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Summary

Age composition of southern bluefin tuna (SBT) caught by used Australian purse seine fisheries for
farming was estimated based on size data at harvest in 2007. Fresh and frozen SBT were analyzed
separately because of the possibility of difference in size between them. The analysis of frozen SBT was
disaggregated further by dividing into two classes of markets/fates: frozen fish from freezer vessels and
frozen fish from freezer containers. \We carried out the age decomposition based on the length frequencies
using the framework of a mixture of normal distributions and analysing each month independently. Age
compositions were estimated as 6% for age 2, 54% for age 3, 38% for age 4 and 3% for age 5. The total
catch of the Australian purse seine fisheries in the 2007 fishing season was estimated as 7,891 tons. This
figure (7891 ton) is 48% larger than Australian reported purse seine catch (5342 ton). The
age-composition estimated in this analysis should replace the current adjustments made in age composition
for historical data and be used in the stock assessment by the Extended Scientific Committee. Urgent

examination of the bias in the 40 fish sampling, which is used by Australia to prepare its reported PS catch,
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and improvement of the method to obtain the age composition and amount caught by the Australian surface

fishery is required.
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#= Introduction

R R, R E R CCSBT (21T 2 EIRAEICI W THERER TH D, ABFFIE
SN T DR RRCEHEE L . IR OV A XET — F TSN THEET 2,
AFATRE Rk 2008 4F ESC THiER L7z (CCSBT-ESC/0809/39) 78, F— 4N & LITBMEN
T2 & EfEE MEUERS, IR T TR X T D MEMEN R SN2 Z LD FEMT A
FhE LT,

Accurate data on catch-at-age by number as well as the total catch in weight are essential for stock
assessment and management of southern bluefin tuna (SBT) in the CCSBT. In this document, we
present estimates of the catch-at-age and the total catch of Australian surface fishery for SBT farming
based on size data at harvest. While we have previously presented results of analysis of this issue at
the ESC 13" in 2008 (Itoh and Sakamoto, 2008: CCSBT-ESC/0809/39), we have carried out this
follow-up analysis because additional individual size data on farmed SBT are now available, and also
because concern was expressed at the ESC 13" meeting that reliable results might require separate
analyses for different classes of markets/fates of SBT, namely fresh fish, frozen fish from freezer

vessels and frozen fish from freezer containers.

#BEE FE  Materials and Methods
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FL=a,xPW" (1)
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SHIZIZ R (Version 2.8.1 for Windows) % U 7=,

The Ministry of Agriculture, Forestry and Fisheries of Japan requested importers to submit data on
the length and weight at harvest for farmed SBT which was imported to Japan after May 2007. The
data on farmed SBT imported to Japan in 2007, which were collected from May 2007 to March 2009

were used for the analysis. A total of 187,632 individual records were analyzed after removing
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several anomalous records among the collected data (Table 1). The number of individual records

was increased by 11% from the previous analysis (Itoh and Sakamoto, 2008).

Among the 187,632 records, 76,288 individual records which have both length and weight data.
Based on these 76,288 records, parameters for a 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" Ea1)

where FL is fork length in cm, PW is processed weight (gilled and gutted with tail) in kg, and «; and
b; are parameters by month to be estimated. Because the fatness index (PW/FL’) differed
significantly by month (F = 971, p < 0.01), the weight-length relationships were estimated by month
(Table 2, Fig. 1).

Weight values were converted to length by using the monthly weight-length relationships. Next
length frequencies by one centimeter bin by month and by classes of markets/fates (fresh fish, frozen
fish for freezer vessels and frozen fish for freezer containers) were produced (Fig 2). From two to
four normal distributions were used to decompose the length frequency by Eg-2. The largest
dimension considered for the parameter vector @ (uy, us, wy s 62,03, 64 05, ks, ks, k,) was 11. This
vector includes the mean, standard deviation and relative strength of each normal distribution;
estimates of these values were obtained by the non-linear least squares method with the
Gauss-Newton algorithm applied to minimize the sum of squares. Because k; for the maximum age
can be calculated from iki =1 (e.g. ky=I-k; -k;3), this allows the number of parameters to be
i=2
estimated to 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.g. 1 »<u3<ua, 0 4<6)waschosen.

