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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 1990’s, however, swordfish has become a seasonal 
target species to some of the fleets.  

Most of swordfish catch in the Indian Ocean was made by lognline fisheries 
especially for Taiwanese longline fishery (seasonal targeting fishery) and Japanese 
longline fishery (exploited as bycatch), which have the longest period of catch data 
series. Furthermore, Taiwanese longline fishery made highest proportion of swordfish 
(about 50-70%) than other fisheries since 1970’s although the proportion (about 
40-55%) decreased during recent decades. 
    In this paper, we attempted to the standardize CPUE of swordfish caught by 
Taiwanese longline fisheries in the Indian Ocean from 1980 to 2006 and 1995 to 2006 
using generalized liner model (GLM). 
 
 

MATERIAL AND METHODS 
 
Catch and Effort data 

In this study, daily shot-by-shot catch and effort data (logbook) of Taiwanese 
longline fishery during 1980-2006 were provided by Oversea Fisheries Development 
Council (OFDC). The information of number of hooks between floats (NHBF) was 
only available since 1995 and the percentage of data with NHBF was about 62% of 
the total data.  
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Environmental data 

The details of environmental data used in this study were described in another 
CPUE standardization paper of Semba et al. (2008).  
 
 
GLM Model  

In this study, 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, targeting, temperature and salinity at 15m depth, and IOI. The 
interactions for the main effects are also included into the model. 
 

log( ) interactionsCPUE c Y Q NA G T S IOIμ ε+ = + + + + + + + + +  
 
where CPUE is the nominal CPUE of swordfish (catch in number/1000 

hooks), 
 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, 
 NA is the effect of fishing area, 
 G is the effect of targeting, 
 T is the effect of temperature, 
 S is the effect of salinity, 
 IOI is the effect of Indian Oscillation Index, 
 Interactions is the interactions between main effects, 
  ε is the error term, ε~N(0, σ2). 
 

Fishing areas used in this study were redefined by four new areas based on the 
IOTC statistics areas for swordfish in the Indian Ocean (Fig. 1):  

1. NW: IOTC SWO area 1 and 3; 
2. SW: IOTC SWO area 5, 7 and 9; 
3. NE: IOTC SWO area 2 and 4; 
4. SE: IOTC SWO area 6 and 8. 

Due to the absence of NHBF information before 1995, two indices were used to 
express the effects of targetings: 

1. Three categories of swordfish catch composition defined based on the 
information of NHBF (1: <8%; 2: 8-15%; 3: >15%) (Chang and Wang, 2004; 
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Wang et al., 2005). 
2. Four categories of NHBF used by Nishida and Wang (2006) (1: <9; 2: 10-12; 

3: 13-14; 4: >14). Semba et al. (2008) added the additional category for NHBF 
less than 4. However, there was no NHBF less than 4 for Taiwanese data and 
thus we used four categories in this study. 

Based on the data availability, four data series were used for standardizing the 
CPUE: 

Case 1: Data of 1980-2006 are used to standardize CPUE and swordfish catch 
composition is used as target effect. 

Case 2: Data of 1990-2006 are used to standardize CPUE and swordfish catch 
composition is used as target effect. 

Case 3: Data of 1995-2006 are used to standardize CPUE and NHBF is used as 
target effect. 

Case 4: Data of 1995-2006 are used to standardize CPUE and NHBF is used as 
target effect. Besides, additional environmental data, including sheer 
currents, amplitude of the shear current, temperature gradient 
(degree/100km), salinity gradient, temperature and salinity at 75, 95, 105 
and 135 m depth corresponding to average gear depth by 4 category 
respectively, were included in the GLM model. Thus the GLM model for 
Case 4 was 

 
log( )
                           interactions

CPUE c Y Q NA G T S IOI
SC AM TG SG

μ
ε

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

 

 
where CPUE is the nominal CPUE of swordfish (catch in number/1000 

hooks), 
 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, 
 NA is the effect of fishing area, 
 G is the effect of targeting, 
 T is the effect of temperature at the depth that fishing gear 

operated, 
 S is the effect of salinity at the depth that fishing gear operated, 
 IOI is the effect of Indian Oscillation Index, 
 SC is the effect of shear currents, 
 AM is the effect of amplitude of the shear current,, 
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 TG is the effect of temperature gradient, 
 SG is the effect of salinity gradient (density per 100km), 
 Interactions is the interactions between main effects, 
  ε is the error term, ε~N(0, σ2). 
 

