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Summary

The uncertainties related to the size, age, and total catch weight of Australian farming of
southern bluefin tuna have been debated over the years in CCSBT. Estimated values are
greatly different depending on estimation methods, and the viewpoints between Japan and
Australia are different by various things related to it. In the ESC in 2016 and 2017, problems
to be discussed were extracted. In this document we present materials for discussion
corresponding to those points, including length-weight relationships to be used for estimation,
and the methodology to know the growth rate of farmed fish. We also summarized the points

to be agreed in the small group and ESC.



1. #E8 Introduction
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Uncertainty relevant to the size, age, catch of Australian farmed southern bluefin tuna
(SBT), already had pointed out in 2005 (Anon. 2005), has been discussed long years in
CCSBT. In the independent review conducted in 2006, there was no agreed conclusion in
consensus mainly because of the scarcity of data (Anon. 2006). After that, the
accumulation of more data and years increased, results from several analyses showed
that bias still existed (Itoh et al. 2009a, 2009b, 2010, 2011, 2012, 2014, Itoh and Takeda
2015, Itoh and Omori 2016, 2017a, Itoh and Ara 2018).

One of the reasons the problem is prolonged is because the discussion has not formed
a process of one opinion expressed on one issue and the other by counterpoint based on
scientific data. In 2016, an attempt was made to exchange both sides' opinions on the
problems between Japan and Australia (Attachment 6, ESC 21). In 2017 again, the
problems pointed out by Japan and Australia were summarized in the table (Annex 7,
ESC 22). Following the summarized points, discussions will be made in a small group
and will be proposed an agreed document to the current ESC (Anon. 2017). In this
document, we provide relevant scientific data and information to each point of Appendix
7 of the 22nd ESC Report, as well as Attachment 6 of ESC 21 Report, which would help

the discussion.

2. BERFELATE. HEAZEZDEE Outline of SBT farming, and
measurement and estimation method
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The process of farming is initiated by catch of purse seine fishing. SBT are caught in
the Great Australian Bight (GAB) between December and February. This time point is
catch and used to calculate the catch amount. The SBT enclosed by net (towing cage) is
transported to Port Lincoln in about two weeks. SBT in the towing cage are transferred
into several farming cages through an underwater tunnel made of net. Most of SBT are
farmed for about 6 months until July or August. Some fish are harvested before 6 months.
The farmed SBT is picked up, killed (harvested), and processed into the form of gilled
and gutted without tail (GG). Frozen or fresh fish, mainly shipped to Japan.

Several observations and measurements are made. An on board observer observes the
towing cage, while fish size, number of SBT, and total weight are not measured by them.
After arriving at Port Lincoln, they pick up 40 fish from the towing cage by hand-line
fishing (called 40 fish sampling) and measure its fork length and body weight on the ship.
When transferring from a towing cage to a farming cage, a video camera is attached to
an underwater tunnel to capture footage, and then the number of individuals passed is
counted from the footage. After harvesting, the body weight of GG is measured at the
processing place.

To date, there are six approaches to investigate the size and growth of farmed SBT.
The 40 fish sampling, age decomposition from fork length mode, age decomposition by
slicing method, estimate assuming growth rate by SRP tagging data, stereo video camera

system, and estimate based on food conversion rate (FCR). The documents showing the



details of each method and years those estimate applied are summarized in Table 1.
These methods have different characteristics. A large discrepancy arises between

estimates of size, age, growth rate and catch estimated from them.

3. BELIINIIL—TTORKEE) X b TRENT-E-E R~ DFIBTH F
Materials for judging the issues indicated in the list of future work that
agreed in the small group

3-1. SHF IV RERKEINERFOTHESIFERN?  Are the number of fish and

average weight out of farms are correct?
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Japan believes that there is the greatest bias on estimated weight at the point of catch.
We believe that the 40 fish sampling is causing bias to smaller fish. Compared with the
estimated weight at the time of catch, we expect that the bias in the number of fish and
weight at harvest is small. But no data to prove it is given. At the present stage, we
should treat the number of individuals and the average weight at harvest to be correct

as assumptions, which should be validated, while proceeding with the analysis work.

3-2. KRAXEBZEOIEZEMME  Length — weight relationship is non-linear
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The point was raised in Attachment 6 of ESC21 Report in 2016. Australia claimed that
“The change in weight-at-length as a fish ages from age a to a+1 will definitely not be
linear (as implied in Eqn. 2)”. We have already explained in previous document (Itoh and
Omori 2017b) that we assumed growth in body weight from age-i to age-i+1 to be linear
in the equation, NOT growth in length. Non-linearity of fish size was taken account by
length-weight relationship. See Appendix 1 for more detail.



3-3. BEBDOKRRMAEEBE  Length — weight relationship of wild fish
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We have shown in the document in 2015 that the length-weight (LW) equation given
in Robins (1963) is appropriate for wild fish (Itoh and Takeda 2015). Attachment 1 of the

document in 2015 is attached as Appendix 2 of this document.

3-4. EBHDKERMAFEBFE  Length — weight relationship of farm out fish
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The LW relationship of farmed fish was made by each month and product (fresh /
frozen) at the time of analysis in 2009 (Itoh et al. 2012). The obtained allometric
coefficients are shown in Table 2. In the fork length mode method and slicing method,
LW relationship by year, month, and product are used. In the method assuming the
current growth rate, we use the July LW relationship (fresh fish in July 2007), which is
the high season of harvest.

We think that it is appropriate to use LW coefficient of fresh fish in July 2007. However,

if other concrete LW data or relationships are provided, we welcome consideration.

