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1 Introduction

Longline catch and effort series represent the principal indices of relative abundance within the south Pacific
albacore MULTIFANCL assessmenHowever, there have been temporal changes in the catchability of the
distantwater longline fisheriessome ofwhich are associated with changes in the species targetedxample,
sincel975 the entire Japan distamater fleet and a large portion of the Korea fleet have changed the geographic
area fished and the configuration of the longline gear by incredsngumber of hooks between floaits order

to target yellowfin and bigeye tuna

Assessment indices in the ZDMULTIFAN -CL assessmenLangley and Hampton 20Q5were based on the
compilation ofnominal 5°>-month aggregated data provided by distaate fishing nations and logsheet data
from domestic longline fisherie$he distanwater fleets have very different long term trends in unstandardized
CPUE that arenot consistent with all fisheries having constant catchability. IR@0&assessment, adtability

was assumed to be constant for Taiwan as this tileetconsistently targeted albacore over a long pengidg
operational methodhat have been assumed to be simiatchability for a composite Japan and Korea fleet
was allowed to vary asrandom walk andthe resultingcatchability estimateshowlarge temporathanges for
these fisheries (Langley and Hampton 2005).

Assessment indices in the 2008 MULTIFATL assessment (Hoyle et al. 2008) were based upon a new
standardized CPUE indgBigelow and Hoyle 2008)eveloped for distarwater fleets targeting south Pacific
albacore (east of 110°W) by analysing an operational level ddtlageheet datadf vessels landing at the two
major canneries (Pago Padanerican Samoand Levuka Fiji). Data were spatially stratified into four regions

at 25°S and 180pandstandardized usingj2 (3 fleet and 4 regions) Generalized Lineasdéls (GLMs).There

were substantial spatial differences in effeettch and CPUBbetweerthe aggregated 5fonth daa previously
used in the assessment (2005) #rebperational level data from albacore targeting vessels developed in 2008.
In contrast with the aggregated dataerewas good coherence in nomirglerationalevel CPUE amonghe
fleets assumed to be getingalbacoreThis was believed to Heecause the operational data was largely targeted
at albacore, whereas the aggregated data included substantial yellowfin andtdnigetgel effort. The
assessment assumed thatcbability was constant over timerfall distant water longline fisheries (Japan,
Korea, and Tavanfleets).

While the CPUE standardization usingperationallevel data represented an improvement tonstructing

relative abundance indices for south Pacific albadbeze was concern thaome Taiwan vessels since the late
19906s had changed t ar g e.tThisntaygeting chamge avdslaccampanied lspatial b i g e
change in the fisheryhe use of deeper longline geand much higher catch rates of bigeye tadwan irdices

for the low latitudeegions (1 and 2) have declined since 2001 and had an earlier decline at high latitude regions
(3 and 4, Bigelow and Hoyle 2008). If the indices constructed in 2008 included bigeye targeted effort then the
resulting south Pacifialbacore indices may have been biased downwards.

With the aim of removing this bida targeting we used cluster analysis to separatediata according to the

target species. The species being targeted by a set can be difficult to identifynibtitrecorded explicitly. In

some cases operational characteristics of the set, sutoks between float$HBF), can be used. In this case,
however, few operational characteristics were available for the whole time series. Cluster analysis wasg applied t
the species composition.

The objective of this study was tt) incorporate operational datato the CPUE analysis in addition to data
providedvessels landing ahe canneries (Pag®agoand Levuka), 2) statisticallyishggregatalbacore and
bigeye tuna targeting operationand 3) aply traditional GLMs to the albacore targeted fishery to estimate
relative abundanciedicesfor assessment



2 Methods
2.1 Data compilation

Catchin numbers of fish by speciesd effort data were compiled from individudistantwatervesselgJapan,
Korea, Taiwan)submitting operational logsheet dattlongline activity in the south Pacifié total of 1,398
vessels reported landing fish from 1960 to 2QUable ). These vessels conducted 9,588 trips and 532,262
longline setqTable 2) Eighty-three percent of the longline data were submitted gofRagoA. Samoaunder a
voluntary program of scientific monitoringy the US National Marine Fisheries ServicMFS). The
remainng 17% of these data weseibmitted onSPC Regional Logsheet forms and provided mainly by Fiji
(7.7%), French Polynesia (3.7%) and Vanuatu (3.@ajplicate records were removed

2.1 Cluster analysis of longline targeting

There is evidence of bigeye targeting by some vessels in the Taiwasirfleeat least 1999 (Figurgé). The
HBF metricis commonly included as an explanatory variable in GLM CPUE standardizations to chzgacteri
longline catchability givewlifferentlonglinetargeting. The HBF field was only included on 26,555 (5.0%) of the
longline sets and therefore could not be used to disaggregate species targeting.

