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Abstract

In thisstudy the patterns of catch compositions and CPUE distributions were
explored based on the data of Taiwanese longline fleets operated in the wtiters of
south of 20S of the Indian Oceaduring 20022016.Basedon the suggestions in
previousCCSBT meeting, the cluster analysis for selecting data and CPUE
standardizationwere conductetbr the centrakastern and the western areas
separatelyTo select data from SBT fishing operationsister analysis was performed
based on the weeklyggregated daiastead of seby-set dataFor CPUE
standardizatios) the simpledeltalognormalmodels without interactions were
adopted to avoid the confounding from interactions

1. INTRODUCTION

Southern bluefin tuna (SBTTKunnus maccoyiwas bycatch of Taiwanese tuna
longline fishery targeting albacore in the past, but after the fishing vessels equipped
with deepfrozen freezers, some fishing vessels operating in the Indian Ocean started
targeting SBT seasonally sinte21990s. Since diwanese SBT statistics system was
reformed in 2002, the reporting rate of SBT catch has substantially improved since
then (Anon, 2014)in this study weattemptedo explore the temporal and spatial
patterns of catch and effort datalafiwanese longlinéshery operateth the waters
of the south of 20°8f the Indian Ocean and alsonduct the CPUE standardization
for SBT caught by Taiwanese longline fishery tioe year of 20022016.
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2. MATERIALS AND METHODS

2.1. Catch and Effort data

In this studymonthlycatch and effort dataith 5x5 degree fishing location grids
of Taiwanesective longline vessels authorized to seasonally target SBT operating
the Indian Ocearn the period of 2002016 were provided by OverseéFisheries
Develgpment Council of Taiwan (OFDC).

2.2. Cluster analysis

Based on the approach of Wang et a01&) and suggestions frol€CSBT ESC
meetings in 2015 and 201#he cluster analysi{#ie et al., 1997)vas adopted to
conducttheanalysis ofatafilter to selectthe data foCPUE standardizatiorCluster
analysis waperformedbased on species composition of the catdfethacore
(ALB), bigeye tuna (BET), yellowfin tuna (YFT), swordfish (SW&uthern bluefin
tuna (SBT)and other species (OTH, most bétcatches consisted of oilfishes)
However, the 2016 CCSBT ESC considered that clustering operatettgtsetdata
might include large amount noise becaosest ofSBT wascaught byTaiwanese
vesselsas bycatcheand only part of vessels targeted SBT $ome fishing operations
during the fishing seasons. addition ESC suggested that the cluster analysis could
be conducted basexh theaggregatedata rather than the operational data sets.
Therefore, we performed the cluster analysis based meumtidyweeklyaggregated
data and themerged the clusters with operational data sets to identify the SBT
fishing operationsHowever, the proportion of SBT catches substantially decreased
for data sets and it was more difficult to identify the clugtat contained SBT
fishing operationsvhen conducting the cluster analysis based on moatjdgyegated
data.Thereforethe cluster analysis was performed based on wesddyegated data.

Thehierarchical cluster analysis with Ward minimum variance metvaxi
applied to the squared Euclidean distances calculated froagginegatedata sets.
Theanalyses werperformedusing R functions hclusind cutre¢The R Foundation
for Statistical Computing Platform, 201 He et al. (1997) indicated that the ateoi
for the number of clusters to produce was largely subjective. At least two clusters
(SBT sets and other tuna sets) were expected. More than two clusters were produced
to allow other possible categories to emefAgiditional clusters were considered Uinti
the smallest cluster containedry fewefforts.

2.3. CPUE standardization
Becausea largeamountof zero SBT catch occurred in the fishing s#isdelta
lognormal moded wereapplied to standardize the CPUE of SBT caught by Taiwanese
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longlinefishery As suggested in 2016 ES@aineffectsof year,month 5x5 gridand
number of hooks between float weneluded in both blognormal and delta models

To avoid the confounding resulted from interactiom® interactions between main
effects werenot considered in the modelBhe effects of latitudandlongitude were
replaced byheeffect of 5x5 gridIn addition, the effects of cluster andmber of hooks
between float (NHBF)were included because various catch compositions can be
observed in &luster (Wang et al., 2017)he modelswereconductedasbelow:

lognormal model: lodCPUE
g % )=m-i¥ M G- C+NHBF

delta model: PA
where CPUE is the nominal CPUE of SBT (catch in number/1,000 hooks)
from data sets with positive SBT cafch
PA is the presence and absence of SBT catch,
€ is the intercept,
Y is theeffect ofyear
M is theeffect ofmonth
G is theeffect of 5x5 grid
C Is the effect of cluster,
NHBF is the effecof number of hooks between float
U is the error term(+N(0, &).

