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Summary

The age composition of southern bluefin tuna (SBT) caught by Australian purse seine fisheries and used for
farming was estimated based on size data from the harvest in 2008. We carried out the age decomposition
based on the length frequencies using the framework of a mixture of normal distributions, estimated
independently for each month. The age compositions was estimated as 12% for age 2, 85% for age 3, 2%
for age 4 and 1% for age 5. The total catch of the Australian purse seine fisheries in the 2008 fishing
season was estimated to be within a range of 5798 to 6647 tons. This figure is 11-28% larger than the
reported Australian purse seine catch (5211 tons). The age-composition estimated in this analysis should
replace the current adjustments made in age composition for historical data and be used for stock
assessment by the Extended Scientific Committee. Urgent examination of the bias in the 40 fish sampling,
which is used by Australia to calculate its reported purse seine catch, and improvement of method to obtain

the age composition and amount caught by the Australian surface fishery is required.
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#= Introduction

R RS, R EIL CCSBT (BT 2 EIRAMIICIB W TEHEEZRIHFHR TH D, AFIET
ILEEINEIHA D 2008 FOFEMPIAERESCEE L, RO A ZET — X ITHESWTHETE
T 5, 2007 FEEAIZHOWTIL, BICE (CCSBT/ESC/0909/29) ThtHR A2/ R L7,

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 in 2008 of the Australian surface fishery for
SBT farming based on size data at harvest. Similar analysis of SBT farmed in 2007 is presented in
CCSBT/ESC/0909/29.

#BEE FiE Materials and Methods
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SHTIZIZ R (Version 2.8.1 for Windows) % FV 7=,

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
data on farmed SBT imported to Japan in 2008, which were collected from May 2008 to March 2009
were used for the analysis. A total of 94,384 individual records were analyzed after removing

several anomalous records among the data collected data (Table 1).

Using data for 57,233 individuals for which both length and weight information is available,
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" (Ed-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 (F = 132, p < 0.01), the weight-length relationships were estimated
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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, frozen fish
from freezer vessels and frozen fish from freezer containers) were produced (Fig 2). From one to
four normal distributions were fitted to decompose the length frequency by minimizing Eg-2. The
largest dimension considered for the parameter vector @ (u,, us, ws, s, 02,03 04 03, ko, k3, ks) was 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

minimize the sum of squares. Because ; of the maximum age can be calculated from Zki =1
i=2

(e.g. k,=I-k;-ks3), 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.g. 1 »<p 3<u 4, 0 4<6) was

chosen.
5 2
max L n 1 (X _ ﬂ )
SSO = H -)>k, —exp(——“ (Eg-2)
x=%:‘u ; 2n0° 20,
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 1, 2, 3, and 4.

In contrast to previous years, age assignment was difficult for some normal distributions estimated
for which the mean body length was located in the middle of lengths expected for age 3 and age 4.
Therefore, age compositions were estimated for three cases; the most likely (Base case); means
assigned to lower age for the normal distributions for which this was difficult to judge (Lower age
case); and means assigned to higher age for the normal distributions difficult to judge (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 (Eq-3). Fresh fish were assumed to be imported in the same month that they
were harvested. For frozen fish, information of harvest month and imported month were analyzed

using the size data at harvest, and it was inferred that SBT imported in March, April and July were
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harvested in the same month, but that SBT imported in August were harvested in July, and SBT
imported after September were harvested in August.

n =W, x (Eg-3)

1
Ay
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 the estimated age composition (in number) of SBT imported to Japan were
calculated using bootstrapping (1000 resamples) (Eq 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 (Eq 5). As transfer from
towing pens to farming cages was most frequent in February for the individual size data used in this
analysis, length as at 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 on 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(mi,k x ka,i,k’ni,k) 10 o (Eq-4)
k=1 i=4
n; i
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 £,

n; . Number of SBT imported in harvest month ; of fresh/frozen state 4.as estimated using Eg-3,

k ;. Proportion of number of age a SBT in harvest month i of fresh/frozen state & as estimated by

minimizing Eg-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®,
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sample(x,y). 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 (Eq-6 and Eqg-7).

N
N, =n, x—- (Eq-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 December 2007 and March 2008 (324,754
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.

