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INTRODUCTION 
 

Taiwanese longline fishery in the Indian Ocean commenced in mid-1950s 
and targeted on yellowfin tuna in the beginning. Following the development of 
the fishery, two different operation patterns were currently established: the first 
targets on albacore for canning and the other on tropical tuna species (bigeye 
tuna and yellowfin tuna) for sashimi market. Since 1990s, however, swordfish 
has become a seasonal target species to some of the fleets, which have made 
the major portion (about 40-60%) of the overall catch in the Indian Ocean 
during recent decades.  

Historically most of the swordfish catch in the Indian Ocean was made by 
lognline fisheries. Fig. 1 shows the historical catches of the major tunas and 
swordfish caught by Taiwanese longline fishery in the Indian Ocean.. Among 
the longline nations, Taiwan (seasonal targeting fishery) and Japan (bycatch 
fishery) have the longest period of catch data series. Besides, Taiwanese data 
are of importance due to its targeting feature and the high proportion to the 
total catch. Studies on CPUE standardization of Taiwanese data is thus 
important for understanding the stock status, but is not straightforward 
because the data have confounded with many factors, especially the 
target-shifting effect. 
    In this paper, the standardization of CPUE for swordfish caught by 
Taiwanese longline fisheries in the Indian Ocean is performed using 
generalized liner model (GLM) on the data series up to 2003.  
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MATERIAL AND METHODS 

 
The data 
 
    The Taiwanese catch and effort data are compiled from logbooks and start 
from 1967 to 2003. For 1967-1978, only aggregated 5 o ×5 square monthly 
data are available, and both original logbooks and aggregated data are 
available since 1979. In this paper, logbooks data including the basic 
information of fishing time, fishing area, hooks, catches and the information of 
numbers of hooks per basket are used to analyze the CPUE trends of 
swordfish. However, the data of numbers of hooks per basket are available for 
only years after 1995. The data were provided by the Overseas Fisheries 
Development Council of the Republic of China.  

o

    For the environmental data, Sea Surface Temperature (SST) is from the 
SAGE. For details of these data refer to Okamoto et al. (2001). In addition, the 
information of the Indian Oscillation Index (IOI) is provided by NRIFSF and 
refers to Nishida and Wang (2006) for the details.      

For selection of sub areas (Fig. 2), the availability of catch and effort data 
are examined by areas for 1979-2003 (Fig. 3). Taiwanese swordfish catches 
were mainly made in area 3 and 7 after the late of 1980s. The catches in these 
two areas were much higher than other areas. For consistency between 
Taiwanese and Japanese analyses (Nishida and Wang, 2006), the data in sub 
area 3, 4, 6, 7 and 8 are used to perform GLM analyses. 
 
 
The model 
 
    In this paper, GLM is used to model the logarithm of the nominal CPUE 
(defined as the number of fish per 1,000 hooks). The main effects considered 
in this analysis are year, quarter, area, target, SST, and IOI. The interactions 
for the main effects are also included into the model.  
 

µ ε+ = + + + + + + + +log( ) InteractionsCPUE c Y Q A T SST IOI  
 

where CPUE is the nominal CPUE of swordfish, 
 c is the constant value (i.e. 10% of the average nominal 

CPUE), 



 µ is the intercept, 
 Y is the effect of year, 
 Q is the effect of quarter, 
 A is the effect of fishing area, 
 T is the effect of target, 
 SST is the effect of sea surface temperature, 
 IOI is the effect of Indian Oscillation Index, 
 Interactions is the interactions between main effects, 
 ε is the error term, ε~N(0, σ2). 
 
    The quarters used in the model follows the definition in the 2004 WPB 
meeting, i.e. the first quarter is Jan-Mar, the second quarter is Apr-May, the 
third quarter is Jun-Sep and the forth quarter is Oct-Dec.  
    Due to insufficient information on gear configuration (e.g. hooks per 
basket), two indices are used to express the target effects:  
Case 1: the quartile of catch composition of swordfish against the four main 

species (albacore, bigeye tuna, yellowfin tuna and swordfish);  
Case 2: three categories of swordfish catch composition defined based on the 

information of hooks per basket (i.e. <8%, 8-15% and >15%) and this 
index has been used in the 2003 WPM meeting and 2004 WPB 
meeting (Chang and Wang, 2004).  

 
 
Adjustment by area size 
 
    The estimation of annual standardized CPUE is calculated from the 
weighted average of the area indices (Change and Wang, 2004).  
 

= ∑ ,y a y a
a

U S U  

 
Where Uy is the standardized CPUE for year y, 
 Uy,a is the standardized CPUE for year y and area a,  
 Sa is the relative size of the area a to the overall studied 

area. 
 
