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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 2010. We carried out the age decomposition
for monthly length frequency based on age slicing method with five assumption cases in different length
cut points. In the case of which assumed growth rate during farmed period using estimated values from
actual tagging data, age compositions were 3% for age 2, 28% for age 3, 48% for age 4 and 18% for ageb5,
with a total amount of purse seine catch of 5663 tons. These figures are quite different with those reported
(age composition of 25% for age 2, 60% for age 3, 14% for age 4 and 1% for age5) and as 1.44 times high
as total catch (3931 ton). 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, 2008 and 2009 and suggested existence
substantial bias in size measurement (CCSBT/ESC/0909/29, CCSBT/ESC/0909/30,
CCSBT-ESC/1009/21). In this document we present estimates of the catch-at-age and the total

catch in 2010 of the Australian surface fishery for SBT farming based on size data at harvest.

#BkE FE Materials and Methods
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R EAE Ik, (Fig.2b)
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gkt & N E 5N E & MO F TR RSO L. SN L 7o 2010 4R A ]
(AU_SurfaceCatchAtAge _0910.xls) % v 7=,

ZHIZIE R (Version 2.8.1 for Windows) % fu 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 2010, which were collected up to May 2011 were used for
the analysis. A total of 90,539 individual records were analyzed after removing several anomalous

records among the data collected (Table 1).

Using data of 72,53 individuals for which both length and weight information was 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=axPW" (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 = 2031, p < 0.01), the weight-length relationships were estimated
by month (Table 2, Fig. 1).

Weight values were converted to length by using the derived monthly weight-length relationships.
Next, length frequencies by one centimeter bin by month and by classes of markets/fates (fresh or

frozen fish) were produced.

For the length frequency, from one to four normal distributions were fitted to decompose it as the
same method used in previous year (CCSBT-ESC/1009/21). In addition, age decomposition by

slicing method was carried out in five cases of different length-at-age cut points (Table 3).

Case 1: Growth in length is same as that of wild fish and assuming constant growth among months.
Lower length cut points used were those used in CCSBT (Fig. 2a).

Case 2: Same as Case 1 but assuming variable growth among months. The growth stopped from
mid-June to mid-September (Fig. 2b).

Case 3: Growth rates of farmed SBT in body weight by age was that estimated in
CCSBT-ESC/0909/31 which analyzed CCSBT conventional tagging data. Mean estimated
values for age2, age3 and age4 were used as growth rate in six months. Growth rate of
agel was calculated as Eq-2 as follows. Growth rates of age 5 and more were assumed to
be same as that of age 4 (Fig. 2c).
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R =R, X(Rz - Rs)/(Rs - R4)

R2 =1.818

R3 =1.544 (Eq-3)
R4 =1.448

R>4 = R4

where, R;: Growth rate of weight in six months for fish age j.  Age six include six and more.

As transfer from towing pens to farming cages was most frequent in February for the individual size
data used in this analysis, 1st February was used as the time of fish caught. Lower cut point length
by age on 1% February was calculated as in Case 1 (Eq-3). It was converted to weight on 1%
February by using length-weight relationship for wild fish (Eq-4). It was converted to weight on 1%
August by multiply with growth rate by age (Eq-5). After convert to processed weight, it was
converted to lower cut point length on 1% August by using the weight-length relationship derived
from farmed fish harvested in August (Table 2) (Eg-6). The length-weight relationship for wild fish
used was Robins (1963). The conversion factor between processed weight and whole weight used
was 1.21.

Ll = Ll s+ (Llyan o2 = Ll )12 (Eq-3)
LWee, j = g ('—'—Feb,j )bw"d : (Eq-4)
LWy j = LWeg, ; xR, (Eg-5)
LL,, ; =8 x (LW, , /WP (Eq-6)
where,

LLjanj: lower cut point length of age j fish on 1*" January used in CCSBT,
LLeeb: lower cut point length of age j fish on 1* February,

LWrepj: lower cut point weight of age j fish on 1* February,

LWayg,: lower cut point weight of age j fish on 1% August,

LLaug,j: lower cut point length of age j fish on 1* August,

awild» bwilg : Parameters of length-weight relationship of wild fish Whole weight= aig x Forlk length
bwild

ag bg : Parameters of length-weight relationship of farmed fish in August Whole weight= ag x Forlk
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length *®, and

WP: Conversion factor between processed weight and whole weight.

Case 4: Same as Case 3 but using growth rate by age of mean + 1 standard deviation, instead of

mean in Case 3 (Fig. 2d).

