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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 relating to farming
in the Australian surface fishery. We provide updated estimation up to 2014 in this
document. We changed the estimation method to use growth rate in fork length. We
also made comments for the suggestions given for our previous analyses and we believe
most of them were resolved.

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

The Australian surface catches were estimated, by using SRP tagging growth rate, to
be higher than reported catches by annual amounts ranging from 724 tons to 2,546 tons,
with a mean of 1,702 tons. The estimated proportion of this excess of the reported
catch ranged from 14% to 56% with a mean of 35.5%, and is in increasing trend over
time.

When considering unaccounted catches and adjustment of age composition, the mean
of 35.5%, and even the possibility of values >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
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 (7hunnus 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, which catches a considerable portion of the global
TAC for SBT. When accounting for the wild fish caught by purse seine in tuna farming
operations, the amount of catch 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 (7Thunnus thynnus) in
the East Atlantic and Mediterranean were seriously underreported from the mid-1990s
along with the development of farming in that region, and 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 the amount 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 since 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



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). The estimated excess annual catches, relating this
uncertainty, were large as ranged from 1054 tons (20%) to 2,366 tons (61%) with mean
of 1,640 tons (34.5%) 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 2014. Values in previous years are revised with new growth
rates. In addition, we respond to comments which have given for our previous

analyses.
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Materials and methods
Data used

Values from the 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

2014 fishing year means the period from December 2013 to November 2014.



The statistics required are the times of the catches made, the start of farming (caging)
and the end of farming (harvesting) (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 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 2015 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 weight of wild fish captured 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 (TIS) between 2001 and 2009. Between 2010 and 2014, these numbers were
obtained from 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 (see
Attachment 1). 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 CCSBT-ESC/1208/30).
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).

In this paper, “harvest” means the time SBT is grown out in the farming and killed.

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

In our previous analyses, growth rates of farmed fish in body weight, which derived
from CCSBT-SRP tagging data, was used (Sakai et al. 2009). Then, body weight was
converted to fork length using the LW relationship of Robins (1963) in the process to
estimate age composition of farmed fish. In OMMP5, it was suggested to use growth
rate in fork length, instead of body weight, in order to make the process simple. We
follow such a reasonable suggestion and calculate growth rate in fork length.

Also in our previous analyses, growth rate was represented with parameter K of von
Bertalanffy growth curve (Itoh et al. 2014). It has a merit that allows to express

growth of various ages by one single value. However, it has demerits such that it is



difficult to understand the growth rates intuitively and that a simple von Bertalanffy
growth curve is not necessarily appropriate to approximate growth of SBT. Therefore,
the growth rate in this paper is expressed as the growth in half a year in farming by
age.

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

as variable.

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 3). The adjustment for the number of months from
January 1st adj.mony was estimated so that the product of the catch-at-number
multiplied by average body weight by age equaled the total catch weight reported in the
TIS (or CDS).

, Robins B
Wiani = Robins A x (Ljan:) 1
. 1
W.catch,; = W,y X adj. mon,, X 5 X (W]sz,i+1 — W]AN,L-) 2
. N.Trans
min (abs [W. TIS.catchy, — ¥ (W. catchy; X Ny, ; X ZiNy_iy>]> (3)

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 Age?2 Age3 Aged Ageb Ageb AgeT7
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=3.13086*105, Robins B=2.9058;

W.ani = 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

10



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.Transy = 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.catch, = the total weight of SBT reported in the TIS (or CDS) during fishing

year y.

Estimation of growth rate of 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.

L Harvy; = Ly + (I + Ly X @) X 365 x (0.5 — “2) (5)

X (log(L.Harvy‘i) —log(a. harv))) *1.12+1 6)

1
W.Harv, ; = ex
it p b.harv

where Iy and a are intercept and slope of linear equation, respectively, and a.harv and

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

A value which minimize /;in the following equation should be obtained.

min <abs (W. TIS.Harvy, — ¥~ ( W.Harvy,; x Ny,; X %))) (7)
iNyi

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 3). 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
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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.Harv2y;) of SBT after

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

L.Harv2y,; = Liay, + (Ly + Lyan X @) X 365 x (0.5 — —adjﬁony) ®

W.Harv2,; = exp x (log(L.Harv2, ;) —log(a.harv) )| * 1.12 + 1 9)
¥, v,

b.harv

A value which minimize «in the following equation should be obtained.
min <abs (W. TIS.Harvy, — ¥, ( W.Harv2,; x {N,;(1 — ay) + Ny ;_1xa,} X w)))

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,

YiNy,i (11)

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

where TotalN; = 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.
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ETHY ., ITELLHREIGHN TS (Table 4),

6 r AMOREREEZ MO~ 7 o @A E i L7z (Table 5), flIXIF I~ 1 3
1, 3.0 EHFIZ 97.2emFL TH 5, 6 » H % IZEAEA1E 105.9cm, SRP i — % v B3R o
7o %A T 110.1em (ZET 2 EHHIZ/ D, 97.2emFL 75 6 » AMT, Kl a~ 7
2 (ABF. 7 thynnus) 1% 111.3cm (2L, KWErEZ v~ (PBF. T orientalis) 1%
115.7cm. A/3F (BET. 7 obesus) % 112.4cm (2T 5, % (YFT. T albacares)
T bEEENZRE < 130.0cm [ZET HRIFEICRD, 60N L, IFIx 7m0
&E%i?ﬁ@%5ﬁ®$?%ﬁf%é:k\%%L:i%ivﬁmf%\%5%4XT
ERTEEZ o~ 7 mRoANRNT TV, R RIKTH D EHEE SN,

HREENCDEBERADHREDHTE
SONBUR G S 2 B8 TR OIERE R Z . 40/100 BV 7Y > 728  Filinill
s BT DR EFR A RO T- (Fig. 4. Table 6), SRP Zi#k7T — 4 LR O - ERICHT
BLTELS mhroT,

BERMOREIIRIE a~ 72 THELNTWA O THER L7z (Masuma 2008) (Table
woi+*77m3%@’W%ﬁéQMmmL®k$ﬁ7mv¢m@%%@m\67ﬂf
124.5cm (\ELUTHEF) 705 125.9cm (BRTHEF) (SELZ, LL, Jox BARH)
6 A CTRET D &3 725 DT, UL F O RFW(Ratio of farmed fish growth to wild fish
growth) Tl L7-,

Growth increment of farmed fish in 6 months (cm)
Growth increment of wild fish in 6 months (cm)

K¥EFEZ v~ 7mdRFWILI F I v 71 3kfatHY O 97.2emFL 72 51X RFW=1.47 O\
HILN) BLW155 (BE) Tholz, 2T I uOEEMELRT, SRPE#T — 405
ROIZBOTITRFW=1.49 TIRIEF L7z, 72720 2L 4MTIEI S I~ nEk
.0 RFW MMED o 72, SR L 40/100 V> 7Y U I bEROT- SIEADOKERT
X REW=2.32 7» 5 4.07 LD TEN -T2,

RFW =
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RELIEHEREICLSFREREAEEEDHT

LTSIV e EEMAOREFEN SRP T —Z bR LD RfEOEA (Casel ; 6
7 AT 2 iEM0% 20.0%, 3 i%fE 13.3%. 4 kfal 8.0%DIREHIIN) | AFEvFHLE X Sz v
7 ML, HEEREEIIHRERERE I DL 724 D 2,546 F i ) 1,702 R %o
7= (Table 3, Table 7, Fig. 5), #E I N 7-BiBfERITREELY b 14%01 5 56%, -
¥ 85.5% K & o 7=, HEE S U7 E B OB AT~ BN I H - 7= (Fig. 6).

REREIISHEALHEMTRCERE LSS (F—A 2) (1%, Bk s 37y
2,289 . HIEEOEIGIT 47.6% & HEE S Lz,

A TERDACER A T A v ZIEE R Uk o e BHEEE & ki35 (Table 8,
Fig. 5), #¥#liX Itoh et al.(2012 ) & &M, 410 Casel TOfEEHEE IXIFTIE K L7223,
DTN NEE TH o T,

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

Growth in length of SRP tagging data is shown in Fig. 2 by age. Daily growth rate is
plotted against fork length at release in Fig. 3. Statistics of growth were summarized
in Table 4. For example in age-3 fish, growth rate of farmed fish in six months was
estimated as 13.33 £0.68% (mean + SE) (fish reached 1.13 times in fork length after half
a year) though some variation among individuals (Fig. 4). For comparison, growth of
wild fish was also drawn on the figure; age-3 wild fish become 1.089 times in fork length
in half a year, by taking into account of seasonal growth change and assumed no growth
in winter between July and September, thus one year growth increment was attained in
nine months. Higher growth of farmed fish in length is suggested in this comparison.

By the way, Sakai et al. (2009) estimated growth in body weight in six months as
1.818 times in age-2, 1.544 times in age-3 and 1.448 in age-4. Growth rates in the
present study based on fork length, converted to body weight by using Robins (1963),
produced 1.750 times in age-2, 1.520 times in age-3 and 1.343 times in age-4 (Table 4).
No substantial difference was observed between the two methods.