Catch-at-age by month that might be compared with the present estimates were not provided in the
CCSBT data exchange process on 1% August 2009. Therefore, we estimated the catch-at-age of
Australian purse seine in 2008 using catch-at-size data (AU_Catch_at Length 08.xIs) and our
program that converts length to age. This program yields almost identical catch-at-age estimates to
those which would be produced by Australian scientists, with the difference arising from a different
definition of month.

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

L Z22  Results and Discussion

NyXo 7V A MIBTFLHA XF—2132 AND 10 HETIE S, %< D H T 5000 {#{E
LLETHoT2, AARDEAEREI S L, EREAD 73%, HEHAD 22%, A0 29%% 71 /83— L
7= (Table 3),

2008 1 4 A6 8 HOAMEM, mEtEMHT, ml =7 TRy L2 TORERHEEIR,
LE S 4 O EMSARICHR ST (Fig.2, Tabled), 75 7 LT, sROIIBAEMSAIL, 7 A
DEREAUSMIEEREEICBLS 74 v FLTWAZ NG5, KE 130cm UL EICSWTIHIER
DN N—=TE TRV EH Y . ZIUTDT NI A ALFERROE/ NEEIZ D7D 5,

ERR A OSEEENE. RER 95cm, 9 106cm, #9 115cm. £ 130cm (Z 7 S v7z, BrAf O Hin
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IR &2 & SERIE 106cm O IEH AL 3 . K9 130cm D IEH AL 5 IS5 &
I S 7=,

L2 LIRER 95cm O IEHGAAIFEERAZN R E SHESNIZEELH Y (EfEO 7 AL WK
RO 7T A, 8, =TT D8 H) T LE 2iITITRIS LTV R oT, N—AF—
ATIEINDERT 3w L e Lo, IRFERZIE Lo — A TR, MEtERo 7 A0
N2l LTHE LR, 2RAIRTO—HTEIE 3 mAaThoz s Bbh, (KFEH
EARE Lo — AT/ N OF kR R LTV AHTEA S,

REAY 115em DO IEH AT DWW TIE 3% & 4 Ik DEEFATITICALE L CHIW A3 N #E < & - 72, 2007
FEEEAIZOWV T EMELK 120em ICR 5N T4k LM CE 72D L Bip > Tz, AEIOfE
MTlEInGzE 3me LTR—RAFr—R 2 LD, Fzil/MIHEELZLDOTHA D, N—2A
r—A L@l EIGE LT — AOHE 2 b ONEOEIZR bW & Bbh b,

YA AT —=Z DI N=RPEPST2Z LR LN 3N EL< 2 HD D &V S BIGRAEREh
W, HIZEL L TR ThH o722 b, 77— A NT v 7 CTHEE LR (B AR~
RAR) ORI P M OV R EEIZ I T 5013/ S o 7 (Table 6), ¢ HUES & /1R =
TR E TN AOFERER 8 HIZOAMENFGOLNL) 1XIELAERTTH T,

SZMM O, £ EMEIC L 2FMmPIRERER, BEEENRESN TS, 2007 4 12 HIZRE
ST 1L 2008 FED 1kl DRI E O T, ARFRHTIC K 2 lA (2 3% f 12%, 3 7% 85%, 4
A 2%, 5 kA 1%) & ZEMIERE ORI (2 M 24%., 3 mkfA T1%, 455 4%) LiE. K&
BREVIENRH D (Table 6, Fig. 3), AR Y TXDGE, @FERICY IO HATH,
BUVIEWITIKARE L TR LS,

F 72 2008 i O F X MO R LSNP WM ET S 5,211 bk LT, AHEE TlE—2R 7
— A TH5798 . BEMZY TCIXOTEETE,647 LB ipo7,

T DML, EEDO REEEIIERMECICRE AL T 228726780 TH D, i
W O A RFRR A WS T AT DI MBHANTWNS 40 BY U 7O 7 22T 5
FARKEEL | SRS HEEEIC L DIRER L O A R R 5 HIEOSERNLETH D,

The size data collected between February and October and covered 29% (73% of fresh, 22% of
frozen) of SBT imported to Japan from Australia (Table 3). The numbers of size records exceeded

5000 individuals in many months.

All of the monthly length frequencies between April and August 2008 were decomposed into
between one and 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 mixture of normal distributions
fitted the length frequency distributions well, except for fresh SBT in July for which an interpretation

in terms of a superposition of successive years’ cohorts is not obvious (see Fig. 2). No normal
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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. 2c). This leads to a slight underestimation of the age

composition for higher ages.

