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Descriptive analyses of the Korean Indian Ocean longline fishery,
focusing on tropical areas

Simon D. Hoyle?, Sung-Il Lee? and Zang Geun Kim?

Abstract

We analysed Korean operational longline catch and effort data in order to describe and characterize
the fishery, and to increase understanding of both the fishery and the species caught. The primary
interest is in the tropical tuna species, bigeye and yellowfin, but information on other species is
included because their catches are important for the fishery, and provide valuable information on
fishing methods and ecological patterns. Species and species groups included are yellowfin tuna,
bigeye tuna, albacore tuna, southern bluefin tuna, skipjack tuna, black marlin, blue marlin, striped
marlin, sailfish, shark, swordfish, and other species. We provide temporal and spatial plots of catch,
effort, catch rate, fishing patterns, fleet composition, reporting patterns, gear usage, proportions of
zero sets, and species composition.

Introduction

This report is an output of an Indian Ocean Tuna Commission project to explore factors affecting the
catch rates of Japanese, Taiwanese, and Korean longline fleets fishing for bigeye and yellowfin tunas
in the Indian Ocean. The work was funded by the International Seafood Sustainability Foundation
(ISSF).

This report provides detailed information on the Korean longline fleet. Complementary reports
address the Japanese and Taiwanese fleets. A further report (Hoyle et al., 2015) addresses the main
objectives of the study.

Methods
Full details of data preparation are included in Hoyle et al. (2015), some of which is repeated here.
Data preparation and analyses were carried out using R version 3.1.2 (R Core Team, 2014).

Korean operational data were available for 1971 to 2014 , with fields vessel id, operation date,
operation location to 1 degree, number of hooks, number of floats, and catch by species in number
for albacore, bigeye, black marlin, blue marlin, striped marlin, other species, southern bluefin,
sailfish, shark, skipjack, swordfish, and yellowfin.

In the Korean data the callsigns were understood to have changed through time to some extent, and
so vessel ids were assigned based on a combination of vessel names and vessel callsigns. For all
fleets, the vessel id was rendered anonymous by changing it to an arbitrary integer. Sets without a
vessel call sign were allocated a vessel id of ‘1’. For joint analyses, care was taken to assign different
vessel ids to vessels from different fleets.

Latitude and longitude were reported at 1 degree resolution, with a code to indicate north or south,
west or east. All data were adjusted to represent the south-western corner of the 1 x 1 degree

1ISSF Consultant, Hoyle Consulting, 20 Bisley Ave, Nelson, New Zealand, simon.hoyle@gmail.com.
2 Invited Korean experts, National Fisheries Research and Development Institute, Republic of Korea,
k.sungillee@gmail.com and zgkim@korea.kr.



mailto:simon.hoyle@gmail.com
mailto:k.sungillee@gmail.com
mailto:zgkim@korea.kr
david
Typewritten Text
Availability: 7 October 2015

david
Typewritten Text


IOTC-2015-WPTT17-INFO7

square, and longitudes translated into 360 degree format. Each set was allocated to a yellowfin
region (consistent with the definitions in the yellowfin stock assessment, Langley et al., 2012) and a
bigeye region (consistent with the bigeye assessment, Langley et al., 2013), and data outside these
areas ignored. Location information was used to calculate the 5 degree square (latitude and
longitude).

The few sets without hooks were deleted. For the purposes of further analyses, we cleaned the data
by removing data likely to be in error. The criteria were selected after discussion with experts. Hooks
per set above 5000 and less than 200 were removed.

Korea reported catch by species in numbers, for bigeye, yellowfin, albacore, southern bluefin tuna,
swordfish, striped marlin, blue marlin, black marlin, skipjack, sailfish, sharks, and other species. The
sailfish category may include shortbill spearfish (Uozumi, 1999).

Some very large catches were reported at times for individual species, but were not removed since
there was anecdotal evidence that they may be genuine, and because they are unlikely to affect
results substantially.

Hooks between floats (HBF) was not directly available in the logbooks, but the number of floats was
reported, so we calculated HBF by dividing the number of hooks by the number of floats and
rounding it to a whole number.

Dates of sets were used to calculate the years and quarters (year-quarter) in which the sets
occurred. They were also used to calculate the level of illumination from the moon, using the
function lunar.illumination() from the lunar package in R (Lazaridis, 2014). Moon phase has often
been observed to affect catchability of pelagic fish, and is associated in some cases with changing
targeting practices (Poisson et al., 2010).

