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Summary 

In this document, we report the usage of wire leader by Japanese tuna longline fishery in the 

Indian Ocean and the results of analysis on the effects of the leader types on the catch rate and mortality 

of blue shark, based on the observer data for Japanese commercial tuna longline vessel collected 

between 2011 and 2024.  

A total of 93 cruise and 6,113 operations were available, and these operations covered the wide 

areas ranging from tropical to temperate waters of Indian Ocean. While the ratio of wire leader per 

total hook ranged from 0 % (monofilament leader only) to 100 % (wire leader only) on operational 

base, the actual utilization of wire leader was limited.  

The effects of leader type on the CPUE (catch number of blue shark per 1,000 hooks) and mortality 

for blue shark were evaluated using statistical models (GLMM/GLM), considering the various 

covariates such as the ratio of wire leader, year, area, season, hook type, and sea surface temperature 

(SST). For CPUE analysis, the effect of leader type was not statistically significant (p=0.42), while 

the effect of leader type on mortality was statistically significant (p < 0.05), and the mortality rate 

decreased with the increase of the ratio of wire leader.  

Additional analysis with the aim of improving the bias of dataset did not support the positive 

conservation impact by the use of monofilament leader in terms of catch rate and mortality, compared 

to wire leader in several types of longline operations. At present, our conclusion raised a suspicion on 

credibility of the conservation effectiveness of the prohibition of wire leader on, at least, blue shark. 

This result needs to be confirmed by further data collection, research and discussion, followed by the 

evaluation on the conservation effect of replacement of wire leader to monofilament leader on shark 

species in the Indian Ocean. 
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Introduction 

The Scientific Committee of IOTC requested that the IOTC Working Party on Ecosystems and 

Bycatch (WPEB) and Working Party on Socio-Economics (WPSE) evaluate the potential impacts of 

limiting wire leader and shark lines on fleet operation and the potential social and economic impacts 

in the Indian Ocean. In the 20th session of the IOTC (WPEB) – Data Preparatory meeting held in April 

2024 and stock assessment meeting held in September 2024, this issue was discussed based on several 

types of information, including the review of existing knowledge and new finding in the Indian Ocean 

(IOTC–WPEB20(DP) 2024, IOTC–WPEB20(AS) 2024).  

Japan has been collecting information about the gear configurations of longline fishery operated 

in the Indian Ocean through its national scientific observer program, including the leader materials 

used since 2011. In the 21st session of IOTC WPEB (AS), Japan reported the first information on the 

actual situation of usage of wire leader in the Japanese commercial longline operation in the Indian 

Ocean, together with the relevant shark catches and mortality in relation to the leader type, based on 

the Japanese scientific observer database, deployed in the Indian Ocean between 2015 and 2019 

(Semba et al. 2024). In summary, the actual utilization of wire leaders was quite limited (around 80% 

of vessels exclusively utilized monofilament leaders) and even the remaining vessels tended to replace 

with wire leaders for few branch-lines per basket. A comparison of catch rates for major shark species, 

including blue shark (Prionace glauca) and shortfin mako (Isurus oxyrinchus), suggested that 

monofilament leader operations yield higher or almost similar CPUE levels compared to wire leader 

operations. In addition, there was no strong difference in the at-vessel mortality between leader types, 

with the observation showing higher mortality in the operations with monofilament leaders for the two 

major shark species caught. In the current working paper, we report the results of analyses to evaluate 

the effect of leader type on the catch rate and mortality of blue shark, using all observer data available 

at present. 

 

Materials and Methods  

1. Data utilized:  

We used the Japanese scientific observer data collected in the Indian Ocean between 2011 and 

2024, noting that the observer program was factually suspended between 2020 and 2022 due to the 

COVID-19 impacts. We extracted the date and location of operation, gear configuration including the 

number of leader materials and hook type, observed and total number of hooks deployed in each 

operation, and species-specific catch data including life status at hauling for all individuals.  

