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Summary

In this documentwe estimatedstandardized catch per unit effort (CPUE)North Pacific Albacore
(NPALB) that werecaught by thelapanese distamater pole ad line (JPN PLDW) from 1972 to
2015 with deltalognormal GLM modein the same way gareviousdocument(Kiyofuji 2014). In
this model, we usedour explanatory variablé$year, quarte(two levels: 1st and 2nd quarter
combined 3rd and 4thguartes combinedl 5j * 5 grid squares as area, and vessdl iscategorical
factors and separated the peri@®722015) into two periods (192989 and 1992015) We also
updated andeformeddata seffor estimating CPUEaccordingly,relative abundance indiceare
mostlysame with previous valugsutthe index in 198Targdy increags compared witltheprevious
index In addition,the index in2015showsthe lowest levelywhich seemsiot to represerdecrease of
NPALB abundancéecaus@LB catch byJapanese offshore pole and liséigh Further omparison
between simig-updated estimates and quaitbanged estimatemdicates that quarterchanged

estimates appear e more suitable trend



Introduction

In this studywe updated standardiz&dPUEin the same waproposed at the ISC14/ALBWG1/06
(Kiyofuiji, 2014). In this model, four explanatory variabléyear, quarter (two levels: 1st and 2nd
quarter; 3rd and 4th quarter), 5p;j grid squares as area, amessel ID, which would reflect each
fleetOs fishing capacity and intention to target albhicareemployel as categorical factorandthe
whole period (19722015)is separated into two periods (191889 and 1992015) because main
fishing season changed from 2nd quarter to 3rd quarter since 199 eaaseequipped ratios of
searching devices increased from the late 1980s to the early Qi90&uji, 2014). Differences

between this study and previous study are presenftabie 1

Data and Methods

Fisheries Data

We usedlie operational level of catch and effort ditathe JPN PLDW, which are larger than 200
gross register tonnage (GRWith noon position in equidistant 1j!1; grid celfsom 1972 to 2015
From the data, ate,positon,number ofpoles,andcatch in weightvere employed, and we reformed

dataset toestimae standardized CPUE.

CPUE standardization

In this analysisdeltalognormal mode(Lo et al., 1992)vasused for estimating standardized NPALB
CPUE. We conducted dilowing procedures an@ccomplishedparameterization using two egt
generalized linear moded first step for estimating non zero catch and second step for estimating
positive catch, respectively.

Definition of theexplanatoryariables are shown ifable 2, and area deifiition isrepresented in
Figure 1. In this analysis, technolognformation such as bird radar, sonar, bait tank and NOAA
receiver were not considered because no significant effects were found through the previous analysis
(Kiyofuji, 2013).

Vessel ID okeachfleetwasidentified by the license number from log shaedassignedo evaluate
fishing strategy or skipp& experiences through the period (e.g. Langley et al., 2010; Kiyofuiji et al.,
2011) When vessalchange target speciés.g. from skipjack to albacoreatch rate of target species
possiblychange Vessel effect pentially represemstfactors that are likely affect fishing capability.
Including vessel ID in the modelan explain changs in fishing capacityalong timeN from the
begiming of newvesselo theretirementlt can also account fatifferencesn fishing techniques and

targeting strategiemmong vessels



Each vessel igentified by license number and call sidgnt licensenumbers haverenewed on
every five year§| 1987,1992, 1997, 2002007, and 2012For theJPN PLDWfl eet, a reference table
with shipnameand license number waseated in each year. This table was usedé¢ate a unique
vessel index in théog sheetdataset. The fewog sheetecords that had nassociated record in the
vessel referencable were deleted from the datet. Furthermore, for analyzingoece vessa were
extracteddefined as operatingvié years continuously and more ithien days a year

Thetotalnumber of uniqueesselsn each yeaandoperatingyearsof each core vesselere shown
in Figure 2. Total numberof unique vessels in 198 this studyincreass comparedwith previous
values which isdue toupdating vessel reference tabfégure 2 alsorevealed that a considerable
number of vessels retired from thishey from the late 19800 theearly1990s although some of the
vessels continued to operate in frehery throughout the next two decades. During the 1990s, new
vessels continued to entie fishery replacing vessels that retired fromfils@ery.In recent years,
fleet has reduced to aldd2b corevesselsig. 2a).

