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Study on fishing characteristics and strategies of
Korean tuna purse seine fishery in the

Western and Central Pacific Ocean

Mi Kyung Lee

Department of Fisheries Physics, The Graduate school,
Pukyong National University

Abstract

Purse seine fishery is the dominant fishery, which accounts for over
70% of total tuna catch produced in the Western and Central Pacific
Ocean - the largest tuna production area. Total catch of purse seine
fishery had substantially increased due to the expansion of fleets
belonging to main Distant Water Fishing Nations (DWFN) and Pacific
Islands, and enhancement of fishing capacity adopted by cutting—-edge
equipments and new fishing methods for purse seine fishery over the
past three decades. However, adverse effects caused by purse seine
fishery on tuna resources are being reported. Especially, associated set
type using floating objects (hereafter 'associated set’) such as Fish

Aggregating Device (FAD) are pointed out as the main cause of
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deteriorating various pelagic resources, since this fishing type are likely
to bycatch not only juvenile of target species but variety of non-target
species. Therefore, Regional Fisheries Management Organizations
(RFMOs) are adopting a number of measures to conserve resources.
Korea is one of the major fishing countries of tuna purse seine fishery
in the Western and Central Pacific Ocean, and tuna purse seine fishery
i1s one of the most important fishery in the Korean distant water
fisheries. So it is a prerequisite to understand the fishing characteristics
of Korean tuna purse seine fleets, in order to respond to RFMOs’
tightened regulation on purse seine fishery.

In this study, trends and characteristics of Korean tuna purse seine
fishery were analyzed, and distribution of fishing ground and correlation
between oceanographic conditions and fishing trends were investigated.
As analyzing changes in fishing patterns of Korean tuna purse seine
fishery implemented by conservation and management measures of
RFMO, it aims to prepare countermeasures for the measures to be
tightened.

Fishing trends and characteristics of Korean tuna purse seine fishery
in the Western and Central Pacific Ocean were investigated using
logbook data compiled from captain onboard and the statistical data from
1980 to 2014. And changes in fishing ground and correlation between
marine environmental factors and fishing patterns were investigated
using Multivariate ENSO Index (MEI) and Oceanic Nino Index (ONI). In
addition, as analyzing changes in fishing patterns of Korean tuna purse

seine fishery implemented by conservation and management measures of
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RFMO, it aims to prepare countermeasures for the measures to be
tightened.

In the results of the analysis on trends and characteristics of Korean
tuna purse seine fishery, the historical catch had sharply increased since
mid-1980s and recorded over 2 hundred thousands in 1991. However, it
had shown a decreasing trend from 1990s to early 2000s, while
increasing again from 2006, producing an average catch of 250
thousands over the last 3 years. The number of active vessels recorded
at 39 of the highest in 1990, then declined to the level of 26~29 vessels
to date, while catch per vessel and number of set per vessel are
showing a continuous increase. The proportion of unassociated set using
floating objects (hereafter 'unassociated set’) was greater than that of
associated set. CPUEs (mt/No. of set) only considering succeeded fishing
operations were similar for both set types, while CPUE of associated set
was higher than unassociated set. Catch proportion of Skipjack and
Bigeye were higher in the associated set, whereas that of Yellowfin was
higher in the unassociated set. Especially, most of Bigeye were caught
by associated set.

Fishing distribution of Korean tuna purse seine fishery was
concentrated in the Western Pacific area of 5°N~10S° and 140°E~180°
through the decades, and it was gradually expanding toward east. Catch
distribution was concentrated in the major fishing ground, but CPUE
was relatively high in the east of 180°. Fishing distribution by set type
showed that the unassociated set was wider toward east than that of

the associated set. Among the associated sets, fishing distribution of log
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set was concentrated in the west of 160°E, whereas that of FAD set
shown high portion in the east of 160°E. Concerning influence on
creating fishing ground by change of oceanographic conditions, it
represented that the stronger the El-nino is, the more the fishing ground
expands toward east, along with the main fishing area shifting toward
east. Also, Yellowfin CPUE tended to increase, and high catch
proportion of Yellowfin was observed in the east part of the Western
and Central Pacific Ocean during the El-nino seasons. Concerning the
fishing characteristics by set type, it represented that log set has shown
higher proportion of set during El-nino seasons, whereas FAD set has
shown during La-nina seasons. As Korean tuna purse seine fishery
mainly operates with the unassociated set type, position of main fishing
ground were substantially affected by oceanographic conditions.

