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I. INTRODUCTION 
1.1 Historical fisheries activities 

In the Atlantic Ocean, two stocks of albacore (Thunnus alalunga), separated by 5°N latitude, were 
assumed for the fishery management. Taiwanese longline fishery, followed Japanese footstep, has become one 
of the major fishing fleets utilizing this resource since 1960s. According to the ICCAT report, annual catch of 
South Atlantic albacore ranged from 25,000 t to 35,000 t in the last decade. Taiwanese catch of South Atlantic 
albacore comprised of 70% or more of the total (Figure 1). As one of the fishing nations that utilized this 
resource, it is equally our responsibility to acquire the catch and effort statistics for the purpose of monitoring its 
status. 

Taiwanese longliners in the Atlantic Ocean were mainly composed of two types of fishing gears, i.e., 
regular longliner and deep longliner. The regular longliner, which commenced since 1960s and was also called 
traditional longliner, was mainly targeting albacore. Since mid-1980s, another type of longliner or so called 
deep longliner, which equipped with -70 degree centigrade or more freezing capability, was mainly targeting 
bigeye and yellowfin tunas. Unfortunately, it was not possible until mid-1990s when the logbook reporting 
system was able to distinguish their major identities by the addition of ‘the number of hooks per basket used’ in 
new reporting logbooks. Nevertheless, historic task2 data series compiled by Taiwanese fisheries managerial 
sectors and reported to ICCAT since late 1960s thus became one of the important data sources to investigate the 
long-term abundance fluctuation of this resource. 
 
1.2 Taiwanese Fisheries management 

For compiling with those new regulation requirements set by ICCAT recommendations, Taiwan 
Fisheries Agency announced: 
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(1) fishing only allowed as prior authorization by area and group; initial vessel quota are pre-set, yet later 
modification will be allowed as long as total catch limits as a whole is not exceed; 
(2) for best controlling the fishing procedure not to cross the pre-set red-line, several further management tools 
are also implemented parallel to the progressive fishing activities, such as: VMS-reporting continuously for 
monitoring its fishing location; daily fill in catch logbook as well as weekly reporting its weekly total; prior 
permission for at sea transshipment; verification of catch documents versus weekly reporting; 
(3) on-board observer; at-sea inspection; and e-logbook system for a better abide by the ICCAT requirements. 

These new establishments inevitably will affect an understanding status of the stock, as compared to 
those collected through traditional setup. As a result, how to standardize historic information is becoming 
something we have to concern. 
 
1.3 Standardization CPUE of Taiwanese fleets 

How to properly sort out the entanglements of albacore information reported from the regular longliner 
(targeting albacore) and the deep longliner (targeting bigeye tuna) remained the major difficulty in obtaining a 
better indicator for albacore abundance. Undertaking this problem, as the attempt, an appropriate area or the best 
sampling area was investigated and proposed in this analysis for obtaining the better albacore abundance 
indices. 

Both the logbooks (since 1981) and the task2 (since 1967) data sets of Taiwanese longliners were 
scrutinized, by decadal period and 5o-square block, for the geographical distribution characters of four major 
tuna species (albacore, bigeye tuna, yellowfin tuna, and swordfish) and identified the core sampling area for 
obtaining the better abundance indices for albacore resource. This paper used only those Taiwanese fisheries 
data sets within the proposed core sampling area for the GLM standardization analysis and hopefully able to 
minimize most noises of non-albacore-targeting data. 
 

