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This study standardized the catch per unit effort (CPUE) of bigeye tuna (Thunnus obesus) caught by the
Korean longline fishery in the Pacific Ocean. The study used a general linear model (GLM) to standardize
the CPUE using catch and effort data aggregated by year, month, and 5x5 degrees of latitude and longitude
in the tropical Pacific Ocean from 1982 to 2008 (except for 1988 and 1989). Explanatory variables in
the GLM analysis included year, month, subtropical area, and number of hooks between floats (HBF).
The study area and HBF were subdivided into three subtropical areas and six classes, respectively. During
the study period, the standardized CPUE was significantly related to the nominal CPUE. The standardized
CPUE declined sharply, as compared to the nominal CPUE, after the mid 1990s. In particular, the decline
in the standardized CPUE in all subtropical areas in the 2000s was clearer than that of the nominal CPUE.
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U] (bigeye tuna, Thunnus obesus) Y Fo] XS] &
o) ol=lah: te] % aptA, A djokel Aol @ obdy
Aol AA FHASA Fxetn thE thol Rl HlE AS
of BE31 v AL=E &EA Tt (FRA, 2010).
Syt A EoEgoE F2 oete] dsojgd o)
Bl s Aol A AA o] F7Fe] 60~90%7F o] FEH oA aL glo
w (Moon et al,, 2007), 1L7}9] S48 0 7 R 35 ox]
3 ek (Yang, 2001).
B33 3l Aol A oS BEete AT TR
AR Fak 98] (WCPFC)9F Hu o thao] 9]
A3] (ATTC)7} Uth wthdo] AR 7= o5 A4
79 AHB7F 1w-S SR o] Fo|X| AL gl=t, 2Bt
o] EEL AYPL A2 A 9= Fo] B (catch per
unit effort, CPUE)Z ©]-&3+ 7| Al el stmdlo)] ojsf A4 e
7F H7 E o] AT (Kwon et al., 2008). -] % ©. 2 Pella and
Tomlinson (1969)2] Yo e Bdl A A= of &l
S A}8-3}+= VPA (virtual population analysis) &< A3 7}
20] 310} wning index A W] AFEHOIA, S2Agk A4
glo] CPUES] Q= Zantozw Aoagdate] S7hd4
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S wpela 4= It} (Shono, 2004). sHA|WF, 2ol ¢
CPUEE A E 9of & th& 82l (A4, o4, o, 348
2Bl o8 W 4 7] wlFel (Maunder, 2001; Shono,
2004), Bt} HEe AJGEHE getstr] YA E ol
QRES AASY CPUEE ®T3a|oF gttt (Quinn and

Deriso, 1999; Shono, 2004).

a2

CPUEE %Tslste WHHo=ze Uiy R (general
linear model, GLM)©] g&] o]-&¥ o] X3l 2™ (Campbell,

al
2004; Maunder, 2001; Shono, 2004), 3 €33 k& Aol A =T}
FolEg Yo s GLM BAIRAS o] &3 CPUE XT3t
Bigelow et al. (2004), Hoyle (2009, 2010), Langley (2003),
Langley et al. (2005) &°ll &3 +F A gkrt. A9k o] &
o] AL-g-3l= o g m ] AL Y FELS UE o HAFEA,
g el Al A §-2vtet o8 E 7FA L CPUE X+3}
T3 AE e F oz A dFI Aot HH
s FellA wThgolE Wol ojgste vete A theo R
JUElE E F Qo BE (Yang, 2001), $-2lue} ietEo]
A Al iEETHE o] CPUEE ®+88h d 9o Zast
g 5 glorm HAFEOR TR =
2AdF 7L AA A= A 719 4
T GG A et vl ds
35 wrhdolApelel tE CPUEE GLM
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Ababskelol A 1971200837 Foj A A%
zddA e 71AE A HH 2AFE ¢
Fol Aelst o), dukAgmdo
CPUE %3} A -8 AW F 3l 53 F1ke] WAt
=4 (number of hooks between floats, HBF) (Okamoto and
Shono, 2006; Yokawa and Shono, 2000)°] th3l A x5 7}
1982 o] 2} 1988, 19890l 7] F o] QlA] gko}, 1 Ao
A= 19887 198915 A1 €%k 1982 o] F-H-E 9] CPUE
2AARE B4