The mean values of the normal distributions were around 95 cm FL, 106 cm FL, 115 cm FL and 130
cm FL. Comparison to the length-at-age of wild fish suggests that the normal distribution with 106

cm mean corresponded with age 3 and that with 130cm mean did so with age 5 (Table 5).

Some of the normal distribution with 95 cm mean are however estimated to have large standard
errors (fresh in July, freezer vessel in July and August, and freezer container in August), and did not
correspond with age 2. These were assumed to be age 3 for the base case (Table 5). In the lower
age case, although fresh and freezer vessel SBT in July were assumed to be of age 2, a large part of

the normal distribution seemed to contain age 3 SBT, which would lead to under-estimation of age.

The age of some normal distributions with 115 cm mean were difficult to judge because 115 cm in
length locate in the middle of age 3 and age 4. This situation is different from that for 2007 farmed
SBT the normal distribution with 120cm mean was readily assigned to age 4. In the present
calculation, these normal distribution were assumed to be age 3 for base case, but this would reflect
an under-estimation of age. The true value would likely be between the base case and the higher

age case.

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 6). This is due to the facts that coverage of
the size data was high and that age compositions (for which age 3 was dominant followed by age 4)
were similar in all months for both fresh and frozen SBT. Age compositions for freezer vessels and

freezer containers, which are possible only for August, were quite similar to each other.

Catch by age and the total amount of catch by purse seiners have been reported by Australia. SBT
caught in December 2007 were included as fish one year older in 2008 so that they were treated as
the same cohort. There is a substantial difference between estimates from the present study (12 %
for age2, 85 % for age 3, 2 % for age 4 and 1% for age 5) and the reported age compositions (24 %
inage2, 71 % in age 3 and 4 % in age 4) by Australia (Table 6, Fig. 3). Substantial differences were
also observed for the lower and higher age cases. The estimated age-composition should replace
the adjustments made in age composition for historical data to be used for the stock assessment by

the Extended Scientific Committee.

Australia reported that the total amount of Australian purse seine catch in the 2008 fishing season
was 5,211 tons. However, the total amount estimated in the present study is 5798 tons for the base
case (the estimate for the lower age case is almost the same) and 6647 tons in the higher age case
(Table 6).
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Uncertainties concerning age composition and the 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 age compositions and the amount caught by the Australian surface fishery are

required.
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Table 1. Number of size data collected by month for Australian farmed SBT harvested and
imported to Japan in 2008
2008 TN SN A KRICHA SNTZEE I T I~ v D HBIY A X7 — 2%

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

Feb 93 93 93
Apr 520 520 430
May 4,492 4,492 3,513
Jun 5,648 5,647 4,404
Jul 3,841 3,840 3,108
Aug 36,680 36,666 25,049
Sep 36,620 36,618 14,327
Oct 5,572 5,571 5,372
Dec 937 937 937
Total 94,403 94,384 57,233

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

Australian farmed SBT harvested in 2008

2008 FZINHE S NT-EE I T I~ D AJOKRERERHR/ ST A — X i

Month N a b
2 93 35.742 0.340
3 430 40.785 0.301
4 3,513 35.074 0.344
5 4,404 36.954 0.329
6 3,108 39.290 0.310
7 25,049 40.397 0.303
8 14,327 39.303 0.311
9 5,372 36.755 0.332
10 937 38.699 0.320

11
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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 2008

2008 fEDHHE I S I~ 7 DIHEA BIDERERIERE & A AR~ORAREHEE M, ARENEME S

Harvest  Number of weight data collected (A)

Estimated number of farmed

Proportion (=A/B)

month SBT imported in Japan (B)
Fresh  Frozen Frozen(Freezer Total Fresh  Frozen Total Fresh  Frozen Total
vessels/Container)

2 93 93
3 520 520 528 3,563 4,091 99% 0% 13%
4 4,492 4,492 5,729 16,782 22,511 78% 0% 20%
5 5,647 5,647 8,273 8,273 68% 68%
6 3,840 3,840 5,714 5,714 67% 67%
7 5613 31,053 (31053/ 0) 36,666 7,763 41,236 48,999 2% 75% 75%
8 6,338 30,248 (17483/12765) 36,586 9,145 213547 222,692 69% 14% 16%
9 5,571 5,571 6,375 6,375 87% 87%
10 937 937 1,855 1,855 51% 51%
Total 33,061 61,301 (48536/12765) 94,352 45,381 275,129 320,510 73% 22% 29%

