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P iam gt gelllex argentinus 23R g g ¥ & Fha - > HIEFLHFRFH
10% > B IR IREEERGEF TR0 e ST EBRFEI G PRI EFERY &
Sl EFIRL A EHL KD e AP E L RERER RS RS T fR
RALFE SR TG CRETRAEE AL RE s B 0 SRR
o3k F X4 ¥ stig it § (Fishery Improvement Program » FIP)2_ (&34 o &3+
% "2 Web of Science 5 TR 3F AA# > > Pl e Mats > ZHBEFHEL
B a B }}%A\ =2 R (2 4 & (biology) ~ ¥ I (management) ~ % ¥ :% i (stock
assessment)fr 4 % 2 %(anthropogenically-induced impacts) > = * %] T § & %] w4

6-145 5] > A& R AL £ T B354 P R m i 2 k0 PERE E1990-2023 % « &

‘v

AT g 2 e B A PR A 0 AR ST T AT RELHE - TR
?%ﬁﬁi?@ ’v%@@,hﬁ& CHE S TN s G X TR L L AP
PEd ok H NS FRME 2 AP A F 30T 4 5wk FH(stock)
LT EF AR AT R ZBEAET AR A AFRETRLL R
TORIER B 0 IR AR o B § TR R B 12 % (Falklands Interim

Conservation and Management Zone * FICZ)z. T ih3®iE » 77 5 23R E* Lok > T
BB S i: ERFS 22w Jfﬁza—_:@,aag,%%?,&z AR el AT RHEU S

-
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FIADM A PR 0 2 R
=

4R & > -3 (Generalized linear mixed-effects models » GLMM) ~ ‘& ‘FL‘ At

g

¥ i
¥ (g (tissue energy accumulation) ~ 4p ¥t 2 % it £ % fif #c i (relative tissue energy
accumulation) ~ allometric equations ~ #% % 4 47 (residual index analysis) & - & gL3% e 3%
BEEATHEERET %"k » Q& 7R &SR L 2Tk 03] (Generalized linear
mixed-effects models » GLMM) ~ {23+ if ¥ {2 35 #cfi- 2] (Habitat suitability index - HIS)
R # 4 = #-7] (generalized additive model » GAM) ~ 3 4p & & 47 (cross-correlation

analysis) ~ #f 3# 4 47 (spectral analysis) & > & $55 7F W ff 10 Ah 3 2 b o AR Ry
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= % & 2 3f & (Abstract)

The Argentine shortfin squid Illex argentinus is one of main resources in the global squid
fisheries, accounting for approximately 10% of the total cephalopod catches. Managing
the Argentine shortfin squid fisheries helps to understand the marine ecosystem in
theSouthwest Atlantic, which can benefit balancing conservation and economy and
achieve today’s global sustainable development goals. This study was to compile
international Argentine shortfin squid references to explore basic biology and assess
resource status for resource conservation and fishery management measures, and for an
action plan for the squid Fishery Improvement Program (FIP) in the Southwest Atlantic.
This project used Web of Science as the basis for database search, established keywords
for the Argentine shortfin squid, and divided the collected literatures into four categories
(biology, management, stock assessment and anthropogenically-induced impacts), and the
major categories were then subdivided into 6-14 subcategories. A total of 354 references
were collected, covering the period from 1990 to 2023. For biological information and
biological population models of the Argentine shortfin squid, information on spatial
distribution, population structure, stock assessment and fisheries management were
reviewed in this study. The squid distributed in the waters of Patagonian shelf and slope in
the Southwest Atlantic. Based on size composition, size at maturity and spatiotemporal
distribution of spawning, the squid was suggested to comprise four stocks. However, a
continue spawning and recruitment pattern was proposed in recent years. The depletion
model was performed for stock assessment of the squid and had been applied in the FICZ
squid fishery. However, to establish empirical model by environmental variables on squid
abundance index was also suggested. When focusing on migration and spatial distribution
models, some still included biological population models, which further covered
generalized linear mixed-effects models (GLMM), tissue energy accumulation, relative
tissue energy accumulation, allometric equations, and residual analysis. The migration and
spatial distribution models included generalized linear mixed-effects models (GLMM),
habitat suitability index model (HIS), generalized additive model (GAM),

cross-correlation analysis (cross-correlation analysis), and spectral analysis. Each model
8



was also supplemented by statistical methods for additional comparisons. Based on
literature collection, we conclude that due to differences in fishing locations across
countries, different stocks used for different groups, and differences in research efforts,
subsequently continuous analyses for the collected literature are still needed to better
understand the overall life history of the Argentine shortfin squid, which may provide
opportunities to propose internationally common assessment and management methods. In
conclusion, there was no international fisheries management organization for Argentine
shortfin squid in the region, while coastal states impose management measure separately.
Taiwanese squid jigging fishing vessels joined the FIP in 2022, which may benefit
sustainable development of squid resource and the relevant fisheries. The information on
population biological, fisheries ecology, stock assessment and fisheries management are

essential and critical information for success of the FIP.
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1.1 [P 4220 i o J 7 45 14

P iliese gt i lllex argentinus E_ 23kt g g £ eni & TRz - > QikE AR
8 R 1 10% (FAO > 2019) » [P REE it it e 1 B e AN AP 7 15 Ao
X feiFr kT fed-2 B (Arkhipkin, 1993, 2000; Santos & Haimovici, 1997;
Haimovici et al., 1998) o pt *t » el m@pe - B % 4 0 w12 1 2 7 346°S
FHERRE AR aB B4R EEE CQPIS T HFEERF) PR
o TR A RBBIPRENIERL AT E > BT 28 2 AP

(Wang et al., 2018) °

PRttt e PR 0 A R X T G MR R AR R TR T RG
BT LT /J—%léf%\/:.ﬁ’,l“i%?l@ > {4 '?]/ A eiedEieEirn o PR

o HBRRREEL CBERB I CHE B TS L RR o K h e B HEH
Bl FEREEE O FSBTAEL W @%’ﬁiﬁﬁﬁ%w&&@@%mﬁ§
4 AR & %A ¥ (Chemshirovaetal, 2021) 5 @ & & % it & 5 38 & =
BoFuEER Za e R REE (Gordon & Greengrove, 1986; Acha et al., 2004; de
Souza et al., 2019) -

PR&-egrre2E(- 2 F) 2R AR APy EPE 2L a8

EE B 27 11 % von Bertalanffy model 47 it » A 3| T o < E&PF > 2R E

WOF R ¥gf4 -] (Hiroshi, 1985) ; Lo st AR B E 13—%—*?#};, #c B % (Santos &
Haimovici, 1997) > F]pt 7 0 f| % ¢t 2ok g€ | (7388 2 3o e R0 >

