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REVETRETH S,

Abstract

The CCSBT Extended Commission (EC) requested the Extended Scientific
Committee (ESC) to conduct sensitivity analyses around all sources of unaccounted
catch mortality of southern bluefin tuna (SBT) at the 20t annual meeting. We have
been continuing estimation of possible unaccounted catch mortality relevant to farming
in the Australian surface fishery. We provide updated estimation up to the 2015
fishing season in this document.

Growth rates of farmed SBT estimated from the CCSBT-SRP tagging data were as
low as those of other Thunnus species in wild. Assumed growth rates, which explain
reported catch for Australian purse seine with 40/100 fish size sampling for the total of
harvested farm fish, were extremely higher than growth rates inferred from the SRP
tagging data and growth rate of farmed Pacific bluefin tuna, and then it was highly
unlikely.

The Australian surface annual catches which estimated by using the SRP tagging
growth rate were higher than reported catches. The excess weights ranged from 724 to
2,546 tons, with a mean of 1,650 tons. The proportions of this excess of the reported
catch ranged from 14% to 56% with a mean of 34.4%.

When considering unaccounted catches and adjustment of age composition, the mean
of 34.4%, and even the possibility of >40% should be considered. Reliability of our
results can be further evaluated by analyzing CDS data which includes individual body
weight information for all of the farmed individuals that Australia reported to the
CCSBT Secretariat. Furthermore, the ESC should recommend the EC to dispel the
concern of this uncertainty on catch by recommending immediate implementation of the

stereo video camera system to provide reliable length data.
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Introduction

The management of southern bluefin tuna (Thunnus maccoyi; SBT) stock entered a
new era with implementation of a management procedure (MP) in the CCSBT in 2011.
The implementation of this MP was the first such instance amongst all the
tuna-RFMOs, and has attracted attention worldwide (Hillary et al. 2015).

Without doubt, appropriate stock management requires not only setting catch limits
on the basis of sound science, as reflected by the MP, but also securing compliance with
such catch limits. In this regard, the CCSBT and its Members have rigorously
reinforced compliance measures and efforts over recent years. However, a major
uncertainty related to the catch taken has remained unresolved in purse seine fishery
associated with the farming sector whose catch is a considerable portion of the global
TAC for SBT. When accounting for the wild fish caught by purse seine in tuna farming
operations, the catch weight is not measured directly but rather estimated in order to
minimize the risk of death by handling. For this reason, it has been widely
acknowledged that there can be a high level of uncertainty in estimation of the catch
made for farming. For example, catches of Atlantic bluefin tuna (7hunnus thynnus) in
the East Atlantic and Mediterranean were seriously underreported from the mid-1990s
along with the development of farming in that region, and International Commission for
the Conservation of Atlantic Tunas (ICCAT) considered that the underreporting of that
catch had undermined conservation of the stock (Anon. 2010). To cope with this
problem, ICCAT has introduced a regulation that a program using a stereo video system
or an equivalently precise alternative technique must cover 100% of all caging
operations (ICCAT Recommendation 12-03). In addition, at the ICCAT Commission
meeting in 2013, it was agreed that the sampling intensity for stereo video systems may
not be below 20% of fish being caged (ICCAT Recommendation 13-08).

For SBT, Australia, the only member nation with farming operating, has employed an
estimation method which samples 40 individual fish from groups of several thousand
fish just before transferring them to pens, measures them, and uses the average weight
for estimation of their age composition and the total weight of the fish at the time of
their capture. Although Australia has increased the number of sampled fish from 40 to
100 in 2013, the associated estimation accuracy does not appear to have been improved
substantially. It seems that intrinsic problems remain with the current catch
estimation method based upon sampling.

The uncertainty associated with age composition of farmed SBT was pointed out in
2005 (Anon. 2005). The issue was reviewed by the independent panel but they did not

reach a final conclusion due to scarcity of data (Anon. 2006). However, the existence of
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a large bias became more evident following subsequent studies based on a large amount
of data for length and weight measurements of fish after farming (Itoh et al. 2009a,
2009b, 2010, 2011, 2012, 2014, Itoh and Takeda 2015). The estimated excess of annual
catches, relating this uncertainty, were large as ranged from 724 tons (14%) to 2,546
tons (56%) with mean of 1,702 tons (35.5%) in the previous analyses.

The EC requested at its 20th annual meeting to ESC to conduct sensitivity analysis
around all sources of unaccounted catch mortality (Anon. 2013). Possible unaccounted
mortality that may exceed 1000 tons is the largest one among several candidates of
unaccounted catch mortality and detail evaluation is required on this uncertainty.

This paper provides SBT unaccounted catch mortality of surface fishery relating

Australian farming up to the 2015 fishing season.

MHEEAE
ERT—4%

HEEIZIE, SN FE XTI LERITHEA Loz oW\, ER] o FHE & F
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CCSBT-ESC/1309/SBT Fisheries-Australia (Hobsbawn et al. 2013)? Tablel DfiE %, if
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! N.Trans

min <abs [W. TIS.catchy, — ¥ (W. catchy,; X Ny, ; X ZiNy'iy)]) ©

ZZ T,

Loani: ST I~ 0BAEf ImcB 5 1 A 1 BRSO YR X E(em), CCSBT Tff
H LT\ E A,

Age Agel Age2 Age3 Aged Ageb Ageb AgeT
Fork 49.4 79.4 97.2 110.2 121.2 130.6 138.4
length

Robins A, Robins B : Robins(1963)IZ35 (7 % ¥ A f DR RAREBIR X DOI%E, Robins
A=3.13088x10%, Robins B=2.9058
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B OFHETABRH, BATH OIS A TOAL,
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(5)
W.Harv,; = exp (b‘hflrv X (log(L. Harvw-) —log(a. harv))) *1.12+1 (6)
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min <abs (W. TIS. Harv, — Yiq ( W.Harvy,; X Ny ; X %))) (7)
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W.TIS.Harv, : {#HI4E y 0 TIS 1B D NEARFE R (kg), FAER,
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L.Harv2y; = Ly + (I + Liaw X @) X 365 x (0.5 — “Z2) (8)

W.Harv2,; = exp( X (log(L.Haery_i) —log(a. harv))) *1.12+1 9

b.harv

RAZRNETD ayz2RDD,

min <abs (W. TIS.Harv, — ¥, ( W.Harv2,; x {Ny;(1—ay) + Ny;_1xa,} X

i)
(10)
T,
ay B y RIS H DFmN D 1k EOFEl~T 7 F ST LBEEOEG, 72721 ap>1
DAL 2 EOFRIZY 7 38T,

SEINDNEINE y 4RI E M THRE L ER&IILL T CiAE SN D,

TotalNy

YiNyi (1)

W.Est, = Zizl[(Ny‘i x(1- ay) + Ny 1 X ay) xW. catchy‘i] X

ZZ T,

TotalNy : MG y TSNS £ S THE LG R, FiilifERROAF L R
LGN DD THIET D,

W.Esty : I y FICFINNE S THRE L HEERE (k).

Materials and methods
Data used

Various statistics of the Australian purse seine catch for farming operations
separated into “fishing years” were used for estimation. An Australian fishing year
begins in December and finishes in November (the main season for purse seine fishing
is usually from December to March). A fishing year therefore represents a period from
December of the previous year to November of that year in the present study, e.g. the
2015 fishing year means the period from December 2014 to November 2015.

The statistics used are the times of the catches made, the start of farming (caging)
and the end of farming (harvesting; grown out and killed) (Fig. 1). The data on the
total catch reported by number and weight, and the catch in terms of numbers at age for

the Australian purse seine fishery, were obtained from the database included in a CD
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which was distributed by the CCSBT Secretariat to each Member in January 2015
(Table 1, Table 2). The data for the most recent year were obtained from the 2016 data
exchange process. However, for 2001 and 2002, as the total catch data were not
separated by fishing gear, the catch weights in Table 1 of CCSBT-ESC/1309/SBT
Fisheries-Australia (Hobsbawn et al. 2013) were used as the catch weight for farming,
and the catch numbers from the CD database for all gears except longline were used as
the catch numbers for farming.

For farming data, the total estimated weight of wild fish captured by purse seine for
farming, the total number of fish transferred into farms, and the total whole weight and
number of fish harvested from farms were obtained from Yearly Farm Data Summary of
the Trade Information Scheme (TTS) between 2001 and 2009. Between 2010 and 2015,
these numbers were obtained from the summary of Catch Documentation Scheme
(CDS) statistics which were distributed to the CCSBT Members every six months.

The length-weight (LW) relationship in Robins (1963), which was based on young fish
distributed in Australian coastal waters, was used for wild fish. Comparison to data in
recent years shows that using the LW relationship in Robins (1963) is appropriate (Itoh
and Takeda 2015). The LW relationship used for farmed fish was obtained from the
measurement of 4267 harvested fresh individuals, for which both fork length and gilled
and gutted weight were measured in July 2007 (Itoh et al. 2012). Gilled and gutted
weight was converted to whole weight by multiplying by 1.12 and then adding 1kg,
based on the method used by Australia (Anon. 2014b).

