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Reconsideration of estimation of catch at size for young Pacific bluefin tuna 
caught by Japanese small pelagic fish purse seine fisheries  
 
Kazuhiro Oshima, Mikihiko Kai, Sigehide Iwata and Yukio Takeuchi (NRIFSF)  
 
Introduction  

Length measurements of young Pacific bluefin tuna (PBF) caught by Japanese small 
pelagic fish purse seine fishery have been conducted at Fukuoka fish market since 2002.  
Oshima and Takeuchi (2010) estimated catch at size of PBF landings caught by this fishery 
using length measurement data.  They made the length frequency distributions by market 
size categories assuming the length frequency of fish within each size category did not vary 
between years or seasons.  With some reservations on representativeness of the length 
frequency distributions within the market size categories, the ISC PBF Working Group 
(WG) accepted the results, because of relative consistency observed in the length 
distributions within each category for most years.  The WG, however, recommended for 
the estimation of catch at size from this fishery: 1) to derive length compositions without 
data substitution, and 2) to derive length compositions with data substitution and 
identifying the substitution (Anonymous 2011).  In this paper, we reviewed the assumption 
of no seasonal and between year variations in size frequencies of fish in each market size 
categories and investigated possibility of improving substitution procedures.   
 
Materials and methods 
Description of fishery  

Japanese small pelagic fish purse seine fishery is assigned into Fleet 2 in the Stock 
Synthesis 3 (SS3) model for PBF and includes offshore and coastal fisheries harvesting 
young PBF at ages 0 and 1, in contrast to Japanese tuna purse seine, which catch larger PBF 
and is assigned to Fleet 3.  The offshore fishery accounts for 98.8% on an average of 
annual landings in weight of Japanese small pelagic fish purse seine fishery since 2000.  
Average of 81% of PBF landings caught by the offshore fishery is made at the markets in 
Kyusyu region, especially at Fukuoka fish market located at the northern Kyusyu region 
(Fig. 1).  Consequently, if accurate length frequencies can be estimated for landings in 
Kyusyu region through adequate sampling, they will represent well the PBF catch at size by 
this fishery.   

Fish landed are sorted into market size categories (called hereafter as box-categories) 
according to body weight and put into separate boxes.  The box-categories are classified 
roughly into two groups: one-fish-per-box; multi-fish-per-box (Fig. 2).  In the market, 
PBF larger than 6 kg in body weight are recorded by weight classes of 0.5 kg intervals and 
individually put into boxes (one-fish-per-box).  The notation of weight is by the lower 
limit.  For example, the weight classes of 8.0 kg and 8.5 kg include fish of 8.0-8.4 kg and 
8.5-8.9 kg, respectively.  With regard to the multi-fish-per-box group, fish less than 6 kg 
are sorted by similar fork length and placed in boxes of a standard dimension (35 cm x 60 
cm x 12 cm).  The criteria for category-sorting are based on relative body lengths to the 
box.  Hence, number of fish per box indicates size of fish, i.e. more fish per box 



ISC/12-1/PBFWG/02 

3 
 

corresponds to smaller fish.  On an average, 85.9% of landing in number is constituted by 
fish sorted into multi-fish-per-box group (Fig. 3).  Ratio of PBF sorted into 
one-fish-per-box group tends to increase in the 4th quarter with growth of PBF.   
 
Data 

As described in Oshima and Takeuchi (2011), summary reports published by a 
wholesale firm “Nishinihon Uoichi” provide daily number of boxes of by box-category and 
by landing ports in the entire Kyusyu region.  The summary reports were available for two 
periods between the 3rd quarter 1991 and the 3rd quarter 1995 and between the 1st quarter 
2003 and the 4th quarter 2011.  In addition, monthly number of boxes by box-category at 
all ports in Kyusyu region was available from 1997 through 2002.  

In the summary reports, numbers of boxes are either recorded by each box-category or 
sometimes of several box categories aggregated (e.g. 50 boxes for 3-5-fish-per-box).  
When accumulated categories were reported, the number of boxes was allocated equally to 
all the box-categories involved (i.e. the total number of boxes was split evenly among the 
categories) (see Table 1).  The numbers of boxes by the box-category were not available 
from the 4th quarter 1995 through the 4th quarter 1996.   

