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Abstract 
The CCSBT Extended Commission (EC) requested the Extended Scientific 

Committee (ESC) to conduct sensitivity analyses around all sources of unaccounted 
catch mortality as part of the ESC’s planned 2014 stock assessment at the 20th annual 
meeting.  The present paper provides estimates of unaccounted catch mortality 
relating to farming in the Australian surface fishery. 

Using statistics between 2001 and 2013 reported by Australia, including the number 
and weight at the time of the wild catch, the start of farming (caging) and the end of 
farming (harvesting), growth rates by year were estimated in terms of parameter of K of 
von Bertalanffy growth equation (VBK).  The VBK values estimated ranged from 0.456 
to 0.825 with a mean of 0.587, and are several times higher than that of wild SBT, and 
higher even than any other Thunnus species including yellowfin tuna.  It seems highly 
unlikely that farmed SBT can attain such high growth rates.   

As an alternative explanation, by using available information on growth rates of 
farmed SBT, the Australian surface catches were estimated to be higher than reported 
catches by annual amounts ranging from 1054 tons to 2366 tons, with a mean of 1640 
tons.  The proportion of this excess of the reported catch ranged from 20% to 61% with 
a mean of 34.5%, and has been increasing over time.  Using another calculation 
approach, the mean excess catch was estimated to be 2021 tons corresponding to a 
proportion of 42.4%.  When considering unaccounted catches and adjustment of age 
composition, the OMMP5 should take these values into account using the mean of 
34.5%, and even the possibility of values >40%.  Furthermore, the ESC should 
recommend that the EC attempt to resolve this issue by recommending immediate 
implementation of the stereo video camera system to provide reliable length data. 
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Introduction 
The southern bluefin tuna (Thunnus maccoyii; SBT) stock entered a new stock 

management era with the agreement upon and implementation of a management 
procedure (MP) in the CCSBT in 2011.  The implementation of this MP was the first 
such instance amongst all the tuna-RFMOs, and has attracted attention worldwide. 

Without doubt, appropriate stock management requires not only setting catch limits 
on the basis of sound science, as reflected by the MP, but also securing compliance with 
such catch limits.  In this regard, the CCSBT and its Members have rigorously 
reinforced compliance measures and efforts over recent years.  However, a major 
uncertainty related to the catch taken has remained unresolved in purse seine fishery 
associated with the farming sector, which catches a considerable portion of the global 
TAC for SBT.  When accounting for the wild fish caught by purse seine in tuna farming 
operations, the amount of catch is not measured directly but rather estimated in order 
to minimize the risk of death by handling.  For this reason, it has been widely 
acknowledged that there can be a high level of uncertainty in estimation of the catch 
made for farming.  For example, catches of Atlantic bluefin tuna (Thunnus thynnus) in 
the East Atlantic and Mediterranean were seriously underreported from the mid-1990s 
along with the development of farming in that region, and ICCAT considered that the 
underreporting of that catch had undermined conservation of the stock (Anon. 2010).  
To cope with this problem, ICCAT has introduced a regulation that a program using a 
stereo video system or an equivalently precise alternative technique must cover 100% of 
all caging operations (ICCAT Recommendation 12-03).  In addition, at the ICCAT 
Commission meeting last year, it was agreed that the sampling intensity for stereo 
video systems may not be below 20% of the amount of fish being caged (ICCAT 
Recommendation 13-08). 

For SBT, Australia, the only member nation with farming operating, has employed an 
estimation method which samples 40 individual fish from groups of a few thousand fish 
just before transferring them to pens, measures them, and uses the average weight for 
estimation of their age composition and the total weight of the fish at the time of their 
capture.  Although Australia has increased the number of sampled fish from 40 to 100 
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since 2013, the associated estimation accuracy does not appear to have been improved 
substantially.  It seems that intrinsic problems remain with the current catch 
estimation method based upon sampling. 

