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Standardization of age aggregated and age-specific abundance indices of albacore caught by Japanese large and 
small longline fisheries (L-LL and S-LL) in the north Pacific during 1966-2008 was conducted using the method 
similar to previous study with minor modifications. Effects of area, season (quarter), fishing gear (number of 
hooks per basket) and several interactions between them were used for standardization. Age aggregated 
abundance index was almost stable during 1960s-1980s, increased during 1990s, decreased sharply during 
2001-2003, and then gradually increased. Age specific indices were also constant during 1960s-1980s and were 
high during 1990s except for that of age 3, which was mostly constant except in 2006 and 2008. 
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Recently, VPA-2BOX and stock synthesis (SS) models are used for stock assessment of north Pacific albacore at 
ISC meetings, and abundance indices of Japanese longline fishery are used as a part of input data for these models. 
At the last (2006) stock assessment, Watanabe et al. (2006) reported standardization of CPUE (age aggregated and 
age specific) for Japanese large (distant water and offshore) and small (coastal) longline combined for the period 
1966-2005, which involved several improvements from the past studies. In this study, similar method to Watanabe 
et al. (2006) was applied with minor changes. Main purpose of this study is to create abundance indices for VPA 
analyses as well as to obtain abundance index of adult fish. 
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Basic procedure to compute the age specific abundance indices was the same as Uosaki (2004) and Watanabe et al. 
(2006). The rough outline of the procedure is: (1)Albacore CPUE (age aggregated) was first standardized using a 
General Linear Model (GLM); (2) the CPUE was multiplied by the proportion of length frequency; (3) this CPUE 
was converted to CPUE-at-age using a software MULTIFAN assuming fix growth curve. Procedures of 
substitution and aging used here are the same as that in developing catch-at-age for the Japanese large longline 
(Watanabe and Uosaki, 2006). 
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Catch and effort data used in this study were obtained from the Japanese large longline (L-LL) and small longline 
(S-LL) fisheries statistics. The method is the same as that by Watanabe et al. (2006). Data for 1966-2008 were 
created. These data were compiled at National Research Institute of Far Seas Fisheries (NRIFSF) based on the 
logbooks that were submitted from the L-LL and S-LL fishermen operating with the vessels larger than 20GRT 
and smaller than 20 GRT, respectively. Information of number of hooks per basket is available only from 1975 
onward. Number of hooks per basket was assumed to 5 before 1975. 
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Length data for North pacific albacore were utilized to determine age compositions (Ages 3 to 9+ group) of 
estimated CPUEs. The length data were collected by port sampling and on-board measurement (Uosaki, 2002) and 

were compiled at the NRIFSF. The length data were aggregated by year, month and 5o x 10o block. Since the 
software MULTIFAN allows up to 85-length class, the data of the length class ranged from 50 cm to 134 cm with 
1-cm interval was used. 
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Area classification applied in this study is based on that of Watanabe et al. (2006) (Fig. 1). In this study, we 
excluded the area north of 25˚N and east of 170˚W because of drastic change in CPUE in recent years due to 
spatial shift of longline operation (Matsumoto, 2010). 
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CPUE was standardized using GLM. The model includes main effects (year, season, area and fishing gear) and 
interaction term (season*area, year*area, year*season, year*gear). Quarter was used as fishing season, and 
number of hooks per basket (hereafter, NHB) was used as gear effect. Watanabe et al. (2006) incorporated effect 
of “fishery” as a main effect, which was categorized as 1 (L-LL) and 2 (S-LL). But in this study, due to the fact 
that NHB changes with time and that catch rate of albacore changes depending on NHB (Matsumoto, 2010), NHB 
was incorporated as effects, which is similar to the study of Uosaki (2004). To avoid that natural logarithm, ln 
(CPUE), becomes 0, the ICCAT Bluefin Species Group (ICCAT, 1997) recommended adding actual CPUE to 10% 
of mean CPUE. Therefore the constant 0.88, which is 10% of mean CPUE, was added to CPUE. The model was 
selected based on AIC. The final model for standardization of CPUE, M-2010, was, 

