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Some Problams in Catch Statistics of Tuna Longliner Fisnsry

Chisn-hsiung NANg

Apstract
In Taiwanese tuna longline fisnery, annual catches were
raisea oy four methaods; by number of trips, Dby number of sets,
Dy number of nooks of each oczan and by number of nhooks ofFf eacn
5-degres square subarea. Tneoretically, it can be proved tnat

the estimates of annual <¢atch can be checked through the
relationsnip of coverage rats and the hooking rate. ’

This paper <tries to discuss some problams of catcn
statistics of tuna longliners. The differences of estimatas of
annual <catches raised by ocean coverage rates and subarea
coverage rate are compared. Taiwanese tuna longline fisheries
are used as an example to check the relationsnip Dbetween the
coverage rate and the hooking rate. The relationsnip of oc=an
coverage rates and hooking rates of three main South Paciric
alpacore tuna longline countries are examined too.

The results are concluded as follows.

1. Taiwanese Pacific and Atlantic tuna longliners always
t2nad to provide higner subarea coverage rates when tne hooking
rates are increased. I[n tne Indian Q0cCean, they tend to provice

lower subarea coverage rates when the hooking rates ara
increasead.

2. Oc=an coverage ratas of Taiwanese longliners are always
Jecraasea when hooking rates are increased. This implies tnat
tne annual catches or Taiwanese longliners estimated by subarea
coverage rate are always lower than those estimated Dy o©cean
coverage rate.

3. Taiwanese and Japanese South Pacific albdcoras tuna
longliners always reveal negative correlation coefficient between

0cean coverage rates and nhooking rates. But, Korean longliners
tanag to nave a positive correlation coefficient.
4. The distribution of fisning grounds of Korean Soutn

Pacific aloacore longliners are of tne intermediate type of
Japanese ang Taiwanes2 South Pacific tuna longliners.
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[NTRODUCTION

Tuna longline fisnery is very important in exploitation of
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tuna-like Fishes. In Taiwan, almost all of tuna-like fishes
ar2 exploitead by tuna longline fisneries. Altnougn some other
fisharies, like as large purse sainers, large gill netters arz
developeg rapidaly in recent years, longliners are yet thne most
important fisheries in tnis area.

Fisn stocks are arfectaqg by man's activities. The sugcass
of the fisneries depends critically on the state of tne fish
STOCK. Hence, w2 n2ed to know that the condition or tne Tisnh
sTLacCK and tne etffact an  these stock of actions being
contemplated. We also need to know what the effects of fish
$TOCK under different fisnery managements. To assure 3
succassful fishery management can be carried out, the decisiaon-
maker need a sufficient scientific advice about the-state of tne
fish stock.

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

Update, the most important data source of South Pacific
albacore are collectad from catch statistics of tuna longliners.
Catch statistics collected from the commercial fishery can
doubtless provige 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

they are always in under-estimate. [t is interesting to Xnow
why they are always different from the landing catch data.
In this paper, we try to discuss some problems about the

annual astimates of «catch statistics of tuna longliners,
especially for Taiwanese tuna longliners. All of the analysis
based on the coverage rate and the nooking rate of tuna longline
fisneries.

MATERIALS AND METHOQOS

A rather complete data collection system of Taiwanese deep
sea tuna longline fisnery was built before 1971, From 1971 on,
annual report of catch statistics of Taiwanese deep sea tuna
longline sfishery was publisned by quarteriy and by 5-degree
square subareg for each year. Annual catches of Taiwanese tuna
longliners were raised by coverage rates which were computed Dy
following four different methods.

Befaore 1970, only the total number of trips was available,
nence annual catches were estimated by the coverage rate of =ach
acean which was estimated by the number of trips. In 1970-1971%,
coverage rates were also caomputed 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 caoverage rate was yet computed by each
ocean too. gdefore 1976, catches of each 5-degree square



subar=2a nad not been raised to 100%.

From 1977 on, the coverage ratss computed accorging to
the number of hooks used in eacn S-degree square subarea were
also publisned in the annual report. But annual catches were
yat raised by coverage rates which were estimated by each ocean.
From 1980 on, tna annual catches were accumulated from the
catch of each 5-degree square suparea wnich nhad been raised to
100%.