II. MATERIALS AND METHODS 
2.1 Data 
(1) Task1 from 1962 to 2016 

Task1 is compiled based on the data of weekly catch report; the total catch from the recovered logbooks; 
statistical documents reported to the Fisheries Agency; monthly traders’ sales records; the verification on 
settlement of fish sales from the Fisheries Agency; and trading data from the Organization for the Promotion of 
Responsible Tuna Fishery (OPRT). The historical catch of South Atlantic albacore was showed in Figure 1. 
Taiwanese catch of South Atlantic albacore peaked in 1987 which was 28,790 t, then decreased and fluctuated 
between 6,700 t to 21,000 t after 1988. 
(2) Logbook from 1981 to 2016 

By vessel and daily-summed logbooks data, dating from 1981 to 2016, were compiled. Four species 
(albacore, bigeye tuna, yellowfin tuna and swordfish) of catches in weight (kg) compiled from logbooks were 
thus used to conduct the k-means model cluster analysis to determine which vessel belongs to the 
albacore-catching fleet. Euclidean distances thus obtained were used as a criteria and the cluster centers were 
determined by least squares method. A confirmation on the scope of distribution pattern appeared by operating 
albacore fleet will then designated as the core albacore sampling area, which will then applied to the 
compilation on task2 data format in this study. 
(3) Task2 from 1967 to 2016 

The task2 data, aggregated by month and 5° statistical block from 1967 to 2016, were compiled. The 
logbook and task2 data, provided by Overseas Fisheries Development Council of Taiwan, were the major 
sources of data used in this analysis. Nominal CPUEs were defined as catch in weight per 1,000 hooks. 
 
2.2 The core albacore sampling area 

Although the Atlantic water mass is generally considered having the North Atlantic mid-ocean gyre and 
South Atlantic mid-ocean gyre, the delineation of North Atlantic albacore from South Atlantic albacore is set at 
5°N latitude. Furthermore, the habitat of South Atlantic albacore is currently designated and separated from the 
Indian Ocean by the 20°E longitude. As of the entire habitat for South Atlantic albacore, it is thus designated 
currently as from 5°N southward and set 20°E as its eastward boundary condition. 

In order to find the core albacore sampling area for Taiwanese longline fishery, distribution maps of 
albacore CPUE, albacore catch, effort, proportion of catch by species, and amount of catch by species for each 
decadal period by Taiwanese longline fishery were used to examine. Four species (albacore, bigeye, yellowfin 
and swordfish) of catches in weight (kg) compiled from logbooks were thus used to conduct the k-means model 
cluster analysis to determine which vessel belongs to the albacore-catching fleet. Euclidean distances thus 
obtained were used as a criteria and the cluster centers were determined by least squares method. A 
confirmation on the scope of distribution pattern appeared by operating albacore fleet will then designated as the 
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core albacore sampling area, which will then applied to the compilation on task2 data format in this study. 
 
2.3 Models of GLM 

A constant, which was obtained by averaging all Taiwanese longliners’ nominal albacore CPUE in the 
core albacore sampling area of South Atlantic Ocean and divided by 10, was determined and added to each 
nominal albacore CPUE before using SAS solver for the purpose of avoiding zero albacore catch rate problem 
[1]. 

In the core albacore sampling area, the GLM with normal error structure [2][3][4] was used in present 
study to standardize yearly and quarterly CPUE series of the South Atlantic albacore. Factors used in the yearly 
standardization are year, quarter and subareas by 5° latitude x 5° longitude. Factors used in the quarterly 
standardization, however, are quarter-series and subareas by 5° latitude x 5° longitude. The subareas by 5° 
latitude x 5° longitude were adopted in the model to minimize variations caused by fishing location. The GLM 
models constructed in present study for yearly and quarterly standardizations are as follows: 
Yearly generalized linear model with normal error structure: 
LOG(CPUEijk+c)=μ+YEARi+QUARTERj+SUBAREAk+ξijk 
where 
LOG: natural logarithm; 
CPUEijk: nominal albacore CPUE (catch in weight per 1000 hooks) in year i, quarter j and subarea k; 
μ: intercept; 
c: constant (10% of the overall mean of nominal albacore CPUE); 
YEARi: main effect of year i; 
QUARTERj: effect of quarter j; 
SUBAREAk: effect of subarea k; 
ξijk: error term with distribution character of N(0,σ2). 
 