Case 5: Same as Case 3 but using growth rate by age of mean + X * standard deviation, instead of
mean in Case 3. X was adjusted to resulted in the same total amount of catch in weight as

reported from Australia (Fig. 2e).

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-7). 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 July were harvested in June,
SBT imported in August and half of September were harvested in July, and SBT imported half of

September and in October were harvested in August.

N, =W, xi (Ea-7)
i,k
where
nix: Number of SBT imported in harvest month i of fresh/frozen state k,
Wi : Weight of SBT imported in month j of fresh/frozen state k (kg),
Aix: Average body processed weight of SBT in harvest month i of fresh/frozen state k based on

harvest data (kg),

The calculated length on 1% February was converted to body weight using the length-weight
relationship for wild fish in southern Australia (Robins 1963), then obtained total weight of SBT
imported in Japan.

6
Wimport = Z N; XA X FLt}V,ng (Eg-8)

j=2
where

n;: Number of SBT in age j imported to Japan,
Wimport: TOtal weight of whole SBT imported to Japan,
FL;i: Length at month of catch i of age j SBT (cm),

awila, bwila: Parameters of length-weight relationship of Whole weight= ayii X Forlk length "¢,
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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-9 and Eg-10).

Na
N, =n; x-= (Eq-9)
2N
j=2
NaII .
PSW =Wimport X — +1000 (Eg-10)
n;
j=2
where

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

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

Nan: Total number of SBT caught by Australia in the 2010 fishing season, from December 2009 and
November 2010 (212,204 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 of Australian purse seine in 2010 reported from Australia were derived from
AU_SurfaceCatchAtAge_0910.xls.

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

L Z22  Results and Discussion
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TR ET, 2010 AR OZEM A EET S 3,931 bt LT, AHEEDr—RA 1, 7—R 2,
/r—A 3 Tl%5,663-5,834 k> L F 7 ~7- (Table5, Fig. 5).
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T D, TORIRBRFLVWRENEE 5 LITEZL#HND, ZEREICGEZTWLIOTHULSY 72—
T4 TEOPAFDT —4 (CCSBT-ESC/0909/18) %M+ 5 Z & T, ZOBHERMEEIIAESHIC
BHEIND7259,
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R OY A R ARETHEDICEMBHNTNDS 40 BV TV 7O AL T RZET 5
HARKGE L | ZNE MR L DREE ROV A R AR T 5 HIEOWERLETH D,
AWK E LT, AT LA ET AOEMNMetE, FHER/PMATHCDS T —H, FricF X7
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The size data were collected between February and October 2010 and covered 50% (65% of fresh,

45% of frozen) of SBT imported to Japan from Australia.

In the method of mixed normal distributions, length frequency distributions by month and fate (fresh
/ frozen) were decomposed from one to three normal distributions in all months but February which
had small number of individuals (Fig. 3). Although the mixed normal distribution fitted well to the
length frequency distribution, it was not appeared that each estimated normal distribution
corresponded with age. Especially, fish > 120 cm were seemed to include both age4 and age5.
Usually, age decomposition from size frequency become difficult for large and older fish because
growth increment between successive age become smaller compare to variance of growth among
individuals along with age increased. Therefore, this method was inappropriate for farmed fish in

2010 when large size SBT probably age 5 were included.

In the age slicing methods, similar results in terms of age composition were obtained for Case 1,
Case 2 and Case 3 (Age2 ca. 3%, Age3 ca. 28%, Aged ca. 46%, Age5 ca. 20%) (Table 4, Fig. 4).
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There are quite different from that Australia reported (Age2 25%, Age3 60%, Aged 14% and Ageb
1%). In Case 4 and Case 5 which assumed higher growth rates, younger age had larger proportion.

In Case 5, it was obtained similar age composition reported from Australia.

Estimated total catch in weight of 2010 fishing season was different between that Australian reported
as 3,931 tons and those estimated in Case 1, Case 2 and Case 3 as 5,663-5,834 tons (Table 5, Fig. 5).

It is not certain which of the five cases are most appropriate. The results heavily depend on growth
rate in weight during farming. Based on the available information, Case 3 is considered to be most
plausible. Because of that growth rate used in Case 3 was based on actual data from conventional
tagging (CCSBT-ESC/1009/21). Growth rate in length of Case 3 was similar to that of wild fish

(Fig 1c) so that its result was similar to Case 1 and Case 2 which used wild fish growth rate in length.