Estimation of growth rate of farming fish based on SRP tagging data

The CCSBT SRP tagging data that recaptured after farming were used for estimation
of growth rate during farming. Among 142 individuals used in Sakai et al. (2009),
subset of 123 individuals was selected after excluding anomalous or negative growth
records (Itoh and Takeda 2015). Because daily growth rate decreased significantly as
fork length increased, daily growth rate is expressed as linear equation including fork

length as variable (Table 3).

Estimation of the month of capture

The difference between the actual date of wild capture and January 1st as the defined
birth date for any age for SBT, or the difference of fork length between that at the actual
wild capture and January 1st, was adjusted by using the mean difference between actual
catch date and January 1st (Table 4). The adjustment for the number of months from

January 1st adjmony was estimated so that the product of the catch-at-number
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multiplied by average body weight by age equaled the total catch weight reported in the
TIS (or CDS).

. Robins B
Wian,; = Robins A x (Ljan,) obins .
= ; 1
W. catchy,; = W, x adj.mony TR (W]AN.i+1 - W]AN.i) (2)
! N.Trans
in <abs [W. TIS.catchy, — ¥ (W. catchy; X Ny ; X EiNy_iy)D @

where L.an; = average fork length (cm) of wild SBT at January 1st for age 7. The
values used by the CCSBT were applied:

Age Agel Age2 Age3 Aged Ageb Ageb AgeT
Fork 49.4 79.4 97.2 110.2 121.2 130.6 138.4
length

Robins A, Robins B = parameters of the length-weight relationship for wild SBT in
Robins (1963). Robins A=3.13086x105, Robins B=2.9058;

W.un; = average whole body weight (kg) of wild SBT at January 1st of age %

adj.mony = the number of months from January 1st to capture during fishing year y;

W.catchy,; = average whole body weight (kg) of wild SBT at wild capture by the purse
seine fishery in the fishing year y;

Ny.; = the number of SBT captured by the purse seine fishery of age 7 during fishing
year y;

N.Trans, = the total number of SBT transferred into cages reported in the TIS (or
CDS) during fishing year y; this does not include mortality during towing; and

W.TIS.catchy = the total weight of SBT reported in the TIS (or CDS) during fishing

year y.

Estimation of growth rate during farming corresponds to reported catch

Daily growth rate during farming was estimated so that the product of the
catch-by-number and the average body weight at harvest by age equaled to the total
harvested weight reported in the TIS (or CDS). In linear equation of growth rate to
fork length, the slope was assumed to be the same to the equation derived from the SRP

tagging data, and intercept was estimated for each year.

10
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L.Harvy; = Ly, + (I + Lian; X @) X 365 x (0.5 — “20)
(5)
W.Harv,; = exp (b.harv X (log(L.Harvy‘i) —log(a. harv))) *1.12+1 6)

where I, and a are intercept and slope of linear equation, respectively, and a.harvand

b.harv are parameters of the length-weight relationship of farmed fish.

A value which minimize I, in the following equation should be obtained.

min <abs (W. TIS. Harv, — Yiq ( W. Harvy,; X Ny ; X %))) (7)

where W.TIS.Harv, = the total weight of the SBT harvested in whole weight reported
in the TIS (or CDS) for the fishing year y;
N.TIS.Harv, = the total number of SBT harvested in the TIS (or CDS) for the fishing

year y.

Estimation of total catch weight from growth rates assumed

The total catch weight was estimated by shifting the age composition of farmed fish
according to the growth rate given (Table 4). Growth rates assumed for farming SBT
were those derived from the SRP tagging data (casel). In addition, an alternative
computation assumed that the growth in body length of farmed fish is the same as that
of wild fish, although growth in body weight and also fatness are much larger in farmed
fish (case 2). This is the assumption made for the base case for the stock assessment of
Atlantic bluefin tuna in ICCAT (Anon. 2014, Fonteneau 2013).

The fork lengths (L.Harv2;) and whole body weights (W.Harv2;) of SBT after

farming for age 7 during fishing year y were calculated using the following equations.

L.Harv2y; = Ly + (I + Liaw X @) X 365 x (0.5 — “Z2) (8)

W.Harv2,; = exp( X (log(L.Haery_i) —log(a. harv))) *x1.12+1 9

b.harv
A value which minimize «;in the following equation should be obtained.

min <abs (W. TIS.Harv, — ¥, ( W.Harv2,; x {Ny;(1—ay) + Ny;_1xa,} X

11
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N.TIS.Harvy))
YiNy,i

(10)

where ;= the ratio of the number of fish shifted to one age older in the fishing year

y. ay>1 means shifted to two ages older.

The total catch weight by Australian purse seine fishery during fishing year y is

calculated as follows.

TotalNy

YiNyi (1)

W.Est, = Zizl[(Ny‘i x(1- ay) + Ny 1 X ay) xW. catchy‘i] X

where TotalNy = the total number caught by the Australian purse seine fishery during
fishing year y. This adjustment was necessary because the sum of
the catch-at-age was different to this value in some years;
W.Esty = the total weight of catch (kg) by the Australian purse seine fishery
during fishing year y.

RS

HHREEL S DERADOHREDHE

SINBURE D RE S 5 B 2 TR OIERE R 2 | 40/100 Y7V o 72 HE5 < Akl
B ERT ARk EEREZ RO (Fig. 2, Table 5) & Z A, SRP kT —# 02 HRDOTK
ERICHBELTE LI @1 T,

~ 7 RBEOMMBR LT A0, TOMOARKOKEFEEZZEE L T RFW(Ratio of
farmed fish growth to wild fish growth) C iz L7,

REW = Growth increment of farmed fish in 6 months (cm)

Growth increment of wild fish in 6 months (cm)

K7 v~ 7vORFWIEI 7 I <70 3 @ 97.2cmFL 751X RFW=1.47 O\
HIN) BLU15656 (BE) Tholo, SRPIE#T —F# 06 RDIZIFT I~ T v 3IRDOER
MTIERFW=149 T, KFF/n~vrm b33 —8L7k, I 3I~v7m 2fs 4T
%, 3ikf L b RFW MK o7,

RELE-RERICKSFHEREABEEDHE
TSI B EERMDOMEED SRP 1E#T — 2 bROTL I RMEDEE (Casel ; 6

12



CCSBT-ESC/1609/24

7 AT 2 mMUE 20.0%, 3 iflE 18.3%. 4 mfld 8.0%DREHNN) . Al AL Sz o
7 ML, HEERERITHEREREL VL 724 D 2,546 b, E¥) 1,650 h o
7= (Table 4, Table 6, Fig. 3), #E S N7-HEiEfEREITHREELD b 14%0 5 56%, T
¥ 34.4% K& o7z,

BREREIIEEALHAMTRU SELESRS (F—2 2) (11X, Bi@kEaE T 7y
2,225 b, BIREOEIG I 46.3% & HEE ST,

A ERATCEMA T A V2 ZIEE SR L= pek o BHEE (0 & i+ 5 (Table 7,
Fig. 3), #HMilL Itoh et al.(2012 )& S, 4Bl Casel TOWMEREHEEIXIZIT K L7z,
2L, DTNCENMEETH Y | BEHTEEIXE HICREDSTZARERH D,

Results
Estimation of growth rate during farming corresponds to reported catch

Growth rates by year were estimated for farmed SBT which explain the reported
harvest total weight from age compositions based on the 40/100 fish sampling (Fig. 2,
Table 5). These were quite higher than growth rates estimated from the SRP tagging
data.

Because intrinsic ability on growth differs in different species, comparisons were
made using the following index, RFW (Ratio of farmed fish growth over wild fish
growth).

REW = Growth increment of farmed fish in 6 months (cm)

Growth increment of wild fish in 6 months (cm)

RFWs of Pacific Bluefin tuna Thunnus orientalis from 97.2 cmFL were 1.47 in
Yaeyama and 1.55 in Amami, Japan. RFW of SBT in age-3 based on the SRP tagging
data was 1.49, similar value to Pacific Bluefin tuna. RFWs were lower in age-2 and

age-4 than age-3 of SBT farmed.

Estimation of total catch weight from growth rates assumed

In the case 1, where the mean growth rate derived from the SRP tagging data used
(fork length increase was 20.0% in age2, 13.3% in age3 and 8.0% in age 4 in six months),
age composition was shifted to higher age and then the estimated total catch weight
during a fishing year was larger than the reported catch weight, ranging from 724 to
2,546 tons, with a mean of 1,650 tons (Table 4, Table 6, Fig. 3). These estimated
weights were larger than reported ranging from 14% to 56 %, with a mean of 34.4%.