The deltalognormal indices werealculated by multiplyig the two sets of indiceat the firststep
we estimatedhe probabilityof nonzero catch of albacor@hetheralbacore catch wagresent or
absen (that iszerg for a fishing dayat thesecond stepve estimatd the positive albacore catdior
a fishing dayafterzero catch records weexcluded Standard error for delimgnormal model was
derived from the method describlegl Shono (2008
First Step: estimateonzero catch rate

"# $O&'() *+ *(&%*- *'%*- H&'"/# *- 0(11(! 23*- 446 *78/"98/&!
Secad Step: estimate positive catch

"% $<= )+ % (&I~ X'%*- &I *- 0(11(1 23*- 465709
An unbiased relative abundance ina@x be calculated as follows:
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where O is the estimated yeéactor for the binomial GLM,M and?®are the estimated yetactor
for the positive catch (lognormaBLM and the standard error @, respectively.

We also tried to estimat&PUEby changinggtr variable In the period of 19721989, only2nd
quarterdata were selected; the period 19902015 2nd and 3rd quarter data weselected The
reasonwhy we picked upthesequartes is to remove possible biases dueirioluding quarters with

low catches



Results and Discussion

Figure 3 shows spatial distributiongoy 1j! 1j grid square)of effort (vesselday), total catchof
albacoreand albacore catch ratialbacore catch divided by albacore plus skipjack catéhesrent
five years Efforts areidentified in area between 135180 E and25;N-45;N (Fig. 3a). Total catch
and ratioarehigher in area south of 38 (Fig. 3b, c).

Figure 4 showstime series ofkeffort (total number of poles), total catohalbacore albacorecatch
ratio, and nominal CPUEEffort (the number of poled)y JPN PLDWincreasegrom 1972 to 1978
due to increasing number fieet(Fig. 2a), and thenit decreasgsteeply until 1988Kig. 4a). After
1988, gadual increasef effort lastsuntil 1997 and then the valueemairs at the level around 100 (!
1,000 poles)till 2005. The number of poledecreases again 006 and has remained at the level
about 70,000. Total catesby JPN PLDWare highin the mid of 1970s from the end of 1990snd
the start of 20004Fig. 4b). Catchesafter 2005 howeverarelow (around 10,000 tongsndfurther
decreases from 2013 to 201 the other hand, ALB catch by Japanese offshore pole and line (JPN
PLOS) are not low during 2088015.Albacore catch ratiby JPN PLDWin most of yearss arourd
50%, butit is low during 19881993 and 201around 20%Fig. 40. Nominal CPUEby JPN PLDW
likely shows similar trend witlotal catch(Fig. 4d); aso, there likely exist three phasat nominal
CPUElevel (19751992, 19982004 and 20GER015.

Thetrend ofrelativeabundance indicds shown inFigure 5, andthe estimates and standard errors
are representeid Table 4 (197201989) andrable 5 (199(ER015).The trendof each periods mostly
samewith that of the previousvalue (Kiyofuji 2014), but the indices in1987 largely increases
comparedo the previous value

GLM diagnostics of each period are representélibie 6 (197201989) andrable 7 (199&R015).
Residual dstributiorns of the modelreskewed inlst step Figure 6aandFigure 7a) butin 2nd step
these ardlistributedalmostnormally (Fig. 6b andFig. 7b).

Figure 8a and Table 3 show albacorecatckesin each quarteby the JPN PLDWn area for
estimating standardized CPUEheseindicate that the main seasahifts from 2nd quarter to 8l
guartersince 1990this shift isdue to changeof fishing area (Kiyofuji, 2013in orderto target more
fat albacoreFigure 8b represert ratics of five kinds ofequipmentLow temperature bait tankas
first equippedin 1981 with keeping lots of baits and high survival rate for long pefibd. 1st
generation bird radar walevelopedn 1987 whichis radar adjusted to show a bird and kool
around 15 miles otheradar.The 2nd generation bird radar svantroduced in 1991 witbxpanding
searching aret around25 miles. NOAA receiviebegan to use for searching fishing ground in 1988.

