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w a n e s e t u n a l o n g l i n e f i s h e r y , a n n u a l c a t c h e s w e r e 
ur m e t h o d s ; by n u m b e r of t r i p s , by n u m b e r of s e t s , 
f h o o k s of e a c h o c e a n and by n u m b e r of ho o k s of eacn 
are s u b a r e a . T h e o r e t i c a l l y , it can be pr o v e d t n a t 
es of a n n u a l c a t c h c a n be c h e c k e d t h r o u g h the 
of c o v e r a g e r a t e and the h o o k i n g r a t e . 

p a p e r t r i e s to d i s c u s s s o m e p r o b l e m s of eat e n 
f tuna l o n g l i n e r s . T h e d i f f e r e n c e s of e s t i m a t e s of 
h e s r a i s e d by o c e a n c o v e r a g e r a t e s and s u b a r e a 
e a r e c o m p a r e d . T a i w a n e s e tuna l o n g l i n e f i s h e r i e s 
s an e x a m p l e to c h e c k t h e r e l a t i o n s h i p b e t w e e n t h e 
e and t h e h o o k i n g r a t e . T h e r e l a t i o n s h i p of o c e a n 
tes and h o o k i n g r a t e s of t h r e e m a i n South P a c i f i c 
a l o n g l i n e c o u n t r i e s a re e x a m i n e d t o o . 
ul t s a r e c o n c l u d e d as f o l l o w s . 
i w a n e s e P a c i f i c and A t l a n t i c t u n a l o n g l i n e r s a l w a y s 
o v i d e h i g n e r s u b a r e a c o v e r a g e r a t e s w h e n the h o o k i n g 
c r e a s e d . In t h e Indian O c e a n , t h e y tend to p r o v i a e 
rea c o v e r a g e r a t e s w h e n t he h o o k i n g rates ara 

ean c o v e r a g e r a t e s of T a i w a n e s e l o n g l i n e r s ars a l w a y s 
en h o o k i n g r a t e s ars i n c r e a s e d . T h i s i m p l i e s tnat 
c a t c h e s of T a i w a n e s e l o n g l i n e r s e s t i m a t e d by s u b a r e a 
te a re a l w a y s l o w e r than tho.se e s t i m a t e d by o c e a n 
e. 
i w a n e s e and J a p a n e s e S o u t h P a c i f i c a l b a c o r e tuna 
Iways r e v e a l n e g a t i v e c o r r e l a t i o n c o e f f i c i e n t b e t w e e n 
ge r a t e s and h o o k i n g r a t e s . B u t , K o r e a n l o n g l i n e r s 
a p o s i t i v e c o r r e l a t i o n c o e f f i c i e n t . 

e d i s t r i b u t i o n of f i s h i n g g r o u n d s of K o r e a n S o u t n 
a c o r e l o n g l i n e r s are of t h e i n t e r m e d i a t e t y p e of 
T a i w a n e s e S o u t h P a c i f i c t u n a l o n g l i n e r s . 
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I N T R O D U C T I O N 

Tuna l o n g l i n e f i s h e r y is very i m p o r t a n t in e x p l o i t a t i o n of 
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tuna-like fisnes. In Taiwan, almost all of tuna-like fishes 
are exploited by tuna longline fisheries. Altnough some other 
fisheries, like as large purse seiners, large gill netters are 
developed rapiddly in recent years, longliners are yet the most 
imoortant fisheries in tnis area. 

Fisn stocks are affected by man's activities. The success 
of the fisneries depends critically on the state of tne fish 
stock. rience, we need to know that tne condition of tne fish 
stoc:< and tne effect on these stock of actions being 
contemplated. We also need to know what the effects of fish 
stocK under different fisnery managements. To assure a 
successful fishery management can be carried out, the decision­
maker need a sufficient scientific advice about the"state of the 
fish stock. 

All of the methods used to assess the fish stock are just a 
tool used to know the state of fish stock under exploitation. 
The reliability of the result of fish stock assessment depends 
on both quantity and quality of information collected from tne 
commercial fisheries. Fishery scientists always use the CPUE 
(Catch Per Unit of fishing Effort) as a well-defined index of 
abundance. 

Update, the most important data source of South Pacific 
albacore are collected from catch statistics of tuna longliners. 
Catch statistics collected from the commercial fishery can 
doubtless provide a large amount of information of population 
dynamics. In quantity, it is always enough through a complete 
data collecting system. In quality, some improvements are 
necessary. For example, the annual catches of Taiwanese tuna 
longliners published in annual reports are generally said that 
tney are always in under-estimate. It is interesting to .Know 
why they are always different from the landing catch data. 

In tnis paper, we try to discuss some problems about the 
annual estimates of catch statistics of tuna longliners, 
especially for Taiwanese tuna longliners. All of the analysis 
based on the coverage rate and the hooking rate of tuna longline 
fisneries. 

MATERIALS AND METHODS 

A rather complete data collection system of Taiwanese deep 
sea tuna longline fishery was built before 1971. From 1971 on, 
annual report of catch statistics of Taiwanese deep sea tuna 
longline fishery was published by quarterly and by 5-degree 
square subarea for each year. Annual catches of Taiwanese tuna 
longliners were raised by coverage rates whicn were computed by 
following four different methods. 

