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Summary
The Japanese longline data have been used as the most important scientific data for
the stock assessment and Management Procedure of southern bluefin tuna (SBT) in
CCSBT. Operation pattern of the longline fishing was examined by comparison
between the most recent year and previous 10 years. No remarkable change was found
in the 2014 operational pattern in terms of catch amount, the number of vessels, time and
area operated, proportion by area, length frequency and concentration of operations. It
can be said that the longline CPUE in 2014 represents the change of SBT stock abundance
in consistently as in previous years. Continuous increasing in the proportion in Area 7
for 10 years is due to return of fleet to the Area. Due to the increase of total catch quota
in 2014, the number of operations in a month and five degrees cell was increased but the

number of cells was the same.
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Introduction

CCSBT (28J 5 X I~ v Thunnus maccoyii DEPFEMIFFEEBFRICKE KGFL TV
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AICEIT, 2014 FRETOT v 77— FTHY | #HE 10 £ & OHET 2014 FOEBIE N Z —
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The stock assessment of southern bluefin tuna 7hunnus maccoyii (SBT) in CCSBT relies
on data from various fisheries. Fishery data have a crucial advantage that a large amount
of information from a large scale in time and space can be easily collected without
expensive cost compare to fishery independent researches. However, because its design
is not systematic, fishery scientists need to interpret the data properly and distinguish the
reason of any changes in stock indices from previous years is whether by changes in stock
itself or by bias caused by any operational pattern changes in fishery. Careful monitoring
of fishery every year is an essential task for stock assessment and management of fish in
tuna RFMOs, including CCSBT.

Such a careful examination of fishing operational pattern should be carried out every year
for each of the fishing fleets whose data can be used for the stock assessment of SBT in
CCSBT. Particularly, it is important for catch data of Japanese longliners, because it has
been used as the most important data for the stock assessment of SBT for a long period of
years and it is a major input datasets of the Management Procedure which implemented
CCSBT in 2011. We have been evaluating operational pattern of Japanese longline for

SBT every year (e.g. Itoh 2014). This paper is the update of it up to the end of 2014.

Material and method

TOoDT =Xy NEIT LTz, —DOHOT —X & v M 2004 005 2014 £ F TO RTMP 7
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2



CCSBT-ESC/1509/30

1 RIAEROBEICTB O TIE 90%LL E (2001-2005 4E D FHMEIE 93%) . T4E1% 100% 725 RTMP
WCEENTVWDZ LS, AREMMO I F I~ aiEs oI K L T 5 (Sakai et al.
CCSBT/0909/SBT Fisheries-Japan), 2014 fFLLRT 10 4E[#] (2004 4F-2013 42) & Hletge & L
oo DA OKE 5, RS EXEZE/LEFL, ITOBAME Lz,

BT —%2t > b (AR A FIEBEIERT — % LBRT) bEITICH W, 207 —4%ty M=
7 #y CPUE AR D72 DIZ/ERL LT, 2 7 a2 i+ 2R10 5 0T, HA®D logbook 7 — % %5
F (FITFEIZ RTMP 1K), NZ V3 A > bR F v —05 D> RTMP #i 2. 4, 5 3¢ shot-by-
shot 7—Z ARk &5 (Itoh et al. CCSBT-ESC/1509/31)

HAZ A TRERMBEREN T — # i L T a2l N SBT (4 Ul L) NS h
TEBEICHOWTHER Lz, FEFUCT =2y b2 LT, 5 EX#E - HNIZBWTHREDH -
72 1EXBEOBGEF Lz, A —EOREBEROET 2RI HRTH 5,

BRI DE T OEASVIIRIREE LA T v 7 ATHaR L7z (Attachment 1), = OEHFR
#03 Dr. Hillary 28515 LA 42 U72 & O T BRERRE OSB3 5 e etk Lz
LDOTHD, ETHEBTEAY A TR T — 2y M@EMA L, 497X, 4 -9 HOT —
ZITBIT 8L I F I~ TR @bl BR) OGO TRDTE,