The EC agreed at its annual meeting in 2013 to request ESC “to conduct sensitivity 
analysis around all sources of unaccounted catch mortality as part of the ESC’s planned 
2014 stock assessment and to incorporate this information in its advice on the existence 
of exceptional circumstances and approach to follow as defined in the Management 
Procedure in accordance with the meta-rule process” and “to provide preliminary advice 
to CCSBT 21 on the impact of any unaccounted catch mortalities on the stock 
assessment projections” (Anon. 2013).  In this regard, we provide estimates of 
unaccounted catch of purse seine fishery associated with the farming sector in this 
paper. 

The uncertainty associated with age composition of farmed SBT was pointed out in 
2005 (Anon. 2005).  The issue was reviewed by the independent panel but they did not 
reach a final conclusion due to scarcity of data (Anon. 2006).  However, the existence of 
a large bias became more evident following subsequent studies based on a large amount 
of data for length and weight measurements of fish after farming (Itoh et al. 2009a, 
2009b, 2010, 2011, 2012). 

In those analyses of farmed fish for 2007-2009, age composition was estimated by 
applying mixed normal distributions to length frequencies which were derived from the 
size measurement data for a large number of fish (Itoh et al. 2009a, 2009b, 2010).  We 
also applied the cohort slicing method to estimate the age decomposition for farmed fish 
over 2007-2010; this was because fish used in farming operation had become larger in 
2010, and this made the estimation with mixed normal distributions difficult because 
the different cohorts were less easily distinguished.  Although it was noted that the 
analysis using cohort slicing seemed less robust than that using mixed normal 
distribution (Anon. 2011), the two methods provided similar results for farmed fish for 
each year between 2007 and 2009 (Itoh et al. 2011). 

Even though analyses based on the dataset from individual length and weight 
measurements appeared to provide results with high accuracy, there was criticism that 
no verification could be carried out by other Members for reasons of data confidentiality. 

The analyses in this paper are therefore based on a relatively simple approach using 
several pieces of information including numbers and total weight before and after 
farming, as well as an assumed growth rate during farming.  This approach provides 
transparency as all the information used is available to all the CCSBT Members.  It 
has the further advantage of allowing an expansion of the years considered in the  
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analyses. 
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vbk1 vbL t0 2-6 von Bertalanffy K 0.21862
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Materials and methods  

Data used 
Values from the statistics of the Australian purse seine catch for farming operations 

separated into “fishing years” were used for estimation.  An Australian fishing year 
begins in December and finishes in November (the main season for purse seine fishing 
is usually from December to March). A fishing year therefore represents a period from 
December of the previous year to November of that year in the present study, e.g. the 
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2012 fishing year means the period from December 2011 to November 2012. 
The statistics required are the times of the catches made, the start of farming (caging) 

and the end of farming (harvesting) (Fig. 1).  The data on the total catch reported by 
number and weight, and the catch in terms of numbers at age for the Australian purse 
seine fishery, were obtained from the database included in the CD which was 
distributed by the CCSBT Secretariat to each Member in January 2014 (Table 1, Table 
2).  The data for the most recent two years were obtained from the 2014 data exchange 
process.  However, for 2001 and 2002, as the total catch data were not separated by 
fishing gear, the catch weights in Table 1 of CCSBT-ESC/1309/SBT Fisheries-Australia 
(Hobsbawn et al. 2013) were used as the catch weight for farming, and the catch 
numbers from the CD database for all gears except longline were used as the catch 
numbers for farming. 

For farming data, the total weight of wild fish captured for farming, the total number 
of fish transferred into farms, and the total whole weight and number of fish harvested 
from farms were obtained from Yearly Farm Data Summary of the Trade Information 
Scheme (TIS) between 2001 and 2009.  Between 2010 and 2013, these numbers were 
obtained from Catch Documentation Scheme (CDS) statistics which were distributed to 
the CCSBT Members every six months. 

The length-weight relationship in Robins (1963), which was based on young fish 
distributed in Australian coastal waters, was used for wild fish.  The length-weight 
relationship used for farmed fish was obtained from the measurement of 4267 harvested 
fresh individuals, for which both fork length and gilled and gutted weight were 
measured in July 2007 (Itoh et al. 2012 CCSBT-ESC/1208/30).  Gilled and gutted 
weight was converted to whole weight by multiplying by 1.12 and then adding 1kg, 
based on the method used by Australia. 