3-5. YU OfEOEKEE  Growth rates of tunas
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Growth increment of farmed fish in 6 months (cm)
Growth increment of wild fish in 6 months (cm)
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Aquafin CRC - SBT Aquaculture Subprogram: optimisation of farmed Southern
Bluefin Tuna (Thunnus maccoyii) nutrition to improve feed conversion efficiency and
reduce production costs

Project Number: 2001-249

Program(s): Industry

Organisation: South Australian Research and Development Institute

<2>

Aquafin CRC - SBT Aquaculture Subprogram: activity metabolism in live-held
southern bluefin tuna (Thunnus maccoyii)

Project Number: 2003-228

Program(s): Industry

Organisation: University of Adelaide North Terrace Campus



<3>

Aquafin CRC - SBT Aquaculture Subprogram: activity metabolism in live-held
southern bluefin tuna (Thunnus maccoyii), Phase 2

Project Number: 2005-200

Program(s): Industry

Organisation: University of Adelaide North Terrace Campus

<4>

Southern Bluefin Tuna Aquaculture Subprogram Project 2: development and
optimisation of manufactured feeds for farmed southern bluefin tuna

Project Number: 1997-362

Program(s): Industry

Organisation: South Australian Research and Development Institute

<5>

ASBTIA: Optimising the use of praziquantel to manage blood fluke infections in
commercially ranched SBT

Project Number: 2013-027

Program(s): Adoption, Environment, Industry

Organisation: South Australian Research and Development Institute

<6>

Southern Bluefin Tuna Aquaculture Subprogram Project 1: implementation and
coordination of research experiments conducted with farmed southern bluefin tuna to
assess manufactured diets, feeding regimes and harvesting techniques

Project Number: 1997-361

Program(s): Industry

Organisation: South Australian Research and Development Institute
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Regarding the growth rate of farmed SBT, Jeffriess (2014) argued that many research



findings indicate that growth of fish from Atlantic bluefin and Pacific bluefin tuna is
faster than that of wild fish. Itoh and Takeda (2015) argued as follows. Attachment 2 of
the document in 2015 is attached as Appendix 3 of this document.
The point is NOT farmed fish grow faster than wild fish. The point is HOW fast
farmed fish grow than wild fish. We examined growth rate in Jeffriess (2014)
which actual growth information was shown (Attachment 2). None of them
support the high growth rates of SBT which relevant to 40/100 fish sampling and
reported catch amount. Most of them support the growth rate for farmed SBT
based on the SRP tagging data.

There are representative studies for growth of wild 7hunns species, such as Reprepo
et al. (2010) in Atlantic bluefin tuna, Shimose et al. (2009) in Pacific bluefin tuna, Hallier
et al. (2005) in bigeye tuna, and Wild (1986 ) in yellowfin tuna. For growth of farming
tunas, Musuma et al. (2008) and Goto (2014) show the results of breeding Pacific bluefin
tuna on the coast of Japan. In Masuma (2008) for Pacific bluefin tuna in farming, fish in
97.2 emFL, corresponding to age-3 SBT, grew in six months to 124.5 cmFL (captive in
Yaeyama) and 125.9 cmFL (captive in Amami). In Goto (2014) in the experiment 1,
Pacific bluefin tuna grew from 89 cmFL on 16 June 2013 to 113 cmFL on 16 December
2013. In the experiment 2, fish grew from 77 cmFL on 7 November 2013 to 98.5 cmFL
on 26 May 2014.

It is not simple to compare growth rates among different tuna species and between
farming and wild fish. Depending on the species, the ability to grow may be different.
Also, it may be depending on the size or age of the fish, the increment and ratio growing
in a certain period afterwards differs. Therefore, Itoh and Takeda (2015) proposed an
index that showed the proportion of growth in the same species at a certain age (the age
to give any fork length at age of SBT close to) for 6 months (major farming duration of

SBT). This RFW (Ratio of farmed fish growth over wild fish growth) is defined as follows.

Growth increment of farmed fish in 6 months (cm)
Growth increment of wild fish in 6 months (cm)

RFW =

Australia has not provided growth rate of SBT farming. Among uncertainties related
to farming, the growth rate is a large point of uncertainty. There may be a description in
Australia's report on The Fisheries Research and Development Corporation (FRDC)
(http//www.frdc.com.au/). The FRDC report of at least the following titles is promising.
We would like to ask Australia to submit these report to CCSBT and also provide a
review document on the growth rate of farmed SBT based on description in these reports.
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Southern Bluefin Tuna Aquaculture Subprogram Project 1: implementation and
coordination of research experiments conducted with farmed southern bluefin tuna to
assess manufactured diets, feeding regimes and harvesting techniques

Project Number: 1997-361

Program(s): Industry

Organisation: South Australian Research and Development Institute

If the knowledge of the existing growth rate is insufficient, it is necessary to obtain the
growth rate directly and newly, by means of conventional tagging. The tagging method
will be direct and effective that implemented conventional tags when SBT are measured
length and weight at the 40 fish sampling (100 fish at current), released the fish into the
towing cage, farmed as in usual farmed condition, and retrieve tags when harvested with

data of length and weight.

3-6. EEHEEDHE~DEE  Effect of wearing tags on fish growth

Jeffriess (2014) T, A IEE T2 2 L3, I T I/ R ORRICHRVEYEL 525
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Jeffriess (2014) argued that wearing conventional tags had a strong negative impact
on the growth of SBT. The grounds were primarily based on Hampton (1986), Hearn and
Polacheck (2003), and Itoh et al. (2003).

Itoh and Takeda (2015) clarified that these documents indicate that the effect of tag
attachment is minor. They also pointed out that Jeffriess (2014) inappropriately cited
Itoh et al. (2003) which was for archival tag study implementing a large device in fish
body cavity. Itoh and Takeda (2015) concluded that it was unlikely that wearing tags
greatly affects the growth of tuna after showing other literature information. The

description of Itoh and Takeda (2015) is attached as Appendix 4 of this document.
3-7. &M Age composition from CDS data

CDS OfEERIV A AT =23 e B2 bD, KEE— RO OFMSELOA T A
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Size data of individual fish included in Catch Documentation Scheme (CDS) are
considered to be beneficial. It is possible to obtain analysis results by age decomposition
from fork length mode and age decomposition by slicing method. Regarding confidential
information of CDS, the specific name of farming company is unnecessary. However, if
growth and fish size vary greatly depending on the farm, it will be necessary to

distinguish them according to separately given codes.