PECY pRE A R IR R Y ILEF 4] 2 e (7 2] 5 (Lipinski, 1979) 0 5 {12
MEAL 1255 BFAAL A AN 2 pEOTIEERS AR 2894
B2 18 200 2 R0 A rp F DY 250 X A € iF Fl{E = 3 (Arkhipkin &
Laptikhovsky, 1994) 5 {28 7 £ % & » 2i PR bt S HA 5 3 B AM A E
IR RIMEIE S BB H 4G P AR & (Rodhouse & Hatfield, 1990) > 3f7 & 2 %
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1.2 fr # i ok % 8 & B8 2 47

B # (1997-2021 & )P i@ it e g 8 £ S F 485 88 7 > 1999 ~ 2000 ~ 2007 ~ 2015
EZ2REE KB o ED 245 FEErL b 520042016 & 0 s w5 9.8 Feper (2.1
Ff o 25 ER R ERBE S 253.6 F e ¢ s 1114 F e T3 1189 ey
AAEEL QLT AR T A E RBEE G EBBE AR > A W RS UGET 0 R
ﬁ*Wﬁ&@@%%%@Ei%ﬁ’@i%ﬁW&ﬁy#ﬁﬁﬁ% R

34

5

“r 80 (Park & Wootton, 2021) » F] § 3 %38 ~ ERFH L RB S L E 5 7 i 78
B FE AR A2 AP L B o

Ll RERETRE RRAL AN AT AURE LR T RER AT
7i&%ﬁﬁﬁﬂ%ki?gﬁﬂ§%W%”ﬁ%€ﬁﬁﬁﬁgﬁluﬁ%£€@
~ 0 ARk £ izt F  (Fishery Improvement Project » #§ 4 FIP) » P = £ 82 4o
igp e~ o F EEE FIP R Rl 1B G - FRRESS 2 20ER
WERERIRARME  FENPFRELIAAZ P RGEFER URAAEFFTE M &
Lih1 FEiE o iR REEl L E L A E R

133% P R g by
AR AFIPL AR E 0 BiE Y ol pER SRR ML P T
A UFTH ARG A RS FREL R A ARE TR FRER R RES LT N
BoRNEF AP SR 0 RECRHIRE R RN > AP REE
BEfE2 g 1 v 5 A KT 2 AA#H LT -
AP EREE B EARBA G LSRR TR T AR
R FRRE > MRETREELE AE PR WL ST

11



12



2.1 FHERR 8 A5

12 Web of Science = ?‘n‘i )2 S e N e R
FEHE ~ EEH
Fri:m i g AR A B R E AR R 2
7}&;3;‘ ARE -

Mo gk ® GBI R e 2 g ol i T RIRT

LR 20 A TAL S

BEREEFTHRE

22 4R EEE A4

R R R PR E 2 P A SN > & §RH S

ERSE o 2 H P Al 0t

ﬂl;%”ﬁ"i{ﬁ: }*Jq s ;IJ%\P: E 2
RN EH s 2 BN Adrir 2Tk

BHEAPFIT SETER S IFCRE

/ 1

iz

23 R

4 \.

L R TR U Jql—h:%/%%g 2L 2

# %3_‘\4 o

13



g:‘-?‘:qﬁ‘ L‘l‘!': I‘ ‘}Pﬁ

3.1 FHEZER

AERWZ B RROFIFEFFRE TR CE  WHF FEMEEF
% “illex argentinus” OR ““Argentine short fin” OR “Argentine short finned” > = B #7% 31
& ¢ 455 Web of Science &Fy & (13 TR {fo#73 J19 & i7) » Science Direct
Google Scholar - # = —‘F‘f AR EEERFRTABY MR e X
Firg o Flpt Ak & ﬂ%@'%ﬁﬁ—iiﬁﬁﬁ@%’¥ijmﬁy%ﬁ
il e Qﬁ?f;‘y‘f"i S o FR AL MISMEFT M AT fiFh
FoEREL T AT %fvﬁnﬁpw o b FEREY o P AR E L A
st EPMET RS RFERFHFLE/EMEE > Riger Baiguaz s > #
AT B )R }}%’%A\ = B R N(2 4 5 (biology) ~ ¥ I (management) ~ ¥ ¥ % i (stock
assessment)fr 4 % 2 2(anthropogenically-induced impacts)(# 1)> = + %™ 3§ 4 @
AR ML A REFEF AT R Y > AR R S 6-14F8( 2)c AER L
PR R 354 K Pl 0 LARERER R L R R 4 3

32 4 PRt

3.2.1 » 5

& 7t lllex argentinus (Castellanos, 1960)
#® % 1% ¢ @ Argentine shortfin squid

R GRS E T
FAO F # % %5 (alpha code) : SQA

3.2.2 jh Fprit

FARERAREZFET R 1972 (AR O] £ EF B4t Lok
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& A = T X (Northwest Pacific) » 2 & L1k 2 % & jF -k (New Zealand waters)g 3 5
4o 31983 & B 4n @ @ * & i (Southwest Atlantic)/g 3> 2 2002 & B 4L 3 = L%
(Southeast Pacific)ig 3 o iTE R BFF = > RPrR /B 5 10 5 0 F~ 0 4 = T FE(L
BEM7 G)EAe xTE T 2 { e PFBIEF e AN E e < F F2LP
25 @it #= (Argentine shortfin squid, lllex argentinus) ~ #* = T ¥ 2 # 7 4 (Pacific saury,
Cololabis saira) £« 7 #(Neon flying squid, Ommastrephes batramii) > 2 & s * T ¥z %
M = 7 g (Jumbo flying squid, Dosidicus gigas) o 4y [ 425 100 &g 4 o 2 & & * /&
LERHBA LA N IVREAFI BRI EREF RS L)

MAT L E (20132022 E) G ER TR AT 0 2R ERiL T0E GBEE L 107
Foeg, HY g3 2 d X3 A T 944% Aa X TEEFAEHE48% &4
FTEGRH AT L 0.8% BACARIBERLAFBERT BET 2 S 7 FRI(F
FIEB i 7T R) ©

FARRA R T 3 X8 A2 1R P RS FREERR - P IRIEER
Fei 2R ER A RAEAET R - 0 A 1980k s HERZR K3 G Owo
AALTRFIL O BERE > e g FE A4 0 BoF 4248 100 3 2 #E(1999 # 2 2015
#£)o T E(2012~2021 E)ToE ZE 2 441 5 v B0 e S0 ERFRE
R7G " AR 0 ~PRER) s TR R FRLH(T517 ) 2 L TR TRZ
PR R A R FNHE) L ETEG AT AR 2T BRI
Bodot ¢ B9k 34.4%) ~ P 1R2(5 1k 28.3%) ~ 4 #4( ik 23.5%) ~ iE B(5 F 9.5%)
FILT(H1E3.6%) 2T Fe kA E 99.3% o