2
max L n 1 (X—/J )2
SSO = H -k, ——exp| -~ ‘£el (Eq-2)
x=%:‘u ; \2ro? ( 207,

where,

x: Length class of one centimeter bin,

minL: Class of the minimum length,

maxL: Class of the maximum length,

H,: Frequency in length class of x cm,

n: Number of age classes among 2, 3, and 4.

The estimation was then expanded from samples for which size was measured to all of the farmed
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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 (Eg-3). Because there may be some time difference between the month of harvest and the
month of import for frozen fish, it was assumed that frozen fish were imported 1.5 months after
harvest (note that frozen fish harvest began in July and frozen fish imports began in August 2007).
All SBT imported in August were assumed to have been harvested in July, and all SBT imported in
December were assumed to have been harvested in October); in contrast for fresh fish it was

assumed that there was no difference between the month of harvest and that of importation.

1
n,=Wx— (Eqg-3 for fresh SBT)

i1
1
n,=(05xW,, ,+05xW,,,)x i (Eg-3 for frozen SBT)
i,2
where
n; - Number of SBT imported in harvest month i of fresh/frozen state ,
W, . Weight of SBT imported in month ; of fresh/frozen state & (kg),
A; . Average body processed weight of SBT in harvest month i of fresh/frozen state & based on

harvest data (kg).

Confidence intervals for estimates of age composition (by number) of SBT imported to Japan were
calculated by applying a bootstrap approach (1000 resamples) (Eq 4). Age compositions of frozen
SBT were weighted by number of fish measured for freezer vessels and for freezer containers. The
weight of imported SBT at the time of purse seine catch was calculated (Eq 5). As transfer from
towing pens to farming cages was most frequent in February in the individual size data used in this
analysis, length as of 1st 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 for 1
February was converted to body weight using the length-weight relationship for wild fish in southern
Australia (Robins 1963).

2

=

0

n
n, = sample(m, , xk, 1, ) x5 (Ea-4)
k=1 i=4
oy
2
5
Wimport = zna x Ax FLi,Z (Eq-S)
a=2
where,

n . Number of SBT in age «imported to Japan,
Wimpors. TOtal weight of whole SBT imported to Japan,

m; ;. Number of fish measured in harvest month i of fresh/frozen state £,
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n; . Number of SBT imported in harvest month ; of fresh/frozen state £, as estimated using Eq-3,
k. Proportion of number of age @ SBT in harvest month i of fresh/frozen state %, estimated by
minimising Eq-2,

ngy: Total number of SBT imported to Japan from Australia.  This adjusts the total number of SBT
harvested by including a correction for SBT harvested in February when the age composition
was not estimated due to the small number of SBT harvested,

FL , ;: Length at month of catch i of age a SBT (cm),

A,B: Parameters of length-weight relationship of Whole weight=A x Forlk length®,

sample(x,y). resample y individual data from sample size of x.

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

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

N
N,=n,x 5 all (Eg-6)
2 M,
a=2
N
PSW =W, 0 x5 (Eg-7)
2N
a=2
where

N ,: Total number of age « SBT caught by Australian purse seine,

PSW: Weight of Australian purse seine catch (kg),

N, Total number of SBT caught by Australia between November 2006 and April 2007 (363,336
individuals). This includes SBT not imported to Japan, i.e. died during farming or exported to

other countries, such as U.S.A and EU.