Regarding the catch data of sharks, we summarized all information on the all shark species under 

the IOTC mandate, but only the data of blue shark was used in the current analysis due to its large 

sample size compared to other shark species. 
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2. Data handling 

As a preliminary analysis, we summarized the pattern of wirer leader usage across all vessels. We 

found that 1) majority of vessels used only monofilament leader, 2) few vessels used only wire leader, 

and 3) remaining vessels used wire leader partially (several hooks with wire leader and the other hooks 

with monofilament for each basket).  

In this analysis, we used data from all fishing operations with varying degrees of wire leader 

usage, without applying any filtering. For each operation, the ratio of wire leaders to the total number 

of hooks was calculated and used as a variable in the analysis. 

Total number of hooks used does not reflect the actual observed effort and thus, observed hook 

number was used as the denominator of CPUE for blue shark. Total number of hooks was used for the 

calculation of ratio of wire leader. Seasons were defined as spring, summer, autumn, and winter, 

starting from October and progressing in three-month intervals. Areas were defined as “Madagascar” 

west of 55°E, ‘Tropical’ east of 55°E and north of 25°S, and “SBT” east of 55°E and south of 25°S 

based on the major fishing ground (Figure 1). Hook types were categorized as Tuna hook (Thook), 

Circle hook (Chook), or Mixed hooks (Mhook; operation where both Thook and Chook were used in 

a single operation). The life status of dead and moribund at hauling (i.e., at vessel mortality) was 

treated as “dead” in the mortality analysis. The number of dead and total for blue shark was calculated 

for each operation and merged with the corresponding operational information. 

 

3. Statistical analysis 

To evaluate the effects of leader type on the CPUE and mortality for blue sharks, we conducted 

two statistical analyses using generalized linear mixed model (GLMM) and generalized linear model 

(GLM). 

 

CPUE analysis 

GLMM was performed using the glmmTMB function from the R software package “glmmTMB”. 

A negative binomial model with log-link function was used to account for the response variable catch 

number of blue shark with many zero catch (Figure 2). The following eight variables were treated as 

the explanatory variables.  

1. Leader type: the proportion of hooks with wire leaders relative to total number of hooks per 

operation (0–1),  

2. Season (noted as qt in the model): spring, summer, autumn, winter  

3. Area (Madagascar, Tropical, and SBT): most of observed longline operation was performed 

throughout the Indian Ocean south of the equator and we divided whole area into three subareas 

focusing on the major fishing ground (Figure 1) 

4. Sea surface temperature (SST): observed by vessel to the first decimal place 
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5. Hook type: three categories (Thook, Chook, Mhook)  

6. Year: 2011 to 2024 (except for 2021,2022) 

7. Hooks per basket: number of branch line between floats 

8. Vessel: cruise ID was treated as random effect.  

The Leader type and SST were treated as continuous variables, while Year, Season, Area, Hook 

type, Hooks per basket, and Vessel were treated as categorical variables. To account for the differences 

in fishing effort, the logarithm of the number of observed hooks was included as an offset term. Vessel 

IDs were treated as random effects to consider the differences in catchability of each vessel.  

To assess the statistical significance and contribution of each explanatory variable to the response 

variable, Anova function (Type II analysis of variance) from the “car” package was applied. The 

“DHARMa” package was also used for model diagnostics. The “emmeans” package was used to 

calculate the predicted average response for each level of a factor, adjusting for other variables in the 

model.  

Model selection was also conducted using AIC. The best model was selected as follows.  

log(𝜇𝑖𝑗)   = 𝛽0 + 𝛽1𝑟𝑎𝑡𝑖𝑜𝑤𝑖𝑟𝑒 𝑖𝑗 + 𝛽2𝑠𝑒𝑎𝑠𝑜𝑛𝑖𝑗 + 𝛽3𝑎𝑟𝑒𝑎𝑖𝑗 + 𝛽4𝑠𝑠𝑡𝑖𝑗 + 𝛽5𝑦𝑒𝑎𝑟𝑖𝑗 + 𝑏0𝑗 +

log (𝑜𝑏𝑠_ℎ𝑜𝑜𝑘𝑖𝑗)                                                  (1) 