In the case 2, where assumed same growth in body length for wild and farmed fish,
the mean estimated excess weight was 2,225 tons, with a mean excess ratio of 46.3%

compared to the reported catch.
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These estimated catch were compared to previous estimates, derived using the
mixed-normal distributions or the cohort slicing method (Table 7, Fig. 3). Details were
described in Itoh et al. (2012). The estimated catch in the present study (case 1) were
similar to those in previous analysis, but were slightly underestimates which suggests

larger catch

=5

7 IO 2END 45KICH Y T 5 80cmFL 2> 5 110cmFL O XEEFAIZ I T,
IV e HARORRIEIMO~Y e BAFELD BV, ZNEIFTIVI 0, KX
BEARRITNE TRV, BFM T, DN EBEWAEDTFRRENS . ZORRHP T
ENENEEZ DILD, SRINCMTIBERENEZOND Z LT > THAMRLDY
bEENENEIRFSND,

SRP 1557 — # i HR OB RMOMERIGIE, FEHE (Sakai et al. 2009) 7217
ThL REHEIMNCBWTHEBADOKENTALOMEL LA Z &R/ (Ttoh
and Takeda 2015), X/ I~ 71 3 AOBEERADMERIT, KFEFES v~ 7 nORKRE
DEFAHORESR LI L7 (Itoh and Takeda 2015), SRP #2257 — # 1 HR D 7= 5%
FTIV I eORRERIT, o~ 7 nBREOCEERNTE o~ 7 u O ERE KL T%
YL EZ b,

— 07, SINBU A Lo iR (F M THRVZRER), 40/100 B> 7 U 72k 5
YA X7 —F LINER R (EFERZICH LRGN & 20T 257 SBT O :H7EEEIX
IEFIZEmMoTle, FHHEEEDOF TIEF AKX OREEREZ LRIZESH Y . 40/100 B
T IR LT ERIIEF O~ 7 n BREOME DM R TIEZ X bR WMETH -
7o ZOEWVEEROEAIL, L CEBI LT T —Z Ik > TGREF SN 5 & TH D,

ZIVE T, REMRAIRG ESDA THfET 5 a3 A MaJ7ikER 2007 26 2009 -4
BRI L THEMm L7z (Ttoh et al. 2012), £7z, D LMK HEE L THEBA T A2
T CIRERR & 3 fif 3 5 75D 2007 4E0 5 2010 AEDOBHEAIK L TE SN, &5
2, REREET 5B L > THEEAE L 2001 005 2015 4F TO 15 FRMICIEK
L7- (Itoh and Takeda 2015), ZOfEH, HEEMEITINETORKRELEIZIEF—HLLELD
DG DAz, ABFIED 03/ NMEE Th 5 AIREME b RIE S 47,

CCSBT ZE&NHIX, R TOHRCEHREZZBE L ERIHE & & b2, FENTHRVIE
CEDO MP ~ORBLEZET D5 X A7 PAHFESITWD, RBFFEOHEEIC XXifE &
FRHEFEMEL 7 v —s00 TAC @ 21% (2013 4F 10,949 F Zxtd 57 —A 1 0 2,346 k)
WZH KO, ZHIFFEBRTE D HD TRV,
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RARFEEOLERBMLETH DI BT, 2018 FERZHITBW T, S
FHEAT VA ET AN AT AT KT K DIRRMIEZ 2013412 H ICBHiET 5 & @ CCSBT
FEREEICBEIT 2 HEORSE (Anon. 2012) #KEIZ L, ENHIREG TAT L ET A H
AT VAT LAOEANEELE TS (Anon. 2013),

FMEREE L ZE L7z MP ~OFHli 2 FEfi T 2121%, 272< &b 14%0 5 56%., 11
34.4%DiBFE R EZEE T HMNERH D, Lo L, AHEEN @/ INEE T 5 aTREMEZ B 58
T5HE, BERCGEZVEIFELHEICEDZRE LT 572011, T 40% 72130
LLETHFM 2 ST 20 ERHDHTEA I,

ZIVE TOMITHE ROV T, ESC TV S ORI S OHERMCRENH -T2, =
N HIZ DWW T Ttoh and Takeda(2015) TAER L7=, 4L 5121%, Robins(1963) D KA H
BIRA A VD Z L Dbl X, 2006 FRFIFEDOT — X ARNE | FiREEE O E~DRE, %
HHIa A N EOBR, SEREROEE T L OEBO TR E2E AT,

20144F ESC19 LA — MBI B BIMK55 281 5 Ptz 43X 724 9 (Anon. 2014c),
“ZOHEETFIE (BB IEHT— FAEITIC L & Fhpftik OfEE) X, CCSBT MNHAERA L
T5 CDS 7 —% (INHEREOEERONEE) # VWD Z LKV ESEHZENTE D,
ROEWNZZNHDE— RZ CDS 7T —# M OFRET 5 Z &N TE UL, E— NEHTICL D,
WS B OHETE L N 40/100 B2 > 7 » SN XD MERERERONA T AZHET HZ LN T
XLFREERH D, 7

“KIFREOIE R0 D AR, RBIHEICL 24— N7 U 7 OEEHEEIC
KIS LTEAT VAT AV AT AOFAICL VKT 2 Z LN TEHREERH D, 4 —
ARZUTIE, 100 B> 7Y U TICEZATCZOFEEHWS Z L 2EM LT, 2O A
REPEICOWTHEREL CTE e, LLAdn, BEETOE Z A, ZOFEFTERbINT
UAYAQ AN

“U00 BV > 7V ZOIEMEEZRET 5720, AT LAETAHE 100 B 7V 70
HRGERBR O RN S 2 Db, 7

“t© 9 —DDOFEE LT, ABENOETOAZIEST ZEFNZ 100 BY 7V 7 %179
FENDH L, 100 BY o7V o I X HHEEEREEZ, REMARL OVEE - REHEEEE A
THEL-EREE, INNEAORER KT HZENTED, 7

“ESC X, &2 CoEIIxI L, T OMRER CdEEZ K 5720, #EHO CDS 7 —% 7 —#
ZRIHAREE 5 X 255, 7

F72. 2015 D ESC20 (BT 5 LE BT RE TH S (Anon. 2015a), “FEIX. K
TR 2 MECTH D . FANZFERIIMSZ L2 L E 2 —23ThilZeniRY | ESC TZh
ERERT D 2 LIXTE RV E D REE R, 7 (81 57)

EHIZ, 2015 FERSEREEOLHE LT RE TH S (Anon. 2015b), "#HED A
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N—=lX, A=A b7V 7L, FIEECLD FEOEMREZHBICE 2 X 9. 2016 44
SHORBIHEDOIEIIZ BN T, FHEBNFETHIHEELE 100 B 7V 712X 5T
EOWEM L Z T 5 X 9 EaE Lz, © 2 CEMMEICET MO rORER I, £+
DZEFAN—IX L THRESNDEREZTH D, (V37 33) "7 b T, "% SBT Ok
EROHEICEAT A I OFEBAEER FIEE LT, BERIX, —A M7 U7X L
T, 100 B 7Y v FOBIZRITIERAT T L, TOHOEY EIF OB 2D oz JIIE
THEOIEE L, (X734 7

ESC BNEUDREITENN . EEI T I~/ 2D CDS T — X Z MWL B o — % EhE T
528, BRORZEMNZLSTATLET A I AT VAT ADNE A S U THLITED A e F20%
BRI DRBNITOND Z L THHZ EIFHATH S,

Discussion

Comparing to other 7Thunnus species, SBT grow slower than other species in the
range of 80cmFL to 100 cmFL, in SBT age of 2 to 4. This is probably due to the aspect
of SBT biological characteristics; while the maximum attainable body length is not so
small (>180 cmFL), long life span (> 40 years) and late maturity (> age-8) may resulted
in slower growth in this fork length range.

It is not surprising that farmed fish which fed a plenty of food grow faster than wild
fish. The SRP tagging data suggested that SBT farmed fish grew faster than wild fish
not only in body weight (Sakai et al. 2009) but also in fork length (Itoh and Takeda
2015). Growth rate of age-3 SBT in farming was similar to that of Pacific Bluefin tuna
in farming in the same body length (Itoh and Takeda 2015). Estimated growth rate of
farmed SBT derived from the SRP tagging data was considered to be appropriate from
the comparison with growth rates of other Thunnus species and farmed Pacific Bluefin
tuna.

On the other hand, growth rates of farmed SBT which can explain three sets of
information (the estimated total catch weight in wild, size data from 40/100 fish
sampling and total weight at harvest after farming) were estimated to be extremely
high. There were several years that exceeding even the growth rate of yellowfin tuna
Thunnus albacares. Growth rates relevant to the 40/100 fish sampling seems highly
unlikely from the current knowledge on the growth rates of Thunnus species in both
wild and farmed. This large uncertainty should be addressed by using independent
and actual scientific data on growth.

So far, analysis of decomposition of length frequency into age with normal

distributions, relatively robust method, was carried out for farmed SBT between 2007
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and 2009 (Itoh et al. 2012). Another method using age-slicing for decomposition of
length frequency into age, slightly simpler than the first method, was applied to farmed
SBT between 2007 and 2010. Further method that assumed growth rates expanded
the period subject for 15 years from 2001 to 2015 (Itoh and Takeda 2015). The present
method provided consistent results with those from previous methods. It was also
suggested slightly underestimate of catch in the present method.

