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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 2009. 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 18% for age 2, 33% for age 3,
48% for age 4 and 1% for age 5. The total catch of the Australian purse seine fisheries in the 2009 fishing
season was estimated to be 6529 tons. This figure is 30% larger than the reported Australian purse seine
catch (5005 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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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. Age compositions have
been estimated for Australian farmed fish harvested in 2007 and 2008 and suggested existence
substantial bias in size measurement (CCSBT/ESC/0909/29, CCSBT/ESC/0909/30). In this
document we present estimates of the catch-at-age and the total catch in 2009 of the Australian

surface fishery for SBT farming based on size data at harvest.
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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 2009, which were collected from May 2009 to March 2010

were used for the analysis. A total of 61,843 individual records were analyzed after removing
several anomalous records among the data collected data (Table 1).

Using data for 58,964 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" (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 (F = 1291, 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, 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, ts, 02,03 04 03, k, 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;-k;3), 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.
, 2
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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.

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 August and September were
harvested in July, and SBT imported after October were harvested in August. There were some
amount of SBT imported before June (376,929 kg), however, these were assumed to be harvested in

previous year and not included in the analysis.



(Eq-3)

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 k& 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).
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where

n,: Number of SBT in age «imported to Japan,

Wimpor. 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 i of fresh/frozen state k.as estimated using Eq-3,

k , .« Proportion of number of age ¢ SBT in harvest month ; of fresh/frozen state & as estimated by
minimizing Eg-2,

ngy. Total number of SBT imported to Japan from Australia,

FL , ;: Length at month of catch i of age « 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, the catch-at-age and catch weight were scaled upwards to the total number of SBT
caught by Australian purse seiners based on the trade information scheme yearly farm data summary
for 2009 fishing season of Australia (Eg-6 and Eqg-7).
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where

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

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

N,y: Total number of SBT caught by Australia between December 2008 and March 2009 (306,640
individuals). This includes SBT not imported to Japan, i.e. died during transferred and farming,

not yet harvested or exported to other countries, such as U.S.A and EU.

Catch-at-age by month of Australian purse seine in 2009 were estimated using catch-at-size data
(AUS 2008 CatchAtSize data.xIs, AU 2009 Catch at Size revised.xls) in the data exchange and our

program that converts length to age.

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

#EH- L Z%% Results and Discussion
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REVIEVWRH S (Table 5, Fig. 3).
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The size data collected between March and October and covered 26% (52% of fresh, 8% 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 were decomposed into between two 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. 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. 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 126
cm FL. Comparison to the length-at-age of wild fish suggests that these normal distributions

corresponded with age 2, age3, age4 and age5, respectively (Table 4).

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 5). This is due to the facts that coverage of
the size data was high and that age compositions (for which age 3 and age4 were dominant) were

similar in all months for both fresh and frozen SBT.

Catch by age and the total amount of catch by purse seiners have been reported by Australia. SBT
caught in December 2008 were included as fish one year older in 2009 so that they were treated as
the same cohort. There is a substantial difference between estimates from the present study (18 %
for age2, 33 % for age 3, 48 % for age 4 and 1% for age 5) and the reported age compositions (31 %
in age2, 62 % in age 3 and 7 % in age 4) by Australia (Table 5, Fig. 3). 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 2009 fishing season

was 5,005 tons. However, the total amount estimated in the present study is 6,529 tons (Table 5).

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 2009
2009 FEICINHE SN AKRICHA SNTZHBE I T I~ v D HBIY A X7 — 2%

Month of N_collected and N_Length &
harvest anomalous data Weight obtained

removed
Mar 1,179 1,018
Apr 5,127 4,478
May 6,652 6,037
Jun 8,025 7,151
Jul 13,536 13,026
Aug 17,476 17,427
Sep 8,453 8,435
Oct 1,395 1,392
Total 61,843 58,964

Table 2. Parameters for conversion from processed weight to fork length by month for
Australian farmed SBT harvested in 2009
2009 TN SN2 E R I T I~ 7 v D ARIOERERERGR ST A — 2|

Month N a b
3 1,018  43.1337 0.283
4 4478  40.9489 0.298
5 6,037  40.2266 0.301
6 7,151  39.1057 0.310
7 13,026  38.1202 0.318
8 17,427  38.0152 0.320
9 8,435  38.5308 0.320
10 1,392  38.7708 0.322
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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 2009
2009 FEDEFE I F I~ 7 a O A BIORERIE B & HARSOER AR EM, R EREE SRS

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)

3 1,179 1,179 1,316 1,316 90% 90%
4 5,127 5,127 8,180 8,180 63% 63%
5 6,652 6,652 13,688 13,688 49% 49%
6 8,025 8,025 14,256 14,256 56% 56%
7 8,402 5,134 (2903 / 2231) 13,536 22,070 84,905 106,976 38% 6% 13%
8 10,125 7,351 (7351/ 0) 17,476 21,111 62,677 83,788 48% 12% 21%
9 8,453 8,453 12,589 12,589 67% 67%
10 1,395 1,395 1,641 1,641 85% 85%
Total 49,358 12,485 61,843 94,851 147,582 242,433 52% 8% 26%