Plotting

The plots provided are designed to provide an overview of the characteristics of the fishery through
time. They address the temporal and spatial distribution of fishing effort (Figures 1 - 5), hooks per
set (Figure 6), hooks between floats (Figures 7 - 9), vessel characteristics and longevity (Figures 10 -
13), catch (Figures 14 - 19), CPUE (Figures 20 - 25), proportions of sets with zero catch (Figures 26 -
28), species composition (Figures 29 - 36), catch by 5 degree square through time (Figures 37 - 48),
and proportion of sets with zero catch by 5 degree square through time (Figures 49 - 60).
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Figure 1: Sets per day by region.
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Figure 2: Hooks per year-qtr by region.
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Figure 3: Median location of effort by year-qtr across the Indian Ocean, by year and either latitude (left) or longitude (right).
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Figure 4: Spatial distribution of effort in total number of hooks per 5 year period. Yellow colour indicates higher effort.
Contour intervals are at 103, 104, 10°, etc.
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Figure 5: Spatial coverage through time, indicating the number of 5 degree cells with effort by year-qtr and region.
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Figure 10: Unique vessels per year by region.
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Figure 12: Vessel sorted by year of last set, with a line between the years of first and last set by each vessel.
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Figure 15: Catch by year-qtr and region for bigeye, yellowfin, albacore and SBT
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Figure 16: Log scale catch by year-qtr and region for swordfish, striped marlin, black marlin blue marlin and sailfish.
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Figure 17: Catch by year-qtr and region for swordfish, striped marlin, black marlin blue marlin and sailfish.
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Figure 18: Log scale catch by year-qtr and region for other species, shark, and skipjack.
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Figure 19: Catch by year-qtr and region for other species, shark, and skipjack.
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Figure 20: Log scale CPUE by year-qtr and region for yellowfin, bigeye, albacore, and SBT.
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Figure 21: CPUE by year-qtr and region for yellowfin, bigeye, albacore,

24



IOTC-2015-WPTT17-INFO7

YFT Region 6

YFT Region 1

2 Swordfish
& Striped marlin
+ Black marlin
* Blue marlin
Sailfish

I T T T
lo-aL Z0-eL  e0-@L v0-el

S300L| pEUpUnL Jad LDjE D

Go-a1

EES
a%«

Pt

T T T T
Lo-al -2l €021 ro-al

SYO0L| pEUpUn Jad Loje D

Go-a1

2010

2000

1990

1980

2010

2000

1990

1980

YFT Region 5

YFT Region 2

Lo-al Z0-91 £0-91 ro-21 So-al
syjooy paupuny Jad yaje o
o+ o=
B oy dy
T T T T T
Lo-al 209 £0-al fO-aL So-al

syooL paupuny Jed Yoo

2010

2000

1990

1980

2010

2000

1990

1980

YFT Region 4

YFT Region 3

=1 z N

Lo-al

ool e0-al o021

S300L| paUpuUnL Jad Loje D

Go-a1

)
< il

E]

g
_Wxx +Jx..m+x
o

_uo ﬁh_ux

Lo-al

el e0-al ol

SY00L| peUpUnL Jad LoD

Go-a1

2010

2000

1990

1980

2010

2000

1990

1980

Figure 22: Log scale CPUE by year-qtr and region for billfish.

25



IOTC-2015-WPTT17-INFO7

Catch per hundred hooks Cateh per hundred hooks

Catch per hundred hook s

005 010 015 020 025 030

0.00

005 010 015 020

0.00

015

010

0.0s

0.00

YFT Region 1
&
A
=] @ &
F
s
>< &
W ® n
N
Fiy
s, o iy
& 5 ®
b+ " o
. it o .
o8 a o & go C‘ﬁf_\.g“'
S " T, X bﬁ%ﬁ
Senm ¢ Ko 2 2wt we HH
T T T T
1880 1950 2000 2010
YFT Region 2

[u}

T
1950 2000

YFT Region 3

=

Figure 23: CPUE by year-qtr and region for billfish.
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Figure 25: CPUE by year-qtr and region for shark, skipjack, and other species.
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Figure 26: Proportion of zero catches by year-qtr and region for bigeye, yellowfin, albacore, and SBT.
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Figure 27: Proportion of zero catches by year-qtr and region for billfish.
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Figure 28: Proportion of zero catches by year-qtr and region for shark, skipjack, and other species.

31



IOTC-2015-WPTT17-INFO/

Latitude

Latitude

0 10

-10

-40 -30 -20

10

0

-10

-40 -30 -20

1975 BET/ Total

40

60 80

Longitude

1995 BET/ Total

Jm—v

@’%

40

60 80

Longitude

Latitude

Latitude

0 10

-10

-40 -30 -20

10

0

-10

-40 -30 -20

1985 BET/ Total

80

Longitude

2005 BET/ Total

- fﬂﬁr :
| usf ‘ \.

