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Abstract 

We updated the standardized CPUE (catch number per 1,000 hooks) of black marlin (Istiompax indica) 

caught by the Japanese tuna longline vessel between 1971 and 2015. The Japanese longline set by set 

catch and effort statistics from 1971 to 2015 were used. Total number of operational data is 1,269,199 

(unit: set) and zero catch ratio of black marlin is 93%. Since the proportion of zero catch is large, the 

core (hot spot) area approach based on the 1-degree area was applied by filtering Japanese longline 

catch and effort data. After filtering, total number of set used in the analysis decreased to 18,560 sets 

and zero catch ratio to 58%.  

 

In addition, zero catch ratios are largely different by two periods. The zero catch ratio in the earlier 

half of the period (1971-1990) is low (around 40%) while high (around 80%) in the later period (1992-

2015). Thus, we divided the data into these two periods and applied different GLM (log and delta-type 

2 step model) for each period respectively. Then we calculated relative CPUE for each period setting 

the estimates of 1991 year as 1 and made standardized CPUE for the whole period. Large divergence 

between the standardized CPUE and the nominal CPUE was not observed in both periods, which likely 

suggested that this approach is plausible, although there was a large gap in standardized CPUE 

between two periods. The resultant standardized CPUE suggested the general decreasing trend during 

1971-2015 with occasional spikes. 
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1. Introduction 

 

We updated the standardized CPUE (catch number per 1,000 hooks) of black marlin (Istiompax indica) 

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

of this stock was conducted one time (Uozumi 1998).  

 

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 black marlin in the Indian Ocean as input data 

for stock assessment by the 14th IOTC working party on billfish (WPB14) in 2016. 

 

2. Materials and methods 

 

(1) Data filtering 

 

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

of operational data is 1,269,199 (unit: set) and zero catch ratio of black marlin in all data is 93%. Since 

the proportion of zero catch is large, the core (hot spot) area approach based on the 1-degree area was 

applied by filtering Japanese longline set by set catch and effort data. This method was applied in 

previous studies (Nishida and Wang 2013, Yokoi et al. 2016). The hot spots and the core area were 

defined as follows; 

 

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 4,892 in the whole Indian Ocean. As a result of the 

application of the procedures and criteria above, 133 hot spots and three core area, i.e. Southwest (SW; 

between 18°S and 38°S and between 20°E and 41°E), Northwest (NW; between 5°S and 11°N and 

between 50°E and 70°E) and Central east (CE; between 14°S and 3°N and between 89°E and 120°E) 
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were defined (Figure 1).  

 

The core-areas include 111 hot spots, which were used for the further analyses. As a result of filtering 

above, total number of set used in the analysis is 18,560 and zero catch ratio is 58%.  

In addition, zero catch ratios are largely different by two periods (Figure 2). The zero catch ratio in the 

earlier half of the period (1971-1990) is low (around 40%) while high (around 80%) in the later period 

(1992-2015). Thus, we divided the data into these two periods and applied different GLM (log and 

delta-type 2 step model) for each period respectively. 

 

(2) Data division 

 

For division of the data into two periods, we set the criteria at which the zero catch ratio of 60%, which 

corresponds to 1991. As described later, we applied different GLM for each period, thus direct 

comparison of two estimate is not appropriate. In order to address this problem, we conducted GLM 

for the period between 1971 and 1991 (earlier period) using log normal GL and between 1991 and 

2015 (latter period) using delta-type 2 step model, respectively. Then we calculated relative CPUE for 

each period setting the estimates of 1991 year as 1.0 and compared each series of estimates connecting 

at 1991. Similar approaches were used in the past in the CCSBT (Commission for the Conservation 

of Southern Bluefin Tuna) (reference is under search). 

 

(3) GLM analyses 

 

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) on the CPUE of black marline. 

 

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. 
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Response variable 

 

The effects of factors were assessed using GLM procedure (log normal error structure model for the 

early period and delta-type 2 step model for the later period, 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 CPUE (catch number of black marline per 1000 hooks). 

In order to avoid the base of logarithm to be zero, which corresponds to zero catch of black marline in 

a set, the 1/10 of the average CPUE for whole period was added to all CPUE.  

