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Executive Summary 

This report compares the CPUEs based on different units of fishing effort as well as 

considering the vessel characteristics for the squid jigging fishery with the SPFRMO 

Convention Aera. Catch and effort data of the international fleet during 2012-2020 

which supplied by the Secretariat and data of the Chinese squid jigging fishery are used 

to calculate CPUEs. For the Secretariat data, squid vessels were classified 3 groups 

based on the gross tonnage, and there was no significant difference of the trends of 

CPUE time series based on three kinds of fishing effort, i.e., number of vessels, fishing 

hours, and fishing days between vessel groups. For the Chinese squid fishery data, we 

use two-step clustering method to classify squid vessels into 2 and 3 groups by the 

vessel characteristics of length, gross tonnage and engine power. Then we estimate and 

compare CPUEs based on fishing days, hours and number of fishing vessels for each 

group and for all the fishing vessels together to ignore the vessel characteristics. The 

results indicate that there are no significant differences of CPUEs’ time series when 

considering the unit of fishing and vessel characteristics. Variation of CPUEs with time 

does not depend on vessels size or unit of effort. Squid catch depends the number of 

active fishing vessels rather than the length, gross tonnage or engine power of the squid 

vessel. 
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1. Introduction 

Ehrhardt et al. (1982) classified the types of vessels and fishing gear of jumbo flying 

squid in the Gulf of California, Mexico, during 1980 and discussed the level of effort 

and CPUE. However, the effects of space-time and environment on catch rates have 

been explored more often in the past, ignoring the effects of vessel characteristics and 

the selection of appropriate units of effort. The purpose of this report is to: 

 Examine the imparts of different efforts and vessel groups on CPUE and catch; 

 Evaluate the correlation between CPUE and Efforts/size of vessels;  

 Explore which effort/s is/are better for fishing effort measurement as well as 

CPUE estimation. 

 

2. Materials and methods 

2.1 Catch and effort data 

Two types of catch and effort data as well as information about the vessel characteristics 

are used in the report. The first is the shared dataset of all catch and effort data held by 

the Secretariat, which are compiled and extracted based on the fishing activity data from 

Korean, Chinese, and Chinese Taipei squid jigging fishery in the SPRFMO area 

between 2012 and 2020. The second is the Chinese squid fishery data during 2019-

2020. 

2.2 Vessel classification 

Vessel characteristics including length, gross tonnage, and engine power (EP). For an 

initial evaluation, Secretariat created a data set using the K-means clustering, which 

included 3 vessel class clusters based on gross tonnage only (Figure 1), with some 

overlaps among each cluster (Secretariat, May 6 2022). 
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Figure 1. Distribution of gross tonnage, by vessel class cluster 
 

 

 
Figure 2. Relationship between two of the three - length, tonnage and EP 
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Figure 3. Distribution of vessel characteristics by vessel class cluster by two-step clustering 

method 

  

 
Figure 4. Distribution of vessel characteristics by vessel class cluster through manually 

 

There was a linear relationship between every two characteristics of Chinese squid 

fishing vessels (Figure 2). The two-step clustering method (Bacher et al, 2004) enabled 

automatic classification without inputting a predefined number of groups by dividing 

the vessels into two groups with overlap for each characteristic (Figure 3), and into 

three groups without overlap by manually setting standards (Figure 4). 

 

2.3 CPUE calculation 

A spatial scale was converted into 1°longitude×1° latitude (as a fishing grid). Number 

of fishing vessels mean sum of occurrences for vessel k in celli,j (longitude i, latitude j): 
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Catch and efforts (fishing days, fishing hours and vessels) were aggregated according 

to different months, fishing grids and vessel types for each year. The formula for 

nominal CPUE was: 

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑚𝑚,𝑔𝑔 =
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ𝑚𝑚,𝑔𝑔

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑚𝑚,𝑔𝑔
 

where g is the group of vessel characteristics. 

And nominal CPUEs for group 1 in Dec. 2019 (Jan. 2020 when no data is available) 

were used as the baseline for comparison (standardized), subsequently, the CPUEs were 

estimated with: 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑚𝑚,𝑔𝑔 = 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑚𝑚,𝑔𝑔/𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐷𝐷𝐷𝐷𝐷𝐷.2019,𝑔𝑔1/𝐽𝐽𝐽𝐽𝐽𝐽.2020,𝑔𝑔1 

Trends in effort and CPUE based on different categories and unit scenarios were studied 

by variance analysis method.  