Six months growth in SBT was compared to that in other 7hunnus species (Table 5).
For example, mean fork length of age-3 SBT is 97.2 cmFL at age-3. After six months, it
becomes 105.9 cmFL in wild SBT and 110.1 ecmFL in farmed SBT using growth rate of
SRP tagging. Wild Thunnus fish grow in six months from 97.2 emFL to 111.3 emFL in
Atlantic bluefin tuna (ABF, 7! thynnus), 115.7 cmFL in Pacific bluefin tuna (PBF, 7
orientalis) and 112.4 cmFL in bigeye tuna (BET, 7! obesus). Yellowfin tuna (YFT, 7
albacares) is estimated to become the largest as 130.0 cmFL. These comparison shows

that SBT grow the slowest in the five Thunnus species in wild condition, and also the
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slowest even they are farmed, though similar to that of ABF and BET in some size.

Estimation of growth rate of farming corresponds to reported catch

Growth rates by year were also estimated for farmed SBT which attain reported
harvest total weight from age compositions based on the 40/100 fish sampling (Fig. 4,
Table 6). These were quite higher than growth rates estimated from SRP tagging data.

Regarding the farmed tuna, growth rate is available in PBF (Masuma 2008) and then
compared (Table 6). Fish in 97.2 ecmFL, corresponding to age-3 SBT, grew in six month
to 124.5 cmFL (captive in Yaeyama) and 125.9 cmFL (captive in Amami). Because
intrinsic ability on growth differ in the two species, comparisons were made in the
following index, RFW (Ratio of farmed fish growth over wild fish growth).

Growth increment of farmed fish in 6 months (cm)

RFW =
Growth increment of wild fish in 6 months (cm)

RFWs of PBF from 97.2 cmFL were 1.47 in Yaeyama and 1.55 in Amami. RFW of
SBT in age-3 based on SRP tagging data was 1.49, similar value to PBF. However,
RFWs was lower in age-2 and age-4 of SBT farmed. In contrast, RFWs of age-3 SBT
for growth corresponds to Australian reported catch and the 40/100 fish sampling were

quite high in the range from 2.32 to 4.07.

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
(case 1, 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 by an amount
ranging from 724 to 2,546 tons, with a mean of 1,702 tons (Table 3, Table 7, Fig. 5).
These estimated amounts were larger than reported ranging from 14% to 56 %, with a
mean of 35.5%. There was an increasing trend for such excess ratios as year
progressed (Fig .6).

In the case 2, where assumed same growth in body length for wild and farmed fish,
the mean estimated excess amount was 2,289 tons, with a mean excess ratio of 47.6%
compared to the reported catch.

These estimated values were compared to previous estimates, derived using the
mixed-normal distributions or the cohort slicing method (Table 8, Fig. 5). Details were
described in Itoh et al. (2012). The values estimated in the present study (case 1) were

similar to those in previous analysis, but were slightly underestimates.
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IF I EO2EN D 4RI YT D 80ecmFL 725 110emFL O %A ZFHIZ I T,
IFT I uERMOEERIMO~ 7 a BRIV LB o, ZHEIFIvT RO,
BRBIERRITNE FR0D, REMT, BEAPSBOEDFRRENS . Z OFKHIH

s iﬁkﬁﬂﬁﬁlo 7~ k%z 5D,
S S BRENEZ ONDZ LIk o THARLY bEEENHEO EHESN

%, SRP *;%ﬁﬁﬂaT*&T“ ITAREHEAN (Sakai et al. 2009) 721 T2 <, REBEMMZEBWTH
BERAORENFAMOREELZ RS Z LR RB SRz, £3% SBT X 80cmFL 7056
100cmFL TIX KRS v~ 7 a0 A NFITHWVERERE 2/~ L7228, 110emFL CTixZih
D ORREREIZIZ R80T, FRVFEI o~ 7 aRX A OREHREIZITEEI T
Ix Db DI KIE RN ST,

SINBUF D s U7 R (F M TEWZRR) ., 40/100 BV o7 ) v 72 X5 A4 X
T2 LN E R (BERICE LR L AP 5 5% SBT OERAEEMILIERFIC
mnolo, FEHHEMDOPT TIEFNFORERI A LRIZELH T, EEREEZ v~
7 [T ORI A R L7223, mﬁ@ﬁﬁ%ﬁ%%ﬁbf BEME R BAMRER
TH -7 RFW CTH#ZT 5 & EREREZHNT 248 I I~ 27 20 RFW I3 T
W 2.32 005 4.07T 1278572,

—J7. SRP {Ei#k T —# M HRO7ZHA, 97.2emFL O&# I I~ 27 1 d RFW 1L 1.49
ThO ., EERKEZ v~ 7 aOfE LFEELL 72, 79.4cmFL <° 110.2cmFL (28 CTik, SRP
T — XL DHEEI TSI~/ a0 RFW BEBERTE Zu~7m0b0 L0 LKL 72
Sz, KVEHEI/ue~ 7 vad0ERIZBWTCUEEKBIZERENRWEFRER AL TN
(Masuma et al. 2008), /\E L TOEFKIRIL 20-31°C, B®FEKE TIE 20-28CTHY |
EHbb 7 n~ 7 uOBEOKEY L VIRMEEICH VY G/KIERER L 0D, KIEOEWFIEK
(N CIIEEADOREITEL | KEOMREITEAMA L [F% THh -7~ (Masuma et al. 2008),
I Ivruos, A=) U a—rOKIRIT 15-21C LW T &5 (Hayward et al.
2009), RFW 3K/ r~7vn kI F I~/ a TR EEFMETE2ETh o,

PLEDG, SRP EikT —Z P HROTEERI T I~ v OlERIL, o~ 7 nEfJE
REBREE 7 n~ 7 aOERE KR L TRYRELEE X biLlz, 40/100 B 7Y v~

TR LR BRI OBRTIEB X ONRVMETH o2, ZO@EWVEEROEHIT
WS CEBIR ST — 2 k> GEH SN RETH D,

INET, REMZIES ESDAM THMT 2 a3 2 Med7iEns 2007 425 2009 44
FRICH L CHE N7 (Itoh et al. 2012), F7=. D LK/ HFEE L THERA T A v
T TCIREAE & i3 2 710 2007 05 2010 FEOSE &AL CEEI N, KE
FAaARE LT, —H von Bertalanffy iR ND/XT X — % 23R 5 FH1E T, (RHEE % 2001
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s 2013 4F £ TO 13 FMICIE K E 7= (Ttoh et al. 2014), AWFSE TITKEZS %, von
Bertalanffy RN A2 R H U2 WEEN R HIETHEMEE L, ToME, HEMRITIINE
TORREIZF-H LI LD GO, AR O TR E/INNEE Th 5 FTREME b /RIE S 1
77

CCSBT ZE&=MbHIE, A TORTERNEZBE LCERE & I, B EILTVRNIE
CED MP ~DRELEZBEST D2 A7 BMFEIN TS, AFEOHEEIZ JiuFRERED
AHEEMIL 7 v —L TAC D 21% (2013 4 10,949 FZx3 257 —A 1D 2,346 )
WCH K, ZHUTFRTE 2O TIERY, £ 2 ORFEFEMETF 2 HIEmch 5,

RARAHFENEDOLRPMLETH DI 00 5T, 2013 FEREAICBW T, ZINE
WHIAT VAT AN AT VAT KT KD ERERIE % 2013412 HIZBA4T 2 & © CCSBT
FERZEICBITHHEOEY (Anon. 2012) ZHIZ L, ENHZREG TAT L ET A0
AT VAT AOEAEELHE TS (Anon. 2013),

KMERERELZE L2 MP ~OfHili 2 T 5121k, D7e< &b 14%D02 5 56%., “F1
35.5% DIBEIERZ BB T HMLENSHDH, Lov L, AHEEE/IMEE TH 2D aTRENEE B8
THE, BEICEVEIFELZEEICEDRELZ T L7012, ) 40%F7-x2h
U ETHA M2 T 20ERSH L7259,

ZINE TOMITHERICOWT, ESC & TIXW L O ORI A OFERSCREN -T2, =
NHlZaXr b5, TxldZ < OMEITMIFEH»EBEZ D,
1. Robins(1963) DA & AR BAMRAUIE EI & 1ZFR & 7220,
Attachmentl IZ/R L7288V . @WEI LB X HN5,

2. Hastie (2 X 2454 (CCSBT-EC/0610/21),

2006 NI TONTEEBEADOREDO L E 2 —IZHT5a A N ThD, IBREEHR DA &K
E LIRS IICONWT, T—EZBRRE LTS Z &, £TOERTRH URERZRE L
TW5DZ & RETEMRSMOFTERSAMI T 58 L oya BEROICEILT 2 S REL
b, EEREZERENTWARNWT ERE SR LT,

D%, BRICEA SN EEBOERERERNET — 2 B REIZE S (e.g. Ttoh et al.
2009b), IRG EHL A OFR D MEITIEZ WE L, & IEH DA O & 3 BUT M ICHEE S
i, HEEDEERA L RO BT,

3. HERREEAE DR~ DR
Hampton(1986) T/r &7 L 91T, EEERIZH~OAHNRKE | REEOHIEIZIX

A &3 % EiR (Jeffriess 2014)
UTOE®RNS S~ 7 0 HORRICREREEL 5250 L iZB by, E@i
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Tk A A LI AR T CICEBEAMBET 22 LIER<HMLATWS (Hallier and
Fonteneau 2015), X7 I~ 272 THEEHD D OHGRMAN 6-10 H TEHV IZ X > TEE
D3R S 7= (Hampton 1986), Jeffriess (2014)7235| F L 7= Ttoh et al. (2003)1%. K2
07 a~DT —=HANNVETEEDEDTHY , RNEURGIHTH L, BENICT—5
ANNVE T HYE LT HE TSR, AIFAFL, — 0 HRIZITET OB R > T,
A fa & i L7 I O O PR AR O T IE, R THE S TnRuy,

Hampton(1986)/3, ARMKEBMRZIERFAMA L ERLEE L Wl s, a7
t¥ar 7y 78— (WL) CTHB LT, 94% DA% 20 AL FTOFMTh o7z,
AT 4 ar Ty I A= BERAIIE R D 93.36% Th oo L WE L T D, LAl T
DFEITRR D EAEM 2 i LN Rk Thd o, b & 5, “This method
(deviations from the expected relationship) has recently been criticized as inaccurate
and irrelevant to condition and likelihood of survival (Green, 2001).” (Willis and Hobday
2015).