Sonar started to develop abe introduced inthe early1980s. After introducing these devices,



equippedatio increasedand almost all vegts have hadevery devicesince1994

Figure 9 showscomparisorof estimatedCPUESsin this study between simplgdatedvaluesand
quater-change values As a resultguarterchanged estimates appear tonhere suitabletrendthan
simpleupdated estimates

In summarywe recommendipdatedCPUE of NPALB caught by thdPN PLDWwith new quarter

definition.
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Table 1.Comparison betweethis study and previous study (2014)

previous study  this study

Period (whole) 1972p012
(Kiyofuji, 2014 same as k014

Region
Model
Variables

Vessel ID

deltalogno

1972P015

rmal same asin 2014

see Table 2 1: same as in 2014

2: gtr was changed
(197201989: 2nd only; 1992015:[2nd +3rd] only)

updated

Table 2. Definition of explanatoryariables included in the model

Variable Data type Description
year Categorical  unique year19722015)
qgtr Categorical  unique quarter
I: 1st + 2nd(Jan.BJun)
[I: 3rd + 4th(Jul. BDec)
latlong Categorical  5j! 5j
vesselD Categorical  unique vessel identification




Table 3. Totd catchegtons)of NPALB by the JPNPLDW in the area for estimating standardized
CPUE

Quarter

Year ist 2nd 3rd 4th
1972 12922.8 1507.8 26.2
1973 491.6 22714.9 2599.9 0.2
1974 18.7 31530.5 1985.5 75.5
1975 95.3 25942.1 985.1

1976 150.3 40588.5 202.4 5052.5
1977 85.2 16223.4 172.7 4345.8
1978 1.2 17089.8 14868.6 3453.3
1979 1.0 15529.8 8663.3 3458.8
1980 16.1 19537.2 3282.6 457.0
1981 19.8 8873.3 166.9 257.1
1982 72.0 7799.3 181.1 763.7
1983 41.0 10721.0 476.8 523.5
1984 17130.9 703.6 30.0
1985 5.4 10237.6 80.9 181.5
1986 1.5 6339.9 698.6 270.2
1987 7986.7 204.9 6.1
1988 1064.1 7.7 0.7
1989 3117.3 519.5 1.8
1990 21575 2851.9 154.5
1991 157.4 2478.4 155.8
1992 1370.0 1863.9

1993 3175.7 3659.1 0.2
1994 3860.1 17473.4 45.5
1995 2743.4 13878.9 1660.6
1996 4466.8 7016.1 0.6
1997 5142.0 13974.6 3443.4
1998 113.2 12514.4 361.8
1999 12209.4 21115.7 6697.7
2000 4878.3 11270.5 1141.6
2001 6966.5 18133.7 654.5
2002 9531.4 31182.6 323.8
2003 7862.2 14857.0 5941.8
2004 24.0 14020.0 2270.9

2005 3650.0 8181.9 330.1
2006 4559.8 1649.2 843.4
2007 10835.8 1214.2

2008 4867.8 1346.4

2009 10892.3 1145.1 80.6
2010 7288.7 5614.8 66.6
2011 9106.8 2985.3

2012 9585.0 6460.5 38.4
2013 12054.1 2535.0

2014 8471.9 1633.5

2015 5044.1 1018.4




Table 4. Abundance indicg for NPALB caught by the JPRLDW between 1972 and 1989

I: 1st and 2nd quarters

Year

non-zero rate

positive catch

Relative

by Shono (2008)

estimate SE estimate SE adjusted abundance Index ?RCPUE] ?RogCPUE]
1972 0.587 0.032 0.151 0.039 0.151 0.991 0.004 0.237
1973 0.675 0.028 0.141 0.032 0.141 1.058 0.003 0.285
1974 0.659 0.029 0.196 0.032 0.197 1.444 0.004 0.276
1975 0.629 0.030 0.162 0.031 0.162 1.136 0.003 0.259
1976 0.660 0.029 0.157 0.030 0.157 1.153 0.003 0.276
1977 0.605 0.031 0.093 0.031 0.093 0.627 0.002 0.245
1978 0.747 0.024 0.134 0.029 0.134 1.119 0.003 0.328
1979 0.685 0.028 0.141 0.029 0.141 1.074 0.003 0.290
1980 0.575 0.031 0.135 0.031 0.135 0.863 0.003 0.229
1981 0.572 0.032 0.088 0.034 0.088 0.562 0.002 0.228
1982 0.548 0.032 0.140 0.038 0.140 0.855 0.004 0.216
1983 0.604 0.031 0.141 0.036 0.142 0.953 0.003 0.246
1984 0.594 0.031 0.189 0.035 0.190 1.255 0.004 0.240
1985 0.657 0.030 0.180 0.038 0.180 1.321 0.005 0.276
1986 0.545 0.033 0.141 0.040 0.142 0.860 0.004 0.215
1987 0.576 0.033 0.182 0.045 0.182 1.169 0.005 0.232
1988 0.408 0.036 0.124 0.082 0.125 0.568 0.006 0.167
1989 0.487 0.034 0.183 0.053 0.183 0.994 0.006 0.190

