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Spatial Vanations in the Catch of Billfishes in the
Pacific Ocean and Factors Affecting Annual Changes
in the Catch

Joon-Taek Yoo, Seon-Jae Hwang® and Doo-Hae An
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This study includes spatial variations in the catch of billfishes in the Pacific Ocean and examines factors
affecting interannual changes in the catch. Main billfish species caught by Korean tuna longline fishery
were blue marlin and swordfish. A main fishing ground of the species was the tropical Pacific Ocean,
while additional fishing ground of billfishes tended to be formed in the Pacific coast of Mexico in the
El Nifio periods. Further, the catch of billfishes was significantly related to CPUE (tons/average of the
used hooks/vessel) in the entire Pacific Ocean as an index of stock abundance and equatorial SOI (EQSOI)
as an index of El Nifio event. Annual changes in the catch of billfishes in the Pacific Ocean could be
regulated mainly by variations of stock abundance. In addition, increase of the density of billfishes in
the tropical Pacific and additional formation of fishing ground by EIl Nifio event possibly contribute to
increase of the catch of billfishes in the Pacific Ocean. On the other hand, linear regression model may
be more adequate in the analysis of relationships between fisheries data and indices made from using some

environmental factors.

Key words: Billfishes, CPUE, Equatorial SOI, Pacific Ocean, Regression

A

A A 5F (Billfishes):= THEZQ 1= 3] F4 o] FEA 5o
B =) %] 3} (Istiophoridae)®t 24 2] 7} (Xiphiidae)oll 438}
=M X] (blue marlin, Makaira nigricans), 30 X| (striped marlin,

=

Tetrapturus audax), 3™ *| (swordfish, Xiphias gladius) &<
FA 33l 9 2™ (Hebrank et al., 1990; Collette et al., 2006;
De Sylva et al,, 2000), & A|A] Eoje} sl HA Fxs)
3L AT} (Serafy, 2009).

A= F2= ool Aol o) Fa of g oA}
(Ortiz and Arocha, 2004; Sun et al., 2005), 7| Sl =
FA R 0] &S 3o} (Friedlander, 1995; Kitchell et al., 2004).
A AA thEo] Akl At o] & RIS Al B
ol AR Hdl 2H=L, o] FHE thA Afol= glon,
AFHoR dRoln, d tinky} uj=he] Aikefo] Frtsia
It} (FRA, 2009).

FEuete] A= AR Fe HE ol FE vl As
ool ola] F- o] 85 7] witol] gl AAeF=
H| 52 thgoli o gl=kol ulsf mimjsict 2ot d vl
I oA vEols] anrF 343 Frkeka glar, thEo]
TEYH AHE H AAIA R F7EAlCl QAT (FRA, 2009).
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whebA, thgol i tlEo] theld] 9 T2 AR EA
AFEEI A= AR FE FF O o]F 224 FAgo] Et
Bl Foll A28k AR Foll A&k ATEA FA T T
9 A 7R A sl ol| A AFLsF7E B Fe]etel] ek B4 A
Q1 =98 AlEFeE A Hlad FH el Yoltt (ISC, 1999, 2009;
Kleiber et al., 2002; Sun et al., 2005). 3+ thado]F 2 A |7
of e YUY FojFo BxE T S A ] TS
A ¥=1} (Joseph and Miller, 1989). Bigelow et al. (1999)-=-
EeE Y ofduld o] 0 Ftoll A FA A9 &9l
(CPUE)9] Z712 B3} L, Seki et al. (2002)

shofo] Aol e HAX ] F& oA g IS A7 ot
of ERte = EuA s uste] Bl Aw el g
AU (El Nifio)9} Z& it = 84¥ 53} thato] o] o1
% CPUE (Catch per unit effort) W5 2}2] Ao tfste] Th
o] A7} - = ATt (An et al., 2003a and 2003b; Lehodey
et al, 1997; Lu et al, 1998). 3<%}, B oFol] A 28}= A =] F

of B ATE MwY Hu, wrh G o FARE AP
NEAREA PRI 54 L o0F WE 20 B
HER A9 o] EolxX galrh