40

Longitude

100

120

32



IOTC-2015-WPTT17-INFO/

Latitude

1975 BET/ Total

Latitude

I
80

Longitude

1995 BET/ Total

Longitude

Latitude

Latitude

1985 BET/ Total

40

60

I
80

Longitude

2005 BET/ Total

100

120

Longitude

Figure 29: Proportion bigeye in total catch by decade and 5 degree square (top) and by 5 year period and 1 degree square (bottom). Yellow indicates higher proportion. Contour lines are at 0.1

intervals.
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Figure 30: Proportion yellowfin in total catch by decade and 5 degree square (top) and by 5 year period and 1 degree square (bottom). Yellow indicates higher proportion. Contour lines are at

0.1 intervals.
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Figure 31: Proportion albacore in total catch by decade and 5 degree square (top) and by 5 year period and 1 degree square (bottom). Yellow indicates higher proportion. Contour lines are at

1975 ALB | YBA Total 1985 ALB | YBA Total
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0.1 intervals.

42



IOTC-2015-WPTT17-INFO/

1975 ALB /| YBA Total 1985 ALB | YBA Total

43



IOTC-2015-WPTT17-INFO/

Latitude

Latitude

10

0

-10

-40 -30 -20

10

0

-10

-0 -30 -20

1975 SWO / Total

20

20

40

60 a0

Longitude

1995 SWO / Total

40

60 al

Longitude

Latitude

Latitude

10

0

-10

-40 -30 -20

10

0

-10

-0 -30 -20

1985 SWO / Total

20

40

60 a0

Longitude

2005 SWO/ Total

100

120

Longitude

44



IOTC-2015-WPTT17-INFO/

Latitude

1975 SWO | Total

Latitude

Longitude

1995 SWO | Total

Longitude

Latitude

Latitude

1985 SWO / Total

20

40

60 80

Longitude

2005 SWO [ Total

100

120

Longitude

Figure 32: Proportion swordfish in total catch by decade and 5 degree square (top) and by 5 year period and 1 degree square (bottom). Yellow indicates higher proportion. Contour lines are at

0.05 intervals.
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Figure 33: Proportion striped marlin in total catch by decade and 5 degree square (top) and by 5 year period and 1 degree square (bottom). Yellow indicates higher proportion. Contour lines

are at 0.05 intervals.
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Figure 34: Proportion SBT in total catch by decade and 5 degree square (top) and by 5 year period and 1 degree square (bottom). Yellow indicates higher proportion. Contour lines are at 0.05

intervals.
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Figure 35: Proportion blue marlin in total catch by decade and 5 degree square (top) and by 5 year period and 1 degree square (bottom). Yellow indicates higher proportion. Contour lines are

at 0.05 intervals.
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Figure 36 Proportion sailfish in total catch by decade and 5 degree square (top) and by 5 year period and 1 degree square (bottom). Yellow indicates higher proportion. Contour lines are at

0.05 intervals.
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Figure 37: Catch by year-qtr and 5 degree square in region 2 for bigeye, yellowfin, albacore and SBT.
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Figure 38: Catch by year-qtr and 5 degree square in region 3 for bigeye, yellowfin, albacore and SBT.
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Figure 39: Catch by year-qtr and 5 degree square in region 4 for bigeye, yellowfin, albacore and SBT.
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Figure 40: Catch by year-qtr and 5 degree square in region 5 for bigeye, yellowfin, albacore and SBT.
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Figure 41: Catch by year-qtr and 5 degree square in region 2 for Swordfish, striped marlin, black marlin, blue marlin, and sailfish
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Figure 42: Catch by year-qtr and 5 degree square in region 3 for Swordfish, striped marlin, black marlin, blue marlin, and sailfish.
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Figure 43: Catch by year-qtr and 5 degree square in region 4 for Swordfish, striped marlin, black marlin, blue marlin, and sailfish.
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Figure 44: Catch by year-qtr and 5 degree square in region 5 for Swordfish, striped marlin, black marlin, blue marlin, and sailfish
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Figure 45: Catch by year-qtr and 5 degree square in region 2 for shark, skipjack, and other species.
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Figure 46: Catch by year-qtr and 5 degree square in region 3 for shark, skipjack, and other species.
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Figure 47: Catch by year-qtr and 5 degree square in region 4 for shark, skipjack, and other species.
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Figure 48: Catch by year-qtr and 5 degree square in region 5 for shark, skipjack, and other species.
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Figure 49: Probability of zero catch by year-qtr and 5 degree square in region 2 for bigeye, yellowfin, albacore, and SBT.
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Figure 50: Probability of zero catch by year-qtr and 5 degree square in region 3 for bigeye, yellowfin, albacore, and SBT.
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Figure 51: Probability of zero catch by year-qtr and 5 degree square in region 4 for bigeye, yellowfin, albacore, and SBT.
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Figure 52: Probability of zero catch by year-qtr and 5 degree square in region 5 for bigeye, yellowfin, albacore, and SBT.