Before 1970, only the total number of trips was available, 
hence annual catches were estimated by the coverage rate of each 
ocean which was estimated by the number of trips. In 1970-1971, 
coverage rates were also computed by each ocean, but they were 
replaced tne number of trips by the number of sets. Furthermore, 
the number of sets was replaced by the number of hooks in 1972-
1976. Before 1976, the coverage rate was yet computed by each 
ocean too. Before 1976, catches of each 5-degree square 
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subarea nad not been raised to 100%. 
From 1977 on, the coverage rates computed accoraing to 
number of hooks used in eacn 5-degree square subarea were 
published in the annual report. But annual catches were 
aisad by coverage rates which were estimated by each ocean. 
1980 on, tne annual catches were accumulated from the 
of each 5-degree square suoarea wnich had been raised to 
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mea that the annual catcnes were estimated by two 
methods; one (method A) was raised by coverage rate of 
an. and tne other one (metnod 8) was summarized from 
hes of each 5-degree square subarea which had been 
100%. The results estimated by these two methods can 

ented as follows. 
ne case of two subareas, it can be written as follows. 

method A 

and 

method B 

where, 

TC = (CI + C2) (Hi + H2 )/(n nz) 

T C = C1 H1/h1 + C2 H2/h; 

1 

H1 = total number of hooks used in subarea 1, 
H2 = total number of hooks used in subarea 2, 
hi = sample number of hooks used in subarea 1 
h2 = sample number of hooks used in subarea 2 
CI = catch in number of individual in subarea 
C2 ~ catch in number of individual in subarea 
TQ = annual estimate by method-A, 

TC' = annual estimate by method-8. 

1. 
2, 

Generally, they can be rewritten as follows if fisning ground is 
divided into n subareas. 

3 



J 

methoc-A : JQ S ( ^ C i ) ( 

i = 1 1 = 1 * * — i _ -
h i ) 

metnoa-3 : TC \ n 

sl (Ci Hi/ni 
i = 1 / 

^"i . t .JSJ ?i„ f\\ r%",e:PsJ.;»iMtM of •""" i a l ca tch between these 

D = TC — TC 

HI H2 CI 

hi- + h2 h i 

C2 h i 
)( 

h2 HI 

h2 

H2 

f o r two subareas . For n subareas ; i , j = 
i t can be proved by i n d u c t i o n t h a t 1 . 2 , 3 n, 

0 , TC-TC = ( J — " Hi H j ( - 1 1 
i = l h i 

Cj h i 

hj Hi 

h j 

Hj 
) ) 

1^1 h i 

^IZ_._*m (ui-uj) (vi-vj).)/r" n hi 
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vary bad fishing condition. On the other hand, they may be 
tend to cover a factor of good fishing condition too, because 
tney don't like to let other fishermen to share their lucky or 
Detter experiments. Here, assumed that tne coverage rate 
depends on the hooKing rate, that is V = a + D U. Then, 
formula-6 can be rewritten as follows. 

D = TC - T C = {} Hi Hj b (Ui — Uj ) ) /) hi 7 
1 i = 1 '* 1 = 1 

Since Hi, Hj, hi, Uj, and Ui are always positive, the 
sign of D=TC-TC' depends on the value of regression coefficient 
(b) and relative values of the coverage rate (V = n/H) or the 
hooking rate (U = C/h) of each subarea. That is 

1. If each subarea has the same hooking rate, then 0 = 0 , 
that is TC = T C . These two methods have the same estimate. 

2. If each subarea has the same coverage rate, then D = 0 
and the same result is obtained too. 

3. If each subarea with higher hooking rate has higher 
coverage rate and/or lower hooking rate has lower coverage rate, 
tnen D is positive, that is TC > TC'. In this case, the annual 
catch estimated by method A with Ocean coverage rate is greater 
tnan that estimated by method 8 with subarea coverage rate. 

4. Conversely, if each suDarea with higher hooking rate 
always has lower coverage rate, or lower hooking rate always has 
higher coverage rate, then 0 is minus, that is TC < TC'. In 
this case, the annual catch estimated by method A is smaller 
than that estimated by method B. 

5. For other case, that is if among higher hooking rate 
subareas, some one povides higher coverage rate and some one 
provides lower coverage rate, then tne sign of 0 is determined 
by the relative values of hooking rate ana/or coverage rate of 
each subarea. If higher hooking rate tends to have higher 
coverage rate then the sign of D tends to be positive. 
Conversely, if higner hooking rate area tends to have lower 
coverage rate then the sign of 0 tends to be minus. 

As stated above, to check the relationship between the 
coverage rate and the hooking rate becomes an important 
technique to examine the estimate of annual catches. In this 
paper, Japanese (Fisheries Agency of Japan 1971-1985), Korean 
(Fisheries Research and Development Agency of Korea 1980, 1981, 
1985, 1986) ana Taiwanese (NTUIO 1971-1985) annual reports of 
catch statistic of tuna longliners are used to discuss the 
relationship between the coverage rate and the hooking rate. 

Symbols used in this paper are listed as follows. 

n = the number of subareas, 
a = intercept of regression line, 
b = regression coefficient, 
r = correlation coefficient, 
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U = CPUE by catch in number of individuals per 100 hooks 
or catch in weight of kilogram per 100 hooks, 

V = ocean coverage rate or subarea coverage rate, 
c.v. = coefficient of variation. 