Hearn and Polacheck (2003)i%. Hampton(1986)IZ5 M L7223 6, KRR ~DIEkLE
DRI ERERRAT T T D, “With respect to tagging eftects, Hampton (1986) and
Hearn (1986) have shown that there can be a significant weight loss of 7-12% for tagged
fish in the first month after release. However, tagged fish recover this weight loss
within a year at liberty, and there is no apparent difference between tagged and
untagged fish after this time (Hearn, 1986). (There is little information available on
weight loss of tagged fish at liberty between one month and one year.) In terms of length,
Hearn and Hampton could not detect a reduction of growth from growth increment
residuals in the tag-return data even within the first 30 days after release. Limited data
from the effect of handling and tagging fish in commercial farm pens indicated no
retardation in growth in length after 150 days. These farm fish did show a loss in
weight when first caged, but the weight was regained over a period of a few months
(Anonymous); therefore we do not think that tagging had any substantial effect on the
growth rate of tagged fished in our study.”

4. HARITEEYTA AT —HX 2N L2 (Jeffriess 2014)

B R IER OB AEBARKET — 213, BEMEZ RIFIKETRMAETE D DIEL
TbDTHY, AT TERY, 7272 L Z OMHTIE 2007 42025 2010 LA LTl
ML= HETHY REREZRE LT 2001 25 2014 FH#AICH W2 515 Tid CCSBT
AUN—ZABRENTNWD CDS '~ U —DIF#REHEH L T\ 5, FIEOBRAMEIIMHMA SN
TEY, FEHETHREICL > TRIETE 2 RNICH D,

EAEBIAET — %1% CDS (CTF) (Lo TESNTWD, 2EkiIchiz> TH LT
WHZOT =2 EERTIE. BAROHEFEORFEL ARETH Y . T U v IR
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H3THDHEDORELMRTE 5,

5. BB A RREDRN (Jeffriess 2014)

Jeffriess  (2014) (TR SNV TWAHREIZIZERMNH D, ZDO/TF A—2 T, 2075 R
wwﬂﬁb#mﬁwo:@@@ﬁ4wmo%%/7)/7@A47xk;0@%ﬁ&@ﬁﬁ
IZE o TEDLLRRY, ZEMAERT HEBRMGEHEELEHLTH, =X ME$29kg T
BV, WFE$15.23 #RKE< ER-TWD, RINTHE, FoidFx OFHEICIERHE
WRBHD LD, kg HTmV DA N, FE0 EIFEE, GEFIREE SO T FHREEUE O
. FEMBEET LEEMGFHIREZEA LG L&D THGICOWORT 2 & 23
sE Lo,

6. von Bertalanffy fiE N CliIAi@EY] (Jeffriess 2014)
“Models for wild SBT are unlikely to be applicable to farmed fish.” (Gunn et al. 2002)
EARPLE LTODD, ST AT TE 220,

Gunn, J., Patterson, T. and Rough, K. (2002). Experimental analyses of the effects of
ration and feeding frequency on the thermodynamics, energetics, growth and condition
of farmed Southern Bluefin Tuna. CSIRO Marine Research. FRDC Project 97/363. May
2002.

TERERIL L THL 5o T BMBFT L2V, 72l A EIOFENT TlL von Bertalanffy il &=
7o T,

7. SRP Z 76O ERIIERECTIER LS BRI LEZFA Xy, (OMMP5)
KT IXZCKHAL LT, HEEET NS v Iz o7~ REREBERBREA~DOELE S
L LT,

8. BWEDMRERIIFMIZL - TRELEDD, —HY 7V ToOREEmIEA#EY,
2007 F7 5 2010 FIZUUE L7 BRRIY A X7 —2 O > 7 /WER LT 7 <IE7R 0,
B ERE L B2 DIFEITERNR, 7Y T ERTOWARWT—Z BN EET D LT
BEADNTZ, LinL, &8EEIT LR EOMEBIOSFRM 2B BT NITHEEREEIZ S Hizm b
f%éﬁéﬁo%%\i%%$”&@%ﬁ®%ﬁ:owf®ﬁ¢%ﬁ?—&@%ﬁ%ﬁm
WCEEE L2V, F72, CDS | EEROERBAET — 2 1L Z OREEBET 5 Z &3 T
., TR HEE T X T“a?;éo

9. KF¥E/n~rn, KPEHEZue~/7nO&EERATIIHARID ER#HWE
D% L OMFEFER DRI TS (Jeffriess 2014)

ML > TND DL, EERMORENPBHAMID GNP TIIRLS, EORER D
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Th D, Jeffriess (2014) TEARA 2 ERIVR SN F4 T, SHINEREE RIS LT
MEREZTFHETA2HD013 70> 7= (Attachment 2), F/-FD%< X, SRP % 76 Dk
ERNZUTHHZ L2 HFF LT,

Discussion

Comparing in Thunnus 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. Growth of farmed
SBT was as fast as those of ABF and BET in 80-100 cmFL, but slower in 110 emFL.
Growth of farmed SBT was slower than those of PBF and YFT.

Growth rates of farmed SBT which can explain three sets of information (the total
catch amount in wild, size data from 40/100 fish sampling and total amount at harvest
after farming) were estimated to be extremely high. There were several years that
exceeding even the growth rate of YFT. Farmed PBF suggested relatively high growth
rate, however, when compared in RFW (ratio of farmed fish growth over wild fish
growth) by taking account of difference of intrinsic growth ability by species, the RFW
were quite higher in age-3 SBT (2.32-4.07) than PBF in same size (1.47 and 1.55).

On the other hand, when the SRP tagging data were used, RFWs of farmed SBT were
lower than those of PBF in the same size in age-2 and age-4, though similar in age-3.
It has been observed that higher ambient water temperature relates to faster growth in
PBF (Masuma et al. 2008). The mean annual water temperatures were 20-28 degrees
Cin Amami and 20-31 degrees C in Yaeyama, both of which were much higher than that
for the wild PBF feeding grounds due to the lower latitude. The growth of PBF farmed
in Wakayama Prefecture, where the water temperature is lower than in the two places
described above and presumably similar to or slightly higher than for the wild fish
feeding ground, was slower and similar to that of wild fish (Masuma et al. 2008). The
water temperature in Port Lincoln where SBT farming is conducted is relatively low at
15-21 degrees C (Hayward et al. 2009). It appears to be reasonable that SBT farmed in
Port Lincoln showed lower REFW than PBF.

Therefore, from these comparisons, growth rate of farmed SBT based on the SRP

tagging data seems more plausible. Those relevant to the 40/100 fish sampling seems
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highly unlikely. Such a large uncertainty, especially for the extremely high growth
rate relevant to the 40/100 fish sampling, 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
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 expanded the period subject for 13 years
from 2001 to 2013 (Itoh et al. 2014). This method assumed growth rates and converted
it into parameters of von Bertalanffy growth curve. In this paper, we propose another
method, slight modification of Itoh et al. (2014), which uses assumed growth rate in
body length as it is, not go through von Bertalanffy growth curve. 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). The increasing trend with year in the ratio
measuring the excess is also of concern.

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 35.5% 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 pointing out of problems have been made for our previous

analyses in elsewhere including ESC and OMMP meetings. Our comments for them
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are as follows. We believe that most of issues has already solved.
1. Concerns of using length-weight relationship in Robins (1963).
We considered this issue and see Attachment 1. It is considered to be
appropriate to use the LW relationship of Robins (1963) for wild fish in the

farming subject in recent years.

2. Concerns from Hastie (CCSBT-EC/0610/21)

The comments was given by paper for the independent review of farming growth in
2006. It raised several concerns for the age decomposition method using mixed-normal
distributions that based on small number of data, that assumed same growth rate over
all ages, that assumed linear change of mean and variance of normal distribution in the
mixed-normal distribution, and that standard errors were not shown.

After the independent review, data from a large number of individual
length-and-weight were obtained (e.g. Itoh et al. 2009b). Method for age decomposition
by using mixed-normal distribution was improved, and then mean and variance of each
normal distribution were estimated independently. Standard errors of estimates were

also calculated.

