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Summary

For farmed SBT in Australia, data of size measurement at harvest for fish imported to Japan between 2007 and
2010 were analyzed. In an analysis, age composition was estimated by applying mixed normal distribution to
length frequency. In another analysis, growth of farmed fish were assumed in three cases and length frequency
was divided by age with age-slicing method, and then examined consistency with the age composition and total
catch weight that Australia claimed. In the result, age-3 fish or age-4 fish was dominated, but few in age-2 fish

in all the years. It was quite different to Australian claim that age-2 fish was dominated but few in age-4 fish.
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Estimated total catch was similar to each other between the two methods using mixed normal distribution and
age slicing. The estimated total catches in age slicing, based on growth rate derived from of tag recapture data,
were 8,273 t (5,342 t in Australian report) in 2007, 6,659 t (5,211 t) in 2008, 6,675 t (5,022 t) in 2009 and 5,689 t
(3,9351) in 2010. The von Bertalanffy growth curve parameter VB-K values corresponded with Australia
claimed catch was 0.51-0.81. It is highly unlikely that SBT farmed fish attain VB-K several times as high as
that of wild SBT (VB-K=0.22) and higher than that of fast grow tuna, such as yellowfin tuna. It was considered
that there was a large bias in 40 fish sampling for farming fish and it effected on the age composition and total

catch amount in the Australian purse seine catch which calculated from the data of 40 fish sampling.
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Introduction

Southern bluefin tuna Thunnus maccoyii (SBT) stock meets a new stock management era with
implementation of the management procedure (MP) in CCSBT in 2011. Implementation of MP, a
decision system for the total allowable catch (TAC), was the first case in all the tuna-RFMOs, which
would attract attention from all over the world. Without doubt, it requires appropriate fishery
management through strict surveillance and monitoring for appropriate stock management. CCSBT
introduced the trade information scheme (TIS) in 2000 and further developed to introduce catch
documentation scheme (CDS) in 2010. It was obligated to attach a management tag with an individual
number printed to each SBT individuals caught so that every SBT individual can be tracked and confirmed
throughout the process of catch, landing and export/import. In addition, for Japanese fishing vessels,
daily reporting in RTMP, ban on landing at foreign port, ban on landing at port other than authorized, and

strict inspection by government stuff at landing for all the SBT caught have been obligated.

On the other hand, Australia, the largest TAC holder in CCSBT (43 % of 2012 TAC), used most of their
TAC for purse seine catch which utilized for farming (Hobsbawn et al. CCSBT-ESC/1107/SBT Fisheries
-Australia). In many countries, tuna school for farming is enclosed by purse seine net and then
transported to cage pens. In order to minimize the risk of death by handling, the amount of catch is not
measured but estimated. Therefore, it has been widely acknowledged that there is a high level of
uncertainty for its catch estimation for farming. For example, catches of Atlantic bluefin tuna in the East
Atlantic and Mediterranean were seriously under-reported from the mid-1990s along with development of
farming, and the ICCAT Committee considered that the underreporting of the catch as having undermined
conservation of the stock (ICCAT 2010).

In the SBT farming, 40 fish individuals have been caught among several thousand fish just before
distributed to pens and its average weight was used for estimate age composition and its total weight. We
have been pointed out several times that there was a significant bias in the 40 fish sampling (e.g.
CCSBT-ESC/0909/29).

As an alternative monitoring method to the 40 fish sampling, Australian government has been carried out
implementation experiments of stereo video camera system for years, however its progress is slow. In
the Compliance Committee in CCSBT in 2011, Australia described they measured 10.5 % farmed fish
with the stereo video camera system but none of its detail was shown (CCSBT-CC/1110/11). The

detailed results are expected to be shown in the current ESC.

In this paper, we will show that there is a high possibility of bias in the 40 fish sampling for the 2007-2010
farmed fish in terms of age composition which causes an underestimation of total catch. Data of size

measurement at harvest for fish imported to Japan were used for analyses. In the analysis 1, age
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composition was estimated by applying mixed normal distribution to length frequency. In the analysis 2,
growth of farmed fish were assumed in three cases, length frequency was divided by age with age-slicing
method and examined consistency with the age composition and total catch weight that Australia reported.
The data have already used in previous analyses (CCSBT-ESC/0909/29, CCSBT-ESC/0909/30,
CCSBT-ESC/1009/21, CCSBT-ESC/1107/26) but we conducted more comprehensive and different
approach in this study.
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Analysis 1: Age decomposition by mixed normal distribution
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Material and method
The Ministry of Agriculture, Forestry and Fisheries of Japan requested importers to submit data on the
length and weight at harvest of farmed SBT which is imported to Japan after May 2007. The size data of
harvested SBT imported to Japan, reaching a total of 420 thousands individuals from 2007 to 2010, were
used for the analysis (Table Al). After removing several anomalous records, data used were 174,980
individuals in 2007, 94,352 in 2008, 61,843 in 2009 and 89,004 in 2010.

Using data for which both length and weight information was available (N=76,080 in 2007, N=57,233 in
2008 4, N=58,964 in 2009 and N=49,948 in 2010), parameters for the weight-length relationship were
estimated by applying the least squares method for logarithmic scaled length (fork length in cm) and

weight (gilled and gutted in kg) as follows:

FL=a xPW" (Eq-1)

where FL is the fork length in cm, PW is the processed weight (gilled and gutted with tail) in kg, and a;
and b; are month-specific parameters to be estimated. Because the fatness index (PW/FL®) differed
significantly by month in all the years, the weight-length relationships were estimated by month and fate
(fresh/frozen) (Table A2, Fig. Al).

Weight values were converted to length by using the monthly weight-length relationships by month and
fate. Next, length frequencies by one centimeter bin by month and fate (fresh, frozen fish from freezer
vessels and frozen fish from freezer containers) were produced. This dataset was also used for analysis
2.

From one to four normal distributions were fitted to decompose the length frequency by minimizing Eq-2.
The largest dimension considered for the parameter vector @ (uy, us, t4, s, 62,03, 04, 05, Ko, K, Kg) wWas
11. This vector includes the mean, standard deviation and relative strength of each normal distribution,

and these were estimated by the non-linear least squares method with the Gauss-Newton algorithm to

n
minimize the sum of squares. Because k; of the maximum age can be calculated from ZKi =1 (eg.
i=2

ks=1-k, -k3), the number of parameters to be estimated can be reduced by one. Among the cases with
two to four normal distributions, the case with the maximum number of distributions which nevertheless

gave appropriate means and standard deviations (e.9. u 2<p 3<pu 4, 0 4<6) was chosen.

2
max L n 1 (X—,u )2
SSQ = H,-Yk, —=exp| -2 Ha)_ (Eq-2)
x:;n_ ; 270’ ( 207,

where x is the length class of one centimeter bin; minL is the class of the minimum length; maxL is the
class of the maximum length; H, is the frequency in length class of x cm; and n is the number of age

classes among 1, 2, 3, and 4.
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Derived normal distributions were assigned to age between 2 and 5. However, some normal
distributions in the 2008 farmed fish were not easy to be assigned its age because the mean of normal
distributions located in middle between age-3 and age-4. Then, we considered three cases for the 2008
farmed fish; the case that appeared to be most likely (Base case), assigned to be lower age (Lower age

case), and assigned to be higher age case (Higher age case).

The estimation was then expanded from samples for which the size was measured to all of the farmed SBT
imported to Japan. The total number of SBT imported to Japan by month was calculated from the
monthly total SBT product weight in the Japan Import Statistics which have been submitted to CCSBT.
Fresh fish were assumed to be imported in the same month that they were harvested (Eq-3). For frozen
fish, information of harvest month and imported month were analyzed using the size data at harvest, and it
was inferred as follows; SBT in 2007 was imported after 1.5 month from harvested; SBT of 2008
imported in July was harvested in July, imported in August was harvested in July and imported after
September was harvested in August; SBT of 2009 imported before July was assumed to be harvested in
previous year and excluded for the analysis, imported in August and September was harvested in July,
imported after October was harvested in August. It was assumed that SBT of 2010, only used for
analysis 2, imported in July was harvested in June, imported in August and half of September was

harvested in July and imported in September (half) and October was harvested in August.