The EC requested at its 20th annual meeting to ESC to conduct sensitivity analysis
around all sources of unaccounted catch mortality (Anon. 2013). It is impossible to
ignore the uncertainty in catch as large as 21% of the global TAC (2,346 tons in Case 1
compared to the 10,949 tons TAC in 2013). Urgent measures to clear out this
uncertainly is necessary. The Australian government has postponed implementation
of the stereo video camera system for domestic reasons (Anon. 2013), in spite of their
own statement of intent in 2012 that fish length measurement using the stereo video
camera system would be implemented by December 2013.

In the ESC, we have to evaluate the effects of unaccounted catch mortality on the
stock assessment and management. Results of present study suggest that
unaccounted catch mortality in the Australian purse seine catch for farming sector
would be, at least, from 14% to 56%, with a mean of 34.4% of reported catch. However,
taking into account the possibility that the present study provides underestimates, and
in order to cover whole the range that may be plausible, examination using values with
a mean of 40% or more may be necessary.

Several comments and concerns have been pointed out for our previous analyses in
elsewhere including ESC and OMMP meetings. We have already addressed all of them
in Itoh and Takeda (2015), including appropriateness of using the length-weight
relationship in Robins (1963), scares of data in the independent review in 20086,
influence of tagging on growth, economic cost, possible variability among fattening
cages, etc.

It should be recall the attachment 5 of ESC 19 Report in 2014 for the following
sentences (Anon. 2014c). “This approach (mixed normal modal analysis to estimate the
age composition of farmed fish) could be improved by using CDS data (length and
weight at time of harvest), which are held by CCSBT” and “If these modes (modes in
length representing ages) are identified in the CDS data, modal analysis could be used
to estimate catch and possible bias in catch reports resulting from the 40/100 fish
samples.”

“Uncertainty in the surface fishery catch may be reduced by the use of a stereo video

system to address estimates of Australian catch by the surface fishery. Australia has
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demonstrated the potential utility of this method which it had planned to use to replace
100 fish samples. However, the method has not been made operational to date.”

“Experimental trials comparing stereo video to the 100 fish sample could be used to
investigate the accuracy of 100 fish sample.”

“Another approach would be to take a 100 fish sample just prior to harvesting all the
fish in pens. The estimated weight from the 100 sample could be compared to the
calculated weight of harvested fish using their length frequency and a weight-length
relationship or the sum of the weight of harvested fish.”

“The ESC encourages all countries to make their CDS data available to facilitate and
improve analyses.”

In addition, it should be recall the ESC 20 Report in 2015 (Anon. 2015a) that “The
chair commented that this issue was ongoing and expressed the view that it would not
be resolved in the ESC without a prior full independent review.” (paragraph 81)

Furthermore, it should be recall the EC22 Report in 2015 (Anon. 2015b) that “Some
Members requested that Australia compare estimates obtained from the
semi-automated method versus the manual 100-fish sampling method during its next
surface fishery season in early 2016 in order to determine the accuracy of the manual
method. If there are any accuracy issues, then these should be reported to Members.”
and “Japan requested Australia tag fish at the time of the 100 fish sampling and then
measure them at the time of grow-out as a simple and feasible measure for estimation of
growth rate of farmed SBT.”

It is obvious for ESC that action should be taken are conducting a full independent
review using CDS data of farmed SBT and implementation of the stereo video camera

system by Australia with experiments for addressing the current uncertainty.

Fexlx, LLT% ESCICHRET 5,

® CCSBT [IZMNERICHT 2WIE THIEO R E 2MENFET 2 2 & 2RI &
Thd, ZOMEIZ, CCSBT OxSMERINE I 7 I~/ nOFHRE, RFrl R
IEAB SN TS MP IZ R 2EEEHAEL S BN R’ b D, BT — 2 m ik, i
B, AR A KIF L, R RN A PRE T 5,

® ESC %, A—A M7V 7 F MO R X OERMIBLROREHICE L TiX, AR
FRIOHEEM (45 34.4%) F721% 40%LL EEAWERER L EBR T H & Th D,

® ZNiX., ZOARMEEMICET 2B EE RAICKRRT 57Dl e AR 22 TE A2 5
fid _RETHD, THIIE, AT LVETA DA T VAT KL D EHBOREHEM
& 100 BY 7Y VI KD REMR O, 100 BY 7Y v VR OFRREEE . B
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D EFEED 100 BH 7Y v 7 EW o m BURR e R A U, AT LA ET A A
T VAT AORLEIGE NI L DREET — % OAT, EEORELRICET 2 HE RO,
J OB 2 DFENTHE R A RBRGET 5 72 O CDS OB # A ERDOERR]T — % D A 23—
BB~z &,

® ESC X, AT VETA I AT VAT LDOEAN XK TZORHEFIMEDOREE B2
HIREZL2ZBERBETNETH D,

Conclusion
We propose followings to the ESC.

® The CCSBT should recognize the presence of this potentially large-scale issue
related to Australian SBT farming. This issue involves a high risk of damaging
the credibility of the CCSBT, and the stock management of SBT by means of the MP
which has attracted worldwide attention. In terms of the scientific data, it may
seriously affect catch and age composition estimates and hinders accurate and
robust stock assessment.

® When considering unaccounted catches and adjustment of age composition by year,
the ratio estimated in the present study (a mean of 34.4%, which should perhaps be
even higher than 40%) should be taken into account for Australian purse seine
catch.

® Australia should resolve the issue by a full scale implementation of the stereo video
camera system, including providing outputs of length measurements. In addition,
they should provide information of the extent of farming growth estimated by using
reliable scientific data. CDS data which including individual body weight for all
the farmed individuals should be available for Member scientists in order to
evaluate our results. Various experiments have been proposed to address the
uncertainties, including comparing lengths from stereo video to those of the 100
fish sample, tagging for the 100 fish sampled which farmed after length measured,
and take a 100 fish sample just prior to harvesting all the fish in pens.

® The ESC should recommend to the EC that the issue should be resolved

immediately by full scale of implementation of the stereo video camera system.
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Table 1. Total weight of SBT caught for Australian farming by year

CCSBT-ESC/1609/24

Fishing Period Official TIS CDSs TIS or
year weight CDS/Offici
al weight
2001 Dec 2000-Nov2001 5,162,000 5,141,446 99.6%
2002 Dec 2001-Nov2002 5,234,000 5,216,065 99.7%
2003 Dec 2002-Nov2003 5,374,626 5,354,939 99.6%
2004 Dec 2003-Nov2004 4,873,701 4,847,861 99.5%
2005 Dec 2004-Nov2005 5,213,693 5,198,504 99.7%
2006 Dec 2005-Nov2006 5,301,706 5,288,123 99.7%
2007 Dec 2006-Nov2007 5,229,957 5,220,813 99.8%
2008 Dec 2007-Nov2008 5211,480 5,201,973 99.8%
2009 Dec 2008-Nov2009 5,026,407 5,005,419 99.6%
2010 Dec 2009-Nov2010 3,930,541 3,922,372 99.8%
2011 Dec 2010-Nov2011 3,871,605 3,863,160 99.8%
2012 Dec 2011-Nov2012 4,484,736 4474113 4,452,665 99.3%
2013 Dec 2012-Nov2013 4,198,281 4,194,783 99.9%
2014 Dec 2013-Nov2014 5,029,299 5,024,276 99.9%
2015 Dec 2014-Nov2015 4,946,940 4,941,938 99.9%
Unit is in kg. Value from the CDS was used in 2012.
Table 2. Total number of SBT caught for Australian farming by year
Fishing Period N_Raised Catch— TIS CDS TIS or
year At-Age CDS/N _Raised
2001 Dec 2000-Nov2001 289,157 288,022 279,287 96.6%
2002  Dec 2001-Nov2002 281,143 281,143 279,456 99.4%
2003  Dec 2002-Nov2003 278,020 278,020 276,117 99.3%
2004  Dec 2003-Nov2004 298,703 298,703 297,748 99.7%
2005  Dec 2004-Nov2005 336,112 336,110 335,088 99.7%
2006  Dec 2005-Nov2006 332,958 324,088 332,104 99.7%
2007  Dec 2006-Nov2007 354,464 363,336 353,864 99.8%
2008  Dec 2007-Nov2008 324,754 324,754 324,160 99.8%
2009  Dec 2008-Nov2009 306,886 307,663 306,060 99.7%
2010  Dec 2009-Nov2010 212,204 212,204 211,749 99.8%
2011 Dec 2010-Nov2011 232,614 220,242 232,077 99.8%
2012  Dec 2011-Nov2012 307,896 320,268 307,139 305,727 99.3%
2013  Dec 2012-Nov2013 259,337 259,337 259,125 99.9%
2014  Dec 2013-Nov2014 268,518 268,518 254,214 94.7%
2015  Dec 2014-Nov2015 294,304 294,304 290,774 98.8%

