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ABSTRACT 

        In the present study, the shortfin mako shark catch and effort data from the logbook records of the 

Taiwanese large-scale tuna longline fishing vessels operating in the North Pacific Ocean from 2005-2019 

were analyzed. Due to large percentage of zero shortfin mako shark catch, the catch per unit effort (CPUE) 

of shortfin mako shark, as number of fish caught per 1,000 hooks, was standardized using a zero inflated 

negative binomial model. Both nominal and standardized CPUE of shortfin mako shark showed an inter-

annual fluctuation with two peaks (2013, 2014 and 2018, 2019). Estimated shortfin mako shark catch in 

weight from the Taiwanese large-scale tuna longline fishery ranged from 0 metric tons (MT) in 1973 to 

156 MT in 2015, and it decreased thereafter and increased again to 142 MT in 2019.  

 

1. Introduction 

The shortfin mako shark, Isurus oxyrinchus, is one of the most commonly shark species caught by the 

Taiwanese commercial offshore longline fishery and is one of the major by-catch shark species of tuna 

longline fisheries in the far seas. Shortfin mako is a large apex predator that exhibits slow growth, low 

fecundity and late maturity, and is particularly susceptible to exploitation owing to its life-history 

characteristics (Campana et al., 2005). Clarke et al. (2006) mentioned that about half a million shortfin 

mako sharks were utilized in the global shark fin trade in 2000. Given the high fishing pressure on this 

species and declining population trends, the shortfin mako was listed as "Endangered" on the IUCN Red 

List of Threatened Species (Rigby et al., 2019), was listed on the CITES Appendix II (CITES, 2019). Since 

the International organizations and regional fisheries management organizations (RFMO’s) have concerned 

on the conservation of elasmobranchs in recent years, it is necessary to examine the recent trend of shark 

species by examining the logbook of tuna fisheries. The blue shark (Prionace glauca) and shortfin mako 

and are the two major shark species for the Taiwanese large-scale tuna longline (LTLL) fisheries. Reliable 

catch estimate for shortfin mako shark can be developed because the logbook records of shortfin mako 

sharks were representative of actual catches as all sharks were retained due to its high market value. Thus, 

the objectives of this study are to update the CPUE standardization and to estimate the catches of shortfin 

mako sharks by the Taiwanese LTLL in the North Pacific based on the logbook data.  

2. Material and methods 

2.1. Source of data  

The logbook data of the Taiwanese large-scale tuna longline fishery from 1971 to 2019, provided by the 

Overseas Fisheries Development Council, Taiwan were used in this study. These logbook data contain basic 

information on fishing time, area, number of hooks and catches of 18 species (14 species before 2005) 

including major tunas, billfishes and sharks. The shark by-catch of the Taiwanese tuna longline fleets was 

never reported until 1981 because of its low economic value compared with tunas. During the period from 

1981 to 2004, only one category “sharks” was recorded in the logbook. The category “sharks” on the 

logbook has been further separated into four sub-categories namely the blue shark, Prionace glauca, mako 
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shark, Isurus spp., silky shark, Carcharihnus falciformis, and others since 2005. As the Taiwanese longline 

fishery has widely covered the North Pacific Ocean, our fishery statistics must be one of the most valuable 

information that can be used to describe the population status of pelagic sharks. 

The species-specific catch data including tunas, billfishes, and sharks from logbook records in 2005-2019 

were used to standardize CPUE of shortfin mako shark of the Taiwanese large-scale longline fishery in the 

North Pacific Ocean. In addition, the nominal CPUE was applied to back-estimate the historical shortfin 

mako catch (before 2005) of the Taiwanese large-scale longline fleets. 

 

2.2. CPUE standardization 

Shortfin mako sharks caught by the Taiwanese LTLL fishery in the North Pacific Ocean were mainly 

observed in the equatorial waters where bigeye tuna, Thunnus obesus, was the targeting species and in the 

subtropical and temperate waters where albacore tuna, T. alalunga, was the targeting species (Figure 1). 

Based on the distributions of effort from the logbook (Figure 1), the North Pacific Ocean was stratified as 

four areas namely A (north of 25ºN), B (0ºN-25ºN, east of 0ºW), C (0ºN-25ºN, 0ºW-40ºW), and D (0ºN-

25ºN, west of 40ºW). The area strata used for the analysis are shown in Figure 2. For standardization, 

CPUE was calculated by set of operations based on logbook records during the period of 2005-2019.  