A cluster analysis was conducted to disaggregpeeiesargeting in the absence of operational daiaHBF.

Two clustering rotines were performed in R (version 2.7.2 for wih based on the proportion of albacore,
yell ow and bigeye tuna for each | ongline set or
incorporated as the species composition is probably only valid for the three tuna species (P. Williams, SPC
personal communication)A Ward Hiearchical clustering (hclustpr agglomerative approacias initially
performed onthe Taiwan datasef238,617 setand 4,091 tripsto produce adendrogram orcluster tree A
dendrogram is informativio determine the apppoiate number of clusters (species targetiregyesented in the
data.Since the species proportion may change through time due to changes in overall population alefindance
individual speciesit is important to choose a temporal period ikatot sensive to large changes in abundance.

A time-period of three years was initialghosen to produce the cluster tre@fistering can be conducted on
species proportioat a longline seor trip level. Clusteringvas conducted on trip as clustering on eactwsst
computationallytoo time consumingln the final analysisthe three year period was expanded to nine years and

t wo periods, 19 9 0 wekeQu€e8to depictthe rdudsitOof AQudtérshn additional clustering
(clara) routine was used to ption the dataset into appropriate clusters as determined by the dendrogram. The
clara routine was used due to its ability to run on large datdsetitioningwasapplied atboththe longline set

and trip level for comparisor.ongline sets that cauglero tuna (0.8%f the sety were removed from the
cluster analysis as zero proportions were uninformative in the cluster analysis.

2.2 Generalized linear models (GLM)

Data were spatially stratified into four regions at 25°S and 180° for the stock assemsraefsouth of the

equa or , 1 4 0 bBsEused B 6h&) V08 CPUE standardization and assest@geiow and Hoyle 2008,

Hoyle et al. 2008)The GLM was fited to the entire Japan and Korea theeries and the albacore cluster for
Taiwan. Ten predictorswere considexd in the CPUE standardization in 20Géhd four predictors were
statisticallyselected. These four predictors (year_guarter, vessel identification and interactions between month
and latitude, and latitude and longitudedre considereth thepresent studywith no oceanographic predictors

due to their inferior results in the 2008 standardizafidre dependw variable in the GLMs was the natural
logarithm of albacore CPUE with a small constant (0.5) added to the catch. Each longline wetghveesdby
(1/sgrt(number of sets per tripfecause individual sets within a trip are often highly correlated. Similar to the
2008 standardization, a criterion was used for each fleet:region which had 10,000 or more sets torilyclude
vessed that hadished in fouror morequarters. All vessels were used if a fleet:region had less than 10,000 sets.
A total of 12 GLMs were conducted as combinations of three fleets and four regions. The CPUE index was
comprised ofthe exponentiated year_quarter coediits from the fleet and regi@pecific GLM. Model
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selection was based on the Bayesian Information Criteria (BIC, Schwarz 1978). Aleermatied such as
deltaGLMs areappropriate with high zero catches in the dataset, but were not considered dudotw the
percentage of zero catches for efiebt (Japan 1.4%, Korea 9.2% and Taiwan 0.5%).

3 Results
3.1 Nominal catch, effort and CPUE

Figure 2illustrates a regionatomparison of nominal catch, effort and CPUE for three distaner fleets based

on logsheet data submitted. The Japan {8®ges is short (~10 years) while the Korea tgedes is of longer
duration (~35 years). Only Taiwanegesselswere active throughout most of the tinseries.Thee was little
difference h nominal CPUE befor2000 br all logsheet data from Taiwan in comparison to a subset of vessels
landed in Pago Pago and Levuka (Figure 3). There were differbatgeen datasets in region 1 since 2006 and
in region 2 from 2000 to 2003.

3.2 Cluster analysis of longline targeting

Dendograns indicated two and three clusters for the Taivietf o r per i1998 and 1992007,
respetively (Figure 4).There wergwo clusters dominated by albacarad albacoreyellowfin in each period.

The distinction between these clusters rel&bethe seasonality in catch rates. The albacore dominated cluster
occurs on a larger spatial scayeically during the2" and3™ quartes, whereas the albacore/yellowfin cluster
occurs in the subtropics during th&and4™ quartes when the yellowfirproportion increased (Figure Fjrom
1999to 2007 there was evidence of a third cluster (Figure 4) dominated by bigeydhativeas not apparent
before1999.