Since 2002, length measurements have been conducted in Fukuoka market.  Fukuoka 
market is one of the major markets, accounting for 62.6 – 76.5% (2007 – 2009) of landing 
in weight of PBF caught by this fishery in Kyusyu Island.  Fork lengths by 1 cm interval 
with the records of box category are recorded.  The length data obtained from 2002 
through 2011 were used in this study.   

Quarterly numbers of fish measured by the box-category are listed in Table 1 with 
quarterly landings in number and their proportion of total quarterly landing in number.  
Frequent market size categories the landing of which occurred in more than 20 quarters 
were 1-, 3-, 4-, 5-, 6-, 8-, 10- and 12-fish-per-box.  The length measurement for PBF in the 
one-fish-per-box group started in the 4th quarter of 2007.  The length measurements of fish 
in this group were conducted in 47.1-53.3% of fish in each quarter when PBF of the 
one-fish-per-box group were unloaded (Table 2).  Quarterly number of fish measured by 
the box-category showed statistically significant increase in proportion to quarterly catch in 
number by the box-category (R2=0.423, p<0.001) (Fig. 4).   
 
Estimation method of catch at size applied in the previous study 

Estimation method of catch at size of overall landings applied by Oshima and 
Takeuchi (2011) was as follows.  The length frequencies of PBF landings were made for 
each box-category by date of length measurements.  Subsequently, daily length 
frequencies by the box-category were simply combined regardless to the year or quarter, to 
get a standard frequency for each category.  The weight classes of 0.5 kg intervals for fish 
under 11.0 kg of one-fish-per-box group were combined into weight classes of 1 kg 
intervals.  For example, the weight class of 6.0 kg includes non-combined weight class of 
6.0 kg and 6.5 kg.  In addition, the weight classes of 11.0 kg to 19.9 kg were combined 
into a single weight class due to very little sample size from these classes.  Fish over 20 kg 
were ignored, because of rare landing.  Yearly and quarterly catch at size of PBF unloaded 
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at the markets in Kyusyu region were estimated by raising the standard length frequencies 
for each box-category by the yearly and quarterly landing in number in the corresponding 
category.  It should be noted that the size samples collected at Fukuoka market was raised 
to the total catch by this fishery in the entire Kyushu Region in this study.  This is well 
justified the predominant importance of Fukuoka market for this fishery as previously 
noted.   
 
Reconsideration of procedure for estimation of catch at size  

As shown in Table 1, the length measurements were carried out frequently, although 
during the period between 2005 and 2010, the sampling efforts were less.  The coverage 
rates defined as <number of quarters where length measurements were made for a 
box-category > over <the total number of quarters where PBF of the corresponding 
box-category were landed>, ranged from 25.0% to 48.6% for major box-categories.  This 
means that the substituted length frequency data accounted for more than 50% of quarters.  
Therefore, if no substitutions were made for as suggested by the ISC-PBFWG, catch at size 
would represent only less than a half of the catches.   

In order to explore appropriate procedures of data substitution, length data were 
analyzed regarding spatio-temporal changes in the length distribution within each box 
category.  Generalized linear model (GLM) was conducted to clarify differences of mean 
length among possible effects, such as years, seasons and box categories and consequently 
to identify effects (with magnitude of variation of mean length within effects) for creation 
of length frequency data to be used for data substitutions by pooling in terms of the 
identified effects with more variation.  Oshima and Takeuchi (2011) pointed out that the 
lengths of PBF landing sorted into multi-fish-per-box group increased within each box 
category, in 2008 and 2009.  Hence, it was possible that the criteria of category-sorting at 
the landing port might have changed historically.  Effect of period was incorporated in the 
GLM analysis applied only to the multi-fish-per-box group.  The GLM model is as 
follows:  

������ ൌ ���������  ������  ����  �������  ������������  ����� (1) 
Where length, response variable; Period, Year, Quarter and Box-category, main effects of 
period, year, quarter and box-category as categorical variables; Error, error term with N(0, 
ı2).  The GLM model applied to the one-fish-per-box group corresponds to the model 
where the period effect was eliminated and the box-category effect was replaced by the 
weight class effect in Eq. 1.  Consequently, full model consisted of effects of period, year, 
quarter and box-category for the multi-fish-per-box group and effects of year, quarter 
weight class for the one-fish-per-box group.  Deviances were calculated for the full model 
and the reduced model where the main effect was eliminated one by one.  The magnitude 
of variation of mean length within stratum (=effects) was evaluated with differences in 
deviance between the full model and the reduced model.  The effect involving more large 
variation of mean length was considered as preferable effect where the length frequencies 
were combined when data substitution.   