II: 3rd and 4th quarters

Year non-zero rate positive catch Relative by Shono (2008)

estimate SE estimate SE adjusted abundance Index ?RCPUE] ?RogCPUE]
1972 0.211 0.026 0.089 0.041 0.089 0.936 0.002 0.077
1973 0.286 0.030 0.083 0.035 0.083 1.179 0.002 0.100
1974 0.270 0.029 0.116 0.035 0.116 1.557 0.002 0.094
1975 0.243 0.028 0.096 0.034 0.096 1.157 0.002 0.085
1976 0.271 0.029 0.092 0.033 0.093 1.247 0.002 0.094
1977 0.224 0.027 0.055 0.033 0.055 0.611 0.001 0.078
1978 0.368 0.032 0.079 0.030 0.079 1.454 0.002 0.131
1979 0.295 0.030 0.083 0.030 0.083 1.219 0.002 0.102
1980 0.202 0.026 0.080 0.033 0.080 0.797 0.002 0.071
1981 0.199 0.026 0.052 0.036 0.052 0.516 0.001 0.071
1982 0.183 0.025 0.083 0.039 0.083 0.754 0.002 0.069
1983 0.223 0.027 0.084 0.038 0.084 0.928 0.002 0.080
1984 0.215 0.027 0.112 0.037 0.112 1.199 0.002 0.077
1985 0.268 0.029 0.106 0.040 0.106 1.420 0.003 0.096
1986 0.181 0.025 0.084 0.042 0.084 0.754 0.002 0.070
1987 0.203 0.026 0.107 0.047 0.108 1.082 0.003 0.078
1988 0.109 0.020 0.073 0.083 0.074 0.398 0.003 0.089
1989 0.147 0.023 0.108 0.054 0.108 0.791 0.003 0.070




Table 5. Abundance indies for NPALB caught by the JPRLDW between 1990 and 2015

I: 1st and 2nd quarters

Year non-zero rate positive catch Relative by Shono (2008)
estimate SE estimate SE adjusted abundance Index ?RCPUE] ?RogCPUE]
1990 0.432 0.038 0.200 0.066 0.200 0.809 0.008 0.169
1991 0.308 0.035 0.300 0.086 0.301 0.868 0.015 0.134
1992 0.377 0.038 0.352 0.087 0.353 1.247 0.018 0.158
1993 0.404 0.037 0.280 0.071 0.281 1.063 0.012 0.160
1994 0.534 0.038 0.311 0.057 0.311 1.556 0.012 0.214
1995 0.506 0.038 0.305 0.058 0.305 1.446 0.011 0.201
1996 0.598 0.036 0.217 0.059 0.218 1.219 0.008 0.247
1997 0.607 0.035 0.215 0.054 0.215 1.223 0.008 0.250
1998 0.565 0.037 0.240 0.059 0.241 1.274 0.009 0.230
1999 0.622 0.035 0.254 0.054 0.255 1.482 0.009 0.258
2000 0.554 0.037 0.141 0.055 0.141 0.734 0.005 0.223
2001 0.597 0.036 0.154 0.054 0.154 0.861 0.005 0.245
2002 0.626 0.035 0.250 0.054 0.250 1.465 0.009 0.261
2003 0.623 0.035 0.187 0.054 0.187 1.092 0.007 0.259
2004 0.516 0.038 0.184 0.056 0.184 0.889 0.007 0.205
2005 0.450 0.037 0.127 0.055 0.127 0.537 0.004 0.174
2006 0.439 0.037 0.131 0.061 0.131 0.539 0.005 0.171
2007 0.508 0.038 0.174 0.060 0.175 0.831 0.007 0.202
2008 0.364 0.035 0.148 0.066 0.148 0.504 0.006 0.142
2009 0.499 0.038 0.272 0.062 0.273 1.273 0.011 0.198
2010 0.438 0.037 0.180 0.058 0.180 0.739 0.007 0.169
2011 0.440 0.037 0.255 0.062 0.255 1.051 0.010 0.171
2012 0.567 0.037 0.192 0.057 0.193 1.022 0.007 0.230
2013 0.478 0.038 0.203 0.060 0.203 0.910 0.008 0.188
2014 0.511 0.038 0.190 0.062 0.191 0.912 0.008 0.204
2015 0.387 0.036 0.125 0.067 0.125 0.452 0.005 0.151




Table 5 (continued).