 

3. Results 

3.1 CPUEs from the Secretariat dataset 

The Korea fleet has no significant difference in the trend of CPUEs with or without 

considering different vessel categories and effort units (Figure 5 and Table 1, 2). All the 

fishing vessels of the Chinese Taipei are classified into group 2, and CPUE based on 

fishing hour is different when comparing that based on day and vessel, probably due to 

incomplete data. When the fishing hours-based CPUE for abnormal months are 

excluded, all the three CPUEs show the same trends (Figure 6 and Table 2, 3). The 

CPUEs’ trends of the Chinese fleet (Figure 7 and Table 2, 4) and all fleets together 

(Figure 8 and Table 2, 5) are similar for both respective all cases.   
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Figure 5. CPUEs of Korea fleet 

 
Figure 6. CPUEs of Chinese Taipei fleet 

 
Figure 7. CPUEs of China fleet 

 

 
Figure 8. CPUEs of all fleets together 
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3.2 CPUEs from Chinese fisheries 

A total of nine CPUEs are calculated based on fishing hours, fishing days and number 

of fishing vessels when the Chinese vessels are classified into two groups based on 

the vessel length, tonnage, EP and Len-Tone-EP. Results of correlation analysis and 

variance analysis show that trends of these nine CPUEs are similar, and there are no 

significant differences among them when different categories of vessel characteristics 

and units of fishing effort are used (Figure 9 and Table 11). The differences of CPUEs 

between the two groups seems randomly, which means that CPUE or catch does not 

depend on the vessel size. The difference of monthly catch per vessel between the two 

groups are very small and show a linear relationship (Figure 11). Furthermore, when 

length or tonnage are used for grouping, mean catch of the two groups are very close, 

while mean catch of group 2 is only a little higher than group 1 when considering EP 

(Figure 12). 

There are twelve CPUEs when the Chinese vessels are classified into three groups, and 

their trends are similar (Figure 13 and Table 12, 13,14). No significant difference on 

CPUE’s trends when different categories of vessel characteristics and effort units are 

used ((p=0.808, 0.154 and 0.961; Table 10, 11). The differences of CPUEs among 

groups seems randomly, and bigger size does not mean higher CPUE or catch (Figure 

14). The difference of monthly catch per vessel between Group1 and Group 2, or Group 

2 and Group 3 for length is obvious, whereas Group 1 and Group 3 are linearly related. 

For tonnage and EP, Group 1, Group 2 and Group 3 are linear (Figure 15). Mean catch 

are similar among 3 Groups when using vessel length; Mean catch are similar in Group 

1, Group 3, but smaller than it in Group 2 when using tonnage; and mean catch are 

similar among 3 Groups, but it in Group1 is lowest when using EP (Figure 16).  

The correlation between catch and the number of fishing vessels is statistically explored 

and the result shows that the two are directly proportional (r=0.5442, p<0.001; Figure 

17). 

SC10-SQ03

7



 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 9. The CPUEs for 2 groups of characteristics (a) length (p=0.949); (b) tonnage (p=0.967);  
(c) EP (p=0.990); (d) Len-Tone-EP (p=0.966) 
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Figure 10. The differences of CPUEs between 2 groups 

 
Figure 11. The relationship of monthly catch per vessel between 2 groups 

 

Figure 12. Box plot of monthly catch per vessel for each group (2 groups) 

 
(a) 
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(b) 

 
(c) 

Figure 13. The CPUEs for 3 groups of characteristics (a) length (p=0.808);  
(b) tonnage (p=0.154); (c) EP (p=0.961) 

 

 

 
Figure 14. The differences of CPUEs among 3 groups 
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Figure 15. The relationship of monthly catch per vessel among 3 groups 

 
Figure 16. Box plot of monthly catch per vessel for each group (3 groups) 

 
Figure 17. Correlation between catch and number of fishing vessels 

 
 

 

SC10-SQ03

11



4. Recommendations 

It is recommended that: 

 Notes that the analysis has been done for classifying squid jigging vessels 

based on length, gross tonnage and main engine power. 