Quarterly generalized linear model with normal error structure: 
LOG(CPUEik+c)=μ+QUARTER-SERIESi+SUBAREAk+ξik 
where 
LOG: natural logarithm; 
CPUEik: nominal albacore CPUE (catch in weight per 1,000 hooks) in quarter-series i and subarea k; 
μ: intercept; 
c: constant (10% of the overall mean of nominal albacore CPUE); 
QUARTER-SERIESi: main effect of quarter-series i; 
SUBAREAk: effect of subarea k; 
ξik: error term with distribution character of N(0,σ2). 

SAS Ver. 9.4 statistical package was used in both cases to obtain solutions.  
 

III. RESULT AND DISCUSSION 
3.1 Cluster analysis 

The cluster analysis was used to allocate sets to a main target species, with the goal of removing 
non-albacore-targeting sets and ensure that albacore catchability was the same across sets retained for the 
analysis. This approach is further justified by examining trends in regional nominal CPUE by cluster, which 
shows important contrasts between albacore and non-albacore-targeting clusters.  

The result of cluster analysis based on the logbook catches in weight of albacore, bigeye tuna, yellowfin 
tuna and swordfish from 1981 to 2016 showed a clear separation of 4 clusters (Table 1, Figure 2a and Figure 2b). 
Taiwanese longline fisheries operated in these 4 clusters had apparently different catch composition of main 
species, i.e., albacore (cluster 1); albacore, bigeye and yellowfin tunas (cluster 2); albacore (cluster 3); and 
bigeye and yellowfin tunas (cluster 4). The cluster 1 and cluster 3 can be treated as the albacore fleet. Figures 
3-7 showed the geographical distribution maps of the albacore fleet, albacore mostly distributed in subtropical 
and temperate waters of the South Atlantic Ocean. After confirmation operating distribution of the albacore fleet 
from logbooks, thus it can supplement the core albacore sampling area which is applied to the task2 data. 

For elucidating geographical distribution characteristics of South Atlantic albacore resource, dating from 
1967 to 2016, for each decadal period of geographic distribution map of averaging nominal albacore CPUE in 
weight was shown in Figure 8. As shown in Figure 8, a significant area aggregation with different level of catch 
rate was observed. In particular, an aggregation with higher catch rate appeared between 10°S and 45°S of the 
South Atlantic Ocean. The same pattern was also observed in Figures 9-12, which was obtained exactly the 
same procedure used to obtain Figure 8. In Figure 2a, Figure 2b and Figures 3-12, the area 
(10°S-45°S/55°W-20°E excepting for 10°S-15°S/10°W-15°E) was proposed as the core albacore sampling area 
(Figure 13). These figures showed the core albacore sampling area located in subtropical and temperate waters 
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of the South Atlantic Ocean was always the most dominate fishing ground of albacore by Taiwanese longline 
fishery. 
 
3.2 Standardization CPUE 

A constant 35.7467228, which was obtained by averaging all Taiwanese longliners’ nominal albacore 
CPUE reported from 1967 to 2016 in the core albacore sampling area of the South Atlantic Ocean and divided 
by 10. 

To divide appropriately the South Atlantic albacore’s entire habitat into subareas was one of the attempts 
used in present study for providing corrections stemmed from area contrast. 89 subareas (Figure 13), by 5° 
latitude x 5° longitude, were thus used in present study based on Taiwanese longline catch statistics. 

The ANOVA tables in the core albacore sampling area, as shown in Tables 2-3, which were provided by 
SAS solver, indicated that (1) factors assigned both in yearly model and in quarter-series model were 
statistically significant; (2) factors of year/quarter-series and subarea played the most important roles in 
explanation of its orthogonal variation to the total; (3) the determination coefficient R-square approached 27% 
in both cases indicated the explanatory resultant by the two models were significant. 