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

R L 22 Results and Discussion

BREIERCIE SN A XT =2 X4 A5 10 HE T AR BEHAZXS L TH 4 ALk
1% 1800 fA{ALL Fd v . A AR~O®HEARE D 30%LL & B S— L TW= (Table 3), 4 A5 10
A OAEFHI® U CIRAEREA D 73%, HmEA D 58%, £IKD 60%% 71 /3— LTz,

2007 4= 4 A6 10 H oEfiffa L | mEGERImO MG, B a7 T OB EA TRy Lz
ETOREHEIL, 2710 4 HOERSMICHfEST (Fig2, Table 4), 777 T, Kb
BAEBRDMIIAEHEEICES 74 v FLTWVWAZ ERXG1 5D, KE 130cm LL_EIZ W TIZIES
IAGVANR—=TE TN L H D . ZHITb T A XRLEM OB/ INEEIZ DR D,
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ERAT ONEEEIL. AREA 92cm, £ 106em, #J 120cm, #J 130cm (2R & 417z, By A M O F i
AR EHET DL ZNHD 25%, 3k, 4k, SMUCHNS T2 0305, 4 A6 8 A
TIEEAEROERIIAR L b IEFOMOPIEDIT O BREV, ZOBHBHO—DTEE R
EHZDNDERMTIIMEN R WO THAH, BIOBHBAITANKREZERNIF LD TH
0, AFIERTHIEHREZEZETNE 10 HOKREICIEE-6 AICZELTWETHAI, £9
ThiUuX, ERSMOEBETSFEHRORE L B —HKT 5,

YA XTF—=Z DA N—=FNEPo T2 Z LR BONT 3 ik b < 4 AN K LV I EEN
EfE /R, HICBEDL TR Ch 722 &b, 77— AT v 7 THEE LIoRHER (BAA~
O a2 O dn R X OB R ERICER T 20 /NS o T, mEER T & R
2T & RO A OFRITT A, 8 HIZIZL A LR LT, 9 AICETOEVDR R LN
12T Tholz, DTz, WmEBMAOR N & msE i & m ok = > 7 IS XS LT RERICIE
A ERBE RIES IpoT,

NI, £ EMIC K D FEmmHIRE R, EEENRE S TW\Wd, 2006 4F 11-12 H i
M8 S AUTZ T 2007 RO 1 kil OIS E O, ARFRHTIC X 2 FEHE (2 5% 6%, 3 kA 54%.
4 7% F 38%, 5k 3%) & NG OFEILAL (2 A% fR 41%. 3 #%fh 55%. 4 m%fh 4%) LiE. 4
it/ WHIC LDV A ROENEEZELIEE L THLREREBVIENDSH D (Table 5, Fig. 3), CCSBT
BHEZRESE, BUESA L QO 2L ORI TIX/e < ARMHTIC & 212 X B 4FEILEKZ v
THEIEFM 21T 5 RETH D,

F 72 2007 RO F X OWER LSNP ET 5 5,342 FATx LT, AH#EETIX 7,891
vERI ST,

D OFELER., BEEOREERIIEFRHEECICRERAAL T A2 L2067 H0OTHD, A
HEBN O A MR EZ BT A OIZZINAHNTWS 40 BH 7V o 7oL T AT
FARKEEL | ZNEEMEAEIC LD RERE ROV A SHB AR T 2 HIEOWENLETH 5,

The size data collected and used in this analysis covered 60% of farmed SBT imported to Japan from
Australia in 2007 (Table 3). The number of size records exceeded 1800 individuals in all months
between May and October for fresh SBT and frozen SBT. The proportions of fish which were
individually measured for size amongst all imported fish were 73% for fresh fish and 58% for frozen
fish.

All of the monthly length frequencies between April and October 2007 were decomposed into
between two to four normal distributions for each of fresh SBT, frozen SBT from freezer vessels and
frozen SBT from freezer containers (Table 4 and Fig. 2). The mixtures of normal distributions
fitted the length frequency distributions well. (see Fig 2).. No normal distribution was 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 SBT in July in Fig. 2a and frozen fish from freezer containers in October in Fig.