Similar growth rate in length for both wild and farmed fish was assumed in the analysis of growth of
wild SBT stock based on the conventional tagging data and was supported in the result of the
document (CCSBT-ESC/1107/09). In addition, distinctive modes which seemed to be
corresponding to age were observed in the length frequency of farmed fish in previous years (2007,
2008 and 2009) and those modes were within the range of one year growth in length
(CCSBT/ESC/0909/29, CCSBT/ESC/0909/30, CCSBT-ESC/1009/21).

Case 5 is corresponding to the total catch in weight which Australia reported. Its assumed growth
rates were quite high. For example, age 3 fish reaches to the length of age 5 fish in wild after one
year. Itis not likely to occur. However, if it were true, such a remarkably high growth rate would
be found distinctively in the existed information, such as tag seeding data (CCSBT-ESC/0909/18).

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. Possible improvement methods would include further introduction of stereo video,

analysis of CDS data submitted to the CCSBT Secretariat, especially catch tagging data.
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Table 1. Number of size data collected by month for Australian farmed SBT harvested and
imported to Japan in 2010
2010 FEICINHE SN A KRICHA SNTZEE I S I~ 7 v D HBIY A X7 — 2%

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

Feb 85 85
Mar 659 361
Apr 2,807 2,495
May 4,315 4,270
Jun 4,495 4,486
Jul 46,084 33,778
Aug 25,605 20,992
Sep 5,039 5,037
Oct 1,450 1,449
Total 90,539 72,953

Table 2. Parameters for conversion from processed weight to fork length by month for
Australian farmed SBT harvested in 2010
2010 FICINHESNT-EE I T I~/ e D AROKREREREKR AT A —FHE

Month N a b
2 85 44.0612 0.288
3 361 36.5048 0.339
4 2,495 39.0918 0.320
5 4,270 39.5786 0.315
6 4,486 37.4933 0.329
7 33,778 38.2494 0.318
8 20,992 38.4053 0.320
9 5,037 38.4223 0.327

—_
o

1,449 37.3188 0.335

Table 3. Growth rate of weight for each age in six months by different cases
= A Z ENARGE LTS o A O il oo R BN

N Agel N Age2 NAged NAged N Aged N Ageb+ Explanation
Case3 2.725 1.818 1.544 1.448 1.448 1.448 Rate=mean
Case4 3.135 2.228 1.824 1.748 1.748 1.748 Rate=mean+1SD
Cased 3.636 2.729 2.166 2.115 2.115 2.115 Rate was adjusted to reported catch

12
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Table 4. Estimated age composition for Australian farmed SBT harvested in 2010 in different
cases assumed different length-at-age cut points.
2010 TN SNT=HHE T I~ 7 1 OHEEFEELRL

N Agel N Age2 N Age3 N Aged N Agedb N Ageb6+ Explanation
Casel 0.0% 2.5% 26.4% 45.9% 21.0% 4.3% Wild fish, linear
Case2 0.0% 2.6% 27.8% 45.8% 19.8% 3.9% Wild fish, seasonal
Case3 0.0% 3.3% 28.2% 48.0% 17.7% 2.8% Rate=mean
Case4 0.2% 10.3% 47.5% 36.2% 5.2% 0.6% Rate=mean+1SD
Cased 0.9% 26.3% 55.8% 15.3% 1.6% 0.1% Rate was adjusted to reported catch
Aust Rep 0.1% 24.8% 60.0% 13.8% 1.3% 0.0% Australia reported for 2010 fishing seasc

Table 5. Estimated total weight of Australian purse seine catch used for farming in 2010
ZEIN kX HEIC X B 2010 EAIE R OHEE

HEREREE
(BX®WAR)

BH (Z=MmE. B
AEAR)

SMmEDRERE

=

==}

Estimated total

catch (Imported in

Ratio of SBT number

(Australia report /

Estimated total catch

by purse seine in ton

Reported total catch by

purse seine in ton

Japan) Imported in Japan)
Casel 4,954 1.178 5,834 3,931
Case? 4,899 5,770
Case3 4,809 5,663
Case4 4,042 4,760
Caseb 3,338 3,931
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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 2010
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Fig. 2a. Lower cut point of fork length at age and month for Case 1.
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Fig. 2b. Lower cut point of fork length at age and month for Case 2.
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Fig. 2d. Lower cut point of fork length at age and month from agel to age 5 for Case 4.
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Fig. 3a. 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. 3b. (Contd.) (For frozen SBT)
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Fig. 4. Comparison of age compositions (by number) estimated in the present study with those
reported by Australia to the CCSBT.
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Fig. 5. Estimated Australian purse seine catch in 2010 (bar) and assumed growth rate (plot
and line).
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