RESULTS AND DISCUSSIONS 

Table 1 shows tne results of regression analysis of coverage 
rate (Y) as a linear function of each subarea hooking rate (X) 
of Taiwanese Pacific albacore tuna longline fishery. It 
reveals that positive correlation coefficient of 1981, 1983 and 
1984 imply that higher hooking rate subarea tends to have a 
higher coverage rate. On the other hand, negative correlation 
coefficient of 1982 and 1985 imply that higher hooking rate 
'subarea tends to have lower coverage rate in Taiwanese Pacific 
albacore tuna longline fishery. However, no one of tne 
correlation coefficient reaches the significant level. Average 
coverage rates are varied in 67%-82% and average hooking rates 
in 1.5-3.0 individuals per 100 hooks. 

Table 2 is the result of regression analysis of Taiwanese 
Indian albacore tuna longline fishery. According to this Table, 
only the correlation coefficient of 1983 is positive. This 
means that only in 1983, higher hooking rate subarea tends to 
have higher coverage rate. For the other 4 years, higher 
hooking rate subarea always tends to have lower coverage rate for 
tne negative correlation coefficient. In 1982, the negative 
correlation coefficient reaches 5% significant level. And, in 
1981 and 1985, they also reach 10* significant level. It 
strongly implies that Taiwanese Indian albacore tuna longliners 
always provide a little information when hooking rate is 
increased. Average coverage rates and average hooking rates 
are varied in 61%-79% and 1.0-1.6 individuals per 100 hooks, 
respectively. 

The results of regression analysis of Taiwanese Atlantic 
albacore tuna longliners are shown in Table 3. The results are 
very different from those of Indian Ocean. From th'is Table, 
only two negative correlation coefficients of 1983 and 1984 can 
be found. For the other 3 years, positive correlation 
coefficients imply that higher hooking rate subarea tends to have 
higher coverage rate. Generally, the value of correlation 
coefficient is very small and no one reaches tne significant 
Level. Average coverage rates and average hooking rates are 
varied in 54%~80% and 2.2-2.5 individuals per 100 hooks, 
respectively. 

As stated above, tne results of regression analysis of 
coverage rate and hooking rate by each subarea reveal that 
Taiwanese/ Pacific and Atlantic albacore tuna longliners always 
tend to provide higher coverage rate when the hooking rate is 
increased and conversely, they provide lower coverage rate when 
the hooking rate is decreased, though the tendence is not so 
clear. On the other hand, they clearly have the converse 
tendence in the Indian Ocean. They always provide a lower 
coverage rate when tne hooking rate is increased. 

Next, the relationship between the annual hooking rate and 
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tne coverage rate by each ocean is compared too. As shown in 
Table 4, all of these tnree oceans snow a significant negative 
correlation coefficients, especially in Indian albacore 
longliners. The negative correlation coefficient of Inaian Ocean 
is -0.506**' reaching 5% of significant level. The next. is 
tne Atlantic Ocean. It is -0.501* over 10% of significant 
level. In the Pacific Ocean, thougn it is lower than 10* of 
significant level, it also shows a clearly negative regression 
relation between the coverage rate by ocean and the annual 
hooking rate. 

For overall fishing grounds of Taiwanese tuna longline 
fisnery, the negative correlation coefficient is -0.594*** 
ower 1% of significant level. This implies strongly that 
Taiwanese albacore tuna longliners always tend to provide lower 
coverage rate when the hooking rate is increased. The reasons 
may be considered as follows. 

1. When they find a good fishing ground, they always tend 
to conceal it and they don't like to provide the detail fishing 
information. 

2. They are busy in catch when they arrived a good fishing 
ground. They haven't so much time to fill the logbbok which is 
asked. 

3. Fishing information are always provide by those fishmen 
who are interesting in collecting fishing information. 

4. Provided information are quite different from the 
virtual information, that is that they don't like to offer true 
fishing information, but experimently they always fill a series 
of meanless numerals. 

However, according to the aforementioned theoretical proof 
ana the computations, the significantly negative correlation 
coefficiens of Taiwanese tuna longliners strongly imply that 
fisnmen always tena to provide lower coverage rate wnen the 
hooking rate is increased. This is one of the important reasons 
why the annual catcnes listed in annual reports are always said 
to be under-estimates, Of course the precision of the annual 
estimate may be effected by other factors too. In the future, 
if we want to improve the precision of the annual report, it is 
absolutely necessary to increase the willingness of filling the 
catch data. 

Table 4 reveals that Taiwanese Indian Ocean longliners 
provide the highest 45.991% coverage rate. The next one of 
coverage rate is 45.247% which is offered by Pacific Ocean 
longliners. The lowest one is 42.840% which is provided by the 
Atlantic Ocean longliners. For the overall fishing grounds of 
Taiwanese commercial longliners, they offered an average 
coverage rate of 44.085% and the average hooking rate of 2.954 
individuals per 100 hooks. 

Japan, Korea and Taiwan are three main tuna longline 
countries. Generally, assessment of tuna-like fish stock is 
mainly based on catch statistics of commercial fisheries of these 
three tuna longline countries. The relationship of the* annual 
nooking rate and the annual coverage rate of these three 
countries are also compared as follows. Furthermore, because 
that surplus production model was always employed to assess the 
fish stock, the relationships between hooking rate represented 
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oy catch in weight (kilogram per 100 hooks) and the coverage 
rate are also checkea in this paper. 