2 AT U YA S 9% ko] sl o3
o AAF o AARE o] AT o) FRE
o thste] ARSI, obgel ol Aol A Mol FFL
A aee HEserk
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B el A gkt thEdo] dsoiqle] Ax ok
o] ZJXAE] 7-10Y FHFo = St g

€ ol AlFe ARE FH
(" DS EAAR)E AL33ATH (KOFA, 2009).
ol A MAF 7Gx 548 detstr] 8] =4
gl o] dlo]Euo] 2~ Al AR 7] F 5 Yol dE
g 3 AEE AFESISITE o8 HA B3 AEE 9
o MES 23 YR o] YAHPE v FHFA TS
of A&t AEEA FTHE o]F 7, o] X, AHEHA
Fol 71550 a1, AEERE 2ol 69-98% Akol
g2 v g AT wEkA, AxdE o g

[
o2
2
jind

VFRE SHE woksa el Yol 4 (CPUDE

Axretiel f-8shh
B AT 2P A5 oA NI AR
A2 B AANA ] AHFe] CPUE (/B TEAE A

F/EJHTY TFHE Y A GelA dgw A5 sht=

A}-8-E] o] X = Equatorial southern oscillation index (EQSOI)

(Johnson and Proechl, 2004)5 A}-g&3}e] Af X7 o & &keo] d

WHES Astarat 5k3lth CPUECA o] &l = 3de 294
Els

N

ol ZPA L] HtH OB AT WAIGE = AR
319131, EQSOI AFEE NOAA 7]Fd|ZAlE 9] $Alo|E
(http://www.cpc.ncep.noaa.gov)ZH-H 4& = a1, dE|x &

A A v EE o #he 7zt

1970t S5 Aol digk T3] o] ATl
o], o} F 3 FAMFETLY BA= A AT
AW ezre] ZYAS 7MAdet L s £33 RE (Multiple
regression model; MRM)ol| 2]3] 2} HAEEoJ#] gor}
(Xiao, 2004), o} E2}5o] v A1 2 ol g A5 e} SFAS3E
o] H| A &EA wlio| (Brander, 1994) ] & (&= CPUE)Y}
ARG BAE Mt W o] gutsidygrd
(Generalised  linear models; GLM), YRFsl7bHE=
(Generalized additive model; GAM) ol 2|3+ #4o] H&
o] =8 xof %31 Ut} (Bigelow et al., 1999; Hedger et al.,
2004). WetA, 2 A= FIARDY dutsriH e
o] HwE Fa MAF AEE o= HES Ayt
oS Ads w28 o st Al &Sk

Anksi7b RdE &3 o] F# 3T (Hedger et al,
2004).

o3
o
=)

g(ﬂ)=a+Zf,-(xj) (1)

A7V1A u=E(/xl,..., xp)= yi= EEHTFO)AL, gu)E AATH
iu=] 2~
o

& o A5, fo BBAUSE = A

= AAF Axd ofslgela, A4 A CPUEY
EQSOI°|th, Ao H&3lA2 8l (smoothing

A - QH2l

spline)& ©]-83}5tl. H3h, Brynjarsdottir and Stefinsson
0040l SJakel A $3l0] Q= o Aol WEE Gammad:
ol o) AF AwHolA $him, B ATAHE PES
(family) . 2+ Gammaw ¥ & A B3}t

A o] REAFNTNAE AHE-3HRA AL, Wood (2006)
© REAIFHZNIAE o] &3 drtspry e disto] Hwgs)
pass

Bl oA o] Azoiglel ola) oj@He A A Fo
A= o Ea WS By, ZAI B AAH R Fo
B S7han A% glol 400001 F el A WEehn gt

40%%t 22%= AHAEFSITE A A 9] FH* o] &
200430l 2,774E 02 HUXE 7|28 & oF
3, BAAE oF 9508 FrFoll A HLE3] o] F
1. RHA, A A= 20009 0] £ 4

TF (Fig. 1). =3 Fig. 10014 oj &l &Fe] FH 5o oA =
19931, 199843, 20053 ] w 7|7 Fof] LA T
EAE 2 4= AT} (Hoppe and Smith, 2006; Franke et al.,
2002; Lehodey et al., 1997).
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Fig. 1. Annual changes in catch of billfishes by Korean tuna

longline fisheries in the Pacific Ocean during 1990-2008.
Left and right arrows represent the El Nifio periods.