In the core albacore sampling area, the yearly nominal CPUE trend and its respective yearly standardized 
CPUE series thus obtained were tabulated in Table 4 and plotted in Figure 14. The yearly standardized CPUE 
series showed a continuous decline from the beginning of the Taiwanese longline fishery to 1990, then increased 
till mid-1990s, and leveled off since early 2000s up to 2016. The normalized residual pattern from this model 
was shown in Figure 15. As shown in Figure 15, main distribution of residuals ranged from –1.65 to +1.65 and 
obviously centered at zero as mode. The Q-Q plot of those residuals was also shown in Figure 16 indicating the 
fitting was not far from normal distribution. 

In the core albacore sampling area, the quarterly nominal CPUE trend and its respective quarterly 
standardized CPUE series thus obtained were tabulated in Table 5 and plotted in Figure 17. The quarterly 
standardized CPUE series showed a continuous decline from late 1960s to 1990 with higher fluctuation, then 
increased till mid-1990s, and leveled off since early 2000s up to 2016. The trend appeared in quarterly CPUE 
series was very similar with those obtained in yearly CPUE trend. Although quarterly trend having more 
fluctuations, it was very interesting to point out that every four quarters always appeared a high peak strongly 
implied that a consistent recruitment may have coming in every year. The normalized residual pattern from this 
model was shown in Figure 18. As shown in Figure 18, main distribution of residuals also ranged from –1.65 to 
+1.65 and obviously centered at zero as mode. The Q-Q plot of those residuals was shown in Figure 19 
indicating the fitting was not far from normal distribution. 
 

IV. DISCUSSION 
Comparisons were made visually as in Figure 14 and Figure 17 among the yearly and quarterly nominal 

CPUE series respectively, which were calculated in the core albacore sampling area and in whole areas [5]. 
They were similar to those in whole areas of the South Atlantic Ocean from 1976 to 1989. However, the series 
revealed a different tendency with those in whole areas since early 1990s. The new fishing managements 
inevitably affected an understanding status of the stock, as compared to those collected through traditional setup. 
The proposed core albacore sampling area appeared their own significance in this regard. 

The proposed core albacore sampling area (Figure 13) was the main fishing ground of albacore for 
Taiwanese longline fishery, had own characteristics and represented meaning. The core albacore sampling area 
was proposed mainly for minimizing those non-albacore-targeting noises. We hope, through such manipulations, 
give a more persuasive resultant CPUE trend than current endeavors. 
 

ACKNOWLEDGMENTS 
We are grateful for the Fisheries Agency and Overseas Fisheries Development Council of Taiwanese 

fisheries managerial sectors for their financial supports and tremendous efforts devoted to fisheries catch and 
effort statistical data collection and compilation. 
 

REFERENCES 
[1]. ICCAT, Report of the bluefin tuna methodology session, 1996.  
[2]. S. Gavaris, Use of a multiplicative model to estimate catch rate and effort from commercial data. Can. J. Fish. Aquat. 

Sci., 37, 1980, 2272-2275. 
[3]. D. K. Kimura, Standardized measures of relative abundance based on modeling log(CPUE), and their application to 

Pacific Ocean perch (Sebastes alutus), J. Cons. Int. Explore, Mer., 39, 1981, 211-218. 
[4]. D. S. Robson, Estimation of the relative fishing power of individual ships. ICNAF Res. Bull., 3, 1996, 5-15. 
[5]. F. C. Chang and S. Y. Yeh, CPUE standardization, using proper albacore subareas and dating from 1967 to 2013, on 

albacore caught by Taiwanese longliners fishing in the South Atlantic Ocean. Collect. Vol. Sci. Pap. ICCAT, 71(5), 
2015, 2438-2457. 



CPUE Standardization on Southern Atlantic Albacore, Dating From 1967 to 2016, Based On Catch Statistics of 

| IJMER | ISSN: 2249–6645 |                        ww.ijmer.com   | Vol. 8 | Iss. 01 | January 2018 | 5 | 

Table 1: The result of cluster analysis based on the logbook catches in weight (kg) of albacore, bigeye tuna, 
yellowfin tuna and swordfish from 1981 to 2016. 