Table 5 shows the catch in number of individuals per 100 
hooKs, catch in weight of kilogram per 100 nooks, percentage of 
albacore in total number of catch and the annual coverage rate of 
overall Taiwanese, Japanese and korean South Pacific albacore 
fishing grounds in 1971-1985. The definition of tne South 
Pacific Ocean is the same as that given in the Taiwanese tuna 
longline annual report. 

In Table 5, annual coverage rates of Taiwanese tuna 
longliners are estimated by hooks used in overall South Pacific 
fishing grounds. Japanese coverage rates are based on the number 
of trips of overall fishing grounds listed in annual reports. 
Korean coverage rates are adopted from the annual reports which 
was estimated by the ratio of sampling catch and total landing 
eaten of overall Pacific longline fishing grounds. 

As shown in Table 5, Taiwanese hooking rates represented in 
botn weight and number are maintained at a rather stable level. 
Tne coefficient of variance (c.v.) is 0.200 and 0.217, 
respectively. Percentages of albacore in total number of catch 
are still keeping at a very high level with an average value 
82.00%. Comparatively, coverage rater are varied heavily 
with a larger coefficient of variance 0.598. 

Table 5 also reveals that the coefficients of variance of 
hooking rate in number and coverage rate of Japanese tuna 
longliners are keeping at a rather low level. Attention is paid 
to the very low percentages of albacore in total catch of 
Japanese tuna longliners. The target species are changed heavily 
with a 0.375 coefficient of variance during this period. 
Albacore is the target species of Taiwanese tuna longliners, but 
only 11.41% of average catch of Japanese longliners is albacore. 

On the other hand, Korean longliners have a larger values 
of coefficient of variance during these eight years. The 
average percentage of albacore in total number of catch is 
39.79% which is lower than Taiwanese longliners, but greater 
than Japanese longliners. The average values of CPUE in both 
weight and number are also lower than Taiwanese tuna longliners, 
and greater than Japanese tuna longliners. The results imply 
that Korean tuna longliners are of intermeciate type of Taiwanese 
and Japanese tuna longliners. 

Table 6 shows the results of regression analysis of 
annual coverage rate as a linear function cf.annual CPUE of these 
three tuna lorrgline countries of South Pacific albacore. In the 
case of CPUE in catch of number, no one of the correlation 
coefficient reacnes the 10% of significant level. It is 
interesting in the difference of the sign of correlation 
coefficients. Only Korean tuna longliners have a positive 
correlation coefficient. Does this imply that only Korean tuna 
longliners tend to offer more information when the hooking rate 
is increased? Although the tendence is not so clear. 

In the case of catch in weight, it reveals a very different 
tendence as shown in correlation coefficient. For Taiwanese tuna 
longliners, it shows a very high negative correlation 
coefficient. For Japanese longliners, though it is yet a 
negative value, it is very small. For Korean tuna longliners, 
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rather large positive correlation coefficient can be found, 
though it doesn't yet reach the significant level. Because 
tnat catches in weight of Taiwanese tuna longliners listed in 
annual reports are estimated on the vessels, it needs more detail 
information to explain the significance of the negative 
correlation coefficient. 

Table 7 snows the results of regression analysis of CPUE of 
eaten in number between different tuna longline countries. No 
signifcant relationship of CPUE in catch of number of these three 
tuna longline countries can be found. But, the values of 
correlation coefficient seem to reflect the difference of target 
species and the distribution of fishing grounds of these three 
tuna longline countries. 

The smallest correlation coefficient of Japanese to Taiwanese 
tuna longliners seems to imply the clear separation of main 
fishing grouns of these two countries (Wang 1988; FAO 1980). 
Taiwanese South Pacific tuna longliners are targeting on South. 
Pacific albacore, and main fishing grounds are distributed on 
the soutn of 40°S, especially on the south of 30°S. Japanese 
tuna longliners are targeting on southern biuefin tuna, and 
seasonally change to targeting on bigeye or yellowfin tuna. As 
shown in Figure 1, main fishing grounds are concented on the 
western part and north-eastern part of the South Pacific Ocean. 

On the other hand, rather large of correlation coefficients 
can be found in the relations of Taiwan-Korea and Japan-Korea. 
Korean South Pacific tuna longliners are widely interesting in 
exploitation of all tuna like-fishes. As stated in Table 5, 
Korean South Pacific tuna longliners are of the intermediate type 
of Japanese and Taiwanese longliners. As shown in Figure 2, 
Korean South Pacific longline fishing grounds mainly distribut on 
lower latitude areas, especially between 160°E to 140°W. They 
can be found that distributions of main fishing grounds of Korean 
South Pacific tuna longliners havs a certain degree of overlap 
in seasonally with that of Japanese or Taiwanese longliners. 
The percentages of yellowfin and bigeye tuna in total number of 
eaten of Korean longliners are far greater than those of 
Taiwanese South Pacific tuna longliners, but they near to those 
of Japanese South Pacific tuna longliners. 

SUMMARY 

1. Annual catches of Taiwanese tuna longliners are 
estimated by four different methods; by trip, by set, by hooK of 
ocean ana Dy hook of subarea. 