As stated above, catcn statistics of Taiwanese tuna
longlinars weres raised by coverage rates wnich were computad
according to four different methods; Dby number of trips of eacn
ocean {(before 1970), by number of sets of each ocean (1971-1972),
by number of hooks of each ocean (1972-1979) and by number of
hooks »f zach S-degree square subarea (1980- ). Before 1980,
the =f¥zcts of tne annual estimates depend on the data sources;
by =rips, Dy sets or by hooks. After 1972, the estimate of
annuyai catches also depend on the methods wnich were useqd;
raised by ocean coverage rate or by subarea coverage rate.

[n this paper, two assumptions are necessary. One is that
tne reliability of the data sources is disregarded, that is that
all of tne original data are assumed to be collect. The other
gne 1s that c¢overage rates of Japanese and Korean tuna
longliners can be converted to those estimated by number of
NCOKS. Tnen the annual catches estimated by different methods
ana by differant tuna longline countries <can be discussad as
follows.

Assumed that the annual catcnes were estimated by two
different methods; one (method A) was raised by coverage rate of

each ocean. and the other one {(metnod B) was summarized from
the catches of each S5-degree square subarea which had Dbeen
raised to 100%. The results estimatad by these two metnods can

De represented as faollows.
[n tne case of twa subareas, it can be written as follows.

metnod A TC

"

(C1 + C2) (H1 + HZ)/(M + h2) e

and

method B8 : TC!

C1 H1/h1 ¢ C2 Hz/nz ..... 2

where,

Ht = total number of hooks used in subarea 1,
H2 = total number of hooks used in subarea 2,
R = sample number of hooks used in subarea 1,
h2 = sample number of hooks used in subarea 2,
C1 = catch in number of individual in subarea 1,
C2 s catch in number of individual in subarea 2,

" TC = annual estimate by method-A,

TC' = annual estimate by method-B.

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



methoc-A 1 TC = () ¢y J " i (Z.n hi)

1=1 i=1

Then, the difference of estimates of annual catch between these
two methods can be computed as

0 = TC — TC!
H1 H2 C1 Cc2 h1 h2
= ( )( —_ —)
h1 + h2 h1 h2 H1 H2
..... 5
for two subareas. For n subareas: I, 1 =1, 2, 3 ..... n,
it can pe proved by induction that
n Ci Cj hi hj
o:rc—rc'=(§ Hi Hj ( - ) ( - ))
i=1 hi hj Hi Hj

j>i

n
[
i=1
( " ) )) " 6
= S Hidj (Ui — uj Vi—Vj-/E hi ...,
i=1 1:1
j>i

Here, U=C/h ang V=h/H can be considered ads the hooking rate and
the coverage rate, respectively,. .
Generally, the variation of coverage rates may be effectad

by tne goodness of the hooking rates. Higher hooking rates
could be considerag ds a helpful factor to promote the fishermen
'to provide more catch information. And, they nave a lower

willingness to provide any catch informatioen when they met a



vary bad fishing condition. On the other hand, they may Dbe
tand to cover a factor of goad fishing condition too, because
they don't like to let other fisnermen to share their lucky or
petter experiments. Here, assumed that tne coverage rate
depends on the hooxking rate, that is VvV =a + D0 U. Tnen,
formula-6 can be rewritten as follows.

n 2 n
0D = TC - TC! = ( Hi Hj b (Ui —Uj) ) ni ..., 7
., /=

j>i

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
nooking rate (U = C/h) of each subarea. -That is

1. I7 each subarea has the same hooking rate, then D = Q,
that is TC = TC'. These two methods have the same estimate.

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

” . [f each 'subarea with higher hooking rate has nigher
coverage rate and/or lower hooking rate has lower covarage rate,
tnen 0 is positive, that is TC > TC'. In this case, the annual
catch estimated by method A with Ocean coverage rate is greater
than that estimated by method 8 with subarea coverage rate.