The effects of year, montand5x5 grid were treated as categorical variablEse
effect ofNHBF was treated as three categories (regular: <=9 hooks; degép:Hdbks;
ultra deep: >=15 hooks) (Wang and Nishida, 2011).
Thestandardized CPUEendswere estimated based on the exponentiatmirthe
adjusedmeangleast square meansi theeffect ofyear(Butterworth, 1996; Maunder
and Punt, 2004)The model selectiowas based on the Akaike information criterion
(AIC) and the estimations of the models were performed using R with gim() and
Ismeans() functions.
The standardized CPUE was calculated by the product of the CPUE of positive
catch and the probability of posiécatches:
index= &%""® A€ _
oi+e’
where CPUE is the least square means of the effect of yéam the
lognormal model,
P Is theleast square means of the effect of yieam the delta
model



CCSBTESC/170883 (Rev.1)
(ESC Agenda item 8)

3. RESULTS AND DISCUSSIONS

3.1. Temporal and spatial patterns of catch composition

Based on the catch composition during 2Q026,the catches of OTKmost of
the catches consisted of oilfishasipstantially increased since 30fhd the
proportiors of OTH were more than 70% of total catcl{€gy. 1) Except for the
OTH, ALB was still the main targeting species for the vessels operated in the waters
of thesouth of 20S, and the proportiof SBTwere only2-5% for most yearéFig.
2).

ALB was the main targeting speciedireentire area before 2005 and OTH
became to be the dominant species initastareathereafterwhile SBT was made
accompaniedavith ALB and OTH operations in theentraleastern anthe western
areas, respectivelfig. 3).

High SBT catches wemaainly occurredn the centrateastern aretom April to
Septemberwhile someof SBT catches also made in the western area during this
fishing seasorFromOctoberto February, SBT catches were almost made in the
wesern area and very few catchesremade in the centradastern area (Fig. 4).

Based orthe annual and monthly distributiooEcatch composition$iigh SBT
catchesvere maden the centrakastern and western areath different main catch
speciesTherefore, the dataeredivided intothe centrateastern anthewestern areas
based on 61, andthe cluster analysis an@PUE standardizations weaéso
perfamed by two fishing areaseparately

3.2. Cluster analysis

Fig. 5 shows the results of hierarchical clustealysisfor centraleastern and
western areag he proportions of SBT catchaadefforts (number of hooks) were
calculated based on various number of clusters pftygortions ofSBT catches and
the effors decreasedbr a cluste(SBT cluste), which contained most of SBT catches
among clustersvhenthe number of clusters increas€Table 1).Forthecentral
easterrarea, he proportion of SBT catches decreased from a4t to 66% of total
SBT catchesgor a clustemwhen cluster increased fro2to 3 andthe proportion of
efforts substantially decreastrdm 92% to 47% of total efforts.Forthewestern area,
theproportion of SBT catches decreased ffof#o to 50% andthe proportion of
efforts decreased fro@i7% to 13%. The proportion of SBT catches continuously
decreased for a cluster but the proporbbefforts slightly changed@hen more
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clusterswere chosenn addition, he proportions of effortior at least oneluster
were less thaf.1% of total datdor many yearsvhen increasing the number of
clusters to more tha® Thereforethe results of 3 clusters were atigpin this study
(Table 2.

Figs. 6 and 7 show the trendsSBT catches and effortBor the centrateastern
areaClustes 1 and 3obviously contained large amount of SBT catches and less
amount of efforts than other two clustdfsr thewestern area, more SBT catches
were contained in Cluster 2 and 3 although the catches mainly consistéérof
speciesin addition, the proportions of zero SBT catches fe@iected lustess were
obviously less thathe excludecalusters (Fig. 8)Figs. 9 and 10 show the annual and
monthly CPUE distributions and values contributed by clusters. For most years and
months, high CPUEs were contributed@yster1 and 3 foithe centraleastern area
and by Cluster 2 and 3 ftmewestern area

To conducthe CPUEstandardizationshedata of Cluster 2 and 1 were excluded
for thecentraleastern anthewestern areasespectivelyTable 2) About 83% of
SBT catchesemainedand45% of efforts werexcluded foithe centraleasterrarea,
while about 96% of SBT catches and 87% of efforts remainethéwesternarea
because similar proportions of SBT catches (50% and 46%) were contained in two
clusters