A large proportion of sets with zero catch of shortfin mako shark (~85%) was found in the logbook records. 

Hence, to address these excessive zeros, a Zero Inflated Negative Binomial model (ZINB, Lambert 1992; 

Hall 2000) was applied to the standardization of shortfin mako shark CPUE. The ZINB is a mixture of two 

distributions, one distribution is typically a Poisson or negative binomial distribution that can generate both 

zero and nonzero counts, and the second distribution is a constant distribution that generates only zero 

counts. The model was fit using glm function of statistical computing language R (R Development Core 

Team, 2017) to eliminate the biases by change of targeting species, fishing ground and fishing seasons. 

The standardized CPUE series for shortfin mako shark was constructed with interaction effects. The main 

variables chosen as input into the ZINB analyses were year (Y), quarter (Q), area (A), latitude (LAT), 

longitude (LON) and HPB (number of hooks per basket, HPB). The effect of gear configuration of HPB 

was used to account for the shift of targeting species. The following additive model was applied to the data 

in this study: 

The standardized CPUE series for shortfin mako shark was constructed without interaction. The model is 

described as: 

 

Catch= Year + Quarter + Area + HPB + LAT + LON 

 

For the Zero Inflated Negative Binomial: 
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(Part 1: count models- Negative Binomial; Part 2: Binomial, link = logit) 

 

The probability distribution of a zero-inflated negative binomial random variable Y is given by 

 

where k is the negative binomial dispersion parameter.                    

The effect of gear configuration, HPB, was categorized into two classes: shallow set (HPB ≦ 15), and deep 

set  (HPB > 15) (Walsh, 2011), and 4 quarters were categorized: the 1st quarter (Jan-Mar), the 2nd quarter 

(Apr-Jun), the 3rd quarter (Jul-Sep), and the 4th quarter (Oct-Dec). Continuous variables tested were the 

LAT and LON. The area strata used for the analysis are shown in Figure 2.                                    

The best model for ZINB models were selected using the stepwise AIC method (Venables and Ripley, 

2002). For model diagnostics, the rootograms function in R countreg package (Kleiber and Zeileis, 2016) 

was used to assess the influence of observations that exert on the model. The distribution of residuals was 

used to verify the assumption of the ZINB models. These diagnostic plots were used to evaluate the fitness 

of the models.                                                                                                                   

Empirical confidence interval of standardized CPUE was estimated by using a bootstrap resampling method. 

The number of bootstrapped sub-samples was generated based on the sample size of CPUE in each year. 

The 95% confidence intervals were then constructed based on bias corrected percentile method with 10,000 

replicates (Efron and Tibshirani, 1993). 

 

2.3. Estimate of historical shortfin mako shark catch 

Annual shortfin mako by-catch in number (Cy) was obtained by using the logbook catch divided by 

coverage rate for 2005-2019. The shortfin mako by-catch in number before 2005 was back-estimated using 

the following equation: 

i,
4 Nominal  

 
y

i

iCPUE Logbook effort

Coverage rat
C

e


 ,                                                                                                                                                  (4) 

where y is year,  i = 1 is area A, i = 2 is area B, i = 3 is area C and i = 4 is area D. Coverage rate is the total 

catch (bigeye tuna, albacore tuna, yellowfin tuna, and swordfish) in logbook to that in Task 1. The nominal 

CPUE before 2005 was represented by the mean of nominal CPUE in the period of 2005-2007 because 

there were no species-specific shark catch data in logbook before 2005. 
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As the weight records were incomplete and might be biased, the catch in weight of shortfin mako shark was 

estimated by using annual mean weight multiplied by the estimated/back-estimated catch in number. No 

catch information before 2015, the average value of 2005-2007 was used and assumed constant for 1971-

2004. All size data not recorded in PCL (FL recorded in logbook data) were converted to PCL based on the 

Joung and Hsu (2005) converting equations. The annual mean PCL of shortfin mako sharks was calculated 

based on the logbook length data in the period of 2005-2019 and the mean weight was obtained by 

substituting the mean PCL into the W-PCL relationship (sexes-combined) as following: W = 2.28×10-5 

PCL2.88 (Su et al., 2017). 