Swordfish is exploited by fishing gear operated in different depths. For Case 4, 
thus we used temperature and salinity by depth corresponding to the average depths of 
the targeting categories (see Samba et al. (2008) for detail). The effects related to 
environmental data were treated as continuous variable in this study.  
 
 
Adjustment by area size 
    The estimation of annual nominal and standardized CPUE is calculated from the 
weighted average of the area indices (Punt et al., 2000).  
 

,y a y a
a

U S U=∑  

 
Where Uy is CPUE for year y, 
 Uy,a is CPUE for year y and area a,  
 Sa is the relative size of the area a to the four new areas. 
 
The relative sizes of nine IOTC statistics areas for swordfish in the Indian Ocean 
(Nishida and Wang et al., 2006) were used to be aggregated into four new areas used 
in this study.  
 
 

RESULTS AND DISCUSSION 
 

For Case 1, the all of main effects were included in the model and the 
interactions of T*IOI and TD*IOI were excluded from the full model because they 
were not statistically significant. The ANOVA table for Case 1 showed in Table 1 and 
the distribution of residuals showed in Fig. 2(A). The selected model of Case 1 was: 
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log( ) *
                           * * * * *
                           * * * * *
                           * * * * *
         

CPUE c Y Q NA G T S TD IOI Y NA
Q NA Q G Q T Q S Q TD
Q IOI NA G NA T NA S A TD
NA IOI G T G S G TD G IOI

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

                  * * * *T S T TD S TD S IOI+ + + +

 

 
For Case 2 and Case 3, the all of main effects were included in the model and 

only interaction of T*IOI was excluded from the full model because it was not 
statistically significant. The ANOVA table for Case 2 and Case 3 showed in Table 2 
and 3 and the distributions of residuals showed in Fig. 2(B) and Fig. 3(C). The 
selected model of Case 2 and Case 3 were: 
 

log( ) *
                           * * * * *
                           * * * * *
                           * * * * *
        

CPUE c Y Q NA G T S TD IOI Y NA
Q NA Q G Q T Q S Q TD
Q IOI NA G NA T NA S NA TD
NA IOI G T G S G TD G IOI

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

                   * * * * *T S T TD S TD S IOI TD IOI+ + + + +

 

 
For Case 4, the all of main effects were included in the model and the 

interactions of NA*IOI, T*S, T*IOI, S*TG, TD*IOI, SC*SG and AM*SG were 
excluded from the full model because they were not statistically significant. The 
ANOVA table for Case 4 showed in Table 4 and the distribution of residuals showed 
in Fig. 2(D). The selected model of Case 4 was: 
 

log( ) *
                           * * * * * * *
                           * * * * * * *
                           

CPUE c Y Q NA G T S TD IOI SC AM TG SG Y NA
Q NA Q G Q T Q S Q TD Q IOI Q SC
Q AM Q TG Q SG NA G NA T NA S NA TD
N

+ = + + + + + + + + + + + +
+ + + + + + +
+ + + + + + +
+ * * * * * * *

                           * * * * * *
                           * * * * * *
                           * * * *

A SC NA AM NA TG NA SG G T G S G TD
G IOI G SC G AM G TG G SG T TD
T SC T AM T TG T SG S TD S IOI
S SC S AM S SG TD SC

+ + + + + +
+ + + + + +
+ + + + + +
+ + + + + * *

                           * * * * *
                           * * *

TD AM TD TG
TD SG IOI SC IOI AM IOI TG IOI SG
SC AM SC SG AM TG

+
+ + + + +
+ + +

 