 
Estimation of the month of capture 

The difference between the actual date of wild capture and January 1st as the defined 
birth date for any age for SBT, or the difference of fork length between that at the actual 
wild capture and January 1st, was adjusted by using the mean difference between actual 
catch date and January 1st (Table 3).  The adjustment for the number of months from 
January 1st adj.mony was estimated so that the product of the catch-at-number 
multiplied by average body weight by age equaled the total catch weight reported in the 
TIS (or CDS). 

 

����,� = ��	
��  ×  �����,�������� �     (1) 
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min #�	� $�. %&'. ����ℎ� − ∑ #�. ����ℎ�,� × )�,� × �.*+-��/
∑ �/,00 1�23 41  (3) 

 
where LJAN,i = average fork length (cm) of wild SBT at January 1st for age i.  The 

values used by the CCSBT were applied: 
Age Age1 Age2 Age3 Age4 Age5 Age6 Age7 
Fork  
length 

49.4 79.4 97.2 110.2 121.2 130.6 138.4 

Robins A, Robins B = parameters of the length-weight relationship for wild SBT in 
Robins (1963).  Robins A=3.13088*10-5, Robins B=2.9058; 

WJAN,i = average whole body weight (kg) of wild SBT at January 1st of age i; 
adj.mony = the number of months from January 1st to capture during fishing year y; 
W.catchy,i = average whole body weight (kg) of wild SBT at wild capture by the purse 

seine fishery in the fishing year y; 
Ny,i = the number of SBT captured by the purse seine fishery of age i during fishing 

year y; 
N.Transy = the total number of SBT transferred into cages reported in the TIS (or 

CDS) during fishing year y; this does not include mortality during towing; and 
W.TIS.catchy = the total weight of SBT reported in the TIS (or CDS) during fishing 

year y. 
 

Estimation of growth parameter from total catch weight 
The value of K parameter in the von Bertalanffy growth equation (VBK) was 

estimated so that the product of the catch-by-number and the average body weight at 
harvest by age equaled to the total harvested weight reported in the TIS (or CDS).  

The VBK for wild fish were estimated by applying the von Bertalanffy growth curve 
for length at age between age 2 and 6.  The value of t0 was re-adjusted according to 
estimated VBK and age at the start of farming, as farmed fish grow according to  
different VBK values after caging. 

 

�0. 678�,� = �
9/ × :;
 + ->?.@��/

�! A × �B� − 8	C1� + 8	C1 × �0E   (4) 
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where t0.revy = re-adjusted t0 in the fishing year y for age i fish according to the 
estimated VBK; 

Ky = estimated VBK for the fishing year y; 
vbk1, vbL, t0 = parameters of K (0.21862), L-infinity (166.72 cm FL) and t0 

(-0.96811 year) in the von Bertalanffy growth curve for wild fish in age 
between 2 and 4. 

 
The fork length (L.Harvy,i) and whole weight (W.Harvy,i) of SBT after farming (the 

farming period is assumed to be 0.5 year) of age i in the fishing year y are estimated 
using the following equations. 

 

�. F�68�,� = 8	� × $1 − 7G9/×;�"HIJ.KLM/
NO "3.PGQ3.+RS/,0A4    (5) 

 

�. F�68�,� = 7TU # �
�.V-+S × ;W�X��. F�68�,�� − W�X (�. ℎ�68)A1 ∗ 1.12 + 1  (6) 

where a.harv and b.harv are parameters of the length-weight relationship of farmed 
fish. 

 
A value which minimize Ky in the following equation should be obtained. 

min ]�	� #�. %&'. F�68� − ∑ # �. F�68�,� × )�,� × �.*^_.`-+S/
∑ �/,00 1�23 1a  (7) 

 
where W.TIS.Harvy = the total weight of the SBT harvested in whole weight reported 

in the TIS (or CDS) for the fishing year y; 
N.TIS.Harvy = the total number of SBT harvested in the TIS (or CDS) for the fishing 

year y. 
 