 
 



RESULTS AND DISCUSSION 
 

For Case 1, the main effects of SST and IOI are excluded because they 
are not statistically significant based on the full model analysis. Thus the 
interactions related to these two effects also excluded from the model. The 
ANOVA table for Case 1 shows in Table 1 and the distribution of residuals 
shows in Fig. 4(A). The selected model of Case 1 is: 
 

µ ε+ = + + + + + + + + +log( ) * * * *CPUE c Y Q A T Y A Q A Q T A T  
    For Case 2, the main effect of SST is still excluded from the model 
because it is still statistically insignificant but the effect of IOI is remained for 
this case. Other interactions excluded from the model because they are 
statistically insignificant or significant but negligible effects on the change of 
deviance. Table 2 and Fig. 4(B) show the ANOVA table and the distribution of 
residuals for Case 2. The selected model of Case 2 is: 
 

µ
ε

+ = + + + + +
+ + + + + +

log( )
                         * * * * *

CPUE c Y Q A IOI T
Y A Q A Q IOI A T IOI T

 

 
Fig. 5 shows the standardized CPUE for each area. In area 7, the 

standardized CPUE obtained for Case 1 represented a declining pattern during 
1992-2000 and then slight increased thereafter. For Case 2, the standardized 
in area 7 revealed a continuous declining pattern after 1992. The patterns of 
standardized CPUE in area 7 are more consistent with the trend of Japanese 
analysis (Nishida and Wang, 2006). In area 3, however, the standardized 
CPUE were relatively stable for whole series and increased in the last few 
years, which were reverse to the CPUE trend in other areas.  

The nominal CPUE and standardized CPUEs estimated from the Case 1 
are shown in Fig. 6. The nominal CPUE slight increased before the late of 
1980’s, decreased in the early 1990s, then increased with fluctuating before 
1997, dropped substantially during 1997-2001, and increased again thereafter. 
Before the late of 1980s, standardized CPUE represented a stable pattern 
instead of an increasing trend, revealed a slightly declining pattern during 1994 
to 2000, then increased slightly, and decreased again in 2003. Fig. 7 shows 
the nominal CPUE and standardized CPUEs estimated from the Case 2. The 
results of Case 2 are very similar to those of Case 1.  

In this paper, two methods are used to derive the effect of target and they 
did influence other effects used in the model. The environmental effect (IOI) is 



only incorporated in the model for Case 2. However, the final estimations of 
standardized CPUE have no obvious difference for these two cases except the 
estimations in area 7 which have different trends in last few years (Fig. 5). The 
area size and the catch of swordfish in area 7 are much less than area 3 where 
Taiwanese longline fishery made the most proportion of swordfish (Fig. 4). 
Thus the different estimations between these two cases might not lead to the 
large different explanation for the trend of abundance index of swordfish in the 
Indian Ocean. In addition, sexual dimorphism is a very important biological 
characteristic of swordfish and it reveled not only on the growth pattern but on 
the sex ratio and maturity. Therefore, the incorporation of sex effect is 
important and necessary for the further investigation of population status of 
swordfish in the Indian Ocean.  
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Table 1. ANOVA table of the selected model for Case 1. 
 

 
 



Table 2. Table 1. ANOVA table of the selected model for Case 2. 
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Fig. 1. Annual catches of the major tunas and swordfish in the Indian Ocean 

by Taiwanese longline fishery, 1976-2004 (the data in 2004 are 
preliminary). 
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Fig. 2. Area stratification used fro the standardization of CPUE for swordfish 

in the Indian Ocean.  
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Fig. 3. The trends of catch of swordfish, effort and nominal CPUE by 

Taiwanese longline fishery for each sub-area (1979-2003).  
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Fig. 4. Distributions of the residuals for the standardization models of Case 1 

(A) and Case 2 (B). 
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Fig. 5. The standardized CPUE of swordfish by Taiwanese longline fishery 

for each sub-area (1979-2003).  
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Fig. 6. The nominal and standardized CPUE of swordfish of Taiwanese 

longline fishery (1979-2003) from Case 1. The relative values are 
scaled to the average estimates.  

 



(A) 

0

0.2

0.4

0.6

0.8

1

1.2

1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003

Year

C
P

U
E

Nominal
STD
Upper
Low er

 
 
(B) 

0

0.5

1

1.5

2

2.5

1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003

Year

R
el

at
iv

e 
C

P
U

E

Nominal

STD

 
Fig. 7. The nominal and standardized CPUE of swordfish of Taiwanese 

longline fishery (1979-2003) from Case 2. The relative values are 
scaled to the average estimates. 

 
 


