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ABSTRACT

Taiwanese small scale longline fleet is the maiarde harvest Pacific bluefin tuna
(PBF) in the southeastern, eastern and north eastaters off Taiwan, The fishery
targets giant PBF spawners which almost all PBEaitch are larger than 165 cm in
fork length, and seasonally from April to June egelarr when the spawner aggregated
to spawn within the indicated waters. The standadlicatch per unit effort of PBF
for this fleet is important to be applied to st@dsessment as an abundance index of
spawners. Taiwanese PBF fishery is composed of emigil scale longliners (<100
GRT) with a long history, first as by-catch staargl later sincel993, as the target
species. Other fisheries such as set net, may @atfdw PBF incidentally. This
longline fleet can change their target specieshe#&sward yellowfin or or bigeye
tunas, billfish and swordfish depending on the ifighseasons and market price.
Catches are mainly unloaded at ports of Tungkangpo&nd Hsinkang. A trip lasts
for about 1 week on an average, the duration depgngon the fishing condition;
and whether they deployed either 1 or 2 set(sppgraccording to hooks used per set.
Salted or fresh squid bait is used. The fishingseaf PBF is extended from March
to September recently, and most of PBF catchesisually taken in May and June
when giant PBF migrate and aggregate for spawninghe waters off Taiwan.
Currently almost 60% of PBF landed are domesticatipsumed and the rest are
exported. Collections of catch and effort data BFFHor this fleet was initiated in
1999 and extended to 2008 from auction recordskanfarkets for catch information;
and Port Security Inspection Station for fleet dyies that is used to estimate fishing
effort.; Since 2008 logbook system has been estaddi instead of collecting fishery
data for this fleet. Accordingly, a time seriesstdndardized catch per unit effort was
estimated by applying general linear model withryeaonth and vessel’s pattern as
fixed factors with and assuming of a Gaussian estrcture. The standardized catch
per unit effort showed a significant steep dectintrend, i.e. a sharp decline from
1999 to 2002, restored and stayed steady in 2002@04; dropped to a low level in
2005 and remained there until 2008, then decreagaih 2009 to the historical
lowest level of this series in 2010 and 2011.



PREFACE

This paper is updated based on the report (ISC WBF06-14 and ISC PBF
WG-07-25) presented in the ISC Pacific bluefin tuwearking Group Meeting
(Shimizu, Japan 2006; 2007) and Lee and Hsu (280&)t the newly updated index
of abundance for the Pacific bluefin tuna targdigdraiwanese small-scale longline
fishery. The primary objective of the present stugdyto generate representative
abundance indices included in assessments of thecHauefin tuna updated to 2011.

INTRODUCTION

Pacific bluefin tunaThunnus orientalis is a large highly migratory pelagic
species over most of the eastern and western €&xtan, which have been exposed
to multi-fisheries since industrial fishing launchén the 1950s. This species
represents one of the economically important paegiafish resources. Knowledge
about this species has been greatly improved biotigehistorical fisheries and long-
term studies from different fishing nations. Yspawning stock was little known
before the longliners were intensively commencedhs 1990s for the high-priced
sashimi market. Taiwanese small-scale longlinetflgessels less than 100 GRT)
seasonally targeted the spawning stock in the watiéisoutheastern Taiwan from late
April through June. Catches taken by Taiwaneset #dter 1997 were increased to
around 10%; particularly the individuals caught allegiant spawners (Chest al.
2006). Therefore, any assessment for this stookldhnclude data compiled from
Taiwanese fleet.

A common assumption underlying fish stock assessmsethat catch per unit
effort (CPUE) is proportional to abundance and dfee can be used as a
representative of relative index of abundance. ERIduld be derived from any
source of fishery-dependent data and it also miighdifferent from any compiled
data. Hence reliable data source is critical ideorto reflect the fishery and the
examinations on data are necessary to be verigdord any statistical analysis and
model. Furthermore, the process of reducing imibes of any factor on CPUE is
substantial, which can be done by applying germdliinear models. Thus, catch
and effort data collection and compilation as vealldeveloping a reliable abundance
index to represent the spawning stock are very rmapb and urged for Taiwanese
fishery.

The primary objective of this study is to modelrag series CPUE that can be
used as ambundance index for the Taiwanese fishery and $erin assessments of
the Pacific bluefin spawning stock. The informatghould improve data information
and further future age-based and length-based stegdssments of the North Pacific
bluefin tuna.