A A F A FRIEE Fig. 23} 30 Yeplch F %24
e Anrgon Avegy Faseolgla, Y =
AL [50°E-90°W 9} 20°S-20°N A o] 0% a1 AT} (Fig.
29} 3). E3}, ) 7]37F F 200420058 A 9] g Lp # o
M e se] By Agtel A of o] FrHH o P4
= AEE BT (Fig. 24 3).
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Fig. 2. Horizontal distribution (5°%5°) of total fishery catch of billfishes compiled based the logbooks of Korean tuna longline
fishery in the Pacific Ocean from 1990 to 1999.
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Fig. 3. Horizontal distribution (5°%5°) of total fishery catch of billfishes compiled based the logbooks of Korean tuna longline
fishery in the Pacific Ocean from 2000 to 2008.
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(Kondo 1980; Stone et al., 2004). 34, 01@& HE e gk

s te] wAel s o ofFell A d AAA o w
u}g A7F =3 = o] #] kil (Quifiones and Montes, 2001;
Sutcliffe Jr. et al., 1977; Yoo and Nakata, 2001), & A5 A=

Beliz 717 Fol AAF o} HFo] Frheh Aol Ued
2T Fig. 1) WA AAF of A Wl Jie T
2910w 20 AUF Ve Aex W) 2HS wE
AR WES Fol, o5 45 eAE 4o na, oy
FoIA AAF ARLEL B+ U AFA BB

=z

=

HA 9] CPUE(E/E HAMEHAI /2] A5, MAFY 5
HolgQl e aldolA L Ao ShRE ALEE
o] 2] = EQSOI (Equatorial SOI) (Johnson and Proehl, 2004)<}
AR F o g o] ARAAE AES A, A F o] FFE
CPUES} 9] 3t o] A##AE (r = 0.62, P<0.05), EQSOIS}
Folek o] A#AA (r = -047, P<0.05)F HSITh (Fig. 4).
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Fig. 4. Correlations between the catch of billfishes and CPUE
(tons/average of the used hooks/vessel) of billfishes and
EQSOL.
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Fig. 5. The catch of billfishes in the Pacific Ocean (solid
line) in comparison with that predicted (dashed line) from
a multiple regression model. The multiple regression equation
is: the catch of billfishes = 2.0942 CPUE - 0.3496 EQSOI
+ 3.6993. Absolute values of the standardized partial
regression coefficients for CPUE and EQSOI in the multiple
regression equation are 0.55 and 0.37, respectively.

Table. 1. Comparing multiple regression model (MRM) with
generalized additive model (GAM). The catch used in the
analysis is the annual catch of billfishes in the Pacific Ocean
from 1990 to 2008. Annual CPUE (tons/average of the used
hooks/vessel) of billfishes and EQSOI from 1990 to 2008
were used in the analysis

Residual Residual

Df deviance F-value p-value AIC
MRM:
Catcheo sl 16 582 839 <001 3043
GAM: 10 047 112 >04 4080
Catch=s(CPUE)+s(EQSOI) : - : :

* s : smoothing spline.

XS A8t CPUESH EQSOIE
AR o F3) 72 0w BE TG0l AJ A F o]
[e)

& FAT A, A oG AA o= Atelell= e
g Fol FaaATE 9IaL R = 072, P<0.05), Z2}e] AW
F7F FENge] vAE G ARE & 5 s T

AAGe] Ak CPUES} EQSOICNA 212} 0.559) 0.37=,
EQSOIX.t} CPUENA =A A== AT (Fig. 5) ol A
o 2L tit R WS E T Af R T AAdso] BE g
o Aol ARF o EFFe] Hd Mol F o B 4&S v
o]Q_.O_ /]u] Shi}

g, oA v R EA 2
A5
A AT A=
(MRM)Z} Y RE3l7PH R 9 (GAM)E B w313 oL
Table 1¢] YERHTE 22 AEA 7|EH o2 de] A o)A
Akaike's information criterion (AIC)7} ¥W3}7HH 2dl 1 o}
v TIFAREANA ok, vEo] dvtsirby el ok
A AR FoatAE ekt (Table. 1). Wb,
CPUE$} EQSOIE AHWFE sto] efg ol A9 A+ o
o] AW TS dSeted qlo] ARt Ed R T