LOG (CPUE + 0.88) = µ + Yi + Qj + Ak + Bl + QAjk + YAik + YQij +ABkl + eijkl,       (1) 
where LOG is the natural logarithm, CPUE is the catch in number per 1000 hooks, µ is the intercept, Yi is the 
effect of year i (i = 1966, 2008), Qj is the effect of fishing season (quarter) j (j = 1, 4), Ak is the effect of area k (k 
= 1, 12), Bl is the effect of fishing gear (NHB divided into categories) s (s = 1, 4), QAjk is the interaction between 
fishing season and subarea, YAik is the interaction between year and subarea, YQij is the interaction between year 
and fishing season, ABkl is the interaction between subarea and fishing gear, and eijk is the error term with N (0,σ). 
NHB was categorized as 3-4, 5-9, 10-14 and 15-20 hooks per basket. Analyses were done through the statistic 
package program, “SAS version 9.1.3”. 
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The CPUE of interested strata (year, quarter, fishery and area) were calculated as follows: 

CPUEmean  of 10%)ˆˆˆˆˆˆˆˆˆexp( −++++++++= ijikjkkllkiijk QYAYAQABBAQYCPUE jµ ,          (2) 

Where 
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The abundance index by length class of interested strata (year, quarter) was calculated by summing up over 3 
month and whole area. 
 

� �� �
�

�
�
�

�
⋅⋅⋅⋅= −−

mu l

lgoihlgoihfoihijl FFSSCPUEAI
,

1
)()()()(

1
)()( )()( ωω

ω
ωωω ,                   (3) 

where 

. classlength  and  subarea quarter, th  ,year in catch   theoffrequency length :
, areaunit in  area of size : 

 , ,quarter  and month between  iprelationsh on the basedfunction :)(
 month,for sufix  :

 , , areaunit  and  datafrequency length for  subarea ebetween th iprelationsh on the basedfunction :)(
, , areaunit  and ation standardiz CPUEfor  subarea ebetween th iprelationsh on the basedfunction :

degree), 5x10 ( areaunit for sufix  :
, classlength  andquarter  th  , year in index  abundance:

lnjiF

S

h(o)jjooh
o

)g(nng

)f(kk)f(

ljiAI

ijnl

ijl

ωω

ωωω
ωωω

ω

=

=
=

 
� ,( , ����������
 � �
���
��������� �
First, the length data was compiled into three kinds of length composition datasets in term of size of strata: 

Level 0: by 5x10-month; 
Level 1: by area-month; 
Level 2: by area-quarter. 

Fig. 1 indicates the area used here. Each abundance index of the 5x10-month first referred to the 5x10-month 
length composition data of Level 0 corresponding with time and position. If the sample size (number of fish 
measured) of referred length composition data of Level 0 was less than 100 fish, upper level (wider cell) of length 
composition data were referred. The changing level was repeated until the condition was satisfied. If the condition 
is not satisfied at Level 2, the record referred to the specific length composition data after a substitution table 
(Table 1). The substitution table is made after following principal: 

1) Not allow substituting from different year; 
2) Allow substitution between 1st and 2nd quarter, or between 3rd and 4th quarter in the case of the 

substitution from different quarter, considering the length composition that only larger fish are caught in the 
beginning of longline fishing season, then the rate of middle size fish increased gradually, and finally only 
juveniles are caught; 

3) Allow substitution between areas 1, 2, 5 and 6, or between areas 3 and 4, considering the characteristic of 
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length composition that large size fish are caught in areas 3 and 4 in all quarters and that middle and large 
size fish are caught in the other areas; 

4) If substitution could not be done based on the conditions above, substitution was made in the same quarter 
between areas other than those mentioned in 3). 

In the substitution table, changing levels is repeated as well. In this way, each abundance index in month and unit 
area was broken down into length class using referred length data, and then summed up over 3 months and whole 
area (quarterly abundance index). 
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Aging was done by fitting length frequencies to mixed normal distributions so that the mean of normal 
distribution follows growth equation derived from Suda (1966), 