The key measures, which are to manage fishing effort of purse seine
fishery and to limit fishing capacity are restrictions on FAD set and set
on the High Sea in the Western and Central Pacific Ocean. As FAD set
are pointed out as the main cause of overfishing juvenile of Yellowfin
and Bigeye, FAD closure and restriction of number of FAD set were
adopted to manage use of FAD. In addition, any set was prohibited on
the High Sea Pockets, where had shown high proportion of fishing
effort, and all FAD sets on the High Sea will be banned from 2017.
Variation in fishing trends of Korean tuna purse seine fishery seems to
be marginal than other major DWFEFN as implementing such measures
above. The main reason is that Korean tuna purse seine fishery has

unique fishing characteristics focusing on the unassociated set.
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Fig. 2.3. Trends in catch of main species (Skipjack, Yellowfin, Bigeye) caught
by Korean tuna purse seine fishery operating in the Pacific Ocean for the
period 1980~ 2014.
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Fig. 2.9. Change in proportion of annual catch and effort (No. of set) by

quarter of Korean tuna purse seine fishery in the Pacific Ocean for the period

1980~ 2014.
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Fig. 2.10. Trends in proportion of effort by set type of Korean tuna purse
seine in the Pacific Ocean for the period 1982 ~2014.
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Fig. 2.11. Trends in annual CPUE (mt/No. of set) by set type of Korean tuna
purse seine operating in the Pacific Ocean for the period 1982~ 2014.
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Fig. 2.14. Comparison of total and successful CPUE by set type of Korean
tuna purse seine fishery in the Pacific Ocean for the period 1982~2014.
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Fig. 2.16. Trends in catch proportion of set type by species of Korean tuna
purse seine operating in the Pacific Ocean for the period 1982 ~2014.
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(bottom) by set type of Korean tuna purse seine fishery in the Western and
Central Pacific Ocean for the period 2004~2013 (Red dotted line indicates the

minimum length of maturity).
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1D AAFA] #3 BEAYZX (Conservation and Management Measure on
the regulation of transshipment, CMMZ2009-06)
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AWl o7 Frigoels FilhoE FeokEe] 7o oA fFAsthrh A
FAEEIHEES 71x 7] wEd (Moreno

et al., 2007; Leroy et al, 2009) fr&+ Zdo] & gL & IS W=

o
S Al wet fEa 2ol o F Ax o] FHe EAVE 4] vE
Wt Leroy et al. (2013) ¥ Kumasi et al. (2010)9] AFoA= SAH
A w4 @Y 2A AAE Sl fET 2l o8 ol e ThuEe,
gorge], wudod AA 277 FE =24
om, 53] Frpgolo A ol g Aido] @A
A ATES R FEL =9 o3 o
T AdE =Rl dAME FAEE FEFo] YEld Aoz FAHH= HlL

Fogols TR LE ofFd tE AP AR FHo] B o] FolA

oA o8| Aol wa 2

A YeEb TRl ®arskglv

}
ggo 293 A ¥ A

et e EAo od FET 2P wuF AR AF APIE F
7kel 7b 2 99l (Leroy et al, 2013)0.= A w5l et A wrhof
o] o o] HuA &MY (Maximum Sustainable Yield (MSY))<

=

gopgto] zpAofo] m A= TS sty fste] vYd AGEe] 8
Fol Aok ey Aol HRAde o8] ApA|o] o] g Atel| A
A A3 A = oA s TA] Atk (Itano et al., 2005; Schaefer et

12) Stock assessment of bigeye tuna in the Western and Central Pacific Ocean
(WCPFC-SC10-2014/SA-WP-01)
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G sevet gto] Aol 27190 1980 dth dwtkell= 1o}
7y et mro]l AR Ao} Alole] F& BHS FAHORE 2~3%9 Mulo]
Ao Aolde] AAAG dg dF AAES #A TG AR
4 A 55 T3 19829dFF 1990 7HA] 2 Auk 7t 43 S
7hE Atk SAll ©x #leld (Bird radar), 9140l A4 59 Hd
o] =qjog ofF @ o] AL LolshAl Flemw (Don et al, 2003),