AR IR 1983 E B e LG E A § ERFAH P RERER o TR
31988 # i BB (132 48) » 215 10 40 & X adF & 110 #0245 17+ #(2013~2022
£)2 & T ohs s 81 o 4 B TR hE G IEE p 1983 S E ) A0 4 1999 & 5
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HEBEQ63F OWE) 2 1SR TS 0 ¥ A 2004 £ T B R(K 098 F ) o 2
5 42007 £x E B4 (285 F 2wf) > 1 42010 £ X 5 3 MBL(3.0 F ) 0 » 2015
£ 23 BE(257 F o) 0 K (2016)F Frr T MER(13 § oHR) o 2 {8 2021 &
ABvA(14.6 F 2¥F) o MiTL £(2013~2022 £)T o0& F 8 5 101 § o6 ik >3k
AR 123.5% o

323 2R A F

P2 2E g f 5 41 (Ommastrephidae) > < & g G (lllex) 2 =48> 5 <~ Z & k&
w5 (pelagic squid) o H B £ 4 # 3t F @ < & F 358 A 17 7 (Patagonian shelf) »
% o b2 W oenpE g (slope) kB T X ) 22°S T 55°S 2 ok Bre B B R FA YW I I A 35°S
X 52°S B > ckiE A 80 & 400 5F AL 4F W] E_40°S 11 a2 37 4& ¥ (subarctic) K B o

PSR ok B0 # B § (Brazil) ~ § 3 (Uruguay) ~ 7 {22&
(Argentina) > % & 5 7 ¥ § (Falkland Islands)2. ¢ %k 3¢ (Nesis, 1987) » 2 BRh &2 3 &

S ‘%’&‘F: \/%$F/}57°

Frilieempe s SR EZAFHIFE LB FERF 0 8 2 5 XA
(neritic) » 2 = $5B L T pai-pEs 2 Bk o B % AR EE ¥ NI A= L 42085 45°8
T 46°S 0 R S4°S 4T o FEpHLEFEL - TR ES T o

324 FFHBH
Fe 49 2842 5 o 2 18 3] 5 4 (size structure) ~ = 34 P e988 & (length at maturity) ~ 2 &
“F e 7 & 7 (area and time of spawning) ° ¥ & Rk FE(stock) ¢
(1) = = 8 £ 17 % #(Southpatagonic Stock, SPS)
SPSH 5 A F AP HAMNF (22 7 )P BH L P e $8(45°1 48°S)

2_4g v ff 4w (Falkland Current) K3 & *F o S $ B2 ¢t 2 £ 5 180 2 350 mm -
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A ET-HEHZIT V)FFEY DA 43°S 3 50°8 erpgs o

(2) i - ¥ R A 17 % ¥ (Bonaerensis-Northpatagonic Stock, BNPS)
BNPS# 4 * Z A3 Ha 4t E(= 3240 )F 8B L LTHEPFRGE5S 2
38°S)z. = & ;i (Brazil Current)¥? 45 5. #F /¥ & % (convergence) A& “F o = 34 1 4
2 b2 &£ 5180 1 350mm > W ¥ aMFE(HIT I - P )FEY IR A 37°S 1 43°S
S ok R R PR HLRE o

(3) & % # “r ¥ (Spring-Spawning Stock, SpSS)
SpSS #H ik F(4 T L - 1 )pF-3+38°S 1 40°S 2 i A G K &R (CRIEH S0
T 100 K)A %P o R BEZ P2 L 923032 350mm > @ ¥ A3+ - 2 pFosd
Tt 38°S I 40°S MpaT et { A 2 kB e g B ARG S AF ALY F A PH(BNS #)
i W2 o

(4) & % #& “"#¥ (Summer-Spawning Stock, SSS)
SSSH & § F (L= 2= ")pF > 31 42°8 3 455°S 2 P & 3 el kiF S 80
T 150 K)A % > - 2 = 7 R > IR A 42°S T 48°S epEokE o H AR B

bORFEE R PR ST RF T
() -2z (L%):
SSS # fr a7 @ £ F (X 42°S I 45.5°S ) A “F 0 H = 3 B A ] (<250 mm) o
2) = 2= " (FE):
SPS # fe Fe9-F 3l 2 B &f(45°S I 48°S)= 3 0 ¥ A 9P o SPS F Rt {52 17 g (2
RpIFP5E% 4 o paralarvae) 0 d FEEL ® P FIREPIRE 0 T fLa w5 o 23w 2 SPS
Fod R e NP - A R AL A e B IR B 43°8 3 50°S Bk ] o
B) =34 (*F):
BNPS 3 A pE At 302 s AR 38 (35°S T 38°S) = 3% » 1 A& “F o BNPS #mit 2_ i3 gk

aralarvae) > o X % b DEPRE 0 T e w5 o 23w 2. BNPS #d
p
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B NS R R LA e s & B U 37°S 3 43°S pE P ok ] pEMK IR
4+t (%)
SpSS A his ALZ EPI P L (38°S T 40°S)R o i A 4P o

s = > SPS 2 BNPS # 1 4 “Fav B ¥ ¥ (pre-spawning concentration) » 5 F]'%
R RAFH R R RARFY FAR M AP G 2 - R
Rt As e A B ITE S oSPS 2 BNPS # & ApiT2 ¢h3RA| fu $Fpic 2 S APIT W PR

Pd

Pojs > Ha gk BAE2 b2 £ Y 5 250 2 390 mm o Bt {8 @e(paralarvae) i &
TR EAR AR & wend > B RS i 18 f—"r#bk’ﬁ&#(]uvemle)g LA
oL okgw s TME A > WFIEP R IVKB S ESPSEY LY F[- 14

P1PBNPS# G a5 5[+ 2L 7)) I = #(subadult) 2 = g(adult)P|d 47 2
B AR CRE > T AFIT-RE 2 fe 2 A “P(reproductive and spawning) (SPS # 5 &

3 E[te- 2= 7] BNPS#A|* GaME[tr 221 ])-

% pezoth s BT E n Rk 0 PR E F o ¥ 0 #¥(South Brazil Stock, SBS) > 4 #
# 27°S 1 34°S R (Haimovici et al., 1998) ; 11 % #& -] # 48 en# = & 3 (Central Brazil
Stock, CBS)> & # A pEyi-pas 2 F % Bl KB (-KiE 170 I 400 3 ; Alvarez Perez et al.,
2009) «

\

PR EE R R 5 F AL 4o SPS ¥ 2 BNPS # & A
EAGRHGFISER R FFEH TG FH D SPSH S BNPS 2 4
i (Brunetti, 1992) - & BNPS ## 5 SPS ##2_ - %4 % (Santos and Haimovici, 1997)- if
# Crespi-Abril and Baron (2012)% ja & P32 of T B2 B2 BB & B » i REw
FFEH SR DATHE ) TRINEERRE B FEE 0 AP Y A2 gt
2_MeB ok A P e E E F AT 4F  eh(quasi-permanent) 175 B K B A5 B e A GP e e