2. Theoretically, it can be proved that the relationship 
of coverage rate and hoqking rate by each subarea can be used to 
check tne estimates of annual catch. 

3. 'If all of coverage rates or hooking rates are equal in 
eacn subarea, then the annual catch estimated by ocean coverage 
rate are equal to that estimated by subarea coverage rate. 

4. If each subarea which has higher hooking rate tends to 
have higner coverage rate, then the annual catch estimated by 
ocean coverage rate is higher tnan that estimated by subarea 
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coverage rate. 
5. If each subarea which has higher nooking rate tends to 

have lower coverage or conversely, lower hooking rate tends to 
ha'/e higher coverage rate, then the annual catch estimated Dy 
ocean coverage rate is lower than that estimated by subarea 
coverage rate. 

6. During 1981-1985, Taiwanese Pacific and Atlantic tuna 
longliners tend to provide higner subarea coverage rate when the 
nooking rate is increased. However, the tendence is not so 
clear. 

7. On the otner hand, the significant negative 
correlation coefficient of Taiwanese Indian tuna longliners 
implies that higher subarea hooking rate tends to provide lower 
coverage rate in the same period. 

8. Higher negative correlation coefficient between ocean 
coverage rate and the hooking rate of Taiwanese tuna longliners 
imply that they always tend to provide lower coverage rate wnen 
the hooking rate is increased. 

9. The relationships of hooking rate and ocean coverage 
rate of' Japanese, Taiwanese and Korean South Pacific tuna 
longliners are also examined, respectively. Taiwanese and 
Japanese longliners show a negative correlation coefficient, but 
Korean longliner has a rather large value of positive 
correlation coefficient. 

10. The relationships of CPUE of eaten in number per 100 
hooks of South Pacific tuna longliners are also used to examine 
the distribution of fishing grounds of longline countries. 
Korean longliners are of the intermediate type of Taiwanese and 
Japanese longliners. Main fishing grounds of Korean longliners 
have certain degree of overlap with Taiwanese and Japanese tuna 
longliners. Comparatively, distributions of Japanese longline 
fishing gounds are separated from those of Taiwanese longliners. 
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Table 1. Regression analysis of the subarea coverage rate (V) 
as a linear function of the hooking rate (U) of 
Taiwanese Pacific albacore tuna longliners in 1981-
1985. 

JS = = i = = = = = 3 = s = = = = = „ = = s = ==s = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = S Sv= 3 = 

year 

1981 
1982 
1983 
1984 
1985 

note : 

Table 

year 

= * = 

ss = 

= = = 
ns 
** 

2. 

— = = 

5 = 3 

n 

173 
125 
89 
89 
69 

= no 

Re< 
as 

a 

78.494 
82.620 
78.412 
70.910 
72.032 

b 

0.824 
-1.830 
1.158 
2.050 
-1.529 

significance, 
significant level, 

gression analysis of 
a linear function 

Taiwanese 
1985. 

n a 

0. 
-0. 
0. 
0. 

-0. 

* 
*** 

the 
1 Of 

r 

.047 

.093 

.105 

.096 

.078 
====== 
= 10% 
= IX 

U-mean 

1.584 
2.010 
2.954 
2.173 
2.567 

significant 
signi ficant 

subarea coverage 
the 

Indian albacore tuna 

E S 3 S S S S S S S S S S 

b r 

hooking rate 
longliners 

U-mean 

= = = = 
V-mean 

79 
78 
81 
75 
67 

leve 
level 

rate 
(U) 

= = = = 
.709 
.820 
.656 
.210 
.897 
sss = 

I , 
• 

(V) 
of 

in 1981-

V-r 
X 2 2 S 

nean 
s s s =: 

1981 124 82.156 -2.605 -0.165* 1.508 78.095 
1982 135 80.791 -2.943 -0.192** 1.502 76.250 
1983 129 65.254 1.582 0.070 1.222 67.086 
1984 123 62.976 -1.422 -0.063 1.090 61.324 
1985 105 19.160 -4.250 -0.188* 1.008 64.517 

refer to footnote of Table 1. 

Table 3. Regression analysis of the subarea coverage rate (V) 
as a linear function of the hooking rate (U) of 
Taiwanese Atlantic albacore tuna longliners in 1981-
1985. 

yQir 

1981 
1982 
1983 
1984 
1985 

n 

154 
154 
139 
133 
144 

a 

75.499 
73.533 
76.784 
71.461 
48.971 

b 

2.051 
1.829 

-0.250 
-1.450 
0.258 

r 

0.124 
0.099 
-0.012 
-0.078 
0.123 

U-mean 

2.220 
2.408 
2.417 
2.430 
2.333 

V-mean 

79.954 
77.837 
76.613 
67.830 
54.913 

./ 



Table 4. Regression analysis of the ocean coverage rate (V) 
as a linear function of the hooking rate (U) of 
Taiwanese albacore tuna longliners in 1971-1985. 

Ocean n U-mean V-mean 

Pacific Ocean 15 104.18 -16.51 -0.432ns 3.487 45.247 
Indian Ocean 15 103.14 -24.72 -0.515** 2.217 46.991 
Atlantic Ocean 15 166.56 -37.17 -0.501* 3.270 42.840 
Total area 15 141.02 -32.19 -0.694*** 2.954 44.085 

refer to footnote of Table 1 

Table Regression analysis of the coverage rate (V) as a 
linear function of CPUE (U by number or by weight) 
of Taiwanese, Japanese and Korean South Pacific 
albacore tuna longliners. 