23 A9 =97 Axde gRsE =g Au H3e] Z7} glolx
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2. 7t 2 WUH

2.1. A=

$2uhet theol Awelsiel Auld xgjold WaE Helstu Fa o
% 8 23 ged ©E ofd REX FRL FAS] et 239X
(loghook) A5 7145]e] Q= =8 A3
gejas, ojFH oF e JuE o

Qe % 29 Aol Al 9A ge 1980~ 1981 At Aelsd

o
Ak
=
offt L)
S
ol
4%
2
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2
e
Lo
N
Fo
BN
ind
L
18
fljo
do
(o
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N
N
12
%
re,
k1

7hebsro] Al HI7E A A
T AAE v 2999 s agste] A8 (Fig. 3.1).

Y A A WEIE ool WA= FEFES A fste] A ey
UE Yelll= A% S Oceanic Nino Index (OND<®} thia ]zl
E2]4 (Multivariate ENSO Index, MEDES AF&3&}3th ONIE= W] =k 2 3
F71H15 (NOAA)NA A -2yt A 792 NINO 34 9 (5°S~
5°N, 170°~120°W)¢] 8]4H &% (Sea Surface Temperature, SST) H}=
3ME ol Bt (1-3¥, 2-49, -, 11-19)3t A& AF=E, o] gho] A
A 055 o]dSl Go] 57iY o] A&E A 1 2

16)
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2 2t MEIE= Ed g3 Felr] #S5H= 6719 T8 W
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o

15) National Oceanic and Atmospheric Administration (NOAA)

16) s deg =t ds27 (MEDe] #atd 6719 F8 Waye " 719
(Sea-level pressure (P)), &-A, H-5%W3de %F T% (Zonal (U) and
meridional (V) components of the surface wind), 3l+™ =% (Sea surface
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BA% A5z 209 0% Wit (129, 239, - 12-1D)8ke] AaR

-

AlE] (Climate Prediction Center)!?), MEI+=

Ao

ON¢] AHHiE= NOAA 71%d)
n] =7t e A gt (University Corporation for Atmosphere Research,

UCAR)®®] 27 & AR&stith 1980 =48 20149744 + A4 1+ 4

532 Fig. 3.2¢9F 2t}

temperature (S)), 71 (Surface air temperature (A)), % (Total cloudiness
fraction of the sky (C))o]t} (Wolter, 1987 ; Wolter and Timlin, 1993).

17) http://www.cpc.ncep.noaa.gov/data/indices
18) http://climatedataguide.ucar.edu/climate-data/multivariate-enso-index
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Region 3

s T15E 125 135 145 1585 185 175 175 185 185 145 W

Fig. 3.1. Revised regional structure for Skipjack tuna in the Western and
Central Pacific Ocean (Rice et al.(2014)19).

OMI & ME|
a

1981
1986
1aal
1936
2001
2006
2011

Year
Fig. 3.2. Variation in monthly Oceanic Nino Index (ONI) and Multivariate
ENSO Index (MEI) for the period 1980~2014.

19 Stock assessment of skipjack tuna in the Western and Central Pacific
Ocean (WCPFC-SC10-2014/SA-WP-05 Rev 1)
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Fig. 3.3. Distributions on 5-years average catch and effort by Korean tuna

purse seine fishery in the Western and Central Pacific Ocean for the period

1980~ 2014.
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Fig. 3.3. Distributions on 5-years average catch and effort by Korean tuna
purse seine fishery in the Western and Central Pacific Ocean for the period
1980~2014 (Continued).
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Fig. 3.5. Proportion of catch by species by latitude (North/South) and longitude
(East/West) caught by Korean tuna purse seine fishery in the Western and
Central Pacific Ocean for the period 1980~2014.
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Fig. 3.6. Longitudinal distributions of monthly catch by species of Korean tuna
purse seine fishery in the Western and Central Pacific Ocean for the period
1980 ~2014.
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of set) by set type of Korean tuna purse seine fishery in the Western and
Central Pacific Ocean for the period 1982~2014.
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by set type of Korean tuna purse seine fishery in the Western and Central
Pacific Ocean for the period 1982~2014 (——: Unassociated set, ----:
Associated set (Log), —: Associated set (FAD)).
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Table 3.1. Result on correlation of Multivariate ENSO Index (MEI) and position

of main fishing ground of Korean tuna purse seine fishery

Coef. Std. Err t P>|t] [95% Conf. Interval]