1
n, =W, x— (Eg-3)
A

where n; is the number of fresh SBT imported in harvest month i; W; is the weight of fresh SBT imported
in month j (kg); and A; is the average body processed weight of fresh SBT in harvest month i (kg).
Confidence intervals for the estimated age composition (in number) of SBT imported to Japan were
calculated using bootstrapping (1000 resamples) (Eg-4). Age compositions for frozen SBT were
weighted by the number of fish measured from freezer vessels and from freezer containers. The weight
of imported SBT at the time of the purse seine catch was calculated (Egq-5). As transfer from towing
pens to farming cages was most frequent in February for the individual size data used in this analysis,
length at the mid-February was calculated based on information on the length at age on 1st January, which
is as used in CCSBT, and on interpolation. Finally, the calculated length on the mid-February was
converted to body weight using the length-weight relationship for wild fish in southern Australia (Robins
1963).

10
n
n, = ZZ sample(m;, xKk, ni,k)x% (Eq-4)

2
k=1 i=4 Zni )

i—4
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|mp0rt Z n, x Ax FLE 2 (EQ'S)

where n, is the number of SBT in age aimported to Japan; Wimpor iS the total weight of whole SBT
imported to Japan; m; is the number of fish measured in harvest month i of fresh/frozen state k; n; is the
number of SBT imported in harvest month i of fresh/frozen state k.as estimated using Eg-3; k , ik is the
proportion of number of age a SBT in harvest month i of fresh/frozen state k as estimated by minimizing
EQ-2; ny, is the total number of SBT imported to Japan from Australia; FL ,; is the length at month of
catch i of age a SBT (cm); A,B are the parameters of length-weight relationship of Whole weight=A x Fork

length®; and sample(x,y) is the resample y individual data from sample size of x.

In the next step, the catch-at-age and catch weight were scaled upwards to the total number of SBT caught

by Australian purse seiners (Eg-6 and Eq-7).

N, = n, x (Eq-6)
2N
a=2
NaII
PSW _Wimport X 5 (Eq'7)
2N,
a=2

where N, is the total number of age a SBT caught by Australian purse seine. It was derived from
CCSBT catch database distributed in January 2012. PSW is the weight of Australian purse seine catch
(kg). It was derived from CCSBT catch database distributed in January 2012. Note that fate of SBT
caught was not only exported to Japan. It also included fish died during towing, fish died during farming,
fish harvested but exported other countries, such as USA, possibly delayed apply for TIS, possibly fish not
harvested and continued farming, and possibly fish harvested before farmed. Ny, is the total number of

SBT caught by Australia from December in previous year. Its conditions were as same as PSW.

The computer package R, version 2.8.1 for Windows, was used for the calculations conducted.
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Result

The harvest size dataset included from 61 thousands to 187 thousands individuals per year (Table A2).
The proportion of size measured individuals to the number of SBT which exported to Japan by year was
45-86 % for fresh fish. In frozen SBT, the proportions were 26-63 % except 7% in 2009. The numbers
of fish size measured by year, month and fate (fresh/frozen) were ranged between 3 thousands to 67

thousands, except when few fish were harvested.

All of the monthly length frequencies, between 2007 and 2009, were decomposed into between two and
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four normal distributions for each of fresh SBT, frozen SBT from freezer vessels and frozen SBT from
freezer containers (Table A3 and Fig. A2). The mixed normal distributions fitted the length frequency
distributions well. Normal distribution was not always estimated for large fish of more than 130 cm FL,
whose length frequency distribution did not show a peak in some months (e.g. fresh fish in July 2007).

This leads to a slight underestimation of the age composition for higher ages in the present study.

In the 2010 farmed fish, length frequencies were fitted well with mixed normal distributions consisted of 1
to 3 normal distributions except February when small number of individuals harvested. However, it was
not appeared that each normal distributions was corresponded with age (figure was not shown in this paper,
but see Fig. 3 in CCSBT-ESC/1107/26). Thus, the 2010 data was not included in the analysis of mixed

normal distribution in the following.

The mean values of the normal distributions were around 95 cm FL, 106 cm FL, 120 cm FL and 130 cm
FL. Comparison to the length-at-age of wild fish suggests that these normal distributions corresponded
with age-2, age-3, age-4 and age-5, respectively. The mean values of the normal distributions were

slightly larger than the length-at-age of wild fish between April and August.

In the 2008 fish, normal distributions with mean of around 95 cmFL had large standard deviation and did
not necessarily correspond with age-2 (fresh in July, freezer vessel in July and August, and freezer
container in August). It was assumed as age-3 in the base case. In the lower age case, fish of fresh and
freezer vessel in July were assumed to be age-2. However, it appears that age-2 is only a part and that

age-3 consists of a large part, and suggested that the lower age case lead underestimation in age.

Also in the 2008 fish, normal distributions with mean of around 115 cmFL located near the boundary of
age-3 and age-4, then it was difficult to assign its age (fresh in June, July and September, freezer vessel in
July and August, and freezer container in August). It was assumed as age-3 in the base case, however, it
would lead underestimation in age. Intermediate between the higher age case and the base case seems to

be appropriate.

Age compositions estimated are shown in Table A4 and Fig. A3. In all the years, age-3 fish were
dominated followed by age4, and age-2 fish were not many as 7-18%. It was quite different with

Australian report that age-2 fish were dominated and age-4 fish were few.

Estimated total catch in weight by Australian purse seine are shown in Table A5 and Fig. A4. It was
8,271 ton (1.55 times of Australia’s report of 5,342 t) in 2007, 6,112-7,170 ton (1.17-1.38 times of 5,211 t)
in 2008 and 6,749 ton (1.34 times of 5,022 t) in 2009.

Variances of estimated number of fish by age and estimated total weight of the all SBT imported to Japan
obtained from bootstrapping were small (Table A5). This is due to the facts that coverage of the size data
was high. Age compositions of freezer vessel were similar to that of freezer container. Therefore,

separation of frozen fish into fish of freezer vessel and fish of freezer container affected little on the result.
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fEHT 2 Age RS A L UTERIZK DEHRNE
Analysis 2: Age decomposition by age slicing
MHEAE
BEEDN—_A A XF = ZIZ KD ERRMARICH LT, Age AT A 2 ZIEIC X D F o i %
il - AMKES » NARA V NEZEXTUTD 3205 —ATi{io7- (£ B1),

=21 WAEMEFRICKE T, FAOKREIT—EE2NE, FEADEMBIARIX, CCSBT TEH L
TW2b O aE A BL), Fii « ARAR D v haA > ME CCSBT IZB W TCHAERTDOFERAE L LT
ROHINTWND,

r—A 2 : CCSBT BHEIGREMT — ¥ ORIz, EEI T I uOEREEME 2%, 3%k, 4%
DEAEHG OYHEEE) (Sakai etal. 2009) % 6 » HBEIOKEmRMEF L L THEMA L (K B1), 1o
INERIT 2 %, 37k, 4O SHR(B)TRD 7z, 5l I 4moBnR LR U & E Lz,

R =R, X(Rz - R3)/(R3 - R4)
R, =1.818

R, =1.544

R, =1.448

R, =R,

(®)

T 2T, Ry kDN H M OKEIINR,

INHERE Y A X T — Z B W TR b AT AR RIIBHE N B -7 DN 2 A Tho7cZ 06,2 HDHf
RAEBAEROEMER L Lz, £7 2 ADEERO FTIRIER A 77— 2 11> CHBMHZE TRO 72 (R
9), WWTHFMD FIRIEEND, BAMOKRRAERLEA (Robins 1963) T 2 H KA DR A EEIC
¥R LU7= (X 10), WRWTHREMNEA ST T8 ARFROKEL RO (X1, RNTH—A T Y
T OME LT 2 B R = A R/1.12-1kg D B4R (CCSBT-ESC/1107/04) % FIW CHRLG BRI
Bllz, 2L T, FEAICOWVWTRDTZ 8 ADKEKERHRK (R Al) T8 ARFROKRRIZAHL
8 AR R OEBINHEMDTX S TIRER #1572 (X12), 2 A& 8 ADKREDOEN G H OFEEX 5y
TRRARR 2 N, SME L CHEE LT,

Llpes; = Llyan; +(LLyay s = LLan; /12, ©)

LWey ;= 8y % (LLpg (10)
LWAug’j = LWFeb,j X Rj (11)
LL ;= a x (LW, /WP (12)
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T ZC. LLygnjlFCCSBT TS D 1 H 1 HIRFRDjik D FRRAKR | LLpepjid 2 H R EDjik D T
FRARE . LWWeepjld 2 A HREESOjE D FIRAE, LWaygjld 8 A FREEAEOjED FERIKE, Ll 8
H P RE S OJ% D N IRA R avig. bwia TEFAERDRRIREBEXOEL, ag. bglI (1) TRD - HHE
o 8 A OREERHFXOER, WPITF M E & & 5 & & ORI,