12
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Table 4. Estimated mean length, standard deviation and mixing rate (with S.E.) in each of normal distribution by month for Australian farmed
SBT harvested in 2008
2008 FIZINE S NT-FZMEE I T I~ 7 v O ARIOFRERSMOFE R YR, HERE, REROHEEM (HFERE)

FreshFrozen Month N norm_dist L Mean_Model L Mean Mode2 L Mean Mode3 L Mean Mode4 L _SD Model L SD Mode2 L _SD_Mode3 L_SD_Mode4
Fresh 3 1 106.0 cm 449 cm
Fresh 4 2 85.2 =1.07cm  103.9 #=0.09cm 3.32 =1.05cm 5.25 +0.08cm
Fresh 5 2 105.0 =0.08cm 116.7 =0.47cm 40 £0.08cm 3.21 =0.44cm
Fresh 6 3 944 =1.05cm 106.1 =0.15cm 114.2 +=0.79cm 454 +£093cm 3.45 +£0.14cm 3.63 =0.45cm
Fresh 7 4 103.0 =5.72cm 106.9 =0.15cm 114.4 £0.85cm 131.0 £1.75cm 6.81 =2.39cm 2.73 =0.21cm 5.08 =0.0cm 6.15 *=1.44cm
Fresh 8 4 955 =0.44cm 1079 £0.12cm 118.1 £0.18cm 129.2 =1.0cm 3.92 £0.0cm 4.03 =0.16cm 3.54 =0.23cm 5.55 =1.00cm
Fresh 9 2 106.3 =0.25cm 116.5 =0.38cm 3.75 =0.18cm 5.61 *=0.26cm
Fresh 10 2 106.1 =0.56cm 115.2 =0.0cm 3.46 =0.36cm 4.83 =0.27cm
Freezer vessel 7 4 100.3 =1594cm 106.6 =0.45cm 1154 *+0.63cm 119.0 =37.0cm 6.34 =7.11cm 3.36 =0.65cm 2.0 =1.25cm 7.21 *=17.84cm
Freezer vessel 8 4 949 +=1.06cm 105.0 =0.0cm 1141 =0.54cm 128.0 =5.14cm 4.98 +=0.86cm 3.08 =0.21cm 4.72 +=0.63cm 3.89 *+4.51cm
Freezer containers 8 3 95.1 +=0.42cm 1044 =0.11cm_113.3 +=0.33cm 4.00 #=0.33cm_3.11 +=0.13cm_4.13 +=0.24cm
FreshFrozen Month N_norm dist %Mode1 %Mode2 %Mode3 %Mode4
Fresh 3 1 101.4 +=1.92%
Fresh 4 2 3.9 +0.93% 96.1 =0.93%
Fresh 5 2 90.5 =1.31% 9.5 =1.31%
Fresh 6 3 7.3 £136% 742 =468% 184 +=4.87%
Fresh 7 4 21.0 =16.79% 27.8 =6.63% 43.7 =13.38% 7.5 +=22.47%
Fresh 8 4 91 +091% 53.0 =2.23% 29.0 =2.88% 8.9 *=3.75%
Fresh 9 2 36.0 =3.73% 64.0 =3.73%
Fresh 10 2 245 +548% 755 *+5.48%
Freezer vessel 7 4 18.5 +=43.38% 64.6 =43.0% 9.2 =1437% 7.6 =62.75%
Freezer vessel 8 4 145 £257% 432 £6.11% 409 =585% 1.4 +8.84%
Freezer containers 8 3 19.0 +1.69% 495 +£3.23% 31.5 +3.65%

Standard error of mixing rate of the largest mode was calculated using the delta method approximation, and likely too high as fails to allow for covariance.
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Table 5. Age assignment for each normal distribution in the monthly length frequency of
farmed SBT in 2008. Shading shows difference from the Base case.
2008 FED X X v U SEEMAD A BIARMEIZ 1T 2 B EHGAM OIS, = — F
I% Base & 72 % H57,