 

3. Results and discussion 

The annual mean PCL of shortfin mako sharks recorded in the logbook was listed in Table 1. The average 

PCL was 148.76 cm (n=11,173) and the estimated mean weight was 52.02 kg. The frequency distributions 

of shortfin mako shark by-catch per set are characterized by many zero values and a long right tail (Figure 

3). Overall, 84.8% of total sets had zero shortfin mako shark by-catch (Table 2).  

The best models for ZINB models chosen based on AIC were “Catch = HPB + Year + Quarter + LAT + 

LON”. The detail values for nominal and standardized CPUE are listed in Table 3. The nominal and 

standardized CPUE of shortfin mako shark showed an inter-annual fluctuation (Figure 4). The standardized 

CPUE series contains the combined effects from two models, one that calculates the probability of a zero 

observation and the other one estimates the count per year. In general, the standardized CPUE series of the 

shortfin mako sharks caught by the Taiwanese LTLL fishery decreased from 2006 to 2010 and increased 

slightly, peaked in 2014, decreased thereafter and increased again in 2018 and 2019 (Figure 4). 

The diagnostic results from the ZINB model do not indicate severe departure from model assumptions 

(Figures 5-6). The Q-Q normal plots (the upper panel) for ZINB model showed that the error distributions 

are close to normal (Figure 5). There is also no wave-like pattern for the residuals showed that the data is 

appropriately captured by the model. Additional residual plots for each factor were provided in Figure 6.  

The ANOVA tables for each model are given in Tables 4-5. All main effects tested were significant (mostly 

P < 0.01) and included in the final model.  

The back-estimations of historical shark by-catch before 2005 in this report were based on logbook records 

from 2005-2007. Estimated shortfin mako shark by-catch in number ranged from 0 in 1973 to 2,680 in 

2014. The back-estimated shortfin mako shark by-catch in weight of Taiwanese LTLL fishery ranged from 

almost 0 metric tons (MT) in 1971 to 125 MT in 2014, with a mean of 37 MT and 792 individuals in the 

North Pacific Ocean (Table 6).  The estimated catch was relative low before 1995 and increased to more 

than 100 MT and fluctuated thereafter, peaked at 156 MT in 2015, and slight decreased thereafter and 

increased again in 2019 (Table 6).  

Many factors may affect the standardization of CPUE trend. In addition to the temporal and spatial effects, 

environmental factors are important which may affect the representation of standardized CPUE of pelagic 

fish, i.e. swordfish and blue shark in the North Pacific (Bigelow et al., 1999), and big-eye tuna in the Indian 
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Ocean (Okamoto et al., 2001). Although shortfin mako sharks are homeotherm, the behavior of sharks with 

these characteristic is also triggered by the environmental temperature (Weng et al., 2007). Environmental 

effects should be included in the future standardization models.  In addition, the change of logbook reporting 

system is another possible factor influencing the CPUE. The paper logbook has been replaced by e-logbook 

since 2017. Despite of the transition year of 2017, the 100% coverage rate of 2018 and 2019 may lead to 

the increase of CPUE in these two years.    

 

References 

Bigelow, K.A., Boggs, C.H., and He, X., 1999. Environmental effects on swordfish and blue shark 

catch rates in the US North Pacific longline fishery. Fish. Oceanogr. 8(3): 178-198. 

Campana, S. E., Marks, L., and Joyce, W. 2005. The biology and fishery of shortfin mako sharks 

(Isurus oxyrinchus) in Atlantic Canadian waters. Fish. Res. 73: 341-352. 

Chang, J. H., and Liu, K. M.  2009. Stock assessment of the shortfin mako shark, Isurus oxyrinchus, 

in the Northwest Pacific Ocean using per-recruit and virtual population analyses. Fisheries 

Research 98: 92-103. 

Clarke, S. C., McAllister, M. K., Milner-Gulland, E. J., Kirkwood, G. P., Michielsens, C. G. J., 

Agnew, D. J., Pikitch, E. K., Nakano, H., and Shivji, M. S. 2006. Global estimates of shark 

catches using trade records from commercial markets. Ecology Letters, 9: 1115-1126. 