MATERIALS AND METHODS
Data collection and compilation

Before 2009, logbooks for this fishery were notikde due to highly mobile
fishing activities, which fleets can change theirget species easily toward other
tunas, such as yellowfin tuna, bigeye tuna, and-tike species, for example, billfish
and swordfish depending on the fishing seasonsremiélet price. To develop relative
abundance index, catch and effort data were celfledor bluefin tuna from
southwestern North Pacific (Fig. 1) when the srsalile longline vessels (mostly 20
to 50 GRT) returned to domestic fishing ports friate-April to early-July. Starting
2009, Overseas Fishery Development Council (OFRGi icharge of responsibility
to distribute and compile logbooks submitted fromiwkinese small scale longline
fleet. However, the catch/effort information proded from these logbooks for Pacific
bluefin tuna may not be satisfied due to the reasdove mentioned and very low
coverage rate (6-17% by Pacific Bluefin tuna catfdr) vessels targeting Pacific
Bluefin tuna. Thereby, the 2009-2011 fishery datmpiled as similar as those before
2008 were used, and the logbooks data for 2009-2@té& used for comparison.

Daily catch data from auction records and time m#sof vessels in-and-out
which can trace the fishing effort of each vesserewncollected and compiled at
Tungkang port in which most of bluefin tuna weredad. The available information
for each data is as tabled below.

(1) Catch data (2) Effort data

Security Inspect Station at
[fungkang port

Source Tungkang Fishermen’s Associatio

A. date of landing, A. name of vessel,
Kind B. name of vessel, B. size of vessel (in GRT),
inds
C. number of fish caught, C. embarkation time,

D. eviscerated weight for each fish.D. disembarkation time.

Fishing efforts were estimated as hooks liftedydailhich were estimated from
vessels’ fishing days. According to interviews twlbngline vessel captains, daily
number of hooks deployed were about 1,200-1,60ksod-ishing effort was then
converted from fishing days to number of hooks afezt with assumption of average
1,400 hooks lifted daily. The estimated fishingyslavere subtracted two days
because the vessel took about one day from Tungbartdo the fishing ground (Fig.
1) and vice versa.

To verify catch and effort data, auction recordd estimated fishing efforts for a
vessel were merged together when the followinggatwere met.

1. The differences between auction date and ardiatd of arriving port were
less than two days that the time is in need ofityuaf fish meat for the sashimi
market for vessels without freezers. The catché@howt matching efforts
information for a particular vessel were excludedée processed.

2. Only the vessels operated at and nearby fispiognd in May and June
were included in the analysis because longlineelssgere not targeting bluefin



tuna and vessels targeted bluefin tuna stayed taaigsea to search fish in the
beginning and the end of Pacific Bluefin tuna fighiseason. Therefore, we
found too many zero catches with an extremely lésfeng efforts to be judged
as target for vessel operated in April and July.

3. Vessels never caught bluefin tuna throughoutfisteng season were
excluded to be processed because they targetedspinces.

Model used for standardization

To develop a time series of relative abundancexirafebluefin tuna caught by
Taiwanese small-scale longline fleet, generalizeadar model (GLM; Nelder and
Wedderburn 1972) was applied to remove the impffetabors which changes fishing
effort among vessels such as size, engine powshjn§j technology, and catch
composition, or cause differences between tripstiersame vessel such as fishing
time and fishing location (Gulland 1983). The #afalie information for each trip
recorded in the catch and effort data includes:

1. Year (1999-2011);

2. Month (May and June);

3. Size of vessel (3 levels, 10-20 GRT, 20-50 GRd 50-100 GRT);
4. Effort (number of hooks);

5. Catch in number.

Therefore, A step-wise regression procedure wad tsaletermine the set of
systematic factors and interactions that signifilgaexplained the observed CPUE
variability. Then the Chi-squarey€) distribution was used to test significance of an
additional factor in the model and the number aofli@hal parameters associated
with the added factor minus one corresponds tantireber of degree of freedom in
the y? test (McCullagh and Nelder 1989). Deviance ansliables are presented the
difference of deviance between two consecutive 1sode Because factor
combinations had unequal numbers of observatidnal gelection of explanatory
factors was conditional on significance of the€ test and the type Il test of
significance within the final specified model.