Individual longline sets and trips were partitiorietb two clusters forl990 1998andthree clustersince 1999.
Speciegproportions were similar for the albacore and albacore/yellowfin clusters during each time period (Table
3) and theséwo clusters were combined as an albacore cluster for subsequent arkttgsatbacore clusts

based on longline set or trip had higher CPUE from 20@006in comparison to using all Taiwan data, though

there was little difference in CPUBy lzlustering on set or trip (Figure 6). decision was made to conduct the

south Pacific albacor@LMs with clusteiing resultsapplied to longline set, due #ospatial analysief individual

vessel movementkat indicatedoth albacore and bigeye tutagetingwithin the same trip (not illustrated due

to confidentiality).A total of 2,308 longline setstag et ed bi geye tuna and were r
time-series.

While the HBF information isargelyincomplete, there was evidence that the cluster partitioning reflected target
types Themean estimates fddBF corresponding to the albacore, allvaégellowfin and bigeye clusters were

12.0, 12.3 and 16.2, respectively. A higher HBF for the bigeye fishery is indicative of the operational behavior of
the fleet which has deeper gear compared to an albacore fishery.

3.3 Generalized linear models (GLM)

Model results of the stepise GLM analysis are provided in Table Bifferences between nominal and
standardized indices are more apparent in the low latitude regions (1 and 2) than at higher latitudes (3 and 4).
Region 2 has the largest amount of albadongline effort and ndardized CPURvas higher for the Korea

fleet in the mid1990s than nominal valu¢Bigure 7) Conversely, standardized CPUE was lower for the Taiwan

fleet since 2000. Vessel effects are largely responsible for differences betweiealrand standardized CPUE.
Residuals were normally distributed in each of the 12 GLMs (Figure 8). Ehea of year_quarter indices and

their standard deviations were incorporated into the 2009 albacore assessment (Hoyle et al. 2009).

Figure 9 illustrate a comparison between current GLM indices and standardized indices used in the 2008
assessment (Hoyle et al. 2008he fandardizedCPUE indexfrom thecurrent studyis higher forTaiwan in
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region 1since 2002due to the inclusion of additional logshektta and the removal of bigeye targeted effort.
Additional data haveimproved the Taiwan index in region 3 since 198®d effecively removed the
unrealistically highCPUE valuesn region 2 for Korea (1992 0 0 0 ) and Tai wadentiQthé® 0171 2
2008 standardization.

A comparison between the standardized Taiwan indices and nominal CPUE of various domestitsRaci§
fleets indicatesimilar trends in the subtropical regions 1 and 2 (Figure h®oth regions there is evidence in
most domestic fisheries @ CPUE decline in 2002 or 2003. tegion 1 in the westiji and New Caledonia
fisheries had similaCPUEsince 2002 with depressed CPB&m 2003 to 2005The Taiwan CPUE is coherent
with the Fiji and New Caledonia since 200Phere are morerecipitousdeclines indomestic fisheries in region

2 (Independent and American Samdanga and French Polynesia) sirk@02. There has been a marginal
CPUE increase in these Polynesian fisheries, th@RUE remains depressed in domestic fisheries at southern
latitudes in region 2 (Tonga and French Polynesiti)e Taiwan CPUE in region &lsodeclined since 2002,
thoughthe decline was not as dramatic as in Tonga and French Polynesia perhaps duarodsselbaving a
larger spatial range then vessels in the domestic fisheries.

4 Discussion

South Pacific albacore is the only WCPFC species that is assessed with standardized CPUE indices constructed
with operational dataThese operational data inde identification of individual vesseishich in the GLM
frameworkimplicitly accounts for a certain amount of change in fishing powercandistentactivity through

time. The current standardization beied from the use obperational dataf distantwater vesselin addition

to vessels landing at the canneries (Pago Pago and Levlliexk is evidence that some Taiwan vessels have
targeted Imeye tuna at least since 1988d this longline activity should be removed from the south Pacific
albacore timeseries Taiwan tripsin the last decadmay contain longline sets targeting exclusively bigeye or
albacore tuna aa small proportiorcontain mixed target types within a triphe use of cluster analysis appeared
appropriate to disaggregatergeting andhere was little sensitivity if clustering was conducted at the trip or set
level.

The timeseriesamong distantvater fleets wagsoherent. There wasrapid decline fronthe early 1960s until

1975 followed by a slower decline thereafterthe 1990s,Here was an increase in standardized CPUE in the

west (regions 1 and 3) which was not evident in the east (regions 2 arttedy.was a decliniea standardized

CPUEfor the Taiwandistant-water fleetsince 2000 that also occurred in most domestic Pdsléad fisheries.