A3 HEESN-EESEBERROBEENSEINREEERCIZARD L0, REREZFE L, liE
T, BAEAD Y B EEBEMME TR D VB (X 13)IiEH & Lz,

l; = 1|1 — e K(t-t0)] (13)
2T, L ITRAR ., KIZREREL, tol1=0 B,

BAELOD LD NEE L TWZARE RGN ORERENKEL DA A—TTh 5 (X B2),
ZOKTIE, Bl LTREZ 3IMEIET D, BAEMD VB X0 OEHEBERE 2 AFki) ORXEIX
97.2cm L EFE Z4L. 4T Robins(1963)i2 L W M 18.7kg ICHHY T 5, PERZICE A HIX
103.7ecm IZE#ET D, A=A M Z U T HAEET D L HICEEHHPITEET 20 FIC8ET D L IRET D
CNHERF O T BT 37.4kg TH Y, B EE T 324kg LD, fENT 1 TROTABEEEREFRX (I
&L T2007 7 HOAfEO L O AMHERH) 21V 1149cmFL EFHE b, L-infinity % [EE L7256
97.2cm & 114.9cm @ 2 ;% 3.0 %5 3.5 CTiliD VB RO/ T A—& K KO0 IZT—BIZEE D, Z
DOFITIE K=0.602, t0=1.558 L7225, ZD X I ICHERMMOMRICHONTITVB AT A—F KIZE Y
mCE, MOFMITRAFAETITR—MICH S 2N TE D,

D VB AT A —# (X CCSBT THW T WA KRERIFEREA CIC Lz, ZOfEIE, 6 fHD/F
A—F i FEIC L DMEREDZES B ATEEMERET L (VBlogk E7 /L) 1Tk THEE ST
(Eveson CCSBT-ESC/1107/9), Z L6 Off X HMiZe VB XN TIEY TILE L2 (KIB3), 1D 71y
FaGEHTT7 4y FESET VBRATIIAMETHRE T D 2-4 KOS TULE D BFFICHE)N -T2, £Z2 T
20 6 RETOT Yy MIX L TYE Tiknz VB XaE AT A VB fiEXE LTHW
(L-infinity= 166.72 cm, K=0.219, t0=-0.968).

SBEWMEO VB (VB_farm) @ K [ZRD X H(2RD7=, £ K 2AEEICHRIET D, L-infinity 128E
a0 VB LA L 166.72 cm IZ[EET 5, INHEH HM ([N SR X Ofifk () 2525, &
BHAEWHICRT LT 2 Hh i SO EIZEAADO VB bRED . ZHE2MRA LT VB_farm D& 4EHD
t0 MEHE S D, VB _farm fifRICIE o7 HM BEOIRE % 2 5800 53 £ TENENICHEAE L, EED
INHERFR R X TR bITWEHEEREOFRZHI 0 4T, &aA0 WL BIFRE v cili EE 4 3 HE

o BN EE%@ﬁﬁiywﬁTé RO ARERICMEEEE DT TEOE - IUEA - KE - &
ﬁ%ﬁ%@ﬁﬁﬁg%kw IhERINHER, 2FH, EFEMIETR LT TN—_A A X7 —
S EETORBEZLZRD D, WNT, T 1 LRRRICRAREEERICTIERL, SHICA—ZA T U7
FEMICK D RBEEEIILKRT 5, FEREE/D FEICLY ERROT R E2HKL, A=A b
7 U7 E M RICEET D K ORGEFEA R T-,

Material and method
Age decomposition by age slicing method was applied to the length frequency derived from the harvest

size data in three cases in which different monthly length-at-age (Table B1).
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Case 1: Same growth as SBT in wild. It assumed constant growth all the year. Length-at-age used was
that used in CCSBT (Fig. B1). The length cut point by age was defined as the mean length-at-age at half
a year before in CCSBT.

Case 2: Growth rate in weight of farmed fish derived from CCSBT conventional tagging recapture data,
mean of age-2, age-3 and age-4, was used (Sakai et al. CCSBT/ESC/0909/31) (Fig. B1). It assumed
growth in 6 months. Growth rate in age-1 was assumed as Eg-8. Growth rate of age more than 4 was

assumed as same as that of age-4.

R =R, X(Rz _Rz)/(Ra _R4)

R, =1.818

R, =1.544 (Eq-8)
R, = 1.448

R>4 = R4

where R; is the growth rate in weight in 6 months of age-j fish.

As transfer from towing pens to farming cages was most frequent in February for the individual size data
used in this analysis, lower limit length as at the mid-February was calculated based on information on the
lower limit length at age on 1st January, which is as used in CCSBT, and on interpolation (Eg-9). Then,
the calculated length on the mid-February was converted to body weight using the length-weight
relationship for wild fish in southern Australia (Robins 1963) (Eg-10). Body weight at the mid-August
was calculated by multiplying the weight growth by case (Eg-11). Whole body weight was converted to
gilled and gutted weight by using the relationship that gilled and gutted weight = whole weight/1.12 + 1kg
(CCSBT-ESC/1107/04). The gilled and gutted weight was converted to fork length at the mid-August by
using weight-length relationship of farmed fish in August (Table Al) and obtained the lower cut point at
age for farmed fish (Eg-12). The lower cut point of other months was interpolated or extrapolated based

on length difference between February and August.

Llpey; = Llgn; +2.5% (LLygy 10 = LLya;)/12, (Eq-9)

Wiy, ; =8y % (LLpy (Eq-10)
LWAugyj = LWFeb,j X Rj (Eq-11)
LL ;= a5 x (LW, , /WP ) (Eq-12)

where LLjqn; is the lower limit length in age-j at January 1% used in CCSBT; LLgep; is the lower limit
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length at the mid-February in age-j; LWayg; is the lower limit whole body weight at the mid-August;
LL augj is the lower limit length at the mid-August in age-j; awiq and byig are parameters of length-weight
relationship of wild fish; ag and bg are the parameters of weight-length relationship of farmed fish in

August obtained by Eg-1; WP is the conversion coefficient between whole weight and processed weight.

Case 3: Growth rate was adjusted to the estimated catch by purse seine became same as Australia reported.
Growth was assumed to follow von Bertalanffy growth curve (VB, EQg-13) but had different parameter

values for wild and farmed periods.
I = 1[1 — e KEt0)] (Eq-13)

where L, is the asymptotic length; K is the growth rate parameter, and t, is the theoretical age when a

fish would have length zero.

The assumed growth was that fish grew slowly in wild period and suddenly grew fast since onset of
farming (Fig. B2). As an example, in Fig. B2, fish was assumed to age-3. Fork length at the onset of
farming (mid-February) is 97.2 cm based on VB of wild fish (see below), corresponding to 18.7 kg in
whole weight by length-weight relationship of Robins (1963). Half a year later, fish reaches 103.7 cm if
it were wild fish. If assume 2.0 times grow in body weight during farming, as Australia claims, body
weight at harvest is 37.4 kg in whole weight and 32.4 kg in processed weight. It can be converted to
114.9 cmFL by using weight-length relationship derived in the analysis 1 (fresh fish in July 2007 was
used). When L., was fixed, the parameter values of K and t, are determined for VB that through two
points of 97.2 cmFL at age-3.0 and 114.9 cmFL at age-3.5. In this example, VB-K=0.602 and t,=1.558.
In such a way, growth in farmed period can be summarized as VB-K value, which allows us to understand

growth irrelevant to ages.

VB parameters of wild fish were based on the length-at-age used in CCSBT. These values were
estimated from a complicated model (VB log k model) using 6 parameters and incorporate seasonal
growth change (Eveson CCSBT-ESC/1107/9). These values do not fit well with a simple VB (Fig. B3).
When try to fit from age-0 to older, fit of VB was not good especially for age 2-4 which were important in
the present study. Therefore, fit was applied only for between age-2 and age-6 and derived parameter

values were used for wild fish growth in the present study (L ..= 166.72 cm, VB-K= 0.219, t,= -0.968).