Consequently, as Table 1 indicates that all two-imégraction combinations are
not statistically significant, thus factors consetifor GLM were fishing year, month,
and size of vessel. All two-way interaction amoweguy month and size of vessel were
excluded in the relative CPUE estimation. The fixactors are the linear combination
with expected logarithmic catch per unit effortGRRUE) assuming a Gaussian error
distribution (Figure 9). To avoid zero CPUE makitrguble with logarithmic
transformation, a constant was added to all CPUHse full model used for GLM
analyses as follows.

In(CPUEijk+constant) =u+Yi+ M +S+ Yi*Mj+Yi*S‘+ Mj*SK+ Sijks (1)

where i is overall meancgonstant is 10% of overall mean of nominal CPUES&,is
effect of yeai, M; is effect of month), S is effect of size of vess&| andgj is error
term withN(0, &).



Relative index was calculated as the year effeadtlsquare means (LSMeans)
for GLM because the primary objective is to deteehds over year in abundance.
The analyses were run with the SAS GENMOD and Gldtedures (SAS Inst. Inc.)
for model selection and GLM model, and MIX procezluvas run for the general
linear mixed model (Lee et al. 2006) for terms wilfear” two way interactions
(Year*Mon and Year*level); and the error structwas assumed as a delta lognormal
distribution.

RESULTS AND DISCUSSION

Catch, effort, and catch per unit effort

Catches of Pacific Bluefin tuna by Taiwanese flee¢se reported by Tungkang
and Suao Fisherman Associations mainly when autt@mhbeen progressed and very
minor catches were reported from other fish marksatish as Hsinkang, etc. Those
catches were mostly made by small scale longliresels resided at those fishing
harbors. Those catches were composited of aboutd38tal annual Pacific Bluefin
catch. The annual nominal catch of Pacific Blugtina by Taiwanese small scale
longline fishery is illustrated in Figure 2 from@®to 2011.

Taiwanese small scale longline vessels operatd&mific Bluefin tuna at the
waters off southeastern, eastern and northeastwmam from April to June before
2009 and to July in 2011, when Pacific Bluefin tunmake their spawning migration
and aggregate at the mentioned waters. The moatmhposition of Pacific Bluefin
catch is illustrated in Figure 3, indicating thatyland June are the main fishing
season.

Fishing effort was estimated in number of fishiraysland then was converted to
number of hooks, assuming 1,400 hooks operatechénday. Time series of mean
effort per trip was illustrated in Figure 4 andintlicates that the mean effort was
around 12,500-14,000 hooks from 1999 to 2001, mesdhdb about 16,000 hooks in
2002, then declined to 11,800 hooks in 2004, awcdeased to the same level with
2002 in 2006 and to 19,000 hooks in 2007, droppeabbut 10,000 hooks in 2008,
then increased again to about 16,000 hooks in 200900 hooks in 2010, and
declined to 16,000 hooks in 2011. Also, the nundddrshing vessels anticipated in
fishing Pacific Bluefin tuna and landed Pacificdfin tuna at those mentioned fishing
ports, as indicated in Figure 5, rapidly increasemn 468 vessels in 1999 to 684
vessels in 2002, decreased to 657-617 vessels dret®@)3 and 2005, and dropped
down to 518 vessels in 2006, to 480-490 vessetn 2007 to 2009, and abruptly to
351 vessels in 2010 and 290 vessels in 2011.

Figure 6 expressed the sampling ratio from 20042®@341 by counting the
numbers of Pacific bluefin tuna in catch/efforti@sttion divided by the total catch of
pacific Bluefin tuna in the corresponding year. elampling ratio was lowest level
about 29.61% in 2005, and the highest about 83.in92009. In comparison with the
coverage of Pacific Bluefin tuna catch in logbodism 2009 to 2011, the lowest
sampling ratio about 6.54% in 2011 to the highdstua 17.49% in 2010. The
comparison may imply that the aution data may bechmmore appropriate to
represent the stock and further to apply in statidisng catch per unit effort than
those from the logbooks.