Estimation of total catch weight from growth parameters 
The total catch weight was estimated by shifting the age composition of farmed fish 

according to the growth rate given (Table 3).  Four growth rates during the period of 
farming were assumed as detailed below. 

The mean growth ratios in body weight during half a year of farming were estimated 
as 1.818 for age 2, 1.544 for age 3 and 1.448 for age 4 from 141 individual fish which 
were tagged wild and recaptured as farmed in the SRP tagging program (Sakai et al. 
2009 CCSBT-ESC/0909/31).  The growth ratio for age 5 or more was assumed to be 
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same as for age 4.  The growth ratio for age 1 was assumed to be equivalent to the half 
annual growth of wild age 1 fish (2.724).  Fork lengths after half a year from the length 
of wild fish at February between age 2 and 6 were calculated, and then VBK was 
estimated (Fig. 2).  VBKs were estimated similarly for growth ratios for the mean +/- 
one standard deviation. 

An alternative computation assumed that the growth in body length of farmed fish is 
the same as that of wild fish, although growth in body weight and also fatness are much 
larger in farmed fish.  This is the assumption made for the base case for the stock 
assessment of Atlantic bluefin tuna in ICCAT (Anon. 2014, Fonteneau 2013). 

Thus, in summary, four growth rate cases were considered. 
Case 1: the mean of the growth rate from the SRP tagging data was used. 
Case 2: the mean + 1 SD of the growth rate from the SRP tagging data was used. 
Case 3: the mean - 1 SD of the growth rate from the SRP tagging data was used. 
Case 4: the growth in body length was assumed to be same for both wild and farmed 
fish. 
 
The fork lengths (L.Harv2y,i) and whole body weights (W.Harv2y,i) of SBT after 

farming (at harvest) for age i during fishing year y according to the VBKs were 
calculated using the following equations. 

 

�. F�682�,� = 8	� × $1 − 7GS�b!×;�"HIJ.KLM/
NO "3.PGQ3!A4    (8) 

�. F�682�,� = 7TU # �
�.V-+S × ;W�X��. F�682�,�� − W�X (�. ℎ�68)A1 ∗ 1.12 + 1 (9) 

 

min ]�	� #�. %&'. F�68� −

∑ # �. F�682�,� × c)�,��1 − d�� + )�,�G�×d�e  × �.*^_.`-+S/
∑ �/,00 1�2� 1a   (10) 

 
where y = the ratio of the number of fish shifted to one age older in the fishing year 

y. y >1 means shifted to two ages older. 
 
The total catch weight by Australian purse seine fishery during fishing year y is 

calculated as follows. 
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�. f��� = ∑ g�)�,� × �1 − d�� + )�,�G� × d�� × �. ����ℎ�,�h�2� × *�Q-j�/
∑ �/,00   (11) 

 
where TotalNy = the total number caught by the Australian purse seine fishery during  

fishing year y.  This adjustment was necessary because the sum of 
the catch-at-age was different to this value in some years; 

W.Esty = the total weight of catch (kg) by the Australian purse seine fishery 
during fishing year y. 
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Results 
The VBK values that are consistent with two statistics reported from Australia, i.e, 

the total purse seine catch weight and the total harvest weight for farmed fish, ranged 
from 0.456 to 0.825 with a mean of 0.587 (Table4). 

The estimated total catch weight during a fishing year for the mean growth rate 
derived from the SRP tagging data (Case 1, VBK=0.224) was larger than the reported 
catch weight by an amount ranging from 1054 to 2366 tons, with a mean of 1640 tons 
(Table 5, Fig. 3).  These estimated amounts were larger than reported by an amount 
ranging from 20% to 61 %, with a mean of 34.5%.  There was a tendency for such excess 
ratios to increase with year (Fig .4). 
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The ranges in the estimated total catch weight are largely a consequence of the 
assumptions for the growth rate during farming period which was estimated from the 
SRP tagging data (Table 5, Fig. 3).  The mean excess amount was 334 tons (7.5%) for 
mean + 1SD (Case 2, VBK = 0.276), and 3619 tons (75.3 %) for mean – 1SD (Case 3, 
VBK = 0.180). 