2¢). This leads to a slight underestimation of the age composition for higher ages.
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The mean values of the normal distributions fitted were around 92 cm FL, 106 cm FL, 120 cm FL
and 130 cm FL. Comparison to the length-at-age of wild fish suggests that these groups
corresponded to age 2, age 3 age 4 and age 5, respectively. However, the mean values between
April and August were larger than the length-at-age of wild fish. One of the reasons of this is rapid
growth of farmed fish with plentiful food provided in the farming. Another reason is that growth of
SBT in temperate water changes by season, not linearly as assumed in the above. By taking
account of slow growth in winter, the length of wild fish in October would have been reached by
farmed fish around May or June. If this is the case, the mean values of the normal distributions

correspond well to the length-at-age of wild fish.

Variances of estimated number of fish by age and estimated total weight of the all SBT imported to
Japan obtained from bootstrapping were small. This is due to the facts that coverage of the size
data was high and that age compositions (for which age 3 was most dominant, followed by age 4)
were similar in all months for both fresh and frozen SBT. Age compositions of frozen SBT from
freezer vessels and those from freezer containers were quite similar to each other in July and August
though slightly different in September. In these two classes of markets/fates (frozen SBT for
freezer vessels and freezer containers), age 3 fish and age 4 fish were dominant (Fig 2b and 2c).
Furthermore, analysis of farmed SBT taking into account three classes of markets/fates (fresh fish,
frozen fish for freezer vessels and frozen fish for freezer containers) and analysis of farmed SBT
without taking into account the classification, as conducted in CCSBT-ESC/0809/39, reached the
same broad result, which was that age 3 fish and age 4 fish were dominant amongst the farmed SBT

(purse seine catch) in 2007.

Catch by age and the total amount of catch by purse seine have been reported by Australia. SBT
caught in November and December 2006 are included as fish one year older in 2007 so that they
were treated as the same cohort. There is quite a large difference between estimated age
composition obtained in the present study (6 % in age2, 54 % in age 3, 38 % in age 4 and 3% in age
5) and the reported age compositions (41 % in age2, 55 % in age 3 and 4 % in age 4) by Australia
(Table 5, Fig. 3), even after having considered the size difference between fresh SBT and frozen SBT.
The estimated age-composition should replace the adjustments made in age composition for

historical data and be used in the stock assessment by the Extended Scientific Committee.

Australia reported that the total amount of Australian purse seine catch in the 2007 fishing season
was 5,342 tons. However, the total amount estimated in the present study is 7,891 tons, which is

1.5 times larger than the reported catch (Table 5).

Uncertainties of age compositions and total amount of catch give rise to difficulties in the stock
assessment of SBT within the CCSBT. Urgent examination of bias in the 40 fish sampling, which
is used by Australia to prepare its reported catch and size compositions, and improvement of method

to obtain the age composition and amount caught by the Australian surface fishery is required.

10
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Table 1. Number of collected size data by month for Australian farmed SBT harvested and
imported to Japan in 2007
2007 FFEICINE SN H ARICHA SN FINEE I T I~ m DAY A X7 — 2%

Month of N_collected N_collected N_Length &
harvest and anomalous ~ Weight
data removed obtained

2 182 182 182
4 368 368 284
5 1,891 1,891 1,479
6 2,425 2,425 1,672
7 42,004 41,988 12,307
8 75,313 75,278 27,933
9 49,452 49,430 30,127
10 16,045 16,044 2,278
12 26 26 26
Total 187,706 187,632 76,288

Table 2. Parameters for conversion from processed weight to fork length by month of

Australian farmed SBT harvested in 2007

2007 FRICINFES N FE I T I~ 7 n O ARIOKRRKEREGR T A —Z i

Month N a b
4 284 38.038 0.322
5 1,479 40.777 0.298
6 1,672 38.912 0.313
7 12,307 37.641 0.321
8 27,933 35.902 0.337
9 30,127 36.792 0.334
10 2,278 38.314 0.321

12
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Table 3. Number of weight data collected, estimated number of farmed SBT imported to Japan and their proportion by month of harvest for
Australian farmed SBT in 2007
2007 FEDOEE I F I~ 7 m OUHEA BIORERIE R & HARSOERAJREHEEM, R EREEEER S