3-8. EEAIXZHafRE  food conversion rate (FCR)

Jeffriess (2014, 2015)I3 X 7 ~ 7/ v SR AO TR LR (HRMREG FCR) 28R L

oo LLEZTRENTCHEFITITFENSY, AELPLETH D, FlAIE, 2014 ££0
BETIIRE RTINS > T D (see Appendix 5), ZiulL, VoA AR E RO RS
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W, Z D%, CCSBT-Ttoh and Omori (2017b) T#iH] L7z (see Appendix 6),
Jeffriess (2014, 2015) provided FCR values of farmed SBT. However, there are
discrepancies in the numbers shown there, and a review of their calculation is necessary.
For example, in the 2014 farming it is in a big deficit (see Appendix 5). This has nothing
to do with uncertainty of size or growth rate. In addition, not all amounts of sardine may
have been used for SBT. This point was explained in Itoh and Omori (2017b) (see
Appendix 6).

3-9. 401100 B> T2 TDINA TR Evaluation of bias in 40/100 fish sampling
2014 £ ESC21 O LAR— FTiE, 100 BY 7V 7 LIERICAT VA ET A AT
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DIRFEZ IFT 5,
It is described in the ESC 21 report of 2014 that an experimental trials comparing stereo
video to the 100 fish sample could be used to investigate the accuracy of 100 fish sample
(Anon. 2014c). Also, it suggested another approach that taking a 100 fish sample just

prior to harvesting all the fish in pens. We support these suggestions.

3-10. ADAEHEE  Fish condition index
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Australia claimed that SBT calculated using LW relationship used in Japan is much
thinner than actual farmed fish. Table 2 shows fish condition expressed in terms of
Fulton's condition index (K = 105> x Body weight / (Fork length 3)) based on the LW
relationship used by Japan. This value is considerably larger than the K value of wild
SBT, contrary to Australian claim.

So far, Australian has not provided K values for farmed SBT which they think reasonable.
It is desireble to be provided K value from Australia. K value varies depending on at
least fish length, but if it also varies by other factors, such as by year, month, farming

cage, as Australia has been explaining, each K values should be provided.

3-11. GAB TD 4 HFAMDHNH  Few age-4 fish distributed in GAB

ST, BAROBITERTIE 4 BANEEOZRTHHEZ TS, LnL Ziudzei
DFex DERITHT LENENTH D, Fox OFEHTTIL 2015 FHFEADOLE . HEE SIE
ERELARIE 2 %l 31%., 3 kMR 45%. 4% 21% Ch o7z, I T I O EEREHRIT 3
WA THY ., Foxld GAB IZZHD 4 B nm L THD Z EIHMEL TR, ZOR
I%. Itoh and Omori (2017b) T#HiHH L7z (see Appendix 7).

Australia thinks that age-4 fish is the main component of farmed SBT in the results
of Japanese analysis. But this is a misunderstanding of our claim in Australia. In our
analysis, estimated age composition was 31% in age-2, 45% in age-3, and 21% in age-4
for the 2015 farmed fish. The main composition of SBT were still age 3, and we have not
assumed plenty of age-4 SBT distributed in GAB. This point had been explained in Itoh
and Omori (2017b) (see Appendix 7).

3-12. FERD-HOREDREDERE Understand logistics of catching for farming
Boxlx, FMPRE L TV DR FE O 2 80017 2,

We welcome Australian proposal that explain catching process.

4. EETEHTHAHIEM Points can be agreed

Fexld, UTOEITHASHTHY, I A—TUHW T ESC & LTABEICETHZENT
XHEEZD,
1. 40/100 B 7 U o 725 < CDS = U =2 b O EHR L | SRP k7 — Z 125
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LERAMTORERL, BXETERTS,

HRHM YT ORERIT, B L T 585513 Ratio of farmed fish growth over wild
fish growth (RFW) TZRHET 5,
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HERME T O ERIZOWVWT, FRDC LaR— b &2 & el SCHRICR STV D EZ UL
#£ 1L, 20194 ESC  Clzhatd %,
SEBMTPORESIZ, 2019 F ESC £ TIC LV EETX 2EAE SN VIEY . SRP
B 7F =BRSSO EEMT S,

BERMHTORERIT, SEADOBRYXERENTEAORBYXERELFALCTHL ET
DARE % AT 2,

BRI P ORERICONT, 2019 4£ ESC TAETERWEAIE, KEFREHM~D
Bz 71k (e.g.100 BY v 7 ) vV COMERMNT) OitEZ 2019 4 ESC THRE
L. 2019 4 CCSBT FREAITHRET D,

RIS DRSO, SCRE TSR, A L O TIE AW,

CDS OMEERIN A XF—% Zf@ht (Bl ziE, REE— FE) IERATLZ &, R
DFFRIZHEE TH A 9,

ESC I%. CDS OfffERIY A AT — 2 2 ERBAOT —HfETICHEHEEL L5, ZES
IZEEE T RETH D,

B EELZ DN T, SHNIEZEM N2 L5 U 2% 2019 4F ESC TRT,

ST, 2017 FFLARTOMDOHF T 4 FAN HO D EET 3 mAD B D LD HRLY,
2%, Understand logistics of catching for farming O 1F# Z #2325,

AT LA ETFT AN A FIIRHEEOIRICA DTk s 5D,

We believe that the following points relevant to SBT farming are clear and we can

reach an agreement as the small group and ESC.

The cause of the difference between the growth rate from the CDS summary based
on the 40/100 fish sampling and the growth rate based on SRP tagging data should
be elucidated.

It is appropriate to use the LW relationship in Robins (1963) for wild fish.

Any analysis that needs LW relationship of farmed fish, that derived from farmed
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fish of fresh fish in July 2007 can be used. If other LW relationship is provided from

Australia in the future, and if judged appropriate, sensitivity analysis will be done.

4. The growth rate during farming period is expressed in fork length.

The growth rate during farming period is expressed by the ratio of farmed fish
growth over wild fish growth (RFW) when comparing to wild fish.

6. In the growth rates during farming, that based on SRP tagging data is the most
reliable among currently available ones.

7. Regarding the growth rate during farming, collect the values shown in existing
literature including FRDC reports and consider it by 2019 ESC.

8. Growth rate during farming will be uesed the one based on SRP tagging data unless
a more reliable value is obtained by 2019 ESC.