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

S. 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 D is determined
5y the relative values of hooking rate ana/or coverage rate of
eacn subarea. If higher hooking rate tends to have nhigher
coverage rate thean the sign of 0 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, 1881,
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.

the number of subareas,
intercept of regression line,
regression coefficient,
correlation coefficient,

itohonon
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U = CPUE by catch in number of individuals per 100 hooks
or catch in weignt of kilogram per 100 hooks,

ocean coverage rate or subarea coverage rate,
coefficient of variation.
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RESULTS AND DISCUSSIONS

Table 1 shows tne results of regression analysis orf coverage
rate (Y) as a linear function of each subarea hooking rate (X)
of Taiwanese Pacific albacore tunad 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
subarsa tends to have lower coverage rate in Taiwanese Pacific
albacore tuna longline fishery. However, no one of the
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 laongline fishery. According to this Table,
only the correlation coefficient of 1983 1is 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 1932, the negative
carrelation 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 wh2n 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,
respactively.

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 this Table,
only two negative correlatiaon coefrficients of 1983 and 1984 «can
be found. For the other 3 years, positive correlation
coefficients imply that higher hooking rate subarea tends to have
nigher coverage rate. Generally, the value of <correlation
coefricient 1is very small and no one reacnes tne significant
Level. Average coverage rates and average hoogking rates are
variad in 54%-80% and 2.2-2.5 individuals per 100 hooks,
respectively. :

As stated above, the 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 1is
increased and convarsely, 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 wnen tne hooking rate is increased.
Next, the r2lationsnip between the annual hooking rate and



tne coverage rate by each ocean is compared too. As shown in

Table 4, all of these tnr2e oceans show a significant negative
correlation coerficients, especially 1in Indian albacore
longliners. The negative correlation coefficient of Ingian Ocean
is -0.506*~ reaching 5% of significant level. The next is
tne Atlantic Qcean. [t is -0.501* over 10% of significant
level. In the Pacific QOcean, thougn it is lower than 10% of
signiticant level, it also snows a clearly negative regression

relation Detween the coverage rate by ocean and the annual
hooking rate.

For overall fishing grounds of Taiwanese tuna longline
fisnery, the negative correlation caoefficient is ~0.694x**
over 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
9 «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. Fisnhing 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
fisning 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
coefficisns of Taiwanese <tuna longliners strongly imply that
fisnmen always tend to provide lower coverage rate wnen the
hooking rate is increased. This is one of tne important reasons
why the annual catcnes listed in annual reports are always said
tc Dbe under-estimates., Of course the precision of the annual
estimats may be effected by other factors too. In the fyture,
if we want to improve the precision of the annual report, it is
absolutely necessary to increase tne willingness of filling the
¢atch data.

Table 4 reveals that Taiwanese Indian Ocean longliners
provide the highest 46.991% coverage rate. The next one of
caoverage rate is 45.247% which is offered by Pacific 0cean

longliners. The lowest one is 42.840% whicnh 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 ot 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 thea 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



py 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 inagividuals per 100
hooks, catch in weight of kilogram per 100 nocks, 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 = Ogean 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 Paciric
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
catcn of overall Pacific longline fisning 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 wvariance (c.v.) 1is 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 rates are varied heavily

with a larger coefficient of variance 0.598.

Table 5 also reveals that the coefficients of variance of
hooking rate 1in number and coverage rate of Japanese tuna
longliners are keeping at a ratner 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
withn 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.

Qn the ather hand, Koresan longliners have a larger values
of coefficient of variance during these eight years. The
average percentage of albacore in total number of catch 1is
39.79% which is lower than Taiwanese longliners, but greater
than Japanese longliners. The average values of CPUE in both
weignht 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
dnnual coverage rate as a linear function c¢f annual CPUE of these
three tuna lomgline countries of South Pacific albacore. In the
case of CPUE 1in catch of number, no one of the correlation

coefficient reaches the 10% of significant level. [t 1is
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

!pngliners 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
coefrgcxent. For Japanese longliners, though it 1is yet &
negative value, it is very small. For Korean tuna longliners,



rather large positive correlation coefficient can Dbe found,
though it doesn't yet reach the significant level. Because
tna: catches in weight of Taiwanese tuna longliners listad in
annual rsports 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

catcn in number betwean 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
turia 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 south of 40°S, especially on the south of 30°S. Japanese
tuna longliners are targeting on southern bluefin tuna, and
seasonally change to targeting on bigeye or yellowTin tuna. As

shown in Figure 1, main fishing grounds are concented on the
westarn 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-Xorea and Japan-Korea.
Korean Soutn 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 Japanesa 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 2aci1fic tuna longliners havs a certain degree of overlap
in seasonally with that of Japanese or Taiwanese longliners.
The opercentages of yeilowfin and bigeye tuna in total number of
catcn 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
gc2an and Dy hNooK of subarea.