 
Nominal and standardized CPUE for each fishing area is shown in Fig. 3. In the 

northern Indian Ocean, nominal CPUE revealed similar patterns for area NW and NE. 
The trends of nominal CPUE during 1980-2002 fluctuated with slight increasing 
patterns and decreased gradually thereafter. In area SW, nominal CPUE were 



IOTC-2008-WPB-10 

 - 6 -

relatively low before 1990, increased substantially in the early 1990’ and decreased 
obviously after 1992. Nominal CPUE in area SE increased before gradually before 
1997 and decreased substantially thereafter. Standardized CPUE of Case 1 and 2 
generally followed the patterns of nominal CPUE but were much smoother than 
Nominal CPUE. Although different data series were used for Case 1 and 2, 
standardized CPUEs revealed very similar results for four areas. Due to no data of 
NHBF in 2004, standardized CPUE in 2004 was not available. Standardized CPUEs 
of Case 3 and 4 had more fluctuations than those of Case 1 and 2 though they still 
followed the patterns of nominal CPUE for four areas. Based on the results of this 
study, however, the standardized CPUE slightly increased before mid 1990’s and 
revealed decreasing patterns for four areas in the last decade.  

Nominal and standardized CPUE aggregated by area sizes was shown in Fig. 4. 
Nominal CPUE was stable before 1991, increased substantially in 1992 and revealed 
a decreasing pattern thereafter. Standardized CPUE of Case 2 was close to that of 
Case 1, they were stable before 2002 and decreased gradually since 2003. Although 
standardized CPUE of Case 3 and 4 fluctuated but they revealed decreasing patterns 
since 1997.  

In this study, two indices (catch composition of swordfish and NHBF) were used 
to conduct the effects of targeting. Comparing similar data series and environmental 
data, however, GLM model included NHBF as the effect of targeting had much lower 
R2 than the model included catch composition of swordfish as the effect of targeting. 
More investigations, such the relationship between NHBF categories and swordfish 
condition of Taiwanese longline fishery in the Indian Ocean, would be necessary for 
further analyses. For targeting, the materials of fishing gear might be used as an 
additional effect for targeting. Based on the information from Taiwanese observer 
program, most of fishermen use nylon (nylon mono or nylon twist) as the material for 
branch line and some use wires as the materials. At this stage, however, the 
information related to materials for lines were insufficient for CPUE analyses of 
Taiwanese longlnie fishery. In addition, swordfish were mainly taken as bycatch 
although some Taiwanese longline vessels seasonally targeted swordfish in the Indian 
Ocean. Therefore, a substantial proportion of zero catches of swordfish were 
contained in the Taiwanese fishery data. The estimation bias could be raised while 
analyzing the data with large number of zero catches using standard GLM. For further 
analyses, other analyses models, e.g. delta-lognormal GLM (Lo et. al., 1992; 
Pennington, 1996), could be applied to standardize the CPUE of swordfish caught by 
Taiwanese longline fishery in the Indian Ocean.   
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Fig. 1. Area stratification for swordfish in the Indian Ocean. 
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(A) Case 1 

 

 
(B) Case 2 

 

Fig. 2. Distributions and normal probability plot (Q-Q plots) of the standard residuals 
for the standardization models. 
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(C) Case 3 

 

(D) Case 4 

 

Fig. 2. (Continued).  
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(A) New Area NW 
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(B) New Area SW 
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Fig. 3. Nominal and standardized CPUE for four areas (scaled to the average 
estimates). 
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(C) New Area NE 
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(D) New Area SE 
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Fig. 3. (continued). 
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Fig. 4. Nominal and standardized CPUE aggregated by area size (scaled to the 
average estimates).  
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Table 1. ANOVA table of the selected model for Case 1. 
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Table 2. ANOVA table of the selected model for Case 2. 
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Table 3. ANOVA table of the selected model for Case 3. 
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Table 4. ANOVA table of the selected model for Case 4. 
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Table 4. (Continued). 

 

 