9. An analysis that assume the growth rate in fork length are same in farming fish and
wild fish is treat as a sensitivity test.

10. Regarding the growth rate during farming, if it is not possible to agree at the ESC
in 2019, a plan of a new method to examine the growth rate (e.g. tagging in the
100 fish sampling) will be formulated in 2019 ESC, and it will be proposed to the
annual meeting of CCSBT in 2019.

11. The influence of tag attachment on growth is not serious as a result of examining
the literature.

12. Analysis of individual size data of CDS for analysis (e.g., body length mode method)
would be useful for solving the problem.

13. ESC should ask Commission allow ESC to use CDS individual size data for data
analysis of farmed fish.

14. Regarding the fish condition factor, Australia will provide the value that Australia
believes to be appropriate by 2019 ESC.

15. In farmed fish, the proportion of age-4 fish among fish before 2017 is lower than that
of age-3 fish.

16. Australia provides information on understand logistics of catching for farming.

17. Stereo video cameras are expected to be an effective way to dispel uncertainty.
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Table 1 Six methods of size and growth of farming SBT
Method Years applied Document Remark
40 fish sampling 2001-2017 Anon. 2006 100 fish from 2013
Age decomposition 2007-2009 Itoh et al. 2009a,
from fork length 2009b, 2010
mode
Age decomposition 2007-2010 Itoh et al. 2011, 2012
by slicing method
Assuming growth 2001-2017 Itoh et al. 2014, Itoh
rate by SRP tagging and Takeda 2015,
data Itoh and Omori
2016, 2017, Itoh and
Ara 2018
Stereo video camera There was an
system experiment in 2011
Food conversion 2014, 2015 Jeffriess 2014, 2015
rate (FCR)

Table 2 Length and weight relationship and Fulton’s condition index (K) of SBT

Length-weight relationship parameters (a, ») and number of fish (num) are from the 2007
farming fish (Itoh et al. 2012) by month and by product (Fresh or frozen). Length-weight
relationship of wild fish came from Robins (1963). Body weight and Fulton’s condition index

at fork length in 10 cm intervals are shown in the upper and lower tables, respectively.

Weight at length

Month FresFroz num b 70cmFL 80cmFL 90cmFL 100cmFL 110cmFL 120cmFL 130cmFL 140cmFL
Wild 3.131 2.906 7.2 10.6 14.9 20.3 26.8 34.5 435 53.9

4 Fresh 284 1.258 3.101 8.4 12.2 17.2 23.4 31.2 40.5 51.6 64.7

5 Fresh 1,479 0.395 3.356 79 11.7 17.0 23.7 32.3 429 55.8 71.3

6 Fresh 1,672 0.839 3.193 8.3 12.2 17.3 23.8 31.9 41.8 53.7 67.7

7 Fresh 4,267 1.392 3.090 8.8 12.8 18.0 24.6 32.7 425 54.1 67.8

8 Fresh 5957 1.947 3.021 9.2 13.2 18.5 25.0 33.0 426 54.0 67.3

9 Fresh 5,089 2.388 2971 9.1 13.1 18.1 244 32.1 413 52.1 64.6
10 Fresh 2,278 1177 3.113 8.3 12.1 17.0 23.2 30.9 40.2 51.2 64.3
7 Frozen 8,040 1.253 3.110 8.7 12.7 17.8 243 324 42.1 53.8 67.5

8 Frozen 21,976 2.872 2.930 9.2 13.1 18.1 243 31.8 40.7 51.3 63.4

9 Frozen 25,038 2.093 2.989 8.7 124 17.3 23.3 30.6 39.5 49.8 62.0

Fulton’s K

Month FresFroz num b 70cmFL 80cmFL 90cmFL 100cmFL 110cmFL 120cmFL 130cmFL 140cmFL
Wild 2.10 2.07 2.05 2.03 2.01 1.99 1.98 1.97

4 Fresh 284 2.46 2.39 2.36 2.34 2.34 2.34 2.35 2.36

5 Fresh 1,479 2.29 229 2.33 2.37 243 2.48 2.54 2.60

6 Fresh 1,672 242 2.38 2.37 2.38 2.40 2.42 244 247

7 Fresh 4,267 2.58 2.51 2.48 2.46 2.46 2.46 2.46 2.47

8 Fresh 5,957 2.67 2.58 253 2.50 248 247 2.46 245

9 Fresh 5,089 2.66 2.55 2.49 2.44 2.41 2.39 2.37 2.36
10 Fresh 2,278 242 2.36 2.33 2.32 2.32 2.32 2.33 2.34

7 Frozen 8,040 2.54 247 2.44 243 243 2.44 245 2.46

8 Frozen 21,976 2.68 2.56 2.48 243 2.39 2.36 2.33 2.31

9 Frozen 25,038 2.53 2.43 2.37 2.33 2.30 2.28 2.27 2.26
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Appendix 1

(From CCSBT-ESC/1708/20 (Itoh and Omori 2017b); blue is Australian statement, while

black is Japanese statement)

Australia [2016]: Your analysis of growth rates 'implied by Australian data' is based on the

calculations in CCSBT-ESC/1609/24, with respect to this:

1. Australia [2016]: Bias in inferred weight-at-age (Eqn. 2). The change in weight-at-
length as a fish ages from age a to a+1 will definitely not be linear (as implied in Eqn.
2) because of the effectively cubic relationship between length and weight. Using a
simple linear approach like this one will always overestimate the weight-at-age at any
point in the year as measured Jan 1st to Jan 1st. By over-estimating weight-at-age you
will implicitly have to have a higher value for W.TIS.Catch.y to solve Eqn. 3. So, just
from this issue alone, actual catch would HAVE to be higher than reported catch but

driven only by a bias in the inferred weight-at-age.

Japan [2017]: Eqn.2 in CCSBT-ESC/1609/24 was the equation that estimate the date of wild
capture. It is used to match the catch amount from fish with mean length-at-age on January
1st and grow in the period up to the date estimated, to the reported catch amount.
W.catchy,; = Wy, X adj. mon,, X % X (Wian,iv1 — Wiani)

(Eq-2) in CCSBT-ESC/1609/24
where, W.an,; = average whole body weight (kg) of wild SBT at January 1¢t of age 1
adj.mony = the number of months from January 1st to capture during fishing year y;
W.catchy; = average whole body weight (kg) of wild SBT at wild capture by the purse seine
fishery in the fishing year y.