𝑏0𝑗 = 𝑁(0, 𝜎𝑣𝑒𝑠𝑠𝑒𝑙
2 ) 

𝑖 = 1, … , 𝑛 

  𝑗 = 1, … , 𝑘 

𝑏𝑙𝑢𝑒_𝑠ℎ𝑎𝑟𝑘𝑖   = 𝑁𝑒𝑔𝐵𝑖𝑛(𝑟, 𝑝) 

,where μij is the expected catch for observation i on vessel j, βs are fixed-effect coefficients, b0j is the 

random intercept for vessel j, obs_hookij is the number of observed hooks (included as an offset) in 

the ith observation in vessel j, σ is the variance of normal distribution, and r, p are parameter of the 

negative binomial distribution. 

 

To assess the effect of the wire leader and to avoid overfitting, interactions were not considered. 

 

Mortality analysis 

GLM was performed using the glm function from the R software package “MASS”. A binomial 

model using a logit link function was used to evaluate the influence of wire leader on the proportion 

of dead blue sharks. Apart from the ratio of wire leader, explanatory variables were chosen based on 

the effects on the mortality at hauling. The treatment and definition of consistent covariates are the 

same as those used in the CPUE analysis. The model structure selected with the lowest AIC is; 

𝑙𝑜𝑔 (
𝑝𝑖

1−𝑝𝑖
)   = 𝛽0 + 𝛽1𝑟𝑎𝑡𝑖𝑜𝑤𝑖𝑟𝑒 + 𝛽2𝑎𝑟𝑒𝑎 + 𝛽3𝑦𝑒𝑎𝑟 + 𝛽4𝑠𝑒𝑎𝑠𝑜𝑛 + 𝛽5𝑠𝑠𝑡 + 𝛽6ℎ𝑜𝑜𝑘𝑡𝑦𝑝𝑒 +

𝑜𝑓𝑓𝑠𝑒𝑡(𝑜𝑏𝑠ℎ𝑜𝑜𝑘)                                                                (2) 
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 𝑖 = 1, … , 𝑛 

𝑌𝑖 = {
1(𝑑𝑒𝑎𝑑)
0(𝑎𝑙𝑖𝑣𝑒)

     𝑃(𝑌𝑖 = 1) = 𝑝𝑖 

, where pi is the probability that the individual is dead in the ith operation and βs are fixed-effect 

coefficients. 

The odds ratio of the parameters with their respective 95% confidence interval was calculated 

as the exponential values of the estimated coefficients. Based on the analysis of deviance (Type II), 

insignificant covariate (p>0.05) was removed from the explanatory variable. Model selection was 

also performed by AIC and the model with the lowest AIC was selected as the final model. 

“statmod” package was used for model diagnostics. With the same reason with the CPUE analysis, 

interaction between covariates was not considered. In this analysis, vessel effect was not included in 

the final model due to the conversion issue. 

 

Results 

A total of 93 cruise and 6,113 operation was available from the observer data collected on board 

the Japanese tuna longline vessel operated in the Indian Ocean between 2011 and 2024 (Table1). 

Percentage of hooks with wire leader per total hooks (ratio of wires) on annual basis ranged from 0 to 

20% and no consistent trend was observed throughout the period (Table1). In total, 72 % of operation 

was occupied by monofilament operation and remaining 4 % and 23 % of the operation was from 

operation with 100% wire leader and partial use of wire leader, respectively.  

The usage of wire leaders by subareas indicates that wire leaders have been used mainly in the 

operation targeting southern bluefin tuna (Thunnus maccoyii), followed by the operation targeting 

tropical tunas (Figure 3, Table 2). 