2. Theoretically, it can be proved that the relationship
of coverage rate and hoqQking rate by each subarea can be used to
check the 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 nigner coverage rate, then the annual catch estimated by
ocean coverage rate is higner tnan that estimated by subarea



covearage rate.

5. If each subarea whicn has higher nooking rate tends to
have lower ccverage or conversely, lower hooking rate tends to
have nigher coverage rate, then the annual catcn 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
hooking rate is increaseaq. However, the tendence is not SO
clear.

7. On the other 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
tne 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 catcn 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
loangliners. 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 Tunction of the nhooking rate (U) of
Taiwanese Pacific albacore tuna longliners in 1981-

1985.
==8~===:4::========:===========================:::::::::::::::::::
year n a b r U-mean V-mean
1981 173 78.494 0.824 0.047  1.584 79.709
1982 125 82.629 -1.830 -0.093 2.010 78.820
1983 89 78.412 1.158 0.105 2.954 81.656
1984 89 70.919 2.050 0.086 2.173 75.210
1985 69 72.032 -1.529 -0.078 2.567 67.897
note : ns = no significance, * = 10% significant level,

** = 5% significant level, *** = 1% significant level.

Table 2. Regression analysis of the subarea coverage rate (V)
as a linear function of the hooking rate (U) or
Taiwanese Indian albacore tuna longliners in 1981-

1985.
year n a > r U-mean V-mean
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 §7.086
1984 123 62.976  -1.422  -0.063 12090 61.324
1985 105  19.160  -4.250  -0.188* 1.008 §4.517

- .
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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.

year " 5 r U-mean V-mean
1981 154  75.499  2.0581  0.12¢ 2.220  79.954
1982 154  73.533 1.829  0.099 2.408 77.837
1983 139  76.784  -0.250  -0.012 2.417 76.613
1984 133 71.461  -1.450  -0.078 2.430 67.830

B R I e s e T wr w W mE - v -y - - —r—x— =
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Table 4. Regression analysis of the ocean coverage rate (V
‘ as & linear function of the hooking rate (U) o
Taiwanese albacore tuna longliners in 1971-1985.

o e Sm e W TY e M T mm m mm e W WR D SR TR MR e G s e WP M m m mn S M e WS Wk Am w48 M NP R Mw En Em S wm mm o e e S P W W W M o TSI ST
S B S 2 S N 2 P S P R S 2 -t E E o A R AT R

Pacitic Ocean 15 104.18 -16.51 -0.432ns 3.487 45.247
Indian Ocean 15 103.14 -24.72 -0.516%*~ 2.217 46.991
Atlantic Qcean 15 166.56 -37.17 -0.501~* 3.270 42.840
Total area 15 141.02 -32.19 -0.694*** 2 954 44,085

v S e e W W s e M e e Mr WS S WS Y e mm e e D D Wr wr W WP T mm T Y tm mm M e W WM A Me er e T M e e T R T Am Em e e e am ve M o W w W I
E ST IS TS S R S S S S S e S S S S S S S SRS R S s SECE S S ST s E ST SSZCcsssS S, e==~-

refer to footnote of Table 1.

Table 6. Regression analysis of the coverage rate (V) as a
linear function of CPUE (U by number or by weignt)
of Taiwanese, Japanese and Korean South Pacific
albacore tuna longliners.

P B R O e S e N e e Sy Y S P T T P rE T X
R RS S S T A SRR R EP R

" . - D D D . =D W D b W S YD AP WD D P MR N T G WP e W W R R W A W W M WD D WD R Ep WP P P G D S = M W M WP W W wm W W e

= n/100H 15 100.80 -18.684 -0.3997ns 2. .