VB-K in the farmed period was calculated as follows. K value was set arbitrary at first. L., was fixed
as same as that of wild fish, 166.72 cm. Let consider individuals of fork length X cm in harvest month.
For an age, fork length at the mid-February, which was determined from VB of wild fish, allow to
calculate t, of each age in VB of farmed fish. Fork length in harvest month at age between 2 and 5
along VB of farmed fish were calculated and the age whose length was closest to the actual length at
harvest was chosen. The length was converted to processed weight by using the weight-length

relationship of farmed fish, and to whole weight. The whole body weight was multiplied by the number
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of individuals of the size, and then obtained whole weight by year, harvest month, length and fate. It
was summed up for all harvest month, all the ages, and both fate and obtained total catch in weight for
whole the harvest data. As same as in analysis 1, it was raised to whole the imported fish, and then
further raised to whole the catch of Australian purse seine. This procedure was repeated by using the
non linier least squares method until VB-K value that corresponds with Australian purse seine catch

amount was obtained.

R
BAMORE ERERENR—THDZ L 2 E Lz Casel ICBWT, Al 3 mfazpled5 &Rk
DX IHIHEET D (F BL. K B1), 2 H OEFEBIRIFIZ 97.7cm TH - 7= FAlT 6 2> H %12 104.2 cm & 1.067
R % IREIE, 2007 AEAfEFR O 7 H OIRRIKREBIGRZ M L7256 .19.0kg 2 5 27.8kg & 1.467
ﬁmmﬁféo

LA ARSI O R EBEEE AR IS U CRE SV AERSIER AR RN (KB4 o0 CHENZE
WET) IIEREE— FOINCIZERIS Lz (K B4), 1§ b FlnX gy CREAEF T2 &£ B2 XD
4 B5 12T & 910, 3REMAEIT 4 mAMES L7, I EIT 2007 4E 5 2010 (T 5822-8486 > &
HeE ST,

HRMIF ORCE 2 5 A GHEE SN TR EREREZIEAR L Lz Case2 2B\ T, flT 3 M
EHIETDHEROIIICHET D (£BL, MBL), 2 ADEEMIMAFIC 988 nTh > 7ML 6 A #%
(2 107.1 cm & 1.083 {5295, RE 1T, 2007 FFEAfEf D 7 A DR EARERIGRZ M L7234 19.6kg
225 30.1kg & 1.538 fEICkF 95, Casel LV b NICKERRERIHEI 2o T2,

LR ERES OB O R R 3AR 5T L CIRE ST AER B R R (K B4 0 TR Eh =/~
WET) IXEREE— FOINCIZIEGE L7z (K B4), DN FMEX oy CREEZEFTH £ B2 LW
B5 127" 3 & 912, 2007 4E1% 2 kA 13%. 3 7 46%. 4 m%fa 33%. 5 FA 6%, 2008 41X 2 s 17%,
37 fR 58%. 4 ik fR 23%, 5% fR 2%, 2009 fF % 2 ik fR 21%, 3 A% FR 37%. 4 ikl 38%. 5% fh 4%, 2010
AR 2 R AR 3%, 3 kfA 29%., 4 mEfA 50%, 5l 16% CTho7o, HFEEIH D0 3 M E 2T 4 s
DMESET I IEE L Cuve, 2009 ARICIE 3k L 0 b 4 OBIANKE <Y | 2010 FRICIZE B
W4 BRDEIENRKEL 2o TEMAD 16%HIBLT 572, fAoEmmbn Aoz,

HELEA—A NIV TOE ML HBEERESF B3, X B6 27T, 2007 415 8273 F o (B2
FE 5,342 h D 1.55 %), 2008 4F1% 6659 k> (5,211 k> 1.28 fi%) . 2009 4Ei% 6675 k> (5,022
v D 1.33 %), 2010 42(% 5689 ~> (3,935 ho D 1.45(%) Th-o1-,

SO ERT DR A L LT VB O K Zfi L7z Case3 Tld, 2007 £ VB-K=0.708, 2008
£ VB-K=0.512, 2009 4 VB-K=0.620, 2010 40 VB-K=0.806 & B4 £ D VB-K=0.219 (Z%f L THE
D TEVMEANFHRE S 7z, #IL 2010 0 35 A Bl L 325 RO XL I ICETH 2 L &7 b (FBL.
Bl), 2 H DE&EBLIFIC 98.6 cn Th o 7-flT 6 22 H%IZ 1212 em & 1.229 f5ICpET 5. ZALE
A DREREICBIT 5 2 RO E (5 5% T 122.7 cn) % 0.5 £ TIRIFER T 5 Z LIS T 5,
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{REIL, 2007 FARER D 7 H ORERERMRZMH L7256, 19.5kg 225 43.8kg & 2.248 fFIZHE T
%,

A ARRREB O RS S U CRGE S Vil AR (X B4 0O TH £ v/ fk
BOHT) X, 2 ARV 3 AIIIFEEE— FOILITIZERIS LIzb DD, ZOHITEH L 2h o7 (X
B4), AT, SN TR 2 FEmHk & 1ZIF—E L7z (X B5),

BB, T 1 GRAERS) ST 2 (AT 71k THEE LZiRERE QNS SEM RS L
TR L 2k L2 (X B6), 2007 45, 2009 = (ZMEHT 1 & fRAT 2 3 HEE L7 I3 O TR TV 2,
2008 I IMEMT 2 DFE R 1 OFEBZRE LTz r— A & R_R—=R 7 — 2 L OFICALE LTz,

Results

In Case 1 which assumed farmed fish growth in length was as same as that of wild fish, age-3 fish, as an
example, grow as follows (Table B1, Fig. B1). Fish of 97.7 cm at onset of farming in February reach
104.2 cm (1.067 times) in six months. Body weight increased from 19.0 kg to 27.8 kg (1.467 times)

when weight-length relationship in July 2007 for fresh fish was used.

Mean length-at-age assumed by year, month and fate (black square in Fig. B4) was roughly corresponded
with length frequency modes (Fig. B4). The number of fish was summed up based on the estimated age
cut points as shown in Table B2 and Fig. B5. Age-3 or age-4 was dominated. The catch weight was

estimated as 5,822-8,486 tons between 2007 and 2010.

In Case 2 which assumed farmed fish growth was as same as tagged and farmed fish, age-3 fish grow as
follows (Table B1, Fig. B1). Fish of 98.8 cm at onset of farming in February reach 107.1 cm (1.083
times) in six months.  Body weight increased from 19.6 kg to 30.1 kg (1.538 times) when weight-length
relationship in July 2007 for fresh fish was used. Growth in Case 2 was slightly larger than growth in
Case 1.

Mean length-at-age assumed by year, month and fate (red square in Fig. B4) was roughly corresponded
with length frequency modes (Fig. B4). The number of fish was summed up based on the estimated age
cut points as shown in Table B2 and Fig. B5. Age compositions were as follows. In 2007, age-2 was
13 %, age-3 was 46 %, age-4 was 33 % and age-5 was 6 %. In 2008, age-2 was 17 %, age-3 was 58 %,
age-4 was 23 % and age-5 was 2 %. In 2009, age-2 was 21 %, age-3 was 37 %, age-4 was 38 % and
age-5was 4 %. In 2010, age-2 was 3 %, age-3 was 29 %, age-4 was 50 % and age-5 was 16 %. While
there was fluctuation among years, it was common that age-3 fish or age-4 fish was dominated. Along
year passed, the proportion of higher age was increased such as proportion of age-4 became larger than
that of age-3 in 2009, and proportion of age-4 was further increased in 2010 as well as age-5 fish occurred
as 16 % in 2010.

The estimated catch weight of Australian purse seine was shown in Table B3 and Fig. B6. It was 8,273
ton (1.55 times of Australian report of 5,342 t) in 2007, 6,659 ton (1.28 times of 5,211 t) in 2008, 6,675
ton (1.33 times of 5,022 t) in 2009 and 5,689 ton (1.45 times of 3,935 t) in 2010.
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In Case 3 which was adjusted VB-K to the estimated catch by purse seine became same as Australia
reported, high values of VB-K were calculated (VB-K =0.708 in 2007, 0.512 in 2008, 0.620 in 2009 and
0.806 in 2010). It was quite higher than SBT in wild (VB-K=0.219). Age-3 fish in 2010 would grow as
follows (Table B1 and Fig. B1). Fish of 98.6 cm at onset of farming in February reach 121.2 cm (1.229
times) in six months. It is equivalent to that farmed fish within half a year attain growth of two years in
wild (122.7 ¢cm in age-5 in wild). Body weight increased from 19.5 kg to 43.8 kg (2.248 times) when
weight-length relationship in July 2007 for fresh fish was used.