SKJ 1.05925 .543241 1.95 .052 -.0086835 2.127182

YFT 1.37219 .5687 2.41 .016 .2541986 2.490193
Longitude

140E 160 180 160 140W

1996

Year

2001

2011

Fig. 3.15. Variation in monthly Ilongitudinal gravity center of CPUE for
Skipjack and Yellowfin and Multivariate ENSO Index (MEI) for the period
1980~2014 (—*—: SK]J, =--=-- YFT, —: MEI).
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Fig. 3.16. Distribution on proportion of Skipjack and Yellowfin catch in the total purse seine catch caught by Korean tuna purse seine
fishery in the Western and Central Pacific Ocean during the El-nifio(1997, 2002) and La—nifia(1996, 2011) seasons.
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seasons. Set type is classified into 'Unassociated and Associated’ in 1996 and 1997, and 'Unassociated and Associated (Log and FAD)’
in 2002 and 2011.
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23) Conservation and Management Measures for Bigeye and Yellowfin tuna in
the Western and Central Pacific Ocean (CMM2005-01)
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24 http://www.wcpfc.int/conservation-and—-management-measures

25 "any object of group of objects, of any size, that has or has not been
deployed, that is living or non-living, including but not limited to buoys,
floats, netting, webbing, plastics, bamboo, logs and whale sharks floating on
or near the surface of the water that fish may associate with”
(CMM2009-02, Article 3)
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27 Scientific Coordinating Group
28) Management options for Bigeye and Yellowfin tuna in the Western and
Central Pacific Ocean (WCPFC/PrepCon/WP24)
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Hampton, 2006).

e wo71E 7Ivte g Adojd el o A (T8 = EEZ), AZH4
=o7] (Ad%delyd A, FAD w971 A4 & 47FA w971 Alvg el
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ZHdTE°] AYE L 3 (327 FAD 254 % 487 8 &4 25 A
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29) Proposal in respect of paragraph 11 of conservation and management
measure 2005-01 (WCPFC3-2006/16). Refer to Appendix 5,6.
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30) Pacific Islands Forum Fisheries Agency
3D Indonesia-Philippines Data Collection Project
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32) Relationship between bigeye tuan catch and school type of Japanese purse
seine operated in tropical area of the Western and Central Pacific Ocean
(WCPFC-SC8-2012/MI-WP-04)

- 12 -



EE4 AERS ARE 7I¥ro g dAA FAD wo7] Z2A7F AjskA &
35 ZFxsdu. ool 3 ZAZE FAD Fo17] &9F wrigo] o g%
& Aasd ey FAD wo17] 99 7|2k 5 FAD Ab&o] F7hghel ubet
20119 Aol el wrpgo] ¥ g Hi FEs VIS AS olgiel

Az dge) FADI ta A714e Fol7] dal 9% 2935E =
43ke] Fol7] 9e) Aol A% FAD 29 w8g weld + e 248
ne @ A AwsH

20123 A9x Al L3l A= CMM2008-01 |8 o] Fo = Ak
o] AIEH o= FItste] wet wrhEe]l JIAILES FAH SR 10% I
F3ka olo] wEk FAD #9171% 171 d3ste] & 47/1€ 2] FAD w°17]
7 AtE At a8y AR F95EL2 FAD 29 &=/t vl Eol
Z717ke] FAD &017] AAl Al &A5d 7hsE = &

4714 FAD =ol7|7F AAlE A5 Amo] g ol &4 digh ek
A BAS gk ol wet 3= 7t 2P Fe] AT 29 54
S 183t 371Y FADFHO7IE 7|Ro 2 Frhd oz 3 d3te] Fo]7]
A% == 4784 FAD Foi7]o] E3at= A%k FAD %

ZA 2 Aeste] o]PEE 39t (CMM2012-01).