U-mean V-mean 

Taiwan U = n/100H 15 100.80 
U = kg/100H 15 112.93 

U = n/100H 15 85.64 
U = kg/100H 15 80.04 

Japan 

Korea 

refer to footnote of Table 1. 

U = n/100H 
U = kg/IOOH 

8 20.24 
8 21.79 

• 18.684 
• 1.524 

•51.241 
• 1.660 

15.948 
0.941 

•0.3997ns 2.941 
•0.5294** 44.025 

•0.3288ns 
•0.1371ns 

197 
708 

+0.4571ns 1.087 
+0.3753ns 15.780 

45.85 
45.85 

75.54 
75.54 

37.58 
37.58 

Table 7. Regression analysis of CPUE (in n/100H) between 
different tuna longline countries. 

X Y n a b 

Taiwan Japan 15 0.1634 0.0115 

Taiwan Korea 8 0.0863 0.3513 

Japan Korea 8 0.3400 5.2671 

refer to footnote of Table 1. 

X-mean 

2.9407 

2.8495 

0.1419 

Y-mean 

0.1971 

1.0873 

1.0873 

0.0721ns 

0.4838ns 

0.4214ns 

2 



l a b i e b. Annual hooking ••«•.«* and coverage r a t e of fa lwanese, Japane 

Korean South P a c i f i c a lbacore tuna l o n g l l i i e r s in 197 1 - 190S . 

Vojir 

11)71 

11)72 

1W73 

11174 

11)75 

11)70 

15)77 

11)78 

11)71) 

11)80 

11)81 

11)82 

1D83 

11)84 

11)85 

flrnn 

'-. V . 

f/WUAN 

n/J 0011 

2.804 

3.271) 

3.01)7 

2.712 

2.735 

3.743 

3.717 

3.052 

2.510 

2.132 

1.1)02 

2.331) 

3.031 

2.559 

3.173 

2.041 

0.200 

KB/10011 

45.730 

53.084 

50.050 

31). 001 

41.223 

08.402 

64.030 

50.727 

37.572 

30.477 

27.701 

34.343 

51.518 

37.372 

40.171 

44.025 

0.217 

% 

00.04 

00.05 

73.00 

70.40 

78.70 

80.49 

80.01 

80.52 

70.70 

82.25 

80.04 

80.57 

01.80 

00. G2 

00.00 

82.00 

0.000 

V 

32. 77 

24.74 

10.80 

10.02 

10.27 

10.41 

20.04 

47.54 

08.71 

53.33 

83.02 

78.17 

81.53 

00.58 

07.03 

45.85 

0.508 

JAI'AII 

M/J00II 

0.401 

0.280 

0.234 

0.100 

0.105 

0.102 

0.140 

0.103 

0.137 

0.003 

0.221 

0.174 

0.270 

0.187 

0.224 

0.107 

0.107 

Kg/10011 

5.805 

3.502 

2.703 

1.853 

1.244 

1.744 

1.802 

2.040 

1.000 

1.342 

3.322 

2.533 

4.008 

2.722 

3.201 

2.708 

0.445 

% 

20.1)0 

13.07 

15.81 

13.35 

0.83 

0.04 

8.80 

0.82 

8.82 

0.80 

13.22 

15.07 

15.70 

14.32 

11.25 

11.41 

0.375 

V 

50.01 

53.32 

55.08 

58.40 

02.15 

81.04 

85.12 

75.12 

75.45 

70.53 

80.40 

80.87 

87.00 

03.48 

00.70 

75.54 

0.103 

n/10011 

-

-

-

-

0.527 

0.002 

1.J27 

2.100 

1.252 

0.435 

0.875 

1.321 

-

-

-

1.087 

0.407 

Ke 

1 

1 

1 

3 

1 

1 

1 
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" a - -LL - '" ĴA. s ' l i ' s t ' z z - ' 

O K j —• i i _ _ z * i i i - i 

;«« S " : : ^ : : : ; . : 

tt 

i» "• »«•' m r i r i H is» 

Figure 2. Monthly distributions of Korean South Pacific 
tuna longline fishing grounds. Numeral m 



J « «0 30 20 10 * ! * 10 20 JO *0 40 I 

F 
-it( 
et£l 
^jy 
w 

-|cj 
ojs] 

r s 1 ra 
Wtl 
Sjtj 

fcl PI 
-J3 ppj 
r P 
kpl ksj 
*ra 

El 
cj 

n\ 
£ 

2 
J 

.1* 
9 

JI 

1 B— "r1 
> 

fe s 

p 
- \ 

r~u 
• s M 

J ! B « 

1 

If 
Z K 
I D 
JJ 
~> 

Ji 
321 

V -
• • • 

t • • -^ • < ; T i 
</ • • 

• • 
• • 

• • • 
• 

• • 
• • 

• • • 
• • • 
• • • a • " • 

• • 

~s 

; ? » R 8 f e p i ! B t ! ? : | = S I 3 B « C 1= 

1 1 W T- - f r -1r-v^ 

^ISte \ < * • n i p 

'J' h- • 
W|^/C 
s t A 

^ ^ K C 
< i ^ 

i 4 i 
. 1 * 2 
. i i S 
• r . r s j s 
• » • * 

. i _ £ « t t 
• • • •!• 
• • • • ! • , . ,. 
• • •«• 

. l i l S i l 

. i i * * i * . 
• • • • f • 
• • • • [• [ 
• • • ) « • " 