Figs.11and12 show the annual and monthly CPUE distributions based on the
data ofselectedtlustess. As the distribution of SBT catches, high CPUE values
occurred in the centraastern anthewestern eeas.Obviously the CPUE
distributions werenappropriatey divided bythe stratification of CCSBT statistical
areas

3.3 CPUE standardization

For bothof thecentrateastern anthewestern areashé modes with the lowest
value of AlCwereselecteds the final model§’ he ANVOA tables for thelognormal
modelsareshown in Table. The effect of cluster was excluded from the model for
thecentrateastern area, whildl of themain effectavere statistically significanfor
thewestern areabout 17% and31% of CPUEvariances were explained by the
models forthe centraleastern anthewestern areas, respectivelyne distributiors of
standardized residuals and the Quar@ileantile Plasindicated that the distributios
of residuals fitedto the assumption dhenormal distribution (Figl3). For delta
models, all of the main effés were also statistically significaior both areagTable
4) and abouB2% and27% of CPUE variances were explained by the modelhtor
centraleastern anthewestern areas, respectively.
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Fig. 14 shows theareaspecific standardizedCPUE trends Standardized CPUE
seriesgenerally reveal quite different trendstmo areas For the centraleastern area
the standardized CPUWHraduallyincreasedbefore2007, revealed decreasing trend
from 2007 to 2011substantially increased in 2012 and then gradudigreasedn
reent yearsbut increased again in 2Q¥&rthewestern areahe standardized CPUE
seriesgenerallyreveal a decreasing tremdth a fluctuationsince 2002
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Fig. 1. Annual catch composition of Taiwanese longline fleets operated in the waters
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Fig. 2. Annual catch composition of Taiwanese longline fleets operated in the waters
of south of 20S. The catches of OTH are excluded.
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Fig. 10 Monthly SBT CPUE distribution of Taiwanese longline fleets operated in the
waters of south of 2&. Pie plots show the proportions of CPUE contributed by
clusters and squares with heat colors show the levels of SBT CPUE.
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Fig. 11. Annual SBT CPUE distribution of Taiwanese longline fleets operated in the
waters of south of 2& based on the data sélectectlusters
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Fig. 12. Monthly SBT CPUE distribution of Taiwanese longline fleets operated in the
waters of south of 20°S based on the dawets#cted clusters
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Table 1. Proportions of SBT catches and efforts (number of hooks) for the cluster,
which contained most of SBT catches among clusters.

Centrateastern area

2 Clusters 3 Clusters 4 Clusters
SBT Catch Hooks SBT Catch Hooks SBT Catch Hooks
2002 0.58 0.92 0.49 0.35 0.44 0.23
2003 0.65 0.85 0.44 0.37 0.42 0.26
2004 0.58 0.82 0.50 0.41 0.49 0.35
2005 0.55 0.79 0.43 0.29 0.43 0.29
2006 0.92 0.97 0.79 0.54 0.79 0.51
2007 0.86 0.96 0.70 0.54 0.69 0.53
2008 0.94 0.99 0.69 0.46 0.69 0.45
2009 0.96 0.99 0.79 0.50 0.79 0.50
2010 0.98 0.99 0.69 0.58 0.69 0.58
2011 0.96 0.96 0.82 0.69 0.82 0.69
2012 0.68 0.90 0.61 0.59 0.61 0.58
2013 0.93 0.98 0.78 0.64 0.78 0.64
2014 0.99 1.00 0.66 0.49 0.66 0.49
2015 0.96 0.99 0.79 0.63 0.79 0.63
2016 1.00 1.00 0.81 0.56 0.81 0.56

Total 0.83 0.92 0.66 0.47 0.66 0.45
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Table 1. Continued.

Western area

2 Clusters 3 Clusters 4 Clusters
SBT Catch Hooks SBT Catch Hooks SBT Catch Hooks
2002 1.00 0.97 0.95 0.48 0.30 0.45
2003 1.00 0.92 0.87 0.41 0.61 0.38
2004 1.00 0.98 0.99 0.58 0.35 0.48
2005 0.50 0.62 0.49 0.39 0.14 0.35
2006 0.20 0.22 0.20 0.15 0.17 0.15
2007 0.74 0.17 0.73 0.08 0.73 0.08
2008 0.57 0.15 0.49 0.05 0.48 0.05
2009 0.37 0.20 0.30 0.06 0.30 0.06
2010 0.50 0.15 0.47 0.08 0.35 0.08
2011 0.35 0.11 0.33 0.07 0.30 0.07
2012 0.14 0.13 0.14 0.06 0.13 0.05
2013 0.24 0.09 0.22 0.04 0.22 0.04
2014 0.05 0.12 0.01 0.04 0.01 0.04
2015 0.38 0.12 0.21 0.05 0.21 0.05
2016 0.32 0.08 0.30 0.04 0.30 0.04