The catch at size during the periods between 2002 and 2011 when the length 
measurements were implemented was estimated through the procedures, which are 
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described in the following section.  As for the substitution for catches prior to 2002, 
procedures are explained in the section “Catch at size before 2002”.  The length 
frequencies by the box category derived from small sample (< 10 fish) was not used.  
Uniform length frequency (combined regardless year and quarter as done in the previous 
studies) was applied to the 2-fish-per-box category where the proportion of catch was 
always less than 1 % of the total catch in number.  The box-categories containing more 
than 13 individuals and over per box were combined into single market size category 
because of low sampling coverage from this class as well as proportion of fish of this 
categories in the catch.  The number of boxes 7-, 9- and 11-fish-per-box categories was 
very scarce and no sampling has been done, during the periods between 2002 and 2011.  
Thereby, their numbers of boxes were divided into halves, each of which was added to the 
neighboring box-categories.   
 
Results  
Changes in length distribution by market size category 

Lengths of PBF sorted into multi-fish-per-box group ranged approximately from 40 cm 
to 80 cm (Fig. 5).  Generally, obvious inter-annual or seasonal variations in length 
frequency distribution within each box-category were not observed until the 4th quarter in 
2008.  However, during the period after the 4th quarter of 2008, sudden increases in length 
were observed in the following quarters: the 4th quarter of 2008 for the 3-, 4- and 5-fish per 
box categories; the 2nd quarter of 2009 for the 10- and 12-fish-per-box categories; and the 
3rd quarter of 2009 for the 8-fish-per-box category.  After sudden increases in length, 
lengths tended to vary among quarters.  There were no marked changes in lengths in the 
6-fish-per-box category.  This might be caused by absence of length measurement data for 
this category in 2009.  As for the one-fish-per-box category, no significant increase or 
decrease in lengths was observed.   
 
GLM analysis  

Based on yearly and quarterly changes in lengths in multi-fish-per-box group, two 
levels were set in the period effect according to yearly and quarterly changes in the length 
frequency in each box category.  That is, breakpoint was empirically set at interspaces 
between the 3rd quarter and the 4th quarter in 2008 for the 3-, 4- and 5-fish-per-box 
categories and between the 4th quarter of 2008 and the 1st quarter of 2009 for the 6-, 8-, 10- 
and 12-fish-per-box categories.   

Results of the GLM analysis are summarized in Table 3.  At the model for the 
multi-fish-per-box group, the market size category was the most important effect for 
variations in mean lengths, because deviance of the reduced model where the box-category 
effect was eliminated was the largest.  In the same way, the second and third most 
important effects were the year and period effects.  There was small difference in deviance 
between the full model and the reduced model where the quarter effect was eliminated.   

The main effects for the full model to be applied the one-fish-per-box group were 
selected using AIC.  Significance of the quarter effect, however, was even with that of the 
year effect, because there was not so much of difference in deviance between the reduced 



Oshima et al. (2012) 

6 
 

models where these two effects were eliminated one by one.   
 
Data substitution procedure  

The GLM analysis for the multi-fish-per-box group supported keeping stratum of the 
box-category throughout creation of the catch at size.  Data substitution procedures 
(Procedure 1) adopted in this study are summarized in Table 4 and explained below by step.   
 

Procedure 1 
Step 1.  As for the multi-fish-per-box group; the length frequencies were combined 
for year/quarter/box-category stratum.  This year-quarter-box-category specific 
length frequency was raised to the total landing in the matching box-category, as 
recommended by the WG for the previous study (Oshima and Takeuchi 2011).   
Step 2.  For fish which lacks matching size data during the above Step 1; following 
the results from the GLM analysis, quarterly length frequencies were combined for 
each year with keeping stratum of box-category, because difference in deviance 
between the full model and the reduced model where the year effect was eliminated 
was the second largest.  This year-box-category specific length frequency was used to 
substitute the size data for the catch which lacks size information in Step 1.  
Step 3.  The fish still lacks matching size data even in Step 2; year-box-category 
specific length frequencies are combined for all the years, i.e. one single length 
frequency for each box-category.  However those were made separately for two 
periods described in the previous section “GLM analysis”.  Subsequently, these 
standard combined length compositions were used for the catch which had no matching 
size data.  

 
Procedure 2 
The uniform (standard) length frequency for each box-category was created combined 
for year-quarter but individually for each box-category and this was used for all the 
catches i.e. the same data substitution procedure applied in the previous study (Oshima 
and Takeuchi 2011).   

 
Procedure 3 
Step 1.  This procedure is added to the list of data substitution procedure as 
sensitivity test to inspect effect of data substitution.  The length frequencies 
combined for year stratum (year-box-category specific length frequency) were raise to 
the total landing in the matching box-category. 
Step 2.  For fish which lacks matching size data during the above Step 1; the 
period-box-category length frequencies were used to substitute the size data for the 
catch which lacks size information in Step 1.  
 
Procedure 4 
This procedure is also for the sensitivity test as well as Procedure 3.  The 
period-box-category specific length frequency categories were raised to the total 
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landing in number in the matching box-category.   
 
The raised length frequencies obtained through the procedures described above for each 
box-category were aggregated by year and quarter to create total catch at size on yearly and 
quarterly basis. 

As for the one-fish-per-box group, year and quarter had just small effects on the 
change in lengths in each weight class shown in Table 3b.  Therefore, uniform length 
compositions were made for each weight class and used for estimating the catch at size.   
 
Catch at size from 2002 through 2011  

The catch at size with Procedure 1 were different from those obtained by Procedure 2, 
which were used in the previous study by Oshima and Takeuchi (2011) (Fig. 6).  Generally, 
changes are note in the location of the modal length: the modal length by Procedures 1 
being larger than by Procedures 2.  The lengths in each box category increased apparently 
from the 4th quarter of 2008, might have related to the increments of modal lengths 
estimated through Procedures 1.  The increments of modal lengths were 2 to 6 cm, 
corresponding to 1-3 length-bin differences for the fish smaller than 58 cm in the SS3 
model for PBF.   

Procedures 3 and 4 were tested by applying to particular quarters, as shown in Fig. 7, 
since those quarters were better sampled and less substitution made (see Table 1).  
Application of Procedures 3 and 4 resulted in catch at size close to those derived from 
Procedure 1.  There were, however, slightly prominent differences in length at modal 
length class in the 2nd quarter of 2005, the 4th quarter of 2008 and the 2nd quarter of 2009.  
In the 2nd quarter of 2005, modes were at 52 cm, 46 cm and 48 cm in length in catch at size 
by Procedures 1, 3 and 4, respectively.  The maximal difference among the modal lengths 
was 6 cm, which was equal to 3 length-bin difference in the SS3 model.   
 
Catch at size before 2002    

There was no acute discrepancy of the length frequency distributions between 
Procedures 1, 2 and 3.  It was concluded that data substitution manner in Procedures 3 and 
4 provides relatively reliable catch at size for PBF landings.  Therefore, Procedure 4 was 
applied for the estimation of catch at size for data before 2002 when there was no length 
measurement data were available and hence Procedure 1 is not applicable.   

The frequent box-categories the landing of which occurred in more than 20 quarters 
from 1991 through 2001 except for 1996 were 1-, 3-, 4-, 5-, 6-, 8-, 10- and 12-fish-per-box 
(Table 5).  Although, the occurrence of landing for the 2-fish-per-box category also 
frequent with 22 quarters, total landing in number of this category from 1991 through 2001 
was much smaller than those in other frequent categories.  The length frequency 
distributions of catch at size from the 3rd quarter of 1991 through 2001 were estimated 
through Procedure 4 (Fig. 8).   
 
Discussion 

As shown in Table 1, the length measurement data for the frequent box-category were 
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absent from more than 50% of quarters with PBF unloading occurred from 2002 through 
2011.  Hence, if the data substitution is not applied, the catch at size would be quite 
incomplete.    

In this paper, four different data substitution procedures were analyzed based on 
temporal changes in length composition by the box category.  The following procedures 
were adopted: Procedure 1, for the period between 2002 and 2011; Procedure 4, for the 
period between 1991 and 2001.  The catch at size estimated in this study is expected to 
become more reliable than previous study’s ones.  The GLM analysis indicated that the 
year effect was more important for the differences of the mean lengths within each 
box-category than the period effect.  As shown in Fig. 7, the catch at size estimated by 
Procedure 4 (only with period and box-category specific strata), produced quite similar 
results of those by Procedure 1.  It was concluded that application of Procedure 4 itself 
was reasonable for the estimation of catch at size before 2002.  There was, however, no 
length measurement data before 2002, thereby the change in lengths within each box 
category could not have been examined even if the criteria of category-sorting for PBF 
landings at the market was had been changed.  There are two options for the estimation of 
catch at size before 2002: the first one involves application of substitution procedures 4 to 
the landings; and another to prepare no size data.  Conventional size data for Fleet 2 in the 
SS3 model for PBF were provided and used in past analysis for the period between the 1st 
quarter of 1997 and the 2nd quarter of 2008.  The size data from 1997 through 2001 will be 
lost from the analysis if we adopt the second option above.  The difference in the modal 
length between catch at size and frequencies of actual samples is expected to fall within 4-6 
cm as illustrated in Fig. 6, if the lengths in the market size category were not dramatically 
changed before 2002.  In addition, the size data from 1991 through 1995 can be added to 
the input data for the SS3 model if application of Procedure 4 is approved, thereby 
information on size of a strong year class of 1994 will become available (As previously 
explained, there are no catch data by the box category for 1996 and hence the data would be 
missing for that year, no matter what the procedures were applied).  For these reasons, it is 
highly recommended that the catch at size before 2002 are estimated through Procedure 4 
for use in the next stock assessment.   
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Table 1 Summary of quarterly landing in number by box-category, its proportion to total quarterly catch in number and number of fish measured by 
box-category, denoted as Number, % and N, respectively.  The second last row indicates number of quarters when PBF sorted into corresponding 
box-category was landed and when length measurement was carried out.  The last row shows ratio of number of quarters with length measurement for total 
number of quarters with landing of PBF.  Cells shaded or colored in gray indicate quarters or years when there is no length measurement data, respectively.  
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Table 2 Summary of quarterly landing in number by weight class in the one-fish-per-box group, its proportion to total quarterly catch in number and number 
of fish measured by weight class, denoted as Number, % and N, respectively.  The second last row indicates number of quarters when PBF sorted into 
corresponding weight class was landed and when length measurement was carried out.  The last row shows ratio of number of quarters with length 
measurement for total number of quarters with landing of PBF.  Shaded cells indicate quarters when there is no length measurement data.  
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Table 3 Deviance and Akaike Information Criterion (AIC) for full model and reduced 
models from GLM analysis applied for multi-fish-per-box group (a) and one-fish-per-box 
group (b)   
(a) Multi-fish-per-box group.   
Model Df Deviance AIC 
Full model 59,441 41,777
Reduced model 

-(Quarter) 3 60,204 41,883
-(Period) 1 61,306 42,046
-(Year) 9 63,125 42,287
-(box-category) 6 279,088 55,354

 
(b) One-fish-per-box group 
Model Df Deviance AIC 
Full model  6375.6 7799.3
Reduced model  

-(Quarter) 1 6477.6 7827.9
-(Year) 3 6537.6 7841.7
-(Weight class) 4 21483.3 10133.4

 
 
 
Table 4 Type of box-category-specific length frequencies by step used for data 
substitutions of Procedures 1-4.   