Two data sets were used for analyses in this paper. One dataset used was the RTMP
(RealTime Monitoring Program) data between 2004 and 2014. While logbook data are the
Japanese official catch-and-effort data, logbook data, which includes longline operations
targeting for other tuna species and requires about two years to be available, does not allow
comparison with the most recent year to previous years in same condition. RTMP data
fully represents Japanese SBT longline operation because it includes all of longline
operations targeting for SBT. The data includes more than 90% of total SBT catch of Japan
in CCSBT statistical area (Area) 4-9 in the past (mean of 2001-2005 is 93%)
(CCSBT/0909/FisheriesJapan), and 100% of the catch in recent years. Various statistics
of the data in 2014 were compared to previous 10 years, 2004-2013. Five degree longitude,

five degree latitude in a month is defined as one “cell”.

Another dataset (“Japanese-type longline shot-by-shot dataset”) was also used. This
dataset was made for the CPUE of core vessels which comprised of Japanese logbook data
(mostly RTMP data in the most recent year), RTMP data from Australia in the 1990s, and
New Zealand charter vessel data (Itoh et al. CCSBT-ESC/1509/31). Data of all vessels,

before extract the core vessels, were used for analysis.

The numbers of cells were calculated for the Japanese-type longline shot-by-shot dataset
in two cases, all operations and operations with catch of SBT age 4+. In addition, the
number of one degree square operated within five degrees square, a kind of indicator for

operational concentration, was calculated using this dataset.

Concentration of operation was also calculated as another index (Attachment 1). The
3
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concentration index was derived from variance to the mean latitude and longitude of
operations, and the method was provided by Dr. Hillary in CSIRO. The index was
calculated in two cases, all operations and operations with catch of SBT age 4+ by using

the Japanese-type longline shot-by-shot dataset in Areas 4 to 9 in April-September.

Result
1. 2014 FifME, & hm, A AOM%E  Summary of the catch, effort and size in 2014

112, CCSBT #atiEX 4-9 EXIZEBIT 5. BFEOEH, FHSE. I I~ ajfERK
%, 2004 5 2013 FFE TONVHEIZ T HAHME TRT, 2005 55 2008 4-F 721% 2010
FEE TR L THhBIE, 5EMLL EIChZ > THIZWTEZEL T\ 5,

X 20, B, R I~ 7 uifEREOREERBIFERZ R T, SR TIE, T
KXOFIE ke L THIN L, 47X & 8 XA L7,

BT I~ uOREMEZRT, 2014 FOEREMBIEL 145emFL (28— 27 28> T
720 2013 FEDIREAARL & el U CURIERAE T, 150 enfHL OBEZ 725 &P M KA L T
L N5, I OISIIHGRIZ XD EELZ T T D RICEET & (Itoh et al. 2014
CCSBT-OMMP/1406/08)

Figure 1 shows relative values of the numbers of vessels, hooks used and SBT caught to
the mean values between 2004 and 2013 in the Areas 4 to 9. The values decreased from

2005 to 2008 or 2010 followed by stable period for more than 5 years.

Figure 2 shows the compositions of numbers of vessels, hooks used and SBT caught by
Area. The number of SBT has been increasing in Area 7 while decreasing in Area 4 and
Area 8.

Figure 3 shows fork length frequency of SBT by year. In 2014, it has a peak at 145¢cmFL.
The shape of length frequency in 2014 is similar to that in 2013, though slightly larger as
seen around 150 cmFL. Note that frequencies in small fish are affected from small fish
release and discards (Itoh et al. 2014 CCSBT-OMMP/1406/08).

2. PERFZEROZ  Changes of the time and space operated

412, RTMP fis7—4# v MIBITD 49 MRADOEEDOH -7t /L (5x5 fE - AHAL)
@ﬂﬁfh%ﬁ:mﬁ“o ARt AT 2006 FD 165 EANLEAMERICH U | 2014 FI21E 94 B L7
-7,