3. Concern for impact of tag attachment on growth

Concern was made for conventional tags attachment on growth (Jeffriess 2014). It
claimed tagging data were inappropriate for growth study because it give serious
impact on SBT as shown in Hampton (1986).

Through examination in peer reviewed literatures including Hampton (1986), we
conclude that tag attchment does not affect growth, especially in body length, of tunas
seriously.

It is well known that onventional tagged tuna resume feeding immediately, and
resulted in recaptured in pole-and-line in several times in successive days (Hallier and
Fonteneau 2015). In SBT, the most frequent period in Hampton (1986) in which fish
released with conventional tags recaptured, presumably by pole-and-line, was 6-10 days
after release. Jeffriess (2014) referred Itoh et al. (2003) that observed less frequent
feeding after release in PBF, but such a reference was inappropriate because it was
“archival tagged” fish implemented in fish body cavity with surgery. The paper
compared growth and fatness of recaptured fish against wild fish and did not report
severe influence in short period at liberty.

Hampton (1986) compared the condition factor (W/L3) of recaptured tagged fish to
untagged fish. 94% of tagged fish were at liberty less than 20 days. He reported
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mean condition factor of tagged fish was 93.36% of that in wild fish. This method is
indirect comparison between different individual and there is criticize. “7This method
(deviations from the expected relationship) has recently been criticized as inaccurate
and irrelevant to condition and likelihood of survival (Green, 2001).” (Willis and Hobday
2015).

Hearn and Polacheck (2003) concluded, with referring Hampton (1986), that tagging
had no substantial effect on the growth in body length even within the first 30 days.
“With respect to tagging effects, Hampton (1986) and Hearn (1986) have shown that
there can be a significant weight loss of 7—12% for tagged fish in the first month after
release. However, tagged fish recover this weight loss within a year at liberty; and there
is no apparent difference between tagged and untagged fish after this time (Hearn,
1986). (There is little information available on weight loss of tagged fish at Iiberty
between one month and one year.) In terms of length, Hearn and Hampton could not
detect a reduction of growth from growth increment residuals in the tag-return data
even within the first 30 days after release. Limited data from the effect of handling and
tagging fish in commercial farm pens indicated no retardation in growth in length after
150 days. These farm fish did show a loss in weight when first caged, but the weight was
regained over a period of a few months (Anonymous); therefore we do not think that

tagging had any substantial effect on the growth rate of tagged fished in our study.”

4. Japan should allow to use the raw size data of farmed fish (Jeffriess 2014)

It is quite difficult to open the data of individual length-and-weight at harvest
because it was collected from importers by Fishery Agency of Japan under a condition of
confidentiality. However, the data only used for our analysis of 2007-2010 farmed fish.
The current estimation for 2001-2014 farmed fish, assuming growth rate, only uses
information shown in CDS summary which available to all CCSBT Members.
Transparency of information used as well as methods is ensured, and calculation can be
evaluated anyone.

Individual weight data have been collected by CDS (Catch Tagging Form, CTF) for all
the individuals farmed and harvested. Using this data allows evaluation of our

estimation and solve the limitation of our estimation that data coverage is not 100%.

5. Economically implausible (Jeffriess 2014)
Jeffriess (2014) showed economic variables of SBT farming.
We had some questions on the calculation. With the parameter values given, the

total benefits, in our calculation, was only 2.08 million dollars. This value does not

23



change with the uncertainty of farming growth. The total cost per kg was high as
$29/kg even if mean body weight of onset of farming used as Australia claimed. It is
much higher than the reported actual price $15.23/kg. It seems that there is incorrect
in our calculation or values shown on the paper.

We would like to request to show both two calculations with detail process, including
total cost per kg, total sales account, and total benefit. One is in Japan’s methodology

and the other based on Australia reported body weight at wild capture.

6. growth model of von Bertalanffy is inappropriate for SBT (Jeffriess 2014)

Jeffriess (2014) referred to “Gunn, J., Patterson, T and Rough, K. (2002).
Experimental analyses of the effects of ration and feeding frequency on the
thermodynamics, energetics, growth and condition of farmed Southern Bluefin Tuna.
CSIRO Marine Research. FRDC Project 97/363. May 2002 'The paper is not available
for us. We would like to request providing the paper for us. After the paper is
provided, we will consider. Note that we didn’t use von Bertalanffy growth parameter

in the present analysis.

7. Body length, instead of body weight, should be used for the growth rate from the
SRP tagging data (OMMP5)
We followed the suggestion. The estimation procedure become simple. The degree

of dependence on a LW relationship was decreased.

8. Growth rate of farmed fish varies largely. Results based on sample from a small

part of whole is not appropriate.

The size data collected between 2007 and 2010 was not a small size. It is hardly
believe the existence of any special data which not sampled yet and could change the
mean value of our estimation. However, it is better to taking into account the detail
farming condition of each of farm for estimation so that the estimate results must
become more accurate. We would like to request Australia to provide actual scientific
data of growth variance by season, farming cage, farming condition, and in any category
Australia think necessary for farming study.

In addition, the CDS data what contains all the farmed individuals can avoid such

limitation. Analysis using the CDS data of farming SBT should be encouraged.

9. Higher growth rates are performed in farming in literatures for ABF and PBF

(Jeffriess 2014)
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The point is NOT farmed fish grow faster than wild fish. The point is HOW fast
farmed fish grow than wild fish. We examined growth rate in Jeffriess (2014) which
actual growth information was shown (Attachment 2). None of them support the high
growth rates of SBT which relevant to 40/100 fish sampling and reported catch amount.
Most of them support the growth rate for farmed SBT based on the SRP tagging data.

Fxix, LT % ESCIZIRET 5.,

® CCSBT I3ZMHEICHT 2WIEM THIKOR X RMENFET D 2 L2~ &
Thd, ZORMEIL, CCSBT OxREIHNE, I T I~ 7 nOEHREH, Rl Hiny
IHEHEN TS MP ICX2EREBR AR S BN H D, BETr—2E L, Rk
B, PRI EE RKIT L, G A HE T D,

® ESC L, A—A 7 U7 F &M X OERFHA O IR L Tid, AFEERD
ERIOHEEM (F¥ 85.5%) F721F 40%LL L2 HWTFERLBET HETH D,

® X, ZORMEMERICETIEEE RAICKIKT 272 0Ic 0B e BRI 70178 2 5
T RETHDH, FHIZIFIAT VA ET A AT VAT AOFRZARE AN X HMEET
—ZDAF, EEORERICET DHERORUL, K OF A OHTHR R ERFET D720
® CDS OZBHEMEAROMBEALRT — 2 D A L N—RE2FH~ORME G T,

® ESCiI. AT VETA I AT VAT LDEANI L > TZORHIMEDOREEZ F2ICH
HIREZLE2ZBARBETRETH 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 35.5%, 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,
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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.

® 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. Data on the total weight of SBT caught for Australian farming
Fishing Period Official TIS CDS TIS or
year weight CDS/Offic

ial 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 5374626 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%

Unit is in kg. Value in CDS was used in 2012.

Table 2. Data on the number of SBT caught for Australian farming

Fishing Period N_Raised Catch- TIS CDS TIS or
year At-Age CDS/N_R
aised

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%

The value from the CDS was used in 2012.
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Table 3. Procedure used in estimation of catch-at-age and total catch in wild of farmed

SBT
Year=2001
Age CAA L.Jan mean.L mean.W subSumWil harv.L harv.W caaharv.r subSumHar caaharv.e subSumHarvE subSumWil caa.wildest subSumWil
dw ep vRepW st stW dEstW dEstW2
i N, Luan: W.catchy,i L.Harv2y,; W.Harv2y:
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
1 0 49.4 49.8 2.68 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 362968 189,537 19,923 208,602
3 221,365 972 974 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 1103 27.01 493 118.82 4123 17155 707236 116,126 4,787,319 3,136,586 127,806 3,452,083
5 4,225 121.2 1213 35.58 146 127.94 51.56 3854 198710 10,979 566,061 390,637 12,083 429,930
6 889 130.6 130.7 4418 38 135.74 61.70 811 50032 2,441 150,600 107,828 2686 118674
7 0 138.4 1385 52.26 0 142.21 71.09 0 0 434 30,880 22,701 478 24984
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 adj.mon adj.mony 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 ay 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 caaharv.r subSumHar caaharv.e subSumHarvE subSumWil caa.wildest subSumWil
dw ep vRepW st stW dEstW dEstW2
i N, Luani W.catchy.i L.Harv2,; W.Harv2y:
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
1 0 494 499 2.69 0 68.44 8.31 0 0 0 0 0 0 0
2 33,520 794 79.7 10.50 350 93.24 20.02 32335 647328 17,661 353556 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 4,477,714 2,939,245 112,686 3,047,006
5 2,837 121.2 1214 35.61 100 127.92 51.53 2736 141015 10,611 546,833 377,882 11,000 391,736
6 564 130.6 130.7 4420 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 4,215
Total 281,143 5216 271,200 8323509 271,200 9,595,308 6,079,816 281,143 6,302,720
W.Esty
0.2063 adj.mon adj.mony 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 ay 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 harv.W caaharvr subSumHar caaharv.e subSumHarvE subSumWil caawildest subSumWil
dw ep vRepW st stW dEstW dEstW2
/ N, Loani W.catchy.i L.Harv2y; W.Harv2y.
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
1 138 494 55.2 3.61 0 66.41 7.66 130 995 16 120 56 17 60
2 61,166 794 8238 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 2012 3,648 106.19 29.42 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 154910 6,168,404 4405338 164,399 4675203
5 1,561 1212 1230 37.04 57 127.01 5043 1471 74189 26,456 1,334,121 979,857 28,076 1,039,882
6 693 130.6 132.1 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 0 145.1 146.2 61.15 0 147.71 79.81 0 0 144 11,491 8804 153 9,343
Total 278,020 5,355 261972 7456,457 261,972 9,873,131 7,008,063 278,020 7,437,366
W.Esty
2.3142 adjmon adj.mony 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 harv.W caaharv.r subSumHar caaharv.e subSumHarvE subSumWil caa.wildest subSumWil
dw ep vRepW st stW dEstW dEstW2
i N, Luan: W.catchy,i L.Harv2y,; W.Harv2y:
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
1 150 494 53.4 3.28 0 67.02 7.86 144 1130 59 466 195 62 203
2 124,070 794 81.8 11.31 1,399 91.78 19.12 118852 2271971 49,100 938,587 555314 51,255 579,695
3 171,987 972 98.9 19.67 3,372 106.76 2990 164754 4926504 137782 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 0 121.2 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 1384 139.3 53.15 7 142.00 70.77 133 9433 55 3,890 2,922 57 3,050
8 103 145.1 145.8 60.75 6 147.72 79.82 99 7864 177 14,116 10,743 185 11,215
Total 298,703 4,848 286,140 7,303,792 286,140 9,073,873 6,057,677 298,703 6,323,640
W.Est,
1.6056 adimon  adj.mony Adjustment of number of month to the time of catch

