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SUMMARY 
 
In this document, catch per unit effort (CPUEs) of albacore (Thunnus alalunga) caught by the 
Japanese longline (JPN LL) in the North Atlantic Ocean were standardized in three periods 
(1959-1969 as target period, 1969-1975 as transition period and 1975-2011 as bycatch period). 
Estimating standardized CPUEs, two different generalized linear models (log-normal and 
negative binomial) were applied in bycatch period. Standardized CPUE by the negative 
binomial model in bycatch period decreased moderately from 1975 to 1985 and remained at the 
same level until 2000. It increased slightly after 2000. 

 
RÉSUMÉ 

 
Dans le présent document, les prises par unité d'effort (CPUE) du germon (Thunnus alalunga) 
capturé par des palangriers japonais (JPN LL) dans l'océan Atlantique Nord ont été 
standardisées en trois périodes : 1959-1969 en tant que période cible, 1969-1975 en tant que 
période de transition et 1975-2011 en tant que période de prise accessoire. Pour estimer les 
CPUE standardisées, des modèles linéaires généralisés (log-normal et binomial négatif) ont été 
appliqués dans la période de prise accessoire. Les CPUE standardisées par le modèle binomial 
négatif de la période de prise accessoire ont connu une baisse modérée entre 1975 et 1985 et 
sont restées au même niveau jusqu'en 2000. Après 2000, elles ont légèrement augmenté. 
 

RESUMEN 
 
En este documento, se estandarizó la captura por unidad de esfuerzo (CPUE) del atún blanco 
(Thunnus alalunga) capturado por el palangre japonés (JPN LL) en el Atlántico norte en tres 
periodos (1959-1969 como periodo objetivo, 1969-1975 como periodo de transición y 1975-
2011 como periodo de captura fortuita). Para estimar las CPUE estandarizadas, se aplicaron 
dos modelos lineales generalizados diferentes (lognormal y binomial negativo) en el periodo de 
captura fortuita. La CPUE estandarizada por el modelo binomial negativo en el periodo de 
captura fortuita descendió moderadamente desde 1975 hasta 1985 y permanecieron al mismo 
nivel hasta 2000. Después de 2000 aumentó ligeramente. 
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1. Introduction 
 
Abundance indices for Atlantic albacore (north and south) caught by the Japanese longline fishery were 
calculated separately for three periods (1959-69 as target period, 1969-75 as transition period and 1975-after as 
bycatch period; Uozumi, 1996a; Uozumi, 1996b; Uosaki and Shono, 2008). 
 
Standardized CPUEs were estimated as abundances indices for albacore in Atlantic Ocean caught by the 
Japanese longline fishery by two different generalized linear models (Uosaki and Shono, 2008). Although 
standardized CPUE for north albacore in Atlantic Ocean only by the negative binomial model was applied to the 
stock assessment model as abundance indices, same two models proposed by Uosaki and Shono (2008) were 
applied for standardization of annual CPUE for north Atlantic albacore (north of 5ºN) caught by the Japanese 
longline fishery based on updated catch and effort data in this document. 
 
 
2. Data and Methods 
 
2.1 Fisheries Data 
 
Data in this document were obtained from the Japanese longline fishery statistics based on the logbooks and 
compiled at the National Research Institute of Far Seas Fisheries. Two dataset were used; one is the ICCAT Task 
II catch-and-effort data from 1959 to 1975, and the other is catch-and-effort data with gear configuration such as 
number of hooks per basket between 1975 and 2011. 
 
Catch per unit effort (CPUE) was defined as the number of albacore per 1,000 hooks. Data less than 3,000 hooks 
were excluded from the analysis. Observations within the EEZ were also excluded to avoid inconsistency of data 
coverage during a long historical period. 
 
