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Estimation of growth in farmed Southern Bluefin Tuna using the CCSBT
conventional tagging data
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Summary

We calculated the growth increments of SBT which were tagged in the CCSBT tagging program,
caught by purse seine within 30 days of tagging, and then farmed in a fish pontoon. The CCSBT
tagging database includes tag/recapture data for 8842 SBT which were tagged over 2001-2007 and
reported from tuna farms. Among the 8842 SBT, 141 individuals, which were caught by purse seine
within 30 days of their tagging, are used for present analysis. For our calculations of the growth
increments, the initial weight was estimated from the body length at tagging, and the final weight was
the value reported from the farming pontoons. The results indicated a growth increment through
farming as a multiplicative factor of 1.8+0.4 (average £ 1SD) for age 2 fish (the average period in the
farm for these tagged fish was 161 days), 1.5+0.3 for age 3 fish (165 days), and 1.4+0.3 for = age 4 fish
(195 days). A comparison of length-weight relationships suggests that fattening of farmed SBT is
scarcely-affected by the presence or absence of tag. The analysis concludes that growth increments

which were reported by Australia in their Yearly TIS Farm summary were unrealistically overestimates.
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1. ¥ Introduction
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Farming of southern bluefin tuna (SBT) has been conducted since 1991 in Port Lincoln, South
Australia (Hobsbawn et al., 2008). Recent tuna farming involves purse seining the schools of SBT in
the Great Australian Bight (CCSBT Statistical area 3), transferring them to floating pens, towing the
pens and finally transferring the fish to farm pontoons (Phillips and Findlay, 2008). The first trial
farms in the earliest years fattened about 20t of SBT, and recent commercial farms have cultivated
5200-5300t SBT (Hobsbawn et al., 2008). In recent years, Japan imported about 6000t-9000t SBT per
year from Australia, and most of those SBT were farmed fish.

Australia reported in the “Southern Bluefin Tuna Trade Information Scheme Yearly Farm Data
Summary” that the growth increment through farming was a multiplicative factor of 1.880-2.205 over
2001-2008. To validate this reported growth amount, the fish size before / after farming need to be
monitored without sampling bias. Size data collected during the tag seeding experiments might
include useful information to inform this; however these data have not been available for CCSBT for
analysis for reasons of commercial confidentiality (Anon. 2006). Australia has emphasized the
benefits of availability of the stereo video camera to measure the individual fish size under water
(Phillips et al., 2008); however such a camera system has not as yet been introduced in the commercial
farm pontoons.

As alternative information to address the growth increment during farming, there are some size
data for CCSBT SRP tagged fish which were recaptured by purse seine near immediately after tagging
in Great Australian Bight, and reported again after farming. These data were archived in the CCSBT

tagging database, and all CCSBT members can access them. In this document, we estimated the
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farming growth increment using these individual size data over the period 2001-2007.

2. ¥k & F1E Materials and methods

CCSBT #Ei it 7 — Z X— A2 X % & 2001-2007 412 CCSBT-SRP # ¥ 72 X » T 38813
BOIF I~ aBEINKE LV IEBRBR SN TS, Z0 95 8842 BITZM E XM L i
I, ERGOEMEEZENOBHWE SN, S, TNUO0/BMT —#0nb, LLTD
A (141 ) e LEEM L7z (Fig. 1),

- TR AT 30 HUAINIZ, FEMCiEsnEEINnD,

- il (FEWTHASNTOLLERE THESND ET) 23365 HZBZ 20,

- iR DR R I K OEMURFORE (2K or Wi EHE) OAP T — X2 2R <,

F9. BEORBMAOKRE-AKRERBEA (Robins 1963) & kil DIRE NS | Mt o 2R H
BAHE L, W, EBRTHOLEKERL K4 OFEIZOVWTHIH L., K TROE
IKENENERIZON TR, ZINTARICHER ST a2 (A EE*1.12+1 (kg))
RWTHEE Uic, HEE SN iR/ B B TRROEEN G, TRUTES S REINEL KD,
R EERNC e U, IR 2 & O Ix, BIEREO AR EIC CCSBT THEM ST 5 A BIHAE-
R BARAE Y TXOHEE Lo, KRR 2 FE I O5ESUILL T D K 51272 - 72 ; 87em A%
2L T, 87-103cm (X 3 7%, 104em L Ei% 4 5% 0L k.