Nominal catch per unit effort series of Pacific dfin tuna caught by the
Taiwanese small-scale longline fleet was estimatedn average of number of fish
per 1,000 hooks for each trip and is illustratedrigure 7, and by an average of mass
of fish per 1,000 hooks in Figure 8. The nomirgtkch per unit effort (in number per
1,000 hooks) depicted a sharp declining trend fi®®0 to 2002, slightly increased in



2003 and 2004, and then fell down to value in 20@5yery slight increase to 2008,
then sharply declined again to the historical laviegel in 2010; and increased to the
2009 level in 2011.. The nominal catch in massupetr effort, in kg per 1,000 hooks
(Figure 8), increased from about 170 kg/1,000 hanok&999 to about 210 kg/1,000
hooks; dropped abruptly to about 80 kg/1,000 haok001 and 60 kg/1,000 hooks in
2002; increased to the 2001 level in 2003 and ab20tkg/1,000 hooks in 2004; fell
down to about 70 kg/1,000 hooks in 2005 and shkghktcreased continuously to
about 60 kg/1,000 hooks in 2007; restored to ardufilkg/1,000 hooks in 2008; and
dropped abruptly to the historical lowest levell¢we20 kg/1,000 hooks) in 2010 and
slightly increased to about 40 kg/1,000 hooks ih120

The frequency distribution of arithmetic and logfamic nominal catch per unit
effort are illustrated in Figure 9, indicating tleatog-normal distribution is found for
the former, and a normal distribution for the later

Abundance index

The abundance index of spawning bluefin tuna froawa@nese longline fleet
was developed using the collected catch and effath by general linear model.
Considering all bluefin fisheries from western NoRacific, Taiwanese fishery is a
seasonally local fishery with apparent fishing se@asven though the detailed fishing
position is bounded within the waters off eastemwhn. On the other hand,
spawning bluefin density appears to be spatialipnégeneous regarding this fishing
ground.

The analysis of deviance from step-wise regresgiable 1) indicates that
factors of year, month, and the size of the vesgs and two way interaction of
Year*Month and Year*vessel type are significant fohi-square test |§ <0.0001)

(Table 1) and therefore two approaches were preckest is the base case, the three
fixed factors, excluding two way interactions, weselected into GLM fitting to
standardize CPUE of Pacific bluefin tuna caughtTlaywanese small-scale longline
fishery from 1999 to 2011. Further, for the semsgyt analysis, addressing the two
way interactions including “Year” factor, the gealelinear mixed model (GLMM)
was applied to treat two-way interaction as randdfacts to standardize CPUE of
Pacific Bluefin tuna by the fleet.

To validate the error assumption, the ANOVA to diagjs the linear fitting of
three fixed factors is tabulated in Tables 2-ajnddjcating that the linear effect of
three factors under normal error distribution ististically highly significant
( p<0.0001); and the frequency distribution of resldwand the quantile-quantile (Q-
Q) plot of residuals were examined (Figure 10). e Tdistribution of residuals
illustrates a normal distribution with zero mearml ame standard deviation, and Q-Q
plot demonstrates that most of residuals rely chlié®. Also, normality of residuals
were tested by the Kolmogorov-Smirnov (Sokal anchlR@995), indicating that
distribution of residuals follow normal distributio(D=0.037, p <0.01 for GLM
procedure and D=0.02% <0.01 for GLMM procedure).

The two-way interaction of Year*Month and Year*Vebksype were included in
the GLM analysis with delta lognormal error assuompto estimate abundance index;
and the results of different procedures and redogesviously were compared
visually with their medians. The ANOVA to diagnos$iee assumption is tabulated in
Tables 2-c, d, indicating that 3 fix factors andivw-way interaction are highly
significant (p <0.0001) and the distribution of residuals is iifated in Figure 11.

Standardized CPUE by GLM is illustrated in Figur2. 1Annual abundance



index sharply declined from the highest in 1999he lowest in 2002, restored and
stayed steady in 2003 and 2004, and dropped dowretiow level in 2005 and 2006,
following a slight increase in 2008, further comiimg a two-year decline in 2009 and
2010, and restored to 2009 level in 2011. Alsmperal changes and changes of size
of vessel of standardized CPUE showed that bluafia was more abundant in May
than in June by operating lager vessels. Lessdamirbluefin tuna in 2002, 2005 and
2006 may be due to declined catches from the Inadisheries. The consistent trend
of abundance index with that of total catch prowes@ence that the catch and effort
data collected and compiled in this study couldused to develop representative
abundance index of spawning bluefin tuna targete@idwanese small-scale longline
fishery.