0.9968 p.N.trans
0.5876 p.shift
1.0439 p.N.Rep

ay

(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 3. (cont.)
Year=2005
Age CAA L.Jan mean.L mean.W subSumWil harv.L harv.W caaharv.r subSumHar caaharv.e subSumHarvE subSumWil caa.wildest subSumWil
dw ep vRepW dEstW dEstW2
i N, Luan: W.catchy,i L.Harv2y,; W.Harv2y:
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
1 353 49.4 544 3.45 1 66.68 7175 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 313319 28,598 330,053
3 138,514 972 99.4 19.91 2,750 106.45 2964 131493 3897192 171,152 5,072,611 3407995 180,292 3,590,010
4 8,089 110.2 1120 28.22 228 117.65 40.01 7679 307262 112,827 4,514,479 3,184,006 118,853 3,354,058
5 640 121.2 122.8 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 1395 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 2572 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 adj.mon adj.mony 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 ay 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 caaharv.r subSumHar caaharv.e subSumHarvE subSumWil caa.wildest subSumWil
dw ep vRepW st stW dEstW dEstW2
i N, Luani W.catchy.i L.Harv2,; W.Harv2y:
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
1 4,447 494 53.3 3.25 15 67.08 7817 4252 334717 1,387 10919 4510 1,490 4,846
2 138,097 794 81.7 11.27 1,595 91.85 19.15 132037 2529002 45,932 879,768 517,765 49,355 556,350
3 179,246 97.2 98.9 19.63 3,606 106.82 2995 171380 5132202 144870 4,338,306 2843916 155,666 3,055,852
4 1,553 110.2 111.6 27.92 44 117.92 40.29 1485 59840 115,965 4,672,250 3,237,832 124,607 3,479,123
5 745 121.2 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 0 145.1 145.8 60.71 0 147.72 79.82 0 0 0 0 0 0 0
Total 324,088 5,288 309,866 7,790,713 309,866 9,993,236 6,670,678 332,958 7,167,793
W.Esty
1.5426 adj.mon adj.mony 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 ay 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 harv.W caaharvr subSumHar caaharv.e subSumHarvE subSumWil caawildest subSumWil
dw ep vRepW st stW dEstW dEstW2
/ N, Loani W.catchy.i L.Harv2y; W.Harv2y.
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
1 1,257 494 53.7 3.33 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 29.82 120383 3589938 195,283 5,823,528 3,855,602 205,490 4,057,116
4 7,706 110.2 1118 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 317554 229,395 6,589 241,384
6 0 130.6 131.7 45.18 0 135.28 61.07 0 0 682 41,638 30,804 1 32414
7 0 138.4 139.4 53.28 0 141.98 70.74 0 0 0 0 0 0 0
8 0 145.1 1459 60.82 0 147.71 79.82 0 0 0 0 0 0 0
Total 363,336 5,221 336,858 7,875,956 336,858 10,956,386 7,390,100 354,464 7,776,346
W.Esty
1.7226 adj.mon adj.mony 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 harv.W caaharv.r subSumHar caaharv.e subSumHarvE subSumWil caa.wildest subSumWil
dw ep vRepW dEstW dEstW2
i N, Luan: W.catchy,i L.Harv2y,; W.Harv2y:
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
1 203 494 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 20.04 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 173977 3,268,773
4 11,060 110.2 1104 27.02 298 118.81 4122 10178 419487 55,638 2,293,120 1503313 60,460 1,633,602
5 266 121.2 1213 35.59 9 127.94 5155 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 2221
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 5462021 324754 5935404
W.Est,
0.1755 adj.mon adj.mony Adjustment of number of month to the time of catch
0.9982 p.N.trans (Total numper of transported in TIS)/(Total number in Catch-at-age)
0.2695 p.shift ay Proportion of age shift

1.0867 p.N.Rep

(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

ay

(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 3. (cont.)
Year=2009
Age CAA L.Jan mean.L mean W subSumWil harv.L harvW caaharvr subSumHar caaharv.e subSumHarvE subSumWil caawildest subSumWil
dw ep vRepW st stW dEstW dEstW2
i N, Loani W.catchy,i L.Harv2y; W.Harv2yi
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 1371 92.36 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 1102 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 122.0 36.17 19 127.54 51.07 473 24177 9,870 504,028 356,979 11,247 406,803
6 0 1306 131.3 44.74 0 13547 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.Esty
1.0361 adimon  adj.mony 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 L.Jan 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, Loani W.catchy.i L.Harv2,; W.Harv2yi
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
1 262 494 51.9 3.01 1 67.61 8.04 205 1651 17 140 52 22 67
2 53,601 79.4 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 2432 107.29 30.34 98808 2997920 46,735 1417982 901,537 59,767 1,152,920
4 29,152 1102 1111 27.56 802 118.26 40.65 22796 926588 92,367 3,754,431 2,545,384 118,123 3,255,134
5 2,828 1212 1220 36.14 102 127.56 51.09 2211 112982 21,052 1,075,529 760,824 26,922 972970
6 0 1306 131.2 4471 0 13549 61.35 0 0 2,024 124,170 90,496 2,588 115730
7 0 1384 139.0 52.78 0 142.08 70.89 0 0 0 0 0 0 0
8 0 145.1 145.6 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.Esty
0.9947 adj.mon adj.mony Adjustment of number of month to the time of catch
0.9979 pN.itrans (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 L.Jan mean.L mean W subSumWil harv.L harvW caaharvr subSumHar caaharv.e subSumHarvE subSumWil caawildest subSumWil
dw ep vRepW st stW dEstW dEstW2
i N, Loani W.catchy,i L.Harv2y; W.Harv2yi
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 79.4 770 9.48 798 95.42 21.42 75034 1607553 10,642 227,992 100,925 11,968 113,504
3 100,303 97.2 954 17.1 1872 109.80 32.52 94209 3063446 71,754 2528360 1,376,958 87.445 1548576
4 30,915 1102 108.7 2585 842 120.14 42.63 29037 1237726 84,966 3,621,793 2,196,785 95,556 2,470,583
5 7,261 1212 119.9 34.39 263 128.88 52.72 6820 359531 25,886 1,364,616 890,331 29,112 1,001,298
6 1,492 1306 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 17 142.58 71.65 293 21014 1,244 89,120 63,647 1,399 71,580
8 43 145.1 1443 58.94 3 147.91 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.Esty
-1.6364 adj.mon adj.mony 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 @y 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 mean W subSumWil harv.L harvW caaharvr subSumHar caaharv.e subSumHarvE subSumWil caawildest subSumWil
dw ep vRepW st stW dEstW dEstW2
i N, Loani W.catchy,i L.Harv2y; W.Harv2yi
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 79.4 83.0 11.81 2497 91.00 1864 201052 3747518 71,012 1,323,636 838,939 75,185 888,235
3 84,400 97.2 99.8 20.20 1627 106.09 29.34 76636 2248672 158,197 4,641,820 3,195,011 167,492 3,382,751
4 10,870 1102 1124 28.52 296 117.39 39.75 9870 392303 53,638 2,131,941 1,529,895 56,790 1,619,792
5 623 1212 1231 37.12 22 126.96 50.37 566 28515 6,665 335,740 247439 7,057 261978
6 0 1306 132.2 45.65 0 135.10 60.82 0 0 371 22572 16,939 393 17,935
7 0 1384 139.8 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 5831611 307,896 6,174,279
W.Esty
2.4391 adi.mon adj.mony Adjustment of number of month to the time of catch