69



IOTC-2015-WPTT17-INFO/

Probability of zero catch Region 2

. 1.5.42.5 o - - . - e
- @ SWo (™ - - - - - P I
= & Ms (= = = = = S A
o B P o o o o [=1 s x &
e = BUN |2 =) o | =3 © m__»;-: N
o =] =] =] =] =] =]
SFA &
+ = - - = - ="
o =] =] =] =] =] S 2ml e oxa
bJE w
B S B B Bl B B I
= 4 - = = =2 4 =2 4 =] 2 J A
= T T T T = = = = = = T T T T
1980 1950 2000 2010 1980 1950 2000 2010
P Fa o - - - - o
) T o + o o R o | ) o |
= i x " o o o o =] =1
e | Fe ™ “ w | © . . © w0
o ° 3 ° " & [=] o o o o [=]
S omtee - : : : c ] : s ]
e ' i = E = = S
oy o = oA o oy oy oy oy o
o 7 & o 7 o o 7 o 7 o o 7
i
S—QMmAAAAKom % = = S S 5 o : :
T T T T T T T T T T T T T T
1520 1980 2000 2010 1520 1980 2000 2010 1580 1980 2000 2010 15980 1980 2000 2010 1520 1980 2000 2010
4 2.9, 41,5 2 2.9, 72,5
o o g e o o o o o e
= = Y *’%&j—?‘ = = = - - &
[} w | i} i} i} i} wm |
=] =] =] =] =] =] =] 5
= o _{ o o o o w | oo
o [=] o o o o [=] ° é‘
- = | = = = - = B
o =] =] =] =] =] a7, ?
o o o o o o o PR
o o o o o o o | o
o =2 a [=] [=] =} 9 Jda sie AE
= T = T T T T T T T T T T T T T T T
1520 1980 2000 2010 1520 1980 2000 2010 1580 1980 2000 2010 1580 1980 2000 2010 15980 1980 2000 2010 1520 1980 2000 2010
1.5, 42,5 -1.5, 62,5 1.5, 2.5
a o ) . + J Y o .
- - - - - = -
«
& o
ER z = = = 4 & ] @ @
o | w w w | w | b © w _|
=] =] =] =] « |2 o =] =]
- - - - | - “ - Sge o - - |
=} =} a a ST 2 g e e . o o =}
o o o o oy - L . L [ 2
o B o Bl Bl L5 . o B
a = = 2 4 2 4 o ey = o
= T T T T = T T T T T T T T T T T T
1580 1950 2000 2010 1580 1950 2000 2010 1580 1950 2000 2010 2010 15980 1980 2000 2010
2 [ h_—la_ﬁ'fiz’é Eraa el -5«'%55&,‘?».--4\01&%-.?»:;:4?1 ;::.-_-».m\ 7= 24 ~ 12 = 2
o G -*‘ga ot Tl a + :
+ i, St s & o o |
R O N I e R S = = z 3 .
) G x‘*“"ﬂ" = # @ e M&’z L% g *x @ @ @ ) @
S T, e S w TP eedy w, LI E El El = S ] N
I s 5o Po v__n‘%‘“x % o | = e = = =
=} fvooznnAo =} QRHQQD oogﬂﬁx B a a a o =}
&
3 x &t ™ E S B onn 3 Bl Bl 3 . B . .
o o o
g_xx.l.oom ‘oa?ao e e 2|2 *Im“\om ; n-l 2 24 —= ‘A = ; g te = ; ; = g 1% ry ‘n o > D._nala -cmn‘ ; 2
1580 1550 2000 2010 1580 1550 2000 2010 1580 1950 2000 2010 1580 1950 2000 2010 1580 1550 2000 2010 1580 1550 2000 2010 1580 1550 2000 2010

Figure 53: Probability of zero catch by year-qtr and 5 degree square in region 2 for swordfish, striped marlin, black marlin, blue marlin, and sailfish.
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Figure 54: Probability of zero catch by year-qtr and 5 degree square in region 3 for swordfish, striped marlin, black marlin, blue marlin, and sailfish.
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Figure 55: Probability of zero catch by year-qtr and 5 degree square in region 4 for swordfish, striped marlin, black marlin, blue marlin, and sailfish.
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Figure 56: Probability of zero catch by year-qtr and 5 degree square in region 5 for swordfish, striped marlin, black marlin, blue marlin, and sailfish.
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Figure 57: Probability of zero catch by year-qtr and 5 degree square in region 2 for sharks, skipjack, and other species.
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Figure 58: Probability of zero catch by year-qtr and 5 degree square in region 3 for sharks, skipjack, and other species.
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Figure 59: Probability of zero catch by year-qtr and 5 degree square in region 4 for sharks, skipjack, and other species.
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Figure 60: Probability of zero catch by year-qtr and 5 degree square in region 5 for sharks, skipjack, and other species.
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