Moreover, the abundance indices of Pacific Blugfina, estimated by general
linear model and general linear mixed model, ferrépresentative of the fishing fleet
of the current study show little difference in meadi however, a great discrepancy
was found in standard deviation (Figures 13 and 14)

Comparison among medians of estimated standaraiaexh per unit effort in
previous workshops (ISC/PBFWG/2006; ISC/PBFWG/2003C/PBFWG/2010;
ISC/PBFWG/2012-1) and the current version indicdled those series are coincident
within the overlapping years (Figure 15). Therefdseth of standardized catch per
unit effort estimated by general linear model ardegal linear mixed model are valid
to represent the abundance of spawner of PacitiefBl tuna by Taiwanese longline
fishery. The abundance of large spawner of PaBifiefin tuna have been gradually
declining since 2003 from year to year.
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Table 1 Results of stepwise linear regressionssiegi for type 3 analysis for model
selection .

Source DF Chi-Sq P >Chigg
1.Intercept 1 17174.3 <0.001
2. Intercept+Year

Year 12 1164.72 <0.001
3. Intercept+Year+Month
Year 12 1169.66 <0.001
Month 1 507.30 <0.001
4. Intercept+Year+Month+Level
Year 12 1137.58 <0.001
Month 1 510.07 <0.001
Level 2 86.55 <0.001
5. Intercept+Year+Month+Level+Year*Month
Year 12 964.07 <0.001
Month 1 342.86 <0.001
Level 2 86.88 <0.001
Year*Month 12 262.77 <0.001
6. Intercept+Year+Month+Level+Year*Month+Year*Level
Year 12 537.57 <0.001
Month 1  340.50 <0.001
Level 2 82.55 <0.001
Year*Month 12 261.53 <0.001
Year*Level 24 47.16 0.0032
7. Intercept+Year+Month+Level+Year*Month+Year*Lev®&lonth*Level
Year 12 536.72 <0.001
Month 1 257.56 <0.001
Level 2 82.15 <0.001
Year*Month 12 259.87 <0.001
Year*Level 24 47.62 0.0028

Month*Level 2 0.68 0.7113




Table 2. ANOVA table of explanatory variables iengralized linear model for
bluefin tuna CPUE (in number per 1,000 hooks) froaiwanese longline fleet for
1999-2011.

(a) For GLM procedure standardized CPUE (no./1000 hpoks

Source DF Sum of square Mean square F P>F
Model 15 1956.697 130.446 131.74 <0.0001
Error 7534 7460.231 0.990

Corrected total 7549 9416.928

R-square Coefficient of variation Root MSE logCPiiEan

0.2088 -59.0767 0.9951 -1.6844
Source DF Type [l SS Mean square F value P>F
Year 12 1213.155 101.096 102.10 <0.0001
Month 1 521.420 521.420 526.58 <0.0001
Vessel type 2 86.009 43.005 43.43 <0.0001

(b) For GLMM procedure standardized CPUE (no./1,00(kepo

Source DF Sum of square Mean square F P>F
Model 51 2256.742 44.2498 46.34 <0.0001
Error 7498 7160.186 0.9549

Corrected total 7549 9416.928

R-square Coefficient of variation Root MSE logCPiiEan

0.2396 -58.0153 0.9972 -1.6844
Source DF Type lll SS Mean square F value P>F
Year 12 528.399 44.033 46.11 <0.0001
Month 1 330.309 330.309 345.89 <0.0001
Vessel type 2 78.721 39.360 41.22 <0.0001
Year*Month 12 252.371 21.031 22.02 <0.0001

Year*Vessel type 24 44.866 1.869 1.96 0.0034
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(c) For GLM procedure standardized CPUE (n0./1000 hpgkg/1000 hooks)

Source DF Sum of square Mean square P>F
Model 15 1584.872 <0.0001
Error 7469 7528.931
Corrected total 7484 9113.803
R-square Coefficient of variation Root MSE logCPiiEan

0.1738 27.3515
Source DF Type [l SS Mean square P>F
Year 12 870.962 <0.0001
Month 1 534.611 <0.0001
Vessel type 2 79.045 <0.0001
d) For GLMM procedure standardized CPUE (kg/1,000Ks)
Source DF Sum of square Mean square P>F
Model 51 1872.912 <0.0001
Error 7433 7240.891
Corrected total 7484 9113.803
R-square Coefficient of variation Root MSE logCPiiEan

0.2055 26.8881
Source DF Type [l SS Mean square P>F
Year 12 370.212 <0.0001
Month 1 336.501 <0.0001
Vessel type 2 76.792 <0.0001
Year*Month 12 227.833 <0.0001
Year*Vessel type 24 57.421 <0.0001




Table 3. Values of standardized CPUE of PacificeBiutuna by Taiwanese longline
fleet from 1999-2011.