 Notes that different units have been used to measure fishing effort and 

estimate nominal CPUE for the squid fishery. 

 Notes that high correlation between length, gross tonnage and main engine 

power of vessels, and there was no significant difference on the CPUE time 

series among vessel categories. 

 Notes the level of catch and CPUE does not depend on vessel categories; 

 Agrees that the fishing hours, fishing days as well as number of vessels are 

valid unites in calculating CPUE. 

 Agrees that it is reasonable to limit only one dimension of fishing effort (e.g., 

number of vessels) of squid jigging fishery that is easy to be regulated. 

 

Reference: 

Bacher, J., Wenzig, K., & Vogler, M. 2004. SPSS Two Step Cluster-a first evaluation. 

Ehrhardt, N. M., Jacquemin, P. S., González, G., Ulloa, R. P., García, F., Ortiz, C. J., 

Solís, A. 1982. Descripción de la pesquería de calamar gigante Dosidicus gigas 

durante 1980 en el Golfo de California. Flota y poder de pesca. Ciencia Pesquera, 3, 

41-60. 

Rocha, F., Vega, M. A. 2003. Overview of cephalopod fisheries in Chilean waters. 

Fisheries Research, 60(1), 151-159. 
  

SC10-SQ03

12



Appendix 
Table 1. Correlation coefficients between CPUEs of Korea fleet 

Correlation 
coefficient 

Hour Day Vessel 
Comb Group1 Group2 Comb Group1 Group2 Comb Group1 Group2 

Hour Comb 1         
Group1 0.996 1        
Group2 0.988 0.971 1       

Day Comb 0.988 0.989 0.537 1      
Group1 0.898 0.909 0.063 0.914 1     
Group2 0.724 0.599 0.784 0.888 0.685 1    

Vessel Comb 0.909 0.905 0.356 0.917 0.987 0.839 1   
Group1 0.974 0.983 0.165 0.995 0.92 0.68 0.908 1  
Group2 0.246 -0.085 0.331 0.817 0.836 0.818 0.943 0.663 1 

Note：Comb means combined the three groups together, i.e., there are no groups. 
 

Table 2. The variance analysis of CPUEs based on different effort units and vessel categories 
P-value Hour Day Vessel  Comb Group1 Group2 Group3 
Korea 0.923 0.607 0.608  0.288 0.216 0.078 — 

Chinese Taipei — — —  — — 0.916 — 
China 0.980 0.355 0.688  0.671 0.660 0.683 0.621 

All 0.971 0.423 0.552  0.587 0.743 0.629 0.731 
Note: Taking the hour as an example, i.e., whether there is a difference in CPUEs among the 
combination and all groups when fishing hour is used as effort unit. 
 

Table 3. Correlation coefficients between CPUEs of Chinese Taipei fleet 
Correlation coefficient Group2_Hour Group2_Day Group2_Vessel 

Group2_Hour 1   
Group2_Day 0.999 1  

Group2_Vessel 0.970 0.965 1 
Note: Abnormal values in the CPUEs with hour as the effort unit are removed. 
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Table 4. Correlation coefficients between CPUEs of China fleet 

Correlation coefficient 
Hour Day Vessel 

Comb Group1 Group2 Group3 Comb Group1 Group2 Group3 Comb Group1 Group2 Group3 

Hour 

Comb 1            
Group1 0.982 1           
Group2 0.993 0.976 1          
Group3 0.843 0.731 0.824 1         

Day 

Comb 0.998 0.976 0.991 0.853 1        
Group1 0.992 0.994 0.984 0.783 0.983 1       
Group2 0.991 0.973 0.998 0.824 0.991 0.969 1      
Group3 0.884 0.79 0.868 0.981 0.914 0.791 0.876 1     

Vessel 

Comb 0.893 0.819 0.889 0.913 0.926 0.858 0.896 0.878 1    
Group1 0.898 0.864 0.92 0.773 0.879 0.852 0.891 0.705 0.833 1   
Group2 0.908 0.855 0.927 0.841 0.864 0.787 0.883 0.815 0.831 0.937 1  
Group3 0.774 0.667 0.773 0.909 0.729 0.672 0.797 0.83 0.69 0.759 0.882 1 
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Table 5. Correlation coefficients between CPUEs of all fleets 