We assumed growth in body weight from age-i to age-i+1 to be linier in this equation. It was
NOT growth in length. Australian claim was not appropriate.

Furthermore, an attempt was made for non-linearity of growth in body weight. The von
Bertalanffy growth curve was fitted between age-2 and age-5 of length-at-age used in CCSBT.
(Although CCSBT’s length-at-age was derived from more complex procedure using Richard’s
model and combined two stanza, any curve was enough for this examination.) Body length
was converted to body weight by Robins (1963) and then compared with growth that assumed
linearity (Fig. 1). As the result, the body weight increased linearly and little difference was
observed between the two lines. Therefore, linear/non-linear issue on the equation cannot

explain the large bias observed.
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Australia [2016]: The interaction of uncertainty in mean length-at-age, the nonlinear
nature of in particular the length-weight relationship, and the various assumed and
estimated parameters. If everything is linear, then using the expected values of all key
parameters and relationships does not produce a bias. BUT because there are a number
of nonlinearities and estimated quantities it is not at all clear what role these will have
in biasing the estimates. The main point of the analysis is to try and estimate the
potential bias in reported catch due to sampling issues. However, the main problem is
that the sequential modelling approach is likely to have a number of unknown biases in
it even if the data were correct, so how do we make any conclusions based upon it if the

results cannot be demonstrated to be unbiased.

Japan [2017]: As mentioned above, our analysis did not approximate body length in
linear. It took account of non-linearity in length-weight relationship. While there
were several assumptions, the estimated biases in growth or catch amount were
quite large, which is unlikely to be explained by uncertainties relevant to those

assumptions.

19



Appendix 2
(From Attachment 1 of CCSBT-ESC/1509/32(Rev) (Itoh and Takeda 2015))

Attachment 1
Evaluation of length-weight relationship in Robins (1963)
Robins 1963 DIARAKHEBELRA DY) S

OMMP5 (2014 %) T Robins (1963) D &R AR E BRI B < 2355 S 7z, Robins (1963)
TS B W THREREBIGRAR L ORI T s b oo, JIEEEER, B2 ~7
Y MImENTELT, BEESHMR TE 2, £, 50 FUEEOT—XThHY | THEITY
TIXEDDONTENTITR,

Z 2T, FIHAREREFEDT — 2 # W TRREERBGRRZ KO-, 7—1F 2011 £ 5
2014 FORMPEIZL D I F I v OERRERET —F (N=529), 72 5 NT 2011 05 2014
0 RTMP 57— X I2B D RERET — 2 2 iz, KD NS RERERRIT E M@ jnE
THI2HPL2ADLDTHD, BMlFAEIL 1 AL 2 HiAThbdDT, 2 TOT—X% %
W, Ry 7 A7 my hCFxzw 7 Lick 2A, RTMP 7 — % CIEIEMEN 11 AH24 5 A
WRETH -T2 nnn, 2RO HIZERW =, RTMP 3G ERETHLHZ &b, 1.15 %
LCFfEREL L7z (Anon. 2014), F XM CIIAAMITIE LA CIRES VDT, >140cm
DT —H IR\ (N=73,125),

RERERBREIU TOTa A Y =X TREN 5D,
W=alb

Robins(1963) Tl a=3.130859x10%  (JRFl#kix 104161 THR L RH{7), b=2.9058 ThH -7z,
Fex OF —H 51 a=2.274358x105, b=2.971 NS N7, BMHFITIZE A EEWIZA L2
<72 (Fig. A1), £ - 7T, Robins(1963)" LW BHERZMATICHEHTHZ LixmbEExbh
7=

There was a discussion at OMMP5 (2014) whether the length-weight (LW) relationship of
Robins (1963) is appropriate. In the paper of Robins (1963), there was a figure of LW curve
and parameter values of equation, but lacked information of the number of individual
measured or actual plots of each individuals, then we could not ensure its reliability. In
addition, it should be confirmed that such a LW relationship obtained 50 years ago is
applicable in recent years.

We calculated LW relationships by using available data in recent years. Data came from
the trolling survey from 2011 to 2014 (N=529) and RTMP data in the same years. The LW
relationship should be derived is for Australian purse seine catch in the period from
December to February. All of data from the trolling survey were used because its periods

were from January to February. In the RTMP data, monthly condition index (W/L3) was
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similar between November and May in an observation by box plots, then the data in the
period was used. Weights in RTMP were converted to round weight by a factor of 1.15 (Anon.
2014). Since large individuals are few in purse seine catch, data > 140 cmFL were excluded,
resulted in records from 126,581 individuals in RTMP were used.

LW relationship was expressed as the following allometry equation.

W=alpb

Parameters in Robins (1963) was a=3.130859x10% (original description was 104161 ag the
unit was pound) and b=2.9058. Our data provided a=2.274358x10%5 and b=2.971. Two
curves agreed well each other (Fig. A1). Therefore, it is considered to be appropriate to use

the LW relationship in Robins (1963) for wild fish in the farming subject in recent years.
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Fig. A1 Length-weight relationship of young SBT

Each plot in red is one individual measured in the trolling survey. The numbers of
measured SBT in RTMP (green) are expressed as size of circles.
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Appendix 3
(From Attachment 2 of CCSBT-ESC/1509/32(Rev) (Itoh and Takeda 2015))

Attachment 2
Evaluation of growth rate in farming of Atlantic, Pacific and southern
bluefin tunas in literatures used in Jeffriess (2014)

Jeffriess(2014) CT/RENT=CHRIZ LA RAEHEI u~ T, KEEIn~ 7
7, I IV uDBEENMEDOMEE

Jeffriess(2014 CCSBT-ESC/1409/1DIZ BNV T, S F I~ nB LB ETH LI REE o~
TuaBIOKREEI/I e~/ vl o T, FBADFHWKRELZ RTIHLOERE LT 200
SCEME RN S iz, TR TEARB 2 TFE TR ENTZHEFIT OV THRFT L7,