Table 3. (cont.)
Year=2013
Age CAA L.Jan mean.L mean.W subSumWil harv.L harv.W caaharv.r subSumHar caaharv.e subSumHarvE subSumWil caa.wildest subSumWil
dw ep vRepW st stW dEstW dEstW2
i N, Luan: W.catchy,i L.Harv2y,; W.Harv2y:
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
1 0 494 53.7 3.33 0 66.92 783 0 0 0 0 0 0 0
2 117,218 794 81.9 11.37 1,332 91.68 19.05 11501 219134 5,306 101,086 60,342 54,073 614,984
3 135,534 97.2 99.1 19.74 2,673 106.68 29.83 13298 396674 6,135 182986 121,077 62,522 1,233,971
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
5 635 121.2 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 4517 0 135.29 61.07 0 0 314 19,207 14,206 3,205 144,785
7 0 1384 139.4 53.22 0 141.98 70.75 0 0 34 2376 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.Esty
1.7116 adj.mon adj.mony 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 harv.W caaharv.r subSumHar caaharv.e subSumHarvE subSumWil caawildest subSumWil
dw ep vRepW st stW dEstW dEstW2
i N, Luan: W.catchy,i L.Harv2y,; W.Harv2y:
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
1 345 494 53.8 3.35 1 66.87 781 327 2551 155 1,210 519 164 549
2 80,597 794 820 11.41 918 91.63 19.02 76303 1451275 36,349 691,361 414,632 38,395 437,962
3 142,503 97.2 99.1 19.77 2815 106.63 29.79 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 1384 139.4 53.25 11 141.98 70.73 194 13697 107 7,569 5,698 113 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 254214 8,621,172 5,879,682 268,518 6,210,517
W.Est,
1.7676 adjmon adj.mony 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 ay Proportion of age shift

1.0563 p.N.Rep

(Total number of SBT Australian reported)/(Total number of catch—at-age harvested)

When the value p.shift exceeded 1.0, in 2011, (proportion -1) in age; was shifted to agei+s.
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Table 4

Statistics of growth of farming SBT from SRP tagging data

Fish Variable Period Age-2 Age-3 Age-4 ELL

wild Fork length 0 79.4 97.2 1102 HEADIALHEADK
3

Wild Fork length 1 year 97.2 110.2 1212 HHEAOZEOARE

Wild Growth rate in length 1 year 0.224 0.134 0.100 HEADIFEHOBER

Wild Growth rate in length 6 month 0.149 0.089 0.067 HEAEDTrADHEE,
£F3, BIFEORRER
%o

Farmed N variety 39 75 9 A%

Farmed Growth rate in length variety 0.181 0.124 0.092 FHADFHRER

Farmed Growth rate in length variety 0.093 0.071 0.050 #FHADHEREDSD

Farmed Growth rate in length variety 0.015 0.008 0.017 BADHREDSE

Farmed Growth rate in length 6 month 0.200 0.133 0.080 BAD6sr DT

Farmed Growth rate in length 6 month 0.118 0.059 0.043 #ZHADG,AEREL:
BREDSD

Farmed Growth rate in length 6 month 0.019 0.007 0.014 #ZHAD6SrATRELTZ
HREDSE

Wild Fork length 6 month 91.3 105.9 1175 HEAEO65ADIERK
K. 2F3,ARFEOREK
ERE,.

Wild Whole body weight 0 10.4 18.7 269 HEADIALBDRKE,
RobinsLW{E A,

wild Whole body weight 6 month 15.6 23.9 324 HHEAD6SBTOEIER
E, RobinsLW{#E

Farmed Fork length 6 month 95.3 110.1 119.0 HFHEAD6SATOHRIZERK
o3

Farmed Whole body weight 6 month 18.2 28.4 36.1 HTEAD6~ATOHEER
&, RobinsLW{#E .,

Farmed Growth rate in weight 6 month 1.750 1.520 1.343 ZFEAD6rABDKE
#En®

Farmed Growth rate in weight in 6 month 1.818 1.544 1448 ZEADGTABDHKE

Sakai et al. (2009)

&N (Sakai et al. 2009)

Growth rate in length in 6 months is (growth increment in 6 months)/(length at start).
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Table 5 Comparison of length growth in six months among five Thunnus species,

including SBT

SBT SBT SBT

Age-2 Age-3 Age-4
Specie  Wild or farm L _start L6 Increme  L_start L6 Increme  L_start L6 Increme
S months  nt months  nt months  nt

later later later

SBT wild 79.4 91.3 11.9 97.2 105.9 8.7 110.2 117.5 7.3
SBT Farm.Tag 79.4 95.3 15.9 97.2 110.1 12.9 110.2 119.0 8.8
ABF  wild 79.4 94.6 15.2 97.2 111.3 14.1 110.2 123.4 13.2
PBF wild 79.4 100.1 20.7 97.2 115.7 18.5 110.2 127.2 17.0
BET wild 79.4 96.8 17.4 97.2 112.4 15.2 110.2 123.7 13.5
YFT wild 79.4 118.4 39.0 97.2 130.0 32.8 110.2 138.6 28.4

Unit is in centimeter.
References are as follows; ABF (Atlantic bluefin tuna Thunnus thynnus) is Restrepo et al.
(2010), PBF (Pacific bluefin tuna, 7! orientalis) is Shimose et al. (2009), BET (Bigeye tuna,
T. obesus) is Hallier et al.(2005), and YFT (Yellowfin tuna, 7. albacares) is Wild (198).

Table 6 Length growth of farming SBT and farming PBF

SBT Age-2 SBT Age-3 SBT Age-4

Spe Wildor farm  L.star L6 Incre  Ratio L.star L6 Incre Ratio L.star L6 Incre  Ratio
cies t month  ment Farm t month  ment Farm t month  ment Farm

s later /Wild s later /Wild s later /Wild
SBT  wild 79.4 91.3 11.9 97.2 105.9 8.7 110.2 1175 7.3
SBT Farm.Tag 79.4 95.3 15.9 1.34 97.2 1101 12.9 149 110.2 119.0 8.8 121
SBT Farm2001 79.4 110.3 30.9 2.61 97.2 120.6 23.4 2,70 110.2 128.8 18.6 2.54
SBT Farm2002 79.4 1095 30.1 2.53 97.2 119.7 22.5 2.60 110.2 128.0 17.8 242
SBT Farm2003 79.4 1211 41.7 3.52 97.2 1314 34.2 3.95 110.2 139.6 29.4 4,01
SBT Farm2004 79.4 1140 34.6 2.92 97.2 1243 27.1 3.12 110.2 1325 22.3 3.04
SBT Farm2005 79.4 120.2 40.8 3.44 97.2 1304 33.2 3.84 110.2 138.7 28.5 3.88
SBT Farm2006 79.4 1153 35.9 3.03 97.2 125.6 28.4 3.28 110.2 1338 23.6 3.22
SBT Farm2007 79.4 1194 40.0 3.37 97.2 129.7 32.5 3.75 110.2 137.9 21.7 3.78
SBT Farm2008 79.4 107.0 27.6 2.33 97.2 1173 20.1 232 110.2 1255 15.3 2.09
SBT Farm2009 79.4 1144 35.0 2.95 97.2 1246 27.4 3.17 110.2 1329 22.7 3.09
SBT Farm2010 79.4 116.7 37.3 3.14 97.2 127.0 29.8 343 110.2 135.2 25.0 341
SBT Farm2011 79.4 1112 31.8 2.68 97.2 1215 24.3 2.80 110.2 129.7 195 2.65
SBT Farm2012 79.4 1189 39.5 3.33 97.2 129.2 32.0 3.69 110.2 1374 27.2 3.71
SBT Farm2013 79.4 1222 42.8 3.61 97.2 1325 35.3 4.07 110.2 140.7 30.5 4.16
SBT Farm2014 79.4 1133 33.9 2.86 97.2 123.6 26.4 3.04 110.2 131.8 21.6 2.94
PBF  wild 79.4 100.1 20.7 97.2 1157 18.5 110.2 127.2 17.0
PBF Farm.Amami 79.4 1111 31.7 1.53 97.2 1259 28.7 155 110.2 136.7 26.5 1.56
PBF Farm.Yaeya 79.4 110.7 31.3 151 97.2 1245 27.3 147 110.2 1347 24.5 1.44

ma

Unit is in centimeter, except ratio Farm/Wild (RFW).
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Table 7. Reported and estimated Australian purse seine catches by fishing year.

Fishing year is expressed as 2014 for the period between Dec. 2013 and Nov. 2014.
Growth rate is from CCSBT SRP conventional tagging data for cases 1.