The value from the CDS was used in 2012.
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Table 3 Statistics of growth of farming SBT from the CCSBT SRP tagging data

Fish Variable Period Age-2 Age-3 Age-4 5%BA

wild Fork length 0 79.4 97.2 1102 HAEAOLIAIHBEROK
&

Wild Fork length 1 year 97.2 110.2 1212 BHEAOEFOHAKE

Wild Growth rate in length 1 year 0.224 0.134 0.100 HEADIFEOKERE

wild Growth rate in length 6 month 0.149 0.089 0.067 FHHADrADEE,
ZE35 A EOREER
E

Farmed N variety 39 75 9 EHH

Farmed Growth rate in length, variety 0.181 0.124 0.092 EZEHBADOFEHRER

mean

Farmed Growth rate in length, SD  variety 0.093 0.071 0.050 1ZEHADHEFEDSD

Farmed Growth rate in length, SE  variety 0.015 0.008 0.017 EHADOHEEDSE

Farmed Growth rate in length, 6 month 0.200 0.133 0.080 #Z#HAD6,ADFHRK

mean RE

Farmed Growth rate in length, SD 6 month 0.118 0.059 0.043 1Z#HAD6y AZREL
BERE®DSD

Farmed Growth rate in length, SE 6 month 0.019 0.007 0.014 Z#HAD6yAZREL:
BREDSE

wild Fork length 6 month 91.3 105.9 1175 HEHED6sADEERK
R.£F3wyAREORE
ERE

wild Whole body weight 0 10.4 18.7 269 HHEADMLALHOAKE,
RobinsLW{# A,

wild Whole body weight 6 month 15.6 23.9 324 HHEADG,ATOIER
&, RobinsLW{# .,

Farmed Fork length 6 month 95.3 110.1 119.0 HEAOD67 A TOIERK
&

Farmed Whole body weight 6 month 18.2 28.4 36.1 FEAD6LATOIIERK
&, RobinsLW{E

Farmed Growth rate in weight 6 month 1.750 1.520 1.343 FTFEADG,ABOKRE
B

Growth rate in length in 6 months is (growth increment in 6 months)/(length at start).
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Table 4. Track of estimation of catch-at-age and total catch at the time of wild capture of