Dulvy, N. K., Baum, J. K., Clarke, S., Compagno, L. J. V., Cortés, E., Domingo, A., and Fordham, 

S. 2008. You can swim but you can’t hide: the global status and conservation of oceanic 

pelagic sharks and rays. Aquatic Conservation: Marine and Freshwater Ecosystem, 18: 459-

482. 

Efron B., Tibshirani R.J., 1993. An introduction to the bootstrap. London: Chapman and Hall. 

Hall, D. B. 2000. Zero-inflated Poisson and binomial regression with random effects: a case study. 

Biometrics 56:1030–1039. 

Joung, S. J., and Hsu, H. H., 2005. Reproduction and embryonic development of the shortfin mako 

in the northwestern Pacific. Zoological Studies, 44: 487–496. 

Kleiber and Zeileis 2016. Visualizing Count Data Regressions Using Rootograms. The American 

Statistician, 70(3), 296–303 

Lambert, D. 1992. Zero-inflated Poisson regression, with an application to defects in 

manufacturing. Technometrics 34:1–14. 

Okamoto, H., Miyabe, N., and Matsumoto, T., 2001. GLM analyses for standardization of 

Japanese longline CPUE for bigeye tuna in the Indian Ocean applying environmental factors. 

IOTC Proceedings, 4: 491-522. 

R Development Core Team. 2017. R: A language and environment for statistical computing. R 

Foundation for Statistical Computing, Vienna, Austria. http://www.R-project.org/ 



_____________________________________________________________________________________ 
1 Working document submitted to the ISC Shark Working Group Workshop, 22-26 February 2021 

Document not to be cited without author’s permission. 

 

Tsai, W. P., Sun, C. L., Wang, S. P. and Liu, K. M.  2011. Evaluating the impacts of uncertainty 

on the estimation of biological reference points for shortfin mako shark, Isurus oxyrinchus in 

the Northwest Pacific Ocean. Marine and Freshwater Research, 62: 1383-1394. 

Tsai, W. P., Sun, C. L., Punt, A. E. and Liu, K. M. 2014. Demographic analysis of the shortfin 

mako shark, Isurus oxyrinchus, in the Northwestern Pacific using a two-sex stage-based 

matrix model. ICES Journal of Marine Science, 71(7): 1604-1618. 

Tsai, W. P., Liu, K. M., Punt, A. E., and Sun, C. L. 2015. Assessing the potential biases of ignoring 

sexual dimorphism and mating mechanism in using a single-sex demographic model: the 

shortfin mako shark as a case study. ICES Journal of Marine Science 72(3): 793-803. 

Venables, W. N., and Ripley, B. D., 2002. Modern Applied Statistics with S. Fourth edition, 

Springer.  

Walsh, W. A., 2011. Ongoing and Planned Analyses of Catch and Catch Rate Data for Blue Shark 

Prionace glauca and Shortfin Mako Isurus oxyrinchus in the Hawaii-based Pelagic Longline 

Fishery: 1995–2010,” ISC/11/SHARKWG-2/2. La Jolla, California USA. 28 Nov - 3 Dec 

2011. 

Weng, K., O’Sullivan, J., Lowe, C., Winkler, C., Dewar, H., and Block, B. 2007. Movements, 

behavior and habitat preferences of juvenile white sharks Carcharodon carcharias in the 

eastern Pacific. Marine Ecology Progress Series, 338: 211-224.  

  



_____________________________________________________________________________________ 
1 Working document submitted to the ISC Shark Working Group Workshop, 22-26 February 2021 

Document not to be cited without author’s permission. 

 

 
Figure 1. Nominal CPUE distribution of shortfin mako sharks caught by the Taiwanese large-

scale tuna longline fishery in the North Pacific Ocean from 2005-2019. 
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Figure 2. Area stratification used for the estimate of shortfin mako shark by-catch of the 

Taiwanese large-scale tuna longline fishery in North Pacific Ocean.  
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Figure 3. Frequency distribution of the shortfin mako shark by-catch per set, 2005–2019. 
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Figure 4. Relative nominal (open circle) and standardized CPUE with 95% C.I. of shortfin mako shark by 

the Taiwanese large-scale tuna longline fishery in the North Pacific Ocean from 2005 to 2019. 
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Figure 5. Diagnostic results from the ZINB model fit to the shortfin mako shark caught by the Taiwan 

large-scale tuna longline fishery. 
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Figure 6. Box plots of the Pearson residuals vs. the covariates for the variables Year, Quarter, Area, 

NHBF, Lat and Lon. 
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Table 1. Estimated annual shortfin mako shark (SMA) mean PCL and mean weight from the logbook data. 