T

HE2 A Rk
T3 Aol Y Ageiria dE2Ae 4 AT

al

a7 5492 ol

aul hl

L
L
L



700 e -2

AF7A AR FE el
2 384 24 ges ¢
ol A A5 B ATE
AANA o5 el 7% &

3 el s o
Zhell whet S-ubets B2 A A A o g S5
Alell QUTF (FRA, 2009). £ A= AA|4 ZQA4o] Ui o}
7}al 9l AR F tste] o FEEE AHYsgar, =

o8 WEdd FIFe vAE

M A= D e el A %
g3t thgo] dsolgdel +
F=Z oIHE e OﬂEHEHJﬂOk sdo)glar (Fig. 2), =2 2]
o} FAfx| ] F Fase] ek Ao D oIl g o]
t} (Su et al., 2008).

20009t o] doll= AT oJFEo F ER{7F AR o] F
oJ 2] A ol T o] FFFe] < 7ol gk s
AeS Fuh AAF g Eo A FxANA 7HE =
ol = A 5 3ot 20008 & AJA| o] F7Fe] F7tol
t} (Fig. 1). FAO FAl°] o]} (FAO, 2005), 19701t o] %

Jl'F

B Fofl A o] Al x| o} Bk FUIFA R FH el 1 TIHE
2 = AFMTE E3 Kleiber et al. (2002)2] El 3 ol A 2
Al Aol e A9 Aol olehy, WA e of ol
ol k= =8kal 19701 o] 5 A2 Q1 kA STkl of @l
s AL FARARI, b, 2 54 o}

3 271 AN 27k B A9 S0 @ Ao

Fol¥u, 7H ol FrlskeE Wl tig A= A9 o] F

OM A At AR ] A, BEEH G vl {3 thgo]
FALS Al ztskl 3] (SC)ellA AAE A7 AR S
W (ISC, 2009), AHL 7} 713F (1952-2006') 591 E 3 ol
A ol 8 b AHFS FHE S FAS T Ao
AAGE 7L FEgh Ao R HIFE o] (ISC, 2009), o] H o] 3A)
27} 23] A EE 29 F SRl Ao E FAHE $HE,
20003t Eof HA A= A2 ool =] gt} (Fig. 1).
ISC] H.aL zpgol o]&d (ISC, 2009), B8 ol A HAf X
owau EH‘I""P‘ Ao A o] gslar Al om, He] o]F

2 1960 FHtel]l HlE) 1/30]38F ol AL, FANA A4
*PHM ofste]ar 917] wiel o AP AITE AT 5
A Zlo] AE T ol g FAA] 2] AT
S-Eutet oj gt R ghedEoRal e AR Fo

e

ok B3, 9 Ve SsE %Qéﬂ 2w 2000 o
=of Felue AR oo A Med e e

T AAF 2HTE 01@ FE E%f‘z} A g% Me 7
Fe dxd 5 e o YrEoin.

Fig. 5o 591 237124 Aabe e gl Ao MAF o
se] s VAo m Ak Ml od 9T
WA YlEE HEh AL ok SEANE, AR o e A
A9 EQSOISHE &2 & fojsirl #AsaL gle Aom
Hol (Fig. 4,5), o8& WM T A Moo 49d
F fe el dalMe delks 22 gt S dE