Total 0.54 0.27 0.50 0.13 0.42 0.13

45



CCSBTESC/170883 (Rev.1)
(ESC Agenda item 8)

Table 2.Proportions of SBT catches and efforts (number of hookghthree
clustes were selected

Centrateastern area

Clusterl Cluster2 Cluster3

SBTcatch Hooks SBTcatch Hooks SBTcatch Hooks
2002 0.49 0.35 0.09 0.57 0.42 0.08
2003 0.44 0.37 0.21 0.48 0.35 0.15
2004 0.50 0.41 0.08 0.41 0.42 0.18
2005 0.43 0.29 0.13 0.49 0.45 0.21
2006 0.79 0.54 0.13 0.44 0.08 0.03
2007 0.70 0.54 0.16 0.42 0.14 0.04
2008 0.69 0.46 0.25 0.53 0.06 0.01
2009 0.79 0.50 0.17 0.49 0.04 0.01
2010 0.69 0.58 0.29 0.40 0.02 0.01
2011 0.82 0.69 0.14 0.28 0.04 0.04
2012 0.61 0.59 0.07 0.31 0.32 0.10
2013 0.78 0.64 0.15 0.34 0.07 0.02
2014 0.66 0.49 0.33 0.51 0.01 0.00
2015 0.79 0.63 0.17 0.36 0.04 0.01
2016 0.81 0.56 0.19 0.43 0.00 0.00

Total 0.66 0.47 0.17 0.45 0.17 0.08
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Table 2. Continued.

Westernarea
Clusterl Cluster2 Cluster3

SBTcatch Hooks SBTcatch Hooks SBTcatch Hooks
2002 0.05 0.49 0.95 0.48 0.00 0.03
2003 0.13 0.51 0.87 0.41 0.00 0.08
2004 0.01 0.41 0.99 0.58 0.00 0.02
2005 0.01 0.23 0.49 0.39 0.50 0.38
2006 0.00 0.07 0.20 0.15 0.80 0.78
2007 0.01 0.08 0.73 0.08 0.26 0.83
2008 0.08 0.10 0.49 0.05 0.43 0.85
2009 0.07 0.14 0.30 0.06 0.63 0.80
2010 0.03 0.07 0.47 0.08 0.50 0.85
2011 0.01 0.04 0.33 0.07 0.65 0.89
2012 0.00 0.08 0.14 0.06 0.86 0.87
2013 0.02 0.05 0.22 0.04 0.76 0.91
2014 0.05 0.08 0.01 0.04 0.95 0.88
2015 0.16 0.07 0.21 0.05 0.62 0.88
2016 0.01 0.04 0.30 0.04 0.68 0.92

Total 0.04 0.13 0.50 0.13 0.46 0.73
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Table3. ANOVA tables for the lognormal models for certealstern and western

areas.

Centrateastern area

CCSBTESC/170833 (Rev.1)

(ESC Agenda item 8)

SS Df F Pr(>F)
Y 1852.: 14  137.691 < 2.2e16***
M 310.1 9 35.86< < 2.2e16***
G 784.7 37 22.07z < 2.2e16***
NHBF 57.1 2 29.69< 1.32E13***
Residual: 21526.¢ 2240¢
Signif. codes: O “***> 0,001
Western area

SS Df F Pr(>F)
Y 437.7 14 34.37¢ < 2.2el6***
M 381.4 10 41.93C < 2.2el6***
G 79.5 28 3.12C 6.21E08 ***
C 23.4 1 25.68< 4.18EQ7 ***
NHBF 46.4 2 25.52¢€ 9.41E12***
Residual: 4314.¢ 4744
Signif. codes: O “**** 0,001
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Table4. ANOVA tables for the delta models for centeastern and western areas.

Centrateastern area

LR Chisc Df Pr(>Chisq
Y 2314.2:2 14 < 2.2e16***
M 1927.1: 11 < 2.2e16***
G 1925.1¢ 40 < 2.2e16***
C 3135.1¢ 1 < 2.2e16***
NHBF 146.92 2 < 2.2e16***
Signif. codes: O “***> 0,001 *“**"' 0.
Western area
LR Chisc Df Pr(>Chisq
Y 531.9¢ 14 <2.2e16***
M 2847.F 11 < 2.2e16***
G 3019.1¢ 33 < 2.2e16***
C 391.61 1 < 2.2e16***
NHBF 34.33 2 3.51E08** *
Signif. codes: O ‘“***> 0,001 *“**' 0.
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