[Z41] 1] Katavie et al. (2002) LV, KVE¥2 v~ 2 v, “Ina trial conducted in the Adriatic
Sea trial over 17 months (June 1999-December 2000) the results showed a much faster
growth in length and weight in farms than in the wild. For example, in the 85-120cm category
(10-25kg) the monthly growth was 2.16cm and 2.42kg. This was despite an initial tagging
mortality of 50%, plus 5% during the trial, indicating stress on all tagged fish.” (Table 1 in
Jeffries 2014)
100cm @ ABF 73— A T&H#E TlE 2.16cm K35 & LT %, Restrepo et al.(2009) Tix—
 HCEAMAIT 1.59em ET 5, Ko T, RFW=1.36, SBT3 mfa® SRP ¥ /53R 7
RFW=1.49 # LA 572\,

[=#] 2] Deguara et al. (2010) XV, K27 v~ v, “A4month trial in Malta (February
to June 2009) on 5-6 year old Atlantic Bluefin Tuna achieved a 45.5% increase in weight and
an increase in length from 142.5 cm to 157.9cm. In the wild, such ABT age groups take over
one year to gain that length.” (Table 1 in Jeffries 2014)

137 HHOEBRT 142.5 cm 705 157.9cm (2R Lo & LTWD, RFW=2.35 LEtR shiz,
SRP % 76 D& SBT O RFW % LI %575, SN RIS L7z REW (X TR, %
72, ICCAT-SCRS TOiEmmIH b TIER WA, 2O LAR— B3I TH e, ICCAT-SCRS
THEFADERREITE AR LF L LRI TV Z LITBETRETH D,

[Z41 3] Galaz (2012) LV, KW v~ v, “In cages with just young tunas, growth is
more important as the direct competition for food has been removed. Data suggests juveniles

under 20kg originating from the Balearic Islands show significant weight increase reaching
a SGR of 88.8 % in November (121 days).” (Table 1 in Jeffries 2014)
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20kg DFaNN 4 4 H T 1.888f5IC72 5 & LT 5,

Table £ Weight merease data for juveniles caught in the Baleane Izlands.

Monih AveEg) Sitd D n Days RGR%
Tuly 185 27 27 0
Angnst 11 EX 11 3l 135%
September 30.7 &.0 7 &0 576%
Oictober - - - 01 -
Hovember 368 47 52 121 28.8%
Diecamber 340 48 516 152 T8.1%
Jammary 344 44 108 157 T56.5%

52 (Table 5of Galaz 2012) 7%, Jeffriess(2014)RE2M L71-£THAH, 11 H T 1.888 {272
STWVDHD, 6 7 HfE>T1 HIZ->TH 1765 5 TNV, Galaz(2012)1, AFIZITkE
PEHTHE LTS, KoT, 6 7 HZOYHEREIT 11 A, 12 A, 1 H OFEKE=35.0kg
L7z, KW/ n~ 27 b CIKE 19.5kg 1% 3.32 ik L HEE S, 6 » A% DIKER X 112.2emFL
L%, & ABF35.0kg OR KT Galaz(2012) T/r S u7= WL B0 5, 121.0emFL & &
Hahi, £-7TRFW=(121.0-103.1)/(112.3-103.1)=1.95, SRP ¥ 7’75 D& # SBT @ RFW
Z REID2S, SENERE I B L7 REW X TR,

ZOLVR— R ENRTHAE, ICCAT-SCRS iTH#EADKEREIXE AL LR U LA
TWDZLICHBETRETH D,

[F:61 4] Goto(2014) L v, K¥EEI m~2rm, Fhk 1 TIL 201346 H 16 H® 89cm 7% 2013
12 H 16 BIZ 113cm IZFkE L7z, 2B 2 TIEX 2013 4F 11 A 7 H® T7cm 7% 2014 4= 5 H 26
HIZ 98.5cm |2k L7z,

FEBR 1 Tl 89emFL O fa T RFW=1.80. 5 2 TiZ 77cmFL ®fa T RFW=1.50 T& - /-, SRP
B 75 D& SBT @ RFW %/ U LIS 723, SENEEI#ERICHE Lz RFW 21X 7 F
B2,

[Z41] 5] Gordonetal.(2006)L Y, ZHNIFIF I~ nBEADKED LK FTEZ R LT
Jeffriess (2014) D HTHE—D & D,

Days in culture Start Finish RFW estimated Source
173 days 95 cmFL 108 cmFL 1.476 Jeffriess(2014)
170 days 97 emFL 109 cmFL 1.477 Jeffriess(2014)
174 days 112 emFL 120 emFL 1.144 Jeffriess(2014)
6 months 97.2 cmFL 110.1 cmF1 RFW=1.49 SRP tag
estimation in the
present study
6 months 110.2 cmFL 119.0 cmFL RFW=1.21 SRP tag
estimation in the
present study
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A Z YV w7 1% Jeffeiess(2014) 25 D5 H, SRP ik 7T — X 22 HRD72 6 » HMOSEHEMOKE
L L < —H Lz, RFW O4yEkHE, CCSBT THW TV B AERHIEHEICOWT, HBIRE
EEAREAE L, £F 3 HIIZREMERT 5 & E L TR, HEE L7 RFW 1%, SRP ¥
7B 0% SBT © RFW &R LAV L FREIY | NSRS RIS Lz RFW 2135 232
TES,

Jeffriess (201X Z DEBRTORRLEERN @M -T- LR LTS, EEEREDOFRIT RS TV
AN

Jeffriess (2014 CCSBT-ESC/1409/11) introduced several cases of results in growth of farmed
tuna (southern bluefin tuna Thunnus maccoyii SBT and its closely related species, Atlantic
bluefin tuna 7' thynnus ABF and Pacific bluefin tuna 7 orientalis PBF) by referring to

literatures. Among them, we examined several cases that the actual data were available.