I = ZEL THEOELE | ihs o & E

S IZEINERY D O MY S -2 A (2001-2007 4) OERK TRFOKE-KET
— & % B ORBRMOEKE-RERFEI (Robins 1963) B LN, AARBUFIZ L W INE S5
MINCEASNDEMERDRHBESAOERRHET —F LHET 52 L T &EEM RKMA,
B K OEH A DR R AR E BILR O FRIE & BT LT,

The CCSBT tagging database, indicates that 38813 SBT individuals were tagged in the Great
Australian Bight during the CCSBT SRP tagging program over 2001-2007, and 8842 of those were
purse seined with data reported from the farming pontoons after fattening. We extracted 141 SBT
individuals from the tag-recapture data in this database to estimate the growth increment during farming
under the following conditions (Fig. 1);

- Purse seined within 30 days after tagging.

- Fattening period (from recapture date by the purse seine to reported date at farming pontoons)
was no more than a year.

- Body length data at tag and release are available.

- Body weight data after fattening are available.

First, we estimated the initial weight (whole body weight at the time of tagging and release) from
the body length (fork length) based on the length-weight relationship for young wild fish in Robins
(1963). Secondly, we obtained the final weight (whole body weight after fattening) for the individual
fishes from the database. For the data without whole body weight, we estimated this from processed

weight by multiplying 1.12 and adding 1kg. This conversion formula has been used to estimate the
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total catch weight taken by the Australian fishery (CCSBT Secretariat 2008). From these estimated
initial / final weights, we calculated the growth increment according to the equation below. These
growth increments were compared using Welch’s one-way test for each age group. The ages of SBT
were estimated using the monthly body length at age relationships which was used in CCSBT.
According to this method, the ages of SBT were sliced as follows; <87 cmFL for age <2, 87-103 cmFL
for age 3, >104 cmFL for age >4.
Growth increment = final weight / initial weight

In addition, we calculated the length-weight relationship for tagged fish after farming over the period
2001-2007 by using the least squares method, and compared it with the previous relationship for wild
fish (Robins 1963). The difference in length-weight relationships after farming between the tagged
fish and untagged fish was also compared. Body size data (length and weight) of untagged fish after

farming were collected from the importer by the Fisheries Agency of Japan.

3. R Results
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The 141 tagged fish which we used in this analysis were released from the Great Australian Bight
(S32.1-34.7, E131.9-134.8) during the period December 2002- January 2007 (Fig. 2). They were
purse-seined within an average of 15.4 days after tagging, and fattened in the farming pontoons for an
average of 165.8 days. Their fork length at the time of tagging was an average of 91.3 cm (minimum
69 cm, maximum 120 cm), which was larger than that of all tagged fish; fork length of most frequently
released SBT in same area was 70-80 cm (Fig. 3). Estimated individual weight at the time of tagging
was an average of 16.1 kg, and the reported weight after farming averaged 25.4 kg (Table 1). Based on
these data, the average growth increment was estimated as a multiplicative factor of 1.6 (standard
deviation 0.4, minimum 0.7, maximum 3.1). Significant differences by age group were found in

Welch’s one-way test for the growth increment (P <0.01); the younger age group had a larger growth
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increment than the older age group (Fig. 4). Fig. 5 shows the relationships between the fork length and
body weight of tagged fish and untagged fish after farming. We estimated length-weight curves using
the least squares method to be “LogioWeight= -3.45301+ 2.42584* Log oLength” for tagged fish and
“LogoWeight= -4.275188+ 2.832175* LogjoLength” for untagged fish. When compared to the
formula of Robins (1963) for wild fish, these formulae showed that the farmed fish had heavier body
weights than the wild fish. Untagged fishes tend to be heavier than tagged fishes over 120 cmFL;
however there were no substantial differences evident in comparing these length-weight relationships

for smaller fishes (e.g. under 120 cm FL).

4, &% Discussion
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Tagged and recaptured SBT which were reported from farming pontoons had a dominant length
mode around 90-100 cm FL (age 3) at the time of tagging. In contrast, fish which were tagged and
released in the same area were mainly age 2. This difference suggests that Australian purse seiners
targeted age 3 and older SBT in the Great Australian Bight.