 

The latter period applied delta-type two step model). In this two-step method, the ratio of zero-catch 

is estimated by the logit model with logit-link function (PA) in the first step as delta model. In the 

second step, log normal model to the data with a positive catch is applied. 

 

GLM models by period  

 

Step 1 Early period model (1971-1991) 

 

Log normal model 

 

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

+ quarter*area + err1  

 

Step2 Latter period model (1991-2015) 

 

 

Delta long model 

 

PA= mean + year + quarter + core-area + ML + BL + NHBF + [1×1] + year*quarter + quarter*area + err2  

 

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

+ quarter*area + err1  
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where   

 

ln  :   natural logarithm, 

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

Constant :   10% of overall mean of CPUE 

PA  :   nominal presence and absence of catch  

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 no. of hooks between floats), 

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

err1  :   error term of log normal model, ~ Normal (0, σ^2), 

err2  :     error term of delta model, ~ Bin(n, p). 

 

3. Results and discussion 

 

Annual CPUE standardized by GLM combined in two periods were shown in Table 1 and Figure 3 in 

relative scale. In the relative scaled CPUE, 1991 year was set up as 1.0. The standardized CPUE in the 

first period is rather stable in 1.0-1.4 then there was the sharp decrease in 1992-1993, afterwards it 

level drastically dropped to the 0.2-0.4 level except spikes in two years (1998-1999). Large divergence 

between the standardized CPUE and the nominal CPUE was not observed in both periods (Figure 5).  

 

The latter period is high zero catch ratio. The main factor for the temporal change of high zero catch 

ratio in the latter period is considered to be related to a change of gear configuration (Figure 4). Gear 

configuration of the early period mainly consists of shallow gear (gear1~gear2). But, that of the latter 

period shifted to mainly deep gear (gear5~gear6).  

 

Black marlin that inhabit the shallow water (Chiang et al. 2015) is suggested to be hardly encountered 

with longline gear below its habitat depth has become hard to catch. To handle the change of zero 

catch ratio, (a) we incorporate number of hooks between floats to correct biases caused by changes of 

gear (hooks) configurations (Figure 4) and (b) we divided the period of data into the early period and 

the latter period to apply different models (GLM) for each period. 
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The reason of the sharp decrease in 1992-1993 is difficult to explain. This because (a) the nominal 

CPUE fits to GLM well and no anomalies in residuals and (b) we incorporate number of hooks 

between floats to correct biases caused by changes of gear (hooks) configurations. 

 

In order to improve the analysis for black marline based on Japanese logbook data with high zero catch 

ratio in latter period, application of habitat model would be useful in the future work. 

 

Appendix A shows ANOVA Table suggesting that “season” and “core area” interaction show high 

statistical significant affect to the nominal CPUE. This implies that nominal CPUE are highly affected 

by season and area. In addition, 1x1 degree effect also shows high statistical significant affect to the 

nominal CPUE. This may imply that anomalies of environmental and other effects occurred in each 

1x1 cells by season are very high, which was adjusted by this covariate.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

IOTC–2016–WPB14–19_Rev1 

 7 

Acknowledgements  

 

The authors sincerely thank to Mr. Fabio Fiorellato (Fisheries Officer and data coordinator, IOTC 

secretariat) to prepare the necessary data set for this work.  

 

References 

 

Maunder, M.N. and Punt, A.E. 2004. Standardizing catch and effort data: a review of recent 

approaches. Fish. Res. 70: 141-159pp. 

 

Venables, W.N. and Dichmont, C.M. 2004. GLMs, GAMs and GLMMs: an overview of theory for 

applications in fisheries research. Fish. Res. 70: 319-337pp. 

 

Nishida, T. and Wang, S.P. 2013. Standardization of catch rates for Striped marlin (Tetrapturus audax) 

and Blue marlin (Makaira mazara) of the Japanese tuna longline fisheries in the Indian 

Ocean based the core fishing area approach and the new area effect concept (1971-2012). 

IOTC-2013-WPB11-23(Rev_1). 20pp. 