<Case 1> From Kataviz et al. (2002) for ABF

“In a trial conducted in the Adriatic Sea trial over 17 months (June 1999-December 2000) the
results showed a much faster growth in length and weight in farms than in the wild. For
example, in the 85-120cm category (10-25kg) the monthly growth was 2.16cm and 2.42kg.
This was despite an initial tagging mortality of 60%, plus 6% during the trial, indicating
stress on all tagged fish.” (Table 1 in Jeffries 2014)

It states that 100 cmFL ABF grew 2.16 cm per month. Wild ABF at 100 cmFL grow 1.59 cm
per month with growth equation in Restrepo et al. (2009). Then, RFW is 1.36. This does
not exceed the RFW value (1.49) for age-3 SBT derived from the SRP tagging data.

<Case 2> From Deguara et al. (2010) for ABF.

“A 4 month trial in Malta (February to June 2009) on 5-6 year old Atlantic Bluefin Tuna
achieved a 43.5% increase in weight and an increase in length from 142.5 cm to 157.9cm. In
the wild, such ABT age groups take over one year to gain that length.” (Table 1 in Jeffries
2014)

It states fish grew from 142.5to 157.9 cm in 137 days. RWF is calculated as 2.35. It exceed
the RFW value (1.49) for SBT derived from the SRP tagging data, but below the RWF
corresponds to the total catch that Australia reported.

Note that ICCAT-SCRS concluded that farm fish growth in length should be same as that of
wild fish in their assessment calculation, even Deguara et al. (2010) and Galaz (2012) were

available in the discussion.
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<Case 3> From Galaz (2012) for ABF.

“In cages with just young tunas, growth is more important as the direct competition for food
has been removed. Data suggests juveniles under 20kg originating from the Balearic Islands
show significant weight increase reaching a SGR of 88.8 % in November (121 days).” (Table
1 in Jeffries 2014)

It states that body weight of 20 kg became 1.888 times in four months.

Following is the Table that Jeffriess (2014) would refer to (Table 5 of Galaz 2012).

Table £ Weight merease data for juveniles caught in the Baleane Izlands.

Adonth AvelEe) Sizd D n Deys RGR%
Tuly 185 27 27 0
Angnst 11 EX 11 3l 135%
September 30.7 &.0 7 &0 576%
Oictober - - - 01 -
Hovember 368 47 52 121 28.8%
Diecamber 340 48 516 152 T8.1%
Jammary 344 44 108 157 T56.5%

While average growth in November was 1.888 times, the growth was 1.765 times in January
after six months passed. Galaz (2012) stated that fish didn’t grow in winter. Then, average
growth in six months is expected to be 35.0 kg, by weighting average of November, December
and January, which estimated to be 121.0 cmFL with LW equation in Galaz (2012). ABF of
19.5 kg is estimated to be age 3.32 with 103.1 cmFL and estimated to grow to 112.2 cmFL in
six months. Then, RFW=(121.0-103.1)/(112.3-103.1)=1.95. It exceed the RFW value (1.49)
for SBT derived from the SRP tagging data, but below the RWF corresponds to the total catch
that Australia reported.

Note that ICCAT-SCRS concluded that farm fish growth in length should be same as that of
wild fish in their assessment calculation, even Deguara et al. (2010) and Galaz (2012) were

available in the discussion.

<Case 4> From Goto (2014) for PBF.

In experiment 1, fish grew from 89 cmFL on 16 June 2013 to 113 cmFL on 16 December 2013.
In experiment 2, fish grew from 77 cmFL on 7 November 2013 to 98.5 cmFL on 26 May 2014.
RFWs are calculated as 1.80 for the experiment 1 and 1.50 for the experiment 2. It slightly
exceed the RFW value (1.49) for SBT derived from the SRP tagging data, but far below the
RWF corresponds to the total catch that Australia reported.

<Case 5> From Gordon et al. (2006) for SBT
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This is the only one information that actual SBT growth figures are present in Jeffriess (2014).

Days in culture Start Finish RFW estimated Source

173 days 95 cmFL 108 cmFL 1.476 Jeffriess(2014)

170 days 97 ecmFL 109 cmFL 1.477 Jeffriess(2014)

174 days 112 cmFL 120 cmFL 1.144 Jeffriess(2014)
6 months 97.2 cmFL 110.1 cmF1 RFW=1.49 SRP tag

estimation in the
present study

6 months 110.2 cmFL 119.0 cmFL RFW=1.21 SRP tag
estimation in the
present study

Italics are refer to Jeffriess (2014). Growth increment was agreed well to that from SRP
tagging data. RFW was further calculated. For the denominator of RFW, monthly growth
was assumed to be linier interpolation, with no growth in winter three months, between the
mean length-at-age used in CCSBT. Estimated RFWs are similar or below the RFW value
for SBT derived from the SRP tagging data, but far below the RWF corresponds to the total
catch that Australia reported.

Jeffriess (2014) described mortality was high in this experiment. However, detail

information about mortality and its influence on growth was not explained.
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Appendix 4
(From CCSBT-ESC/1509/32(Rev), page 22-23; Itoh and Takeda 2015)

1. Concern for impact of tag attachment on growth
Concern was made for conventional tags attachment on growth (Jeffriess 2014). It claimed
tagging data were inappropriate for growth study because it give serious impact on SBT as
shown in Hampton (1986).
Through examination in peer reviewed literatures including Hampton (1986), we conclude
that tag attachment does not affect growth, especially in body length, of tunas seriously.
It is well known that conventional tagged tuna resume feeding immediately, and resulted in
recaptured in pole-and-line in several times in successive days (Hallier and Fonteneau 2015).
In SBT, the most frequent period in Hampton (1986) in which fish released with conventional
tags recaptured, presumably by pole-and-line, was 6-10 days after release. Jeffriess (2014)
referred Itoh et al. (2003) that observed less frequent feeding after release in PBF, but such
a reference was inappropriate because it was “archival tagged” fish implemented in fish body
cavity with surgery. The paper compared growth and fatness of recaptured fish against wild
fish and did not report severe influence in short period at liberty.
Hampton (1986) compared the condition factor (W/L3) of recaptured tagged fish to untagged
fish. 94% of tagged fish were at liberty less than 20 days. He reported mean condition
factor of tagged fish was 93.36% of that in wild fish. This method is indirect comparison
between different individual and there is criticize. “7This method (deviations from the
expected relationship) has recently been criticized as inaccurate and irrelevant to condition
and likelihood of survival (Green, 2001).” (Willis and Hobday 2015).
Hearn and Polacheck (2003) concluded, with referring Hampton (1986), that tagging had no
substantial effect on the growth in body length even within the first 30 days. “With respect
to tagging effects, Hampton (1986) and Hearn (1986) have shown that there can be a
significant weight loss of 7-12% for tagged fish in the first month after release. However,
tagged fish recover this weight loss within a year at Iliberty, and there 1s no apparent
difference between tagged and untagged fish after this time (Hearn, 1986). (There is little
Information available on weight loss of tagged fish at liberty between one month and one
year.) In terms of length, Hearn and Hampton could not detect a reduction of growth from
growth increment residuals in the tag-return data even within the first 30 days after release.
Limited data from the effect of handling and tagging fish in commercial farm pens indicated
no retardation in growth in length after 150 days. These farm fish did show a loss in weight
when first caged, but the weight was regained over a period of a few months (Anonymous);