LEERIPREEEREL F RA ST S rﬂ/,’l‘ v A f& (recruitment pattern) °
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3.2.5 F iR &3 Stock assessment

(1) & Zegicsn

fPrusEme s S $RE 2Bt AP B L
- R ‘

A aFHEAFE 1 E T
3 F o B ERBETREY S %fr/‘]‘ v ¥ (recruitment) > ¥ 2 5 ¢ AR T & BE
BLw s m b X BB KRR BT

B2 EEF RS R
¥ I % (Rodhouse, 2001) -

o

£

B N o Aok @A b g

RS 2w S

Z (intrinsic population growth rate
IR AW A PR TR B R
ARy R idEE R
B R R L FORE R
-3¢ [production model])

HE R E
4o p #R 7= F(natural mortality, M) ~ %23 A £
r)~ § 4 & (carry capacity, K) 7 § 48 % # /& %{% e
REBERAEKE TR ER

B3 et iz R Sk o
@5 g B2 PR B (Ao 4

wAEE
TR 03¢ (depletion model) # (Arkhipkin et al., 2021) o

freRp 4 a2
SSB) tx.— &

PR WY S aiFH A P k32 5§ (Spawning Stock Biomass

AP RiERE K E 2 R4 ® A% 20k (Beddington et al., 1990)
APk #H 2 FE(SSB)2 ok F - ¥ L& A& 3 2 (survival)
S e S

"=

B il ik & (escapement) ; H
VBB o @ Lt B3 ik F (proportional escapement) T Z_& 5 0 Bd EP
GRF ATFTLFTRE(EE) > AHYERAERHF TERF(TRES - GB=0AR FF

M E (& %) > 2. »](Beddington et al., 1990) -

Rosenberg et al. (1990)

v F R YRR 58 (Leslie-DeLury depletion method) & 28 #_
B mEARL W b b F 2 PIREEm R T R 23R 40% " )3 & £ (proportional
escapement) =

72 p & (Beddington et al., 1990) - Basson et al. (1996)z¢ @ L% 1 1% >

19



T R UEE AR PFE 2 A B B % B SSB S 32,000 3 64,000 ©
H(F ] 2 B) RERT RFERHS  §HPSSBERY -

Chen and Chiu (2009) /& * = ¥4 4y CPUE +* fi2 > 35 8 P92 @ i e 4 0 4p 7
2_ip¥Hig A i 4 (relative fishing power) » » &% it CPUE & o T kih 5 £ #4048
A TR PR S 1993 1 2003 #£ o H % Egor o R v CPUE 48% & 1995 & 1999
ERPEERe TR E L2 0 @ A 1999 & % 2003 E AT 0w A RHN £

et P e A R) 0 T g WP CPUE 55 K -

Chang et al. (2016) /& * 3+ 32 %i2+ H jis(geostatistical method)’ & & [P {325 E dh e 3
RE e FA KRG ABEHR TR B TR E(1999 2 2007 &) ¥R £ (2004
£)> 2 3i7= #£(2010 3 2012 #) 5 82199952004 > B 51T 5 ~ 7 AP RIEE
A FERA R 00 R Ak LB R ) - o Kriging P52 63
il et T RE 2 2B AT > AT IREHC2004 £) > 2 3 B A AT o
Kriging p #6/% G2 PRIEEEEEWL F £ > P 7P TP REeiz B 5

(exploitation rate) & >+ 34%%g 1 > Bor H A FE RN EE KA o

Wang et al. (2018b) & * ¥ o & 8. g enfl42 4 A £ #-5% (environmentally
dependent surplus production model) » =5 7 {322t g2 SPS 4 3 o T kiR 5 2000
32010 # ¢ RikAh s EFA o BN P IR BR G (B AP HG S ] )F B
F5EKE - 225 ET MSY & 351,600 & 685,100 = wf o pF LA FTH > [P 4T
et g F R AR B (overfished) » 7 X F i & /g4 (overfishing) 2 {52

Wang et al. (2020)/& * £ i & RS > 3 E 5 g gy & 0 L Hp it
itz gtfc CPUE & o T Kk % 2003 1 2011 & ¢ R4 adea 27548 - 54
'R CPUE By # &P CPUE 5 % » BEria s Tdipg 7 - ZREF]F ¢ 1
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A% B BR(SSH): 2 £% 4% a 7 £(Chl-a)3 1 & 4 HF -

(2) gt
T BROTREEHG RAEEHRIR LR DRE R B
BT HBEGE TR FTRERR 0 2 2 BA TR F fEf a4 (Waludaetal,
1999; Anderson and Rodhouse, 2001; Agnew et al., 2002; Waluda et al., 2002; Pierce et al.,
2008; Rodhouse et al., 2014) - gagavEd GFH Hac R H ARB R LR T P EE
P B2 % 4o 28 4 (recruitment success)PF 0 4k 0 K39 erE H 4 e 4 (Piatkowski et al.,
2001; Rocha et al., 2001) o @ g #p ¥ 4 ¢ SH(life history traits) & 4p § ¥ # {4
(plasticity) » F i~ & Fieg > 2P L > 2 APHFEEHHE > 7 AF L BEL
7% 4v %% (recruitment process, Boyle and Boletzky, 1996) o pt & % 323% » gk ¥ 5 F
PRIRE NS L P2 :},Z] %4~ #é(Pecl and Jackson, 2008; Pierce et al., 2008) o F]p+ » 1=
iﬁﬁ?ﬁiﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ’Q*%ﬁﬁ%ﬁﬁﬁ?ﬁﬂ%%ﬁ’%
P BRAFTIRE TR D E k2 3 3 % (Pierce and Boyle, 2003; Pierce et al., 2008) ©

Waluda et al. (1999) /& * fa kP (P2 44 30)fo = g (B2 47 & 30)en 4 & 5 KRR
(SSTHF# > A 17T B R & AR b PV BB R x4 R F - B 55T o
Bt gUEp(R 2 S ) B H(T R L TR AN SSTE X &SRS S
B o @ SST 3o e (anomaly) fe* T iEfod 3 + & F P a I0REF 2 & dut ok
& (time-lagged) » fork a4 IR-RE R 5 5 & Ghuf B fl o 0 — TR Bk G SR EER 5
(teleconnection)sT /& » #% BIERIF 5 * & X P %ilif—fr,ﬁ;,%’:g,%;%i?]& toag RS o 1S
Waluda et al. (2001a) » 47 F Rz @ g gt * £ A& “P 3 (SPS #¥)2 4L p|mit - f it Hp
(7 2= )2 AEkEHPREegRR 20 A L6 (front) kK Blo ff 2
FGF SST KB a (16 3 18°C 2 & #4) > F pid ik fi o B % Aiom o P R EHE thin
% CPUE &> &% — & At Ferst o o 1 & if SST & 48 8 F B o2+ # > Waluda
etal. (2001b) R~ 47 &P R E g i 3P F ARG S 7 & ¥ B2 /5 1T P e
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A& P

