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ABSTRACT 

 

        In the present study, the blue shark catch and effort data from observers’ records of 

Taiwanese large longline fishing vessels operating in the North Pacific Ocean from 2004-2012 

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

of blue shark, as the number of fish caught per 1,000 hooks, was standardized using delta 

lognormal approach. The analysis of standardized CPUE showed a stable increasing trend for 

blue sharks. The results suggested that the blue shark stock in the North Pacific Ocean seems at 

the level of optimum utilization. Estimated blue shark by-catch in weight ranged from 1 ton in 

1973 to 1,357 tons in 2002. The results obtained in this study can be improved if longer time 

series observers' data are available. 
 

1. Introduction 

 
Blue shark is the major shark by-catch species of Taiwanese large longline fishery. Since FAO 

and international environmental groups has concerned on the conservation of elasmobranchs in 

recent years, it is necessary to examine the recent trend of sharks by examining the logbook of 

tuna fisheries. However, standardization of Taiwanese catch rate on sharks is not straightforward 

because the data have been confounded with many factors, such as target-shifting effects. 

Therefore, the observer program for the large longline fishery was conducted to obtain detailed 

data for more comprehensive stock assessment and management studies. Recently, the increase 

of coverage rate of observations enabled us to get a better estimation of shark by-catch. Thus, the 

objective of this study is to update the historical catches and CPUE of blue shark in the North 

Pacific based on observers’ records.  

 

A large proportion of zero values is commonly found in by-catch data obtained from fisheries 

studies involving counts of abundance or CPUE standardization. The delta-lognormal modeling, 

which can account for a large proportion of zero values, is an appropriate approach to model 

zero-heavy data (Lo et al., 1992). As sharks are common by-catch species in the tuna longline 

fishery, the delta lognormal model (DLN) was also applied to address these excessive zeros of 

shark catch for CPUE standardization in this study. 

 

2. Material and methods 
 

2.1. Source of data  
The logbook data of Taiwanese large-scale longline fishery from 1971 to 2012, provided by the 

Overseas Fisheries Development Council of the Republic of China, were used in this study. 

These logbook data contain basic information on fishing time, area, number of hooks and catches 

of 14 species including major tunas, billfishes and sharks. The species-specific catch data 

including tunas, billfishes, and sharks from observers’ records in 2004-2012 were used to 

standardize CPUE of blue shark of Taiwanese large-scale longline fishery in the North Pacific 

Ocean. In addition, the standardized CPUE was applied to back-estimate the historical blue shark 

catch of Taiwanese large-scale longline fleets. 

 

Blue sharks caught by Taiwanese large-scale longline fishery were mainly observed in the 

equatorial waters (Figure 1). Based on the suggestion of the ISC shark working group in 2012, 



  

the North Pacific Ocean was stratified as 2 areas namely A (north of 25ºN) and B (0ºN-25ºN). 

For standardization, CPUE was calculated by set of operations based on observers' records 

during the period of 2004-2012.  

 

2.2. CPUE standardization 
A large proportion of sets with zero catch of blue shark (~50%) was found in observers’ records. 

Hence, to address these excessive zeros, the delta lognormal model (DLN) (Lo et al. 1992) was 

applied to the standardization of blue shark CPUE. The DLN is a mixture of two models, one 

model is used to estimate the proportion of positive catches and a separate model is to estimate 

the positive catch rate. The model was fit using glm function of statistical computing language R 

(R Development Core and Team, 2013) to eliminate some biases by change of targeting species, 

fishing ground and fishing seasons. 

 

The standardized CPUE series for blue shark was constructed with interaction. The main 

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

(LAT), longitude (LON) and HPB (number of hooks per basket, HPB). The following 

multiplicative model was applied to the data in this study: 

 

The catch rates of the positive catch events (trips with positive catch) were modeled assuming a 

lognormal error distribution: 

 

ln(CPUE) = µ + Y+ Q+A+HPB+LAT+LON+Q*A+Q*HPB+A*HPB + ε1 

where µ is the mean, Q*A, Q*HPB, A*HPB are interaction terms, ε1 is a normal random error 

term. 