WHEo] F5HA #Hsta U= Aow FAo] HArh

A B A thgoje] ojFa g 9 oI Tl U
o] Aol o8 Ha¥ o] x4 gkt} (An et al., 2003a and 2003b;
Miyabe, 1989). dRtd o2 A7} A 54 Ewi{ 7}
a2 FH =77t 2FA WA (Kessler, 2001; Kashino
et al, 2009), A7 Aole g o] HFoNA FAEHIL U=
& 28C o] 9] warm poolo] %= o]Fsle] e H &
o] 12072 W} (An et al., 2003a; Picaut et al., 1996;
Sugimoto et al., 2001). ©]¢} -2 A Aol wE el
& oM e st T el FE BESE O F
9D A x| Fof Abeha} zpxejo] ] Fel 8]lo] & Hlo]
31 (Suzuki, 1994), A5 o] &5 F7FE o]ojd 7hs/do] Q)

ek A Fe F2AAT 2E AdY F=9d RoEe
7 3Fo] QI (Olson et al., 1994), d@|xcol 23+ & t37
Wk A 22 g A J3s ol o
(]2 CPUE) &S vH = S Holt} (Bigelow, 1999).
347k, Langley (2009)= WA =8 F7F 28 o 3A)x] <] 7}
Yol Folx= Aol vkt ARbE Al B asta 9=
T oFH7A dEl B o] YA Fojxtde] JIFE mA|=
7% el = BT ek Aol Wt

B AT AT AHLE Aea) dglwe o g+t
B2 %ﬂokﬂ?ﬂ W AMOﬂ oA #Aoel] glrh= 7H4 3stell
F AN X o Bk AdNES Astaat
391 3L, Miyabe et al. (1989)% Bl 3 &
Zole] A= °“ELL9H Atolel] #AZE Sle& YERRAL,

oI 4 o A5l AR QA A8l oI,
AT AT AR ol HF WEE S| RH o A
Wl A P 5l7] ] P AL e ole]
BE AL AT AAF WE 29 PP Way
Aelel.

19904 o] F Al WA F A xert vlmA ekl

2004/2005'd (Hoppe and Smith, 2006)S 9]¢ 1ho X] A
713 ol #A|sie] B g At oll A o) o] F7hH L.
= PAE= Aol ekl (Fig 2), ©] E3k Ao o} g
F Sl 7148 = 9l AR Az oI WA Bl
F At Bl I WA F o] Tl WA

02,_

gk -9 A9l AFsh, Iehii (2002)% HA| o] H]
Agtedoll A dle]m AV Foll A7} A2 Ak 354
o<l frholeh ZiEol7E B ®ol ogHal &S B3
a1, of= Aol o8 HAmRbFel AR Aloldl &
ol el AaL Mol wdslr] wEeldhal Bkt
a3, ARG sl Al B A AFEE 5A
T StuEA B Y T ger vl ofe] SgdttaL
H ¥ oj X S} (An et al, 2003; Lehodey et al., 1997; Miyabe

et al,, 1989), A 5e] - B WAl upE o gl
= apoli= HolA| ettt o= A|AFIY 4 ol g EE 54
izl Thgol ol e dulw Ao wE ot 3
3l z2Fo]7) Holx 9= Aoz EAHFC)

B Ao A= CPUESF EQSOIE AW W42 dto] AfX|F



T S EEAIhd AT s Al T AL gt
A Ao an] Ao o8 FaE ALY

FaEd

An DH, Moon DY, Koh JR and Cho KD. 2003a. Effect
of El Nino event onthe distribution of Korean
tuna purse seine fishery in the western central
Pacific Ocean. ] Korean Soc Fish Res 6, 32-40.

An DH, Moon DY, Koh JR, Cho KD and Park YC.
2003b. Changes in availability of tuna species due
to ENSO events in the Pacific Ocean. J Kor Fish
Soc 36, 430-436.

Bigelow KA, Boggs CH and He AX. 1999. Environ-
mental effects on swordfish and blue shark catch
rates in the US North Pacific longline fishery. Fish
Oceanogr 8, 178-198.

Brander KM. 1994. Patterns of distribution, spawning,
and growth in North Atlantic cod: the utility of
inter-regional comparisons. ICES Marine Science
Symposia 198, 406-413.

Brynjarsdottir J and Stefansson G. 2004. Analysis of
cod catch from Icelandic groundfish surveys using
generalized linear models. Fish Res 70, 195-208.