F_k

ge i T2 B (1989 3 1996 £)o REET o FPIEERERE TREELF IR
FHAr (P ESGTR) T4 (RPR) 2 BTELF S AIDL 3L ATR o F
W@, F 2R R RT M ¥ DR ERE TER L TP RO

P o

Sacau et al. (2005) /& * £ 4r & (GAM)BE5Y » A 470 m = § [P LB B fre e 3
Batgite FThkhs 1988 1 2003 £ B2 0 517 3 feiddp LB T - 3

P
CPUE E - T w7 » = { 42°S°46°S % 4fi v fif § A #%°K 38  GAM #2538 7 & o7 @

—A
[

et CPUE R 28 E3 s oM itaiemmz <305 Mo @ % 5 |eg
P OEGRRE o

Waluda et al. (2008) & * BF# § % firk 3+ (DMSP-OLS) ¥ # » #£ % 1993 1 2005
EF AT PSR A 2 R E Y E RS A I3 EF R EY G AR
1-2 3 K @ 28% 0 3 12-13 & K ik 7% o & £ g B KB LRI 6 FFEFED
PR o % 2004-2005 # it B E > I A F T & ff ¥FF (contraction) » 1 &
RAS R INER - AY BAKEDER L BERY PRSI IBEFL AL T D
SRR -

Changetal. (2015) G5 3t > A TP E@ it T hE 2 2 K3 KRR 2 =
FHRZME RSk  PREEBKCPUEE 2214 Fo R L TP
2 P A KGHIF)ARRERSSTE fipM P s S5 - &30 pPa > B
AR AR BRERG M ot PREEHFE CPUES 2§ & 12 s ik
%gf’ffﬁ #(Antarctic Oscillation index, AAO)3 & 4pff > ¥ wi = # 3 2 2 51 ch AAO
EARRE o PZ ARG (GLM) A 7 R i m it e CPUE %8 > ¢ 65w - & 11
1 4e3 P AAO > A T - BB E3 D TR LT S 2K AR RR

ForEESES S5 83% -
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Chiuetal. 2017)/& * 4 %4 1 T4 P Rl FIEE TRhEL B
w4 o fo 222 e = CPUE 2 5 & (46°S & 50°S B¥)» 2 SST (10 & 14°C)F #RIEH o

SERESCPUEZFAG NI TApM i A3 ERAE > 5 TApM - 2 5%
23k PREEil e CPUE 3 M H w5 iv 53165 B o

EHH T B SR EHFERRIEEEFE IR A TIL 2 THERES
AR C R SITAEFT2ZEE e R AR PP A(RES S ER ) R B EERR
FlF (Ao B A KR R 2B ERE R B 4p 1) ~ 7 7 #° Fl(large-scale £ small-scale) > %

= fﬁmi?ﬁ-;‘ (M zbami)r > vy EHENHL o BE R4t > B AT IR
A TRESHTAEREZ AEFERSTFLMET AL ST 82)

AFEEE :}d-*w773“,i3{ S5 IR Tﬁ‘[‘ko

326 ML

PRETHEEZBRIBRAVHEFA HAZLRBF IR T ~PRE2
G i & )2 EEZ KRB > 2 275 R o R Rt gt 5 P ﬁl—«f’”ﬁ MER - Ty
Lie AR 2w e AT RRI TR - B R 2 PR 0 p R ETIT R
Ll 17 e P w3 E AP 2 T g ¥ F 72 e S (regional fisheries management

organization, RFMO)i& i®

R G R 1987 EFIK L E 1502 kR s AR L R RT R
(Falkland Interim Conservation Zone, FICZ) > ¥ #]% 4 € (h4p#) > fe AP FF 2
FRAREFGEFEE . P Fiew  ZFLTLESFEYEHTRETH
PF R RBEHIY ) AP B B TR 558 (Leslie-Delury depletion
method) 5 & # P E@HPE2Z FHFTRE « § TR H/ITN M P EF > T

PP A E(SAIEE) HA@MP L aFs & SSB - = kT %iv a1 SSB
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2 plie ik & (40 40% ; Beddington et al., 1990; Rosenberg et al., 1990) » & SSB & Z_i&
(4r 4 § o) 5 ¢ 122 %% Bh(Basson et al., 1996) -

P49 g frR] 2 1993 & 0 2R F b W JE b4 ¥ 02 AR5 (charted system) 0 £ B & 4k

7 (join venture) > ;% A e B A5 Ak i (EEZA) (% o

B e k0 AR PUEEm gk 0 P T 3 FICZ 2 EEZA b2 =3 40Ty o
WOEAP I FE R TR o BT
2000 FfA X HPA > V- TRARFPF FEBEERB S 2T
Pl AT EAIR o TR A B e R AR T RN hM 4572 88 %) 4 (Arkhipkin et

3)

PSR REETRES E O R R AT
L
(=4

z&i:)l@.ogj-_’&,gﬂ;z

al., 2023; Montecalvo et al., 2023; Seto et al., 2023) o

—=$

B id 5 TR ?@,m
2 1 0% P > @A
FEZREFTHE AFRFRETH "@f?ﬁi?%ﬁ?%ﬁﬁﬁﬁﬁ%m

ﬁ@ﬁﬁﬁ%gwMWMMmiﬁi’@wi
B i35 ¥

FTARARIEYFTTF

*’E‘}&
5
\
A
it
‘m‘:
4

e
PN
[
o

(harvest control rule) e ©4 7 * LB F3 5 &y 37 LG 2 FE TR A LE RN

HRGFRE FARE PR a2 R EREE TRATFREL P

33 wFe g F'&A:\#Ffs_;\ﬁ /‘fy‘}}_ sk
AERRPEEZEATHG 2R ETHL PO B RS AR S

FTENERLG T

bR 2 EATHS 2 fed 0 7 TR FREENE T 4 10Ty
5 R &SR £ s3] (Generalized linear mixed-effects models » GLMM) {7 & 4
LR Ry LA LN F R A e G £ ] ff #ciE (tissue energy accumulation) ~ 4p $

fe e £ % ff B i@ (relative tissue energy accumulation) ~ allometric equations ~ 7% £ 4 7
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(residual index analysis) % » #f r2 sezt = &0t i o

% Bosd

FHRET v 4

PR PPN

Hw st N

1 -g%‘« i & % ff B e (tissue
energy accumulation)
SEFE TS S ST
(relative tissue energy
accumulation)

R B SR £ A
(Generalized linear
mixed-effects models ©° GLMM)

2 -allometric equations
3 -7% A 4 17 (residual index
analysis)

R &SR & i
(Generalized linear
mixed-effects models ©° GLMM)

2020/5~6- 2017
2021/2~4

2015/4/14 2019
-27

2012-201
4

-t test -Mann-Whitney test
- Pearson correlation

-+ 2 if & B & % (X2 Chi-Square
Goodness-of-Fit test)

-H 7]+ % B #ic~ $7(Single-factor
variance analysis ©* ANOVA)

# > AL & 47(Covariance analysis >
ANCOVA)

- Kruskal-Wallis test

T2 B TS BRI R %1’}1]/7,33 :

(1) Liu W., Zang N. and Lin D.-M. (2017) The energy accumulation and its relation to the

environmental variables of male Illex Argentinus. Acta Hydrobiologica Sinica, 48,

1-9.