Base

Fresh/Frozen Month model mode2 mode3 mode4
fresh 3 Age3

fresh 4 Age2 Age3

fresh 5 Age3 Aged

fresh 6 Age2 Age3 Age3

fresh 7 Age3 Age3 Age3 Ageb
fresh 8 Age2 Age3 Aged Ageb
fresh 9 Age3 Age3

fresh 10 Age3 Age3

freezer vessel 7 Age3 Age3 Age3 Aged
freezer vessel 8 Age2 Age3 Age3 Ageb
freezer container 8 Age2 Age3 Aged

Lower age case

Fresh/Frozen Month mode1 mode2 mode3 mode4
fresh 3 Age3d

fresh 4 Age2 Age3

fresh 5 Age3d Aged

fresh 6 Age2 Age3 Age3

fresh 7 Age2 Aged Aged Ageb
fresh 8 Age2 Age3 Aged Ageb
fresh 9 Age3d Age3d

fresh 10 Age3 Age3

freezer vessel 7 Age2 Age3 Aged Aged
freezer vessel 8 Age2 Age3 Aged Ageb
freezer container 8 Age2 Age3 Aged

Higher age case

Fresh/Frozen Month mode]l mode2 mode3 mode4
fresh 3 Age3

fresh 4 Age2 Age3

fresh 5 Age3 Aged

fresh 6 Age2 Aged Aged

fresh 7 Age3 Age3 Aged Ageb
fresh 8 Age2 Age3 Aged Ageb
fresh 9 Age3 Aged

fresh 10 Age3 Age3

freezer vessel 7 Age3 Age3 Aged Aged
freezer vessel 8 Age2 Age3 Aged Ageb
freezer container 8 Age2 Age3 Aged
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Table 6. Age compositions and amount caught by Australian surface fisheries for SBT farming
estimated from the size data at harvest in 2008. The three cases reported
correspond to those defined in Table 5.

2008 FEDINFERF DY A T — 2 O HEE L7eSINE SR (FEH) oI I~voe
T B N OV AR, 3 77— A1 Table 5 12 %t

Base case
Present estimate for imported to Japan
N Agel N Age2 N Age3 N Aged N Aged Total:ight in ton
Median 36,500 253,966 6,543 3,150 300,159 5,359
% 12% 85% 2% 1% 100%

Present estimate raised to all Australian purse seine catch

N_Agel N Age2 N Age3 N Age4d N Ageb Total:ight in ton
Median 39,491 274,776 7,079 3,408 324,754 5,798
% 12% 85% 2% 1% 100%

Australian reported catch for purse seine”

N Agel N _Age2 N Age3 N Aged N Aged Total:ight in ton
Number 0 78,009 231,511 14,318 759 324,754 5211
% 0% 24% 71% 4% 0% 100%

Lower age case
Present estimate for imported to Japan
N Agel N Age2 N Age3 N Age4 N Ageb Total:ight in ton
Median 45935 244,367 6,692 3,165 300,159 5,283
% 15% 81% 2% 1% 100%

Present estimate raised to all Australian purse seine catch

N_Agel N Age2 N Age3 N Age4d N Aged Total:ight in ton
Median 49,699 264,390 7,240 3,424 324,754 5,716
% 15% 81% 2% 1% 100%

Higher age case
Present estimate for imported to Japan
N Agel N Age2 N Age3 N Age4d N Agebd Total:ight in ton
Median 36,408 162,956 97,665 3,130 300,159 6,144
% 12% 54% 33% 1% 100%

Present estimate raised to all Australian purse seine catch

N Agel N Age2 N Age3 N Aged N Ageb Total:ight in ton
Median 39,391 176,309 105,668 3,386 324,754 6,647
% 12% 54% 33% 1% 100%

1) Total number of purse seine catch reported from Australia. Fish caught in November and December 2007 were included
as fish one year older in 2008. Catches at age by month were estimated in the present study. These may be slightly
different from those to be calculated by Australia, which are not available to date.
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Fig. 1. Monthly weight (gilled and gutted in kg) — length (fork length in cm) relationship for
Australian farmed SBT harvested in 2008
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2a. Monthly length frequency and estimated probability density functions of the normal
mixture distribution of farmed SBT at harvest (for Fresh SBT). Mean monthly
length at age of wild fish is shown in the squares.
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Fig. 3. Comparison of age compositions (by number) estimated in the present study with those

reported by Australia to the CCSBT. Fish caught in December 2007 were included as
fish one year older in 2008.
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