)1(46.146 )8996.0(492.1 +−−= t
t eL ,                                 (4) 

which was altered from Yabuta and Yukinawa (1963). For this calculation, computer software MULTIFAN (Otter 
Research Ltd., 1991) was conducted. MULTIFAN can provide several functions of length frequency analysis such 
as the estimation of parameters of von Bertalanffy growth curve, standard deviation of the mode of each age, etc. 
In this analysis, MULTIFAN calculated only aging, namely, von Bertaranfy growth parameter K was fixed at 
0.149, lengths of start and last were 61.5 cm (at age 2.75 in first quarter) and 120.7cm, respectively, and standard 
deviation-at-age was the same among ages. Quarterly abundance indices were converted to annual indices by 
summing up from first to fourth quarter. 
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Fig. 2 shows annual trend of age aggregated abundance index. Abundance index was comparatively stable during 
1960s-1980s. It increased during 1990s, peaked in 1998, decreased sharply during 2001-2003, and then gradually 
increased with fluctuation. Recent (2005-2008) level is higher than that in the early period (1960s-1980s), but 
lower than that around 2000 when it was the peak. Fig. 3 shows comparison of abundance index with that derived 
from Watanabe et al. (2006). Scaled index was almost same as that of Watanabe et al. (2006) during the same 
period (1966-2005). 
 
Table 3 shows summary of the ANOVA for M-2010 (Table 2). This revealed that all main effects and interactions 
were significant at 0.1% level for the model. In this model, effect of quarter was very large and effect of area 
followed. In the case of the interaction term, quarter*area and bran*area contributed for fitting of the model.  
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Results of the substitution proved to be substituted 300 strata (29%) of the total number of the strata (1032) (Table 
6). In the subareas 1, 2, 5 and 6, most of the strata in the second and third quarter, there were not enough 
measurement during the period studied (less than 100 fish) especially regarding before 2000. However, the bias, 
which may have resulted from not being measured enough, is considered to be not so serious, because the catch of 
albacore is smaller in the second and third quarters than that of the other quarters due to not being the season for 
the longline fishery. Fig. 4 shows annual catch (in number) composition by substitution level for longline fishery. 
There was approximately 89% of the catch in number which does not require the substitution using the 
substitution table during the period. Namely, substitution made in this analysis is not large part in respect of catch 
in number. In the recent years, the portion of shallower substitution (until Area-month) was large due to the better 
coverage of the length measurement for longline catch. 
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Table 5 shows summary of the aging by MULTIFAN for 1966 to 1983, 1984 to 2001 and 2002 to 2008 datasets. 
Estimated standard deviations of length at age by the periods were 3.14, 2.71 and 3.48, respectively, which was 
only one parameter to be allowed to estimate due to fixing all of growth parameter for this aging. 
 
. �
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Indices of age 3 were almost constant throughout the period except in 2006 and 2008 when were relatively high 
(Fig. 5(a)). Indices of age 4 roughly remained invariant over the period for 1966 to 1991, but, after then they 
sharply rose in the early 1990s, particularly, the index peaked in 1996, and fluctuated after that. Indices of age 5 
decreased sharply during 1966-1968, decreased gradually from 1968 to 1982, kept low during 1983-1991, and 
became high after that with fluctuation (Fig. 5 (a)). Index of age 6 was almost constant during 1966-1993, then 
had a high trend with fluctuation during 1994-2001, became low in 2007, and recovered in 2008 (Fig. 5 (b)). 
Index of age 7 was constant until 1993, which is almost similar to that of age 6. After that, it fluctuated with the 
level relatively high (Fig. 5 (b)). Fluctuations in indices of ages 8 and 9+ synchronized each other over the period 
studied except for a part of periods (Fig. 5 (c)). They increased during late 1990s and declined around 2000. 
 
The index of ages 3-5 corresponding to juvenile fish was relatively low until around 1990, increased after that, 
and then stayed at higher level except for 2004 (Fig. 6). The index of ages 6-9+ corresponding to adult fish was 
stable during 1966-1993, increased during 1994-1997 and decreased during 2001-2003. Its trend is similar to that 
of all ages aggregated. Therefore, it possible to see the trend of abundance index of adult fish by age aggregated 
index of Japanese longline fishery. 
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Table 1. Substitution table for the longline length data. 

