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EXECUTIVE SUMMARY

1. Stock Identification and Distribution

Pacific bluefin tuna Thunnus orientalishasa single Pacifievide stock managed by
both the Western and Central Pacific Fisheries Commiss{tvCPFC) and the
InterAmerican Tropical Tuna Commission (IATTC). Although found throughout the
North Pacific Ocean, spawning grounds are recognized only in the western North
Pacific Ocean (WPO). A portion of each cohort makes {Ratsfic migrations fronthe

WPO to the eastern North Pacific Ocean (EPO), spending up to several yd&ars of
juvenile life stage in the EPO before returning to the WPO.

2. Catch History

While historical Pacific bluefin tuna (PBF) catch records are s¢hete arePBF
landings records dahg backto 1804 from coastal Japan and to the early 1900s for U.S.
fisheries operating in the EPOEstimatedcatches of PBF were high from 1929 to
1940, with a peak catch of approximately 47,635 t (36,217 t in the WPO and 11,418 tin
the EPO)in 1935; thereafter catches of PBF dropped precipitously due to World War II.
PBF catches increased significantly in 1949 as Japanese fishing activities expanded
across the North Pacific Ocean. By 1952, a more consistent catch reporting process was
adopta by most fishing nations amdore reliable estimates indicateat annual catches

of PBF fluctuated widely from 1952012 (Figure 1). During this period reported
catches peaked at 40,383 t in 1956 and reached a low of 8,653 t in 1990. While a suite
of fishing gearshave beemused to catch PBF, the majority/currentlycaught in purse

seine fisheries (Figure 2). Historical catches (12822) are predominately composed

of juvenile PBF, but since the early 1990s, the catch ofCa@BF has increased
significantly (Figure 3).

3. Data and Assessment

Population dynamics were estimated using a fully integratedstagetured model
(Stock Synthesis (SS) v3.23b) fitted to catch, -s@eposition and cateperunit of
effort (CPUE) data from 1952 to 2013, providbg Members ofthe International
Scientific Committee for Tuna and Tufike Species in the North Pacific Ocean (ISC)
Pacific Bluefin Tuna Working Group (PBFWG). Life history parameters included a
length-at-age relationship from otolitderived ages, andatural mortality estimates
from a tagrecapture study and empiridék history methods.

A total of 14 fisheries were defined for use in the stock assessment model based on
country/gear type stratification. Quarterly observations of catch and size sioms
when available, were used as inputs to the model to describe the removal processes.
Annual estimates of standardized CPUE from the Japanese distant water and coastal
longline, the Taiwanese longline and the Japanese trols flege used as maass
of the relative abundance of the population. The assessment model was fit to the input
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data in a likelihooebased statistical framework. Maximum likelihood estimates of
model parameters, derived outputs and their variances were used to characiekize st
status and to develop stock projections.

The PBFWGidentified uncertainties in the standardized CPUE series, the procedures
used to weight the data inputs (including catch, CPUE, and size composition) relative to
each other in the model, and the methased to estimate selectivity patterns. The
influence of these uncertainties on the stock dynamics was assessed by constructing
four different model runs, each with different updated CPUE and length composition
data (Table L While no single model runrpvided a good fit to all sources of data that
were deemed reliable, the PBFWG agreed on the depleted state of the stock among all
scenarios, although estimates of current SSB varied. -temng fluctuations in
spawning stock biomass (SSB) occurred througlioe assessment period (198212)

and in the most recent period SSB was found to have been declining for over a decade.
The recruitment level in 2012 was estimated to be relatively low {tHev@est in 61

years), and the average recruitment levelther last five years may have been below

the historical average level (Figures 4 and 5).

While the update stock assessment model was unable to adequately represent much of
the updated data, certain results are clear. Poor fit to the two adult indices of abundance
and their associated size composition in the last two years indicate results are highly
uncertain Improvements to the model are advisable befomssessing, and the current
results with regard to the recent trends in SSB should be interpreted with caution.

4. Stock Status and Conservation Advice
Stock Status

Using the updated stock assessment2@i SSBvas26,324 tandslightly higher than
that estimated for 2010 (25,476 t).

Across sensitivity runs in the update stock assessrastitpates of recruitment were
considered robusthe recruitment level in 2012 was estimated to be relativelytiosv (

8" lowest in 61 years), and the average recruitment level for the last five years may
have been below the historical average level (Figure 6). Estimatespag#éic fishing
mortalities on the stock in thgeriod 20092011 relative to 20022004 (the bse period

for WCPFC Conservation and Management Measure-R@)ihcreased by9%, 4%,

12%, 31%, 60%, 51% and 21% for ages, @espectively, andecreased b$5% for age

7+ (Figure 7).

Although no target or limit reference points have been established for the PBF stock
under the auspices of the WCPFC and IATTC, the cuiffeanerage over 2002011
exceeds all target and limit biological reference points (BRPs) commonly used by
fisheriesmanagers except fdf,ss and the ratio of SSB in 2012 relative to unfished
SSB (depletion ratio) is less than 6%. In summary, based on reference point ratios,
overfishing is occurring and the stock is overfished (Table 2).

For illustrative purposes, twexamples of Kobe plots (plot A based $8Rep and
Fmep, plot B based o8SBgy, andSPRoy, Figure 8) are presenteBlecause no
reference points for PBF iayet been agreed to, these versions of the Kobe plot



represent alternativiaterpretations of stdcstatus in an effort to promfirther
discussion.

Historically, the WPO coastal fishes group has had the greatest impact on the PBF
stock, but since about the early 1990s the WPO purse seine fleet has increased its
impact, and the effect of this fleées currently greater than any of the other fishery
groups. The impact of the EPO fishery was large before thel®d@s,thereafter
decreasing significantlyThe WPO longline fleet has had a limited effect on the stock
throughout the analysis periotlhe impact of a fishery on a stock depends on both the
number and size of the fish caught by each fleet; i.e., catching a high number of smaller
juvenile fish can have a greater impact on future spawning stock biomass than catching
the same weight of largerature fish (Figures 9 and 10).

Conservation Advice

The current (2012) PBF biomass level is near historically low levels and experiencing
high exploitation rates above all biological reference points excepides FBased on
projection results, the recently adopted WCPFC CEaBiL309) and IATTC resolution

for 2014 (C-13-02) if continued in to the future, are not expected to increase SSB if
recent low recruitment continues.

In relation to the projections requestby NC9, only Scenario '6 the strictest one,
results in an increase in SSB even if the current low recruitment confifigese 11)
Given the result of Scenario 6, furthgubstantialreductions in fishing mortality and
juvenile catch over the whole ramgf juvenile ages should be considered to reduce the
risk of SSB falling below its historically lowest level.

If the low recruitment of recent years continues, the risk of SSB falling below its
historically lowest level observed would increadenis risk can be reduced with
implementation of more conservative management measures.

Based on the results of future projections requested at NC9, unless the historical average
level (19522011) of recruitment is realized, an increase of SSB canneixpected
under the current WCPFC and IATTC conservation and management méasvees

! For the WCPO, a 50% reduction of juvenile catches from the-2002 average level and F no
greater tharf,0022004 FOr the PO, a 50% reduction afitches from 5,500 Erom thescientific point of
view, juvenile catches were not completely represented in the reductions modeled under Scenario 6 for
some fisheries although these reductions comply with the definition applied by the NC9.

2 WCPFC:Reduce all catches of juveniles (djeo 3(less than 30 kg)) by at least 15% below the
20022004 annual average levels, and maintain the total fishing effort below the2@082nnual
average leveldATTC: Catch limit of 5000 t with an additional 500 t for commercial fisheries for
counties with catch history1. In the IATTC Convention Area, the commercial catches of bluefin tuna
by all the CPCs during 2014 shall not exceed 5,000 metric tons. 2. Notwithstanding paragraph 1, any CPC
with a historical record of eastern Pacific bluefincbats may take a commercial catch of up to 500
metric tons of eastern Pacific bluefin tuna annually13D2), see
https://www.iattc.org/PDFFiles2/ResolutionsiG-02-Pacificbluefin-tuna.pdj
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under full implementation (Scenaric®1)

If the specifications of the harvest control rules used in the projections were modified to
include a definition of juvenilesat is more consistent with the maturity odiused in

the stock assessment, projection results could be difféoergxample, rebuilding may

be fasterWhile no projection with a consistent definition of juvenile in any harvest
scenario was conductedny proposed reductions in juvenile catch should consider all
nonrmature individuals.

Given the low level of SSRincertainty in future recruitmerdand importance of
recruitment in influencing stock biomassonitoring of recruitment should be
strengthead to allow the trend of recruitment to be understood in a timely manner.

% Although these measures assufrtee kept belowr 0022004 F200s2011Was higher thai,o022004.

420% at age 3; 50% at age 4; 100% at age 5 and older



Table 1. Model configurations for four runs evaluating the effect of updates of
Pacific bluefin tunaThunnus orientallsCPUE and size composition
data for Japanese longline (JLL) and Taiwanese longline (TWLL).
Run 1 is the base case assessment model.

Run CPUE Size composition data
number JLL TWLL JLL TWLL
(F15, S1) (F23, S9) (F1) (F11)
Run 1 Extending to 2012 Extending to 2012 i k Extending to 2012
(Base case) ¢} g Extending to 2011 ¢}
Run 2 Removing 2011 and 201p  Extending to 2012 | Removing 2010 and 20J1  Extending to 2012
Run 3 Extending to 2012 |Removing 2011 and 20}2 Extending to 2012 Removing 2011 and 201
Run 4 Removing 2011 and 201PRemoving 2011 and 203Removing 2010 and 20J1Removing 2011 and 201

"Size composition data in terminal year (2012) cannot be calculated by the estimation
procedure proposed by Mizuno et alD12).



Table 2. Ratio of the estimated fish ng mortalities F20022004 F20072009 and
F2o0s2011relative tocomputed F-based hological reference points for
Padfic bluefin tuna (Thunnus orientalis (PBF), depletion ratio (ratio
of SB in 2012relative to unfished SSB), and estimated SB (t) in
year 2012 for four model canfigurations (runs). Run 1 isthe basecase
assessmemhodel for the PBF update stock asgssment. Values in the
first eight columns above 1.@dicateoverfishng. See the full text for
biological reference point definitions.
Depletion Estimated
Fmax FO.l Frned Floss FlO% FZO% FSO% F40% Ratio SSB(t)
(yr=2012)
F2002-2004
Runl 170 244 1.09 084 116 1.68 226 298  0.042 26,324
Run2 173 247 1.09 085 116 168 226 299 0054 33,736
Run3 178 255 1.16 103 124 179 240 317  0.031 19,369
Run4 177 252 113 089 121 175 236 311  0.043 26,952
F2007-2009
Runl  2.09 296 1.40 108 148 214 287 379 0.042 26,324
Run2 193 274 125 099 134 194 260 343 0054 33,736
Run3 234 331 154 138 165 2338 320 423 0.031 19,369
Run4 211 298 1.36 107 146 211 2.84 374  0.043 26,952
F2009-2011
Runl 179 254 1.25 097 132 190 255 3.36 0.042 26,324
Run2 161 230 111 088 119 171 229 3.02 0054 33,736
Run3  2.02 286 1.37 123 146 211 283 373 0.031 19,369
Run4 177 252 1.20 095 129 185 249 327  0.043 26,952
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conditions (resampling from recruitment in 198211). Error
bars represent 90% confidence limits.
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1.0 INTRODUCTION

Pacific bluefin tunaThunnus orientalis (PBF) is a highly migratory species of great
economic importance found primarily in the North Pacific Ocean. The International
Scientific Committee for Tuna and Tutike Species in the North Pacific Ocea®)

is responsible for assessing the status of this stock.

The ISC established the PBF Working Group (PBFWG) in 1996, intending to assemble
fishing statistics and operational data, conduct biological studies, estimate abundance
trends, and conduct regulstock assessments of PBF. Stock status determination and
conservation advice resulting from the assessments have since been provided to Pacific
tuna regional fisheries management organizations (RFMOs), namely the Northern
Committee of the Western Centigécific Fisheries Commission (WCPHL) and the
InterAmerican Tropical Tuna Commission (IATTC), for consideration when
establishing possible Conservation and Management Measures (CMMs).

The PBFWG completed the last stock assessment in 2012 (PBFWG 2012). Based on the
results, the WCPFC amended the CMM of Pacific bluefin tuna for the Western Central
Pacific Ocean (WCPO) in 2013, effective 2014 (WCPFC CMM 2093 The IATTC

also amended itsesolution for the Eastern Pacific Ocean (EPO) in 2013, and this
resolution came into effect in 2014 (IATTC Resolutioii€02).