Mean length-at-age assumed by year, month and fate (green circle in Fig. B4) was not corresponded with
length frequency modes, though it was corresponded in February and March (Fig. B4). The age

compositions were similar to those Australia reported (Fig. B5).

Finally, estimated catch amount of Australian purse seine was compared between analysis 1 and 2, as well
as Australia reported (Fig. B6). The values from analysis 1 and analysis 2 were quite similar in 2007 and
2009. In 2008, the result of analysis 2 was located in the middle of the higher age case and the base case

in the analysis 1.

EE
Discussion

F—ARNZ VT OEEMETHESINTZI T I~v s mid, FIHECHREED SIZB W T, MR
CCSBT [ZHELTWD LD EAMETHE LI b D (BREEMOMROAT A > 7LD Case2) & T
R&EL oz,

ZOFEKRE LT, FxlZF—A TV TOYA XY TV TS T AN D5 A[REMEDN T S & W
EBER T, BMAERENOEREB IO T DRIORMETA R T ) 73 T b, T ORHZHEE
ZCIXR < IMBARIRL TSN O THIUE, RN EomEMRENIEEZ S5,

ZOMDIERE LTI T RBE A LN D, RICTNEDZEPEIZONTELE LT,

(1) EHEIF IV EHAEALY LEHRTHRET S,

(2) WHADOIHED LA E CTICHE LR A FERE & 2o T b,

(B) N—_A M A XT=EZ P72 AR DD DT DREMED 720,

(4) HEEMIAAE LV L EHIFFET I TN D,

(5) EMOBRERIITEY 3D,

(1) EBIF IV IBEA LY bEECRET 200 ?

SEN S T8RS 2 i B IS E L7z VB-K 12 0.51-0.81 TH V. Il 2 iE 3 s DRI A HA4ER] T
1.88-2.25 512725 Z LIS T2, — ., 37 I~v7aBAEMDO VB-KIX022 THY, EHBANKD
ZEEAMELTY 3MADLEMOEKEEIMI 14T B Tho72, —F, EkEHAr TSNS
WM OREITFHFER COREMN 154 5 THY ., BAEMOKE LiEN -7 (Sakai et al.
CCSBT/ESC/0909/31), HEFFHMT — % Z# M2 F I~/ B OREOMITICE N TYH, SHEMA L 5HE
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BLEDOMTHREDREDENTEN L 2ELTEY (Eveson CCSBT-ESC/1107/9) . K& & iLi-4E i
BIARARIL CCSBT OB JFFHATICH W B T %,

v/ uBEEOP T, I I il b BEMTHRANEN, B CRBAN R AR OEWF
4 Cl% VB-K 13 0.557-0.596 (Wild 1986 1977-1979 ‘FEDEFDH) L@EEN b, B HTidde
KVLEEE IR T 0.184, A EEE IR T 0.134 (Labelle etal. 1993, Wells et al. 2011) , A /3F TIE KPR
JRC 0.180 NHE X T % (Hallier et al. 2005)

SIS uDfFETH D KEPEZ v~ 27 1 Thunnus orientalis Tik, B4 VB-K 28 0.173
(Shimose et al. 2009) T % DIZxt LT, IR IRARKEOMHE Tld VB-K=0.250 25, btV E (L
OFFAE TIiE VB-K=0.332 231% 5 41TV A (Masuma 2008), F7=, K r~ 27 aOERICE W TEE
AKIEIE ERENREWVBERA R LTS (Masuma et al. 2008), J\H (L TOJEEKIEIT 20-31°C, &%
KETIH20-28CTHY, EHo b7 u~rmOBEOREY LV IREEICH Y S/KIRREE /8o T
%o 5, AROERNFIEK LR TIXIEEAOREITELS | KEOREITEFAMA L F%E Th > 72 (Masuma
etal. 2008), ZDO K HIZ, EAKIRTEHEINTZHLEITITEW VBK 2" Ha13d 508, N—FU 7
— U O/KIRIF 15-21°C &KV (Hayward et al. 2009) .
bz enb, BAEAIVEMGS <, HaTHRAN R REDOENF AL LY &V VBK &2 I
I uBEANEDIT D LITEES 2 50,

(2) WEHADIEN Sl A F TICIE LI HIRINEEEE B2 o T H DN ?

M AR OIFED DA E TOHMIZ OV T, AHEE TITINHED D 1-2 7 ARREE LA8E LTz, EBR
ZHA LToRe S 2 & B o 1o 56 N 2 PR EME A 7 5720 A RO A RE N ET 5,
L LR oR EMIZLERDTNIET D72 THY, A=A NT U7 OF XM fE L7
BEROREIIE D2,

72, BAEED HARBIF~OEARGEZBEE TIThRWEA, BEOHREHE L TRASND
TeOHEEICHBEEZ KITT, LrLARRs, MEEMAOHAIZIT 7-10 HEA ©— 2 & LR 7284
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W, CEFERETIEEASTRTOMEZNEL TV LEESNTND,
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UbDZ b BURD 40 BV 7Y U ZITERERAAT ZA03H 0 40 Y 7Y v 7 OfE & K
WZEHR SN D FERAA, REREEICLEELZRFILTND B X LI,

There was a large discrepancy in SBT caught by Australian purse seine, in terms of age composition and
total catch amount, between Australia reported to CCSBT and estimation in the present study (mixed

normal distribution and age slicing in Case 2).

For the reason of the discrepancy, we considered that there was a large bias in the size sampling for fish
used for farming. Just before transport SBT to farm cages from a towing pen, so called 40 fish sampling
was conducted. If fish were caught not in random but chosen smaller fish, it cause merely apparent high

growth rate.
There might be other reasons as follows. We discuss further these.
(1) SBT in farmed condition grow much faster than wild fish,

(2) The assumed time period between harvested and imported were quite different with actual time

period,
(3) Harvest size data collected were small in number and not fully representative,
(4) Fish grow on a longer time in the pens than assumed, or

(5) The number of SBT farmed was not correct.

(1) Did SBT in farmed condition grow much faster than wild fish?

VB-K values corresponded with Australia reported catch was 0.51-0.81 which was that age-3 fish grow
1.88-2.25 times in weight within half a year. VB-K of wild fish was 0.22 which was that age-3 fish grow
1.47 times in weight in half a year. The estimated growth rate in body weight for half a year farmed
period based on CCSBT tag recapture data was 1.54 times, close to that of wild fish (Sakai et al.
CCSBT/ESC/0909/31). In the study for SBT growth by using the CCSBT tag recapture data, it was
assumed that “there is no evidence that growth in terms of length differs between farm and wild recaptures”
(Eveson CCSBT-ESC/1107/9) and the derived length-at-age from the study was used in the current stock

assessment in CCSBT.
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It is known that SBT has long longevity and late mature age among Thunnus species. In yellowfin tuna T.
albacares in the eastern Pacific which has short longevity, early mature age and grow rapidly, VB-K of
0.557-0.569 in different years were reported (Wild 1986). VB-K values were reported for albacore T.
alalunga in the north Pacific as 0.184 and in the south Pacific as 0.134 (Labelle et al. 1993, Wells et al.
2011) and for bigeye tuna T. obesus in the Atlantic as 0.180 (Hallier et al. 2005).

For Pacific bluefin tuna T. orientalis, more closely related species to SBT, VB-K of wild fish reported was
0.173 (Shimose et al. 2009), however, higher values of VB-K of farmed fish of this species were reported
as 0.250 in Amami-Oshima in Kagoshima Prefecture or 0.332 in Yaeyama in Okinawa Prefecture
(Masuma 2008). It was observed that the higher its water temperature was, the faster Pacific bluefin tuna
in captivity grow (Masuma et al. 2008). Water temperature of year round in Yaeyama was 20-31 °C and
Amami-Oshima was 20-28 °C, both of which would be higher temperature than wild fish experienced
because both places located in lower latitude area than Pacific bluefin tuna distributed. On the other
hand, growth of Pacific bluefin tuna in captive in Wakayama Prefecture, where have lower water
temperature, was not fast and growth in length was similar to that of wild fish (Masuma et al. 2008).
Thus, fish farmed in high water temperature would have grown fast and show high VB-K values.

However, water temperature in Port Lincoln was relatively low as 15-21 °C (Hayward et al. 2009).