Since we use tagging data to analyze growth increments, we must consider the effect of the
tagging on the body condition. In the early 1980s, Hampton (1986) analyzed the catch data for wild
tagged/untagged SBT and reported that tagged fish were thinner than untagged fish. Based on the
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comparison of condition factors in his results, we can infer that tagged fish had a 5-10% lighter body
weight than untagged fish. On the other hand, based on the our comparison of the length-weight
relationships for tagged/untagged SBT after farming, both tagged fish and untagged fish in the farming
pontoon were similarly fatter than wild fish except for the larger sized fish (e.g. over 120 ¢cm FL ).
This result suggests that fattening of farmed SBT is scarcely-affected by the presence or absence of a
tag under certain circumstances such as those associated with a farming pontoon.

In the present analysis, based on the size data for tagged fish, the weight of age 2 fish increased
by a multiplicative factor of 1.8 for an average of 161 days of farming, age 3 fish increased by a factor
of 1.5 (for 165 days), and age 4 and older fish increased their weight by a factor of 1.4 (for 195 days) on
average. Greater growth of younger (and smaller) fish is commonly observed in not only tuna species
but also other fish (e.g. Atlantic Bluefin tuna (Gimenez and Garcia 2005), Atlantic cod (Bjornsson and
Stelnarsson 2002)).

According to the Yearly TIS Farm summary, farming growth increments for recent years have
reflected multiplicative factors of up to 2.205 (in the 2007 farming season), and at least 1.880 times (in
the 2008 farming season). These values are higher than the estimated growth increment for age 2 fish
in our analysis (Table 2). Given that farmed fish were not mainly age 2, but possibly older than age 3
(Itoh and Sakamoto 2008), it seems very likely that the growth increments which were reported by

Australia were unrealistically overestimates.
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Table 1 Growth increments which have been estimated from the size data from
SBT which were tagged in CCSBT tagging program, caught by purse seine
within 30 days of tagging, and then farmed in a fish pontoon.

<Age?2 Age 3 >Age4 Total
Number of fish 48 83 10 141
Fork length at the time of tagging (cm) (Average) 79.08 95.78 112.10 91.26
*S.D.) 4.43 3.63 5.84 10.51
Fork length at the time of harvest (cm)  (Average) 92.22 106.63 121.78  102.65
*S.D.) 10.99 6.69 6.24 11.89
Initial weight (kg) (Average) 10.34 17.97 28.46 16.12
(=S.D.) 1.66 1.95 4.35 5.36
Final weight (kg) (Average) 18.8 27.42 40.16 25.39
(=S.D.) 4.57 4.92 7.98 7.63
Fattening period (days) (Average) 161.8 164.7 194.6 165.8
*S.D.) 76.83 60.57 62.39 66.68
Multiplicative growth increment (Average) 1.814 1.544 1.448 1.629
*S.D.) 0.41 0.28 0.30 0.36

Table 2 Comparison of multiplicative growth increments between the reported
values in the yearly TIS farm data summary and the values estimated from

tagged fish.

Whole Wt. Growth increment
in Farming

Estimated Growth increment

Year (reported in yearly TIS tz%;g:eigag;;lig Siit)a
Farm data summary) y
2001 1.954
2002 1.896
2003 1.944
1.629

2004 1.948

(< age 2: 1.818)
2005 2.125 (age 3: 1.544)
2006 2.025 (= age 4: 1.448)
2007 2.205
2008 1.880
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Fig. 2 Area of tagged and recaptured SBT for CCSBT conventional tags.

All fishes we used in this analysis were tagged and recaptured in the area surrounded by a black border

line.
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Fig. 3 Length / weight frequency distribution for tagged SBT

Fork length histogram of tagged fish at the GAB over 2002-2007 is shown in a). The histograms of the
141 tagged fish we used in this analysis are shown in b)-e); b) shows the initial fork length (fork length at the
time of tagging), c) shows the final fork length (fork length after farming), d) shows the initial total weight which
was estimated form the fork length at the time of tagging, and e) shows the final total weight reported from the

farming pontoon.
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Fig. 4 Relationships between growth increment and farming period by age

Relationships between growth increments and farming period are plotted individually; squares show the

age < 2 data (n=48), gray circles show the age 3 data (n=83), and triangles show the age = 4 data (n=10).
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Fig. 5 Relationships between the fork length and body weight in tagged and
untagged SBT after farming.

Individual size data after farming of tagged fish are plotted by black circles (n=6512), and the solid black
line shows the curve fitted to those. Data for tagged fish were based on the CCSBT tagging database. Data
for untagged fish are plotted using gray cross marks (n=30446), and the dashed gray line shows the curve
fitted. Data for untagged fish were collected from the importer by the Fisheries Agency of Japan in 2008.

The dotted black line shows the weight-length relationship for wild fish determined by Robins (1963).
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