20139 % A9} et A3l A= wrhEdo] Al HEo g A A}
skl Moldle] FAD 2% o w==(x%] 393 d5oAde o=
of A Fs AgtetE HFHA 2Ad digte] 7} o =

A% Wsel oE 4AEFAES B

)
2
to
pe

%
o
iih)
=
-
o2
2
2
Lo
oy A
o
[-d 1
)

33) Review of implementation and effectiveness of key management measure for
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Table 4.1. The ranks of proportion of monthly catch (by species) and effort
(by set type) by Korean tuna purse seine fishery in the Western and Central
Pacific Ocean for the period 1996-2005

Catch Effort
Mon Skipjack Yellowfin Bigeye SS{'I;IIII)JO z\t;flgl; Unaszcéglated Assc;ce:}[ated
1 10 3 2 3 9 7
2 8 2 7 2 8 8
3 6 10 1 9 6 5
4 2 9 6 10 2 6
5 1 12 10 12 3 4
6 11 11 8 11 10 10
7 5 7 11 7 12 1
8 3 8 5 8 5 3
9 4 1 4 1 7 2
10 9 4 9 4 1 11
11 7 5 12 5 4 12
12 12 6 3 6 11 9
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37 Data resource : WCPFC10-2013-12 (Rev 1)
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Table 4.2. Trends in proportion of effort (No. of set) operating in the pocket
High Sea by implementing CMMZ2008-01 on high seas pocket

(Unit : %)
Before CMM
(Average of 2000-2009) 2010 2011 2012 2013 2014
HSP_1 4 0 1 3 3 0
HSP_2 8 5 5 1 3 2
HSP_Total 12 5 6 4 6 2
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among other things

44) The preamble to the WCPF Convention notes that effective conservation
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Appendix 1. Conservation and Management Measures on Purse

seine fishery operating in the Western and Central Pacific Ocean
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Appendix 2. Establishing and revision process of Conservation and Management Measures on Tropical tuna in the Western and

Central Pacific Ocean
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Appendix 3. Resolution on Conservation and Management Measures of
Western and Central Pacific Fisheries Commission (CMM2004-04)
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Appendix 4. Projection runs for estimating biomass of Bigeye and Yellowfin
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Appendix 5. Four scenarios considered for contributing to a reduction in fishing mortality for bigeye and yellowfin

Scenario Measure
1 Fall 2 BE Aol 12197 29 4 (018 wgo] EEZZ 0|74 49)
2 3, 471 3+ @ 9 EEZ 59 (=9 Alel)elA FAD £%1 57
3 337] FAD %% &4 9 4387] F& A BE Aoly] &4
4 437] 33l 2 2ol T, BEZ W) FAD %91 5% 8 33l 4 A5ol9l werho] el 414

Appendix 6. The estimated percentage reductions in total purse seine fishing days by flag resulting from four the scenarios#)

(WCPFC3-2006/16 Rev.1)

Scenario FSM* China Japan Korea NZ* PNG* RMI* C-T* USA Vanuatu Total
1 21.4% 25.3% 28.2% 18.1% 26.9% 10.3% 22.9% 21.0% 21.5% 32.1% 18.7%
2 31.1% 29.5% 31.1% 12.4% 37.0% 18.6% 42.8% 23.0% 28.7% 25.1% 23.1%
3 32.6% 30.1% 36.6% 15.8% 32.1% 17.8% 40.7% 25.5% 32.6% 26.9% 25.4%
4 17.7% 21.9% 19.7% 9.0% 17.4% 10.9% 21.3% 14.0% 16.4% 18.3% 13.9%

* FSM (Federated States of Micronesia), NZ (New zealand),

Taipei)

45) Proposal in respect of paragraph 11 of conservation and management measure 2005-01 (WCPFC3-2006/16 Rev.1)
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PNG (Papua New Guinea), RMI (Rep. of the Marshall Island),

C-T (Chinese
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