F 1T, BAEKEE, A, BEINORT, £ 22X, FOEBERKE R, BEFEMEIT
10 4EM & bl U C 2014 4O #3ER . WHRITIZIEREE CH o 72, FEHNC LD & 2K, —4F
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M9 DHEX, ABIOBERAIEL, THX T3 AL 4 HIZHEML 6 A3 Lz, 81X TlL4
Ao 6 AR X TOHMNS 12 ARE Lz, 9XTIE5 A, 8 HIZH Lz, KX OH L
RN 8MEX D 8 A, 9MEX D 6 ADO X D IZFI U2, THERD 5 AN 4 AlZeo7c X HizoR
R lpol, T72bH 2014 AT KX CHERIN R AEE D BT T 2BARH -7,

[ 512 RTMP #sF— %t v MZBIT D 1 BA M- 0 OBEREEZ =T, HARORIEEN )R
SYLATIZD U, IR IS TEABDEIM L7 2 EOfRERE LT, 1 B Y720 OfER
i 2005 £ 114.3 [,/ A035 2010 4RI 20.7 [8],/ B /VICE THA Lz, £0O#% 2014 F0
38.7[E],/ /L E ThHT M MA ke L T\ 5,

X 6 X AAY A TIEHEEER T — 2 v Mo TRD 4-9 A, 4-9 RN OEEE LT
b5, RTMP IZHES< K4 L0 BT —2 Th DM, RTMP 7 —Z MW ER L 72 5 5 (2014
) LENLUATE O—BHIITERSLETH D, SBT BN S-S0k
THRZ &, BFEE BT 1980 R HIREITHEAD L, 2002 47, 2003 F1TK < 72 - 72412 2006
FEIT/T TN L7228, Z0®%IZEBAD LTW5 (Fig.6a LX), BADEFEE 5 FEEXE - A
M 1 FEXHE « HICAE L CHEMITIED L7220 (Fig. 6a X)), 5 EXHE « HD 1&E/LH720
ORI (Figb @ A FL) 1% 1986 4E02 5 2005 4% TIHIZIE T TH o728, TOHITRD L,
2007 FELIEIIMIZNTH D, 2010 FELIEIZT DT MICHIMEN CTh 5, B ABOBITH E DOHE
X772, &2 TOWXTEL T\,

T2 EIFIvru 4% FRAPEEINTBECRELTH, RRETRLNTL LD L
MIZEWT 202> 7= (Fig. 6b),

Figure 4 shows the change of the number of cells (five degree square and month) in Area
4-9 in the RTMP data. The total number of cells has been decreasing from 165 in 2006
to 94 in 2014.

Table 1 shows the number of cells by year, month and Area. Table 2 shows the number
of operations. Fishing season and area in 2014 were similar to those in previous five or
10 years in general. Seeing in detail, it increased in March and April and decreased in
June in Area 7 in terms of the proportions in the number of operations by Area and month
to the total number of operations in Area 4-9 and Month 4-9 in 2014. In Area 8, it
increased between April and June and decreased between September and December. In
Area 9, it decreased in May and August. The main fishing periods were same as
previous years like in Area 8 (September) or Area 9 (June), or slightly earlier like in Area
7 which sifted from May to April. Thus, there was a tendency that the fishing year in
2014 started and finished slightly earlier in each Area.

Figure 5 shows the number of operations per cell in the RTMP dataset. Because the
allocation of TAC to Japan was reduced to less than half and the number of cell operated
was increased with the lift of seasonal area closure, the number of operations per cell has

decreased to 20.7 times per cell in 2010 from 114.3 times per cell in 2005. Since then,
5
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slight increase has continued, and it reached 38.7 times per cell in 2014.

Figure 6 shows the number of cells operated in Area 4-9 and month 4-9 in the Japanese-
type longline shot-by-shot dataset. While the time series was longer than the RTMP
dataset, it should be noted that most recent year (2014) was based on RTMP and may
have inconsistency to previous years. In all operations including SBT zero catch, the
number of cells decreased since the 1980s to 2002 and 2003 followed by slight increase
until 2006, and then decreasing further (Fig. 6a upper panel). No difference was found
in the case that the cell was defined as one degree square and month (Fig. 6a middle
panel). The number of operations per cell in five degree (line with open circle in Fig. 6)
had been stable between 1986 and 2005, then decreased and has been stable since 2007,
but has been slightly increasing since 2010. Decrease of the number of cells was

observed in all Areas.

No difference was found when the data was limited in operations with catch of SBT 4+

only, instead of all operations (Fig. 6b).