 
Remark: ALB: Albacore, BET: Bigeye tuna, YFT: Yellowfin tuna, and SWO: Swordfish. 

 
 
 
 

Table 2: Analysis of variance on standardizing South Atlantic albacore (in the core albacore sampling area) 
yearly CPUE using Taiwanese longline fishery task2 data set from 1967 to 2016 by the GLM procedure. 

 
 
 
 
 
Table 3: Analysis of variance on standardizing South Atlantic albacore (in the core albacore sampling area) 
quarterly CPUE using Taiwanese longline fishery task2 data set from 1967 to 2016 by the GLM procedure.  
 

 
 

 

 

Dependent Variable: Logcpuew_alb

Source DF Sum of Squares Mean Square F Value Pr > F

Model 140 1537.63026 10.98307 30.14 <.0001

Error 10978 4000.60072 0.36442

Corrected Total 11118 5538.23097            

R-Square Coeff Var Root MSE   Logcpuew_alb Mean

0.27764 10.46450 0.60367 5.76876

Source DF Type III SS Mean Square F Value Pr > F

year        49 730.23543 14.90276 40.89   <.0001 

quarter           3 78.79869 26.26623 72.08   <.0001 

subarea 88 614.41161 6.98195 19.16   <.0001 

Dependent Variable: Logcpuew_alb

Source DF Sum of Squares Mean Square F Value Pr > F

Model 285 1818.63686 6.38118 18.58 <.0001

Error 10833 3719.59411 0.34336

Corrected Total 11118 5538.23097            

R-Square Coeff Var Root MSE   Logcpuew_alb Mean

0.32838 0.32838 0.58597 5.76876

Source DF Type III SS Mean Square F Value Pr > F

yq      197 1075.30185 5.45839 15.90 <.0001

subarea 88 586.74973 6.66761 19.42 <.0001
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Table 4: Yearly nominal and standardized CPUE trends of the core South Atlantic albacore sampling area based 
on Taiwanese longline fishery task2 data set from 1967 to 2016 by the GLM procedure. 
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Table 5: Quarterly nominal and standardized CPUE trends of the core South Atlantic albacore sampling area 
based on Taiwanese longline fishery task2 data set from 1967 to 2016 by the GLM procedure. 
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Figure 1: Historical albacore catch of Taiwanese longline fishing vessels in the South Atlantic Ocean, 
1961-2016. Sources: ICCAT (task1) and OFDC. 
 
 

 
Figure 2a: Total efforts (1,000 hooks) by Taiwanese longliners operated in cluster 1 and cluster 3 targeting 
albacore v.s. in cluster 2 and cluster 4 targeting non-albacore of the South Atlantic Ocean from 1981 to 2016.   
 
 

 
Figure 2b: Albacore catches (ton) by Taiwanese longliners operated in cluster 1 and cluster 3 targeting albacore 
v.s. in cluster 2 and cluster 4 targeting non-albacore of the South Atlantic Ocean from 1981 to 2016. 
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Figure 3: Yearly nominal CPUE (Wt./1000 Hooks from logbook) of albacore caught by Taiwanese longliners in 
the South Atlantic Ocean for periods of 1980-1989 (Upper-Left), 1990-1999 (Upper-Right), 2000-2009 
(Lower-Left), and 2010-2016 (Lower-Right). 

 

 

 
Figure 4: Geographic distribution, by 5o-square block, of catch in weight (from logbooks) of albacore caught by 
Taiwanese longliners in the South Atlantic Ocean for periods of 1981-1989 (Upper-Left), 1990-1999 
(Upper-Right), 2000-2009 (Lower-Left), and 2010-2016 (Lower-Right). 
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Figure 5: Geographic distribution, by 5o-square block, of the fishing efforts (Number of 1,000 hooks from 
logbooks) cast by Taiwanese longliners in the South Atlantic Ocean for periods of 1981-1989 (Upper-Left), 
1990-1999 (Upper-Right), 2000-2009 (Lower-Left), and 2010-2016 (Lower-Right). 