Therefore, it is highly unlikely that SBT farmed fish attain VB-K several times as high as that of wild SBT

and higher than that of short live, early mature and fast grow tuna, such as yellowfin tuna.

(2) Was the assumed time period between harvested and imported quite different with actual time period?

The time period between harvested and imported was assumed 1-2 months in the present study. If actual
month imported were different with this, average body weight used was changed and then the number of
SBT imported to Japan was changed. However, it was only a slight change of raising factor to whole the

Auwstralian purse seine catch, and the total number of Australian purse seine catch was not changed.

If importer did not apply to Japanese government for their import until the next year, the fish would be
contaminated in next year and affect estimation. However, because import of frozen fish had clear
annual cycle with a peak around July-October and there is no incentive to keep the product not imported in

economic view point, such a case would be few.

(3) Was harvest size data collected small in number and not fully representative?

In the present study, size data were collected for 45-86 % individuals to the total harvested fish in fresh
product. It was 28-63 % in frozen product except 7 % in 2009. The number of size measured by year,

month and fate ranged from 3000 to 67 thousands. The number of size sample was substantial.

Quite small variance in the bootstrap resampling when rose from the harvest size data to all the imported
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fish suggest representativeness of the data, though any particular fish (in small number) might not have

sampled.

By the way, Australia pointed out that size of fish was quite different between freezer vessel and freezer

container among frozen product, there was little difference in the results even if both were distinguished.

(4) Did fish grow on a longer time in the pens than assumed?

In this study it was assumed SBT farmed less than one year. It appears that there was several SBT for
experiment for spawning and grow more than one year, it is considered that most fish was harvested after

half a year.

(5) Was the number of SBT farmed not correct?

The possibility of under reporting in number by Australian government would be low because Australia
claimed that 100% of fish transferred to farm cage were monitored and counted on video taken by the
AFMA-contracted monitoring company (Hobsbawn et al. CCSBT-CC/1110/SBT Fisheries — Australia)

and there were certain consistency to the number of SBT imported to Japan.

In conclusion, there is a large bias in the 40 fish sampling and it affects on the age composition and total

catch amount which calculated from the data of the 40 fish sampling.
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Table and Figure for the analysis 1
Table A1 Number of harvest size data. The number of individual by year, month and fresh/frozen
and the number of individuals both length and weight were obtained, and parameter valuess of a and b

of weight-length relationship.

Year Fresh/Frozen Month N_data N_data both length a b
and weight
2007 Fresh Apr 368 284 38.038 0.322
May 1,891 1,479 40.777 0.298
Jun 2,425 1,672 38.912 0.313
Jul 5,715 4,267 37.288 0.324
Aug 8,001 5,957 36.260 0.331
Sep 6,878 5,089 35.943 0.337
Oct 3,603 2,278 38.314 0.321
sub—total 28,881 21,026
Frozen Jul 36,273 8,040 37.670 0.322
Aug 67,274 21,976 35.492 0.341
Sep 42,552 25,038 36.763 0.335
sub—total 146,099 55,054
Total 174,980 76,080
Year Fresh/Frozen Month N_data N_data both length a b
and weight
2008 Fresh Feb 93 93 35.742 0.340
Mar 520 430 40.785 0.301
Apr 4,492 3,513 35.074 0.344
May 5,647 4,404 36.954 0.329
Jun 3,840 3,108 39.290 0.310
Jul 5,613 4,709 39.102 0.310
Aug 6,338 5,394 38.774 0.312
Sep 5,571 5,372 36.755 0.332
Oct 937 937 38.699 0.320
sub—total 33,051 27,960
Frozen Jul 31,053 20,340 40.187 0.305
Aug 30,248 8,933 37.528 0.328
sub—total 61,301 29,273
Total 94,352 57,233
Year Fresh/Frozen Month N_data N_data both length a b
and weight
2009 Fresh Mar 1,179 1,018 43.134 0.283
Apr 5,127 4,478 40.949 0.298
May 6,652 6,037 40.227 0.301
Jun 8,025 7,151 39.106 0.310
Jul 8,402 7,904 38.323 0.316
Aug 10,125 10,077 38.468 0.317
Sep 8,453 8,435 38.531 0.320
Oct 1,395 1,392 38.771 0.322
sub—total 49,358 46,492
Frozen Jul 5134 5122 37.411 0.324
Aug 7,351 7,350 37.167 0.327
sub-total 12,485 12,472
Total 61,843 58,964
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Year Fresh/Frozen Month N_data N_data both length a b
and weight
2010 Flesh Mar 659 260 38.612 0.319
Apr 2,807 631 37.022 0.333
May 4,315 2,079 37.895 0.327
Jun 3,306 871 36.955 0.330
Jul 6,629 2,202 38.524 0.317
Aug 7,350 1,677 39.946 0.309
Sep 5,039 238 41918 0.296
sub—total 30,105 7,958
Frozen Jun 1,189 1,185 39.431 0.312
Jul 39,455 27,155 38.043 0.319
Aug 18,255 13,650 37.560 0.326
sub-total 58,899 41,990
Total 89,004 49,948
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TableA2 Number of size measured in the harvest size data and the estimated number of fish imported

in Japan by year, month and fresh/frozen.

Year Month N_Fresh N_Frozen N_Fresh N_Frozen % Fresh % Frozen
measured measured imported imported measured measured

2007 4 368 1,651 22%
5 1,891 2,117 89%
6 2,425 2,496 97%

7 5,715 36,273 5,617 84,405 102% 43%

8 8,001 67,274 10,513 85,405 76% 79%

9 6,878 42,552 7,538 49,415 91% 86%

10 3,603 12,441 3,848 34,360 94% 36%

Total 28,881 158,540 33,779 253,586 86% 63%

187,421 287,364 65%

Year Month N_Fresh N_Frozen N_Fresh N_Frozen % Fresh % Frozen
measured measured imported imported measured measured

2008 2 93

3 520 462 113%
4 4,492 4,882 92%
5 5,647 7,046 80%
6 3,840 4,879 79%
7 5613 31,053 6,661 35,210 84% 88%
8 6,338 30,248 7,864 182,234 81% 17%
9 5,571 5,489 101%
10 937 1,590 59%

Total 32,958 61,301 38,874 217,444 85% 28%

94,259 256,318 37%

Year Month N_Fresh N_Frozen N_Fresh N_Frozen % Fresh % Frozen
measured measured imported imported measured measured

2009 3 1,179 1,521 78%
4 5,127 9,466 54%
5 6,652 15,790 42%
6 8,025 16,596 48%
7 8,402 5,134 25,420 98,268 33% 5%
8 10,125 7,351 24,448 72,496 41% 10%
9 8,453 14,589 58%
10 1,395 1,913 73%
Total 49,358 12,485 109,743 170,764 45% 7%
61,843 280,507 22%

Year Month N_Fresh N_Frozen N_Fresh N_Frozen % Fresh % Frozen
measured measured imported imported measured measured

2010 3 659 775 85%
4 2,807 4,296 65%
5 4,315 5,836 74%
6 3,306 1,189 7141 1,793 46% 66%
7 6,629 39,455 11,304 72,850 59% 54%
8 7,350 18,255 9,648 56,634 76% 32%
9 5,039 8,055 63%
10 1,773 0%
Total 30,105 58,899 48,829 131,278 62% 45%
89,004 180,107 49%
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Table A3 Estimated parameter values (x standard error) of the mixed normal distribution by year, month.fresh/frozen and freezer vessel or freezer container

for frozen product.