 
     
Original data  Strata substituted for original 
Area 1 Qt1 Area 5, Qt1     
 Qt2 Area 5, Qt2 Area 1, Qt1 Area 5, Qt1   
 Qt3 Area 5, Qt4 Area 1, Qt4    
 Qt4      
Area 2 Qt1 Area 1, Qt1 Area 5, Qt1    
 Qt2 Area 1, Qt2 Area 2, Qt1 Area 1, Qt1 Area 2, Qt4 Area 5, Qt1 
 Qt3 Area 1, Qt3 Area 2, Qt4    
 Qt4 Area 1, Qt4     
Area 3 Qt1      
 Qt2 Area 3, Qt1    
 Qt3 Area 4, Qt3 Area 3, Qt4 Area 1, Qt3 Area 3, Qt2 
 Qt4 Area 4, Qt4 Area 3, Qt3 Area 1, Qt4  
Area 4 Qt1 Area 3, Qt1     
 Qt2 Area 3, Qt2 Area 3, Qt1 Area 4, Qt1  
 Qt3 Area 3, Qt3 Area 4, Qt4 Area 3, Qt2  
 Qt4 Area 3, Qt4 Area 4, Qt3 Area 3, Qt2 Area 1, Qt4 
Area 5 Qt1 Area 1, Qt1    
 Qt2 Area 1, Qt2 Area 5, Qt1    
 Qt3 Area 1, Qt3 Area 5, Qt4 Area 1, Qt4   
 Qt4 Area 1, Qt4 Area 5, Qt3    
Area 6 Qt1      
 Qt2 Area 1, Qt2 Area 6, Qt1    
 Qt3 Area 1, Qt3 Area 6, Qt4 Area 1, Qt4   
 Qt4 Area 1, Qt4     

 
 
 
Table 2. Summary of the models used in this study and in the previous study. 

Effect  Interaction 
Model Period Data** 

year quarter area bran fishery  qt* 
area 

yr*
qt 

yr* 
area 

bran* 
area 

Reference 

M-2006 1966-2005 L-LL, 
S-LL * * *  *  * * *  Watanabe 

et al., 2006 

M-2010 1966-2008 L-LL, 
S-LL * * * *   * * * * Present 

study 
              

* shows utilized variables. 
** L-LL: large (distant water and offshore) longline, S-LL: small (coastal) longline. 
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Table 3. Summary of the ANOVA for the model used in this study. 
Model Source DF Sum of Squares Mean 

Square 
F-Value  Pr >F 

       M-2010 Model 713 1619078.4 2270.8 2633.8 <.0001 
       
 Error 1.53E+06 1316002.8 0.9   
       
 Corrected Total 1.53E+06 2935081.2    
        yr 42 9288.6 221.2 256.5 <.0001 
 qt 3 16848.0 5616.0 6513.8 <.0001 
 bran 3 1488.8 496.3 575.6 <.0001 
 area 11 7914.0 719.5 834.5 <.0001 
 yr*area 462 82959.3 179.6 208.3 <.0001 
 qt*area 33 69295.7 2099.9 2435.6 <.0001 
 bran*area 33 67097.7 2033.3 2358.3 <.0001 
 yr*qt 126 41850.5 332.1 385.2 <.0001 

 
 

Table 4. Summary of fitting of the model used in this study. 
Model *R-Square  Coeff Var  Root MSE LogCPUE Mean 

      
M-2010 0.55  74.96986 0.928535 1.238544 
M-2006 0.00  79.12019 1.005882 1.271335 

      
* R-Square indicates a value adjusted with degrees of freedom.  
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Table 5. Summary of MUTIFAN output for the aging. "Von Bertalanffy K", "first length" and "last 
length" were fixed according to Suda (1966) growth curve, and "ratio of first to last S.D." did not fixed. 
Consequently, most of the other growth parameters were automatically determined except for standard 
deviations at age. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 MultiFan  32 (e)  Length-Frequency Analyzer  Copyright 1992 Otter Research Ltd. 
File: a: North pacific ALB abundance index 1966-2008                      Page 1 
                                                                                 
Number of age classes: 9                                                         
Parameter Estimates:                                                             
   von Bertalanffy K = 0.149 (1/year); L infinity = 146.0                        
   First Length = 61.500; Last Length = 120.700; Brody rho  =   0.861 (1/year).  
   Estimated age of the first age class =  3.65 years.                           
   Mean length at age in month 1:                                                
     61.50  73.27  83.42  92.15  99.68 106.16 111.75 116.56 120.70               
   Standard Deviations of length at age in month 1:                              
      2.50   2.50   2.50   2.50   2.50   2.50   2.50   2.50   2.50               
   Average Standard Deviation >=  2.501; ratio of first to last S.D.=  1.000     