In the case of same growth in body length for wild and farmed fish (Case 4, VBK = 
0.219), the mean excess amount was 2021 tons, with a mean excess ratio of 42.4% 
compared to the reported catch. 

These estimated values were compared to previous estimates reported which were 
derived using the mixed-normal distributions or the cohort slicing method (Fig. 3).  
(Itoh et al. (2012) provides further details.)  The values estimated in the present study 
were similar to those from these previous studies for 2008 and 2009 (and 2010 for cohort 
slicing only), but were underestimates for 2007 (Table 6 . 

 
 

 
VBK

0.219 VBK=0.173 Shimose et al. 2009
VBK=0.089 Restrepo et al. 2010

VB-K 0.557-0.596 Wild 1986 1977-1979
0.184 0.134 Labelle et al. 1993

Wells et al. 2011 0.180 Hallier et al. 2005
VBK  

(Masuma 2008 VBK
0.173 Shimose et al. 2009

VB-K=0.250 VB-K=0.332
Masuma et al. 2008
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Masuma et al. 2008  
VBK 0.456 0.825 0.587

VBK
15-21 Hayward et al. 2009
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Discussion 
When the von Bertalanffy growth equation was applied to wild fish lengths at age 

between ages 2 and 6, the VBK for SBT was 0.219.  In two closely-related Thunnus 
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species, VBKs have been reported as 0.173 for Pacific bluefin tuna (T. orientalis; 
Shimose et al. 2009) and 0.089 for Atlantic bluefin tuna (Restrepo et al. 2010).  For 
yellowfin tuna T. albacares, which is known for its short life span and rapid growth, 
VBKs are 0.557-0.596 (Wild 1986).  For albacore, T. alalunga, VBKs are 0.184 for the 
north Pacific stock and 0.134 for the south Pacific stock (Labelle et al. 1993, Wells et al. 
2011).  For bigeye tuna, T. obesus, a VBK value of 0.180 has been reported for the 
Atlantic stock (Hallier et al. 2005).  Thus the value of VBK for wild SBT is moderate 
amongst Thunnus species. 

The growth curve under captive conditions was derived for Pacific bluefin tuna 
(Masuma 2008).  Compared to VBK of 0.173 for wild fish (Shimose et al. 2009), those 
for caged tuna were higher: for example the value for the Amami-Oshima in Kagoshima 
Prefecture was 0.250 and that in Yaeyama in Okinawa Prefecture was 0.332.  However, 
it has been observed that higher ambient water temperature relates to faster growth in 
Pacific bluefin tuna farming (Masuma et al. 2008).  The mean annual water 
temperatures were 20-28 degrees C in Amami-Oshima and 20-31 degrees C in Yaeyama, 
both of which were much higher than that for the wild Pacific bluefin tuna feeding 
grounds due to the lower latitude.  The growth of Pacific bluefin tuna farmed in 
Wakayama Prefecture, where the water temperature is lower than in the two places 
described above and presumably similar to or slightly higher than for the wild fish 
feeding ground, was slower and similar to that of wild fish (Masuma et al. 2008). 

The estimated VBKs consistent with the reported catch ranged from 0.456 to 0.825, 
with a mean of 0.587 in the present study.  Even though some tuna in farming 
condition may achieve higher growth rates in high ambient water temperature, the 
water temperature in Port Lincoln where SBT farming is conducted is relatively low at 
15-21 degrees C (Hayward et al. 2009).  It seems highly unlikely that farmed SBT 
attain such a fast growth rate that their VBK is several times higher than that of wild 
SBT, or even higher than that for yellowfin tuna. 

 
In the previous analyses, a method based on assuming mixed normal distributions for 

length frequencies, which was considered to be relatively robust, was used for farmed 
SBT for 2007-2009.  Furthermore, the relatively simpler cohort slicing method was 
used for the length frequencies of farmed fish over 2007-2010.  In present study, the 
years considered have been extended to as long as the 13 years between 2001 and 2013. 