The latest full stock assessment was conducted by the ISC PBFWG in 2012 at Honolulu
using fishery data from 1952 through 20(®BFWG. 2012b). Model estimates of
current biomass are at or near the lowest level in the time series. In addition to those
stock assessment results, newly available fishery data (catch per unit effort (CPUE) and
catch through 2011) suggested the potémis& of further declines in spawning stock
biomass (SSB) in the coming years. Under these circumstances, the PBFWG proposed
to conduct an updated stock assessment with two additional years of fishery data (2011
and 2012) to monitor stock status carefudligh the most recent data, with particular
emphasis on recruitment trends (PBFWG. 2013). This proposal was approved &t the 13
ISC plenary (ISC. 2013).

This updated stock assessment was developed after PBFWG members provided the
requi site B CRUE]alAdlsize2compasttian data (Oshima et al., 2014). The
stock assessment was conducted according to the work plan of Fukuda et al. (2014),
summarized as follows:

1. Conduct a model run with additional data from the 2011 and 2012 fishing years
using tke same Stock Synthesis (SS) model version (Version 3.23b) for the
stock assessment platform, and with the same model structure and parameters
as were used in the base case run from the 2012 stock assessment.

2. The stock assessment duration will be from J8%2 to June 2013 (calendar
year).

3. The WG will not change the fishery data (quarterly catch, size composition)
used in the 2012 stock assessment.

4. In the case of CPUE time series, due to the nature of the CPUE standardization

method, the whole time sesiewill need to be rstandardized with the
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additional 2 years data. The statistical method used to standardize CPUE (error
structure, etc.) will be the same as that used in the 2012 stock assessment.

I n this report, Ay ear s ewiseespedfied A fisling gelari ng vy e
starts on 1 July and ends on the following 30 June, and 1 July is also assumed to be the

date of birth for PBF in the models. Thus, the 2011 fishing year corresponds to 1 July

2011 to 30 June 2012. Relationships betweeencir year, fishing year, and year class

are shown in Table-1.

For this assessment, four model runs were conducted to evaluate effect of
updates of CPUE and size composition data for Japanese lo ngline and
Taiwanese longline.

2.0 BACKGROUND ON BIOLOGY, FISHERIES AND PREVIOUS
ASSESSMENT

2.1 Biology

2.1.1 Stock Structure

Bluefin tuna in the Pacific and Atlantic Oceans were once considered a single species
(Thunnus thynngQswith two subspeciesThunnus thynnus orientaliand Thunnus
thynnus thynnysrespectively), but are now considered separate spethamrius
orientalis and Thunnus thynnysrespectively) on the basis of genetic information and
morphometric studies (Collette 1999). This taxonomy is accepted by the relevant tuna
Regional Fishery Maagement Organizations (RFMOSs), the Food and Agriculture
Organization of the United Nations (FAO), and ISC.

Major spawning areas &®BF are knowrlocatedin the western North Pacific Ocean
(WPO) in waters near the Ryukyu Islands in Japan to the eastvadnfaand in the
southern portion of the Sea of Japan (Schaefer 2001). Genetics and tagging information
(e.g., Bayliff 1994, Tseng & Smith 2012) suggest that PBF comprise a single stock. This
is the operative premise accepted by the relevant RFMOs (WCR&CTARTC) and
regional fisheries organizations (RFOs) (ISC and FAO), and it underlies this stock
assessment and the associated conservation advice.

2.1.2 Reproduction

PBF are iteroparous spawners, i.e., they spawn more than once in their lifetime.
Spawnirg generally occurs from April to July in the area around the Ryukyu Islands and
off eastern Chinese Taipei, and in July to August in the Sea of Japan (Yonemori 1989)
(Figure 21). A recent histological study showed that 80% of the fish ca. 30 kg
(correspoding to age 3) caught in the Sea of Japan from July to August were mature
(Tanaka 2006). Almost all of the fish caught off the Ryukyu Islands and east of Chinese
Taipei were above 60 kg (> 150 cm fork length (FL)). These fish are at least 5 years old,
andall are mature.
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2.1.3 Distribution and Movements

PBF are mainly distributed between°20and 40°N, but are also occasionally found in
tropical waters and even in the southern hemisphere (FieRiye 2

Although there are large interannueahriations (numbers of migrants, timing of
migration and migration routes), aged @ish tend to migrate north along the Japanese
and Korean coasts in the summer and south in the winter (Inagake et al. 2001; Itoh et al.
2003; Yoon et al. 2012). Under t&n ocean conditions, a variable portion of immature
ages 13 fish in the WPO make a seasonal clockwise migration eastward across the
North Pacific Ocean, spending up to several years as juveniles in the EPO before
returning to the WPO (Inagake et al. 2D0However, the oceanographic factors
responsible for the observed migration are unknown. While in the EPO, the juvenile
PBF make seasonal notslouth migrations along the west coast of North America
(Kitagawa et al. 2007; Boustany et al. 2010).

Adults found in the WPO generally migrate north to feeding grounds after spawning,
but there are a limited number of fish that move south or eastwards (Itoh 2006).

2.1.4 Growth

Recent studies examining the annuli from otolith samples have advanced our knowledge
of PBF ageandgrowth (Shimose et al. 2008; 2009; Shimose and Takeuchi 2012).
These studies indicate that young fish grow rapidly until age 5 (approximately 150 cm
fork length (FL)), after which growth slows down (Figur8R At age 13, the fish reach

225 cmFL, corresponding to 90% of the maximum FL of this species. Large fish (above
250cm FL) are primarily older than age 20, indicating that the potential lifespan of this
species is at least 20 years. Fish larger than 300 cm are rarely found in commercial
caches.

This stock assessment is based on the growth curve proposed by Shimose et al. (2009).
However, this growth curve underestimates the size of the age 0 fish from the
commercial catch taken during summer. Therefore, the PBFWG adjusted the expected
length-at-age of fish at age 0.125 to a higher value (21.54 cm FL from 15.47 cm FL)
(PBFWG 2012a). The difference between the growth curve and the size of fish observed
in the summer catch may be attributed to spatial and temporal variation in spawning,
and x-specific growth (Shimose and Takeuchi 2012). Length and weight of PBF based
on the von Bertalanffy growth curve used in this stock assessment are shown in Table
2-1 and Figure .

2.1.5 Natural Mortality

The instantaneous natural mortality coefficigmtural mortality oM) is assumed to be

high at a young age and decrease thereafter as the fish grow. The natural mortality
estimate for age O fish was based on results obtained from conventional tagging studies
(Takeuchi and Takahashi 2006; Iwata et2fl12a; Ilwata et al. 2014). For age 1 fish,
natural mortality was based on lengttijustedM estimates from conventional tagging
studies on southern bluefin tuné fnaccoyii (Polacheck et al. 1997, PBFWG 2009).
Bayliff (1994) estimated natural mortality of PBF in the2B® cm size range using
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Paul yds equation (Pauly 1980); the esti mat ¢
and life history parameter comparisons among temperate tuna speciesi@itibs et

al. 2008, PBFWG 2009)M was assumed to be 0.25 per year for age 2 and older PBF

(Figure 25). While a analysis estimated a lowdrfor age 2 and older PBF based on

tagging data (Whitlock et al., 2012), this updated stock assessment used th& same

value as th012 stock assessment.

2.2 Review of Fishery

In this section, year corresponds to calendar year. Annual PBF catches from 1952 to
2012 are shown in Figure@by country and fishing gear. Five countries harvest these
fish but Japan catches the majorfiylowed by Mexico, the USA, Korea and Chinese
Taipei. Catches in tropical waters and in the southern hemisphere are relatively low and
sporadic.

The fisheries of the main PBF fishing nations are reviewed in this section. However, the

input data for thessessment are organized by fishery rather than by country. Therefore,

the characteristics of the input data are discussed in detail in Sections 3.3 (fleet/fishery
definition), 3.4 (catches), 3.5 (abundance indices), 3.6 (size compositions) and 4.3
(selecivity).

The most important PBF fisheries currently active in Japan use longlines, purse seines,
trolling, and set nets, but other gear types such asgmoléne, drift net and hantine

can also take considerable catches. The fishing grounds are bemerabastal or
nearshore waters, extending from Hokkaido to the Ryukyu Islands. The -aistiznt
longline fishery also catches relatively small numbers of PBF.

Total annual catches by Japanese fisheries have fluctuated between a maximum of
34,000 t in1956 and a minimum of 6,000 t in 1990 (calendar year). Yamada (2007)
provided a general review of Japanese fisheries taking PBF. Changes in the longline
fishery are described in Section 3.5.3; changes in the purse seine fishery are covered in
Section 3.5.4Section 3.5.7, Section 3.5.8, and Section 3.6.9.

In the USA, two main types of fisheries, purse seine and recreational fisheries, catch
PBF off the west coast of North America. A US purse seine fishery targeting PBF
mainly for canning was fully develogeand operated in the traditional PBF fishing
grounds off Baja California until the early 1980s. In 1976, Mexico established its
Exclusive Economic Zone (EEZ) and by the early 1980s the US fishery had abandoned
its traditional fishing grounds in Mexican teas. After 1983, the US purse seine fishery
targeting PBF basically ceased operations with only opportunistic catches of this species
thereafter (AireslaSilva et al. 2007). The US recreational fleet also catches relatively
small amounts of PBF, typicglivhile fishing in Mexican waters.

The Mexican purse seine fishery is the most important large pelagic fishery in Mexico.

This fishery developed rapidly after Mexico established its EEZ in 1976. This fishery is
monitored by an atea observer program withO0 0 % cover age, as wel |l
logbooks and Vessel Monitoring Systems (VMS). Most of the purse seine sets target
yellowfin tuna (the dominant species in the catch) in tropical waters; PBF are caught

near Baja California. The Mexican PBF catch histoegorded three large annual

catches (above 7,000 t) in the years 2004, 2006 and 2010. The development and
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changes in this fishery are further detailed in Sections 3.5.8 and 3.6.9.

In Korean waters, PBF are mostly caught by the offshore large pursdieet(®LPS)

but there is a small amount of catch reported by the coastal troll fleet in recent years.
The catch of the OLPS fleet was below 500 t until the-191€l0s, increased thereafter

with a peak of 2,601 t in 2003, and fluctuated in recent years &ddnt in 2011 to

1,421 t in 2012. The catch of the coastal troll fleet was 0.1 t in 2011 and 1.1 t in 2012,
respectively. The main fishing ground of the OLPS fleet is off Jeju Island, but it
occasionally expands to the Yellow Sea and the southeastems wht€orea (Yoon et

al. 2014). For assessment purposes, and because of the similar sizes of fish taken, the
Korean OLPS fleet has been combined with Fleet 2 (small pelagic purse seine fisheries)
in the East China Sea. However, for future assessment8H&® agreed to separate

the Korean OLPS from these fisheries. More details are provided in Sections 3.3 and
3.6.3.

Since 1993, the majority of catch by Taiwanese fleets derived from a-scakl
longline fleet (<100 gross registered tonnage (GRT)) tlhgets PBF. Landing records
indicate that small amounts (<300 t) of PBF have been harvested byssaiall
longline, purse seine, largeale pelagic driftnet, set net, offshore and coastal gillnet
and bottom longline gear since the 1960s. In 1979, thanigsdstarted to increase
sharply, mostly due to the increased catch by ssualle longline vessels fishing in the
eastern spawning grounds from April to June. The highest observed catch of 3,000 t was
in 1999 but this declined rapidly to less than 1,0002008. In 2010, landings of PBF

by this fishery fell to their lowest levels of about 300 t.

2.3 Previous Stock Assessment

The ISC completed the previous PBF assessment in 2012 using Stock Synthesis version
3.23 (SS). The 2014 assessment was condudiidtire same structural assumptions

and parameters as used in the Representative Run (base case) in the 2012 assessment,
and as documented by the work plan agreed by the ISC13 Plenary (see Section 1).
Consequently, the model structure, the biological apsoms, and the handling of

fishery data, as described in the following sections, were generally the same as the 2012
stock assessment report (PBFWG. 2012b). Small changes to the 2012 base case
included the following:

a. The gock assessment periadhs exteded by 2 years, to cové®52 to 202
three CPUE time series, which were used to represent the recent abundance
trends, were updated for the entire time series with two additional years of
data (2011 and 2012);

b. The catch for farming by the Japanese tfishery (ISC13 Plenary Report,
Annex 14, Appendix 2, Appendix A) was included in the first quarter catch of
that fishery for 199012;

c. The catch unit of the U.S. recreational fishery fleet was converted from
weight to number of fish;

d. Two parameters, whicrepresented the size selectivity of fleet, were fixed to
relevant values; and

e. The input sample size of the eastern Pacific Ocean (EPO) commercial fleet
was changed to maintain consistency with the past stock assessment.
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Four sensitivity runs were als@mducted to investigate results from the 2012 and the
current assessment, especially in light of the abox® (aodifications. The sensitivity

of adding the catch for farming by the Japanese troll fleet, the correction of the catch
unit for the U.S. recwettional fishery fleet, the fixing of the two size selectivity
parameters, and the change of the input sample size for the EPO commercial fleet were
tested and the WG confirmed the Ilimited effect of these changes
(ISC-PBFWG/1401/11).