SBT for Australian farming

Year=2001
Age CAA L.Jan mean.L mean.W subSumWil harv.L harvW caaharv.r subSumHar caaharv.e subSumHarvE subSumWil caawildest subSumWil
dw ep vRepW st stW dEstW dEstW2
i N, Loani W.catch,,; L.Harv2,; W.Harv2,;
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
1 0 49.4 49.8 268 0 68.49 8.33 0 0 0 0 0 0 0
2 42,736 794 79.6 10.47 434 93.29 20.05 38983 781648 18,102 362,968 189,537 19,923 208,602
3 221,365 97.2 974 18.78 4,031 108.03 3098 201927 6255427 114,648 3,551,650 2,153,075 126,180 2,369,645
4 18,807 110.2 110.3 2701 493 118.82 4123 17155 707236 116,126 4,787,319 3,136,586 127,806 3,452,083
5 4,225 1212 1213 35.58 146 127.94 51.56 3854 198710 10,979 566,061 390,637 12,083 429930
6 889 130.6 130.7 4418 38 135.74 61.70 811 50032 2,441 150,600 107,828 2,686 118674
7 0 138.4 138.5 52.26 0 142.21 71.09 0 0 434 30,880 22,701 478 24,984
8 0 145.1 145.2 59.94 0 147.77 79.91 0 0 0 0 0 0 0
Total 288,022 5141 262,730 7,993,054 262,730 9,449,478 6,000,364 289,157 6,603,918
W.Est,
0.1612 adimon  adj.mon, Adjustment of number of month to the time of catch
0.9697 p.N.trans (Total numper of transported in TIS)/(Total number in Catch-at-age)
0.5356 p.shift [ Proportion of age shift
1.1006 p.N.Rep (Total number of SBT Australian reported)/(Total number of catch—at-age harvested)
Year=2002
Age CAA L.Jan mean.L mean.W subSumWil harv.L harv.W caaharvr subSumHar caaharv.e subSumHarvE subSumWil caawildest subSumWil
dw ep vRepW st stW dEstW dEstW2
/ N, Lan: W.catch,, ; L.Harv2,, W.Harv2,;
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
1 0 49.4 49.9 2.69 0 68.44 8.31 0 0 0 0 0 0 0
2 33,520 79.4 79.7 10.50 350 93.24 20.02 32335 647328 17,661 353,556 185,363 18,308 192,159
3 223,242 97.2 974 18.81 4,173 107.99 3094 215346 6663467 132,292 4,093,499 2,488,043 137,142 2,579,262
4 20,825 110.2 1104 27.04 560 118.79 41.19 20089 827508 108,701 4477714 2,939,245 112,686 3,047,006
5 2,837 1212 1214 35.61 100 127.92 5153 2736 141015 10,611 546,833 377,882 11,000 391,736
6 564 130.6 130.7 44.20 25 135.73 61.68 544 33570 1,539 94,930 68,035 1,596 70,530
7 155 138.4 1385 52.29 8 142.20 71.08 149 10620 329 23,358 17,183 341 17,813
8 0 145.1 145.2 59.96 0 147.77 79.90 0 0 68 5418 4,066 70 4215
Total 281,143 5216 271,200 8323509 271,200 9,595,308 6,079,816 281,143 6,302,720
W.Est,
0.2063 adj.mon adj.mon, Adjustment of number of month to the time of catch
0.9940 p.N.trans (Total numper of transported in TIS)/(Total number in Catch-at-age)
0.4538 p.shift a, Proportion of age shift
1.0367 p.N.Rep (Total number of SBT Australian reported)/(Total number of catch—at-age harvested)
Year=2003
Age CAA L.Jan mean.L mean.W subSumWil harv.L harvW caaharv.r subSumHar caaharv.e subSumHarvE subSumWil caawildest subSumWil
dw ep vRepW st stW dEstW dEstW2
i N, Loan: W.catch,,; L.Harv2,; W.Harv2,;
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
1 138 49.4 552 361 0 66.41 7.66 130 995 16 120 56 17 60
2 61,166 794 828 11.74 713 91.11 18.71 57636 1078250 7,059 132,064 82,858 7,492 87,934
3 182,579 97.2 99.7 20.12 3,648 106.19 2942 172040 5061981 71,421 2,101,446 1,436,788 75,796 1,524,803
4 31,709 110.2 1123 28.44 896 117.46 39.82 29879 1189752 154,910 6,168,404 4,405,338 164,399 4,675,203
5 1,561 1212 1230 37.04 57 127.01 50.43 1471 74189 26,456 1,334,121 979,857 28,076 1,039,882
6 693 130.6 1321 45.56 31 135.13 60.86 653 39726 1,373 83,540 62,539 1,457 66,370
7 174 138.4 139.7 53.59 9 141.91 70.64 164 11564 594 41,945 31,822 630 33,771
8 0 1451 146.2 61.15 0 147.71 79.81 0 0 144 11,491 8,804 153 9.343
Total 278,020 5,355 261972 7456457 261972 9,873,131 7,008,063 278,020 7,437,366
W.Est,
2.3142 adimon adj.mon, Adjustment of number of month to the time of catch
0.9932 p.N.trans (Total numper of transported in TIS)/(Total number in Catch—at-age)
0.8795 p.shift ay Proportion of age shift
1.0613 p.N.Rep (Total number of SBT Australian reported)/(Total number of catch—at-age harvested)
Year=2004
Age CAA L.Jan mean.L mean.W subSumWil harv.L harvW caaharv.r subSumHar caaharv.e subSumHarvE subSumWil caa.wildest subSumWil
dw ep vRepW st stW dEstW dEstW2
/ N, Lani W.catch,, ; L.Harv2,, W.Harv2,;
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
1 150 49.4 534 3.28 0 67.02 7.86 144 1130 59 466 195 62 203
2 124,070 794 818 11.31 1,399 91.78 1912 118852 2271971 49,100 938587 555314 51,255 579,695
3 171,987 97.2 989 19.67 3372 106.76 2990 164754 4926504 137,782 4,119,990 2,710,206 143,831 2,829,198
4 2,253 110.2 117 27.96 63 117.88 40.25 2159 86889 97,699 3,932,424 2,731,930 101,988 2,851,876
5 0 1212 1225 36.55 0 127.30 50.77 0 0 1,268 64,401 46,367 1,324 48,403
6 0 130.6 131.6 45.10 0 135.31 61.11 0 0 0 0 0 0 0
7 139 138.4 139.3 53.15 7 142.00 70.77 133 9433 55 3,890 2,922 57 3,050
8 103 145.1 1458 60.75 6 147.72 79.82 99 7864 177 14,116 10,743 185 11.215
Total 298,703 4,848 286,140 7303792 286,140 9,073,873 6,057,677 298,703 6,323,640
W.Est,
1.6056 adj.mon adj.mon, Adjustment of number of month to the time of catch
0.9968 p.N.trans (Total numper of transported in TIS)/(Total number in Catch-at-age)
0.5876 p.shift ay Proportion of age shift
1.0439 p.N.Rep (Total number of SBT Australian reported)/(Total number of catch—at-age harvested)
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Table 4. (cont.)
Year=2005
Age CAA L.Jan mean.L mean.W subSumWil harv.L harvW caaharv.r subSumHar caaharv.e subSumHarvE subSumWil caawildest subSumWil
dw ep vRepW stW dEstW dEstW2
i N, Loani W.catch,,; L.Harv2,; W.Harv2,;
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
1 353 49.4 544 345 1 66.68 775 335 2598 51 392 175 53 184
2 187,707 794 824 11.54 2,160 91.41 18.89 178192 3366114 27,148 512,845 313,319 28,598 330,053
3 138,514 97.2 994 19.91 2,750 106.45 29.64 131493 3897192 171,152 5,072,611 3,407,995 180,292 3,590,010
4 8,089 110.2 1120 2822 228 117.65 40.01 7679 307262 112,827 4,514,479 3,184,006 118,853 3,354,058
5 640 1212 1228 36.82 24 127.14 50.58 608 30754 6,613 334501 243,471 6,966 256,474
6 765 130.6 131.9 45.35 35 135.21 60.97 726 44281 626 38,160 28,384 659 29,900
7 40 138.4 139.5 53.39 2 141.95 70.69 38 2682 622 44,005 33,234 656 35,009
8 0 145.1 146.0 60.97 0 147.71 79.81 0 0 32 2,572 1,964 34 2,069
Total 336,110 5,199 319,071 7,650,883 319,071 10,519,564 7,212,548 336,112 7,597,757
W.Est,
1.9905 adimon  adj.mon, Adjustment of number of month to the time of catch
0.9970 p.N.trans (Total numper of transported in TIS)/(Total number in Catch-at-age)
0.8492 p.shift [ Proportion of age shift
1.0534 p.N.Rep (Total number of SBT Australian reported)/(Total number of catch—at-age harvested)
Year=2006
Age CAA L.Jan mean.L mean.W subSumWil harv.L harv.W caaharvr subSumHar caaharv.e subSumHarvE subSumWil caawildest subSumWil
dw ep vRepW stW dEstW dEstW2
/ N, Lan: W.catch,, ; L.Harv2,, W.Harv2,;
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
1 4,447 49.4 533 325 15 67.08 787 4252 33477 1,387 10,919 4510 1,490 4,846
2 138,097 79.4 81.7 11.27 1,595 91.85 19.15 132037 2529002 45932 879,768 517,765 49355 556,350
3 179,246 97.2 98.9 19.63 3,606 106.82 2995 171380 5132202 144870 4,338,306 2,843,916 155,666 3,055,852
4 1,553 110.2 1116 2792 44 117.92 40.29 1485 59840 115965 4,672,250 3,237,832 124,607 3,479,123
5 745 1212 1224 36.51 28 127.32 50.80 712 36191 1,233 62,647 45,024 1,325 48,379
6 0 130.6 131.6 45.06 0 135.33 61.14 0 0 480 29,346 21,631 516 23,243
7 0 138.4 139.3 53.11 0 142.00 70.78 0 0 0 0 0 0 0
8 0 145.1 1458 60.71 0 147.72 79.82 0 0 0 0 0 0 0
Total 324,088 5288 309,866 7,790,713 309,866 9,993,236 6,670,678 332,958 7,167,793
W.Est,
1.5426 adj.mon adj.mon, Adjustment of number of month to the time of catch
1.0247 p.N.trans (Total numper of transported in TIS)/(Total number in Catch-at-age)
0.6738 p.shift @y Proportion of age shift
1.0745 p.N.Rep (Total number of SBT Australian reported)/(Total number of catch—at-age harvested)
Year=2007
Age CAA L.Jan mean.L mean.W subSumWil harv.L harvW caaharv.r subSumHar caaharv.e subSumHarvE subSumWil caawildest subSumWil
dw ep vRepW stW dEstW dEstW2
i N, Lan: W.catch,,; L.Harv2,; W.Harv2,;
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
1 1,257 49.4 537 333 4 66.91 7.82 1166 9118 162 1,267 540 170 568
2 223,673 794 820 11.38 2,479 91.67 19.05 207372 3949689 29,823 568,012 339,378 31,381 357,116
3 129,846 97.2 99.1 19.74 2,497 106.67 2982 120383 3589938 195,283 5,823,528 3,855,602 205,490 4,057,116
4 7,706 110.2 111.8 28.04 210 117.81 40.18 7145 287054 104,646 4,204,388 2,934,381 110,116 3,087,747
5 854 1212 1225 36.63 30 127.25 50.71 792 40157 6,262 317,554 229,395 6,589 241,384
6 0 130.6 1317 45.18 0 135.28 61.07 0 0 682 41,638 30,804 7117 32414
7 0 1384 139.4 53.23 0 141.98 70.74 0 0 0 0 0 0 0
8 0 145.1 145.9 60.82 0 147.71 79.82 0 0 0 0 0 0 0
Total 363,336 5221 336,858 7875956 336,858 10,956,386 7,390,100 354,464 7,776,346
W.Est,
1.7226 adimon adj.mon, Adjustment of number of month to the time of catch
0.9739 p.N.trans (Total numper of transported in TIS)/(Total number in Catch—at-age)
0.8610 p.shift ay Proportion of age shift
1.0523 p.N.Rep (Total number of SBT Australian reported)/(Total number of catch—at-age harvested)
Year=2008
Age CAA L.Jan mean.L mean.W subSumWil harv.L harvW caaharv.r subSumHar caaharv.e subSumHarvE subSumWil caa.wildest subSumWil
dw ep vRepW stW dEstW dEstW2
i N, Loani W.catch,,; L.Harv2,, W.Harv2,;
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
1 203 49.4 49.8 2.68 1 68.47 8.33 187 1557 137 1,137 366 148 398
2 118,697 794 79.7 10.48 1,241 93.28 2004 109230 2189077 79,844 1,600,157 836,640 86,764 909,150
3 194,370 97.2 974 18.79 3,645 108.02 3097 178868 5539078 160,101 4,957,925 3,008,070 173,977 3,268,773
4 11,060 110.2 1104 27.02 298 118.81 41.22 10178 419487 55,638 2,293,120 1,503,313 60,460 1,633,602
5 266 1212 1213 35.59 9 127.94 51.55 245 12625 2,922 150,621 103,988 3,175 113,000
6 158 130.6 130.7 4419 7 135.74 61.69 145 8953 172 10,612 7,600 187 8,259
7 0 1384 138.5 52.27 0 142.21 71.09 0 0 39 2,780 2,044 42 2,221
8 0 145.1 145.2 59.94 0 147.77 79.91 0 0 0 0 0 0 0
Total 324,754 5,202 298,853 8,170,777 298,853 9,016,352 5,462,021 324,754 5935404

W.Est,

0.1755 adji.mon
0.9982 p.N.trans

0.2695 p.shift
1.0867 p.N.Rep

adj.mon, Adjustment of number of month to the time of catch
(Total numper of transported in TIS)/(Total number in Catch-at-age)

ay

Proportion of age shift
(Total number of SBT Australian reported)/(Total number of catch—at-age harvested)
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0.9546 p.N.trans
0.6555 p.shift
1.0588 p.N.Rep