 

To calculate the proportion of positive records we used a model assuming a binomial error 

distribution (ε2): 

 

PA= µ + Y+ Q+A+HPB+LAT+LON+Q*A+Q*HPB+A*HPB + ε2 

 

The effect of gear configuration of HPB was categorized into the two classes of 1-15 (shallow 

set), and >15 (deep set), and quarter into the 4 classes of Jan-Mar (1
st
 quarter), Apr-Jun (2

nd
 

quarter), Jul-Sep (3
rd

 quarter) and Oct-Dec (4
th

 quarter). The area strata used for the analysis 

were shown in Figure 2. 

 

The best model for both GLM and Delta models were selected using stepwise AIC method. The 

final estimate of the annual abundance index was the product of the marginal year means with 

appropriate bias correction (Lo et al., 1992). Empirical confidence intervals for standardized 

CPUE were calculated using a bootstrap resampling method. 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 blue shark catch 
The historical blue shark catch in number can be back-estimated by using the equation below: 

 

Catchback = Nominal CPUE by area × logbook effort 

(The nominal CPUE before 2004 is substituted by using the average value of 2004-2012) 

 

As the weight records were incomplete and might be biased, the catch in weight of blue shark 

was estimated using the multiplication of mean weight and catch in number. The average fork 

length (FL) from observers' data was converted to total length (TL) for blue shark by using the 

equation TL = (FL+1.222)/0.829. The mean weight of blue shark was then calculated from 

whole weights (W) through the equation W = 10
-6

*TL
3.23

. Annual blue shark catch were obtained 

by using the back-estimated catch in weight divided by coverage rate. 

 

3. Results and discussion 
The estimated mean FL and TL for blue shark were 212 and 257 cm, respectively. The mean 

weight of blue shark used in this study was 60 kg, which was obtained from the converted 

average weight of observers' blue shark data. The blue shark bycatch data are characterized by 

many zero values and a long right tail (Figure 3). Overall, there were 51.17% of sets had zero 

bycatch of blue sharks (Table 1). 

 

The best models for GLM and Delta models chosen by AIC values were “ ln(CPUE) =µ + Y + Q 

+ A + HPB + LAT + Q*HPB ” and “ PA=µ + Y + Q + A + HPB + LAT + LON + Q*HPB ”, 

respectively. The best models were then used for the later analyses. 

 

The standardized CPUE series for the blue shark using the DLN model was shown in Figures 4. 

The standardized CPUE trend contains the combined effects from two models, one that 

calculates the probability of a zero observation and the other one that estimates the count per 

year.  

 

The nominal CPUE of blue shark showed a strong inter-annual oscillation. This high variability 

was reduced in the standardized CPUE series. In general, the standardized CPUE series of the 

blue sharks caught by Taiwanese large-scale longline fishery showed a stable trend (Figure 4). 

This stable trend suggested that the blue shark stock in the North Pacific Ocean seems at the 

level of optimum utilization.  

 

The diagnostic results from the DLN model do not indicate severe departure from model 

assumptions (Figures 5-9). Additional residual plots for each factor were provided in Appendix 

1. The ANOVA tables for each models are given in Appendix 2. Most main effects tested were 

significant (mostly P < 0.01) and included in the final model. 

 

Estimated blue shark by-catch in number ranged from 6 in 1973 to 22,617 in 2002. The blue 

shark by-catch in weight of Taiwanese long-scale longline fishery ranged from 1 ton (1973) to 

1,357 tons (2002) in the North Pacific Ocean (Table 2).  

 

The back-estimations of historical blue shark by-catch in this report were based on observers’ 

records from 2004-2012. However, 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 

North Pacific (Bigelow et al., 1999), and big-eye tuna in Indian Ocean (Okamoto et al., 2001). In 

this report, environmental effects were not included in the model for standardization. The results 

obtained in this study can be improved if longer time series observers' data are available and 

environmental factors were included in the model. 
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Figure 1. Distribution of fishing effort of Taiwanese tuna longline fisheries for observed blue 

shark catch and zero catch events from 2004-2012.
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Figure 2. Area stratification used for the estimate of blue shark by-catch of the Taiwanese 

longline fishery in North Pacific Ocean.  
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Figure 3. Frequency distribution of blue shark bycatch per set, 2004–2012. 
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Figure 4. Nominal and standardized CPUE with 95% CI of blue shark by Taiwanese longline 

fisheries from 2004 to 2012. 
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Figure 5. Diagnostic results from the GLM model fit to the longline blue shark bycatch data. 
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Figure 6. Diagnostic results from the Delta model fit to the longline blue shark bycatch data. 
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Figure 7. Residual plots for the DLN model fit to the longline blue shark bycatch data. 
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Figure 8. Residual plots for the GLM model fit to the longline blue shark bycatch data. 
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Figure 9. Residual plots for the Delta model fit to the longline blue shark bycatch data. 