2.2 CPUE standardization 
 
Standardized CPUE was estimated separately for three periods (1959-1969, 1969-1975 and 1975-2011), which 
referred as target, transition, and bycatch period, respectively (Uozumi, 1996b; Uosaki and Shono, 2008 and 
Mastumoto and Uosaki, 2011). In this document, CPUE during 1975 and 2012 (bycatch period) were updated 
since data has not been changed in other periods. Generalized linear model with lognormal (LN model) and 
negative binomial (NB model) error structures were applied to estimate standardized CPUE for albacore caught 
by the Japanese longline in the North Atlantic Ocean. 
 
Year, season and subarea were incorporated as main effects for target (1959-1969) and transition period (1969-
1975). Effect of gear configurations was added for the bycatch period (1975-2011). Quarter was used for fishing 
season. Subareas for target and transition period were defined by Uozumi (1996a) and for bycatch period by 
Uosaki (2004), which were incorporated in this study (Figure 1). Gear configurations were categorized into four 
levels (3-7, 8-11, 12-15 and 16-20 hooks between floats). In this study, same effects as those by Uosaki and 
Shono (2008) were used for the LN and NB models. 
 
In order to include observations with fishing effort bot no albacore catch, a small value was added to CPUE and 
following equations were applied to estimate standardized CPUEs. SAS software packages (Version 9.3) were 
used for parameterization procedure of GLM. 
 
(1) LN model 
E[ln(CPUE+0.1)=μ+Y +Q+A+G+Y ∗Q+Q∗A+Q∗G+ε 
where [E(CPUE+0.1)] is expectation of CPUE (catch in number per 1000 hooks) with normal distribution, Y, Q, 
A and G are effects of year, quarter, subarea and gear, respectively. μ and ε represent intercept and error term. 
 
(2) NB model 
E[C]=H·exp(μ+Y +Q+A+G+Y ∗Q+Q∗A+Q∗G+ε) 
where E(C) is expectation of catch in number with negative binomial distribution. H represents number of hooks 
used. 
Interaction terms indicated as two symbols of effect and asterisk (e.g. Y*Q as year and quarter). 
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2.3 Results and Discussion 
 
Figure 2 shows albacore catch number (a), number of hooks (b) and nominal CPUE (albacore number per 1000 
hooks) during bycatch period (1975-2011) in the North Atlantic Ocean. Albacore catch number was between 20 
and 190 with mean of 64 (Figure 2a). Number of alba- core catch likely has not been changed largely but recent 
catch after 2006 shows low.  
 
This would be because of fishing effort decreases (Figure 2b). It is worth noting that fishing effort has been 
increased after 1977 until 1997. Nominal CPUE decreased from 1978 to 1995 (Figure 2b). 
 
The ANOVA for the LN model and goodness of fit for the NB model during bycatch period are shown in Table 
1 and Table 2. Both F value in Table 1 and chi-square in Table 2 represent both model is highly significant, 
however, the effect of gear configuration was not significant for the NB model (Table 2). 
 
Figure 3 and Figure 4 represent standardized and scaled CPUEs by their mean, respectively. CPUEs derived 
from both of LN and NB models decreased moderately from 1975 to 1985 and remained at the same level until 
2000. CPUEs after 2000 slightly increased. As stated in Uosaki and Shono (2008), the LN model were likely to 
be affected from large number of zero catch, however, the NB model has an advantage even though data 
contains zero catch. Therefore it is not necessarily to add small number to CPUE when it is zero. We 
recommended that CPUE for north albacore caught by the JPN LL in the Atlantic Ocean calculated by the NB 
model should be used as input data for stock assessment in this year as last stock assessment in 2009. This also 
consists with a recommendation made by the ICCAT albacore working group in 2007 (ICCAT, 2008). Actual 
values of standardized CPUE are shown in Table 3. 
 
Figure 5 shows effects of each explanatory variable in the model. Effects of 1st and 4th quarter were larger than 
2nd and 3rd quarter. Area 1, 2 and 4 show larger effects, where are northwestern Atlantic Ocean (see Figure 1). 
There are no remarkable effects of gear (number of hooks between floats). 
 