In the CPUE analysis, strong correlation was confirmed between Area and Hooks per basket, so 

Hooks per basket was removed from the explanatory variables. Hook type could not be included due 

to the lack of the record in the data of cruise with 100% usage of wire leader. The result of Type-II 

deviance analysis indicates non-significant effect by the ratio of wire leader on CPUE, while the effects 

of other factors (i.e., Year, Area, SST, and Quarter) were significant (Table 3, Figure 4). QQ plot for 

the final model indicates that there is no substantial deviation from normality (Figure 5). 

In the mortality analysis, all covariates were statistically significant (Table 4). Multicollinearity 

was also observed between Area and Hooks per basket in this analysis, so Hooks per basket was not 

used in this analysis. Regarding the effect of wire leader, odds ratio of wire (0.76, in Table 5) and the 

effect plot (Figure 6) suggest the trend that as the ratio of wire leader increases, the mortality rate of 

blue shark decreases. QQ plot and other model diagnostics indicate that there is no substantial 

deviation from normality (Figure 7).  
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Discussion 

For this analysis, we compiled all available data on the shark and usage of wire leader from 

observer data on board Japanese tuna longline vessel operated in the Indian Ocean between 2011 and 

2024. Our dataset covers various types of longline operation which target SBT and tropical tunas (deep 

set), although does not include the data of shallow sets targeting swordfish and sharks with night 

setting that was main component used in Santos et al. 2024 (i.e., minimum hooks per basket in the 

current data: 7). The number of operations used for the analysis increased 8.6-fold, compared to the 

previous document and as described in both past (Semba et al. 2024) and the current document The 

usage of wire leader has been very limited in Japanese fleet, but this gear has been used sporadically 

in various area, targeting different species (Appendix: Figure A1).  

Analysis of CPUE of blue shark with all available data suggested non-significant effect of ratio 

of wire leader for CPUE. The observed decrease of mortality with the increase of the ratio of wire 

leader was consistent with previous report (Santos et al. 2023). The result of CPUE is inconsistent 

with existing knowledge, which suggests the usage of wire leader increases the CPUE of blue shark 

(Santos et al. 2023, 2024). Considering the possible bias in the dataset and the latitudinal difference 

in the abundance of blue shark (Coelho et al. 2018), we conducted additional analysis of CPUE, based 

on the dataset with 100% monofilament and 100% wire leader operations with the same filtering 

process in the Semba et al. (2024) for temperate (SBT) and tropical (TRO) area, respectively. For both 

datasets, effect of leader type was significant and standardized CPUE in the operation with 100% 

monofilament leader was significantly higher than that with 100% wire leader operation in both areas. 

While the mechanism of this result is uncertain at present, one possible reason is the case that the 

longline operation with monofilament leader was performed in the spot with high density of blue shark, 

compared to that with wire leader, and such data could not be standardized with the currently available 

data (i.e., low resolution which cannot capture the fine-scale environmental factor related to the 

distribution of blue shark). Detailed results are shown in Appendix Tables and Figures.  

In summary, our result did not support the positive conservation impact by the use of 

monofilament leader in terms of catch rate and mortality of blue shark, compared to operation with 

the wire leader, in several types of longline operations. This result needs to be confirmed by future 

data collection, though such as a designed operation which deploys the control (e.g., monofilament) 

and experiment (e.g., wire leader) section with unifying other variables (e.g., hook and bait type) in 

several areas, operation type, and seasons, ideally. As such experiments and collection of sufficient 

data for the analysis are difficult for one fleet, collaborative work among several fleets will be both 

effective and efficient.   

Our conclusion raised a suspicion on credibility of the conservation effectiveness of the prohibition 

of wire leader on, at least, blue shark, although further discussion and research would be needed in the 

Indian Ocean. 
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Table1. Summary of data used in this analysis. Data in 2021 and 2022 was not available because the 

observer was not on board due to the pandemic of Covid-19. 

 

 

Table 2. Usage of wire leader by area. 

 

 

Table 3. Summary of deviance analysis (Type II) for the CPUE analysis by GLMM.
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Table 4. Summary of deviance analysis (Type II) for the mortality analysis by GLM. 

 

 

Table 5. Summary of outputs for mortality analysis by GLM. P-value is for the coefficient of each 

variable. 