* * . [* 

"T" 
• 1 

' t 
^T" 

[" 

~__x / 31 i / 
l l j i i z y c 

T i -^ : f r : fc - y ^ ^ j s 
3 ^ Xlh 

ftf /TT • - * s l i S fc * fts is tt : f e * B 

fc §2 [ i 
X -A • ^ • - ^ T 

"• <P^ 
- 3 v A 

X ^ 

. 

_ ^s*~* 
~ ^ 
z& T 

> I 
£= ^ 1° ^ N I 

'\ 

• 

L'_ • £ 

i j 
zs 

** 

ft****! •* 
jf-
="" 
' * 

_/< 
S.s w ^ ; ; 

T j = 
Ji 

,/i 
v | : 

5 . 

i -- b |A IA l A kt 

r—N • • • j 
• * n A A j ^ 

r n * - ?* 
n v . . \ 

±—^ 
H-HJ i y ^ <fin 

- r -y ^ ; t c S c a b - 6 
05 0 . Ot 02 0. H * - 0 l 02 Ot 0 , OS 

SO 40 20 20 10 •»!* tO ZO 30 40 JO \ 
1 B ft 

IE 
J i 
-g j 
E 
K 

r 
o C 

fe 
B 

*=ff 
Sf; 

r̂ E 
a ; 
*3 
<<; 
-. £ _ 

E 
E 

S3 
1 
5 

^ " 

J I 
55 

S 

si 
5 
: 

3 : 

" 2 

' 

e j K = * ? * « 

! ' ! 
i 

M J-* 1 
f ' 

I i x_ -±j Q 
-V ) 
Z> d ZJ % 32 l ,4=1 
S v . / ^ 

u ^- • I I I z. • ' _ _ i 
_rL • • ' --11 

\ N v • ' • • • 
V " 

: . ~ ' ; ' T .1 
• • v r y 

• • • • • 
• * • • • 

C~ * *.. i • • • * • 

• 4 • * ' • 

•_!_• • 
• • • • • • • 

_-,- ZJP" 
s^:'^4-' 
t 

\ 

a g c t e c r t t i S C P S P P C P 1 
^(OV 

L'kl ^ ^ 1 

^iL^ H e JV i is V'—^^ 

-££ 1 -
^ S I 5 

m R 
> G-

' i i ' . . •• r V > 

j < _ " X T 
7 i : : : : : i 3 N r / — T^ y_::z : ± j< 
T 
•;• - r 
•'!•' "1 
• ! • . r, |-

U 
• i * 
•i« —r 
• f f - - - -
• • • 

• • 
• • 
• ( • "I 
• • 
• • 
• • 
• 

?* 
7 

" I'JS? 
L J / 

~---n • ty CT n 
• • iv/v"n 

P - J 
5j° 

V 
1 JIV -

J C 

r"^ 

x 

"ft r 
£r° 
t r 
p^ 
&p 

m 

N* £| 
" S t S V:r ^; 
_ /* J» Jt-

r 5 

•••: 1 

"" 1" 
IT"T^ A ^ 

/ I 1 1 Sr ; —-rti 
I S S B B S S : s b s B b a i 

OS Of Ot 02 01 " 1 * 0 1 02 OC Or OS 

| 
P 

-a 
^ 
^ ft 

J i 
St 

S 

™P 

1-
t-c 
SF 
T" ^R 
sffi 

ES a -

5 ^ 
B 

-S 
=lT 

P 
*i c 

£ 
S s 

i 
1 

}0 .0 30 20 10 *• < 
2 S c 

p 

"* S " I t f t t f e t S S I I 

T71 

CI. 
rt 
_s 

_/ *~~r-

I B S 
\ 

7 <t 
1 \ ' [ , ' \ 

l U ^ H - J - K O 
r vi ' . r i -JL N I S -
11 i ' !'" 

-P J - ^ ~ 
r £r2-L ^ S £ : Sv r i /~^OF 

, • • * . . : V... 

• •!• v • • • • • [ • 
f • • • • • ! • 

• • • • •!• 

. . j 

• • • 
• 

• • 
• 

'1 • 

• • • • • fXi. "1 
-/^ ^ ' ; ^ 7 

t ; S J t f t i i a i s b 
OS Or Ot 02 01 « < 

tO 20 30 <0 SO 
s b b f f f e t e c p c a is 

2? ; 
t-a is [ ^ ^ ^ i v « 
G 3 ^ ^ ^ - ^ 10 - ' . T ^ 
l_i - i ^ - X - - ^S g_ 33 
i _ j 

i — j 
i 
i _ j 

^-^~ 
: ; : : 7 ZZZZ& 
" ~ s 

--] 
j t r j j 
^ P i t ) 

E5 1 

f ^_ j 

v. 