In the results, estimates from the previous studies were similar to those for Case 1 or 
Case 4 in the present study.  For 2007, Case 1 and Case 4 in the present study resulted 
in underestimates.  This suggests that generally consistent results have been obtained 
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from different methods, though there might be some underestimation for the present 
study. 

 
The EC requested the ESC to conduct sensitivity analysis for all sources of 

unaccounted catch mortality in the 2014 stock assessment and to evaluate its effect on 
Management Procedure in accordance with the meta-rule process.  It is impossible to 
ignore the uncertainty in catch as large as 18% of the global TAC (2021 tons in Case 1 
compared to the 10,949 tons TAC in 2013).  The increasing trend with year in the ratio 
measuring the excess is also of concern. 

Urgent settlement on this issue is necessary.  The Australian government has 
postponed implementation of the stereo video camera system for domestic reasons 
(Anon. 2013), in spite of their own statement of intent in 2012 that fish length 
measurement using the stereo video camera system would be implemented by 
December 2013.  Without any clear timeframe for introduction of the system, this 
situation is getting worse, and there is no prospect to resolve this issue. 

In the OMMP5 meeting, we have to evaluate the effects of unaccounted catch 
mortality on the MP.  Results of present study suggest that unaccounted catch 
mortality in the Australian purse seine catch for farming sector would be, at least, from 
20% to 61%, with a mean of 34.5% of reported catch.  However, taking into account the 
possibility that the present study provides underestimates, and in order to cover whole 
the range that may be plausible, examination using values with a mean of 40% or more 
may be necessary. 

 
We propose that the OMMP5 group suggest the following to the ESC and the EC. 

� The CCSBT should recognize the presence of this potentially large-scale issue 
related to Australian SBT farming.  This issue involves a high risk of damaging 
the credibility of the CCSBT, and the stock management of SBT by means of the MP 
which has attracted worldwide attention.  In terms of the scientific data, it may 
seriously affect catch and age composition estimates and hinders accurate and 
robust stock assessment. 

� When considering unaccounted catches and adjustment of age composition by year, 
the ratio estimated in the present study (a mean of 34.5%, which should perhaps be 
even higher than 40%) should be taken into account for Australian purse seine 
catch. 

� Australia should resolve the issue by a full scale implementation of the stereo video 
camera system, including providing outputs of length measurements.  In addition, 
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they should provide information of the extent of farming growth estimated using 
reliable scientific data. 

� The ESC should recommend to the EC that the issue should be resolved 
immediately by full scale of implementation of the stereo video camera system. 
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Table 1.  Data on the total weight of SBT caught for Australian farming 

 

Unit is in kg.  Value in CDS was used in 2012. 

 
Table 2.  Data on the number of SBT caught for Australian farming 

 
The value from the  CDS was used in 2012. 
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Table 3.  Procedure used in estimation 

 
 

LJAN,i W.catchy,i L.Harv2y,i W.Harv2y,i

W.Esty

adj.mony

y

LJAN,i W.catchy,i L.Harv2y,i W.Harv2y,i

W.Esty

adj.mony

y

LJAN,i W.catchy,i L.Harv2y,i W.Harv2y,i

W.Esty

adj.mony

y

LJAN,i W.catchy,i L.Harv2y,i W.Harv2y,i

W.Esty

adj.mony

y
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Table 3.  (cont.) 

 
 

LJAN,i W.catchy,i L.Harv2y,i W.Harv2y,i

W.Esty

adj.mony

y

LJAN,i W.catchy,i L.Harv2y,i W.Harv2y,i

W.Esty

adj.mony

y

LJAN,i W.catchy,i L.Harv2y,i W.Harv2y,i

W.Esty

adj.mony

y

LJAN,i W.catchy,i L.Harv2y,i W.Harv2y,i

W.Esty

adj.mony

y
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Table 3.  (cont.) 

 
 
The value p.shift in 2011, 1.6121, means 61.21% of agei in number should be shift to agei+2. 