Similar to the 1990somestic fisheriedn the eastern region (2 and 4) of the assessareatexperienced the

largest decline in CPUE since 200the decline in south Pacific albacore CPUE since 2002 remains in the
standardized timseilies for Taiwan though the decline is not as dramatic as in the 2008 standardized indices.
The depressed CPUE since 2002 results from a decline in population abundance and/or a yet unexplained change
in south Pacific availability that affectélde Taiwan féet and domestic Pacific Island fleets.
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Table 1.Uniquevessels by flagnd region used in the cluster analysis and CPUE standardizatiod 960 to
2007.

Region
Fleet 1 2 3 4 Total
Japan 50 175 27 91 182
Korea 281 493 174 262 503
Taiwan 431 593 170 388 713




Table 2 Annual number of vessels, trips and sets by fleet for the entire assessment area and fouAllegions.
regions.

Vessels Trips Sets
Year Japan Korea Taiwan Japan Korea Taiwan Japan Korea Taiwan
1960 2 0 0 2 0 0 159 0 0
1961 7 0 0 7 0 0 396 0 0
1962 1 0 0 3 0 0 83 0 0
1963 80 9 0 213 34 0 5121 1,053 0
1964 74 18 11 191 33 27 4,575 954 592
1965 63 26 21 178 107 70 4,870 3,450 1,784
1966 65 55 75 199 193 273 5,765 7,111 7,203
1967 57 68 132 202 253 375 6,642 10,104 11,233
1968 37 82 110 87 217 282 3,180 9,189 10,300
1969 14 74 74 44 307 220 1,483 12,828 7,772
1970 7 78 112 22 314 288 672 12,370 11,009
1971 4 90 106 14 282 242 484 12,595 10,201
1972 2 89 103 3 253 225 81 11,923 10,001
1973 0 147 129 0 359 249 0 17,522 11,893
1974 0 154 119 0 363 226 0 16,142 10,636
1975 0 121 70 0 242 125 0 10,995 5,529
1976 0 95 59 0 225 84 0 11,105 4,326
1977 0 112 72 0 228 137 0 11,902 6,986
1978 0 94 55 0 206 96 0 10,011 5,408
1979 0 87 36 0 161 55 0 8,257 3,195
1980 0 71 a7 0 104 74 0 6,066 4,138
1981 0 96 60 0 181 93 0 10,709 4,824
1982 0 85 58 0 141 107 0 8,075 6,294
1983 0 50 32 0 88 40 0 5,407 2,030
1984 0 42 48 0 79 92 0 5,648 6,870
1985 2 61 46 2 132 83 81 8,005 5,406
1986 0 79 53 0 161 112 0 8,080 6,630
1987 0 77 48 0 130 121 0 7,677 7,402
1988 0 63 51 0 119 112 0 6,455 6,175
1989 0 55 35 0 101 56 0 4,548 3,092
1990 0 49 27 0 88 39 0 3,628 2,279
1991 0 28 36 0 36 59 0 2,133 4,025
1992 0 28 43 0 29 69 0 1,284 4,304
1993 0 23 52 0 23 119 0 712 7,056
1994 0 19 44 0 21 85 0 685 4,832
1995 0 12 33 0 13 78 0 526 4,315
1996 0 20 29 0 22 70 0 1,570 4,350
1997 0 27 21 0 37 48 0 2,243 2,995
1998 0 50 31 0 62 47 0 1,901 2,625
1999 0 56 29 0 68 35 0 3,606 2,446
2000 0 43 36 0 49 59 0 3,196 3,455
2001 0 2 37 0 2 52 0 173 2,292
2002 0 0 63 0 0 108 0 0 6,661
2003 1 0 65 1 0 100 32 0 6,293
2004 1 0 42 5 0 59 59 0 4,121
2005 0 3 22 0 3 29 0 104 2,291
2006 0 2 15 0 2 22 0 20 1,220
2007 0 0 22 0 0 44 0 0 2,128



Tabl e 2Annua oumidet of vessels, trips and sets by fleet for the entire assessment area and four regions.
Region 1.