Harvest Number of weight data collected (A) Estimated number of farmed SBT Proportion (=A/B)
month imported in Japan (B)
Fresh Frozen  Frozen(Freezer Total Fresh Frozen Total Fresh Frozen Total
vessels/Contain
er)
4 368 368 1,932 1,932 19% 19%
5 1,891 1,891 2,437 2,437 78% 78%
6 2,425 2,425 2,901 2,901 84% 84%
7 5,715 36,273  (15451/20822) 41,988 6,505 78,236 84,741 88% 46% 50%
8 8,001 67,274  (35121/32153) 75,275 12,419 91,444 103,863 64% 74% 72%
9 6,878 42,552  (18890/23662) 49,430 8,755 61,775 70,530 79% 69% 70%
10 3,603 12,441 ( 112441) 16,044 4,508 39,987 44,495 80% 31% 36%
Total 28,881 158,540  (69462/89078) 187,421 39,456 271,442 310,898 73% 58% 60%

13
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Table 4. Estimated mean length, standard deviation and mixing rate (with S.E.) for age 2-5 in the normal mixture distribution in each month for
Australian farmed SBT harvested in 2007
RERORETEE (HIEHERE)

2007 TN SN2 ZINE R I T I~ 7 O ARORGIERSAMIZIT S 2-5 mAOFEE R R, FEERE.

Fresh/Frozen Month N norm dist L Mean Age2 L Mean_Age3 L Mean_Age4 L Mean Ageb L SD Age2 L SD Age3 L SD Aged L SD _Ageb
Fresh 4 2 105.8 =0.13cm 117.4 =0.39cm 3.31 =0.13cm 3.98 =0.0cm
Fresh 5 3 91.9 =0.58cm 105.8 =0.06cm 119.3 =0.26cm 454 £00cm 3.64 =0.07cm 4.99 =0.26cm
Fresh 6 4 96.7 =2.72cm  106.7 =0.05cm 119.6 #0.22cm 134.6 £0.62cm 7.41 =1.93cm 3.16 =0.07cm 4.88 £=0.25cm 1.86 *0.62cm
Fresh 7 3 91.7 =0.48cm 106.6 =0.11cm 121.1 =0.15¢cm 3.94 =0.49cm 4.37 =£0.14cm 4.66 =0.15cm
Fresh 8 3 92.1 =0.36cm 106.5 =0.11cm 121.9 +=0.22cm 3.49 =0.37cm 4.28 =0.13cm 5.76 =0.22cm
Fresh 9 4 929 +=0.84cm 107.1 =0.09cm 121.6 =0.15cm 1354 *+0.87cm 242 +=0.84cm 4.07 =0.09cm 5.24 +=0.26cm 4.13 =0.72cm
Fresh 10 4 924 =1.25cm 105.1 =0.00cm 1224 +=1.02cm 1344 £193cm 293 *=1.28cm 3.83 =0.11cm 6.52 =1.07cm 4.32 *=1.23cm
Freezer vessel 7 4 92.5 =£0.35cm 1059 *=0.07cm 119.9 =£0.13cm 133.2 =1.07cm 3.53 =0.36cm 3.99 =0.00cm 4.24 =0.17cm 3.21 =1.09cm
Freezer vessel 8 3 925 =0.45¢cm  106.1 =0.00cm 119.4 =0.12cm 2.84 =0.45cm 4.35 =0.12cm 3.97 £0.12cm
Freezer vessel 9 4 93.3 =0.25cm  106.8 =0.08cm 120.2 #=0.07cm 130.9 =0.81cm 2.31 *=0.25cm 4.0 =0.00cm 3.57 =0.07cm 4.72 *=0.64cm
Freezer vessel 10
Freezer containers 7 4 89.6 =0.00cm 106.8 =0.06cm 119.2 £0.00cm 131.6 =0.71cm 3.27 =0.0cm 4.27 =0.06cm 391 =0.14cm 4.05 =0.67cm
Freezer containers 8 4 90.3 =0.27cm  104.5 =0.05cm 119.3 =0.00cm 131.7 =0.68cm 3.05 =0.28cm 4.0 =0.06cm 4.01 =0.14cm 3.0 =0.67cm
Freezer containers 9 3 915 =£0.19cm 1055 =0.07cm 118.7 =0.14cm 3.75 =0.19cm 4.01 =0.08cm 4.92 £0.13cm
Freezer containers 10 3 92.4 =0.55cm _ 106.5 +=0.09cm 120.4 +0.00cm 3.52 =0.55cm 4.39 +0.12cm _4.36 +0.00cm
Fresh/Frozen Month N_norm_dist %Age2 %Age3 %Aged %Aged
Fresh 4 2 69.0 =2.00% 31.0 =2.00%
Fresh 5 3 79 £0.79% 68.8 =1.22% 23.2 *=1.45%
Fresh 6 4 11.2 =3.00% 62.7 =3.06% 245 +=1.03% 1.6 =4.41%
Fresh 7 3 8.2 £0.00% 502 =1.37% 41.6 =1.37%
Fresh 8 3 8.6 +=0.72% 503 =1.42% 41.1 =1.59%%
Fresh 9 4 1.5 +041% 488 =1.07% 438 =1.88% 6.0 =£2.20%
Fresh 10 4 20 =0.73% 544 =1.00% 36.0 =6.47% 7.5 +=6.59%
Freezer vessel 7 4 8.7 £0.72% 553 =1.09% 33.5 =1.00% 2.4 *=1.65%
Freezer vessel 8 3 51 +0.65% 54.6 =1.25% 40.3 =1.41%
Freezer vessel 9 4 35 *+031% 384 +062% 50.3 =1.36% 7.9 =1.53%
Freezer vessel 10
Freezer containers 7 4 1.8 =0.34% 61.8 =0.78% 31.8 =1.12% 4.6 =1.41%
Freezer containers 8 4 59 *+0.44% 586 +0.66% 30.9 =092% 4.6 =1.21%
Freezer containers 9 3 11.8 £047% 52.0 =0.98% 36.2 +=1.09%
Freezer containers 10 3 51 +0.64% 487 +=1.17% 46.2 +=1.33%

