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1. Introduction 

We updated the standardized CPUE (catch number per 1,000 hooks) of blue marlin (Makaira mazara) 

caught by the Japanese tuna longline vessel between 1971 and 2015. In past, standardization of CPUE 

of this stock was conducted three times (Uozumi 1998; Nishida et al. 2012; Nishida and Wang 2013). 

In this document, we followed the approach common (log normal GLM) with the past work.  

 

In this analysis, we focused on the period between 1971 and 2015 and did not include the data before 

1970, considering the shift of target species around 1970s. In the 1950s and 60s some of the Japanese 

longline fishery targeted billfishes (mainly striped and black marlins) in the Indian Ocean, while after 

the early 1970s, it has targeted mainly bigeye, yellowfin, and southern bluefin (Uozumi 1998, Nishida 

and Wang 2013). It is suggested that this shift would accompany with the change of pattern of 

operation such as gear configurations (i.e., gear depth) and area of fishing, and would affect the 

analysis of standardization.  

The aim of this study is to provide abundance index for blue marlin in the Indian Ocean as input data 

for stock assessment by IOTC working party on billfishes in 2016. 

 

 

2. Materials and methods 

 

Data filtering 

The Japanese longline catch and effort statistics from 1971 to 2015 were used. Total number of all 

operational level data is 1269199 and zero catch ratio of blue marlin is 85%. Since the proportion of 

zero catch is large, the Japanese longline catch and effort data was filtered using the hot spot (1-degree 

area) and the core area approaches, which is applied in previous study (Nishida and Wang 2013). The 

hot spots and the core area were defined as follows; 
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A) Hot spot is defined as the grid at 1 by 1 degree with positive catch more than 6 years in all of the 

quarter. The 6 year is not necessarily consecutive 

B) Core area is the area with high density of hot spot judged by the eye 

 

The total number of 1 by 1 degree compartment is 4892 in the whole Indian Ocean. As a result of the 

application of the procedures and criteria above, 277 hot spots and three core area, i.e. Southwest (SW; 

between 15°S and 40°S and between 20°E and 41°E), Northwest (NW; between 11°S and 11°N and 

between 51°E and 69°E) and Central east (CE; between 14°S and 3°N and between 89°E and 119°E) 

were defined (Figure 1). The core-areas include 243 hot spots, which were used for the further analyses. 

As result of filtering above, total number of set used in the analysis is 33394 and zero catch ratio is 

36%.  

 

GLM analysis 

Explanatory variables 

In the standardization procedure, we evaluated the effect of year, season (quarter), core area, materials 

of main line, materials of branch line, gear (number of hooks between floats :NHBF), and effect of 

area of 1 by 1 degree (1×1: Hot spot). 

 

The core area is defined in Figure 1. Regarding gear effect, NHBF from 1971 to 1974 is not available 

from logbook, therefore the NHBF was assumed to be 5 for these years because the dominant NHBF 

in 1975 is five. The number of hooks between float (NHBF) were categorized into 6 classes (1: <=7, 

2: 8-10, 3: 11-13, 4: 14-16, 5: 17-19, 6:>=20).The materials of main and branch lines composed of 

Nylon and others, which are available since 1994. The materials before 1993 was assumed as “others”. 

All of the explanatory variables are categorical variables. 

 

Response variable 

The effects of factors were assessed using GLM procedure (log normal error structure model, R ver. 

3.3.1, R Development Core Team.). To stabilize the variance and satisfy the assumption of normality, 

natural log-transformations were conducted for dependent variables, which is catch number per 1000 

hooks. In order to avoid to be unable to calculate natural logarithm for the set with zero catch of blue 

marlin, the 1/10 of the average catch for whole period was added to all catch. 

 

Initial model is as follows; 

 

ln (CPUE + constant) = mean + year + quarter + core-area + ML + BL + NHBF + [1×1] + year*quarter 

+ quarter*area + err  
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where   

ln:  natural logarithm, 

CPUE: catch in number of blue marlin per 1,000 hooks, 

constant:  10% of overall mean of CPUE 

mean: overall mean, 

year:   effect of year, 

quarter:  effect of fishing season (1; Jan.-Mar., 2; Apr.-Jun., 3; Jul.-Sep., 4; Oct.-Dec.), 

core-area:  effect of sub-area (Figure 1;SW, NW,CE), 

ML:   effect of material of main line (0; unknown, 1; others, 2; Nylon), 

BL:   effect of material of branch line (0; unknown, 1; others, 2; Nylon), 

NHBF:  effect of gear depth (category of the number of hooks between floats), 

[1×1]:  effect of area of 1 by 1 degree (Hot spot), 

err:   error term, ~ Normal (0, σ^2). 

 

We intended to select the final model after variable selection with backward stepwise test with a 

criterion of the smallest AIC. In the cases in which the factor is not significant as main factor but is 

significant as interaction with other factors, the main factor was kept in the model. 

 

3. Result and discussion 

Annual CPUE standardized by GLM were shown in Figure 2 in relative scale with nominal CPUE. In 

the relative scaled CPUE, average CPUE during the period analyzed was regarded as 1.0. Quarterly 

CPUE standardized by GLM were shown in Figure 3 in relative scale with nominal CPUE. Trend of 

estimated CPUE did not show a large difference with the past results (Uozumi 1998; Nishida et al. 

2012; Nishida and Wang 2013) (Figure 4). Residual trend (residual histogram, Q-Q plots and residual 

plots) were shown in Figure 5, which suggested that the assumption of error structure is not largely 

violated, although the histogram showed skewed left slightly. 

 

 In order to develop more objective criteria defining core-area, the effects of the alternative core-area 

definition on the abundance index should be explored in future. The two spatial factors, the core-area 

and the box, might present similar effect on the index, thus the interaction of the two factors are needed 

to be investigated. 
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Table 1. Standardized CPUE for annual CPUE of blue marlin caught by Japanese longline vessels in 

the Indian Ocean expressed in real scale. 
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Table 2. Standardized CPUE for annual CPUE of blue marlin caught by Japanese longline vessels in 

the Indian Ocean expressed in relative scale in which the average from 1971 to 2015 is 1.0. 
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Table 3. Nominal CPUE for annual CPUE of blue marlin caught by Japanese longline vessels in the 

Indian Ocean expressed in real scale and relative scale in which the average from 1971 to 2015 is 1.0. 
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Figure 1. Three core area (SW, NW and CE) and hot spots (red square) used in CPUE standardization 

of blue marlin caught by Japanese longline vessel in the Indian Ocean. 
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Figure 2. Standardized (solid line) and nominal (solid circle) CPUEs for annual CPUE of blue marlin 

caught by Japanese longline vessels in the Indian Ocean expressed in relative scale in which the 

average from 1971 to 2015 is 1.0. 
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Figure 3. Standardized (solid line) and nominal (solid circle) CPUEs for quarterly CPUE of blue 

marlin caught by Japanese longline vessels in the Indian Ocean expressed in relative scale in which 

the average from 1971 to 2015 is 1.0. 
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Figure 4. Comparison with past results. Annual CPUE of blue marlin caught by Japanese longline 

vessels in the Indian Ocean. Uozumi 1998 using a normal sub-area approach. Nishida 2013 and this 

study are using a core-area approach. 
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Figure 5. Diagnosis of standardized CPUE. a: Residual histogram, b: Q-Q plot and c: residual plot for 

CPUE of blue marlin caught by Japanese longline vessels in the Indian Ocean 
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Appendix1. Result of ANOVA table for CPUE of blue marlin. 

 

 