Vessels Trips Sets
Year Japan Korea Taiwan Japan Korea Taiwan Japan Korea Taiwan
1960 1 0 0 1 0 0 14 0 0
1961 0 0 0 0 0 0 0 0 0
1962 0 0 0 0 0 0 0 0 0
1963 0 0 0 0 0 0 0 0 0
1964 7 0 9 8 0 13 77 0 180
1965 8 2 6 13 2 9 112 21 78
1966 19 5 37 28 5 63 405 108 990
1967 22 10 57 30 11 86 378 223 1,313
1968 11 3 44 11 3 53 150 23 981
1969 3 20 41 3 26 59 8 521 1,102
1970 3 33 55 3 41 76 20 542 1,706
1971 1 13 46 1 15 57 2 176 1,887
1972 0 15 41 0 16 51 0 399 1,141
1973 0 78 59 0 108 76 0 1,893 1,831
1974 0 92 44 0 125 56 0 2,880 1,455
1975 0 79 30 0 115 41 0 3,040 811
1976 0 62 16 0 91 18 0 2,369 380
1977 0 64 15 0 79 17 0 2,299 379
1978 0 58 5 0 100 6 0 2,667 174
1979 0 48 9 0 74 10 0 1,948 326
1980 0 33 22 0 44 25 0 1,744 678
1981 0 45 22 0 53 22 0 1,854 686
1982 0 38 20 0 50 33 0 1,864 1,399
1983 0 19 17 0 24 19 0 997 832
1984 0 23 28 0 24 57 0 647 3,032
1985 1 13 19 1 19 34 41 470 1,680
1986 0 14 16 0 16 19 0 380 504
1987 0 13 25 0 13 37 0 118 1,219
1988 0 16 43 0 17 74 0 389 3,253
1989 0 22 25 0 23 35 0 694 1,252
1990 0 20 7 0 29 9 0 1,327 463
1991 0 5 7 0 5 12 0 117 539
1992 0 0 15 0 0 21 0 0 877
1993 0 2 29 0 2 61 0 59 3,009
1994 0 0 24 0 0 49 0 0 2,566
1995 0 4 24 0 4 61 0 51 2,708
1996 0 3 25 0 3 59 0 101 2,404
1997 0 3 17 0 4 35 0 75 1,396
1998 0 4 18 0 4 24 0 161 879
1999 0 0 11 0 0 15 0 0 757
2000 0 2 31 0 2 43 0 26 1,962
2001 0 0 25 0 0 34 0 0 1,460
2002 0 0 29 0 0 53 0 0 1,874
2003 1 0 20 1 0 41 16 0 890
2004 1 0 15 3 0 28 32 0 1,221
2005 0 1 9 0 1 9 0 27 462
2006 0 0 12 0 0 19 0 0 956
2007 0 0 14 0 0 32 0 0 1,280



Table 3( ¢ o.mABNual number of vessels, trips and sets by fleet for the entire assessment area and four regions.
Region 2.

Vessels Trips Sets
Year Japan Korea Taiwan Japan Korea Taiwan Japan Korea Taiwan
1960 2 0 0 2 0 0 113 0 0
1961 7 0 0 7 0 0 396 0 0
1962 1 0 0 3 0 0 83 0 0
1963 78 9 0 205 34 0 4,646 914 0
1964 73 18 10 188 33 23 4,128 954 409
1965 63 26 21 170 106 67 4,231 3,319 1,648
1966 62 55 74 152 184 249 3,366 6,207 5,441
1967 54 68 128 136 244 334 2,840 8,478 7,627
1968 34 81 108 65 208 267 1,604 7,878 8,269
1969 14 74 72 36 294 213 764 10,496 6,345
1970 6 78 110 14 266 282 273 8,415 8,476
1971 4 89 105 11 251 230 311 8,562 6,719
1972 2 86 101 3 218 219 81 7,982 7,599
1973 0 129 125 0 263 223 0 7,602 7,142
1974 0 146 107 0 267 183 0 6,992 5,763
1975 0 113 69 0 220 119 0 7,170 3,860
1976 0 92 57 0 200 78 0 6,366 3,030
1977 0 105 71 0 202 127 0 6,617 5,135
1978 0 92 53 0 185 86 0 4,935 3,342
1979 0 84 32 0 144 47 0 4,660 1,665
1980 0 68 41 0 95 62 0 3,490 2,317
1981 0 92 50 0 167 76 0 6,154 2,849
1982 0 72 40 0 118 68 0 4,148 2,348
1983 0 49 13 0 83 16 0 3,092 647
1984 0 41 20 0 74 32 0 3,250 1,303
1985 1 60 26 1 118 32 40 4,766 1,389
1986 0 78 46 0 153 85 0 5,487 3,163
1987 0 73 44 0 120 86 0 5,270 2,634
1988 0 60 29 0 112 57 0 4,051 1,154
1989 0 53 18 0 94 27 0 1,914 838
1990 0 45 21 0 70 27 0 2,103 990
1991 0 28 28 0 35 40 0 1,930 1,868
1992 0 28 30 0 29 40 0 1,284 925
1993 0 23 32 0 23 53 0 653 1,643
1994 0 19 26 0 21 36 0 685 955
1995 0 12 11 0 13 13 0 475 299
1996 0 18 9 0 20 12 0 1,469 239
1997 0 26 11 0 35 12 0 2,168 282
1998 0 48 14 0 59 17 0 1,740 523
1999 0 56 16 0 68 18 0 3,606 795
2000 0 43 10 0 49 11 0 3,169 413
2001 0 2 14 0 2 14 0 173 542
2002 0 0 34 0 0 46 0 0 1,952
2003 1 0 31 1 0 41 16 0 2,536
2004 1 0 24 4 0 24 27 0 1,308
2005 0 3 12 0 3 14 0 77 567
2006 0 2 3 0 2 3 0 20 258
2007 0 0 8 0 0 9 0 0 548
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Table 3( ¢ o.mABNual number of vessels, trips and sets by fleet for the entire assessment area and four regions.
Region 3.