3.0 STOCK ASSESSMENTINPUT DATA

3.1 Spatial Stratification

As discussed in Section 2.1.1, PBF are distributed across the North Pacific Ocean and
considered a single stock. Juvenile PBF move between the WPO and the EPO, but the
movement rate is unknown and probably vaneterannually. Given the lack of
information on the movement rate, this assessment did not use a spatially explicit model,
but assumed a single area for the model without spatial stratification.

3.2 Temporal Stratification

The time period modeled in theéssessment was 192R12 (fishing years), with catch

and size composition data compiled quarterly (Jagptember, OctobiEDecember,
JanuaryMarch, Aprili June). Although fisheries catching PBF have operated since at
least the beginning of the 20th centunythe EPO and for several centuries in the
western Pacific Ocean (WPO), the data prior to 1952, especially from the WPO, were of
relatively poor quality. The PBFWG set the starting year to 1952 because
catchandeffort data from Japanese longline fleetsd ssize composition data from
Japanese longline and EPO commercial purse seine fleets were available from that year
onward. Data sources and temporal coverage of the available datasets are summarized
in Figure 31.

3.3 Fishery Definitions

Atotalof 14fsheri es were defined as #nAfl eetso for
gear type, the consistency of the size composition of the catch within a fleet, and the
availability of CPUE series (TableB. The 14 fleets are thus: Japanese longline (Fleet

1); pusse seine fisheries operating in the East China Sea (Fleet 2), the Sea of Japan

(Fleet 3), and off the Pacific coast of Japan (Fleet 4); Japanese troll (Fleet 5); Japanese

pole and line (Fleet 6); Japanese set net classified by location and size composition

(Fleet 7 to 10); Chinese Taipei longline (Fleet 11); EPO commercial fisheries (Fleet 12);

the US recreational fishery (Fleet 13); and Japanese other fisheries (Fleet 14).

Fleet 2 is an aggregate of Japanese and Korean small pelagic fish purse seies.fishe
The length composition of the Japanese small pelagic fish purse seine fishery was used
to represent this fleet.

Fleet 3 and Fleet 4 are Japanese tuna purse seine fisheries in the Sea of Japan and the
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Pacific, respectively. They were defined as safeafisheries because of differences in
the length composition of the catch (Abe et al. 2012b).

Fleets 7, 8, 9 and 10 are Japanese set net fisheries. The fleets were separated based on
the availability of lengtiweight measurements and the locations ofnet$ that had
differences in observed length compositions. Three definitions were proposed at the ISC
PBFWG WS held in Januaiiyebruary 2012. However, because seasonal changes in
length compositions caused significant differences between expected amdedbse
length compositions, the original Fleet 9 was separated into two fleets based on season.
Fleet 9 in this assessment includes the 1st, 2nd and 3rd quarters, and Fleet 10 includes
the 4th quarter.

3.4 Catch

Catch data for the SS3 model were expressednnes for all fleets except for Fleet 13,
whose catch was expressed in thousands of fish. PBF catches from all fleets fluctuated
substantially over time.

The historical maximum and minimum annual PBF catches were 39,824 t in 1956 and
8,588 t in 1990, aspectively (Figure-2). The total catch has averaged 21,250 t during
the |l ast 10 years (200312012).

Purse seine fisheries caught a large portion of the PBF throughout the assessment period
(19522012). The Japanese tuna purse seine fishery operatitige iPacific Ocean

(Fleet 4) accounted for a large portion of the catch until the 1990s. However, catches of
the Japanese smaitale purse seine fishery operating in the East China Sea (Fleet 2)
and the Japanese tuna purse seine fishery operating iredahef Sapan (Fleet 3) have
become relatively larger since the rR#A00s. The catch for Japanese troll fishing for
farming was included in the Japanese troll fleet (Fleet 5; Oshima et al. 2014). The
largest catches in the EPO come from the US and Mexicaimeecial purse seine
fisheries (Fleet 12).

The PBFWG developed time series of quarterly catch data from 1952 through 2012
(fishing year).For some of these fisheries, proportions of quarterly catches in recent
years were extrapolated using past quartatgh proportions applied to annual catches.

For other fisheries (e.g. Japanese troll before 1994, and Japanese purse seine before
1971), quarterly catches were directly derived from logbook or landing statistics.

3.5 Abundance Indices

3.5.1 Overview

Abundance indices (CPUE) available for this assessment are shown in Fgured3

Table 32. These series were derived from fishepgcific catckhandeffort data
standardized with appropriate statistical methods, except for Series S4 which was not
standadized. Indices S1 to S3 were derived from the Japanese longline fishery (Fleet 1),
S4 was derived from the Japanese tuna purse seine fishery in the Sea of Japan (Fleet 3),
S5 to S8 were derived from the Japanese troll fishery (Fleet 5), S9 was demadtidro
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Taiwanese longline fishery (Fleet 11), and S10 and S11 were derived from EPO
commercial purse seine fishery (Fleet 12). Some abundance indices {§3, SB0 and

S11) were not used for this stock assessment (see details below). Consequently, this
stock assessment used five indices: four longline indices for adults (S2 and S3 for the
past periods (1952973 and 1974992), and S1 and S9 for the recent periods
(19932012 and 1992012, respectively) and one troll index for recruitment (S5 for the
recern period 198e2012).

3.5.2 Input CV for the CPUE Series

Input coefficients of variation (CVs) for the abundance indices are shown in F&8ble 3

The input CVs were first estimated by the statistical model used to standardize the index
and set to 0.2 if #n estimated CV was less than 0.2. For the Japanese coastal longline
CPUE (S1), the PBFWG recognized that some vessels may have shifted fishing effort
toward the Ishigaki region, while other vessels may have switched from targeting PBF
to other species, sh as yellowfin and albacore tuna, due to poor PBF catches. These
shifts may have changed the observation and process errors in the abundance index,
therefore CPUE error was modeled using a linear ramp of increasing CV in the index
from 2005 (0.24) to 201(®.43) and constant (0.43) thereafter.

3.5.3 Japanese Longline CPUE (S1, S2 & S3)

Until the mid1960s, PBF longline catches in Japanese coastal waters were made by
offshore or distantvater longline vessels larger than 20 GRT. Since thel®&ds, the
coastal longline fleet has consisted of coastal longline vessels smaller than 20 GRT. A
logbook system was not established until 1993 for the coastal longline fleet, whereas
aggregated logbook data from 1952 onward are available for the offshore and
distantwater longline fleets.

Two Japanese longline CPUE time series (19823 [S2] and 1974992 [S3]) were
developed to span the period from 1952 through 1993 (Fujioka et al. 2012; Yokawa
2008). The time series was split because operational patterns clianigedanid1970s

(e.g., the superfreezer was developed and targeting shifted from yellowfin tuna and
albacore to bigeye tuna). In addition, hoges-basket information, which was used to
standardize for these targeting changes, has only been colleatedttsenmid1970s
(Yokawa et al. 2007). Another CPUE series from 1993 to 2012 was developed for the
coastal longline fishery as logbook data from this fishery became available from 1993
(Kai et al. 2012; Ichinokawa and Takeuchi 2012; Hiraoka et al. 201#4jhke time
series were used in the stock assessment. the coastal longline fishery index from
19932012 (S1), and the distamiater longline fishery indices from 1983873 (S2) and
19741992 (S3).

The standardized CPUE for S1 showed a continuous ddectine 2006 to 2011 and
then a slight recovery in 2012. The length and weight frequencies indicated that the
2007, 2008, or both were relatively strong year classes (Hiraoka et al. 2014).
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3.5.4 Japanese Purse Seine in the Sea of Japan CPUE (S4)

Kanaiwa etal. (2012b, 2014) described the Japanese purse seine fishery in the Sea of
Japan. There were two concerns with this time series: 1) the flat annual trend of CPUE
of purse seiners in the Sea of Japan may have reflected specific problems with
purseseine CRJE indices rather than abundance trends, and 2) fishing effort used in the
CPUE calculation did not consider search time for the fish schools. Hence, changes in
the CPUE might represent only the size of a school of fish, which may not be
proportional to te abundance of the stock. Due to these unresolved issues this index
was not used in the base case model.

3.5.5 Japanese Troll CPUE (S5, S6, S7 & S8)

Catchandeffort data for coastal troll fisheries from Kochi, Wakayama and Nagasaki
Prefectures have beeollected primarily from six, four and five fishing ports in these
Prefectures, respectively (Ichinokawa et al. 2012). The units of effort in the
catchandeffort data are the cumulative daily number of troll vessels that unload PBF,
which is nearly equialent to the total number of troll vessel trips because most trollers
make oneday trips. Because effort data in Kochi and Wakayama Prefectures include
landings without PBF catch (zeoatch data), a zerioflated negative binomial model

was used to standiize CPUE for these prefectures. A4ogrmal model was applied

for Nagasaki Prefecture because effort data in Nagasaki Prefecture did not include
landings without PBF catch.

While four indices are available (S5 from Nagasaki Prefecture, S6 from weighted
average CPUE from Kochi and Nagasaki Prefectures, S7 from Kochi Prefecture, and S8
from Wakayama Prefecture) in this fishery, only S5 was fitted in the assessment model
due to representativeness (Tabl#)3The updated standardized CPUE for S5 showed a
similar trend with the previous CPUE index through 2011, and then greatly decreased in
2012. The CPUE in 2012 is the historically second lowest (Fujioka et al. 2014).

3.5.6 Taiwanese Longline CPUE (S9)

The Taiwanese PBF catch and effort data were derik@d fandings by individual

fishing boats targeting PBF, the number of fishing days, and the number of hooks
deployed per day for these boats. The fishing effort of these boats was estimated as the
number of hooks per day multiplied by the number of fishilays minus 2 days
(assumed to be transit days) (Hsu and Wang 2012). Numbers ochtkse data were
obtained from the security check stations of the harbors. Catch data were estimated from
auction records.

A generalized linear model (GLM) (with threactors: year, month, and vessel type)

was used to standardize the annual PBF CPUE for-2099. The annual abundance
index time series shows a sharp decline from a high in 1999 to a low in 2002, a steady
level in 2003 and 2004, a decline to a low leveR@®5 and 2006, a slight increase in
2008, a further tweyear decline in 2009 and 2010, and an increase over the 2009 level
from 2011 onward. The standardized CPUE was also influenced by a lower abundance
of PBF in May and an increase in vessel size ireJlihe general agreement between

the abundance index and the total catch trend provides evidence that the catch and effort
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data collected and compiled in this study can be used to develop a representative
abundance index of spawning bluefin tuna targetgdtie Taiwanese smadlcale
longline fishery (Wang et al. 2014).

The PBFWG agreed that Taiwanese longline fleet landings by port should be
appropriately accounted for in the CPUE standardization models for this fleet. The

results of a sensitivityanalgsi comparing the Taiwanese | ongl
previous assessment and the new CPUE index presented in Wang et al. (2014) was used

to determine which CPUE index should be used in the update stock assessment. The
PBFWG agreed that the full Taiwase longline CPUE series should be used and a
sensitivity analysis conducted to examine the effect of excluding data from the most

recent two years.

3.5.7 US Purse Seine CPUE (S10)

Standardized catch rates are available for two periods of this fishgte(tleveloped

phase of the US fishery targeting PBF (196882); and (2) the extinction phase of the

US fishery (postLl982). Jackknifing was used to estimate the CV (Ad&Silva et al.

2012). The availability of PBF in the EPO depends on migratid?Béf from the WPO

at an unknown but likely variable rate. Due to unresolved issues concerning the
representativeness of these data to reflect abundance, this index was not used in the
assessment.

3.5.8 Mexican Purse Seine CPUE (S11)

Mexican standardized th rates are available for two periods of the fishery: (1) the
Mexican opportunistic fishery (1961898); and (2) the Mexican fishery that has
targeted PBF since 1999. This fishery supplies PBF for pen rearing operations.
Jackknifing was used estimate 6% (Aires-daSilva et al.(2012) and Section 3.6.9).

As mentioned above, the availability of the PBF in the EPO depends on the migration
from the WPO at an unknown but likely variable rate. Therefore, this index was not
used in the assessment.

3.6 Size Cmposition Data

3.6.1 Overview and Input Sample Size

Quarterly size composition (both length and weight) data from 1952 to 2012 were used
for this assessment. The size composition data for Fleets 4, 6 and 13 were not updated
after 2010 (Oshima et al 2014)ength composition data were available for Fleet 1

and 813, while weight composition data were available for Fleets 7 and 14. Length
composition bins of 2, 4, and 6 cm width were used fe58,658110, and 114290 cm

fork length (FL) fish, respectiye All lengths in the model were FL measured to the
nearest cm. Weight composition bins were of variable width, ranging from 1 kg for fish
0-2 kg, to 30 kg for fish >243 kg. The width of the weight bins were set to minimize the
misinterpretatiorof the data. The lower boundary of each bin was used to define the
bin.

32


http://ejje.weblio.jp/content/misinterpretation

Figure 34 shows the aggregated size compositions of Flegts and Figur&-5 shows

the quarterly size compositions of Fleetsl4dl For the update stock assessment,

estimated catcltsize was used for all fleets. Catahsize estimation methods were

detailed by Mizuno et al. (2012), Oshima et al. (2012a), Kanaiwa et al. (2GL&ada

and Oshima (2012), Abe et al. (2012a; 2012b) and Kai and Takeuchi (2012). -Fable 3
summari zes the relati veatsizegddtd. abi | ity of each

The input sample sizes for the size composition data are shown in TabMd3t fleets

had a maximum input sample size of approximately 12. The exceptions were Fleets 3
(Japanese tuna purse seines in the Sea of Japan) and 12 (EPO commercial purse seines)
because these fleets were considered by the PBFWG to have good sampling programs
for the size composition data.

3.6.2 Japanese Longline (Fleet 1)

Length-composition data from the Japanese longline fishery (Fleet 1) are available for
the periods of 1952968 and 1994€011. These data were collected mainly from Tsukiji
market until the 1960s. Since the 1990s, sampling and market data have been collected
at the major PBF unloading ports, e.g., Okinawa, Miyazaki and Wakayama prefectures.
Length measurementsave relatively sparse from 1969 to 1993, and were not included

in this assessment.

Monthly length compositions were raised by the landings from corresponding months
(Mizuno et al. 2012). The raised length compositions from the appropriate months were
thencombined to obtain the seasonal length compositions.

3.6.3 Purse Seines in the East China Sea (Fleet 2)

Length composition data from the Japanese purse seine fishery in the East China Sea
were developed from length measurements taken at Fukuoka andiMatshich were

the major landing ports for this fishery. These length measurements were stratified by
market size category because the fish were sorted into market categories prior to
measurement. The number of boxes in each market size category (ndrfiskerper

box) that were landed at the port was also collected and used to estimate the raised
length compositions (Oshima et al. 2012a). Length composition data for this fleet were
thus available after 2001.

Length composition data from the Korean puse@ers in the East China Sea were
collected at Busan (Yoo et al. 2012; Yoon et al. 2012, Yoon et al. 2014). A preliminary
examination of the data indicated that the size of fish caught was similar to the Japanese
fleet fishing in neighboring waters. Teock assessment did not directly use the length
composition data from the Korean fleet but instead assumed that it was similar to the
Japanese fleet.

3.6.4 Japanese Purse Seine in the Sea of Japan (Fleet 3)

Length composition data for the Japanese psegee fleet in the Sea of Japan (Fleet 3)
were collected by port samplers in Sakaiminato and were available from20387
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except for 1990, when there was no catch. Port samplers obtained length measurements
from approximately 50% of the catch on an ager This fleet catches mainly PBF
older than age 3 (Fukuda et al. 2012).

3.6.5 Japanese Purse Seine off the Pacific Coast of Japan (Fleet 4)

Size composition data from Japanese purse seiners operating off the Pacific coast of
Japan were collected at Tsuknarket and several unloading ports in the Tohoku region
between the 1950s and 1993. Since 1994, length and weight composition data have been
collected at Shiogama and Ishinomaki ports (Abe et al. 2012a).

In the 2010 stock assessment, the Japanes@tusa seine fisheries in the Sea of Japan

and the Pacific coast (Fleets 3 and 4) were treated as a single fleet. However, for the
current assessment the tuna purse seine fishery was separated into two fleets because of
differences in the size compositioh the catch in the two fisheries (Abe et al. 2012a;
Kanaiwa et al. 2012a). Although length measurements for Fleet 4 have been made since
the 1980s, an appropriate method to create #itslze data has not yet been
established for the entire period. THBFWG tentatively decided to use the
catchatsize data from this fishery for 192906. The PBFWG recognized that the size
composition data for this fishery is highly variable and further research is needed for
this dataset.

3.6.6 Japanese Troll and Polend-Line (Fleet 5 and Fleet 6)

Comprehensive length composition data have been collected from Japanese troll and
pole and line vessels at their main unloading ports since 1994. These were assigned to
Fleets 5 and 6, respectively. Length measurements weeyelimited in the number of
sampling ports and number of fish measured before 1994 (Oshima et al. 2007; Fukuda
and Oshima 2012). Length composition data from the Japanese troll fishery (Fleet 5)
were raised using the catch from each region and montia.stlae sampling of pole

and line vessels was considered to be relatively poor compared to the more numerous
troll vessels. Both fisheries operate in the same area and catch -sigelirfish
(primarily age 0 individuals).

3.6.7 Japanese Set Net (Fleétd0)

Size composition data from Japanese set net fleets (Flddiys were available from

1993 to 2012. Fleet 7 size composition data were based on weights, whereas the others

(i.e. Fleets 8, 9 and 10) were based on lengths (Kai and Takeuchi 2012; Temend
2012). Al fleetsd size data were estimate
the catch in the corresponding strata.

3.6.8 Taiwanese Longline (Fleet 11)

Length composition data for the Taiwanese longline fishery (Fleet 11) collectedtby por
samplers are available for 199R12. The size sampling coverage is very high for this
fleet, with > 90% of landed fish being measured. The Taiwanese longline fishery
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catches the largest PBF of all the fisheries.

3.6.9 EPO Commercial Purse Seine (Flek?)

Aires-da-Silva and Dreyfus (2012) and Dreyfus and AidesSilva (2014) reviewed the

PBF size composition data for the EPO purse seine fishery. PBF size composition data
were collected by port samplers from IATTC and national sampling programs. For the
most recent Mexican fishery targeting PBF for pen rearing operations, size composition
samples were also collected at sea by IATTC observers during pen transfer operations.

There is strong evidence that the average size of the purse seine catch had chang

time. While the average length of the catch fluctuated around about 75 cm (age 1 fish)
before the mid 109 8-tagetingfishery washoperating, Ahere haB B F
been a shift towards larger fish (mean size of about 85 cm; age 2) in th898t and

2000s, as the Mexican purse seine fishery has targeted PBF for farming operations. In
2001, several vessels targeting PBF changed their purse seine nets to deeper nets. Since
2002, all vessels targeting PBF have adopted this fishing methotisaspecies is
usually found in deeper waters. Under the new method, the depth of the purse seine nets
ranged from 240 m to about 315 m, deeper than the nets targeting yellowfin tuna (about
210 m). Mexican PBF farms have recently introduced stereoscamieraa to obtain
sizecomposition data. Data collected by this method for 2010 and 2011 corroborate the
size composition data collected by IATTC observer and port sampler data
(Aires-daSilva and Dreyfus 2012). Mexico provided additional data for 213 to

the PBFWG in Dreyfus and AiregaSilva (2014).

3.6.10 EPO Recreational Fishery (Fleet 13)

Size composition data for the US recreational fishery have been collected by IATTC
staff since 2002. Due to low sample sizes, these data were not used isettsment

but indicated that the sizes of fish caught were similar to the EPO commercial purse
seine fishery. The size composition data for this fleet in the last two years were not
provided for the update stock assessment (Oshima et al. 2014).

3.6.11 OtherFisheries (Fleet 14)

This fishery contains a variety of Japanese gear types and fisheries, mainly from
Tsugaru Strait (between Honshu and Hokkaido). The size composition data, based on
weights, shows a large peak at around 10 kg with a long tail exteiod2d® kg (Abe et

al. 2012b). Given the model structure, preliminary analysis indicated that poorly fitted
size composition estimates from this fleet strongly influenced the estimated population
dynamics (see Section 5). The relative contribution of emen type included in this
mixed fleet is unknown but likely varies over time. In the update stock assessment, the
size composition data for Fleet 14 were used in a preliminary run to estimate the
selectivity for this fleet, but were not used in the fimaldel (see Section 4.3.2).
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4. MODEL DESCRIPTION

4.1 Stock Synthesis

A seasonal, lengthased, agstructured, forwargimulation population model was

used to assess the status of PBF. The model was implemented using Stock Synthesis
(SS) Versior8.23b Methot and Taylor 2011;

http://nft.nefsc.noaa.gov/Stock _Synthesis 3)ht8E5 is a stock assessment model that
estimates the population dynamics of a stock through use of a variety of fishery
dependent and fishery independent information. Although it has historically been used
primarily for ground fishes, it has recently gaingopularity for stock assessments of
tunas and other highly migratory species in the Pacific Ocean. The structure of the
model allows for Bayesian estimation processes and full integration across parameter
space using a Monte Carlo Markov Chain (MCMC oaitnm.

SS is comprised of three subcomponents: 1) a population subcomponent that recreates
an estimate of the numbers/biomass at age using estimates of natural mortality, growth,
fecundity etc., 2) an observational stimponent that consists of obsenfateasured)
guantities such as CPUE or proportion at length/age, and 3) a statisticalnspbnent

that uses likelihoods to quantify the fit of the observations to the recreated population.

4.2 Biological and Demographic Assumptions

4.2.1Growth

The sexcombined lengttat-age relationship was based on reading otolith samples from
1690 fish, ranging from 46.5 to 260.5 cm, and aging them to the nearest fractional year
based on an assumed biological birth date of 15 May (Shimose and Takeuchi 2012).
This reldaionship was then rparameterized to the von Bertalanffy growth equation
used in SS (Figure-2) and adjusted for the birth date used in SS (1 July, i.dirgte

day of the fishing year),

O 0 O 0 Q

wherelL; andL, are the sizes associated with ages near the Mifstafd secondA?)
ages,Lp is the theoretical maximum length, akds the growth coefficient andLp
can be solved based on the length at agd_gnehs thus rgparameterized as:

0 0
p Q
The growth parametets, L; andL, were fixed in the SS model, witk at 0.1574743
y'andL; andL,at 21.5 cm and 109.194 cm for age 0 and age 3, respectively. The CV

of the lengthatage for age 0 fish was estimated in the model (appraziy;nd.26,
depending on the run); the CV for age 3 and older fish was fixed at 0.05.

0 0

The von Bertalanffy equation growth based on the above parameters is as follows:

Lt = 254.4131_e-0.1574743(t+0.56068?)
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where
L; = length at age t;
Lp = 254.413 cm = theoretical maximum length;

K = 0.1574743 y = growth coefficient or the rate at whitly is asymptotically
reached; and

to = -0.560689 (assumed July 1 as birth day, the first day in fishing year) =
theoretical age where length is eqtokero.

In 2008, when the SS model was used for the first time to assess PBF, Ageas

manually tuned to optimize the model fi;(= 3). In the 2008 stock assessment,CV

was also manually tuned to optimize the model fit in a preliminary run aed o 0.08

in the base case (Ichinokawa et al. 2008). In the current stock assessment, the choice of
age 3 forA; was reexamined in preliminary runs and found to be optimal again. The

value of C\4 was also reestimated and 0.05 was found to be optimaltfi@ model fit

using the current stock assessmentods dat a.

4.2.2 Maximum Age

The maximum age modeled was age 20, which was treated as an accumulator for all
older ages (dynamics are simplified in the accumulator age). To avoid biases associated
with the approximation of dynamics in the accumulator age, the maximum was set at an
age sufficient to minimize the number of fish in the accumulator bin. GivenMhe
schedule, approximately 0.15% of an unfished cohort remains by age 20.

4.2.3 Weightat-Length

A sexcombined weighttlength relationship was used to convert fork lengghirf cm
to weight M) in kg (Kai 2007). The segombined lengtiweight relationship is:

W pXppYmH?E

whereW_ is the weight at length. This weightat-length relationship was applied as a
fixed parameter in the model (Figuret®

4.2.4SexRatio

This assessment assumes a single sex. Shimose and Takeuchi (2012) previously
estimated sespecific differences in the growth of male and female PBF. However,
given the lack of sexual dimorphism and a near total lack of records of sex in the fishery
datg a single sex was assumed for this assessment.

4.2.5 Natural Mortality

Natural mortality M) was assumed to be agpecific in this assessment. Aggecific
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M estimates for PBF were derived from a matalysis of different estimators based on
empiricaland life history methods to represent juvenile and adult fish (AliaeSilva et

al. 2008; see Section 2.1.5). TiMeof age O fish was estimated from a tagging study, as
discussed in detail in the Section 2.1.5. Agecific estimates d¥ were fixed in tle SS
model as 1.6 yedrfor age 0, 0.386 yedrfor age 1, and 0.25 ye&for age 2 and older
fish (Figure 25).

4.2.6Recruitment and Reproduction

PBF spawn throughout spring and summer (Afdbust) in different areas as inferred

from egg and larvae collections and examination of female gonads. In the SS model,
spawning was assumed to occur at the beginning of April, which is the beginning of the
spawning cycle. Based on Tanaka (2006),-sgecific estimates of the proportion of
mature fish were fixed in the SS model as 0.2 at age 3, 0.5 at age 4, and 1.0 at age 5 and
older fish. PBF ages-D fish were assumed to be immature (Section 2.1.2). Rewmit

was assumed to occur in Jkfgptember.

A standard Beverton and Holt stock recruitment model was used in this assessment. The
expected annual recruitment was a function of spawning biomass with stedpness (
virgin recruitment Ry), and unfished edjibrium spawning biomass SSB)
corresponding td, and was assumed to follow a lognormal distribution with standard
deviation 0 (Methot and Taylor 2011, Methot and Wetzel 2013). Annual recruitment
deviations were estimated based on the informationadblailin the data. The central
tendency that penalizes the log (recruitment) deviations for deviating from zero was
assumed to sum to zero over the estimated period. Aidsyadjustment factor was

used to assure that the estimated meanndygally distrbuted recruitments were
meanunbiased.

Recruitment variability § the standard deviation of lagcruitment, see Section 4.6.2

for more detail) was fixed at 0.6. The log Bf (virgin recruitment) and annual
recruitment deviates were estimated by the ehotihe offset for the initial recruitment
relative toRy was estimated in the model and found to be small (approximately 0.075,
depending on the run). Annual recruitment deviates were estimated from 1949 to 2011
(recruitment deviations in 194951 represent deviations from a stable age structure
corresponded &% 110 in 1952, i.e. the first year included in the stock assessment) and
expectations of recruitment deviates for the terminal year derived from the
stockrecruitment (SR) relationship. A full bias adjustment of recruitment estimates is
applied from 198-2011, while no bias adjustments are applied to the recruitment
estimates prior to 1952. This was determined from preliminary runs using the method
described in Methot and Taylor 2011.

Steepness of the stoc&cruitment relationship was defined as thacfion of
recruitment when the spawning stock biomass is 20%S#, relativeto Ry. Previous
studies have indicated that h tends to be poorly estimated due to the lack of information
in the data about this parameter (Magnusson and Hilborn 2007, Cdn2@t@ Lee et

al. 2012). Lee et al. (2012) concluded that steepness was estimable from within the
stock assessment models when models were correctly specified for relatively low
productivity stocks with good contrast in spawning stock biomass. Howewer, t
estimate of h may be imprecise and biased for PBF as it is a highly productive species.
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Independent estimates of steepness that incorporated biological and ecological
characteristics of the species (Iwata 2012, lwata et al. 2012b) reported that masan h w
approximately 0.999, close to the asymptotic value of 1.0. Therefore, steepness was
fixed at 0.999 in this assessment. It was noted that these estimates were highly uncertain
due to the lack of information on PBF early life history stages.

4.2.7 StockStructure

The model assumed a single welixed stock for PBF. This assumption is supported by
previous tagging and genetic studies (see Section 2.1.1).

4.2.8Movement

PBF is a highly migratory species known to move widely throughout the Pacific Ocean,
especially between the EPO and WPO (Section 2.1.3). In this assessment, PBF were
assumed to be wethixed and distributed throughout the Pacific Ocean, and regional
and seasonal movement rates were not explicitly modeled. Although the model was not
spatiallyexplicit, the collection and p#erocessing of data, on which the assessment is
based, were fishery specific (i.e. counggar type) and therefore contain spatial
inferences. Instead of explicitly modeling movement, the model used fispecyfic

and time-varying selectivities to approximate changes in the movement patterns of the
stock.

4.3 Model Structure

4.3.1 Initial Conditions

Stock assessment models must make assumptions about what occurred prior to the start
of the dynamic period. Two approachesadée the extreme alternatives for reducing

the influence of equilibrium assumptions on the estimated dynamics. The first approach
is to start the model as far back in time as is necessary in order to assume that there was
no fishing prior to the dynamiperiod. Usually this entails creating a series of catches

but these can be unreliable. The other approach is to estimate (where possible) initial
conditions. Equilibrium catch is the catch taken from a stock for which removals and
natural mortality are bahced by stable recruitment and growth. This equilibrium catch

can be used to estimate the initial fishing mortality rafesy i the assessment model.

Not fitting to the equilibrium catch is equivalent to estimating the catch and therefore
the Fs that best correspond to the data during the dynamic period. For this assessment,
equilibrium catches (anis) for the Japanese longline (Fleet 1) and Japanese troll (Fleet

5) fleets were estimated and corresponding Fs were allowed to match other data during
the dynamic period. These two fleets were chosen to estimate iRgilkecause they
represented fleets that take large and small fish, thereby allowing for model flexibility.

In addition, ten recruitment deviations were estimated prior to the dynamic period to
allow the initial population to better match size composition information available at the
start of the dynamic period.
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4.3.2Selectivity

Selectivity patterns were fisheppecific and assumed to be lengtised. Selectivity
patterns were used to modwit only gear function but availability of the stock (spatial
patterns and movement) by spatially and temporally stratifying fisheries. In this
assessment, selectivity patterns were estimated using length composition data for all
fisheries except for Fled#, which was a composite of several different gear types, and
Fleet 6, which was poorly sampled relative to a similar fishery (Fleet 5).

4.3.3Selectivity Functional Forms

Selectivity assumptions can have large influences on the expected length fyequenc
distribution given the relative importance of length frequency data in the total
log-likelihood function. Functional forms of logistic or double normal curves were used
in this assessment to approximate selection patterns. A logistic curve implieistihat f
below a certain size range are not vulnerable to the fishery, but then gradually increase
in vulnerability to the fishery with increasing size until all fish are fully vulnerable
(asymptotic selectivity curve). A double normal curve consists of thex sittes of two
adjacent normal curves with separate variance parameters for the left and right hand
sides and peaks joined by a horizontal line. This implies that the fishery selects a certain
size range of fish (domehaped selectivity curve). Althouglomeshaped selectivity
curves are flexible, studies have indicated that their descending limbs are confounded
with natural mortality, catchability, and other model parameters if all fisheries are
domeshaped.

This assessment assumed that one fleet hasyenptotic selectivity curve to eliminate
the estimation of Acryptic biomass-D. and
This assumption meant that at least one of the fisheries sampled from the entire
population above a specific size. This is @rsg assumption that was evaluated in a
separate analysis, whose results indicated that the Taiwanese longline fleet (Fleet 11)
consistently produced the best fitting model when specified as asymptotically selective
(Piner 2012). This assumption along witle observed sizes and life history parameters,
sets an upper bound to population size. Two parameters, both of which were estimated
in this assessment describe asymptotic selectivity: the length at 50% selectivity, and the
difference between the length3% selectivity and the length at 50% selectivity.

All other fleets with lengtlcomposition data were allowed to be desmaped (Table

4-1) with six parameters describing the shape of the pattern. For most fisheries, the
initial and final parameters dhe selectivity patterns were assigned values989 or

were fixed to a small valuel5). The setting to 0.999 causes SS to ignore the first and
last size bins and allows it to decay the selectivity of small and large fish according to
parameters of asnding width and descending width, respectively. For some fisheries,
the parameter specifying the width of the constant selectivity plateau was often
estimated to be very smal9) and often reached assigned bounds. For these fisheries,
the width of the mteau was set te9. Other parameters describing desmaped
selectivity were estimated by the model, i.e. the length at which full selectivity is
reached, the ascending and the descending width of the length selectivity plateau. Given
the data and the metstructure, the estimation of ascending and descending width of
selectivities for Fleet 8 and Fleet 10 reached the upper limit of the estimation bounds.
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These parameters were fixed at the values of their upper limits.

4.3.4 Special Selectivities includy Fixed, Time Varying and Mirrored

The selectivities of the Japanese patetline fishery (Fleet 6) and the US recreational
fishery (Fleet 13) were assumed to be the santbase of the Japanese troll fishery
(Fleet 5) and the EPO commercial purse séisteery (Fleet 12), respectively. This is
because both Fleets 6 and 13 had relatively small sample sizes due to the substantially
smaller sampling effort relative to Fleets 5 and 12. In addition, Fleets 6 and 13 and
Fleets 5 and 12 were similar in ternfsfishing areas and sizes of fish caught. The size
composition data of Fleets 6 and 13 were not fitted by the model.

Selectivity of the Japanese fothero fisher:
likely varied over time due to the changes in tilative contribution of different gear

types. Given the relatively small catches from this fleet and the difficulties in modeling

itds selectivity, the selectivity of Fl eet
preliminary run with relative weighigmbda) = 0.1. Due to the fixed parameters, the

Fleet 14 size composition data were not fitted by the final model. Lambda is the
multiplicative weighting factor on the negative log likelihood for that data component.

Time varying selectivity patterns irhé form of periods of constant selection were
employed for the Japanese longline, Japanese tuna purse seine, and EPO purse seine
fisheries (Fleets 1, 3 and 12). Two periods of selection patterns were estimated for the
Japanese longline fishery (Fleet 1:5294992 and 1992012). These two periods
corresponded to a potential change in fishing operations, divergence in the CPUE series,
and a seasonal shift in the timing of fishing, however the PBFWG was unable to
determine the cause. Two periods of seleqgbiatterns (1952006 and 2002012) were

also estimated for the Japanese tuna purse seine fishery (Fleet 3), which corresponded to
a change in fishery operations described in Fukuda et al. (2012). Two periods were also
assumed for the EPO purse seine flgdeet 12: 1952001 and 2002012). The

second period corresponded to a time when the EPO fleet changed gear types to target
larger fish (AiresdaSilva and Dreyfus 2012). Therefore, for 2e@@12, it was
assumed that the selectivity of Fleet 12 was #Hmesas the earlier period, except that

the point on the plateau at which fish become fully selected was assumed to be 10 cm
larger than the earlier period. This resulted in a 10cm rightward shift of the selectivity
curve in the latter period (Section 3.)5.9

The Japanese set net fishery (other areas of Japan) (Fleet 9) was divided into two
seasonal fleets (Quarters3land Quarter 4 of the fishing year) and separate selectivities
were estimated for each. The division of Fleet 9 into seasonal fleets wat das
examining the data and characteristics of the fleets, which indicated that fish taken in
Quarter 4 were larger than could be explained by a singletiseigattern (see Section

3.3)

4.3.5 Catchability

Catchability ) was estimated assuming thatleawex of abundance is proportional to
the vulnerable biomass/numbers with a scaling factoq tfiat was assumed to be
constant over time. Vulnerable biomass/numbers depended on thespiedic
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selection pattern and underlying population numia¢esge. Potential changes qwere
approximated by assuming larger observation errors in the abundance indices
(Ichinokawa and Takeuchi 2012; Oshima et al. 2012b).

4.4Likelihood Components

The statistical model estimates béstmodel parameters byninimizing a negative
log-likelihood value that consists of likelihoods for data and prior information
components. The likelihood components consisted of catch, CPUE indices, size
compositions, and a recruitment penalty. Model fits to the data and ligdliho
components were systematically checked.

4.4.10bservation Error Model

The observed total catch data are assumed to be unbiased and relatively precise. They
were fitted with a lognormal error distribution with standard error (SE) equal to 0.10.
An unaccetably poor fit to catch was defined as models that did not remove >99% of
the total observed catch from any fishery.

4.4.2 Recruitment Penalty Function

According to the Methot and Taylor (2011), the true variability of recruitment in the

—112\? ) :
SE(7,)” +SD(7)’ = (Lﬁ%] o2 | —a
°F Or (O’R2+Ja.2)

population, constrains the estimates of recruitment deviations and is not affected by
data. When data that are informative about recruitment deviations are available,
partitioned into i) variability among the recruitment estimates in the time series (signal)
and i) residual variability of each recruitment estimate:

When there are no data, no signal can be estimated, the individual recruitment
deviations approach 0.0, and the variance of each recruitment deviation appioaches
Conversely, when there are highhfarmative data on the recruitment deviations, then
the variability among the estimated recruitment deviations will appréaahd the
variance of each recruitment deviation will approach zero. The vallavat fixed at

0.6 for the update assessment.

4.4.3 Weighting of the Data

Two types of weighting were used in the model: i) relative weighting among length
compositions (effective sample size), and ii) weighting of the different data types
(sources of information, e.g. length compositions, abundamtiees, and conditional
ageat-length) relative to each other.

Except for Fleets 3 and 12, effective sample sizes were determined by two steps: (1)
maximum input sample sizes were set to 200 (i.e. the sample size was 200 if the actual
sample size was lagg than 200); and (2) the effective sample size of each fleet length
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or weight composition data were scaled by the average sample size of the tuna purse
seine fleet in the Sea of Japan (Fleet 3) and the EPO commercial purse seine fleet (Fleet
12) from 19522010.

All size composition data, except for Fleets 6, 13 and 14 were fitted by the model with
full weight (Section 4.3.4). The CPUE indices for Japanese coastal longline (S1, S2, S3),
Japanese coastal troll (S5) and Taiwanese lon@Bag fleets were fitted by the model

with full weight (Section 3.5).

4.5 Convergence Criteria

Convergence to a global minimum was examined by randomly perturbing the starting
values of all parameters by 10% and refitting the model. This analysis wascteohds

a quality control procedure to ensure that the model was not converging on a local
minimum.

4.6 Model Analysis

4.6.1 Retrospective Analysis

Retrospective analysis was conducted to assess the consistency of stock assessment
results by sequemtily eliminating data from the terminal year while using the same
model configuration. In this analysis, up to five years of data were removed and the
PBFWG examined changes in the estimates of SSB and recruitment. The results of this
analysis were used &ssess potential biases and uncertainty in terminal year estimates.

4.6.2Sensitivity to Alternative Assumptions

Sensitivity analyses were used to examine the effects of plausible alternative model
configurations relative to the results for the base.cas

It was agreed to conduct the following base case and sensitivity runs (&ble 4

1. A base case run with both the Taiwanese and Japanese longline CPUE series
through 2012; the size composition for the Japanese lorftgeteextending
through 2011 (fishing year) and the size composition for the Taiwanese longline
fleet extending through 2012 (fishing year);

2. A sensitivity run removing CPUE data for the Japanese longline fleet for
20112012 (fishing year), and removingsicomposition data for the Japanese
longline fleet for 2010 and 2011

* Size composition data in the terminal year (2012) cannot be calculated using the estimation
procedure proposed by Mizuno et al. (2012).

43



3. A sensitivity run removing CPUE data for the Taiwanese longline fleet for
20112012 (fishing year), and removing size composition data for the Taiwanese
longline fleet for 2011 and 2@1

4. A sensitivity run with both the Japanese and Taiwanese longline CPUE series for
2011 and 2012 (fishing year) removed, and also removing the Japanese longline
size composition data for 2010 and 2011, and the Taiwanese longline size
composition data for@.1 and 2012.

For each trial run, trends in estimated SSB and recruitment were compared. In addition,
estimates 0fF20092011 (Current F) or Fapo22004 (reference year by current WCPFC
CMMS) relative to a subset of-thased BRPSFGnaX, Fo.1, Frmea Fioss Fi0% F200, F300%

Faow), the estimated depletion rati®$Boi12 relative to SSB), and SSBoi» were
calculated.

4.6.3 Future Projections

Stochastic future projections were performed using a quarterlystagsured

population dynamics model that wakentical in model structure to that used in the
assessment. The software used for the future projections is distributed gmekaBe

named Ossfuturebo, and is described 1in I ch
validated as being capable of genemtimghly similar results on numbeasage and

catch weight by fleets with deterministic future projections generated by SS
(Ichinokawa 2012).

The projections were based on the results of the base case. Each projection was
conducted from 300 bootstrapplicates followed by 20 stochastic simulations. The
bootstrap replicates were derived by estimating parameters using SS and fishery data
generated with parametric resampling of residuals from the expected values. Error
structure was assumed to be lognal for CPUE and multinomial for siz#omposition

data. The CVs of abundance indices and input sample sizes of size compositions for
the bootstrap replicates were the CVs and 100*input sample sizes from the input data of
the base case. The effective saengizes for the bootstrap replicates were increased by
100fold in order to provide adequate resampling of the size compositions. These
projections included the parameter uncertainties of the stock assessment model because
the stochastic simulations wewmnducted from the bootstrap run, which included
estimation of model parameters. Specifically, estimation uncertainty in the population
size in the starting year of the stock projection and fishing mortaditiage were
included.

Future recruitment isandomly resampled from the whole stock assessment period
(19522011) for the average recruitment scenario, angampled from the low

recruitment period (1980989) for the low recruitment scenario, without any
spawneirecruitment relationship. This waan appropriate assumption because the
steepness of the base case was very highk (0.999). For the recruitment in

20122013 which has already occurredssampling was conducted from recruitment in

19861988, which represents the lowest three yeare@iiitment between 1981D89.

l shida et al (2014) analyzed the patterns
updatedo base case of Fukuda et al (2014)
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19801993 is significantly lower (P=0.0275) than thathrically average recruitments

in 19522012 (Table 5 in Ishida et al 2014). As was demonstrated, the period in
19801993 can be an alternative candidate for representing the low recruitment period.
Nevertheless, this stock assessment continues to fidéh& period 198989 as
representing the low recruitment period. This is because the 1990 year class was
estimated as the secondosigest year class since 1960.

As for the duration of the low recruitment period, Ishida et al (2014) also found that
recruitment in 19801993 was significantly lower p£0.040), than the level of
recruitment for the later period in 192008. They also found that the recruitment in
20092012 was significantly lowepE0.0278) than the recruitment in 192008 (Table

5in Ishida et al 2014). They applied a sequentiatt (Rodionov and Overland 2005)

to the same time series of estimated recruitments and found two break points: between
the 1993 and 1994 year classes, and between the 2008 and 2009 year classes with
significance level ofp<0.2. Their finding suggests that the duration of different
productivity phases (regimes) may be on the order of 14 or 15 years. Based on these
observations, two scenarios of low recruitment were chosen: i) a low recruitment level
similar to the period 1980989 continues, or ii) 10 years of low recruitment from 2014
assuming low recruitment period actually started from 2009 followed by a period of
historicallyaverage level of recruitment.

The terminal year of the 2014 stock assessnseP®12 (fishing year or 1 July 2012 to

30 June 2013 in calendar year). The latest recruitment estimate available from the SS
model is the 2012 year class. Similar to the last stock assessment, since the latest
recruitment estimate is likely imprecisé,was proposed to use estimated recruitment
through 2011 but replace it with randomly resampled recruitment over an appropriate
period to represent future recruitment. However, year classes 2012 and 2013 were
already born. In particulathe ISC13 Pleng paid particular attention to the possible

very weak 2012 year class. As for the 2013 year class, currently available information
from fisheries targeting age 0 PBF suggest a possible weak 2013 year class, even
though its strength might be relativelyatger than the 2012 year class. Based on
these considerations, it was proposed to
recruitment may be very weak. This was implemented by generating recruitments in
2012 and 2013 from resampling estimated recruitsm@mt19861988 which are the

three lowst year classes in 198®89.

SSBecentF=oCan roughly be defined as the theoretical spawning stock biomass size
without fishing assuming recent levels of recruitment. Recent levels of recruitments
were chosen based on the fixed size moving window approach which uses a fixed
number of years of rent recruitment. In this particular calculation, in order to ensure
the projected population has a steady state, a forward projection of 60 years from 2012
was conducted. This resulted in a mean §8Br-0 0f 620,116 t (median of 616,625

t, standardleviation of 70,586 t) in 2072.

NC9 defined seven candidate harvest scenarios from 2015. Scenario 1 is continuation
of management measures for 2014 until 2028 by both WCPFC and IATTC, while the
other scenarios considered alternative measures (Tad)le 4n principle, the harvest
scenarios represent combinations of constant effort strategies and catch capping for
juvenile and/or adult catches for WPO fisheries; and a constant catch strategy for EPO
commercial fisheries with no catch cap floe EPO reaational fishery.
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The following assumptions were applied:

I Fishing effort is interpreted as fishing mortality, i.e. fishing effort at the
20022004 level was translated into an average F in Z0;

il. Fourteen fisheries in the stock assessment moded vemrganized into Six
fleets, with each fishery approximating

ii. If reduction of juvenile catch is required to a certain level Rifier ages €2 is
assumed to be reduced to meet the necessary juvenile catch reduction
requirement; adh

V. If, in addition, reduction of adult catch is requirédpf ages 3 and older is
assumed to be reduced.

For the EPO commercial fishery (Fleet 12 of the base case), NC9 requested application

of a type of constant catch strategy with maximkrtevel twice & much as that in

20022004. There is no distinction between juvenile and adult catch, despite the fact

that the results of the 2012 stock assessment and 2014 base case of Fukuda et al (2014)
suggests that the majority of fishing mortality occurs in dgsses 43. For the EPO

recreational fishery (Fleet 13), we simply applied the average p&rtial20022004,

since | ATTCO6430Re saosl uwwealoln a&€s NC9 othe BPOqQuUest s
recreational fishery.

NC9 requested i nf olityofadhievongeaach of five pdrtieulap3SB b a b i
levels (10%, 15%, 20%, and 255 R.cent F=¢ and historical median SSB) within 10 and

15 yearso as well as the nexpected averag
projectiono. T o F@WGE cakwulafed thesprobabilityiofsfyturetS6R2 P B
exceeding the specified reference levels of SSB in at least one year from 2014 to 2023

(10 years) or from 2014 to 2028 (15 years). The average expected yield {8226

was also calculated. In addition, theobability of SSB falling below the historical

lowest observed level of SSB (about 18,300 t) at least once within 15 years was also
calculated.

4.6.4Biological Reference Points

The ratio ofF20092011 (CurrentF) or Fooo22004 (reference year under the current WCPFC
management measure) as compared to a suite of canBidated biological reference
points Egrp), i.€.Fmax Fo.1, Fmea Floss@NdFi09400% Were contrasted in this assessment.
The estimates were expressed ag#tie of Fooo92011/Fsrp, Which means that when the
ratio was more than 1.@,0092011 Was above the reference point. THgy Fmeq and
Fo.1 reference points are based on yip&Frecruit analysis while th€&10.409 reference
points are spawning bioresbased proxies dfysy.
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5.0MODEL RESULTS

5.1 Base Cas®&esults

The dynamics of SSB and recruitment during stock assessment perioel(11952are

shown in Figure 8. Point estimates of the base case indicate that the current levels
(2012) of stock biomass and SSB are 44,849 t and 26,324 t, respectively. The recent
five-year average of recruitment (26Q@11) was 14.8 million fish (Figure-B Table

5-1).

Fishing mortality dynamics during the stock assessment period-@®52 are shown

in Figure 52. Agespecific fishing mortalities for 2002011 were estimated be 19%,
4%, 12%, 31% and 60% higher than 24 (reference year of the current WCPFC
conservation and management measure) for agedigh, respectively (Figure-3,
Table 52).

5.1.1Model ConvergenceDiagnostics

The update stock assessmeahverges with maximum gradient of 2.0%1énd total
negative log likelihood of 2412. One hundred runs with randomly generated initial
values showed that the model likely converged to a global minimum, with no evidence
of further improvements to the tbtkelihood (Figure 53).

5.1.2Fit to Abundancel ndices

The model fit to the abundance indices are shown in Figdte She abundance trends

in most of the abundance indices were wefiresented by the model. The Japanese
troll index (S5) and both Japanese longline indices before 1993 (S2 and S3) were fit
very well (root mean square error (rmse) = 0.22 for S5 andfOr2he rest of three).
However, the fit for the Japanese longline index for 12Q@B0 (S1) and the Taiwanese
longline index for 1998010 (S9), were relatively poor (rmse = 0.52 and 0.41
respectively).

5.1.3Fit to Size CompositionData

Pearson residus of the model fit to the quarterly size composition data are shown in
Figure 55.

5.1.4Model ParameterEstimates
5.1.4.1 Recruitment Deviations

A BevertorHolt relationship based on a steepness value=06f999 was used for the
base case, and stoakd recruitment plots are presented in Figufe 5The estimated
recruitment deviations were relatively precise for both 12@61 and 1960988,
which indicated that these periods were well informed by data (upper panel in Figure
5-6). The variabilityof the estimated recruitment deviates appeared to be slightly
lower than input recruitment variabilityi & 0.6). However, the estimated and input
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recruitment variabilities were close enough that the estimated population dynamics
would not be substantiglbaffected.

5.1.4.2 Selectivity

The estimated selectivity curves for the base case are shown in FHgui@igen the
model structure, most of the selectivity parameters were relativelyestathated. In
particular, the selectivity parameters for thaiwanese longline fishery (Fleet 11),
which was assumed to have an asymptotic selectivity, wereestathated. Both the
estimated length at 50% selectivity and width of 95% selectivity had small CVs (1 and
11%, respectively). The selectivity for the dape s e Aot her so fishery
also estimated to be asymptotic (in an initial run), although the selectivity was assumed
to be domeshaped (using five parameters). However, it should be noted that the
selectivity for Fleet 14 was fixed after thetial run and that the size compositions from
Fleet 14 were not fitted in the final model due to the large differences for this data
component.

All other selectivities were estimated to be deshaped. However, the selectivity for

the Japanese longlinestiery (F1) showed a low level of selectivity even at the largest
sizes of fish, especially for the late periothis is expected because this fishery
operated on the spawning grounds targetingide size range of largalult fish . The
parameters for #tawidth of the descending limb and the selectivity at the last bins for
the late period had large standard deviations compared to the range of parameter
estimation, which indicated they were not wedtimated (SD = 13.0 and 19.0,
respectively). This walkely due to the small number of observations for this fishery

at the largest sizes.

The most precise selectivity parameters were generally the parameters for the length at
peak selectivity, with CVs ranging from 1% to 10%.

5.2 Stock Assessment Results

Results from the base case were used to determine trends in population biomass,
spawning biomass, recruitment and fishing intensity for the PBF stock during the stock
assessment period 192P12 (i.e. July 1952 to June 2013).

5.2.1 Total and Spawning St& Biomass

Point estimates of total stock biomass from the base case showeérnonijuctuations
(Table 51 and Figure 8). In 1952, the starting year of the current stock assessment,
total stock biomass was 119,400 t. During the stock assessmiext, plee total stock
biomass reached the historical maximum of 185,559 t in 1959, and a historical
minimum of 40,263 t in 1983. Total stock biomass started to increase again in the
mid-1980s and reached its second highest peak of 123,286 t in 1995. sftutal
biomass decreased throughout 2@082, averaging 50,243 t per year, but reached
44,848 tin 2012.

Spawning stock biomass (SSB) estimates also exhibited long term fluctuations (Table
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5-1 and Figure ). SSB relative to unfished SSB has rangeanfi@.03 to 0.22

during the assessment period (12%8A2). Estimates of SSB at the beginning of

quarter 4 (Apri#June) in the first five years (199856) of the assessment period

averaged approximately 75,000 t. The maximum (140,148 t) and minimum (18,807

SSB levels occurred in 1961 and 1984, respectively. The SSB reached its second
highest level (87,258 t) in 1995. The 260812 average was 26,369 t. The 2012 value
(26,324 t) was approximately 4% of the stoc
quadatic approximation to the likelihood function at the global minimum, using the

Hessian matrix, indicated that the CV of SSB estimates was about 19% on average for
20082012, and 21% for 2012.

5.2.2 Recruitment

Recruitment (age 0 fish on July 1sstimates fluctuated widely with no apparent trend.
Recent strong cohorts occurred in 1990 (29 million fish), 1994 (39 million fish), 2004
(28 million fish) and 2007 (25 million fish) (Tableland Figure 8). The average
estimated recruitment was approately 15 million fish for the entire stock assessment
period (19522012), and 15 million fish for 2082011. Estimates were relatively
precise for the initial 12 years of the stock assessment, i.e-1B8® (average CV =
14%), but were less precise 19641980 (average CV = 30%, maximum CV = 42%).
Recruitment estimates became more precise (average CV = 12%, maximum CV = 28%)
after 1981, when recruitment indices from the Japanese troll fishery became available.
In the most recent years (1992010), ecruitment estimates have further improved in
their precision (average CV = 6% or maximum CV = 11%) due to the comprehensive
size data collection for Japanese fisheries that began in 1994.

5.2.3 Fishing Mortality-at-Age

Annual fishing mortalityatage wa calculated externally by solving the Baranov catch
equation using the estimated numbers of-fishge at the beginning of the first quarter
and the predicted annual catabage matrix from the base case (Figus2 &nd Table
5-2). Throughout the stockssessment period (192R12), average fishing mortality

for ages @3 juveniles (0.49) was higher than that for age 4+ fish (0.10). FTdteage

1 started to increase in 1995. The avefagé age 1 fish during 1998011 was 0.99,
while averagers of ages 0, 2 and 3 fish were 0.56, 0.54, and 0.24, respectively. The
averageF of age 4+ fish during the same period was 0.13. In the recent period
(20092011), averagd~s of ages &4+ fish were 0.59, 0.92, 0.65, 0.33 and 0.10,
respectively. During 2002004 (the base period for the current WCPFC CMM),
averageFs of ages &4+ fish were 0.50, 0.89, 0.58, 0.25 and 0.13, respectively.
Therefore, thd=s at ages & during 2008-2011 were 19%, 4%, 12% 31%, 60%, 51%
and 21% higher than 2022004, respectively. ThEs at ages 7+ during 2062011
were 35% lower than 2062004.

5.2.4 Fishing Mortality by Gear

Age-specific fishing mortalities by fishing gear are summarized inréig8. For all
age classes, there is no clear trend in thespgeific fishing mortality from 206Q011.
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For ages 2 and 3, rapidly increasiRgs confirmed through 2012, however there is
some uncertainty associated with the estimate in the termiaa(3@12).

5.2.5 Numberat-Age

The population size in numbeasage at the beginning of the fishing year (July i&
shown in Table 8 and Figure ®. Several strong cohorts were apparery.(1990 and
1994 year classes in recent yegrdn generalthe estimated numbeet-age reflect the
age structure of PBF with fewer efgje fish as expected.

5.3 Retrospective Analyses

The retrospective analysis showed no particular tendency of estimation in the SSB
during 20082012. The SSB was usually unde¢iested between 1993002, except
when the ongeardropped model was used (Figurd ). Recruitment in the terminal
year was oveestimated in 2002011 and undeestimated in 2002008. The
recruitments of the 200R004 year classes were also overegthgFigure 510).

5.3.1 Total Biomass, SSB and Recruitment

All four runs showed similar trends in total biomass and SSB, except after 2005 there
was some slight divergence. In the terminal year, the SSB estimates from Runs 2 and
3 were the highest arldwest, respectively. There were few apparent differences in
the recruitment time series among the four runs. In all trial runs, the estimated SSB
showed longerm fluctuations with three biomass peaks (Figurdd and 512). All

four runs showed dening SSB over the most recent decade with an estimated SSB in
2012 ranging from 19,369 t to 33,376 -2§% to +24% of the base case). The
depletion ratio estimated for each run varied from 0.031 to 0.054. All trial runs indicated
that the currenE,gpg2011 WaS aboveFmax, Fo1, Fmea Fiow F200 F30% and F4o%(TabIe

5-4).

5.3.2 Fit to CPUE and size composition

Results indicated that removing CPUE and size composition data from the most recent
two years affected the fit to the S1 and S9 indices (Figur@)5 The fit to CPUE for
Japanese longline (S1) and/or Taiwanese longline (S9) were improved in Runs 3 and
Run 4, respectively, after 2006, and in parallel the improvements in fit increased (or
decreased) the estimates of recent SSB in those runs.

In general, removing CPUE and length composition data did not substantially improve
the fit to the observed lengtlompositions (Figure-34).

5.4 Future Projections

The historical recruitment and SSB estimated by 300 bootstrapped simulations are
shown in Figures A5, 516, and 517. Point estimates of SSB, especially during
1950s1970s, and some SSB indicators, sashthe historical minimum and median,
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were generally above the median estimators from the bootstrap. These discrepancies
between point estimates and the bootstrap median were also observed in past stock
assessments for this and other species and atmdetstood.

Table 55 summarizes the results for the benchmarkS&#.cent r-0as listed in Section

4.6.3. Figures 85, 516, and 517 compare expected outcomes using combinations of
seven harvest scenarios and three future recruitment scenariasng the 10year
simulation period, all low recruitment scenarios except Scenario 6 have a low
probability of reaching the SSB benchmarks specified by NC9. Under Scenario 6,
there is a very high probability (over 80%) that SSB will exceed the benchma@Rwof

of SSRecent r=0aNd the historical median within 15 years. Scenario 7 did not perform as
well as Scenario 6 when future recruitment was assumed to be at the average level, and
the expected increase of SSB was lower than under Scenario 6. Inrgdfifudure
recruitment is assumed to be low, Scenario 7 performed poorly, in the sense that there
was only a 10% probability of SSB reaching the benchmark of 10%S& cent =0

within 10 years.

Scenario 1 can be considseepde ashdthe WOGRE @G
| ATTC6s regulations and additional measur e
2014 were assumed to have been fully implemented and effectuated in Japan, the WPO,

and the EPO. The overall result for Scenario 1 is that if édutacruitment remains

within historically average levels, SSB can be expected to increase steadily and is likely

to exceed 15% 0BSR.cent r=owithin 10 years. If, however, future recruitment is at low
recruitment levels such as those as experiencd®ihd80s, the SSB is likely to remain

at its current very low level. Furthermore, it is very likely (79% in low recruitment

scenario) that SSB will decline below the historically lowest observed level (Figure

5-15) at some point in the next ten years. r the other six remaining harvest scenarios,

Scenarios 24 exhibited very poor performance under low recruitment conditions. The

other three harvest scenarios (Scenari@$ &e expected to show an increase in SSB to

some extent, but the degree of inseavaries under each harvest scenario. In

summary, Scenario 6 performed best across the three recruitment scenarios; Scenario 7

was second but its performance did not suffice to increase SSB and avoid risking further
declines in SSB (24% of scenario 6 iagh 31% of scenario 7) if future recruitment

remains low.

As discussed, average recruitment in 22092, and possibly in 2013, may be lower
than that observed before 2009. Given the future projection results, the importance of
considering the risk dbw recruitment in the coming decade has increased.

6.0STOCK STATUS AND CONSERVATION ADVICE
6.1 Stock Status

Using the updated stock assessment, the 2012 SSB was 26,324 t and slightly higher than
that estimated for 2010 (25,476 t).

Acrosssensitivity runs in the update stock assessment, estimates of recruitment were
considered robust. The recruitment level in 2012 was estimated to be relatively low (the
8" lowest in 61 years), and the average recruitment level for the last five years may
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have been below the historical average level (Figute Estimated agspecific fishing
mortalities on the stock in the period 268311 relative to 2062004 (the base period
for WCPFC Conservation and Management Measure-R@)ncreased by 19%, 4%,
12%, 31%, 60%, 51% and 21% for age8,@espectively, and decreased by 35% for age
7+ (Figure 61).

Although no target or limit reference points have been established for the PBF stock
under the auspices of the WCPFC and IATTC, the culfeanerage oveR0092011
exceeds all target and limit biological reference points (BRPs) commonly used by
fisheries managers except Brss and the ratio of SSB in 2012 relative to unfished
SSB (depletion ratio) is less than 6%. In summary, based on reference fiomt ra
overfishing is occurring and the stock is overfished (Tablg. 5

For illustrative purposes, two examples of Kobe plots (plot A bas&S&p and
Fwmep, plot B based 08SBoy, andSPRgqy, Figure 62) are presented. Because no
reference points forBF have yet been agreed to, these versions of the Kobe plot
represent alternative interpretations of stock status in an effort to prompt further
discussion.

Historically, the WPO coastal fisheries group has had the greatest impact on the PBF
stock, but gice about the early 1990s the WPO purse seine fleet has increased its
impact, and the effect of this fleet is currently greater than any of the other fishery
groups. The impact of the EPO fishery was large before thel®d@s, thereafter
decreasing signigantly. The WPO longline fleet has had a limited effect on the stock
throughout the analysis period. The impact of a fishery on a stock depends on both the
number and size of the fish caught by each fleet; i.e., catching a high number of smaller
juvenilefish can have a greater impact on future spawning stock biomass than catching
the same weight of larger mature fish (Figures#nd 64).

6.2 Conservation Advice

The current (2012) PBF biomass level is near historically low levels and experiencing
high exploitation rates above all biological reference points excepidgy FBased on
projection results, the recently adopted WCPFC CMM (204)3and IATTC resolution

for 2014 (G13-02) if continued in to the future, are not expected to increase SSB if
recent low recruitment continues.