The residuals plot shows a little skewed distribution in bycatch period (Figure 6c) especially between 1995 and 
2000, and the residuals follow the expected linear pattern for the positive catch in the QQ plots to some extent 
(Figure 7c). 
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Table 1. ANOVA for the LN model in bycatch period (1975-2011) in North Atlantic Ocean. Note that target and 
transition periods are shown in Appendix 2. 
 

 
 
 
 

Table 2. Goodness of fit for the NB model for bycatch period (1975-2011) in North Atlantic. Note that target 
and transition periods are shown in Appendix 2. 
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Table 3. Standardized CPUE and CV (standard error) for the NB model for north stock in the Atlantic Ocean. 
CPUEs in target and transition were obtained from Uosaki and Shono (2008), CPUE in bycatch period were 
updated in this study. 
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Figure 1. Area and subarea definition for CPUE standardization. (a) Target period (1959-1969), (b) Transition 
period (1969-1975) and (c) bycatch period (1975-2011). 
 
 

 
 
Figure 2. (a) Total number of albacore, (b) Total number of hooks (x 1000) and (c) nominal CPUE. Note that 
data shown are derived from North Atlantic Ocean during 1975 and 2011. 

1128



   

 
 
Figure 3. Standardized CPUEs for the LN and NB models for north stock. (a) All time series (1959-2012). (b) 
Target period (1959-1969), (c) Transition period (1969-1975) and (d) bycatch period (1975-2011). 
 
 
 

 
 
Figure 4. Scaled CPUEs for the LN and NB models for north stock. (a) Target period (1959-1969), (b) 
Transition period (1969-1975) and  (c) bycatch period (1975-2011). 
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Figure 5. Standardized CPUEs for each explanatory variables in bycatch period (1975-2011). (a) quarter, (b) 
area and (c) gear (number of hooks between floats; see data and methods) 
 
 
 
 

 
 
Figure 6. Boxplots of residuals for the NB model for the north stock. (a) Target period (1959-1969), (b) 
Transition period (1969-1975) and (c) bycatch period (1975-2011). Note that target and transition period was 
obtained from Uosaki and Shono (2008). 
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Figure 7. QQ plots of residuals for the NB model for the north stock. (a) Target period (1959-1969), (b) 
Transition period (1969-1975) and (c) bycatch period (1975-2011). Note that target and transition period was 
obtained from Uosaki and Shono (2008). 
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Appendix 1. ANOVA for the LN model for target (1959-69), transition (1969-75) and bycatch (1975-2005) 
period in north Atlantic, respectively (Uosaki and Shono, 2008). 
 
(a) Target period (1959 – 1969) 
 

 
 
(b) Transition period (1969 – 1975) 
 

 
 
(c) Bycatch period (1975 – 2005) 
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Appendix 2. Goodness of fit for the NB model for Target (1959-69), Transition (1969-75) bycatch (1975-2005) 
period in north Atlantic, respectively (Uosaki and Shono, 2008). 
 
(a) Target period (1959 – 1969) 
 

 
 
(b) Transition period (1969 – 1975) 
 

 
 
(c) Bycatch period (1975 – 2005) 
 

 
 
Appendix 3. Scaled quarterly CPUEs for the NB models for north stock. (a) Target period (1959-1969), (b) 
Transition period (1969-1975) and  (c) bycatch period (1975-2011). Note that target and transition period was 
obtained from Uosaki and Shono (2008). 
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Appendix 4. Standardized quarterly CPUEs and CV (standard error) for the NB model for north stock in the 
Atlantic Ocean. CPUEs in target and transition were obtained from Uosaki and Shono (2008), CPUE in bycatch 
period was updated in this study. 
 
(a) Target period (1959 – 1969)  
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Appendix 4. (Continued). 
 
(b) Transition period (1969 – 1975) 
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Appendix 4. (Continued). 
 
(c) Bycatch period (1975 – 2011) 
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Appendix 4. (Continued). 
 
(c) (Continued). 
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Appendix 4. (Continued). 
 
(c) (Continued). 
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