  
 
  

Step 1 Step 2 Step 3

1 Year-quarter specific Year specific Period specific

2 Uniform

3 Year specific Period specific

4 Period specific

Procedure
Type of box-category specific length frequency
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Table 5 Quarterly landing in number by box-category and its proportion to total quarterly catch, denoted as Number and %, respectively.  The last row 
indicates number of quarters when PBF sorted into corresponding market size category was landed.   
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Fig. 1 Yearly and quarterly landing in weight of PBF.   
 
 
 
 
(a) Multi-fish-per-box   (b) One-fish-per-box 

 
Fig. 2 Pictures of PBF landings in multi-fish-per-box (a) and one-fish-per-box (b).  In 
the right picture, lateral figures of box show individual body weight.  
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Fig. 3 Landing in number of PBF by box-category unloaded at the markets in Kyusyu 
region.    
 

 
Fig. 4 Plot of quarterly number of fish measured by box-category against correspondent 
quarterly catch in number.  X- and Y-axes are logarithmic axes.  Gray thick line indicates 
regression line.   
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Fig. 5 Boxplots of length by quarter of PBF landings in each market size category.  
Vertical red lines indicate breakpoints between years.       
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Fig. 6 Quarterly catches at size of PBF unloaded in Kyusyu region from 2002 through 
2011 estimated through Procedures 1 and 2.  Blue and orange lines indicate the frequency 
distributions derived from Procedures 1 and 2, respectively.    
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Fig. 6 Cont. 
  

0

5000

10000

15000

20000

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105110

N
o
.�o
f�f
is
h

Length

2009�Qt.1 Proc1

Proc2

0

20000

40000

60000

80000

100000

120000

140000

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105110
N
o
.�o
f�f
is
h

Length

2009�Qt.2 Proc1

Proc2

0

10000

20000

30000

40000

50000

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105110

N
o
.�o
f�f
is
h

Length

2009�Qt.3 Proc1

Proc2

0

200

400

600

800

1000

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105110

N
o
.�o
f�f
is
h

Length

2009�Qt.4 Proc1

Proc2

0

5000

10000

15000

20000

25000

30000

35000

40000

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105110

N
o
.�o
f�f
is
h

Length

2010�Qt.1 Proc1

Proc2

0

10000

20000

30000

40000

50000

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105110

N
o
.�o
f�f
is
h

Length

2010�Qt.2 Proc1

Proc2

0

500

1000

1500

2000

2500

3000

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105110

N
o
.�o
f�f
is
h

Length

2010�Qt.3 Proc1

Proc2

0

500

1000

1500

2000

2500

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105110
N
o
.�o
f�f
is
h

Length

2010�Qt.4 Proc1

Proc2

0

100

200

300

400

500

600

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105110

N
o
.�o
f�f
is
h

Length

2011�Qt.1 Proc1

Proc2

0

50000

100000

150000

200000

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105110

N
o
.�o
f�f
is
h

Length

2011�Qt.2 Proc1

Proc2

0

5000

10000

15000

20000

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105110

N
o
.�o
f�f
is
h

Length

2011�Qt.3 Proc1

Proc2

0

10000

20000

30000

40000

50000

60000

70000

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105110

N
o
.�o
f�f
is
h

Length

2011�Qt.4 Proc1

Proc2

0

2000

4000

6000

8000

10000

12000

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105110

N
o
.�o
f�f
is
h

Length

2008�Qt.1 Proc1

Proc2

0

20000

40000

60000

80000

100000

120000

140000

160000

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105110

N
o
.�o
f�f
is
h

Length

2008�Qt.2 Proc1

Proc2

0

20000

40000

60000

80000

100000

120000

140000

160000

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105110

N
o
.�o
f�f
is
h

Length

2008�Qt.3 Proc1

Proc2

0

20000

40000

60000

80000

100000

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105110

N
o
.�o
f�f
is
h

Length

2008�Qt.4 Proc1

Proc2



ISC/12-1/PBFWG/02 

19 
 

 
 

 
Fig. 7 Comparison of catches at size estimated through Procedures 1, 3 and 4 in the 
quarters when there were low data substitutions.   
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Fig. 8 Quarterly catch at size of PBF unloaded in Kyusyu region from 1991 through the 
3rd quarter of 1995 and from 1997 through 2001 estimated through Procedure 4.   
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Fig. 8 Cont. 
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