-4 

r f 
\ 

^ J 

t ^ '"A 

^ 

\ l 
-it 

h 
HJ 

n . 
^ 
; j " 

< 
, J « 

p i « v . ; 
Vt 
/S 

; / ? 
^ \ 

A |A fc 

• • -

T(~\ ,,,1/L^ »• 
< Ujy j " " *v 
Jirf 1 >< 

a z - t : i> / I N ̂  J 
s s B l i S S s i ; * ; « .. 
oi 02 ot n> os 

-o 

" Jo 

s 

-p 

* 
? 

= 

fa 

e 

t-
o 

" 

s 

SO <0 10 20 10 " ' > <0 20 30 <0 SO 1 

X s -8 
£ 

- 5 
S3 
| 
| 

:£ S5 
1 — J 
1 ^ J f 

S f e i 

^: 
i i 
Ii * ! 

E 
c 

?t 
P 
r 
c 

g 

-5 =Tvi 
ft 
E 

^F 
E 
p 

T* 

• J - u - ^ - U 

: ; K ^ » i i t : B i e > : s s e ^ : is n 

~J 

izi "v 

^ • ' 
r 

• 
• 
• 

SS3 

M I I I r/OV 
\ . ! a.-l> W. 
i ^ - i 

r c 2k ^ 
n 
^ , 

i^r J$ 
Mr * 

* l * • 

• •! 
• ••• • 
. TT. • 
• • ( • • 
• •!* • 
,' ' I * „• 
• • I * • 
• • i • • 
,. : i * : 
. . . . . 

• |. . 
*il' i i . . j . • 

1' ' j 
T 
[ 

| j 

|. )* 
| . j . ( 

i " ] ^ • 

r • 
> 

— L ' 
~\ 

]VL\' ' Il i^V->1 | 
' ^ » -RfJi. 

< - U ' . . . * - 1 

)l W ! vr/> i " 
5 3 / - i '/r& t 
T V ^ - j 
•|#1" 1 
•I ' l* "X 
• ! • ' • 1 
• • ! • 1 

. •!• _, 

. ••• • - i s -
• • J« : I _ 
. • ( • 
• * u 
. . . 
. • ! • . r 
* *l* • • ] • 1 
. . j . 

. i". i™r 

: i : : : 
•|. 

z : : : : ? 
/ 

ZZiI_i_7' Z J Z X L : 
- ^ 3 ^ -

\ ^ Is 
y r ^ - r ^ 

1 l-.l S^v 

1 1 I* i ^ 1 1 \Vj v 

1 i r-fri 

5 S 
E 3 

v „ I K p 

' 1 1 I i 
M | iv 

1 ' 
' 1 
I I 

_ j . 

i 

i 1 ' 
I i 

J ^— tiZV 
$4? . 
y ,r 

i fM— 

• ES 
\ 

_L 

zs 

fso 

" t r 
r l^ 

1 = j £ 

V PL 
* ^ W - » w 

* f 
fp! 

w ^ C|o 

-—v • • • tT 

^ ^ ' d i*7 ' rv 
i i * 
U J 

W i 
! b i : i i t s s i S : i i ! ! S 

os or ot 02 oi - x o i 

1 1 > 

1 > 1 1 ^ 

C I 

^ r̂ 
s = : = = n i B ; 

12 oc at os 



SO <0 30 20 10 " ' * 10 20 30 ' 0 SO I 
S P 

5 f 
-* 
? * 

S 1 

si oi 
i 
i 

*E 

• c 
*f* 

*s 
^E 
=|[ 

E" 

(3 
s 

Ji 
sa 5 

si 
: 

* : 
; 

""a 

' 

<r •s 

? p s s s r s s t i : . ' ! . ; : : ^ ?? c Is 1 . 

~~:i:xr 

' V 

A ~\ 

i 1 J-*i I U t U 
ii U L ^ = ^ » . * » • , 

i ) # i" i i • » r 

1 
{ 

-̂  
2 

U - - •• 

•^1 

> 
^ yc 1 

(C*\J) \ 
^S jf / i 

JH%4 I 

. / r t ^ r - f . , - i . 
i . I . I * 

. . •!•!•!• 
• • tl*!*!* 1 
• • # • f«T* 

• • i*i*'!i» i 

• .[•!•(• • I » I » I « 
• • • ! • * • ! • 

. I . ! . | . 
• l»l»l.l» 

• • ! • ( • • ! 
• •(• •! 
• - I * • ! 

I "_ I I IE : : 
~P « 
i 
f-

> ' * * • J 

"S 

C-a z x I H 
I | TS 

•* 1 1 \ r, 

^pift^>-^ 
< 3 £ * 

IS It •3 2 © 
'. , .. "• i,r^» 
1 * 

i ^ 

r 
i 

I 
I 

"T~ ""̂  
r__ .. I 

I I I I ^ 7 ^ ZZ.Z& 
£ „ ' .jr 

\/n\ -/S-Q 

Li y so 
^ ^ s J 
7 W S 

I 

\ 

jp— 

"V > 

Ml gL. 
£ « 

-C" 

fel° 
fci* 
P H 

1 S 
• - « 

NPL 
«\£fc 

5* f • 
f o 

E -

• • * e 
P •* 

i^M "" w 
j tftvM \ 

i ft J IS JL 1 , . 
i 

^ 
^ ̂  j » 

OS Of OC QZ Ot * | * 0 l 02 OC Or OS | 