a,

(Total numper of transported in TIS)/(Total number in Catch-at-age)
Proportion of age shift
(Total number of SBT Australian reported)/(Total number of catch-at-age harvested)
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Table 4. (cont.)
Year=2009
Age CAA L.Jan mean.L meanW subSumWil harv.L harv.W caa.harv.r subSumHar caaharv.e subSumHarvE subSumWil caawildest subSumWil
ep vRepW st stW dEstW dEstW2
i N, Ljan; W.catch,,; L.Harv2,; W.Harv2,,
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
1 145 494 52.0 3.03 0 67.56 8.03 127 1022 37 296 112 42 127
2 125,556 79.4 80.9 10.97 1,371 9236 19.47 109900 2139487 31,952 622,035 350,640 36,412 399,581
3 165,762 97.2 98.3 19.32 3,185 107.25 30.31 145092 4397777 120,103 3,640,348 2,319,905 136,866 2,643,703
4 15,659 110.2 111 2758 430 118.24 40.62 13706 556739 107,001 4,346,292 2,951,586 121,935 3,363,549
5 541 1212 1220 36.17 19 127.54 51.07 473 24177 9870 504,028 356,979 11,247 406,803
6 0 130.6 1313 4474 0 135.47 61.33 0 0 336 20618 15,039 383 17,138
7 0 1384 139.0 52.80 0 142.07 70.88 0 0 0 0 0 0 0
8 0 145.1 1456 60.43 0 147.73 79.84 0 0 0 0 0 0 0
Total 307,663 5,005 269,299 7,119,202 269,299 9,133,616 5,994,261 306,886 6,830,901
W.Est,
1.0361 adjmon adj.mon, Adjustment of number of month to the time of catch
0.9948 p.N.trans (Total numper of transported in TIS)/(Total number in Catch-at-age)
0.7101 p.shift ay Proportion of age shift
1.1396 p.N.Rep (Total number of SBT Australian reported)/(Total number of catch—at-age harvested)
Year=2010
Age CAA LJan mean.L mean.W subSumWil harv.L harv.W caaharv.r subSumHar caaharv.e subSumHarvE subSumWil caawildest subSumWil
dw ep vRepW st stW dEstW dEstW2
i N, Lani W.catch,,; L.Harv2,; W.Harv2,,
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
1 262 494 51.9 3.01 1 6761 8.04 205 1651 17 140 52 22 67
2 53,601 794 80.9 10.95 586 92.40 19.49 41914 817074 3,740 72,899 40,947 4,782 52,364
3 126,360 97.2 98.3 19.29 2,432 107.29 30.34 98808 2997920 46,735 1,417,982 901,537 59,767 1,152,920
4 29,152 110.2 111 2756 802 118.26 40.65 22796 926588 92,367 3,754,431 2,545384 118,123 3,255,134
5 2,828 1212 1220 36.14 102 127.56 51.09 2211 112982 21,052 1075529 760,824 26,922 972,970
6 0 130.6 1312 44.71 0 135.49 61.35 0 0 2,024 124,170 90,496 2,588 115,730
7 0 138.4 139.0 52.78 0 142.08 70.89 0 0 0 0 0 0 0
8 0 145.1 1456 60.40 0 147.73 79.85 0 0 0 0 0 0 0
Total 212,204 3,922 165935 4,856,216 165935 6,445,150 4,339,240 212,204 5549,185
W.Est,
0.9947 adj.mon adj.mon, Adjustment of number of month to the time of catch
0.9979 p.N.trans (Total numper of transported in TIS)/(Total number in Catch-at-age)
0.9153 p.shift @y Proportion of age shift
1.2788 p.N.Rep (Total number of SBT Australian reported)/(Total number of catch-at-age harvested)
Year=2011
Age CAA LJan mean.L mean.W subSumWil harv.L harv.W caaharv.r subSumHar caaharv.e subSumHarvE subSumWil caawildest subSumWil
dw ep vRepW st stW dEstW dEstW2
i N, Lan; W.catch,,; L.Harv2,;, W.Harv2,;
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
1 0 494 453 203 0 70.74 9.10 0 0 0 0 0 0 0
2 79,888 79.4 71.0 9.48 798 95.42 2142 75034 1607553 10,642 227992 100,925 11,968 113,504
3 100,303 97.2 95.4 17.11 1872 109.80 32.52 94209 3063446 77,754 2,528,360 1,376,958 87,445 1548576
4 30,915 110.2 108.7 25.85 842 120.14 42.63 29037 1237726 84,966 3,621,793 2,196,785 95556 2,470,583
5 7,261 1212 119.9 34.39 263 128.88 5272 6820 359531 25,886 1,364,616 890,331 29,112 1,001,298
6 1,492 130.6 1295 43.04 68 136.38 62.59 1401 87680 6,051 378,747 260,445 6,806 292,905
7 312 1384 1375 51.17 17 14258 71.65 293 21014 1,244 89,120 63,647 1,399 71,580
8 43 145.1 144.3 58.94 3 14791 80.15 41 3252 292 23424 17,225 329 19,372
Total 220,215 3,863 206,835 6,380,202 206,835 8,234,054 4,906,316 232,614 5517817
W.Est,
-1.6364 adimon  adj.mon, Adjustment of number of month to the time of catch
1.0539 p.N.trans (Total numper of transported in TIS)/(Total number in Catch-at-age)
0.8582 p.shift ay Proportion of age shift
1.1246 p.N.Rep (Total number of SBT Australian reported)/(Total number of catch-at-age harvested)
Year=2012
Age CAA L.Jan mean.L meanW subSumWil harv.L harv.W caaharv.r subSumHar caaharv.e subSumHarvE subSumWil caawildest subSumWil
dw ep vRepW st stW dEstW dEstW2
i N, Lan W.catch,,; L.Harv2,; W.Harv2,,
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
1 2,955 494 55.5 3.67 10 66.31 7.63 2683 20482 924 7,055 3,388 979 3,587
2 221,420 794 83.0 11.81 2,497 91.00 18.64 201052 3747518 71,012 1,323,636 838,939 75,185 888,235
3 84,400 97.2 99.8 20.20 1,627 106.09 29.34 76636 2248672 158,197 4,641,820 3,195,011 167,492 3,382,751
4 10,870 110.2 1124 2852 296 117.39 39.75 9870 392303 53,638 2,131,941 1,529,895 56,790 1,619,792
5 623 1212 123.1 37.12 22 126.96 50.37 566 28515 6,665 335,740 247,439 7,057 261978
6 0 130.6 132.2 45.65 0 135.10 60.82 0 0 371 22572 16,939 393 17,935
7 0 1384 1398 53.67 0 141.90 70.62 0 0 0 0 0 0 0
8 0 145.1 146.2 61.22 0 147.71 79.81 0 0 0 0 0 0 0
Total 320,268 4,453 290,808 6,437,491 290,808 8,462,764 5,831,611 307,896 6,174,279
W.Est,
2.4391 adimon adj.mon, Adjustment of number of month to the time of catch
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0.9990 p.N.trans
0.3746 p.shift
1.0121 p.N.Rep

Qy

(Total numper of transported in TIS)/(Total number in Catch-at-age)
Proportion of age shift
(Total number of SBT Australian reported)/(Total number of catch—at-age harvested)

Table 4. (cont.)
Year=2013
Age CAA L.Jan mean.L mean.W subSumWil harv.L harvW caaharv.r subSumHar caaharv.e subSumHarvE subSumWil caa.wildest subSumWil
dw ep vRepW st stW dEstW dEstw2
i N, Loani W.catch,,; L.Harv2,; W.Harv2,;
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
1 0 49.4 537 3.33 0 66.92 7.83 0 0 0 0 0 0 0
2 117,218 794 819 11.37 1,332 91.68 19.05 11501 219134 5,306 101,086 60,342 54073 614,984
3 135,534 97.2 99.1 19.74 2,673 106.68 29.83 13298 396674 6,135 182,986 121,077 62,522 1233971
4 5,950 110.2 1118 28.03 167 117.81 40.18 584 23459 6,465 259,793 181,240 65,890 1,847,135
5 635 1212 1225 36.63 23 127.25 50.72 62 3162 7,193 364,798 263,441 73,305 2,684,897
6 0 130.6 131.7 45.17 0 135.29 61.07 0 0 314 19,207 14,206 3,205 144,785
7 0 138.4 139.4 53.22 0 141.98 70.75 0 0 34 2,376 1,788 342 18,218
8 0 145.1 145.9 60.81 0 147.71 79.82 0 0 0 0 0 0 0
Total 259,337 4,195 25,446 642,429 25,446 930,246 642,093 259,337 6,543,989
W.Est,
1.7116 adimon  adj.mon, Adjustment of number of month to the time of catch
0.9992 p.N.trans (Total numper of transported in TIS)/(Total number in Catch-at-age)
1.5387 p.shift ay Proportion of age shift
10.1917 p.N.Rep (Total number of SBT Australian reported)/(Total number of catch—at-age harvested)
Year=2014
Age CAA L.Jan mean.L mean.W subSumWil harv.L harvW caaharv.r subSumHar caaharv.e subSumHarvE subSumWil caawildest subSumWil
dw ep vRepW st stW dEstW dEstW2
i N, Ljani W.catch,,; L.Harv2,;, W.Harv2,;
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
1 345 49.4 53.8 3.35 1 66.87 7.81 327 2551 155 1,210 519 164 549
2 80,597 794 820 11.41 918 9163 19.02 76303 1451275 36,349 691361 414,632 38,395 437,962
3 142,503 97.2 99.1 19.77 2815 106.63 2979 134912 4019013 104,091 3,100,872 2,058,078 109,948 2,173,881
4 42,498 110.2 1118 28.07 1,192 117.78 40.15 40234 1615380 90,022 3,614,328 2,527,020 95,088 2,669,209
5 2,340 1212 122.6 36.66 86 127.23 50.69 2215 112290 22,208 1,125,746 814,255 23,458 860,071
6 31 130.6 131.7 45.21 1 135.27 61.05 29 1764 1,179 71,958 53,284 1,245 56,282
7 205 138.4 139.4 53.25 1 141.98 70.73 194 13697 107 7,569 5698 113 6,019
8 0 145.1 145.9 60.84 0 147.71 79.82 0 0 102 8,127 6,195 108 6,544
Total 268,518 5,024 254214 7215970 254,214 8,621,172 5,879,682 268,518 6,210,517
W.Est,
1.7676 adi.mon adj.mon, Adjustment of number of month to the time of catch
0.9990 p.N.trans (Total numper of transported in TIS)/(Total number in Catch-at-age)
0.5259 p.shift @y Proportion of age shift
1.0563 p.N.Rep (Total number of SBT Australian reported)/(Total number of catch—at-age harvested)
Year=2015
Age CAA L.Jan mean.L mean.W subSumWil harv.L harv.W caa.harvr subSumHar caaharv.e subSumHarvE subSumWil caawildest subSumWil
dw ep vRepW st stW dEstW dEstW2
/ N, Lan: W.catch,,; L.Harv2,; W.Harv2,;
0 112 0 0 0 0 0 1 111 111 69 69 0 70 0
1 0 49.4 55.6 3.68 0 66.28 7.63 0 0 42 317 153 42 155
2 144,501 794 83.1 11.83 1,708 90.97 18.62 142767 2658743 89,288 1,662,797 1,056,518 90,372 1,069,344
3 126,664 972 99.9 2022 2,558 106.07 2932 125145 3669542 131746 3,863,108 2,663,366 133,345 2,695,699
4 21,000 110.2 1125 28.54 599 117.37 39.73 20748 824306 59,854 2,377,947 1708425 60,581 1,729,165
5 1,823 1212 123.1 37.14 68 126.95 50.36 1801 90716 8,899 448,120 330,540 9,007 334,552
6 204 130.6 132.2 4567 9 135.10 60.81 201 12235 801 48,689 36,561 810 37,005
7 0 138.4 139.8 53.69 0 141.90 70.62 0 0 75 5,322 4,046 76 4,095
8 0 145.1 146.3 61.24 0 147.71 79.81 0 0 0 0 0 0 0
Total 294,304 4,942 290,774 7255652 290,774 8,406,370 5,799,609 294,304 5,870,017
W.Est,
2.4696 adimon  adj.mon, Adjustment of number of month to the time of catch