Year Mean PCL Mean W 

2005 138.94 41.84 

2006 156.06 58.47 

2007 153.65 55.90 

2008 132.36 36.38 

2009 118.39 26.39 

2010 132.75 36.69 

2011 142.49 44.99 

2012 167.35 71.50 

2013 155.42 57.78 

2014 135.27 38.73 

2015 163.84 67.27 

2016 166.52 70.48 

2017 156.96 60.71 

2018 152.74 56.13 

2019 158.70 62.67 

Average 148.76 52.02 
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Table 2. Estimated annual shortfin mako shark (SMA) zero-catch percentage of the Taiwanese large-scale 

tuna longline fishery in the North Pacific Ocean. 

Year SMA Zero% 

2005 83.59% 

2006 79.88% 

2007 86.02% 

2008 92.44% 

2009 91.86% 

2010 94.07% 

2011 90.12% 

2012 92.31% 

2013 73.82% 

2014 72.59% 

2015 91.34% 

2016 77.94% 

2017 90.56% 

2018 79.66% 

2019 76.04% 

Average 84.82% 
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Table 3. Estimated nominal and standardized CPUE values for shortfin mako shark of the Taiwanese tuna 

longline fishery in the North Pacific Ocean. 

 nominal standardized Std_CV relative Rel_CV 

2005 0.0910 0.2460 3.8655 0.8798 3.9689 

2006 0.1020 0.3248 3.2789 1.1615 3.2310 

2007 0.0710 0.2229 4.7468 0.7971 4.9013 

2008 0.0490 0.1531 7.2986 0.5476 7.1787 

2009 0.0860 0.2213 9.0386 0.7914 8.4778 

2010 0.0440 0.1179 9.2967 0.4217 9.1202 

2011 0.0870 0.2624 7.6729 0.9383 7.4683 

2012 0.0610 0.1716 7.4402 0.6137 7.4781 

2013 0.1640 0.4900 3.6980 1.7523 3.3225 

2014 0.1690 0.5436 6.0661 1.9438 5.2239 

2015 0.0656 0.1919 7.0592 0.6861 6.7622 

2016 0.0725 0.2020 5.6202 0.7223 5.5421 

2017 0.0591 0.1764 5.9596 0.6307 5.8984 

2018 0.1301 0.4139 4.1672 1.4803 3.9449 

2019 0.1379 0.4568 3.3612 1.6335 3.3833 

Average 0.0874 0.2796    
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Table 4. Analysis of Deviance Table of count model.  
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Table 5. Analysis of Deviance Table of Zero-inflated model. 
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Table 6. Estimated annual shortfin mako shark by-catch in number and weight (MT) of the Taiwanese 

large-scale tuna longline fishery in the North Pacific Ocean. 

* For years before 2005 were estimated based on the average Area specific nominal CPUE of 2005-2007. 

Year EstSMA (n) EstSMA (ton)  Year EstSMA (n) EstSMA (ton) 

1971 7 0  1996 752 39 

1972 6 0  1997 679 36 

1973 0 0  1998 788 41 

1974 188 10  1999 1,647 85 

1975 282 15  2000 1,521 80 

1976 16 0  2001 1,601 83 

1977 93 5  2002 2,162 113 

1978 99 6  2003 1,402 73 

1979 20 1  2004 2,320 121 

1980 64 3  2005 1,788 75 

1981 58 3  2006 2,032 119 

1982 7 0  2007 1,316 73 

1983 7 0  2008 822 30 

1984 1 0  2009 986 26 

1985 162 8  2010 684 25 

1986 194 10  2011 1,572 71 

1987 79 4  2012 964 69 

1988 15 1  2013 2,174 125 

1989 76 4  2014 2,680 104 

1990 304 16  2015 2,320 156 

1991 325 17  2016 2,132 150 
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1992 106 6  2017 665 40 

1993 84 4  2018 1,550 87 

1994 17 1  2019 2,271 142 

1995 1,739 91     

 