 
Figure 6: Geographic distribution, by 5o-square block, of four major species composition, in terms of catch in 
weight (from logbooks), caught by Taiwanese longliners in the South Atlantic Ocean for periods of 1981-1989 
(Upper-Left), 1990-1999 (Upper-Right), 2000-2009 (Lower-Left), and 2010-2016 (Lower-Right). Four major 
species are: albacore (ALB in white), bigeye tuna (BET in red), yellowfin tuna (YFT in yellow) and swordfish 
(SWO in green). 
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Figure 7: Geographic distribution, by 5o-square block, of catch in weight of four major species (from logbooks), 
caught by Taiwanese longliners in the South Atlantic Ocean for periods of 1981-1989 (Upper-Left), 1990-1999 
(Upper-Right), 2000-2009 (Lower-Left), and 2010-2016 (Lower-Right). Four major species are: albacore (ALB 
in white), bigeye tuna (BET in red), yellowfin tuna (YFT in yellow) and swordfish (SWO in green). 
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Figure 8: Yearly nominal CPUE (Wt./1000 Hooks from task2) of albacore caught by Taiwanese longliners in 
the South Atlantic Ocean for periods of 1967-1969 (Upper-Left), 1970-1979 (Upper-Right), 1980-1989 
(Mid-Left), 1990-1999 (Mid-Right), 2000-2009 (Lower-Left), and 2010-2016 (Lower-Right). 
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Figure 9: Yearly catch in weight (from task2) of albacore caught by Taiwanese longliners in the South Atlantic 
Ocean for periods of 1967-1969 (Upper-Left), 1970-1979 (Upper-Right), 1980-1989 (Mid-Left), 1990-1999 
(Mid-Right), 2000-2009 (Lower-Left), and 2010-2016 (Lower-Right). 
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Figure 10: Yearly fishing efforts (Number of hooks from task2) cast by Taiwanese longliners in the South 
Atlantic Ocean for periods of 1967-1969 (Upper-Left), 1970-1979 (Upper-Right), 1980-1989 (Mid-Left), 
1990-1999 (Mid-Right), 2000-2009 (Lower-Left), and 2010-2016 (Lower-Right). 
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Figure 11: Geographic distribution of yearly four major species composition (from task2) caught by Taiwanese 
longliners for periods of 1967-1969 (Upper-Left), 1970-1979 (Upper-Right), 1980-1989 (Mid-Left), 1990-1999 
(Mid-Right), 2000-2009 (Lower-Left), and 2010-2016 (Lower-Right). 
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Figure 12: Geographic distribution of yearly catch composition of four major species (from task2) caught by 
Taiwanese longliners for periods of 1967-1969 (Upper-Left), 1970-1979 (Upper-Right), 1980-1989 (Mid-Left), 
1990-1999 (Mid-Right), 2000-2009 (Lower-Left), and 2010-2016 (Lower-Right). 
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Figure 13: The 89, by 5o-square block, subareas (encircled by blue lines) thus proposed by this paper for CPUE 
standardization on albacore resource in the South Atlantic Ocean. 
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Figure 14: Yearly nominal and standardized CPUE (Wt./1000 Hooks) trends of South Atlantic albacore based 
on Taiwanese longline fishery task2 data set from 1967 to 2016. 
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Figure 15: Distribution of normalized residual obtained from yearly GLM model. 

 

 
Figure 16: The Q-Q plot for residuals obtained from yearly GLM model. 
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Figure 17: Quarterly nominal and standardized CPUE (Wt./1000 Hooks) trends of South Atlantic albacore 
based on Taiwanese longline fishery task2 data set from 1967 to 2016. 
 
 
 

 
Figure 18: Distribution of normalized residual obtained from quarterly GLM model. 
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Figure 19: The Q-Q plot for residuals obtained from quarterly GLM model. 
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