When the value p.shift exceeded 1.0, in 2011, (proportion -1) in age; was shifted to agei+.
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Table 5 Estimated growth in fork length of farming SBT which explains the difference
between estimated total weight at the onset of farming based on the 40/100 fish

sampling and the total weight at harvest

SBT Age-2 SBT Age-3 SBT Age-4
Wild or farm  L.star L6 Incre  RFW Lstar L6 Incre  RFW Lstar L6 Incre  RFW
t month  ment t month  ment t month  ment
s later s later s later
wild 79.4 91.3 11.9 97.2 1059 8.7 110.2 1175 7.3

Farm.Tag 794 953 159 134 972 1101 129 149 1102 1190 88 1.21
Farm2001 794 1117 323 272 972 1232 260 3.00 1102 1326 224 3.06
Farm2002 794 1108 314 264 972 1223 251 289 1102 1317 215 293
Farm2003 794 1222 428 361 972 1337 365 422 1102 1432 330 4.49
Farm2004 794 1158 364 307 972 1273 301 348 1102 1368 266 3.62
Farm2005 794 1222 428 360 972 1337 365 421 1102 1431 329 4.49
Farm2006 794 1172 378 319 972 1287 315 364 1102 1381 279 381
Farm2007 794 1216 422 35 972 1331 359 414 1102 1425 323 441
Farm2008 794 1089 295 249 972 1205 233 268 1102 1299 197 2.68
Farm2009 794 1162 368 310 972 1277 305 352 1102 1371 269 3.67
Farm2010 794 1180 386 325 972 1295 323 373 1102 1389 287 3.92
Farm2011 794 1129 335 282 972 1244 272 314 1102 1338 236 3.22
Farm2012 794 1211 417 352 972 1327 355 409 1102 1421 319 435
Farm2013 794 1241 447 376 972 1356 384 443 1102 1450 348 474
Farm2014 794 1145 351 296 972 1260 288 333 1102 1355 253 344
Farm2015 794 1141 347 292 972 1256 284 328 1102 1350 248 3.38

RFW is the ratio Farm/Wild.
Unit is in centimeter, except RFW,
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Table 6. Reported and estimated Australian purse seine catches by fishing year.

Fishing year is expressed as 2015 for the period between Dec. 2014 and Nov. 2015.
W.Reported: Catch weight reported in tons

W.Estimated: Estimated catch weight based on the farming growth rate given
W.Excess: Excess of catch weight of the estimated to reported

percent.excess: Proportion of excess of catch to the catch reported (%)

Casel

Growth rate of mean of SRP tagging data was used
Year  W.Reported W.Estimated W.Excess percent.excess percent.excess
2001 5162 6,604 1,442 128% 28%
2002 5234 6,303 1,069 120% 20%
2003 5375 7,437 2,063 138% 38%
2004 4874 6,324 1,450 130% 30%
2005 5214 7,598 2,384 146% 46%
2006 5,302 7,168 1,866 135% 35%
2007 5,230 1,776 2,546 149% 49%
2008 5211 5,935 724 114% 14%
2009 5,026 6,831 1,804 136% 36%
2010 3,931 5,549 1,619 141% 41%
2011 3,872 5518 1,646 143% 43%
2012 4,485 6,174 1,690 138% 38%
2013 4198 6,944 2,346 156% 56%
2014 5,029 6,211 1,181 123% 23%
2015 4,947 5,870 923 119% 19%

Average 1,650 134% 34.4%

Total 24,753

Case?2

Growth rate is assumed to be same as that of wild fish in body length
Year  W.Reported W.Estimated ~ W.Excess percent.excess percent.excess
2001 5162 7,324 2,162 142% 42%
2002 5234 7,000 1,766 134% 34%
2003 5375 7,845 2,470 146% 46%
2004 4874 6,866 1,992 141% 41%
2005 5214 8,155 2,942 156% 56%
2006 5,302 7,780 2479 147% 47%
2007 5,230 8,413 3,183 161% 61%
2008 5211 6,748 1,536 129% 29%
2009 5,026 7,466 2,439 149% 49%
2010 3,931 5,993 2,062 152% 52%
2011 3,872 6,323 2,451 163% 63%
2012 4,485 6,618 2,133 148% 48%
2013 4,198 6,980 2,782 166% 66%
2014 5,029 6,672 1,642 133% 33%
2015 4,947 6,288 1,341 127% 27%

Average 2,225 146% 46.3%

Total 33,380
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Table 7. Comparison of reported and estimated Australian purse seine catches by fishing

year.

Year Australia Itoh et al. 2012 Itoh et al. 2012 Present study Present study
reported
Mixed normal distribution ~ Cohort slicing Casel Case2
2001 5,162 6,604 7,324
2002 5,234 6,303 7,000
2003 5,375 7,437 7,845
2004 4,874 6,324 6,866
2005 5,214 7,598 8,155
2006 5,302 7,168 7,780
2007 5,230 8,271 (8,264-8,277) 8,273 7,776 8,413
2008 5,211 6,159 (6,156-6,163) 6,659 5,935 6,748
2009 5,026 6,749 (6,773-6,754) 6,675 6,831 7,466
2010 3,931 5,689 5,549 5,993
2011 3,872 5,518 6,323
2012 4,485 6,174 6,618
2013 4,198 6,544 6,980
2014 5,029 6,211 6,672
2015 4,947 5,870 6,288
Median (5%-95%)

Values in the 2015 Fishing Year fﬁgief:fﬂf Sj:}j{ze Un-classify

294,304 fish ot -
4947 ton | 571ton

Total N&W ,

Towing mortality

294,009 fish
942 ton 295 fish
|

| 5 ton

N&W of farm start

I Farming mortality

290,774 fish 3,235 fish
8406 ton (1.10 %)

L J
N&W of farm end (harvest)

Fig. 1. Diagram of number and weight of southern Bluefin tuna from wild capture to harvest

after farming in Australia.
The numbers are statistics in the 2015 fishing year (Dec 2014-Nov 2015) for reference.
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Fig. 2 Assumption of SBT growth in fork length by year for farmed fish

Black lines are assumptions of growth rate which explains the difference between
estimated total weight at the onset of farming based on the 40/100 fish sampling and the
total weight at harvest by fishing year. Black arrows denote growth of wild SBT used in
CCSBT, assuming no growth in winter between July and September. Yellow polygons
denote growth from the CCSBT SRP tagging data of mean with 1 standard error.
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Fig. 3. SBT catch weight by the Australian purse seine fishery by fishing year

A denotes the catch that Australia reported. The black circle @ denotes the estimated
catch based on the mean growth rate obtained from the CCSBT SRP conventional tagging
data (Case 1). The black diamond 4 denotes the estimated catch assuming the growth
rate for body length in farmed fish is same as that in wild fish (Case 2). The red triangles
A are the estimated catch in the previous study that decomposed ages by applying mixed
normal distributions to length frequency data (Itoh et al. 2012). The green squares M
are the estimated catch in the previous study that decomposed ages by applying the cohort
slicing method to length frequency data (Itoh et al. 2012).
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