e 7 oFaj o] ol 1 WCPFC9} IATTCE 1% 40°N-40°S A}o]
ol AE 150°WE 7|F 22 77t AZEEHg S+ (WCPO)
7 FEEE S5 (BPO)S tiEgoixkd S #E st ). o
FojiFE B Held AA AFH oz o]F5y] ulid
(Shono, 2004), WCPFC2} IATTCY] A-9H 7} 7M=&
Folaple] CPUE %73} Al o & vt o= A -H
gy sFuE TS 474 F 56719 12719 43
T2 WEt (Bigelow et al., 2004; Langley et al,, 2005). 3-A] 1k,
Tyuete] A9 wuEe]l 29S A9 diii -
20°N-20°S Alolol| A o] Fo] X1 917] W&o (NFRDIL 2003,
2005), Yol AF3 AAH7} ZFAM Y e 2T
TEIRE B o} & AellA = 915 20°N-20°8 Akel o] Ay

BFa s G AFHE ST (150°E-180°E), Eof 5
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Fig. 1. The study area in the Pacific Ocean. The study area
is divided into three subtropical areas: western, central and
eastern tropical Pacific Ocean. The percent in parenthesis
indicates the relative proportions of each subtropical area.

& A79] CPUE #i8tel AR o 2l AhR+=
o olgrtel s, mEF (HAF), Fa Fo dAES
(HBF) % #7212b5olth, $-elibet ol eizol ol A AL
3H= HBF= 19703l 6-12700191 e, 19703 o) TH-E &
Al 137 o dE AREShE S Aol E=YEo] 1990 o] §
HI7HA A 1870744 AH8-8FaL It} (NFRDIL, 2007; Yang,
2001). ¥ Aol A= HBFE % 671 15 (6-871, 8-1071, 10-12
7, 12-1471, 14-167, 1671 o]’y o2 oA ARE-3FSITh
CPUE x%Fstel AT EA AMEEHE 4 dxtel = 4
W AFEA FHHEAS (southern oscillation index, SOI)
(Kwon et al., 2008; Langley, 2003; Shono, 2004)9} ¥ ™H 4
(Kwon et al., 2008; Shono, 2004; Okamoto and Shono, 2006)°]
gl ALg oA, ERRLE A5} ARl A B
= AleJsiaL, solE ¥ A9 #4138 F Akaike's
information criterion (AIC)°l 2]3F WEMEl Al AA o]
(Shono, 2004) A=t AR B Aol e FA] Egch
AW e (GLM)ol ©]%F CPUE ¥%<=3}ell:= CPUE®
#3) A 2L2E 743 CPUE-LogNormal X2 o] dg
AF&- 5017 gt} (Shono, 2004). ¥ A+ CPUE ¥ 33}
Hgd GLMS bS53 2.

Log(CPUEjy + ) = 1L+ YR, + MON; + AR, + HBF; + (YR*AR)
+ (MON*AR)y + € (&, €5~N(0, o)) (1)

1714 CPUEwE HAHFE 1,00070F o] Eule]4= &= 4
I, e AH, YR A E0 9§ CPUEZ) 22 943, MONA=
jEoll CPUEZ} v+ 438 AR kA 3] +-oll 4] CPUEZ} Wb
%43} HBF+= HBFZY-E] CPUE7} Wt <Jgko|t}, T3
(YR*AR); & (MON*AR)= ZHzt A =9} khsf3re] 4
Z}-&-(interaction) &3} &I} kA3 F7ke] 45 2E a¥E
58 CPUE7} W& 35 vrebdth. CPUE=0]! A&7t &
A, ZaAAbo] ¢t B E RE CPUEY] W|#ke] dAZ oS
a5 WHel g AFgEoA 1 1™ (Maunder and
Punt, 2004; Shono, 2004), ¥ <170l A= ¢=0.005Z 3} t}.
gl AWBTERA ARgEH R BE JIAES Yu|Hs
(dummy variable)24 GLMol HF3}E o] AAkE Sl