(2) Queirds, J. P, Phillips R. A., Baeta A., Abreul J., and Xavierl J. C. (2019) Habitat,

trophic levels and migration patterns of the short-finned squid Illex argentinus from

stable isotope analysis of beak regions. Polar Biology, 42, 2299-2304
(3) Zang, N., Lian J.-X., Chen X.-J., and Lin D.-M. (2021) The yearly growth and body

condition of Argentinean Shortfin Squid, Illex argentines. Acta Hydrobiologica

Sinica, 45, 901-916.

Liu % 4 Q017)71 " il £ % & o] £ 54§10 {2aim it it 201 B 4op -~
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g{??%@&:@ﬁ%ﬁ%égﬁ_@gﬁ;; ﬁ%%ﬁ*ﬁﬁogﬁzﬂ%% &F"T‘I' };:1_,% P E‘E'_,Eé’,‘ﬁl:[t g & , /ﬂ w

s, B R R R RO A FER LR LA
?ﬁf%ﬁ],}”ﬁﬁf'& 2 ;/4,}\%\[“/3_)—‘;&73,2?13;;@?5 AP A _‘,, 7fi TERBF]F M
SAAHNERARFERLAPREMNZ T EEFMAMME AP L p L P RE

B0 TR S 2020 F 5.6 0 I 2021 £ 240 o

R T e G R ERRE FE ML g RS RS E I

(tissue energy accumulation) ~ 4p ¥t ' % & £ % fif #c @ (relative tissue energy

accumulation) ° 3+ 5 = 4238 & w4 T

Eai = EgxXWix Wi/ Wi

Ea Zlesi 2R Hixi+ £33 (k)

Ed 5osiEoma  Eei+ g2/ kg

Wt ;i ‘E' ‘ll?.) l:?_x/ﬂ W E i:"—:"‘:“ ilb(g)
wd

i

FAicesi At o H L ()
Ww %k iz % ?F AR E > H i3 (g

X R A S

R, = E 4i/ Tgix 100
E’gﬁ- CH A A (%)

=
Qo
?,)J

L ETS :

=~
t
v

i 57 ﬂa:s,v_:%h U I A ST S

A1 B & AR & >0 H-73) (Generalized linear mixed-effects models » GLMM) ¥+
R R TEREE L SR ’%1‘[‘%%)*’ WA ERARTAAERERFE B RL G R

& (Sea surface temperature * SST) ~ ;& % % & (Salinity > Sal) ~ /# & & & (Sea surface
26



height » SSH)fc# % % a jk & (Chlorophyll a & & » Chla)i& {7 4 45 » & 11 B4 7 (> iF
» ML F] S o

Queirds & 4 (201985 P 3 F cfE 2 =2 2 47 > BRI R it e
FARMASBHRILE - AT AL AL 2§55 § (Bird Island, South
Georgia (54°00'S,38°03'W) » = 7 #HPF 5 2015 £ 4 % 1427 p B -7 B 5k 2
ol BB SI13C(H L 3 ) EA W 5 — 184+ 0.7 %ofo— 17.1 £0.4 %o » % 7+ B 4
B 2 SISN E(+5.9 % 1.1%0) 3 2 4 (18.4 % 1.3%0) » & 7 [P {Iis/mt it — 4 ¢ ¥
FaBiel - Bo AP R ESBRACESER S Ao A o 13055 3 REaf
BIREZ d WBFERRE MR B FPREGHEPKEDLS T TR € T L ez To

g ri(beak) & ] > 1 * allometric equations 3 5 £ |7 1T E G = vt B 7
£ (ML, mm)~ £ (M, g) > “hei € 7 2 7 e afRA > AT P R A S X (n=R)
B Fm=10) s H LN F BTE- B F RSB SR o Bfs 1T A 2
T %8 t ¥ Tfc Mann-Whitney & Tt # P {Reigft gt 4 & 18 £ 313C fr 815N ¢
L3518 ; Pearson Ap R 1432047 ¢ 2 oaperer W 613C 20 BF ehfd 1% o

Zang % * (2021)R| % 7% £ & 17 (residual index analysis)fe /i & 3R & »T i i
A(GLMM) » e e flite g e £ 2 b 2R cnff (20 U2 AR - A7 7 2 & »
2L [P R2£7%4 /5 (41°56°-47°09°S, 57°48°-60°49°W) » &= 7 #P F 5 2012 # 1 2014 # >
BAGEHEF L 2012& 139 ~2013 & 13 7 ~2014 4 4-6 7 - 577 2% B ACRY
PRIV B 5 1.25:1 0 v frie M BARIE A5 2014 & S A o PR A2 £
F B 4 £ (allometric) > H & Pfediir? R VR REF AR Pk IRE 2

WE RGP o

BRI da 0 B B BB 60 B A o X A4 1733 B A 0 @
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3£ 2012 # 688 i» 2013 & 655 (»~2014 # 390 i» > x45 B & cheh 29 E B (ML)~
WEBW)frits o £ RHAEI 1 ZF > MEMHmD L WERAFTZ A7 E E R

PR Z e A e R E- BN E B G LAt it (nonlinear regression) :

BW =axML?
BW 2 # £ (g
ML % ¢t 2% E B (mm)

a frb il itandidico

BT AL ENBHE LA L BHA AN F EBHST -
c FAREZ L AT BRHET A
cEARELIE AT BRETAE  c PRTEH R ERSPA L EBW-MLA £)
£ 8- 1T 5 B4 AR R (CD) -
e i GLMM 2> A £ ¥t 2w L B2 FFenfl 2o H ¥ B ! (D4R 5 S8 >0 i % #ico
oA B AR AeT

Cl=oap+a ML+ 3p+¢

ML % *F 2R R
00 & 7 R R RN R T
al & 7hESxERAR D g iR R 5
BO 5 & > ¥ HCA| B FEOAEI R

e 5 WAL

B i T a2 2 et + 2 i & R 5% (X2 Chi-Square Goodness-of-Fit
test) > ¥ 2k 2012 & ~ 2013 & % 2014 # 2 L H E g G F 40k C HF) SRR
#c > +7 (Single-factor variance analysis * ANOVA)# 24 1738 fodpii ik &2 7 F £ v
&R Pz ] 28 7 & GE#E- ¥ i2 {7 Tukey HSD 4& T4 47 5 t 1 T