 

LJAN,i W.catchy,i L.Harv2y,i W.Harv2y,i

W.Esty

adj.mony

y

LJAN,i W.catchy,i L.Harv2y,i W.Harv2y,i

W.Esty

adj.mony

y

LJAN,i W.catchy,i L.Harv2y,i W.Harv2y,i

W.Esty

adj.mony

y

LJAN,i W.catchy,i L.Harv2y,i W.Harv2y,i

W.Esty

adj.mony

y
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Table 3.  (cont.) 

 
 

Table 4.  Estimated value of the parameter K of the von Bertalanffy growth equation (VBK) 

for farmed SBT, based on the Australian reported purse seine catch 

Year VBK 
2001 0.565 
2002 0.528 
2003 0.574 
2004 0.500 
2005 0.589 
2006 0.540 
2007 0.612 
2008 0.456 
2009 0.587 
2010 0.670 
2011 0.825 
2012 0.481 
2013 0.698 
Average 0.587 

  

LJAN,i W.catchy,i L.Harv2y,i W.Harv2y,i

W.Esty

adj.mony

y
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Table 5.  Reported and estimated Australian purse seine catches by fishing year. 

Fishing year is expressed as 2012 for the period between Dec. 2011 and Nov. 2012.  
Growth rate is from CCSBT SRP conventional tagging data for cases 1, 2 and 3. 

W.Reported: Catch amount reported in tons 

W.Estimated: Estimated amount of catch based on the farming growth rate given 

W.Excess: Estimated excess amount of catch 

percent.excess: Proportion of estimated excess amount of catch to catch amount reported (%) 
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Table 5.  (cont.) 
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Table 6.  Comparison of reported and estimated Australian purse seine catches by fishing 

year. 

 
Year Australia 

reported 
Itoh et al. 2012 Itoh et al. 2012 Present study Present study Present study Present study 

  Mixed normal 
distribution 

Cohort 
slicing 

Case1 Case2 Case3 Case4 

2001 5,162   6,835 5,451 8,929 7,215 

2002 5,234   6,523 5,248 8,528 6,889 

2003 5,375   6,901 5,487 9,012 7,279 

2004 4,874   6,078 4,864 7,986 6,451 

2005 5,214   7,154 5,673 9,377 7,586 

2006 5,302   6,908 5,477 9,070 7,328 

2007 5,230 8,271 (8,264-8,277) 8,273 7,432 5,891 9,741 7,886 

2008 5,211 6,159 (6,156-6,163) 6,659 6,266 5,212 8,234 6,657 

2009 5,026 6,749 (6,773-6,754) 6,675 6,764 5,375 8,856 7,161 

2010 3,931  5,689 5,465 4,361 7,121 5,786 

2011 3,872   6,237 4,985 8,069 6,555 

2012 4,485   5,646 4,484 7,441 6,016 

2013 4,198   6,219 4,948 8,126 6,582 

  Median (5%-95%)      
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Fig. 1.  Diagram showing the estimation from catch through the start to the end of farming 

The numbers are statistics in the 2012 fishing year (Dec 2011-Nov 2012) for reference. 
 

 
Fig. 2.  The von Bertalanffy growth curve fitted to mean length at age for farmed fish which 

was calculated from the mean growth rate obtained from CCSBT SRP 

conventional tagging data (Sakai et al. 2009)  
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Fig. 3.  SBT catch amount by the Australian purse seine fishery by fishing year  

A denotes catch Australia reported.  The black circle  denotes the estimated catch 
based on the mean growth rate obtained from CCSBT SRP conventional tagging data 
(Sakai et al. 2009) (Case 1) with bars ranged from the mean+1SD (Case2) to mean-1SD 
(Case3).  The black diamond  denotes the estimated catch assuming the growth rate 
for body length in farmed fish is same as that in wild fish (Case 4).  The red triangles 

 are the catch amounts estimated in a previous study that decomposed ages by 
applying mixed normal distributions to length frequency data (Itoh et al. 2012).  The 
green squares  are the catch amounts estimated in a previous study that decomposed 
age by applying the cohort slicing method to length frequency data (Itoh et al. 2012). 
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Fig. 4.  Plots of proportion of estimated excess amount of catch to the catch amount 

reported by fishing year 
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