Correlation coefficient 
Hour Day Vessel 

Comb Group1 Group2 Group3 Comb Group1 Group2 Group3 Comb Group1 Group2 Group3 

Hour 

Comb 1            
Group1 0.982 1           
Group2 0.993 0.979 1          
Group3 0.853 0.743 0.824 1         

Day 

Comb 0.999 0.979 0.992 0.856 1        
Group1 0.992 0.996 0.988 0.786 0.993 1       
Group2 0.99 0.975 0.996 0.826 0.996 0.925 1      
Group3 0.893 0.802 0.868 0.981 0.916 0.782 0.86 1     

Vessel 

Comb 0.909 0.858 0.921 0.845 0.933 0.933 0.961 0.755 1    
Group1 0.898 0.866 0.92 0.775 0.933 0.933 0.804 0.736 0.981 1   
Group2 0.904 0.854 0.916 0.842 0.952 0.851 0.964 0.728 0.995 0.863 1  
Group3 0.778 0.674 0.765 0.909 0.732 0.686 0.82 0.83 0.904 0.782 0.858 1 

 

SC10-SQ03

15



Table 6. Correlation coefficients between CPUEs of 2 groups for length 
Correlation 
coefficient 

Hour Day Vessel 
Comb Group1 Group2 Comb Group1 Group2 Comb Group1 Group2 

Hour Comb 1         
Group1 0.993 1        
Group2 0.965 0.928 1       

Day Comb 0.995 0.98 0.975 1      
Group1 0.995 0.998 0.939 0.988 1     
Group2 0.945 0.904 0.985 0.974 0.928 1    

Vessel Comb 0.833 0.798 0.867 0.848 0.805 0.871 1   
Group1 0.859 0.832 0.876 0.854 0.826 0.854 0.991 1  
Group2 0.759 0.715 0.825 0.812 0.747 0.871 0.978 0.942 1 

 
Table 7. Correlation coefficients between CPUEs of 2 groups for tonnage 

Correlation 
coefficient 

Hour Day Vessel 
Comb Group1 Group2 Comb Group1 Group2 Comb Group1 Group2 

Hour Comb 1         
Group1 0.994 1        
Group2 0.976 0.947 1       

Day Comb 0.995 0.98 0.989 1      
Group1 0.996 0.997 0.959 0.989 1     
Group2 0.946 0.909 0.988 0.974 0.931 1    

Vessel Comb 0.833 0.798 0.875 0.848 0.807 0.872 1   
Group1 0.857 0.829 0.886 0.85 0.822 0.852 0.991 1  
Group2 0.756 0.712 0.819 0.813 0.75 0.876 0.975 0.939 1 

 
Table 8. Correlation coefficients between CPUEs of 2 groups for EP 

Correlation 
coefficient 

Hour Day Vessel 
Comb Group1 Group2 Comb Group1 Group2 Comb Group1 Group2 

Hour Comb 1         
Group1 0.992 1        
Group2 0.968 0.93 1       

Day Comb 0.995 0.978 0.979 1      
Group1 0.998 0.996 0.955 0.992 1     
Group2 0.949 0.908 0.986 0.974 0.939 1    

Vessel Comb 0.833 0.795 0.87 0.848 0.818 0.862 1   
Group1 0.851 0.819 0.878 0.859 0.839 0.856 0.994 1  
Group2 0.765 0.719 0.826 0.794 0.745 0.849 0.972 0.942 1 
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Table 9. Correlation coefficients between CPUEs of 2 groups for Len-Ton-EP 
Correlation 
coefficient 

Hour Day Vessel 
Comb Group1 Group2 Comb Group1 Group2 Comb Group1 Group2 

Hour Comb 1         
Group1 0.992 1        
Group2 0.965 0.926 1       

Day Comb 0.995 0.979 0.975 1      
Group1 0.996 0.998 0.94 0.989 1     
Group2 0.944 0.902 0.985 0.975 0.931 1    

Vessel Comb 0.833 0.799 0.864 0.848 0.806 0.873 1   
Group1 0.859 0.831 0.874 0.85 0.822 0.854 0.992 1  
Group2 0.754 0.711 0.815 0.814 0.751 0.876 0.976 0.941 1 

 
Table 10. The variance analysis among CPUEs of different vessel characteristics  

and groups at the same effort unit 
P-value Day Vessel Hour 

2 groups+combination 0.997 0.939 1.000 
3 groups+combination 0.784 0.263 0.953 

Note: Multi-factor variance analysis is used, where vessel characteristics and its groups are used 
as fixed factors, and CPUEs of each effort unit are used as the dependent variables. 