(a) Standardized by general linear model (unit: no.01BE0KS)

Year CPUE Lower CPUE  Upperr CPUE Nominal CPUE

1999 0.413056 0.368806 0.462159 0.921996
2000 0.342403 0.310456 0.377308 0.836641
2001 0.201139 0.181769 0.222243 0.378224
2002 0.127427 0.11257 0.143783 0.247032
2003 0.179934 0.159812 0.202137 0.392716
2004 0.173522 0.159493 0.188564 0.408846
2005 0.092097 0.082681 0.102267 0.214318
2006 0.109167 0.098066 0.121196 0.235489
2007 0.092075 0.074380 0.112642 0.230923
2008 0.121337 0.111219 0.132156 0.284235
2009 0.093483 0.085581 0.101904 0.148129
2010 0.058802 0.052022 0.066112 0.066642
2011 0.107214 0.092485 0.123648 0.144345

(b) Standardized by general linear mixed model (unitit®0 hooks)

Year CPUE Lower CPUE  Upperr CPUE Nominal CPUE cv
1999 0.443933 0.260386 0.741653 0.921996 0.224757
2000 0.337595 0.195894 0.566376 0.836641  0.222550
2001 0.235964 0.133051 0.402016 0.378224  0.222253
2002 0.145970 0.076923 0.257732 0.247032  0.223759
2003 0.170438 0.091719 0.298180 0.392716  0.224965
2004 0.192825 0.106856 0.331008 0.408846  0.220432
2005 0.107257 0.053493 0.193803 0.214318 0.221125
2006 0.125462 0.064682 0.223416 0.235489  0.221696
2007 0.129884 0.061677 0.246368 0.230923  0.249392
2008  0.141344 0.074999 0.247819 0.284235  0.219690
2009 0.117074 0.059944 0.208692 0.148129  0.219346
2010 0.071421 0.031356 0.135792 0.066642  0.220219
2011 0.127487 0.065417 0.228042 0.144345 0.224171
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(c) Standardized by general linear model (unit: kg/16060ks)

Year CPUE Lower_CPUE Upperr CPUE Nominal CPUE

1999 81.31731 73.20637 90.32649 164.6076
2000 72.03595 65.87524 78.77251 159.6866
2001 47.11336 43.20576 51.37409 75.63069
2002 32.83833 29.79871 36.18764 50.70929
2003 40.91510 37.04149 45.19341 73.17150
2004 4259250 39.69327 45.70332 84.59848
2005 26.27625 24.30443 28.40782 45.97296
2006 30.09166 27.74547 32.63600 50.77753
2007 26.85207 23.06699 31.25731 50.54849
2008  33.15509 30.98348 35.47875 63.26107
2009 31.12111 29.12355 33.25552 34.31623
2010 2150835 19.92740 23.21451 16.74411
2011 34.08886 30.51691 38.07842 37.50050

(d) Standardized by general linear mixed model (kg/1@dks)