11



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 2009
2009 FIZINHESINT2FINEE I T I~ v ANOKIERSA ORI E, HERFRZE, IBEROHETEME (ZFEERE)

FleshFrozen

Month N_norm_dist Length_Mean

Length_standard deviation

Mode1 Mode2 Mode3 Mode4 Mode1 Mode2 Mode3 Mode4
Fresh 3 2 105.1 =£1.02cm 112.8 =0.27cm 448 £056cm 3.38 =0.14cm
Fresh 4 2 104.2 £0.17cm 113.6 =0.00cm 3.00 £0.13cm 3.92 =0.08cm
Fresh 5 2 106.8 =0.39cm 115.9 =0.16cm 441 £0.25cm 3.65 *=0.00cm
Fresh 6 3 96.1 =0.93cm 107.6 £0.19cm 116.6 =0.15cm 441 £091cm 3.12 £0.19cm 4.11 £0.11cm
Fresh 7 3 948 £0.76cm 106.0 =0.27cm 116.8 =0.12cm 5.61 £0.67cm 3.11 =£0.00cm 5.02 =0.11cm
Fresh 8 3 944 £051cm 105.0 £0.31cm 116.2 £0.49cm 413 £031cm 4.34 £045cm 541 £0.29cm
Fresh 9 4 942 £0.19cm 104.0 £0.16cm 114.1 £0.73cm 1255 =9.47cm 3.00 =£0.18cm 3.00 =0.19cm 5.33 =1.00cm 5.41 =4.06cm
Fresh 10 3 95.6 =£0.13cm 105.6 £0.05cm 116.2 =0.32cm 3.59 =0.13cm 2.87 £0.06cm 3.62 =0.32cm
Freezer vessel 7 3 979 £1.07cm 1054 =1.32cm 116.0 =0.98cm 2.93 £0.83cm 2.71 =1.46cm 5.27 £0.00cm
Freezer vessel 8 4 946 =047cm 105.7 =0.00cm 117.0 £0.69cm 126.6 =7.99cm 1.97 £047cm 4.58 =0.75cm 3.42 +=0.93cm 3.69 +6.15cm
Freezer container 7 3 93.3 £0.08cm 104.5 £0.22cm 116.1 =0.29¢cm 2.76 £0.08cm 3.36 =0.25cm 4.67 =0.27cm
Age assigined Age 2 Age 3 Age 4 Age 5
FleshFrozen Month N_norm_dist Mixing rate
Model Mode2 Mode3 Mode4
Fresh 3 2 37.3 £7.77% 62.7 £7.77%
Fresh 4 2 29.5 +1.58% 70.5 =1.58%
Fresh 5 2 39.2 £3.11% 60.8 £3.11%
Fresh 6 3 6.1 =1.02% 28.2 £2.51% 65.7 £2.71%
Fresh 7 3 13.6 =1.46% 14.2 =2.16% 72.2 £2.61%
Fresh 8 3 209 £249%  34.3 =5.55% 44.8 =6.08%
Fresh 9 4 18.7 £0.00% 29.5 +=3.98% 46.7 £12.73% 5.1 £13.37%
Fresh 10 3 31.8 £0.00% 56.5 =1.25% 11.7 £1.54%
Freezer vessel 7 3 27.6 +=8.85% 18.0 =13.27% 544 +=15.95%
Freezer vessel 8 4 10.3 £2.65% 53.5 =7.00% 326 £11.27% 3.6 =14.01%
Freezer container 7 3 36.9 +=0.89% 26.3 =2.06% 36.8 +=2.24%

Age assigined

Age 2

Age 3

Age 4

Age 5

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 compositions and amount caught by Australian surface fisheries for SBT farming
estimated from the size data at harvest in 2009
2009 FEDINFERF DY A AT — 2 O HEE L7eSINE MR (F8H) oIS I~voe
TR 5 2 OV LRk

Present estimate for fish imported to Japan

N_Agel N _Age2 N _Age3 N_Age4 N_Age5 N total Estimate total
weight at catch in

ton
Median 44,548 79,086 115,900 2,894 242,428 5,162
% 18% 33% 48% 1%
5 %ile 44,857 79,057 115,638 2,876 242,428 5,157
95% ile 44,123 79,232 116,263 2,810 242,428 5,167

Present estimate raised to all Australian purse seine catch

N_Agel N _Age2 N Age3 N_Aged N _Age5 N total Estimate total
weight at catch in

ton
Median 56,347 100,034 146,598 3,661 306,640 6,529
% 18% 33% 48% 1%
5 %ile 56,738 99,997 146,267 3,638 306,640 6,522
95% ile 55,810 100,218 147,058 3,554 306,640 6,535

Australian reported catch for purse seine”

N_Agel N_Age2 N_Age3 N_Age4 N_Age5 N_total Total weight at
catch in ton

Number 0 94,117 188,821 22,992 710 306,640 5,005
% 0% 31% 62% 7% 0%

1) Total number of purse seine catch reported from Australia. Fish caught in December 2008 were included as fish one year
older in 2009. Catches at age by month were estimated in the present study.
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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 2009
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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. 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 (by number) estimated in the present study with those

reported by Australia to the CCSBT. Fish caught in December 2008 were included as
fish one year older in 20009.
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