W.Reported: Catch amount reported in tons

W.Estimated: Estimated amount of catch based on the farming growth rate given
W.Excess: Estimated excess amount of catch

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

Casel

Growth rate of mean of SRP tagging data was used
Year  W.Reported W.Estimated W.Excess percent.excess
2001 5162 6,604 1,442 28%
2002 5,234 6,303 1,069 20%
2003 5,375 7,437 2,063 38%
2004 4874 6,324 1,450 30%
2005 5214 7,598 2,384 46%
2006 5,302 7,168 1,866 35%
2007 5,230 7,776 2,546 49%
2008 5,211 5,935 724 14%
2009 5,026 6,831 1,804 36%
2010 3,931 5,549 1,619 41%
2011 3,872 5518 1,646 43%
2012 4,485 6,174 1,690 38%
2013 4198 6,544 2,346 56%
2014 5,029 6,211 1,181 23%

Average 1,702 35.5%

Total 23,830

Case2

Growth rate is assumed to be same as that of wild fish in body length
Year  W.Reported W.Estimated W.Excess percent.excess
2001 5162 7,324 2,162 42%
2002 5,234 7,000 1,766 34%
2003 5,375 7,845 2,470 46%
2004 4874 6,866 1,992 41%
2005 5214 8,155 2,942 56%
2006 5,302 7,780 2,479 47%
2007 5,230 8,413 3,183 61%
2008 5,211 6,748 1,536 29%
2009 5,026 7,466 2,439 49%
2010 3,931 5,993 2,062 52%
2011 3,872 6,323 2,451 63%
2012 4,485 6,618 2,133 48%
2013 4,198 6,980 2,782 66%
2014 5,029 6,672 1,642 33%

Average 2,289 47.6%

Total 32,039
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Table 8. 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

Median (5%-95%)
Purse seine ;
Values in 2011-2012Fishing Year (nomfarm) otmer  Un-classify
[ |
| 4485ton 1 oton 58ton

Total N&W ,
(Total N&W in 2001 and 2002)

l Towing mortality
305,727 fish
4453 ton 407 fish

l

| 5.9ton

N&W of farm start

-

Farming mortality

290,808 fish 10,828 fish
8463 ton (3.52 %)

N&W of farm end (harvest)

Fig. 1. Diagram showing the estimation from catch through the start to the end of farming
The numbers are statistics in the 2012 fishing year (Dec 2011-Nov 2012) for reference.
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Fig. 2 Fork length plots of SBT at release and recapture in SRP tagging data by age

Age was estimated by fork length at release. Cross denotes fork length and date at
release, open circle denotes fork length and date at recapture in farming (harvest and
killed). Each green line is drawn for each tagged individuals. Blue thin line shows
growth of wild SBT, which assumed annual growth in nine months taking into account
growth stop in winter. Red line shows mean growth rate of SRP tagged fish from January
1st for six months, with 1 standard error as shown as yellow polygon.
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Daily growth (cm)

Fig. 3
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Daily growth in fork length of farmed SBT in SRP tagging data

Black line denotes a regression line for the daily growth in SRP tagging. Red line with
dots is a regression line for growth of wild fish.
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Fig. 4
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SBT growth in fork length by age assumed for farmed fish

Black arrows denote growth of wild SBT used in CCSBT, assuming no growth in winter
between July and September. Yellow polygons denote growth from SRP tagging data of
mean with 1 standard error. Black lines are assumed growth rate of farmed fish
estimated from 40/100 fish sampling and reported catch amount by fishing year.
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Fig. 5. Estimated SBT catch amount by the Australian purse seine fishery by fishing year

A denotes catch 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 € 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 catch amounts estimated in a previous study that decomposed ages by applying
mixed normal distributions to length frequency data (Itoh et al. 2012). The green squares
B are the catch amounts estimated in a previous study that decomposed age by applying
the cohort slicing method to length frequency data (Itoh et al. 2012).
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Proportion of excess catch (%)

Fig. 6.
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Plots of proportion of excess catch to the reported catch by fishing year in

Australian farmed SBT.

Case 1 estimation is shown.
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Attachment 1
Evaluation of length-weight relationship in Robins (1963)

Robins 1963 DR RARE B DY) <

OMMP5 (2014 %) T Robins (1963) DIRRAKE IR D@ Y] S 73535 S 4172, Robins
(1963) Tl TIC B W THRERERFZ S LA /RS Tn s b oo, JlEE R, B
BT 1y MIRSNTELT, EEEPHE TSV, £/, 50 FLLEEDT—# T
BV, EFEIZYTIEEDLDONTEN TR,

Z 2T, PR 0T — 4 & W CTERRERERBFRAZ kO, 77— 2011 e
5 2014 FORMMEIC LD I F I~/ mOERRAERET —% (N=529), 72 5 TNT 2011 4E»
5 2014 O RTMP 7 — X IZB T HREHRET — 2 ZH\ iz, KO 2 XERRAREBRIT
FEMNRETDH 12 A 2 A DO TH S, BMMMEIX 1 Ao 2 AIXAThbilbd DT,
ETCOT—HEH N, Ry 7 ATy hTFxzv 7 LizEZ A, RTMP 5 —# TIEIE
FEMN 11 ANSRES AIZFARETH -T2 En b TS o A1k 72, RTMP (385 &
BETHDHZ LMD, 1155 L THMERSE L7z (Anon. 2014), FEM@TIIRAMITIZEE A
EI#E SN2 O T, >140cm DT — X TRV 72 (N=73,125),

BEAEBBRIILL TFOT e 2 M) —LTRahd,

W=alb

Robins(1963) Tl a=3.130859x10%  (JFL#HIE 104161 TH Y RHAL) | b=2.9058 Th -
T2 Bex DT —H 151 a=2.274358x105, b=2.971 NG5 N7T-, WA ITIEE A EEWITR
Lo 7= (Fig. A1), K- T, Robins(1963) D LW BAGR A fEATIZEE 35 Z & 13
EEZ LI,

There was a discussion at OMMP5 (2014) whether the length-weight (LW)
relationship of Robins (1963) is appropriate. In the paper of Robins (1963), there was a
figure of LW curve and parameter values of equation, but lacked information of the
number of individual measured or actual plots of each individuals, then we could not
ensure its reliability. In addition, it should be confirmed that such a LW relationship
obtained 50 years ago is applicable in recent years.

We calculated LW relationships by using available data in recent years. Data came
from the trolling survey from 2011 to 2014 (N=529) and RTMP data in the same years.
The LW relationship should be derived is for Australian purse seine catch in the period
from December to February. All of data from the trolling survey were used because its
periods were from January to February. In the RTMP data, monthly condition index

(W/L3) was similar between November and May in an observation by box plots, then the
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data in the period was used. Weights in RTMP were converted to round weight by a
factor of 1.15 (Anon. 2014). Since large individuals are few in purse seine catch, data >
140 cmFL were excluded, resulted in records from 126,581 individuals in RTMP were
used.

LW relationship was expressed as the following allometry equation.

W=alb

Parameters in Robins (1963) was a=3.130859x10 (original description was 104161 ag
the unit was pound) and b=2.9058. Our data provided a=2.274358x10% and b=2.971.
Two curves agreed well each other (Fig. Al). Therefore, it is considered to be
appropriate to use the LW relationship in Robins (1963) for wild fish in the farming

subject in recent years.
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Fig. A1 Length-weight relationship of young SBT

Each plot in red is one individual measured in the trolling survey. The numbers of
measured SBT in RTMP (green) are expressed as size of circles.
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Attachment 2

Evaluation of growth rate in farming of Atlantic, Pacific and
southern bluefin tunas in literatures used in Jeffriess (2014)

Jeffriess(2014) T/R I N7 CHRIC LA KA o~ 7o K
nv7u, IFIv7udOEENREDKRGE

Jeffriess(2014 CCSBT-ESC/1409/1DICB W T, 2 F I~ 7 uB L OWHME TH 5 KETE
rsa<w/7aBLlOKEEZ e~/ 2l o0 T, EBAOEHWVREZ TR TRELOFE#R E LT
WL OO CRRTER DB FEI Sz, £ O TEEP BT TR ENTZFHNI OV TRET L
776

[F65] 1] Kataviee et al. (2002) XV, KWEES v~ 1, “Ina trial conducted in the
Adriatic Sea trial over 17 months (June 1999-December 2000) the results showed a
much faster growth in length and weight in farms than in the wild. For example, in the
85-120cm category (10-25kg) the monthly growth was 2.16cm and 2.42kg. This was
despite an initial tagging mortality of 50%, plus 6% during the trial, indicating stress on
all tagged fish.” (Table 1 in Jeffries 2014)

100cm @ ABF 73— A C#%# Tl 2.16cm kK3 % & LT\ %, Restrepo et al.(2009)
TiE— H CHAMAIL 1.59em kT %, £- T, RFW=1.36, SBT3 j&fad SRP ¥ 7 />
Bk 7- RFW=1.49 % LA 5 720,

[#6 2] Deguara et al. (2010) LV, KFE#H7 v~ v, “A 4 month trial in Malta
(February to June 2009) on 5-6 year old Atlantic Bluefin Tuna achieved a 43.5%
Increase Iin weight and an increase in length from 142.5 cm to 157.9cm. In the wild, such
ABT age groups take over one year to gain that length.” (Table 1 in Jeffries 2014)

137 AfDIFEH T 142.5 ecm 7°H 157.9em (ZpRE L7z & LT %, RFW=2.35 LR S
N7z, SRP % 7o D% SBT O RFW % LIEI 523, SN i &2t L7 RFW (3
TE%, F72, ICCAT-SCRS TOiEmmlLH 62 TIEARWn A, ZOLVR—FRHInNTH 2
. ICCAT-SCRS IFEBHDEEMEITH AL LR U LfEmfHT TnD Z EITHETRE
Tho,

[Z61] 3]Galaz (2012) L v, KFEEEY v~ 7 v, “In cages with just young tunas, growth
1s more Important as the direct competition for food has been removed. Data suggests
juveniles under 20kg originating from the Balearic Islands show significant weight

increase reaching a SGR of 88.8 % in November (121 days).” (Table 1 in Jeffries 2014)

46



20kg DN 4 » H T 1.888 (%1275 & LT\ 5,

Table £. Weight merease data for juveniles caught in the Baleanc Islands.