Vessels Trips Sets
Year Japan Korea Taiwan Japan Korea Taiwan Japan Korea Taiwan
1960 0 0 0 0 0 0 0 0 0
1961 0 0 0 0 0 0 0 0 0
1962 0 0 0 0 0 0 0 0 0
1963 0 0 0 0 0 0 0 0 0
1964 0 0 0 0 0 0 0 0 0
1965 0 0 0 0 0 0 0 0 0
1966 6 0 1 6 0 1 62 0 1
1967 18 0 1 19 0 1 491 0 16
1968 4 1 3 4 1 3 102 7 38
1969 1 5 1 1 5 1 3 46 40
1970 2 14 2 2 15 3 28 133 40
1971 1 5 2 1 5 3 1 73 72
1972 0 7 5 0 7 6 0 82 221
1973 0 71 11 0 116 11 0 4,068 339
1974 0 83 9 0 132 9 0 2,805 193
1975 0 17 5 0 20 5 0 425 30
1976 0 39 4 0 48 4 0 990 166
1977 0 18 2 0 18 2 0 471 52
1978 0 12 1 0 12 1 0 142 9
1979 0 7 0 0 7 0 0 216 0
1980 0 4 3 0 4 3 0 170 171
1981 0 13 3 0 15 3 0 478 42
1982 0 9 8 0 10 10 0 269 468
1983 0 2 0 0 2 0 0 72 0
1984 0 20 22 0 21 22 0 835 1,555
1985 0 10 11 0 10 11 0 767 1,001
1986 0 6 10 0 6 10 0 475 444
1987 0 14 15 0 14 16 0 1,096 353
1988 0 11 9 0 11 10 0 652 123
1989 0 16 5 0 16 5 0 613 107
1990 0 4 4 0 4 4 0 88 151
1991 0 3 8 0 3 9 0 84 560
1992 0 0 8 0 0 10 0 0 455
1993 0 0 16 0 0 18 0 0 964
1994 0 0 14 0 0 14 0 0 554
1995 0 0 16 0 0 24 0 0 791
1996 0 0 16 0 0 23 0 0 847
1997 0 0 13 0 0 19 0 0 1,271
1998 0 0 16 0 0 16 0 0 889
1999 0 0 6 0 0 6 0 0 230
2000 0 0 11 0 0 13 0 0 733
2001 0 0 2 0 0 2 0 0 52
2002 0 0 18 0 0 19 0 0 936
2003 0 0 17 0 0 19 0 0 1,054
2004 0 0 11 0 0 11 0 0 940
2005 0 0 6 0 0 6 0 0 633
2006 0 0 1 0 0 1 0 0 6
2007 0 0 4 0 0 5 0 0 48
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Table 3( ¢ o.mABNual number of vessels, trips and sets by fleet for the entire assessment area and four regions.
Region 4.