3. EEOHETE  Concentration of area operated

o5 b EXENTEEDD -7 1 FEXE O (45T 25) 1%, 1986-2006 D FHfEIE 6.9 f#.
2007-2014 FIZIFRR0ME T L TUZIERIE W L7220 2O 5.2 I TH - 7= (Fig. 6a FX),
T—=FEIFIvre A EAMREINHBEICRELTH, RBETR OO LB
[EW T2 2> 72 (Fig. 6b T,

P EFREUMEEON R D T2, ERE WD ST BRI O A | E RV & O
LHaBRT 5, BEMIIE 8K, IMXITZENIHER L, 51X, 61X, TiEXIZEEN
REDoTz, 8WEXTIE 2013 4F & 2014 1T, (RIERITITES LTV D MR8 EO 54 I THEHK
LTW5, BEAEZFEMICHE L7z & 2 A, 6 MEXIE 2005 FELLRNSIZEF £ 0 &ALl KO
MNZERZEUHTI LD > TWTER, ZNHN < 725 T2 2 & THRENSEI L7, 7 XX, 2003
FETIEH AT =T HORET S THEEN G - 7273, 2004 FLFFITHRMTLAEEL TW RN
& THRENBIN U, 8 MER OB OEEIIML, Lok CORERIGN DTN 2~ 2 &
Iz o7,

The number of one degree square operated within five degree square (total is 25) was 6.9
in the average of 1986-2005 and 5.2 in the average of 2006-2014 (Fig. 6a bottom panel).
No difference was found when the data was limited in operations with SBT 4+ only,

instead of all operations (Fig. 6b).

Figure 7 shows the concentration index by Area. Smaller and larger values indicate
more and less concentrated operation respectively. The time series have been stable in

Area 8 and Area 9, and fluctuated largely in Area 5, Area 6 and Area 7. In Area 8 in
6
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2013 and 2014, it was less concentrated in terms of hooks while it was still concentrated
in catch. Detailed examination of operated area brought following findings; In Area 6,
area of fished was extended further north and south up to 2005 but shrank and resulted
in the increase of the concentration index. In Area 7, there were operations both the
east and west of Tasmania Island before 2003, but only in the east since 2004 and
resulted in increase of the index. In Area 8, the operations increased slightly in the

northern area and resulted in the increase of index in hooks in 2013 and 2014.

4. MroO—HM  Vessel consistency

# 312, 2014 420 RTMP B0y (x> F I~ 7 a2 L) ik s Sz odhm
TWDnERT, 2014 40 90 £ 72 £ 2001-2005 4512 RTMP (CBW T I~ D%&%
EHEMLIEZ LB, 2001-2005 FT 4 R F 721X 5 F M FEN L7 53 £ (59%) LkRL
LTREREEEZEDTEY, B LZbORZNZ LB 5D,

Table 3 shows the consistency of the vessels that participated the RTMP in 2014 (and
caught any SBT) with those in 2001-2005. Among 90 vessels in 2014, 72 vessels caught
SBT in 2001-2005 RTMP and still a large part of them (53 vessels, 59%) caught SBT in
four or five years in 2001-2005 RTMP.

Discussion

R, B RO H o ToRFZER], HEXKRIEIG, RRAR, MEEORPEZ R LoRER, 8
HH — U DREBREACIL 2014 FFITITAE T TORA o T, 2014 FOIERE¥ED CPUE (11Ek
CRIRREICEREZ KM L b DL BT ZENTEDEASD,

T WX TOBERIG L, 10 FERkE L THEINL T\ 5, KKHETH 72 2000 FFHEB3IMA LT
TAH FAR LTI T I~/ m OEEAE . BAREREMDS 71X TOERZEZRET TV,
Bl2WmE WS L i3ehbDifEMH AR ->72b D TH D (Itoh et al 2015 CCSBT-
ESC/1509/SBT Fisheries -Japan)