 
Table 11. The variance analysis among CPUEs of different effort unit at 

 the same vessel characteristics 
P-value Length Tonnage EP Len-Ton-EP 

2 groups+combination 0.726 0.758 0.846 0.751 
3 groups+combination 0.199 0.725 0.632 — 
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Table 12. Correlation coefficients between CPUEs of 3 groups for length 

Correlation coefficient 
Hour Day Vessel 

Comb Group1 Group2 Group3 Comb Group1 Group2 Group3 Comb Group1 Group2 Group3 

Hour 

Comb 1            
Group1 0.975 1           
Group2 0.988 0.953 1          
Group3 0.901 0.805 0.866 1         

Day 

Comb 0.995 0.958 0.973 0.936 1        
Group1 0.986 0.997 0.963 0.843 0.982 1       
Group2 0.487 0.536 0.469 0.356 0.459 0.458 1      
Group3 0.893 0.801 0.851 0.997 0.942 0.883 0.387 1     

Vessel 

Comb 0.832 0.768 0.789 0.904 0.848 0.788 0.416 0.863 1    
Group1 0.855 0.803 0.815 0.895 0.864 0.822 0.369 0.854 0.989 1   
Group2 0.606 0.619 0.553 0.587 0.397 0.4 0.83 0.309 0.44 0.429 1  
Group3 0.714 0.649 0.647 0.859 0.779 0.703 0.397 0.878 0.948 0.911 0.389 1 
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Table 13. Correlation coefficients between CPUEs of 3 groups for tonnage 

Correlation coefficient 
Hour Day Vessel 

Comb Group1 Group2 Group3 Comb Group1 Group2 Group3 Comb Group1 Group2 Group3 

Hour 

Comb 1            
Group1 0.974 1           
Group2 0.993 0.962 1          
Group3 0.894 0.809 0.858 1         

Day 

Comb 0.995 0.957 0.982 0.919 1        
Group1 0.995 0.982 0.981 0.881 0.99 1       
Group2 0.991 0.941 0.989 0.903 0.995 0.986 1      
Group3 0.89 0.799 0.855 0.987 0.943 0.895 0.922 1     

Vessel 

Comb 0.832 0.758 0.819 0.852 0.848 0.812 0.842 0.86 1    
Group1 0.868 0.818 0.867 0.82 0.788 0.757 0.789 0.783 0.953 1   
Group2 0.672 0.544 0.678 0.693 0.797 0.771 0.812 0.781 0.892 0.781 1  
Group3 0.651 0.591 0.599 0.815 0.689 0.621 0.656 0.809 0.897 0.863 0.669 1 

 
  

SC10-SQ03

19



Table 14. Correlation coefficients between CPUEs of 3 groups for EP 

Correlation coefficient 
Hour Day Vessel 

Comb Group1 Group2 Group3 Comb Group1 Group2 Group3 Comb Group1 Group2 Group3 

Hour 

Comb 1            
Group1 0.991 1           
Group2 0.994 0.981 1          
Group3 0.9 0.853 0.873 1         

Day 

Comb 0.995 0.979 0.982 0.936 1        
Group1 0.991 0.996 0.98 0.868 0.985 1       
Group2 0.996 0.978 0.994 0.913 0.993 0.971 1      
Group3 0.912 0.878 0.881 0.966 0.957 0.908 0.945 1     

Vessel 

Comb 0.832 0.8 0.805 0.88 0.848 0.806 0.834 0.885 1    
Group1 0.834 0.798 0.81 0.876 0.832 0.802 0.81 0.858 0.991 1   
Group2 0.85 0.807 0.837 0.883 0.877 0.826 0.879 0.901 0.986 0.97 1  
Group3 0.683 0.667 0.629 0.781 0.697 0.636 0.674 0.806 0.932 0.901 0.886 1 
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