28



(t-test)» FreptfrieM € £ -¢h 2L R 2 b Efc2 £ £ 8 51252 £ & $7(Covariance
analysis * ANCOVA)B; farp it frze b € M EfricF 2 PR hen X B [ 2L 8
Kruskal-Wallis # #_(non-variant Kruskal-Wallis test > K-W test)~ 47 % ¢ & (» 2 ¢ & %
b et BFeni B oo

£ gktie e Wkﬁﬁ*ﬁé%ﬁﬂ%fi’kﬁ,ﬁ$9ﬁlgza,é
7 R & MR & > #7) (Generalized linear mixed-effects models © GLMM) ~ &5 if
¥ |4 45 #HC 4] (Habitat suitability index » HIS) ~ A & 4 & #i-3](generalized additive
model » GAM) ~ @ 4p # & +7(cross-correlation analysis) ~ #f 3% 4 #7 (spectral analysis) & -

T E S N

FHERT 2 RE A

S B TR PN PN Hiwe st
1 SR OE AR & 2003/1~6- 2018 -322 £ X (mean square error °
(Generalized linear 2011/1~6 MSE)
mixed-effects models ©» GLMM) - 354p ¥ > A (average relative

variance * ARV)

2 - g E 4n A (Habitat  1979/1~4- 2022

suitability index » HIS) 2017/1~4
3 -R & 4v = #-7] (generalized 2004-201 2017
additive model * GAM) 3
-3 4p B & 7 (cross-correlation
analysis)

-#f 3¥ 4 17 (spectral analysis)

Z 3

M Z BT R RN e o

(1)Wang J., Chen X., and Chen Y. (2018) Projecting distributions of Argentine shortfin
squid (Illex argentinus) in the Southwest Atlantic using a complex integrated model.
Acta Oceanologica Sinica, 37, 31-37.

(2)Liu H., Yu W., and Chen X. (2022) Melting Antarctic sea ice is yielding adverse effects

on a short-lived squid species in the Antarctic adjacent waters. Frontiers in Marine
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Science, 9, 819734.
(3) Chiu T.-Y, Chiu, T.-S., and Chen C.-S. (2017) Movement patterns determine the

availability of Argentine shortfin squid lllex argentinus to fisheries. Fisheries Research,
193, 71-80.

Wang % 4 (2018)% & B % *r = $i-3](Generalized additive model » GAM)fr4? 3§ e i

¥ 7] (neural network model » NNM)Fg B[P 2@ gt fe &~ # o JE BB TR 3 F13 (05 Kk 4
R R SST~/a 6 4p¥ % & SSH{rE % %2 k& Chla);® i HIf gtz F A # 0
P F B NIER 2 B CPUE & F ahdd S5 e e i) L #-52 X B R Bchp s ¥
PR E RN B A o AFT Y A B B B P 132£) 75 (40°-50°S and
55°-70°W) » = 3 #F ¥ 5 2003 &£ 1-6 * &1 2011 & 1-6 * &F » ## 3 4%t South

Patagonic stock (SPS) & #:i& {7 4 47 o

i EFpe ”ﬁ%ﬁ%ﬁ B (& ) PR B (FR ISR P ER )
fo 4 B(HPH < 0 & 0.25°%0.25°% F 247 & T 3+ ¥ 7 u] CPUE

Cmi
ymi
TAA TR A AR ER cy e m AR AT EE Y iR LR

B TS d 2 R 7R F o< § ¢ 25 B~ 1¥ the Live Access Server of the
National Oceanic and Atmospheric Administration Ocean Watch
(http://oceanwatch.pifsc.noaa.gov/las/ser- vlets/dataset) > 1 * GAM & it |7 {3 it
LR (CPUE)frfk i R ez FF e 0 o 3|0 R 36E -7 5 R -~ %A ~SST -
SSH{r Chla> 3 7 rJ2 it 35 ¥ chE HE > & L3 JEE 4 » T35 CPUE 1 10% o

GAM #;8 7 11 g =
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In (CPUE + mean (CPUE) x 10%) = factor (year) +
factor (month) + s (longitude) + s (latitude) +
s (SST)+s(SSH) + s (Chl a) + ¢,

s & T s oY #(spline smoother function)

€ = 7 £ (residual error, &=62 and E(£)=0)

AETFFRRII T AHRET BRI AAM AT 2 GAMEHR T & %G
Sl > PIA SRR AET) o 0t eh 0 B3E 2003-2010 # hF AL T0%Fr 30% B
ML EIR R F 1T 5 2 R (training) > 2 F

& 3% 1% T B (validation) » & {s £ 14
2011 # FHRLRIRE T B (testing) -

MY 1337 3E £ (mean square error © MSE)fe-T 3524p 44

» % (average relative
variance > ARV) &k & 14 1t f i % T rrinde 4 5 2 B8] - MSE £ 7 03] en gas

ARV Pl E A a2 24 5 ARV=1.0 & 3] #

Foor A E D) FEH S 0 ARV A% £ 7 B AR

TR T 30 it & 0 ARV=0.0 B

Yi & i % 7 At epLiR] CPUE
Yi % g % FALenT 35 CPUE

9i 5 A L0 chi 2+ CPUE o

Liu % 4 (2022) ] & A ip] w /s k10 #-5e 2| F2 5005 3 2 )

31



7 rk & [F] (Antarctic sea ice extent » SIE) ¥ & # e &4 % (* chdp ik - B f275 k% 1 4
el e ie L3 N0 0 ndR e i B 14 4p i3] (habitat suitability index » HIS)
o e <o FmIT-RPRBEFER c BB F]F A A EFRE RGO 100 ~ 200 m)
ek TS5 T SIESRPREEHERT R85 BF 24k > SIE 3 che >4 4
TR EE S FY s RERALFG L AFREEHEREFERZESA S
P ERFERE P ABE  FMA T R s RAKEEZ BIERGR KRR
4T e T EPREERER AS AR AT AR gL e R
(41°-49°S and 55°-61°W) > F= 3 #) B % 1979 % 2017 & ¢h 1-4 ¥ @ o 257 7 4% South

Patagonic stock (SPS) & ¥ i {7 4 37 o

MEFTHE KA P RR RR R E TR P (National Data Center for Distant-water
Fisheries of China, Shanghai Ocean University) > J< $ 2 /f ¥ 3 #2114 CPUE i* & F iR ™
Bap e L HR(D/ X (D) B Ei"f MRFHEYAE

@ 1% kgl d B 7ok 2 30 ¢ o P 1F (National Snow and Ice Data Center -
https://nsidc.org/data/seaice_index/) » # iR A& ? B RERFH K T L~ F L =
ka7t 7 ¢« (he Asia-Pacific Data-Research Center, University of Hawaii °

http://apdrc.soest.hawaii.edu/las_ofes/v6/dataset?catitem=71) o
P 3 HIS f3t ¢ § 7 70 3 ¢
_ Effort
~ Max(Effort)
Effort = 2 A RKERFIEE
Max(Effort) 2 7 /A KERE X HFES