 MultiFan  32 (e)  Length-Frequency Analyzer  Copyright 1992 Otter Research Ltd. 
File: b: North pacific ALB abundance index 1966-2008                      Page 1 
                                                                                 
Number of age classes: 9                                                         
Parameter Estimates:                                                             
   von Bertalanffy K = 0.149 (1/year); L infinity = 146.0                        
   First Length = 61.500; Last Length = 120.700; Brody rho  =   0.861 (1/year).  
   Estimated age of the first age class =  3.65 years.                           
   Mean length at age in month 1:                                                
     61.50  73.27  83.42  92.15  99.68 106.16 111.75 116.56 120.70               
   Standard Deviations of length at age in month 1:                              
      3.03   3.03   3.03   3.03   3.03   3.03   3.03   3.03   3.03               
   Average Standard Deviation =  3.030; ratio of first to last S.D.=  1.000      

 MultiFan  32 (e)  Length-Frequency Analyzer  Copyright 1992 Otter Research Ltd. 
File: c: North pacific ALB abundance index 1966-2008                      Page 1 
                                                                                 
Number of age classes: 9                                                         
Parameter Estimates:                                                             
   von Bertalanffy K = 0.149 (1/year); L infinity = 146.0                        
   First Length = 61.500; Last Length = 120.700; Brody rho  =   0.861 (1/year).  
   Estimated age of the first age class =  3.65 years.                           
   Mean length at age in month 1:                                                
     61.50  73.27  83.42  92.15  99.68 106.16 111.75 116.56 120.70               
   Standard Deviations of length at age in month 1:                              
      3.60   3.60   3.60   3.60   3.60   3.60   3.60   3.60   3.60               
   Average Standard Deviation =  3.595; ratio of first to last S.D.=  1.000      
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Table 6 The number of fish whose size was measured and summary of substitution of the data �� �� � �� �� � �� �� � � � � � � � � � � � � � � � 	
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Fig. 1. Area classifications for CPUE standardization for the present study (the area excluding shaded area) 
and used by Watanabe et al. (2006) (area 7 was excluded). 
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Fig. 2. Trajectories of relative annual abundance indices for the Japanese longline fisheries with weighting 
by area size. 
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Fig. 3. Comparison of abundance indices (scaled) with that of the past study (Watanabe et al., 2006: Fig.9). 
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Fig. 4. Degree of substitution in respect of albacore catch in number for longline fishery. 
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Fig. 5. (a) Annual abundance indices at ages 3, 4 and 5 (b) those at ages 6 and 7 and (c) those at ages 8 and 9+ for 

North Pacific albacore from the Japanese longline fisheries. 
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Fig. 6. Age combined annual abundance indices for North Pacific albacore from the Japanese longline fisheries. 

#

$

%

&�')(�(*&�')(�'*&�',+�-.&/')+)01&/')+�23&/'�2�&4&/'�2�56&�')2)+.&/'�')73&/'�',81&/'�')(3&/'�')'9-
7)7)-:-
7)7)0:-
7)7�2
;=<?>�@

AB C
DE F
D G
HI
DE
HJ KML)N�O

KML)NQP
KML)N�R

#

$

%

S

T

&�')(�(U&/'�()'3&/')+)-V&�',+�03&�',+
2U&/'�2�&4&/'�2�5W&/'�2,+1&/'�')73&/'�',8V&�')'�(*&�')'�'6-�7�7,-4-�7�7,0*-
7)7)2
;�<?>
@

AB C
DE F
D G
HI
DE
HJ >)X)<?S

>)X)<�Y������������

7
-
5
(
2

&�7

&�')(�(*&�')(�'*&�',+�-V&/')+)01&/')+�23&/'�2�&4&/'�2�5W&/'�2,+1&/'�')73&/'�',81&/'�')(3&/'�')'6-
7)7)-:-
7)7)0:-
7)7)2
Z�[�\�]

^_ ` a
b ca
de
f a
b e
g \/h�[�2

\/h�[�'�ikj '
lM&�&/m�� ��� ��� ��� �


