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Analysis on age composition of southern bluefin tuna used for farming
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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. We carried out the age decomposition based
on the length frequencies using the framework of the mixture of normal distributions in each month
independently. Age compositions were estimated as 6% for age 2, 54% for age 3 and 36% for age 4.
The total catch of the Australian purse seine fisheries in the 2007 fishing season was estimated as 7,934
tons. This figure (7934 ton) is 48% larger than Australian reported PS catch (5342 ton). Urgent
examination of the bias in the 40 fish sampling, which is used by Australia to prepare its reported PS catch,
and improvement of method to know age composition and catch amount by Australian surface fishery are
required.
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Accurate data on catch-at-age in number as well as the total catch in weight are essential for stock
assessment and management of southern bluefin tuna (SBT) in the CCSBT. We present, in this
document, estimations of the catch-at-age and the total catch of Australian surface fishery for SBT
farming based on size data at harvest. We also compare these estimations with catch and size

information submitted by the Australia.

#BEE FE  Materials and Methods
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Ministry of Agriculture, Forestry and Fisheries of Japan requested importers to submit size data on
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length and weight at harvest for farmed southern bluefin tuna which is imported to Japan after May 2007.
The data collected from May 2007 to March 2008 were used for the analysis. A total of 168,556
individual records were analyzed after removing several anomalous records among the collected data
(Table 1).

Using data of 52,795 individuals which have both length and weight data, parameters for weight-length
relationship were estimated by applying the least square method for logarithmic scaled length (fork length

in cm) and weight (gilled and gutted in kg) as follows.

FL=axPW"®

where FL is fork length in cm, PW is processed weight (gilled and gutted with tail) in kg, and a and b are
parameters to be estimated. Because the fatness (PW/FL®) were significantly different by month (F =

751.0, p < 0.01), the weight-length relationships were estimated by month (Fig. 1).

Weight values were converted to length by using the monthly weight-length relationship, and monthly
length frequencies with 1 cm bin from April to October 2007 were produced (Fig 2). From two to four
normal distributions were applied to decompose the length frequency. The mean, standard deviation and
relative strength of each normal distribution were obtained by the non-linier least square method with
Gauss-Newton algorithm to minimize the sum of square. The R, version 2.7.1 for windows, was used for
calculation. Among the cases with two to four normal distributions, the case with the maximum number

which gave appropriate means and standard deviation were chosen.

Age of SBT in the normal distribution was estimated by comparing the length-at-age of wild fish. The
length-at-age relationship used in the CCSBT was interpolated lineally by month, and then the
length-at-month by age was obtained. The catch of SBT in Australian purse seine fisheries started from
November 2006 and ended in April 2007. While the age changes at January 1% in the CCSBT definition,
in this document, SBT of age n-1 in December was treated as SBT of age n so that treated as the same

cohort.

The total catch amount of SBT caught by Australian purse seine fisheries was estimated. Body weights
at age, which was used in this estimation, were 10.2 kg for age 2, 18.5 kg for age3, 27.1 kg for age 4 and
36.0 kg for age 5. These were derived by the length at February 1%, which is the middle of the fishing
season ranged from November to April and length-weight (whole weight) relationship of young wild fish in
Robins (1963).

Total catch amount and age composition submitted by Australia in the 2008 data exchange for SAG/SC

were used to compare with the estimated total catch and age compositions.
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L 22 Results and Discussion
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All of the monthly length frequencies from April and October 2007 were decomposed into two to four
normal distributions (Table 2 and Fig. 2). The normal mixed distributions were well fitted to the length
frequency distributions on the graph. The correspondences were not met in some months for the large fish

more than 130 cm FL. These lead to slightly underestimation of the size and age estimated.

The mean values of the normal distributions were around 92 cm, 106 cm, 120 cm and 130 cm. By
comparing to the length-at-age of wild fish, these were corresponded with age 2, age 3 age 4 and age 5,
respectively. However, the means between April and August were larger than the length-at-age of wild
fish.  One of the reasons is rapid growth of farmed fish with sufficient foods in 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 at October would have been reached around May or
June by the age of SBT. If this is the case, the mean values of the normal distributions correspond to the
length-at-age of wild fish.

Catch by age and total amount of catch by purse seine were reported by Australia. Note that fish caught
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in November and December 2006 was included in one year older fish in 2007 so that treated as the same
cohort. There is quite a large difference between present study (6 % in age2, 54 % in age 3 and 36 % in
age 4) and the reported age compositions (36 % in age2, 44 % in age 3 and 12 % in age 4) by Australia
(Table 3, Fig. 3).

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 was 7,934 tons, as 1.5 times as
reported (Table 3).

Uncertainties of age compositions and total amount of catch put 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 know age compositions

and catch amount by Australian surface fishery are required.
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Table 1. Number of collected data by month for Australian farmed SBT harvested in 2007
2007 FICINHESNT-H R I T IV e DT — 2%

Month of N_collected N_collected and  N_Length &

harvest anomalous data Weight obtained
removed
Feb 56 56
Apr 368 368 123
May 1,864 1,864 1,441
Jun 2,415 2,415 1,633
Jul 34,872 34,863 4,083
Aug 71,769 71,751 21,346
Sep 41,174 41,168 21,865
Oct 16,071 16,071 2,304
Total 168,589 168,556 52,795

Table 2. Estimated mean length, standard deviation and mixing rate for age 2-5 in the normal
mixture distribution in each month for Australian farmed SBT harvested in 2007
2007 FEITINHE S T FINEE I F I~ 7m0 AROIRAER IS 5 2-5 D
BIRX R, RERE, BEROHEEN

Month harvested Apr May Jun Jul Aug Sep Oct
N_normal 2 4 3 4 4 3 4
distribution

L_Mean._Age2 93.7 98.1 914 91.2 91.8 92.9
L_Mean Age3 106.0 106.0 106.8 106.4 105.3 105.9 106.5
L_Mean Age4d 117.7 118.2 119.1 119.2 119.6 119.6 120.1
L_Mean Age5 130.8 130.4 131.1 131.4
L_SD Age2 34 3.9 7.6 2.9 3.0 3.7 3.0
L_SD Age3 4.0 3.3 3.0 4.3 45 4.1 4.2
L_SD Age4 4.0 4.8 3.7 3.9 4.9 4.0
L_SD Age5 2.5 4.8 5.4 4.9
% Age2 6.0% 12.7% 4.1% 5.2% 8.8% 3.5%
% Age3 69.9% 70.9% 61.9% 56.8% 55.0% 49.0% 50.5%
% Aged 30.1% 21.5% 25.4% 33.9% 34.1% 42.3% 38.6%
% Age5 1.6% 5.2% 5.7% 7.4%
SSQ 0.003992 0.000353  0.00037 0.000083 0.000127 0.000182 0.000147
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Table 3. Age compositions and catch amount by Australian surface fisheries for SBT farming
estimated from the size data at harvest in 2007
2007 SEDUNHERF DY A AT — X ML HEE Lo SR EEEE (F&H) oI )7 I~ nm

T B K OVEE LAk
Month harvest Agel Age2 Age3 Aged Ageb Total
Apr 257 111 368
May 112 1,322 400 30 1,864
Jun 306 1,495 614 2,415
Jul 1,425 19,788 11,834 1,817 34,863
Aug 3,737 39,492 24,464 4,057 71,751
Sep 3,612 20,159 17,397 41,168
Oct 568 8,113 6,204 1,185 16,071
Total 9,760 90,627 61,024 7,088 168,500
% 5.8% 53.8% 36.2% 4.2% 100%
Estimated No. of PS catch 21,045 195419 131,587 15,285 363,336"
Weight at Feb 1 (kg) 10.2 18.5 271 36.0
Weight at age (ton) 215 3,608 3,561 550 7,934

Australian reported catch for purse seine?

Number 144 150,719 198,101 12,994 1,379 363,336
% 0% 41% 55% 4% 0% 100%
Weight (ton) 5,342

1) Total number of purse seine catch reported from Australia.

2) Fish caught in November and December 2006 was included in one year older fish 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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R (BXE cm) ©OBf%, N=52,795.



CCSBT-ESC/0809/39

- |i| |i| : |i| |i| |£| Year=2007 Month=4
o Do o e
| | i 1 | | | |
80 90 100 110 120 130 140 150
o T ILI |i| ; |i| |£| |£| | Year=2007 Month=5
S N=1864
e B I E— -1 1 T T
80 90 100 110 120 130 140 150
: |£| |i| |i| |i| |£| Year=2007 Month=6
8 % N=2415
= | A
e B E— T . -1  _ _rr  _rr 1 1
80 90 100 110 120 130 140 150
o - |L| T |i| |i| |£| | Year=2007 Month=7
S 4 N=34863
H c—
© 1 T T —T
80 90 100 110 120 130 140 150
Q E |£| |i| |£| Year=2007 Month=8
8 _ N=71751
N c—
© 2= T T = T ey
80 90 100 110 120 130 140 150
o 2] 4 15] |£| Year=2007 Month=9
S - N=41168
‘_| c—
© T — T T T T
80 90 100 110 120 130 140 150
- |£| A |i| LF' Year=2007 Month=10
8 =
Q I N=16071
e - T T T -1 1 1

80 90 100 110 120 130 140 150
Fig. 2. Monthly length frequency and estimated probability density function of the normal
mixture distribution of farmed SBT at harvest. Mean monthly length at age of wild
fish is shown in square.
BRI T IV nOINERRORRHE (B) SHEE LTZEAERSM (#R),
VU £ NI AR f DAl H BRI IR R



100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

CCSBT-ESC/0809/39

O Aged
O Age4
B Age3
O Age2
B Agel
O Age0

Ageb g AggS
Aged

Age3
Age3

Age?2
Age?2
Agel Agel

Present estimate

Reported from Australian
government

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 was included in one year older fish in
2007.
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