 

Uozumi, Y. 1998. Standardization of catch per unit of effort for swordfish and billfishes caught by 

the Japanese longline fishery in the Indian Ocean. Expert Consultation on Indian Ocean 

Tunas, Victoria, Seychelles, 9-14 November, 1998 

 

Chiang, W.C., Musyl, M.K. Sun, C.L. Dinardo, G. Hung, H.M. Lin, H.C. Chen, S.C. Yeh, S.Z. Chen, 

W.Y. Kuo, C.L. 2015. Seasonal movements and diving behavior of black marlin (Istiompax 

indica) in the northwestern Pacific Ocean. 



 

 

IOTC–2016–WPB14–19_Rev1 

 8 

Table 1. Standardized CPUE for annual CPUE of black marlin caught by Japanese longline vessels in 

the Indian Ocean which are expressed in relative scale as 1991 of 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 black marlin caught by Japanese longline vessel in the Indian Ocean. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Annual zero catch ratio of black marlin caught by Japanese longline vessel in the Indian 

Ocean.  
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Figure 3. Annual trend of standardized CPUE of black marlin caught by Japanese longline vessels in 

the Indian Ocean which is expressed in relative scale as 1991 estimates of 1.0. 
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Figure 4. Annual gear composition (upper) and gear frequency (lower; unit is set) of black marlin 

caught by Japanese longline vessels in the Indian Ocean. 



 

 

IOTC–2016–WPB14–19_Rev1 

 12 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

1
9

7
1

1
9

7
2

1
9

7
3

1
9

7
4

1
9

7
5

1
9

7
6

1
9

7
7

1
9

7
8

1
9

7
9

1
9

8
0

1
9

8
1

1
9

8
2

1
9

8
3

1
9

8
4

1
9

8
5

1
9

8
6

1
9

8
7

1
9

8
8

1
9

8
9

1
9

9
0

1
9

9
1

C
P

U
E

Year

std. CPUE Nominal

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

1
9

9
1

1
9

9
2

1
9

9
3

1
9

9
4

1
9

9
5

1
9

9
6

1
9

9
7

1
9

9
8

1
9

9
9

2
0

0
0

2
0

0
1

2
0

0
2

2
0

0
3

2
0

0
4

2
0

0
5

2
0

0
6

2
0

0
7

2
0

0
8

2
0

0
9

2
0

1
0

2
0

1
1

2
0

1
2

2
0

1
3

2
0

1
4

2
0

1
5

C
P

U
E

Year

std. CPUE Nominal

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Annual trend of standardized CPUE of black marlin caught by Japanese longline vessels in 

the Indian Ocean in real scale.  
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Appendix A. Result of ANOVA table for CPUE of blue marlin 

 

Step1 : Early period (1971-1991)). 

 

 

 

 

 

 

 

Step 2. Latter period (1991-2015) 
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Appendix B. Standardized and nominal CPUEs for black marlin in the early period caught by Japanese 

longline vessels in the Indian Ocean in real scale. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

IOTC–2016–WPB14–19_Rev1 

 15 

Appendix C. Standardized and nominal CPUEs for black marlin in the latter period caught by Japanese 

longline vessels in the Indian Ocean in real scale. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Year std. CPUE Nominal

1991 0.074378497 0.123886258

1992 0.08747683 0.087053647

1993 0.074637047 0.076067997

1994 0.03623805 0.037820788

1995 0.038541553 0.047630786

1996 0.020958075 0.039227609

1997 0.021631033 0.028962581

1998 0.056075023 0.05320239

1999 0.066768579 0.068225342

2000 0.023594813 0.028514737

2001 0.020479394 0.02771682

2002 0.027572715 0.024493111

2003 0.020822245 0.024535059

2004 0.025424804 0.042345614

2005 0.011964872 0.010976164

2006 0.043415131 0.027286904

2007 0.033405303 0.024099324

2008 0.027717226 0.04257273

2009 0.026073107 0.022275203

2010 0.031416307 0.028832597

2011 0.029663996 0.035401425

2012 0.019825946 0.020324442

2013 0.013557634 0.009085818
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Appendix D. Diagnosis of standardized CPUE in the early period (1971-1991) based on the log normal 

GLM (step 1). 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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Appendix D. Diagnosis of standardized CPUE in the latter period (1991-2015) based on the delta log 

normal GLM (step 2). 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 

 

 