Sl = expla x (T - b)?]
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a frb fBEE ) T2 HREpSI BB R ST B2 FFam £ 1 ka3t anfis
3 -3k -

St 5 2 BiFRE A KBRS E

SI 15%%]4&0 ] 1

T 573 b iRR i KE R -

HSI = ksop, X SIs0m, + K100m X SIioom *+ k200m X Sa0om

k 2 ¢ %#ikc> 29 HSI<02-~02<HSI<06 frHSI>0.6 A %% & 5 % F &4
Bos - (common)E L frif S L o BfS FAIFRLE S RER R SIE i
o BPERF A LA %o A W % % SIE (1982, 1983, 1987, 2003, 2008, 2013, 2014, and 2015)
# 14 SIE (1980, 1984, 1992, 2005, 2006, 2007, 2010, and 2016) > 11 £zt = 820 8 ¥t %
% 23§ ¥ e HSI ehiw B £ (LATG) :

S(LAT; x HSI)

S HSI,

LATG =

ATis £ tes ? BRI hFR -
HSIis £ fs 1 i3 JE 4 i e HSI

Chiu % 4 (2017)R] 14 B & v = -4 (generalized additive model » GAM) 4 7 ¥ it #
BCPUE %% > %A 3 MEREF LT HA > U2 FHmFREERH CPUE
PR BREMEHA1T T BPFREERREREFRECER VA A7 A& b
BL 5 [P 42287 /5 (41°-49°S and 55°-61°W) » = 3 H R 5 2004 & 2013 & o A7 7 &4

Bonaerensis-North Patagonic Stock (BNPS) i #i& {7 & 47 o

AR 7 0.59%0.5°7 [ &7 & T AR i CPUE(standardized CPUE) % & 45 #
(:PL]-E[*J = Catchi,j/Efin,j.
Effx 3 »xdf &% 4 & 4548 % #ic(v-d)
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Catch 3 % j X4y & ichif JEE

CPUE;, = Sum(CPUE;;,)/N;

Nk 273 elE (kP I ad, #ic

GAM A B e ® Ui de EHSFHE » 3 5007 !

log(CPUE + 1) = a + s(Year) + s(Month) + s(Latitude) + s
(Longitude) + s(SST) + s(Depth) + s(Lunar index) + e,

a ¥
LW FEAL
s & T & #(spline smoother function)
MEFHCPUE 4v 1 (S8 Bcids » WL RHFEFTHANE > X5 F BHA

e Akaike information criterion (AIC) » # % 2 & & #-7] -

gu b o fE 2 B4 3 4 B A 4 (cross-correlation analysis) » 4 47 ¥ B B 5] CPUE
fr ko NEFEFRFREERER LE R HE E SO 550 > 12 SE 3 4 47 (spectral
analysis);® iz FF & B 71 ¢ e TRt o 3 AR R A 4T Y RS B R BRI R B (k)
H5 A M () » 3B heT

pxy(K) = E[(X; — i) (Yes ke — 1,)1/(0x0y);

EZPFEEEF o
Xt % PRt p¥ CPUE -
Yt R tEYR -
k & PER o
ux frox 5 CPUE eI 32iE e B #eenig o

py froy & #FR -

e A T R EPERE 7 CPUE B IR b o pL 2471580 525
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#cd& B CPUEX) % i i 2 B(Y)A 25 B adg s

N
X; = Y, (A;cos(jFt) = Bjsin(iFt)
=t

Aj Jr Bj ANEsiE ko
F 248 &
t s R o

)s
o

N
X, = ). Cexp(ijFt)
j=N

A Fadpsd s A > T S(F) > G thiges - S(F)j) = E|C)|12

—
YX‘,\

RS EEI TS BREEX oY) a4 3 Fj T 2 4p+ M (squared coherency ° R(F))
oz
R(F}) = |ECxCy;|"/(E|Cx|” E|Cy[").

R()S 3-8 01 444 ¢ ik LA HE(2) -

34 44 5T B2 T R 0N A 4T
At o RO S & BT T B ft 1 F 3 ALH03% 4o Depletion model £ {7 o
B i o R R Tl P REEE RS TR Ao H 7 REE
Eﬁﬁﬁéwﬁﬁﬁ‘$£$‘%ﬁ$‘Péﬁij%ﬁﬁ%’miuﬁﬁﬁﬁg
3o FpPREE B SR R R A PP E é},ﬁ?%/? BFER T RGNS e
faffd pfafo e L8 DFRAAFEEFMEARY EA

PRGN G R =3 ) b N R R éﬁﬁ’ﬁ%%@ﬁﬁﬁ%ﬁi%

Qﬁ&?*ﬁ%’Bﬁﬁﬁaﬁﬁiéﬁi%ﬁﬁ&%§Wﬁ tEXGT o SRR P L
it TP R THE -2 S ST 8 FARNEE RN REEBRT B LS



B2 P BARC2ZBEFTH T HER2FFHEEELIPFEREYRRLET &

GRSUERS L R MEFTORE&A A& RERFIAA A (surplus
production model) & Tk 5t i& #f F] 4 2

production model) -+ sc 5 ¥ * H38 s VT R EFTH I EF P RAEE Y4 E(FH
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Category Definition
Biology The study of the structure, function, growth, origin, evolution,
and distribution of living organisms by focusing on their
morphology, physiology, anatomy, behavior, origin, and
distribution.
Management The process that creates and enforces the rules that are

needed to prevent overfishing and help overfished stocks

rebound.

Stock assessment

The scientific process of collecting, analyzing, and reporting
on the condition of a fish stock and estimating its sustainable

yield.

Anthropogenically-induced impacts

Changes to the biophysical environments and
to ecosystems, biodiversity, and natural resources caused

directly or indirectly by humans.
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Anthropogenically-ind Biology Management Stock assessment
uced impacts
Bioaccumulation Behavioral ecology Experimentation Abundance estimation
Climate change Chemistry Fishing effort Age estimation
impacts
Industrialization Community ecology Fishing intensity Age-length key
Organic compounds Developmental biology | Management method Biomass
evaluation
Pollution impacts Food science Negative subsidies Condition
Trace metals Genetics Overfishing CPUE
Morphology Protected marine areas | Individual growth
Parasitology Regional management | Landings
Population ecology Resource management | Mark-recapture
Physics Stock assessment Recruitment
method evaluation
Physiology Sustainable yields
Reproductive biology

Soundscape ecology

Taxonomy
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2005 8 1 1
2006 3

2007 3 1 1

2008 7 2

2009 2 2 2
2010 7 1 1 3
2011 12 1
2012 9 2
2013 1 4
2014 12 1 1
2015 1 2
2016 1 2 2
2017 16 2 1 1
2018 7 2 2
2019 11

2020 8 1 2
2021 8 1 2 2
2022 5 1 1

2023 8 3

Total 272 11 31 40
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