 

Covariate LR Chisq
Degree of

freedom
Pr(>Chisq)

ratwire 8.06 1 0.0045

area 46.04 2 <0.001

year 1445.51 11 < 2.2e-16

qt 69.85 3 <0.001

hook_type 58.27 2 <0.001

sst 5.97 1 0.01

Odds 2.50% 97.50% p -value

(Intercept) 0.07 0.05 0.09 < 2e-16

ratwire 0.76 0.62 0.92 0.005

areaSBT 1.23 1.12 1.35 <0.001

areaTropical 1.60 1.37 1.86 <0.001

year2012 0.45 0.35 0.57 <0.001

year2013 4.01 3.21 5.02 < 2e-16

year2014 1.26 1.02 1.56 0.03

year2015 1.50 1.23 1.84 <0.001

year2016 1.40 1.12 1.76 0.003

year2017 4.28 3.52 5.24 < 2e-16

year2018 0.68 0.56 0.84 <0.001

year2019 1.15 0.95 1.40 0.17

year2020 0.82 0.41 1.52 0.55

year2023 0.85 0.70 1.04 0.11

year2024 1.04 0.85 1.27 0.71

qtspring 0.77 0.68 0.88 <0.001

qtsummer 0.94 0.81 1.09 0.42

qtwinter 0.69 0.63 0.76 <0.001

sst 1.24 1.00 1.53 0.05

hook_typemixed 1.58 1.40 1.79 <0.001

hook_typeThook 0.99 0.98 1.00 0.01
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Figure 1. Spatial distribution of longline operation observed and the definition of three subareas 

(Madagascar, Tropical, and SBT).  

 

 

Figure 2. Histogram of catch number of blue sharks per operation.  

 

Madagascar Tropical 

SBT 
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Figure 3. Number and proportion of operation in three  subareas for all operations (left) and 

operations with the usage of wire leader (right). 

 

 

Figure 4. Estimated relationship between ratio of wire leader (blue line) with 95% confidence 

interval (shaded area) and standardized CPUE of blue shark by GLMM analysis. Triangle denotes 

the normalized nominal CPUE per operation. 
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Figure 5. QQ plot for the CPUE analysis by GLMM. 

 

 

 

 

Figure 6. Effect of ratio of wire leader on the probability of mortality of blue shark. 
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Figure 7. Residual plot for the analysis of mortality (left: distribution of residuals, right: QQ-plot). 
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Appendix 

 

Figure A1. Area of operation with wire leader recorded in observer data on board Japanese tuna 

longline vessel in the Indian Ocean between 2011 and 2024. 
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Appendix 

Additional analysis of standardized CPUE of blue shark. 

 

Objective 

To reduce the effect of biased data on operations with monofilament in the original data and to evaluate 

the effect of leader materials on the CPUEs, an additional analysis was conducted using cruise data 

with 100% monofilament and 100% wire leaders.  

 

Materials and Methods  

Data from 7 cruises with 100% monofilament and two cruises with 100% wire leaders collected in 

two areas were used (Table A1). Cruises with 100% monofilament leaders were selected by filtering 

for year, operation season, and area that overlapped with those of cruises with 100% wire leaders. 

 

Table A1. Summary of data used in this additional analysis. (a) and (b) are comparison of number of 

cruises, operation, observed hook, and blue shark observed in SBT area and tropical area, respectively. 

 

 

For GLM analysis, following 5 explanatory variables were considered. 

1. Lat: 5 degrees, 

2. Lon: 5 degrees, 

3. Season: same with original GLMM analysis, 

4. Hook type: only available in GLM in tropical area, 

5. Leader materials. 

Area and SST were replaced with Lat and Lon to take into account fine-scale spatial effect in this 

analysis. Year was not available due to only one year in the dataset. 