= kg/100H 15 112.93 - 1.524 -0.5294** 44,025 45.85
0
2

Japan U = n/100H 15 85.64 -51.24%1 -0.3288ns
U = kg/1004 15 80.04 - 1.660 -0.1371ns

= n/100H 8 20.24 15.948 +0.4571ns 1.0 .
= kg/100H 8 21.79 0.941 +0.3763ns 15.780 37.58

I T o I o T o 20 w8 o mm o e e M = un e T = S T e YD e T S R M W TE A s WP Mm Er N WD mm M em M M S S e e am am e e W W um T o D T
R L 2 R ST - T - 2 R B R

refer to footnote of Table 1.

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

S R T o o E o o T o o e o= = T T o ah An A S e e D An m e e M MY S e R m am W T P W T S M N W e e M mw Em E e m D
ERE R AR A A2t T - - 2 T B - B R R

Taiwan Japan 15 0.1634 0.0115 0.0721ns 2.9407 0.1971
Taiwan Korea 8 0.0863 0.3513 0.4838ns 2.8495 1.0873
Japan Korea 8 0.3400 5.2671 0.4214ns 0.1419 1.0873

B O O R R R Y S L R R e Y T T P P T 3
L R A P -5 5 P R R R A

refer to footnote of Table 1.



tabie 5. Annual hookling rale and coverage rate of Talwanese, Japanese and
Korean Sonlh Pacific albacore tuna longliners in 1971-19085

. o TATHAN o JAP A KOREA

Yo 1001 | Kestean | % v |10 | kestoon | % v |wioen | ke/teen | % v
W71 | 2.864 | 45.736 | 66.64 | 32.77 | 8.461| 5.805 |20.99 |56.61 - - -
(972 | 3.279| 63.081 | 60.65 | 24.74 | 06.288| 3.502 |13.67 |63.32 : - -

1073 | 3.897] 50.950 | 73.06 |16.80 | @.214| 2.703 | 6.81 |66.08 - - -

074 | 2.712) 30.001 | 79.40 |18.02 | ©.166| 1.853 |13.35 |58.40 - - - -
975 | 2.735| 41.223 | 78.76 | 16.27 | ©.165| 1.244 | 6.83 | 62.15 | ©.627| 18.528 | 16,75 | 9.6
1976 | 3.743| 00.462 | 88.48 | 10.41 | @.182] 1.744 | 6.0 |81.04 | 8.002| 18.459 |38.66 | 17.8
1977| 3.717| ©4.830 | 86.91 |26.84 | 6.140] 1.862 | 8.80 |85.12 | 1.127] 16.113 |38.43 | 44.9
1078 | 3.6652| 66.727 | 86.52 | 47.64 | 0.163| 2.640 | 9.82 | 75.12 | 2.168| 32.748 |50.67 | 64.7
79| 2.516| 37.572 | 76.79 | 68.71 | ©.137| 1.080 | 8.82 | 76.46 | 1.252| 18.156 |41.38 | 5.7
1080 | 2.132| 30.477 |82.25 |53.33 | 6.003| 1.312 | 6.8 [70.53 | 0.436| 7.632 |17.88 |50.9
108l | 1.002] 27.701 |8c.04 |83.02 | 0.221] 3.322 |13.22 |89.46 | 0.875| 13.128 [60.46 | 2.1
1082 | 2.330| 31.343 | 89.67 | 78.17 | ©.174| 2.633 | 15.07 | 89.87 | 1.321| 17.674 |56.88 | 34.9
1083 | 3.631] 61.518 | 91.80 | 81.63 | ©.270| 4.008 |15.70 |87.80 | - - - -
1984 | 2.550| 37.372 | 90.62 | 60.68 | ©.187| 2.722 |14.32 | 03.48 - - - -
1085 | 3.173| 46.171 | 90.908 | 67.93 | ©0.224] 3.200 |11.25 |908.79 | - . - -
Glean | 2.941| 44.025 | 82.08 | 45.85 | 0.197| 2.708 |11.41 | 76.54 | 1.687| 16.788 |39.79 | 27.6
c.v.| 0.200] 0.217 [0.006 [0.608 | 0.107| 0.445 |0.375 |0.103 | 6.407| ©.450 |@.414 | 0.50:




‘Gg861-1/61 butanp eaueqns eyl Ul p3Jdndd0
saaut(buoy oasauedep Jo saedk jo J3qunu Y1 sueaw
[eaBWNN *spunodb bHuiysyy sutr(buoy euny adsodeqie
d1412e4 yinog adsauvedepr Jo SUOIINQLAISTIP K1YluoW *1 9uanbiy

7] T )
AT N L1, 8] - ]ﬁ#mjuﬂu— 311806, lap o, Eﬂmg% I.*WMENWEH Wﬁ.ﬂ 0 o ”?‘ul-..ﬂm!:
. T RN
4 ..”mo. . by G .LW b o Jelle ool
4 ..F . s w.ﬁ\ -+ noorasE S
g1 1 ° [ . J1-11- jelelele]-
2 o =1 — ol . . RE O of o [@fe Mo
o sfefe o] ] ma‘ ol . . . . elw 'V .ﬂ
~ R BDD 5 11 5 oy o 3] TEEECCEERD: TT1°1° 11~ o—.—“ﬁ? ov
° ”‘o slelso~I T I 4 nf_ 0“ r...._wm oo 11 ...-.oo-‘ JSH n;
- A+ - slelole pEpRuAgaan sfefrfr
s 0“ .M‘ "M..... “u iW.qn .—O ._On....-u. e).—.ﬁm 1&
» 1{ >u - TN
2| i o ] Ui
hﬂio ﬂq/ ﬂ_l[ .“
- = o
&h 2 nls & M.—.Rg N : uau
ST X . AL N 1
R / L T b - ®>n mv« ﬂv
<¥ 2850 it - 9, 2n>eSe 4 o
M. G > ey n Oiu\ " o> .v » 4 - >u63-90m S.S
2k NNST - - nfs ~I vt ) HATTHL N Nvavr |7
)
i 19 /\w /%.\A ot L .\\ W—
- B T L 7 2 5 il
~n~!..%m§ omiqri_m%:w (W I L AT 0 U - dm. L 7 7 Wil iz ﬂﬁ )

_ -1r T .
“ o sfefefel.fe .
g Topa o Y
h : - wa b .
ek 9 . JACPas
Ruic T YA ] N oisielell YL
- J.1 » Rjo ~ — N I T+l lolelote o
Nqu! * : hd . . ., of ﬁ » ol IERE0LN .,
o ST T IR T T+ T EEI e b ~ ndooonnoogan AT EIFECER BN A or
o olefe|¥]® Dgn 1] Bganang - i . [...OU [ o315 r 1s IRGONNG .
“ -h.“ ”Wﬂ....oo.. o [o]e e P [ =M J:Fle sfel*S I -I-I"I 1 -I<|® NG ETS nlo
I&u O—Q O oje[~{v]-1"|e]® o B33}/ ﬁ“NLNL lw_ﬂ“ sléle]e hadonnogono Ii:—ﬂih
M
=K ot NIW :H M: =1 |ﬂiu
JMfL & | AN Y ae
o oried 1 \'e . o t i,
“r }H.® ﬂﬂ 17 N % ﬁu & . HMN—mU N Y ; nfs
AF [~ 17, i =g = 7l
! A (e S W {
"1/ | Y W. ] 4N ®5n ¢ - W W
> - - =d
- e R W - N> 83 q hrls
7 " .« 5 N 9 > 83y P bt
w:U\ v > a3 uu n:u y > 5%0p C S y Asenuer  |ds
:7.) W W 37, ¢ ﬁ\\ NVIVE
A 17,0 Ll L S0 L0 U U L T A U wll TP A e B 4 LA R bt g L4 B B -&ﬁuﬂ-ﬁ@ﬂﬂmﬂa. Lild
| 7 iy | shuann | W 1 B S 1himhiion | St 10 a3 St /S et 24 M A o * i




Figure 1.

continued.
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Figure 1. ..... continued.
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Figure 2. ..... continued.
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