therefore we do not think that tagging had any substantial effect on the growth rate of tagged
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fished 1n our study.”
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Appendix 5

Net income calculated from information provided in Jeffriess (2014 and 2015) for SBT farming in 2013 and 2014

Farming in 2013

Farming in 2014

From Jeffriess(2014) From Jeffriess(2015)

Table 5

Table 5

Australian report

Australian report

Item Calculation (40/100 fish sampl.)  (40/100 fish sampl.)
EEFBOARE Q) Mean body weithg at farming start 1 16.19 18.73
INFEREDIKRE ® Mean body weithg at farming end 2 33.29 38.98
AREHEMS ®=2-D Growth increment 3=2-1 17.1 20.25
2EBEH @ N farmed 4 255,486 255,486
EBEESKOEEEMS (L) ®=@*@/1000 Total growth weight of farmed fish (ton) 5=3%4/1000 4,369 5,174
IHFERE (L) ® Weight bait used (ton) 6 51,550 57,373
SR EHIRI(FCR) RAEER 0=6/6 FCR(Food conversion rate) for round weight 7=6/5 11.8 11.1
WW/GGD ZEHu (R %k Conversion round weight / gilled—gutted weight 8 1.1635 1.1635
EHHEHRE(FCR) B REER O=0/® FCR(Food conversion rate) for GG weight 9=7/8 13.7 12.9
THEHE (keZf=YDF)LE) Bait price (A$/kg) 10 $0.85 $0.88
I OlkgEEICEL-ER D=0x*® Bait cost for 1kg increase of SBT 11=9%10 $11.67 $11.35
IHIEIRFDINEDTIketlENEB2AIE (D=0D/40% Total cost for 1kg increase of SBT 12=11/40% $29.17 $28.39
INAN—A~DERFEME ® Price sold for buyer 13 $15.23 $14.53
=0 (E Z FBER ST Price of SBTof Australian longline catch 14 $18.06 $17.25
EEITHhMBHaXE ®={@+*®*1000 Total cost for farming 15=12%5%x1000 $127,454,153.13 $146,857,668.10
5ol EIFiszg B®=2*@*1 Total amount of sales 16=2%4%13 $129533,113.76 $144,702,007.39
FlzE D=0B-® Net income 17=15-14 $2,078,960.63 §  —2,155,660.71
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Appendix 6
(From CCSBT-ESC/1708/20 (Itoh and Omori 2017b), page 7-8; blue, red, and blac is
statement of Australia in 2016, Japan in 2016, and Japan in 2017, respectively)

2-4. Australia [2016]: Feed conversion ratio (FCR): Australia has provided the extensive literature
showing that the benchmark for FCR in farming of Bluefins (including SBT) is ~10:1. Japan’s
hypothesis rests on Australia’s FCR being up to 17:1. Does Japan have information which

contradicts the literature on FCR?

Japan [2016]: We do not know what FCR value is appropriate for tuna. We welcome the
information on actual observed FCR values for SBT from Australia, appreciating that this
can vary with environmental conditions. The FCR values in Table 5 of CCSBT-ESC/1609/14
are based on the total amount of sardine used for food. These values may be larger than
apply in reality to Bluefin alone because this food is also used to feed other species, or for

other reasons.

Japan [2017]: We expect that Australia provide us the actual FRC values of SBT in this
ESC.
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Appendix 7
(From CCSBT-ESC/1708/20 (Itoh and Omori 2017b), page 6)

2-1. Australia [2016]: The average weight into farms: The implications of Japan’s

hypothesis is that — for example — the differences between the sampled weights and actual

weights are:

Sample Japan hypothesis
Sample size  Av. Wt (kg) Av. Wt (kg)
2010/11 2471 16.7 27.2
2012/13 2,735 16.2 26.9

Japan’s hypothesis is that the SBT going into Australian farms are, on average, 4
year old SBT. Is Japan’s hypothesis that there is so many 4-5 year olds on the
Australian fishing grounds, and these could be targeted so well? Looking at 2013,
the hypothesis is not supported by the SAPUFE or the Transect Survey raw data. It
1s also not supported by the realities of tuna farming — that at-sea operations are
relatively immobile because of the tow net, that fish of 15-16kg grow faster than
SBT of 27kg, and that all SBT >21kg. (gg wt) bring a largely common price.

Japan [2016]: We need to check the average weights which have been associated here with

the Japanese hypothesis, because the different growth rate by age should be considered. In
the GAB, it is known where age 4 fish are distributed, as well as the age 5 fish. Purse seine
fishermen can therefore select SBT size (age) that they want. Hence, the age distribution of

the catch can be different from the age composition of the SBT distributed in GAB.

Japan [2017]: The age composition of purse seine catch reported by Australia was 49% in
age 2, 43% in age 3 and 7% in age4 in 2015. From this information we can understand some
amount of SBT age 4 is distributed in GAB and actually caught.

In our analysis for the 2015 farmed fish, estimated age composition was 31% in age 2,
45% in age 3 and 21% in age4. The main composition of SBT were still age 3 and we do not
need to assume plenty of age-4 SBT distributed in GAB.
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