Standard error of mixing rate of the maximum age was calculated using the delta method approximation, and likely too high as fails to allow for covariance.
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Table 5. Age compositions and catch amount by Australian surface fisheries for SBT farming
estimated from the size data at harvest in 2007
2007 FEDIERF DV A XT —H DO HEE LTeZ N E MR (F8H) OIS I~vsnm
TR 5 2 OV LR

Present estimate of SBT imported to Japan
N_Agel N_Age2 N_Age3 N_Aged N_Aged Total Weight in ton
Median® 18,239 166,468 118,340 7,844 310,891 6,752
% 6% 54% 38% 3% 100%

Present estimation raised to all Australian purse seine catch
N_Agel N_Age2 N_Age3 N_Aged N_Age5 Total Weight in ton
Number 21,316 194,550 138,303 9,167  363,336" 7,891
% 6% 54% 38% 3% 100%

Australian reported catch for purse seine”
N_Agel N_Age2 N Age3 N _Aged N_Age5 Total Weight in ton
Number 144 150,719 198,101 12,994 1,379 363,336 5,230
% 0% 41% 55% 4% 0% 100%

1) Total numbers from purse seine catch reported from Australia. Fish caught in November and December 2006 were

included as fish one year older in 2007.
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Fig. 1. Monthly weight (gilled and gutted in kg) — length (fork length in cm) relationship of
Australian farmed SBT harvested in 2007
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Fig. 2a. Monthly length frequency and estimated probability density function of the normal

mixture distribution of farmed SBT at harvest (for Fresh SBT).

length at age of wild fish is shown in the squares.
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Fig. 2b. (Contd.) (For frozen SBT from freezer vessels)
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Fig. 2c. (Contd.) (For frozen SBT from freezer containers)
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Fig. 3. Comparison of age compositions (in number) estimated in the present study with those

reported by Australia to the CCSBT. Fish caught in November and December 2006
were included as fish one year older in 2007.
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