Collette BB, McDowell JR and Graves JE. 2006. Phy-
logeny of Recent billfishes (Xiphioidei). Bull Mar
Sci 79, 455-468.

de Sylva DP, Richards WJ, Capo TR and Serafy JE.
2000. Potential effects of human activities on
billfishes (Istiophoridac and Xiphiidae) in the
western Atlantic Ocean. Bull Mar Sci 66, 187-
198.

FAQO. 2005. Capture production 1950-2003. FAO yearbook.
Fishery statistics. http://www.fao.org/fi/tatist/isoft/
FISHPLUS.asp on October 6.

FRA. 2009. The Current Status of International Fishery
Stocks. Retrieved from http://kokushi.job.affrc.go.
jp on September 7.

Franke CR, Ziller M, Staubach C and Latif M. 2002.
Impact of the El Nifio/southern oscillation on
visceral leishmaniasis, Brazil. Emer Infect Dis 8,

oo dg Fd Ws 701

914-917.

Friedlander A. 1995. The recreational fishery for blue
marlin, Makaira nigricans (Pisces: Istiophoridae), in
the US Virgin Islands. Fish Res 22, 163-173.

Hebrank JH, Hebrank MR, Long JH, Block BA and
Wainwright SA. 1990. Backbone mechanics of
the blue marlin Makaira nigricans (Pisces, Istio-
phoridae). J Exp Biol 148, 449-459.

Hedger R, McKenzie E, Heath M, Wright P, Scott B,
Gallego A and Andrews J. 2004. Analysis of the
spatial distributions of mature cod (Gadus morhua)
and haddock (Melanogrammus aeglefinus) abundance
in the North Sea (1980-1999) using generalised
additive models. Fish Res 70, 17-25.

Hoppe LM and Smith DR. 2006. Development of nor'e
asters during El Nifio years. Abstract, 18th Con-
ference on Climate Variability and change, Amer
Meteor Soc, Atlanta, Georgia. P2-2.

Ichii T, Mahapatra, K, Watanabe T, Yatsu A, Inagake
D and Okada Y. 2002. Occurrence of jumbo
flying squid Dosidicus gigas aggregations associated
with the countercurrent ridge off the Costa Rica
Dome during 1997 El Nifio and 1999 La Nifa.
Mar Eco Pro Ser 231, 151-166.

ISC. 1999. Report of the swordfish working group
meeting. Report of the second meeting of Interim
Scientific Committee for Tuna and Tuna-like
Species in the North Pacific Ocean.

ISC. 2009. Report of the ninth meeting of the inter-
national scientific committee for tuna and tuna-
like species in the North Pacfic Ocean. Retrieved
from http://isc.ac.affrc.go.jp on September 23.

Johnson ES and Proehl JA. 2004. Tropical instability
wave variability in the Pacific and its relation to
large-scale currents. J Phys Oceanogr 34, 2121-
2147.

Joseph Jand Miller FR. 1989. El-Nino and the pelagic
fishery in the eastern Pacific Ocean. Bull Jap J
Fish Oceanogr 53, 77-80

Kashino Y, Espafia N, Syamsudin F, Richards KJ, Jensen
T, Dutrieux P and Ishida A. 2009. Observations
of the North Equatorial Current, Mindanao Current,
and Kuroshio Current system during the 2006/07
El Nifio and 2007/08 La Nina. J Oceanogr 65,
325-333.

Kessler W. 2006. The circulation of the eastern tropical
Pacific: A review. Pro Oceanogr 69, 181-217.
Kitchell JF, Kaplan IC, Cox SP, Martell SJD, Essington

TE, Boggs CH and Walters CJ. 2004. Ecological



702 fu-g

and economic components of alternative fishing
methods to reduce by-catch of marlinina tropical
pelagic ecosystem. Bull Mar Sci 74, 607-619.

Kleiber P, Hampthon J, Hinton MG and Uozumi Y.
2002. Update on blue marlin stock assessment Stock
assessment of blue marlin. Working paper for SCTB
15, BBRG-10. Retrieved from http://www.soest.
hawaii.edu/PFRP/sctb15/papers/BBRG-10.pdf on
September 23.

Kondo K. 1980. The recovery of the Japanese sardine-
the biological basis of stock-size fluctuations.
Rapp.-v Réun Cons int Explor Mer 177, 332-
354.