II: 3rd and 4th quarters

Year non-zero rate positive catch Relative by Shono (2008)
estimate SE  estimate SE adjusted abundance Index ?RCPUE] ?RogCPUE]
1990 0.134 0.019 0.155 0.065 0.155 0.664 0.005 0.076
1991 0.074 0.012 0.233 0.087 0.233 0.549 0.010 0.089
1992 0.105 0.016 0.272 0.087 0.274 0.913 0.013 0.092
1993 0.119 0.017 0.217 0.071 0.217 0.823 0.008 0.079
1994 0.207 0.025 0.241 0.057 0.241 1.594 0.008 0.086
1995 0.185 0.023 0.236 0.059 0.236 1.393 0.008 0.082
1996 0.269 0.030 0.168 0.059 0.169 1.449 0.006 0.106
1997 0.279 0.030 0.167 0.055 0.167 1.483 0.005 0.106
1998 0.236 0.027 0.186 0.059 0.186 1.401 0.006 0.095
1999 0.296 0.031 0.197 0.055 0.197 1.864 0.006 0.112
2000 0.225 0.026 0.109 0.056 0.110 0.786 0.003 0.090
2001 0.268 0.029 0.119 0.055 0.119 1.021 0.004 0.103
2002 0.301 0.032 0.193 0.055 0.194 1.861 0.006 0.114
2003 0.298 0.031 0.145 0.055 0.145 1.379 0.005 0.113
2004 0.192 0.024 0.142 0.058 0.143 0.875 0.005 0.083
2005 0.146 0.019 0.099 0.056 0.099 0.458 0.003 0.071
2006 0.139 0.019 0.101 0.061 0.102 0.449 0.003 0.074
2007 0.186 0.023 0.135 0.061 0.135 0.803 0.005 0.084
2008 0.098 0.014 0.114 0.067 0.114 0.359 0.004 0.073
2009 0.179 0.023 0.211 0.062 0.211 1.206 0.007 0.083
2010 0.138 0.019 0.139 0.059 0.140 0.614 0.004 0.072
2011 0.139 0.019 0.197 0.063 0.198 0.877 0.007 0.075
2012 0.237 0.028 0.149 0.058 0.149 1.128 0.005 0.095
2013 0.164 0.021 0.157 0.060 0.157 0.825 0.005 0.078
2014 0.188 0.024 0.148 0.062 0.148 0.888 0.005 0.085
2015 0.109 0.016 0.097 0.067 0.097 0.338 0.003 0.074




Table 6. ANOVA for 1ststep (a) and TYPE 11l ANOVA for 12d step (b) in the period 19¥2989.

(a) 1st step

Variable df Chisq (Q) p (> Chi)
year 17 4206.3 < 2.2e16 ***
qtr 1 15799.8 < 2.2e16 ***
latlong 39 11750.7 < 2.2e16 ***
VesselD 212 4015.9 < 2.2el16 ***
(b) 2nd step
Variable TYPE lll SS df F p(>F)
year 1945 17 92.116 < 2.2el6 ***
qtr 1086 1  874.854 <2.2el6 ***
latlong 3127 38 66.274 < 2.216 ***
VesselD 2271 212 8.626 < 2.2e16 ***

Table 7. ANOVA for 1ststep (a) and TYPE 11l ANOVA for 2d step (b) in the period 198R015.

(a) 1st step

Variable df Chisq (Q) p (> Chi)
year 25 7739.2 < 2.2el6 ***
qtr 1 5611.6 < 2.2816 ***
latlong 39 8823.0 <2.2el6 ***
VesselD 82 1129.4 < 2.2el6 ***
(b) 2nd step
Variable TYPE lll SS df F p(>F)
year 2029 25 75.953 < 2.2el6 ***
qtr 225 1 210.796 <2.2e16 ***
latlong 1443 34 390.722 < 2.2e16 ***
VesselD 627 80 7.341 <2.2e16 ***
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Figure 1.Area for estimating standardized CPUE for north pacific albacore (NPALB) caught by the

Japanese diant water pole and line (JHNLDW)
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Figure 6. Residual plots of (a) 1st step and (b) 3tep in the period 192989
The edges at bottom and top of black box shows 25 and 75 percentiles, respectively, and white point

shows the mean. Gray shadow represents density of distribution of residuals.