 



  

Table 1. Estimated annual blue shark zero-catch percentage of the Taiwanese tuna longline 

fishery in the North Pacific Ocean. 

 

Year BSH Zero % 

2004 83.33% 

2005 18.84% 

2006 38.33% 

2007 59.91% 

2008 50.61% 

2009 68.78% 

2010 53.18% 

2011 42.64% 

2012 44.86% 

Average 51.17% 

 



  

Table 2. Estimated annual blue shark by-catch in number and weight (ton) of the Taiwanese tuna 

longline fishery in the North Pacific Ocean. 

 
Year EstBSH (N)  EstBSH (ton) 

1971 80 5 

1972 76 5 

1973 6 1 

1974 2225 134 

1975 3331 200 

1976 132 8 

1977 803 48 

1978 993 60 

1979 241 14 

1980 757 45 

1981 662 40 

1982 86 5 

1983 82 5 

1984 6 1 

1985 1912 115 

1986 2292 138 

1987 937 56 

1988 172 10 

1989 895 54 

1990 3592 216 

1991 3841 230 

1992 1255 75 

1993 992 60 

1994 205 12 

1995 10639 638 

1996 4581 275 

1997 5341 320 

1998 5609 337 

1999 10387 623 

2000 11395 684 

2001 16396 984 

2002 22617 1357 

2003 12947 777 

2004 19819 1189 

2005 15253 915 

2006 14736 884 

2007 13640 818 

2008 11325 680 

2009 7968 478 

2010 5570 334 

2011 9902 594 

2012* 19027 1142 

*: preliminary estimate 

Appendix 1. Additional residual plots for the Delta-lognormal GLM model. 
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Appendix Fig. 1. Annual residual plots from the GLM model. 

 



  

2004

Value

R
e
s
id

u
a
l

-1 0 1 2 3 4

0
2
0

4
0

6
0

8
0

2005

Value

R
e
s
id

u
a
l

-3 -2 -1 0 1

0
5

1
5

2
5

3
5

2006

Value

R
e
s
id

u
a
l

-3 -2 -1 0 1 2

0
5
0

1
0
0

1
5
0

2007

Value

R
e
s
id

u
a
l

-3 -2 -1 0 1 2

0
2
0

4
0

6
0

8
0

2008

Value

R
e
s
id

u
a
l

-2 -1 0 1 2

0
2
0

4
0

6
0

8
0

2009

Value

R
e
s
id

u
a
l

-1 0 1 2 3

0
4
0

8
0

1
2
0

2010

Value

R
e
s
id

u
a
l

-1.5 -0.5 0.5 1.5

0
2
0

6
0

1
0
0

2011

Value

R
e
s
id

u
a
l

-2 -1 0 1 2

0
2
0

6
0

1
0
0

2012

Value

R
e
s
id

u
a
l

-2 -1 0 1 2 3

0
2
0

4
0

6
0

8
0

 
 

Appendix Fig. 2. Annual residual plots from the Delta model. 
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Appendix Fig. 3. Box plots of the Pearson residuals vs. the covariates for the variables Year, 

Quarter, Area and HPB for GLM model. 
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Appendix Fig. 4. Box plots of the Pearson residuals vs. the covariates for the variables Year, 

Quarter, Area and HPB for Delta model. 
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Appendix Fig. 5. Histogram residuals plots for the variables Year, Quarter, Area and HPB from 

GLM model. 
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Appendix Fig. 6. Histogram residuals plots for the variables Year, Quarter, Area and HPB from 

Delta model. 

 



  

Appendix 2. Deviance tables for the Delta-lognormal GLM model. 

 

 



  

 

 

  



  

 

 
 

 