H AR DN 2013 420> 2703 k725 2014 420> 3403 b IZ 1.26 5L 7p o7z, ZHITxL
THREREIT LI FIC LR 2oz, £ L THRER VBTN AT, —k bz ofEmsk
WP U7z, LETOFE L 0 25+, BENCEG~AD . & CPUE I X » TRENZ 1IQ &z L
RN 2B L 72 2 & T, FiRGO®R OB VT AT, RPFOFRERBUIR - 72, 2015 E
(213 4737 h 2 (2018 £ 1.75 %) ~EHIINT %, HEEREL DN > THIERFZEMAN & 9 ik
RKTDLOPDBIEH NS,

No remarkable change was found in the 2014 operational pattern in terms of catch amount,
the number of vessels, time and area operated, proportion by area, length frequency and
concentration of operations. It can be said that the longline CPUE in 2014 represents the

change of SBT stock abundance in consistently as in previous years.

Proportion of operation in Area 7 has been increasing in last 10 years. In the early 2000s,
7
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many Japanese longline fleets escaped from Area 7 with its low CPUE probably due to the
weak cohort around the 2000 year classes (Itoh et al. 2015 CCSBT-ESC/1509/SBT
Fisheries-Japan). Observed increase in Area 7 appears return of the fleet rather than

increase of vessels participating fishing in the area.

TAC allocation of Japan in 2014 (3403 tones) was 1.26 times of that in 2013 (2703 tones).
However, the factor in the number of operations in 2014 was smaller as 1.11 times of 2013.
The number of cells operated did not increase. Instead, the number of operations per cell
increased. Starts of fishing season were earlier in 2014 in each Area. However, their
operations finished earlier by filling their IQ quickly with high CPUE. They left the SBT
fishing area earlier and the number of cells, as well as the number of operations, did not
increased in the later season. TAC allocation of Japan in 2015 (4737 tones) will further
increase to 1.75 times of that in 2013. It would deserve attention how operation areas

expand spatio-temporally associated with increase of catch and the number of operations.
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Table 1. Number of 5x5 degree square where longline operations conducted by year, month and

area.
Year
Area Month 2002 2003 2004 2005| 2006 2007 2008 2009 2010 2011 2012 2013 2014
4 2 1 1
3 3 2 1 1 3 2
4 1 2 2 2 4 2 2 2 3 1 2
5 2 3 2 2 2 3 2 5 3 4 4 2 3
6 3 4 5 5 3 5 5 5 6 6 3 4 3
7 6 4 6 6 4 6 5 2 2 2 1
8 3 1 1 1 1 3 2 2 2 2
9 1 1 1 2 1 1
10 4 1 2 1 1
11 4
12 4
5 7 1 1 2 2 2 2 2 1 1 2
8 3 3 2 2 2 2
9 2 2 1
10 1 1
12 2
6 4 2
5 2
6 1 1
7
2 2
3 2 2
7 4 1 2 2 2 2
5 5 6 2 2 2 2 2 2 2 3 2 2
6 6 2 2 2 3 2 2 2 2 2 2 2 2
7 3 2 2 2 2 2
9 6 1 1
10 2 2
11 3 1 1 1
8 1 3 1 1
2 1 2 2 6 1
3 2 1 1
4 2 3 1 1 4 4
5 1 3 5 1 3 7 4 5 3
6 4 5 2 2 3 2 3
7 5 8 6 4 2 1 5 3 2
8 8 8 6 6 4 5 7 5 3
9 12 11 13 5 7 6 5 4 2 3 2 3 2
10 13 13 9 7 8 8 8 8 2 6 2
11 13 9 9 8 8 7 7 6 3 4 1 1 2
12 7 8 4 7 6 4 6 1 1 2
9 2 1
3 3 7 5 5 2 3
4 5 7 8 15 8 13 6 6
5 17 14 19 25 21 16 14 8 20 15 13 5 10
6 14 17 23 20 18 18 15 10 14 13 12 12 11
7 11 15 19 19 21 16 16 12 12 11 9 8 10
8 12 13 15 8 11 9 9 9 6 5 6
9 11 5 5 3 5 6 4 6 3
10 7 4 6 1 3 2 3 4 1
11 4 2 2 2 1 2
12 1 1 1

Dotted line shows 2006 when the individual quarter system started.