 For SBT area, five models were considered, and the best model was selected by AIC 

(a)

SBT area wire leader monofilament leader

Number of cruise 1 2

Number of operation 126 133

Number of observed hook 326,475 302,203

Number of blue shark 166 1,069

(b)

Tropical area wire leader monofilament leader

Number of cruise 1 5

Number of operation 73 374

Number of observed hook 181,545 899,478

Number of blue shark 79 623
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(Table A2). The modSBT4 with leader type, longitude, and quarter was selected based on AIC. 

 

Table A2. Summary of model selection for GLM with data in SBT area.  

 

 

The summary of deviance analysis (Type II) for modSBT4 indicated that all covariates were 

significant (Table A3). Coefficient for the leader material was 0.11 (compared to monofilament 

leader) after exponential treatment. 

 

Table A3. Summary of deviance analysis (Type II) for modsSBT4. 

 

 

Residual plot and QQ plot for this model (modSBT4) indicated that there is no substantial deviation 

from normality (Figure A2). 

 

Figure A2. Histogram of residuals (left panel) and QQ plot (right panel) for modSBT4. 

 

For TRO area, six models were considered, and the best model was selected by AIC (Table A4) with 

Model df AIC

modSBT0 <- glm.nb(absh~lead+offset(log(ohook/1000)),data=sbt,link = "log") 3 1220.14

modSBT1 <- glm.nb(absh~lead+lat5+offset(log(ohook/1000)),data=sbt,link = "log") 5 1219.94

modSBT2 <- glm.nb(absh~lead+lat5+lon5+offset(log(ohook/1000)),data=sbt,link = "log") 7 1211.12

modSBT3 <- glm.nb(absh~lead+lat5+lon5+qt+offset(log(ohook/1000)),data=sbt,link = "log") 9 1194.88

modSBT4 <- glm.nb(absh~lead+lon5+qt+offset(log(ohook/1000)),data=sbt,link = "log") 7 1194.67

Covariate LR Chisq
Degree of

freedom
Pr(>Chisq)

lead 137.442 1 <0.001

lon5 13.794 2 <0.001

qt 17.068 2 <0.001
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leader type, longitude, and quarter was selected based on AIC. 

 

Table A4. Summary of model selection for GLM with data in TRO area.. 

 

 

The summary of deviance analysis (Type II) for modTRO5 indicated that all covariates were 

significant (Table A5). Coefficient for the leader material was 0.66 (compared to monofilament 

leader) after exponential treatment. 

 

Table A5. Summary of deviance analysis (Type II) for modsTRO5. 

 

 

Residual plot and QQ plot for this model (modTRO5) indicated that there is no substantial deviation 

from normality (Figure A3). 

 

 

Figure A3. Histogram of residuals (left panel) and QQ plot (right panel) for modTRO5. 

Model df AIC

modTRO0 <- glm.nb(absh~lead+offset(log(ohook/1000)),data=tro,link = "log") 3 1477.87

modTRO1 <- glm.nb(absh~lead+lat5+offset(log(ohook/1000)),data=tro,link = "log") 5 1477.421

modTRO2 <- glm.nb(absh~lead+lat5+lon5+offset(log(ohook/1000)),data=tro,link = "log") 11 1446.895

modTRO3 <- glm.nb(absh~lead+lat5+lon5+qt+offset(log(ohook/1000)),data=tro,link = "log") 13 1416.579

modTRO4 <- glm.nb(absh~lead+lat5+lon5+qt+hook_type+offset(log(ohook/1000)),data=tro,link = "log") 14 1418.503

modTRO5 <- glm.nb(absh~lead+lon5+qt+offset(log(ohook/1000)),data=tro,link = "log") 11 1416.097

Covariate LR Chisq
Degree of

freedom
Pr(>Chisq)

lead 9.948 1 <0.001

lon5 26.308 6 <0.001

qt 33.684 2 <0.001
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Figure A4. Nominal CPUE of blue shark by cruise for SBT (left) and TRO (right) area. 

 

As shown in Figure A4, there are several operations with large catch (CPUE) in the operations with 

monofilament leader. This large catch might have affected the effect of monofilament leader on the 

CPUE of blue shark. 