Vessels Trips Sets
Year Japan Korea Taiwan Japan Korea Taiwan Japan Korea Taiwan
1960 1 0 0 1 0 0 32 0 0
1961 0 0 0 0 0 0 0 0 0
1962 0 0 0 0 0 0 0 0 0
1963 27 3 0 29 6 0 475 139 0
1964 17 0 1 21 0 1 370 0 3
1965 24 7 3 30 8 3 527 110 58
1966 38 15 29 69 21 38 1,932 796 771
1967 a7 27 54 100 36 76 2,933 1,403 2,277
1968 20 33 33 33 40 37 1,324 1,281 1,012
1969 11 45 12 20 59 12 708 1,765 285
1970 6 57 24 11 88 27 351 3,280 787
1971 4 67 37 6 90 38 170 3,784 1,523
1972 0 70 25 0 83 26 0 3,460 1,040
1973 0 98 44 0 135 49 0 3,959 2,581
1974 0 92 53 0 134 60 0 3,465 3,225
1975 0 24 16 0 26 20 0 360 828
1976 0 48 14 0 62 14 0 1,380 750
1977 0 59 24 0 70 24 0 2,515 1,420
1978 0 46 26 0 55 33 0 2,267 1,883
1979 0 28 17 0 28 18 0 1,433 1,204
1980 0 15 15 0 16 15 0 662 972
1981 0 54 18 0 63 19 0 2,223 1,247
1982 0 43 28 0 47 33 0 1,794 2,079
1983 0 21 6 0 22 7 0 1,246 551
1984 0 19 15 0 19 17 0 916 980
1985 0 35 17 0 36 20 0 2,002 1,336
1986 0 30 39 0 32 46 0 1,738 2,519
1987 0 30 37 0 30 53 0 1,193 3,196
1988 0 25 22 0 29 24 0 1,363 1,645
1989 0 28 17 0 29 19 0 1,327 895
1990 0 11 10 0 11 10 0 110 675
1991 0 2 18 0 2 20 0 2 1,058
1992 0 0 22 0 0 33 0 0 2,047
1993 0 0 18 0 0 32 0 0 1,440
1994 0 0 11 0 0 12 0 0 757
1995 0 0 5 0 0 5 0 0 517
1996 0 0 7 0 0 9 0 0 860
1997 0 0 3 0 0 3 0 0 46
1998 0 0 5 0 0 6 0 0 334
1999 0 0 11 0 0 11 0 0 664
2000 0 1 7 0 1 9 0 1 347
2001 0 0 5 0 0 9 0 0 238
2002 0 0 30 0 0 35 0 0 1,899
2003 0 0 31 0 0 31 0 0 1,813
2004 0 0 9 0 0 10 0 0 652
2005 0 0 6 0 0 7 0 0 629
2006 0 0 0 0 0 0 0 0 0
2007 0 0 6 0 0 7 0 0 252
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Tale 3. Cluster partitioning of species proportions within the Taiwan longline fishery based on individual sets

during1990 1998 and 19922007.

Species percentages

Species percentages

Species percentages

Albacore cluster

Albacore/Yellowfin
cluster

(BET:YFT:ALB) (BET:YFT:ALB) (BET:YFT:ALB)
199071 199 8|0.5:1.0:985 5.4:16.1:78.5 No Bigeye/Yellowfin
Albacore cluster Albacore/Yellowfin | cluster
cluster
19991 2007)|0.7.0.8:9.5 5.8:17.5:76.7 46.4:35.6:18.0

Bigeye/Yellowfin cluster
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Japan fishery

Region 1, 1,255 sets, Null deviance=728.6
Predictor variable

Year_quarter

Year_quarter lat5*lon5

Region 2, 18,646 sets, Null deviance=2938.9
Predictor variable

Year_quarter

Year_quarter month*latitude

Year_quarter month*latitude lat5*lon5
Year_quarter month*latitude lat5*lon5 boat_ID

Region 3, 687 sets, Null deviance=33.5
Predictor variable

Year_quarter

Year_quarter boat_ID

Region 4, 8,822 sets, Null deviance=454.2
Predictor variable

Year_quarter

Year_quarter mont*latitude

Korea fishery

Region 1, 25032.7 sets, Null deviance=6925.8
Predictor variable

Year_quarter

Year_quarter lat5*lon5

Year_quarter lat5*lon5 month*latitude
Year_quarter lat5*lon5 month*latitude boat_ID

Region 2, 160,966 sets, Null deviance=51972.8
Predictor variable

Year_quarter

Year_quarter month*latitude

Year_quarter month*latitude lat5*lon5
Year_quarter month*latitude lat5*lon5 boat_ID

Region 3, 11,666 sets, Null deviance=805.3
Predictor variable

Year_quarter

Year_quarter month*latitude

Year_quarter month*latitude lat5*lon5

Region 4, 41,642 sets, Null deviance=3671.3
Predictor variable

Year_quarter

Year_quarter month*latitude

Year_quarter month*latitude boat_ID

Taiwan fishery

Region 1, 45,883 sets, Null deviance=5429.9
Predictor variable

Year_quarter

Year_quarter lat5*lon5

Year_quarter lat5*lon5 boat_ID

Year_quarter lat5*lon5 boat_ID month*latitude

Region 2, 107,530 sets, Null deviance=10588.3
Predictor variable

Year_quarter

Year_quarter month*latitude

Year_quarter month*latitude boat_ID
Year_quarter month*latitude boat_ID lat5*lon5