Table 2. Number of operations by year, month and area
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Year
Area_Month 2002 2003 2004 2005 | 2006 2007 2008 2009 2010 2011 2012 2013 2014 _ %10Y _ %5Y 2014%
4 2 4 8 00% 01% 0.0%
3 30 33 3 2 31 5 0.1% 04% 0.1%
4 2 23 13 39 45 47 60 30 34 2 38 04% 1.0%  1.0%
5 56 347 447 731 530 55 140 203 139 131 149 38 64 36% 3.9% 1.8%
6 1017 1015 1179 1122 457 324 147 46 52 74 8 55 52 49% 14% 1.4%
7 807 911 1110 732| 115 75 49 35 72 39 14 31% 09% 0.4%
8 10 1 3 2 1 3 15 5 34 16 01% 03% 04%
9 12 4 4 35 4 3 01% 03% 0.0%
10 96 2 6 2 1 00% 00% 00%
11 120 00% 00% 0.0%
12 47 0.0% 0.0% 0.0%
5 7 2 6] 11 22 17 8 25 4 1 10 01% 03% 0.0%
8 27 34 23 1 65 10 02% 05% 0.0%
9 17 7 20 0.1% 01% 0.0%
10 2 3 00% 00% 0.0%
12 10 0.0% 01%  0.0%
6 4 13 00% 00% 0.0%
5 31 00% 00% 0.0%
6 1 22 00% 00% 0.0%
7 0.0% 0.0% 0.0%
7 2 2 00% 00% 0.0%
3 7 54 0.0% 0.0% 1.5%
4 33 25 102 14 500 0.2% 1.0% 13.7%
5 842 648 530 603 27 181 189 290 449 547 522 276 47% 11.7% _ 7.6%
6 1731 1032 646 397| 180 352 183 64 61 118 48 399 14 34%  4.0% _0.4%]
7 588 254 2 3l 66 92 02% 00% 0.0%
9 44 1 46 0.1% 00% 0.0%
10 47 6 00% 00% 0.0%
11 369 1 6 1 0.0% 0.0% 0.0%
8 1 183 13 2 00% 00% 0.0%
2 1 2 4 60 2 0.1% 04% 0.0%
3 30 7 6 0.1% 00% 0.2%
4 5 34 3 16 129 206 03% 1.1% 5.7%
5 1 411 651 12 26 55 26 180 246 19% 1.5%| 6.8%
6 104 13 88 16 33 17 154 04% 09%  4.2%
7 76 103 177 33 4 15 55 47 17 07% 09% 05%
8 407 773 921 988 259 197 425 461 600 6.2% 13.6% 16.5%
9 1335 961 489 551| 270 630 482 251 13 214 156 76 58 44% 42%]  1.6%
10 755 842 589 687 343 379 131 163 8 68 7 33% 1.4%  0.0%
11 321 825 904 821| 518 750 362 357 95 125 16 13 32 56% 35%  0.9%
12 316 618 488| 259 115 177 280 2 39 17 2.8%  1.9%  0.5%
9 2 1 00% 00% 0.0%
3 23 68 44 66 19 12 03% 12% 0.3%
4 66 111 46 298 155 196 107 113  14% 47%  3.1%
5 2314 2564 2383 1897| 905 160 220 184 473 459 359 241 236 102% 10.0%[ _ 6.5%|
6 2362 2672 2826 2537| 1163 575 792 394 443 468 534 504 476 14.4% 13.7% 13.1%
7 325 586 2832 2802| 1513 683 1032 436 222 270 351 179 349 145% 85%  9.6%
8 522 1261| 1738 755 623 266 115 86 116 31 25  7.7%  3.6%_ 0.7%|
9 1033 623 224 34 22 121 38 33 55 30% 15% 15%
10 262 183 105 50 22 26 16 55 1 10% 1.0% 00%
11 24 5 30 35 7 11 02% 03% 0.0%
12 5 1 1 0.0% 0.0% _ 0.0%
Total 13049 13288 15646 15316 9965 6911 6323 4097 3041 3368 3298 3275 3637 100.0% 100.0% 100.0%

“%10Y” and “%5Y” are the proportion of the Area and month to the sum of 10 years (2004-2013) and 5 years

(2009-2013), respectively.