CPUE %E3te] 8 54 5 shvte Add =] dxd
S FATE Aolx, A% a3 Aozgo] ¥FHE
of Qlo] L 5 AE avte] HAAFHE T (LSMEAN)=
Ao 24 CPUE MG S 3+etE 4= 3t} (Shono, 2004).
2 (DellAE A} Lsf73ke] A a3E 1Hsiis
], ojuf A7 AoiHA o] A= thE7] wjitel] o]o] tigh
BAo] Beslty = A (1)9lA (YR*AR)x2] LSMEANS 7|
ks, oAt A YAl 9l 3709 adlEE dd
CPUE7} AP o)A L, o 7]ol] 2} Adlj -] A H A &8
F3tol 21(2)3 #o] Axd F=39 CPUES AAsth
(Shono, 2004; Shono and Ogura, 1999).

CPUE, = ¥ W, (exp(LSMEAN(YR*ARy) - ¢) 2)
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o] 7] 4, CPUEA= id 9] CPUE, Wi k43878 Ao 2 v 200013t S0] A= 20,0000 & =50l o
&, YR id, ARG kAol o T3 Fig 10] veRd 37 o|FE 2] A$- 1990 d 0] FH o] % o]
AT BES AR gshd 100%7F Dok (2 Wi = 1). GLM oA 20,0008 ol do2 FA3] T

P} (Fig. 2). ¥HA,
51 2k0- 10,000 o] 3}

[e]
o
FAar, # 5%k

o

{0

[¢]

EA A2 SAS (version 9.0 for Windows)S AH-&3At). o8 ek v &S HAA o)A 4 7%E dES AXa 7P B
2 o FZFS BT (Fig 2). 2] 29, 19911d] 18,0002
A T} 2 7H4 wol o] &8sy, o] F 10,0008 HIFZ WMFsirirt

20083l 5,000 ©]stZ HolH T} (Fig. 2).
g alelol ) weiaels] FohE ole@ NE
19703 55 gl e oA o & E = wrhgo]e] 17} Table 1. Results of ANOVA for standardizing CPUE

W oolge HES B, AR ST (WCPO)o A= A Sum of Mean
:zx‘i)ﬂ oz o;zE o j‘r o‘#o j;( ) ) 01 Source DF Squares (SS) Square F Value Pr > F
Aoz S7HFAl A=, o= A Fa 2] e =7} Model 112 52.58 0.47 7.06 <.0001
Sl glo] ojg)eke] A&H 0% Zlak Hol 7)AEH, 59 Eror 703 4672 007
19906.\:]1 ‘—_[5—_]?1_ O]:’BL -1 %7]_/‘%]7]_ E,EE/:\] ?;SB\E}' (Flg 2) %7]_]:5‘; Corrected Total 815 99.31 Viean
we, Ao drol /by e AAFE wolw YA, Source  DF Type WSS  square F Value Pr>F
2000138 Eo] A of ol A A HlE-E 30% ol s AT 5 S s A Aol
1970~80 A th2] 50% o] ol s 7HA4stglar, Axd WES AR 2 8.18 409 6152 <0001
HEAE 1090 SonE Von Asdos dasiel S g o 4 oo
_ i B * ) . : <.
20081 ©] 5 &2 28,000 ] AT} (Fig. 2). thr o2 &k=to] MON*AR 22 3.51 0.16 2.40 0.0004
7Fd el of=skal gh=dl 20021l 30,000:=C0.2 G & where, YR: year, MON: month, A: sub-tropical area, HBF:
Rl o]lF A4St Aol (Fig. 2). number of hooks between floats, DF: degree of freedom.
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Fig. 2. Annual catch of bigeye tuna by country in the
convention area (western and central Pacific Ocean, WCPO)
of WCPFC (top) and the convention area (eastern Pacific
Ocean, EPO) of TATTC (bottom), 1970-2008.
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Fig. 3. Histogram of residuals in the general linear model
(top) and normal Q-Q plot (bottom).
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29 (GLM)Z} Zdlel X148 7} QAo