KOFA. 2009. Statistical year book of overseas fisheries.
31, 1-404.

Langley A, Briand K, Kirby DS and Murtugudde R.
2009. Influence of oceanographic variability on
recruitment of yellowfin tuna (Thunnus albacares)
in the western and central Pacific Ocean. Can J
Fish Aquat Sci 66, 1462-1477.

Lehodey P, Bertignac M, Hampton J, Lewis A and
PicautJ. 1997. El Nifio southern oscillation and
tuna in the western Pacific. Nature 389, 715-
718.

Lu HJ, Lee KT and Liao CH. 1998. On the relationship
between El Nino/Southern oscillation and south
Pacific albacore. Fish Res 39, 1-7.

Miyabe N, Koi T and Suzuki J. 1989. El Nifio and
tuna fishery (relation with long live fishery). Bull
Jap J Fish Oceanogr 53, 70-76.

Olson DB, Hitchcock GL, Mariano AJ, Ashjian CJ, Peng
G, Nero RW and Podestd GP. 1994. Life on the
edge: Marine life and fronts. Oceanogr 7, 52-60.

Ortiz M and Aroha F. 2004. Alternative error distri-
bution models for standardization of catch rates
of non-target species from a pelagic longline
fishery: billfish species in the Venezuelan tuna
longline fishery. Fish Res 70, 275-297.

Picaut J, Loualalen M, Menkes C, Delcroix T and
McPhaden MJ. 1996. Mechanism of the Zonal
Displacements of the Pacific Warm Pool: Impl-
ications for ENSO. Science 274, 1486-1489.

Quiflones RA and Montes RM. 2001. Relationship
between freshwater input to the coastal zone and
historical landings of the benthic/demersal fish
Eleginops maclovinus in central-south Chile. Fish
Oceanogr 10, 311-328.

A - H-3l

Seki MP, Lumpkin R and Flament P. 2002. Hawii
cyclonic eddies and blue marlin catches: the case
study of the 1995 Hawaiian international billfish
tournament. J Oceanogr 58, 739-745.

Serafy J, Kerstetter DW and Rice PH. 2009. Can circle
hook wuse benefit billfishes? Fish and Fisheries
10, 132-142.

Stone HH, Gavaris S, Legault CM, Neilson JD and
Cadrin SX. 2004. Collapse and recovery of the
yellowtail flounder(Limanda ferruginea) fishery on
Georges Bank. J Sea Res 51, 261-270.

Su NJ, Sun CL, Punt AE and Yen SZ. 2008. Envir-
onmental and spatial effcts on the distribution of
blue marlin (Makaira nigricans) as inferred from
data for longline fisheries in the Pacific Ocean.
Fish Oceanogr 17, 432-445.

Sugimoto T, Kimura S and Tadokoro K. 2001. Impact
of El Nifio events and climate regime shift on
living resources in the western North Pacific. Pro
Oceanogr 49, 113-147.

Sun CL, Wang SP, Porch CE and Yeh SZ. 2005. Sex-
specific yield per recruit and spawning stock
biomass per recruit for the swordfish, Xiphias
gladius, in the waters around Taiwan. Fish Res
71, 61-69.

Sutcliffe Jr WH, Drinkwater K and Muir BS. 1977.
Correlations of fish catch and environmental
factors in the Gulf of Maine. J Fish Res Board
Can 34, 19-30.

Suzuki Z.1994. A review of the biology and fisheries
for yellowfin tuna Thunnus albacares, in the
western and central Pacfic Ocean. FAO Fish Tech
Pap 336/2, 108-137.

Wood SN. 2006. Generalized Additive Models: An
introduction with R. Chapman & Hall/CRC, Florida,
US.A.

Xiao Y. 2004. Models in fisheries research: GLMs,
GAMs and GLMMs. Fish Res 70, 137-139.

Yoo JT and Nakata H. 2001. Implication of onshore-
offshore shifts of the Kuroshio axis for coastal
shirasu fishery in the Enshu-nada Sea. Bull Jpn
Soc Fish Oceanogr 65, 51-58.

2009 99 28Y HF
2009 129 19 A
20099 129 179 <=4



