Argentine shortfin squid (Illex
argentinus) in the Southwest Atlantic squid jigging ground.

Cross-validation

Year Model 3 b R Avg. U Std Biomass Catch Exp. rate
1999 Linear + 0.861 0.657 0.817 4.768 2.605 780,474 263,434 33.7%
Spherical
2004 Spherical 0.319 0.664 0.885 0.928 0.399 109,815 9,767 8.89%
2007 Spherical 0.292 0.887 0.981 6.387 3.860 1,093,013 284,562 26.0%
2010 Exponential ~ 0.307 0.764 0.952 1.352 0.426 225,776 30,543 13.5%
2011 Spherical 0.195 0.901 0.990 2.040 1.248 258,932 69,577 26.9%
2012 Spherical 1.065 0.511 0.811 2.887 0.416 400,697 83,949 2.10%
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Fig. 1: The world fishery catch of non-cephalopods and cephalopods since 1950.
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Fig. 2: The world fishery catch of cephalopods with different orders since 1950.

The ommastrephid is the biggest catch of cephalopods around the world,

included more than 40% of cephalopods catch since 1991.
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argentinus), based on data from catch logs of Taiwanese jiggers that

operated in the southwest Atlantic from 1986 through 2013.
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per vessel per day, of Argentine shortfin squid (lllex argentinus) from
1986 through 2010 in the southwest Atlantic. The dashed line indicates
the 200-m isobath, and the 2 black stars indicate the 2 locations on the
Patagonian shelf where subsurface seawater temperatures were taken:
36°S, 53°W (north) and 50°S, 60°W (south). The area of the Antarctic

Oscillation (AAO) is shown between 40°S and 65°S.
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Fig. 6: Monthly subsurface water temperatures at the 2 reference locations were

calculated by averaging the water temperatures, from the IRI database,

at 4 surrounding data points.
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Fig. 7: The semi-variance between data points is a function of distance and can

be fitted as some regression functions (solid line).
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Fig. 8: The Argentine shortfin squid (lllex argentinus) annual abundance index
(in tons v-d') of the Taiwanese jiggers in the Southwest Atlantic waters.
Box-and-whiskers plot summarized data across the whole range, and
dash lines indicate 95% confident intervals. Four outliers are found with
1999, 2004, 2007 and 2008. Six years of 1999, 2004, 2007, 2010, 2011
and 2012 are selected to illustrate spatial patterns at abundance levels of

high, ordinary and low.
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Fig. 9: Lagged autocorrelation functions (ACFs) for annual log-transformed
catch per unit of effort of the Argentine shortfin squid (lllex argentinus)
caught by Taiwanese jiggers from 1986 through 2013 in the southwest
Atlantic. There was no statistical significance between all the time lags.

The dashed lines indicate the 95% confidence intervals.
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Fig. 10: Monthly box-and-whisker plot of CPUE, measured in metric tons per
vessel per day(t v-d ), of the Argentine shortfin squid (lllex argentinus)
caught by Taiwanese jiggers from 1986 through 2013 in the southwest
Atlantic. Open circles indicate outliers detected for specific years. The
fishing season began in November and was most active from January

through June.
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Fig. 11: Bivariate plot of abundance index and in situ seawater temperature.
Negative correlation is evidenced by linear regression analysis, that
shows a high temperature in 2004 corresponds to low abundance, and
low temperatures in 1999 and 2007 follow high abundance. Dashed

line indicates the range of standard deviation.
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Fig. 12: The time series of CPUE(logU) with AAO in previous two years in (a)

November, (b) December, (c) March and (d) May. l: logU; + : AAO.
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Fig. 13: Annual abundance trends for the Argentine shortfin squid (lllex
argentinus) in the southwest Atlantic Ocean during 1986-2007 based
on observed log-transformed catch per unit of effort (logU) and
estimated logU values determined from generalized linear models 1-4,

as shown in Table 2.
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Fig. 14. The generalized linear model estimated the annual log-transformed

annual catch per unit effort (logU) (dotted line) based on data form

1986 through 2004 and forecasted (spot) to the logU of 2005, 2006
and 2007.
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Fig. 15: Semivariogram models for annual abundance index distributions with various abundance levels - 1999 (high), 2004 (low),

2007 (high), 2010 (moderate low), 2011 (ordinary) and 2012 (ordinary).
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Fig. 16:

Cross-variography for variables of abundance and water temperature, as shown by various abundance levels - 1999 (high),

2004 (low), 2007 (high), 2010 (moderate low), 2011 (ordinary) and 2012 (ordinary).
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Fig. 17. Cross-validation of kriging results, as shown by linear correlations

between observation and estimation values.
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Fig. 18: Contour maps of the annual abundance index (log(CPUE + 1)),
intrapolations were made by software SURFER's gridding method of
Kriging, incorporated with annual parameters of the variogram model

(see Table 4).
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Fig. 19: The schematic of AAO impacted on logU.
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