Year CPUE Lower_CPUE Upperr CPUE Nominal CPUE cVv

1999 86.69965 54.19806 138.6794 164.6076  0.218041
2000 70.07110 44.04405 111.4663 159.6866  0.215411
2001 5436364 34.18609 86.43846 75.63069  0.21516
2002 36.74038 23.01091 58.64920 50.70929  0.216986
2003 39.33955 24.56831 62.97922 73.17150 0.218364
2004 46.51648 29.37375 73.65203 84.59848 0.213153
2005 29.39562 18.53049 46.61949 4597296  0.213849
2006 33.09202 20.82961 52.56132 50.77753  0.214591
2007 34.10732 20.21626 57.52690 50.54849  0.243216
2008 37.38404 23.65684 59.06498 63.26107 0.212101
2009 37.37683 23.65921 59.03631 34.31623 0.211962
2010 24.40695 15.42242 38.61380 16.74411 0.212654
2011 38.57305 24.16476 61.55998 37.50050 0.216881
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Figure 1. Location of the fishing area for Taiws@esmall-scale longline fleet
targeting Pacific bluefin tuna in the waters oftig®astern Taiwan.
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Figure 2. Annual catch of Pacific bluefin tuna bgiwanese small scale longline fleet
from 1965 to 2011.
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Figure 3. Monthly proportion of Pacific Bluefin tartaught by Taiwanese longline
fleet from 2004 to 2011.
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Figure 4. Mean catch in number and mean hooks insE@00 hooks per trip of
Pacific bluefin tuna caught by Taiwan small longliteet in May and June each
calendar year.
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Figure 5. The number of fishing vessels anticipatedishing Pacific Bluefin tuna
and landed Pacific bluefin tuna at those domegiarfg ports. Reported active (red
line) and total registered vessels were indicated.
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Figue 6. Sampling ratio of catch-effort for estimgtabundance index (# of sampled
fish/total # of fish caught), where the open ciscleith dot line from 2009 to 2011

indicated the logbook data used provided by OveFsglgeries Development Council
and applied in the previous estimation (ISC/PBFWG221).
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Figur 7. Time series nominal CPUE (individual/10@ibks) of bluefin tuna caught
by Taiwanese small-scale longline fishery in thetBwestern North Pacific Ocean
for 1999-2011.
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Figure 8. The time series nominal catch per uifidrein kg/1000 hooks of. bluefin
tuna caught by Taiwanese small-scale longline fishe the southwestern North
Pacific Ocean for 1999-2011.
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Figure 9. Frequency distribution of nominal catar pnit effort of Pacific Bluefin
tuna caught by Taiwanese small scale longline flieeing May and June each year
from 1999 to 2011 (upper panel: arithmetic scaeidr panel: logarithmic scale).

19



Residuals CPUEs

4| — Normal Curve

4 | Mean (Mu) 0

Std Dev (Sigma)  0.994103

Percent

-30 27 -24 21 -18 -5 -12 09 -06 -03 0 03 06 09 12 15 18 21 24 27 30 33 36 39 42 45 48

residuals

QQ plot residuals CPUE

= Normal Parameters

Mean (Mu) 0 °
Std Dev (Sigma)  0.994103

residuals

T T T T T
-4 2 0 2 4

Normal Quantiles

Figure 10. The frequency distribution of residuddsived from generalized linear
model expressed in histograms (upper panel) andtiggrguantile plots (lower panel)
with log-normal error structure to standardize CRijBluefin tuna caught by
Taiwanese small-scale longline fishery for 1999201
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Figure 11. Distribution of residuals for generatizmear model with random effects
to estimate abundance index of Pacific Bluefin topd aiwanese longline fleet.
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Figure 12. Time series of abundance index (upparel), monthly variation of
standardized catch per unit effort (middle panell atandardized series by size of
vessel (lower panel) of northern Pacific bluefimduestimated by general linear
model from Taiwanese small-scale longline fishé&igpes without symbols represent
the 95% confidence intervals for standardized cpeatunit effort.
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Figure 13. Comparisons between time series of ddnoe index expressed by
standardized catch per unit effort (n0./1000 hoaksPacific bluefin tuna estimated

by general linear model and general linear mixedl@hérom Taiwanese small-scale
longline fishery. Lines without symbols and dotenrepresent the 95% confidence
intervals for standardized catch per unit effort.
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Figure 14. Comparisons between time series of ddnoe index expressed by
standardized catch per unit effort (kg/1000 hoaitd}acific bluefin tuna estimated by
general linear model and general linear mixed mdaeh Taiwanese small-scale
longline fishery. Dot lines and lines without syndboepresent the 95% confidence
intervals for standardized catch per unit effort
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Figure 15. Comparisons among abundance indic€aaific Bluefin tuna, estimated
during different periods (ISC/PBFWG/2006/14; ISCA¥BG/2007/25; Lee and Hsu
2008; ISC/PBFWG/2010, 2012-1 oral presentationalight by Taiwanese longline
fleet by eneral linear models under normal erraicstire and general linear mixed
model under Delta lognormal error structure.
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