year FleshFroz Month  N_norm pN1 pN2 pN3 pN4 L_Mean_N1 L_Mean_N2 L_Mean_N3 L_Mean_N4 L_SD_N1 L_SD_N2 L_SD_N3 L_SD_N4

en dist
2007 2 4 2 68.6 =2.93% 31.4 *+2.93% 105.8 *=0.15cm 117.2 =0.48cm 3.2 +0.15cm 4.1 =£0.49cm
2007 2 5 3 7.8 +=0.75% 689 *+=1.20% 234 *=1.41% 93.3 =0.49cm 105.9 *+0.05cm 118.0 +0.24cm 40 £052cm 3.3 +0.06cm 4.5 *£0.24cm
2007 2 6 4 122 +439% 619 =357% 243 =128% 1.6 =580% 98.0 =3.19cm 106.8 =0.05cm 119.0 +=0.24cm  133.2 £0.52cm 7.4 =2.09cm 3.0 +=0.08cm 4.6 +0.23cm 1.6 =051cm
2007 2 7 3 85 *+0.83% 500 +1.35% 415 +=1.59% 92.0 =0.49cm 106.4 =0.10cm 120.6 +0.14cm 40 £051cm 4.2 +=0.13cm 4.5 *=0.14cm
2007 2 8 3 85 +0.68% 508 *=1.38% 40.7 =1.54% 91.2 £0.34cm 1054 *=0.11cm 120.7 £0.21cm 3.3 £0.34cm 4.3 £0.12cm 5.6 =0.21cm
2007 2 9 4 1.5 £0.40% 499 +=1.02% 414 £221% 7.2 £2.46% 914 +£0.83cm 1058 =0.09cm 120.1 £0.18cm  133.2 =1.10cm 2.4 *+0.83cm 4.1 =0.09cm 4.9 *£0.27cm 4.6 =0.84cm
2007 2 10 4 23 +=0.76% 542 =1.52% 36.0 =5.63% 7.5 *=5.88% 933 *£1.24cm 1054 =0.08cm 122.1 £0.85cm 1336 *1.61cm 3.2 *=127cm 3.7 =0.10cm 6.3 £0.90cm 4.1 =1.03cm
2007 3 7 4 94 +0.76% 549 +=1.08% 33.1 =1.20% 2.7 =1.78% 93.3 £0.37cm 106.2 =0.07cm 119.7 £0.12cm 1324 *=1.36cm 3.8 =0.38cm 3.8 =0.09cm 4.1 =0.18cm 3.7 *=1.34cm
2007 3 8 3 6.6 =1.23% 53.0 *=1.88% 404 *+2.24% 93.1 +£0.90cm 106.4 *=0.12cm 120.0 +=0.14cm 41 £0.86cm 4.3 +0.17cm 4.1 £0.14cm
2007 3 9 4 35 *+0.33% 38.7 £0.66% 505 *=1.22% 7.3 £1.43% 93.3 =£0.27cm 107.2 =0.08cm 120.7 +=0.06cm  131.8 =0.72cm 2.5 *0.27cm 4.7 =0.10cm 3.7 £0.07cm 4.6 *=0.60cm
2007 4 7 4 1.8 £031% 62.1 £0.71% 31.1 £1.20% 5.0 +=1.43% 90.2 £0.72¢cm 107.0 =0.05cm 119.1 £0.10cm  130.7 £0.86cm 3.1 £0.71cm 4.2 =0.05cm 3.7 £0.13cm 4.4 *£0.76cm
2007 4 8 4 59 +0.33% 59.1 =051% 30.3 =0.72% 4.7 £0.94% 90.0 £0.22cm 104.7 =0.04cm 1200 £0.08cm  132.6 *=0.56cm 3.2 £0.22cm 4.5 =0.05cm 4.1 £0.11cm 4.0 =0.54cm
2007 4 9 3 11.9 =0.44% 524 £093% 35.7 =1.03% 915 *£0.18cm 105.8 =0.06cm 119.2 +=0.13cm 3.8 =0.18cm 4.1 £0.07cm 4.9 =0.12cm
2007 4 10 3 53 +082% 486 =147% 46.1 =1.68% 92.7 £0.74cm 106.9 =0.11cm 120.9 *=0.13cm 3.9 =0.74cm 4.5 *=0.16cm 4.5 +0.12cm
2008 2 3 1 101.4 +£1.92% 106.0 +0.10cm 45 *+0.10cm
2008 2 4 2 39 *+0.93% 96.1 +=0.93% 852 =1.07cm 103.9 =0.09cm 3.3 £1.05cm 5.3 +0.08cm
2008 2 5 2 90.5 £1.31% 9.5 =1.31% 105.0 +=0.08cm 116.7 =0.47cm 44 +£0.08cm 3.2 £0.44cm
2008 2 6 3 7.3 =1.36% 742 =468% 184 =4.87% 944 £1.05cm 106.1 =0.15cm 114.2 *=0.79cm 45 +093cm 3.4 *£0.14cm 3.6 =0.45cm
2008 2 7 4 10.1 =3.13% 415 *£7.11% 402 +6.46% 8.2 =10.10% 973 £1.72cm 106.1 =0.19cm 1143 *+0.58cm  130.2 =1.92cm 4.9 *=1.10cm 3.2 =021cm 4.7 =054cm 6.8 =1.54cm
2008 2 8 4 10.1 =1.07% 50.7 =2.40% 30.0 £3.09% 9.2 +=4.06% 949 *+0.52cm 106.7 =0.11cm 116.6 *=0.18cm  127.6 =1.43cm 4.2 *+043cm 3.8 *=0.16cm 3.6 *=0.23cm 5.8 *=1.04cm
2008 2 9 2 36.0 =3.73% 64.0 =3.73% 106.3 =0.25cm 116.5 *=0.38cm 3.8 +£0.18cm 5.6 =0.26cm
2008 2 10 2 245 +548% 755 +548% 106.1 =0.56cm 115.2 =0.40cm 3.5 *+0.36cm 4.8 =0.27cm
2008 3 7 4 10.7 =7.88% 67.6 =14.64% 18.6 =14.63% 3.1 £22.14% 96.8 £3.86cm 106.3 =0.35cm 1148 *=1.54cm 126.1 =18.71cm 4.5 *£2.76cm 3.2 =0.45cm 3.5 *=1.79cm 6.0 =14.00cm
2008 3 8 4 15.6 =2.80% 38.2 £5.92% 453 *£5.06% 0.9 +=827% 954 £1.19¢cm 1055 =0.18cm 114.7 £0.65cm  131.3 £3.33cm 5.5 £0.95cm 3.1 =0.21cm 55 *=0.54cm 3.1 £3.32cm
2008 4 8 3 226 =1.41% 452 +2.13% 322 +=2.56% 96.1 £0.36cm 105.1 =0.07cm 114.3 *=0.19cm 48 £0.26cm 3.1 =0.08cm 4.4 *=0.14cm
2009 2 3 2 373 £7.77% 627 £7.77% 1051 =£1.02cm 112.8 =0.27cm 45 *+0.56cm 3.4 +0.14cm
2009 2 4 2 295 +1.58% 70.5 +=1.58% 1042 £0.17cm 113.6 %=0.10cm 3.3 £0.13cm 3.9 =0.08cm
2009 2 5 2 39.2 £3.11% 60.8 £3.11% 106.8 £0.39cm 1159 *0.16cm 4.4 £0.25cm 3.7 =0.10cm
2009 2 6 3 6.1 =1.02% 282 *=251% 65.7 £2.71% 96.1 £0.93cm 107.6 =0.19cm 116.6 *=0.15cm 44 £091cm 3.1 =0.19cm 4.1 *=0.11cm
2009 2 7 3 13.1 =1.54% 145 £236% 72.3 +2.82% 94.6 £0.79cm 105.8 =0.30cm 116.6 *=0.13cm 54 +=0.70cm 3.2 £0.33¢cm 5.0 =0.11cm
2009 2 8 3 202 +£293% 382 +6.81% 41.6 =7.42% 943 +0.59cm 1053 =0.36cm 116.5 *=0.58¢cm 4.1 +0.34cm 4.6 =0.57cm 5.1 *=0.31cm
2009 2 9 4 18.7 =0.90% 29.5 +=3.98% 46.7 =12.73% 5.1 =13.37% 942 +0.19cm 1040 =0.16cm 1141 £0.73cm 1255 *947cm 3.4 *=0.18cm 3.0 =0.19cm 5.3 *=1.00cm 54 *4.06cm
2009 2 10 3 31.8 =0.90% 565 *=1.25% 11.7 +=1.54% 956 *+0.13cm 105.6 =0.05cm 116.2 +0.32cm 3.6 =£0.13cm 2.9 +=0.06cm 3.6 =0.32cm
2009 3 7 3 27.7 =10.77% 33.7 =19.65% 38.6 =22.41% 97.9 =1.11cm 107.7 =1.26cm 118.5 *=1.07cm 3.1 £0.79cm 4.2 *=247cm 3.6 £0.77cm
2009 3 8 3 11.0 =2.29% 45.7 £8.21% 43.2 £8.52% 93.8 £0.45cm 104.7 =0.64cm 116.4 £0.90cm 2.0 £045cm 4.1 £0.66cm 4.6 =0.71cm
2009 4 7 3 36.7 =1.03% 27.1 +2.44% 36.2 +=2.65% 93.2 +£0.10cm 104.7 £0.27cm 116.6 +0.33cm 28 +0.10cm 3.6 =£0.31cm 4.7 +=0.31cm
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Table A4  Estimated age composition in Japanese imported fish.