Yo} Ao atg gl dial] EAHEA (ANOVA)Ol < s
oS AR A} (Table 1), A% (YR), & (MON), 3]
), HBF, 19} &d)7-7ke] 548 (YR*AR), @2} 43
T7re] A5 AR (MON*AR) &l )&l CPUEZ} -8 o &F
B fol8E 005904 BAHCR Folakar, Al 3F Al
& (Type III SS)ol A SAx=s} al7-e] &7} CPUE Wisol 27
FFE A= AL & 5 ARk £, Fig. 39 @3 Q-Q
plotoll Al 7}2% & HEo] tha Aol Hoju ebd s At

Asolgel o84 ofgnte]ls P i+ (standardized)
CPUE®} ¥<:3}%7] A (nominal)®] CPUES] =¥ WHES
Fig. 4°] veRL).
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Fig. 4. Time series of total catch (circles) and nominal (white
squares) and standardized (black squares) CPUEs of bigeye
tuna by the subtropical areas for the study in the tropical
Pacific Ocean.
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oF 25,0000 oA WESIEzE 20003 B0 oF
80,000v}2] 5 FE L ®E FUlek A, EEs W $2] CPUE
BF 1992398 AHoR fhastE A4S By, 153y
CPUE® A —L ZAFAIE v 383t (Fig 4. €Ul 5
B k= o A o] 19983 7HA] F7H5EA = 1997
ol 440,0007} ]2 AA o)L, 2000 M= A
sl A3S BYT) (Fig 4). 53 A3 9 CPUE E5olA]

1990t THE HAshs AS B, 5F3+E CPUES

A 1 A ge] YU Skl (Fig 4). Gl BHEE IS
o] AL 19910l 380,000m}E]5 2 BHS HQl o]

180,0009}2] 4 AF = ¥E35tch7) 2008130 50,0000H2] 5= ©]
3h& 7HAskglal, wshE 7] A CPUEE 1998 o] % 7
Aol Aot F#3+E CPUECNAE 1980t SuHE-E 7

ik o
2 e AYH¥SE B, ggoR FHRFIA =0t
(Fig. 4).

AT sl dAelAe] BEs d7 Fof dxd
CPUE W &< Fig. 5ol YetAth 2FEs "3} 9] CPUE
AbolE= ol gt ko] A#TA (r=0.739, P < 0.05) o AT
o] &} o] xFE3t A Fo A CPUEE WA o5 fAbgh
HE A4S Bon, AdEE B 1 CPUE #E Alolol
2po]7F BTt F, 1980 ol = #53}% CPUEY} =7] A1

EL e B, 19903 FRIA = A2 855k al,
1990t ZRE F33l¥ CPUEZ §7] A CPUERT} vH&
e Btk kA, 1990 o) FHHRE aFAe B3t
¥l CPUEAA Ul 53319l o] Fod R Hujgte Hi
oA Hl=dk FgFS BTt (Fig. 4).
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F A=A CPUE7} E&] A-&-% o] %] a1, CPUES 3
A 29E T AYHEE 29 2218 AAFY
22 3}&aEol 98] CPUE Z53} AT 435 o]
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Tl Ak 9] CPUEE %5313 A3 (Hoyle, 2010), &
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Fig. 5. Time series of nominal and standardized CPUEs of
bigeye tuna in the tropical Pacific Ocean.
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