Month AveEe) Sed Dev n Days RGR%
July 195 27 27 0
Angust 21 30 11 3l 13.5%
September 30.7 6.0 7 60 57.6%
October - - - o1 -
November 368 47 52 121 88.8%
December 3409 48 516 152 79.1%
Japuary 344 - 108 167 76.5%

k50 (Table 5 of Galaz 2012) 23, Jeffriess(201)MR S LK THA 9, 11 A T 1.888
72> TWDR, 6 7 Hfk>T1 AIZ/>TH L7655 TN, Galaz(2012)1%, %4
FIZIIRENMERTHE LTS, Lo T, 6 7y HEOFHKREIT 11 A, 12 . 1 HDOWF
Y)AHE=385.0kg & L7z, KV 1~ 7 1 TIRHE 19.5kg 1 3.32 sk L HEE S 4L, 6 v HED
KE1E 112.2emFL & 72 %, %2 ABF35.0kg D&KL Galaz(2012) T/r S 7z WL BAfR
225, 121.0emFL & &R Sz, £ > TRFW=(121.0-103.1)/(112.3-103.1)=1.95, SRP %
7o D%#E SBT @ RFW % Bl 5 A3, e i & C ks L7 RFW X FEIS,

ZOLR—=FIFRHENTH 2B, ICCAT-SCRS IFZEADKREREIZTAMA LR U &FE
T TV Z LI ETRETh D,

[#:61 4] Goto(2014) LV, K¥FEr7 v~ 2, Ehr 1 T 201346 H 16 H D 89cm
252013 4% 12 H 16 AIZ 1183em (2% L7z, B 2 TiX 2013 4F 11 H 7 B 77cm 75 2014
5 H 26 HIZ 98.5em (2 L7z,

F2Bk 1 TlE 89cmFL O fT RFW=1.80, %k 2 TiX 77cmFL O f T RFW=1.50 T&h >
7=o SRP % 7'n5D%# SBT @ RFW %/ L BRI 723, ZHIN s 5kl L7z RFW
XD TR S,

[Z5] 5] Gordon et al.(2006) LV, ZHiXIF I~/ nEHEADMNE O BT %R
L 7= Jeffriess (2014) D H THE—D H D,

Days in culture | Start Finish RFW estimated Source
173 days 95 cmFL 108 cmFL 1.476 Jeffriess(2014)
170 days 97 cmFL 109 cmFL 1.477 Jeffriess(2014)
174 days 112 cmFL 120 cmFL 1.144 Jeffriess(2014)
6 months 97.2 cmFL 110.1 cmFl RFW=1.49 SRP tag estimation
in the present study
6 months 110.2 ecmFL 119.0 cmFL RFW=1.21 SRP tag estimation
in the present study

A &) w7 1% Jeffeiess(2014) 725 D5 H, SRP kT —Z bR d7= 6 » A OZBERA
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DEFEFME & <L, RFW O 43 REHE, CCSBT THW TW D FEHRHIELEIZ DWW T,
HBpCR & EAR & AE U AFE 3 7 AR MM 2 L E L TR 7, #EE L 72 RFW
%, SRP # 77 60%%# SBT @ RFW L[EI U L FEIY | ZMNEEREREICTS LT
RFW %z 3% 222 TRl %,

Jeffriess (201X Z DEBRTORRTERNE N -T2 EFRL L TND, FHEREOFHRIIR S
ALTWNRUY,

Jeffriess (2014 CCSBT-ESC/1409/11) introduced several cases of results in growth of
farmed tuna (southern bluefin tuna 7Thunnus maccoyii SBT and its closely related
species, Atlantic bluefin tuna 7! thynnus ABF and Pacific bluefin tuna 7 orientalis
PBF) by referring to literatures. Among them, we examined several cases that the

actual data were available.

<Case 1> From Kataviz et al. (2002) for ABF

“In a trial conducted in the Adriatic Sea trial over 17 months (June 1999-December
2000) the results showed a much faster growth in length and weight in farms than in
the wild. For example, in the 85-120cm category (10-25kg) the monthly growth was
2.16cm and 2.42kg. This was despite an initial tagging mortality of 50%, plus 5% during
the trial, indicating stress on all tagged fish.” (Table 1 in Jeffries 2014)

It states that 100 cmFL ABF grew 2.16 cm per month. Wild ABF at 100 cmFL grow
1.59 cm per month with growth equation in Restrepo et al. (2009). Then, RFW is 1.36.
This does not exceed the RFW value (1.49) for age-3 SBT derived from the SRP tagging
data.

<Case 2> From Deguara et al. (2010) for ABF.

“A 4 month trial in Malta (February to June 2009) on 5-6 year old Atlantic Bluefin
Tuna achieved a 43.6% increase in weight and an increase in length from 142.5 cm to
157.9cm. In the wild, such ABT age groups take over one year to gain that length.”
(Table 1 in Jeffries 2014)

It states fish grew from 142.5 to 157.9 cm in 137 days. RWF is calculated as 2.35.
It exceed the RFW value (1.49) for SBT derived from the SRP tagging data, but below
the RWF corresponds to the total catch that Australia reported.

Note that ICCAT-SCRS concluded that farm fish growth in length should be same as
that of wild fish in their assessment calculation, even Deguara et al. (2010) and Galaz

(2012) were available in the discussion.
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<Case 3> From Galaz (2012) for ABF.

“In cages with just young tunas, growth is more important as the direct competition
for food has been removed. Data suggests juveniles under 20kg originating from the
Balearic Islands show significant weight increase reaching a SGE of 888 % in
November (121 days).” (Table 1 in Jeffries 2014)

It states that body weight of 20 kg became 1.888 times in four months.

Following is the Table that Jeffriess (2014) would refer to (Table 5 of Galaz 2012).

Table £. Weight merease data for juveniles caught in the Baleanc Islands.

Month AveEe) Sed Dev n Days RGR%
July 195 27 27 0
Angust 21 30 11 31 135%
September 30.7 6.0 7 60 57.6%
October - - - o1 s
November 368 47 52 121 888%
December 340 48 516 152 79.1%
Japuary 344 - 108 167 76.5%

While average growth in November was 1.888 times, the growth was 1.765 times in
January after six months passed. Galaz (2012) stated that fish didn’t grow in winter.
Then, average growth in six months is expected to be 35.0 kg, by weighting average of
November, December and January, which estimated to be 121.0 cmFL with LW equation
in Galaz (2012). ABF of 19.5 kg is estimated to be age 3.32 with 103.1 cmFL and
estimated to grow to 112.2 cmFL in six months. Then, RFW=
(121.0-103.1)/(112.3-103.1)=1.95. It exceed the RFW value (1.49) for SBT derived from
the SRP tagging data, but below the RWF corresponds to the total catch that Australia
reported.

Note that ICCAT-SCRS concluded that farm fish growth in length should be same as
that of wild fish in their assessment calculation, even Deguara et al. (2010) and Galaz

(2012) were available in the discussion.

<Case 4> From Goto (2014) for PBF.

In experiment 1, fish grew from 89 ¢cmFL on 16 June 2013 to 113 cmFL on 16
December 2013. In experiment 2, fish grew from 77 cmFL on 7 November 2013 to 98.5
cmFL on 26 May 2014.

RFWs are calculated as 1.80 for the experiment 1 and 1.50 for the experiment 2. It
slightly exceed the RFW value (1.49) for SBT derived from the SRP tagging data, but far
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below the RWF corresponds to the total catch that Australia reported.

<Case 5> From Gordon et al. (2006) for SBT

This is the only one information that actual SBT growth figures are present in

Jeffriess (2014).

Days in culture | Start Finish RFW estimated Source
173 days 95 cmFL 108 cmFL 1.476 Jeffriess(2014)
170 days 97 cmFL 109 cmFL 1.477 Jeffriess(2014)
174 days 112 ecmFL 120 cmFL 1.144 Jeffriess(2014)
6 months 97.2 cmFL 110.1 cmFl RFW=1.49 SRP tag estimation
in the present study
6 months 110.2 emFL 119.0 cmFL RFW=1.21 SRP tag estimation
in the present study

Ttalics are refer to Jeffriess (2014).
SRP tagging data.

Growth increment was agreed well to that from
RFW was further calculated. For the denominator of RFW,
monthly growth was assumed to be linier interpolation, with no growth in winter three
months, between the mean length-at-age used in CCSBT. Estimated RFWs are similar
or below the RFW value for SBT derived from the SRP tagging data, but far below the
RWF corresponds to the total catch that Australia reported.

Jeffriess (2014) described mortality was high in this experiment. However, detail

information about mortality and its influence on growth was not explained.
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