Region 3, 16,547 sets, Null deviance=1169.6
Predictor variable

Year_quarter

Year_quarter boat_ID

Year_quarter boat_ID lat5*lon5

Region 4, 39,159 sets, Null deviance=3039.0
Predictor variable

Year_quarter

Year_quarter month*latitude

Year_quarter month*latitude boat_ID
Year_quarter month*latitude boat_ID lat5*lon5

Residual deviance
419.4
158.5

Residual deviance
2078.6
1517.6
1399.6
1338.6

Residual deviance
22.0
16.0

Residual deviance
391.8
300.3

Residual deviance
5518.9
3520.8
3162.7
2968.3

Residual deviance
23215.0
15998.1
13941.5
13182.8

Residual deviance
577.2
482.3
472.5

Residual deviance
2532.7
2053.4
1950.8

Residual deviance
4194.0
3507.9
3201.9
3073.8

Residual deviance
8235.1
7670.3
7040.1
6876.7

Residual deviance
833.9
626.0
606.8

Residual deviance
2199.7
1948.3
1662.0
1631.3

d.f.

27

d.f.
47
44

88

d.f.
10
22

d.f.

33

d.f.
926
39
a4
139

d.f.
156
44
82
341

d.f.
62
44
32

d.f.

90

44

170

d.f.
164
39
209
44

d.f.
165
44
413
73

d.f.
100
156

d.f.
137
44
203
54
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Percent deviance explained
42.4
78.2

Percent deviance explained
29.3
48.4
52.4
545

Percent deviance explained
34.3
52.2

Percent deviance explained
13.8
33.9

Percent deviance explained
20.3
49.2
54.3
57.1

Percent deviance explained
55.3
69.2
73.2
74.6

Percent deviance explained
28.3
40.1
41.3

Percent deviance explained
31.0
441
46.9

Percent deviance explained
22.8
354
41.0
434

Percent deviance explained
22.2
27.6
335
35.1

Percent deviance explained
28.7
46.5
48.1

Percent deviance explained
27.6
35.9
453
46.3

Deviance per parameter
115
21.1

Deviance per parameter
18.3
32.3
25.2
18.2

Deviance per parameter
1.2
0.8

Deviance per parameter
2.2
4.7

Deviance per parameter
14.7
87.3
85.5
28.5

Deviance per parameter
184.3
817.6
463.8
113.8

Deviance per parameter
3.7
7.3
10.4

Deviance per parameter
12.7
36.8
10.1

Deviance per parameter
75
49.3
10.7
535

Deviance per parameter
14.3
66.3
8.6
50.8

Deviance per parameter

Deviance per parameter
6.1
24.8
6.8
26.1

Table4. Model selection results for fleet and region CPUE standardization models using residual deviance and
Bayesian information criterion (BIC).

BIC
4562
3533

BIC
45363
39931
39021
38957

BIC
950
872

BIC
14003
11957

BIC
86523
75666
73427
73247

BIC
513494
459573
433784
423881

BIC
23929
22193
22171

BIC
91795
83527
83199

BIC
120853
113074
111151
109750

BIC
249508
242377
237933
236252

BIC
36019
32790
32507

BIC
86767
82481
78403
78244



Figure 1. Boxplots of annual bigeye catch rates by the Taiwan fleet through time for region 2 (top) and
post1998 catch rates by vessels in region 2 (bottom).
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Figure 2. Four region comparison of nominal catch, effort and CPUE for three -ahstientfleets
based on logsheet data submitted.
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Figure 3. Comparison of quarterly nominal CPUE tiseeies from all Taiwan logsheet data versus
logsheets from Pago Pago, American Samoa and Levuka, Fiji.
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Height

Figure 4. Dendrogram of agglomerative clusteringedasn the catch proportion of three tuna species
(south Pacific albacore, yellowfin and bigeye tuna) per longline trip. Two clusters from 1990 to 1998
are illustrated (left) and three clusters from 1999 to 2007 (right).
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Figure 5. Spatial distributionfdishing effort for three clusters (south Pacific albacore, south Pacific
albacore and yellowfin and bigeye tuna) from 1999 to 2007.
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Figure 6. Comparison of quarterly nominal CPUE tiseeies from all Taiwan logsheet data and by
conducting a cluster alysis on longline trip and set.
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Figure 7. Comparison of normalized year:quarter nominal and standardized CPUE indices for three
distantwater longline fleets.
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Figure 8. Diagnostics for Generalized Linear Model fits for standardization of soufic Bdxacore
CPUE for the Taiwan distanater fleet.
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Figure 9. Comparison of standardized CPUE for south Pacific albacore from 2008 (Bigelow and Hoyle
2008) and 2009.
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