Year Case Age2 Age3 Aged Ageb
2007 6.8% 51.1% 39.5% 2.6%
2008 Base 11.6% 85.7% 1.6% 1.2%
Higher age 11.6% 48.0% 39.2% 1.2%
Lower age 13.3% 83.9% 1.6% 1.2%
2009 18.4% 34.4% 47.0% 0.3%

Table A5 Estimated total amount by year for Japanese imported fish (J) and total Australian purse

seine catch (A) in median and 5 and 95 percentile.

2007 Item N_Age2 N_Age3 N_Age4 N_Ageb N_total GT_caught
JMedian 17,110 129,161 100,030 6,698 252,999 5,759

J5% 17,401 129,115 99,758 6,725 252,999 5,755

J95% 17,306 128,356 100,537 6,800 252,999 5,763

AMedian 24,572 185,490 143,655 9,619 363,336 8,271

A5% 24,990 185,424 143,264 9,658 363,336 8,264

A95% 24,853 184,334 144,383 9,766 363,336 8,277

2008 Item N_Age2 N_Age3 N_Age4 N_Ageb N_total GT_caught
Base JMedian 37,553 278,227 5,235 3,739 324,754 4,861
J5% 37,883 277,924 5,256 3,692 324,754 4,859

J95% 37,367 278,328 5,164 3,895 324,754 4,864

AMedian 29,851 122,954 100,555 2,954 256,314 6,159

A5% 29,923 123,462 99,883 3,046 256,314 6,156

A95% 29,553 123,005 100,803 2,953 256,314 6,163

Higher age  JMedian 29,851 122,954 100,555 2,954 256,314 5,659
J5% 29,923 123,462 99,883 3,046 256,314 5,654

J95% 29,553 123,005 100,803 2,953 256,314 5,663

AMedian 37,822 155,785 127,405 3,743 324,754 7,170

A5% 37,913 156,428 126,553 3,859 324,754 7,164

A95% 37,444 155,849 127,719 3,741 324,754 7175

Lower age  JMedian 34,116 215,122 4,078 2,998 256,314 4,824
J5% 34,565 214,593 4,133 3,023 256,314 4,821

J95% 34,076 214,993 4,121 3,124 256,314 4827

AMedian 43,226 272,563 5,167 3,799 324,754 6,112

A5% 43,794 271,893 5,237 3,830 324,754 6,109

A95% 43,175 272,400 5,221 3,958 324,754 6,116

2009 Item N_Age2 N_Age3 N_Age4d N_Ageb N_total GT_caught
JMedian 51,536 96,414 131,797 755 280,502 6,173

J5% 51,929 96,263 131,560 750 280,502 6,168

J95% 51,568 95,713 132,497 724 280,502 6,178

AMedian 56,338 105,398 144,078 825 306,640 6,749

A5% 56,768 105,233 143,819 820 306,640 6,743

A95% 56,373 104,632 144,843 791 306,640 6,754
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Table and Figure for the analysis 2

Table B1 Fork length and body weight in six months by assumed case.

Item Case Unit Agel Age?2 Age3 Aged Ageb Ageb
Fork length at farm start in Casel(wild) omFL 50.7 80.1 97.7 110.7 1216 1309
Feb
Case2 cmFL 53.2 81.6 98.8 111.6 1224 1316
Case3 2007 cmFL 61.2 81.9 98.6 112.0 1227 1314
Case3 2008 cmFL 61.2 81.9 98.6 112.0 1227 1314
Case3 2009 cmFL 61.2 81.9 98.6 112.0 1227 1314
Case3 2010 cmFL 61.2 81.9 98.6 112.0 1227 1314
Fork length after 6 months Casel(wild) omFL 65.7 89.0 104.2 116.2 126.3 1348
farmed
Case2 cmFL 69.6 93.7 1071 1179 1289 1382
Case3 2007 cmFL 92.7 107.2 118.9 128.3 1358 1419
Case3 2008 cmFL 85.0 1011 114.0 124.3 1326 1393
Case3 2009 cmFL 89.3 104.5 116.7 126.6 1344 1408
Case3 2010 cmFL 96.2 110.1 121.2 130.1 137.3 1431
Growth in 6 months Casel(wild) times 1.296 1.111 1.067 1.050 1.039 1.030
Case2 times 1.309 1.148 1.083 1.057 1.053 1.050
Case3 2007 times 1.514 1.308 1.206 1.146 1.107 1.080
Case3 2008 times 1.389 1.234 1.156 1.110 1.081 1.061
Case3 2009 times 1.459 1.276 1.184 1.130 1.096 1.072
Case3 2010  times 1.572 1.343 1.229 1.162 1.119  1.089
Whole weight at farm start in  Casel(wild) kg 2.8 10.7 19.0 27.2 35.8 444
Feb
Case2 kg 32 11.2 19.6 27.9 36.5 45.0
Case3 2007 kg 4.9 114 19.5 28.2 36.8 448
Case3 2008 kg 4.9 11.4 19.5 28.2 36.8 448
Case3 2009 kg 4.9 114 19.5 28.2 36.8 448
Case3 2010 kg 4.9 114 19.5 28.2 36.8 448
Whole weight after 6 months Casel(wild) kg 14 17.5 27.8 38.5 49.6 60.4
farmed in Aug
Case2 kg 8.7 20.3 30.1 40.3 52.7 65.1
Case3 2007 kg 19.7 30.3 413 52.0 61.8 70.6
Case3 2008 kg 15.3 254 36.4 473 57.5 66.8
Case3 2009 kg 17.7 28.1 39.1 499 59.9 68.9
Case3 2010 kg 22.0 32.7 438 54.3 63.9 72.4
Growth in 6 months Casel(wild) times 2.644 1.641 1.467 1.414 1.384 1.362
Case2 times 2.688 1.807 1.538 1.444 1445 1445
Case3 2007 times 4.032 2.662 2122 1.845 1.681 1576
Case3 2008 times 3.139 2.233 1.868 1.677 1.564 1.491
Case3 2009 times 3.624 2.469 2.009 1.77 1.629 1.538
Case3 2010  times 4503 2.880 2.248 1.926 1.737 1.616
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Table B2 Estimated age composition by year and case in Japanese imported fish.
Case Year Agel Age?2 Age3 Aged Ageb Ageb
Casel 2007 0.07% 10.22% 47.64% 31.20% 8.59% 2.29%
2008 0.04% 14.57% 59.20% 23.32% 2.37% 0.49%
2009 0.26% 19.04% 37.18% 37.25% 5.47% 0.79%
2010 0.01% 2.60% 27.99% 46.42% 19.33% 3.64%
Case? 2007 0.04% 12.64% 45.94% 33.47% 6.49% 1.42%
2008 0.02% 16.52% 58.39% 22.97% 1.80% 0.30%
2009 0.19% 20.70% 37.04% 37.59% 3.96% 0.52%
2010 0.01% 2.96% 28.78% 49.83% 16.13% 2.30%
Case3 2007 13.58% 44.22% 31.00% 8.21% 1.79% 0.59%
2008 4.58% 43.55% 43.47% 1.27% 0.90% 0.23%
2009 10.06% 36.13% 38.31% 13.87% 1.23% 0.33%
2010 3.59% 31.36% 44.45% 16.37% 3.36% 0.79%
Case Year Agel Age2 Age3 Aged Ageb Ageb
Aust Rep 2007 11.19% 56.50% 30.03% 2.05% 0.24% 0.00%
2008 3.31% 39.95% 53.28% 3.35% 0.06% 0.05%
2009 23.29% 67.98% 8.71% 0.02% 0.00% 0.00%
2010 0.13% 22.69% 61.20% 14.60% 1.38% 0.00%
Table B3 Estimated total amount by year and case for Australian purse seine catch.
Year Casel Case?2 Case3 Aust. Report
2007 8,486 8,273 5,340 5,342
2008 6,767 6,659 5,205 5,211
2009 6,805 6,675 5,021 5,022
2010 5,822 5,689 3,928 3,935
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Fig. B4 (Continued, for fresh fish in 2010)
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Fig. B4 (Continued, for frozen fish in 2010)
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Fig. B5 Age compositions estimated by the age slicing method.
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Fig. B6 Estimated total catch of Australian purse seine by the age slicing method.
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