“2014%” is the proportion of the Area and month to the sum of 2014 data.
and line enclosing denotes 2014% is much larger or lower than %10Y and %5Y, respectively

Shadow

Table 3. Number of vessels that caught SBT in RTMP between 2006 and 2014 by the number of
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years participated in RTMP in past years (2001-2005).

Number of years participate in the RTMP during 2001-2005

0 year 1 year 2 year 3 year 4 year 5 year
2006 5 7 15 9 20 67
2007 5 10 16 10 22 74
2008 11 8 16 8 22 61
2009 13 4 13 6 15 49
2010 9 4 12 5 14 42
2011 8 6 12 6 12 39
2012 11 6 13 6 14 43
2013 13 4 11 4 14 42
2014 18 3 10 6 13 40
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Fig.1. Changes in the number of operation, the number of vessels and the number of SBT caught

in Area 4-9 in 2014 and previous 10 years.

previous 10 years.
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Y axis is the relative value to the average of
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Fig.2. Proportions of Area in the number of vessels, the number of hooks used and the number

of SBT caught in 2014 and previous 10 years.
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Fig.3. Length frequency distributions of SBT by year in 2014 and previous 10 years.
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Fig.4. Changes of the number of cells (5 degrees latitude and longitude and month) operated in

10 years in Area 4-9.
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Fig.5. Changes of the number of longline operations per cell (5 degrees latitude and longitude

and month) in 10 years in Area 4-9.
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Figure 6a. Number of cells in the Japanese-type longline dataset for all operations.

(Top panel) Bar represents the number of 5x5 degrees square and month (cell) where fishing operated by
CCSBT statistical area and refer to left side y-axis. Line with circle plot represents the mean annual number
of operations per cell and refer to right side y-axis. (Middle panel) Bar represents the number of 1x1 degree
square and month (cell) where fishing operated by CCSBT statistical area and refer to left side y-axis. Line
with circle plot represents the mean annual number of operations per cell and refer to right side y-axis.
(Bottom panel) Composition of frequency for the number of 1x1 degree square and month cells operated in a
5x5 degree squares and month cell. Refer to left side y-axis. The grey band is one of 25 cells and that at top
is 25 of 25 cells, and every five is colored. Line with triangle represents the mean number of 1x1 month cells
operated in a 5x5 month cell and refer to right side y-axis.
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See explanation in Fig. 6a.
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Figure 6b. Number of cells in the Japanese-type longline dataset for operations of SBT 4+ catch
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Figure 7. Concentration index in the Japanese-type longline dataset for catch (age 4+) or hooks

to years by CCSBT statistical area

Smaller/larger values relate to more/less aggregated.
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Attachment 1

SBT exploratory data analysis ldea
In conjunction with usual analyses done for the indicators paper there are some potentially revealing
but simple things we can do to be primed for the upcoming assessment of SBT.

CPUE data

This obviously really refers to the LL1 CPUE data that will form the basis of the main abundance index
in the OM. While that will work with the standardised CPUE there are several things we can look it in
the raw data. In terms of a reasonably detailed spatial analysis, by area and 5 x 5 square there are some
basic spatial statistics we can look at, henceforth, I, denotes the raw CPUE (over a given length/age
range) for year i, in region j, in square k. To look at a rough trend in how the average fishing location
as changed in each area over time we can simply compute the centre of mass, R; of the CPUE in a
given year i and region j:

R =S @
where p .denotes the physical location of square k in area j (i.e. lat and long) and then the square
center of mass of that region in a given year is the square containing R; . A secondary measure is to see
how the density of either effort, catch or CPUE changes over time and in each area. This can be
calculated by first estimating the discrete mass density of the given quantity of interest, X;, in a given

region at a given time:

Xij
Hijrk = " (2)

YkejXijk'
and from this we can estimate the (relative) aggregation, «, of the quantity X; fairly easily:

0y = Pl
U )

where a;; € [Nj‘z, 1] (where N;is the number of squares in region j) and smaller/larger values of « -

3)

relate to more/less aggregated spatial quantities. Even spread it is equal to 1 and all in one square it is
equal to N2,
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