In relation to the projections requested by NC9, only Scenarith6 strictest one,
results in an increase in SSB even if the current low recruitment continues. Given the
result of Scenario 6, furthesubstantialreductons in fishing mortality and juvenile

catch over the whole range of juvenile ages should be considered to reduce the risk of
SSB falling below its historically lowest level.

If the low recruitment of recent years continues the risk of SSB falling bakw
historically lowest level observed would increa3dnis risk can be reduced with

® For the WCPO, a 50% reduction of juvenile catches from the-2002 average level and F no
greater thatfr,gp22004- FOr the PO, a 50% reduction aftches from 5,500 Erom the scientific point of
view, juvenile catches were not completely represented in the reductions modeled under Scenario 6 for
some fisheries although these reductions comply with the defigiiphed by the NC9.
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implementation of more conservative management measures.

Based on the results of future projections requested at NC9, unless the historical average
level (19522011) of recruitment is realized, an increase of SSB cannot be expected
under the current WCPFC and IATTC conservation and management m&asvees

under full implementation (Scenario’1)

If the specifications of the harvest control rules used in the projeattere modified to
include a definition of juveniles that is more consistent with the maturity ‘dgaes in

the stock assessment, projection results could be different; for example, rebuilding may
be faster. While no projection with a consistent debnitof juvenile in any harvest
scenario was conducted, any proposed reductions in juvenile catch should consider all
non-mature individuals.

Given the low level of SSB, uncertainty in futuseruitment, and importance of
recruitment in influencing stock biomass, monitoring of recruitment should be
strengthened to allow the trend of recruitment to be understood in a timely manner.

6 WCPFC:Reduce all catches of juveniles (age 04e3s than 30 kg)) by at least 15% below the
20022004 annual average levels, and maintain the total fishing effort below the2@082nnual
average leveldATTC: Catch limit of 300 t with an additional 500 t for commercial fisheries for
countries with catch historyl. In the IATTC Convention Area, the commercial catches of bluefin tuna
by all the CPCs during 2014 shall not exceed 5,000 metric tons. 2. Notwithstanding paragraph 1, any CPC
with a historical record of eastern Pacific bluefin catches may take a corahoaitch of up to 500
metric tons of eastern Pacific bluefin tuna annually18D2), see
https://www.iattc.org/PDFFiles2/Resolutions1G-02-Pacific-bluefin-tunapdf)

" Although these measures assufrtee kept belowr 0022004 F200s2011Was higher thai,o022004.

420% at age 3; 50% at age 4; 100% at age 5 and older
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8.0 Tablesand Figures

Table 1-1. Relationships between calendar year, fishing year and year class

Fishing year 2010 2012

Quarter ot | o [ o [ oa ot | @@ [ o [ o

SSB SSBin 201 SSBin 2011 SSBin 2012

Day of Birth in SS |Birthday of 2010 year class |Birthday of 2011 year class |Birthday of 2012 year class |Birthday of 2013 year cl
Recruitment |Recruitment in 2010 |Recruitment in 2011 |Recruitment in 2012 |Recruitment in 2013
Year class 12010 year class 2011 year class 12012 year class 2013 year class
Calendar year 2010 : G 2012

month 7 8 9 10 11 1 1 2 3 4 5 6 7 8 9 10 11 12
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Table 21. Length andwveight of PBT based on the wdertalanffy growth curve usa
this stock assessment.

Age Length (cm) Lt+ SD Lt- SD Weight (kg)
0 215 27.1 15.9 0.19
1 55.4 66.0 44.9 3.40
2 84.4 94.6 74.3 12.20
3 109.2 114.7 103.7 26.66
4 130.4 136.9 123.8 45.67
5 148.4 155.8 141.0 67.75
6 163.9 172.1 155.7 91.52
7 177.1 185.9 168.2 115.79
8 188.3 197.7 178.9 139.67
9 198.0 207.9 188.1 162.52
10 206.2 216.5 195.9 183.91
11 213.2 223.9 202.6 203.62
12 219.2 230.2 208.3 221.55
13 224.3 235.6 2131 237.67
14 228.7 240.2 217.3 252.05
15 232.5 244.1 220.8 264.80
16 235.7 247.4 223.9 276.02
17 238.4 250.3 226.5 285.85
18 240.7 252.8 228.7 294.44
19 242.7 254.9 230.6 301.91
20 244.4 256.6 232.2 308.39
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Table 31. Definition of fleets considered for size composition (row&4) and abundance indices (row-2%) in the PBF stock
assessment.

Average

Serial Fleet Available L .. Lambde . . ) Document for
h D > . Fish her Fish le D [
No.  No. Short name Data type Period Corresponding Fisheries Other Fisheries 1) Size data type |n.put sample ata quality reference
size or C.V.
. 1952-1968, ) )
1 F1 JLL Fishery Japanese longline 1 Length 12.3 Catch at length ISC/12/PBFWG-1/0:
1994-2011
Korean small
2 F2 SPelPS Fishery 2001-2012 Purse seinein the East China Sepelagic fish purse 1 Length 12.1 Catch at length ISC/12/PBFWG-1/0:
seine
. 1986-1989, Japanese tuna purse seine fishe 10
3 F3 TunaPSJS  Fishery 1991-2012 in the Sea of Japan 1 Length 20.8 Catch at length ISC/12/PBFWG-1/0’
4 FA  TunaPSPO Fishery 1994-200p J2Panese purse seie offthe Pa 1 Length 58  Catchatlength ISC/12/PBFWG-1/0:
coast of Japan
5 F5 JpnTroll Fishery 1993-2012 Japanese troll 1 Length 12.1 Catch at length ISC/12/PBFWG-1/0¢
1994-1996, Japanese Japanese dritne Raw
6 F6 JpnPL Fishery 1998-2004, P ) Taiwanese dritne 0 Length 12.1 ISC/07/PBFWG-1/0!
pole- and-line . mearsurement
2005-2010 Taiwanese other
JpnSetNet . ) Japanese set net (northern par . . 1
7 F7 NOJWeight Fishery 1993-2012 Japan) 1 Weight 12.0 Catch at weight ISC/12/PBFWG-1/0!
JpnSetNet ) 1994-2008, Japanese set net (Q1-Q2, |
8 F8 NOJLength Fishery 2012 Hokuriku) 1 Length 12.2 Catch at length ISC/12/PBFWG-1/0¢
JonSetet Japanese set net (other area, C
9 F9 OAJLength Q1- Fishery 1993-2012 P Q3) ' 1 Length 12.0 Catch at length ISC/12/PBFWG-1/0!
3
10 Fi10 JpnSetiet Fishery 1993-2012 Japanese set net (other area, Q4) 1 Length 12.1 Catch at length ISC/12/PBFWG-1/0t
OAlJLength Q4 v P ' 9 ' 9 ]
11 F11  TWLL  Fishery 1992-2012 Taiwanese longine New zealand Length 121 EWTEASHEME N, document
Other country (high coverage)
1952-1965, . J
12 F12  EPOPS  Fishery 1969-19g2, oot Paciic Ocean commerc 1 Length 93  Catchatlength 'SC/L2/PBFWG-3/:
purse seine ISC/14/PBFWG-1/0¢
2005-2012
1993-2003, Raw
13  F13 EPOSP Fishery 2005-2006, Eastern Pacific Ocean sports fishiery 0 Length 12.1 No document
measurement
2008-2011
Japanese trawl
14 F14 Others Fishery 1994-2012 Others Japanese other 0.1 Weight 12.1 Catch at weight ISC/12/PBFWG-1/0¢

longline
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Table 31. (continued)

Fleet No. Average

Serial Feet Corresponding Fisheries Short name Data Avallgble Lambds for size input sample Data quality Document for
No. No. type Period (*1) : reference
data  size or C.V.
i ISC/12/PBFWG-
Japanese coastal longline 1/08
15 S1 conducted g;zr;i\;vmng area a JpCLL CPUE 1993-2012 1 F1  0.26 0r 0.20 Standerdized ISC/14/PBEWG-
' 1/02
16 S2 Japanese offshore apd dista JpnDWLLFujioka CPUE 1952-1973 1 F1 02 Standerdized ISC/12/PBFWG-
water longliners until 1974 Revto74 1/10
Japanese offshore and dista JpnDWLLYokawa . ISC/12/PBFWG-
17 S3 ) CPUE 1974-1992 1 F1 0.2 Standerdized
water longliners from 1975 Revfrom75 anderdize 1/10
Japanese tuna purse seine in 1987-1989, . ISC/12/PBFWG-
18 sS4 of Japan TPSJO CPUE 1991-2010 0 F3 0.2 Standerdized 1/09
ISC/12/PBFWG-
Japanese troll in Nagasaki (S . . 111
19 S5 JpnTrolChinaSes: CPUE 1980-2012 1 F5 0.2 Standerdized
of Japan and East China se: pnirof-hnasea anderdie ISC/14/PBFWG-
1/07
Jap'anese troll combined witt ' Star?derdlzed and ISC/12/PBEWG-
20 S6 Kochiand Wakayama by catc  JpnTrollPacific CPUE 1994-2010 0 F5 0.2 combined by ad-hoc 111
weighted average way
21 S7 Japanese trollin Kochi (Pacific) JpnTRKochi CPUE 1981-2010 0 F5 0.3 Standerdized ISC/li//ilBFWG_
Japanese trollin . ISC/12/PBFWG-
22 TRWak - PUE 1994-201 F 2
S8 Wakayama(Pacifc) Jpn akayama CPU 994-2010 0 5 0 Standerdized 111
ISC/12/PBFWG-
. ) . 2/14
23 S9 Taiwanese longline TWLL CPUE 1998-2012 1 F11 0.2 Standerdized ISC/14/PBEWG-
1/01
24 s1p FEPOPpuseseneduingUS —\opq g, CPUE 1960-1982 0 F12 0.93 Standerdized ' SC/12/PBFWG-
target fisheries 1/18
25 g11 EPO purse sene duingMexic ) ocio06 CPUE 1999-2010 0 F12 0.77 Standerdized ~ 'SC/12/PBFWG-
operating 1/18

(1) Lambdal indicates that size composition or abundance indices aretogede in the base case rilambda 0 indicates that they aret used.
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Table3-2. PBF abundance indicé€PUE) available for this stock assessmenty S1,
S2, S3, S5, and S9 were used in the assessment model).

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11
1952 0.0140
1953 0.0126
1954 0.0112
1955 0.0085
1956 0.0058
1957 0.0067
1958 0.0160
1959 0.0263
1960 0.0197 1.04
1961 0.0193 1.54
1962 0.0175 1.40
1963 0.0123 1.75
1964 0.0128 1.05
1965 0.0100 1.20
1966 0.0128 1.93
1967 0.0062 1.55
1968 0.0056 0.58
1969 0.0065 0.82
1970 0.0046 0.99
1971 0.0029 0.92
1972 0.0028 1.35
1973 0.0019 0.65
1974 0.0016 0.61
1975 0.0011 1.25
1976 0.0026 0.82
1977 0.0029 0.51
1978 0.0035 0.98
1979 0.0023 0.72
1980 0.0030 0.66 0.62
1981 0.0035 1.14 0.82 0.34
1982 0.0020 0.58 0.25 0.38
1983 0.0012 0.89 0.21
1984 0.0013 0.89 114
1985 0.0012 0.83 0.77
1986 0.0014 0.95 0.28
1987 0.0014 709.5 0.68 0.16
1988 0.0016 353.9 0.77 0.58
1989 0.0024 598.8 0.62 0.32
1990 0.0024 1.23 0.64
1991 0.0038 289.1 1.32 0.58
1992 0.0041 4855 0.57 0.30
1993 1.91 0.0051 600.3 0.47 0.51
1994 1.39 0.0037 2402.0 1.97 236 3.20 1.3959
1995 1.72 0.0059 1169.3 1.07 0.84 1.05 0.7816
1996 1.80 0.0066 706.3 1.60 0.85 0.90 1.2641
1997 1.57 0.0053 459.5 0.90 046 0.48 0.7082
1998 1.13 0.0045 550.6 0.82 1.11 154 0.5542 0.43
1999 0.87 0.0039 766.1 149 0.25 0.33 0.1826 0.35 20.47
2000 0.68 0.0032 754.8 1.15 0.32 0.32 0.5259 0.21 0.56
2001 0.79 0.0030 438.6 1.16 156 211 0.9419 0.13 0.55
2002 1.31 459.7 0.73 0.67 0.83 0.6222 0.19 0.24
2003 1.39 4749 065 032 040 0.2986 0.18 2.38
2004 1.64 7528 129 3.17 3.47 4.3717 0.09 1.64
2005 0.82 856.7 136 0.87 0.99 1.0757 0.11 0.51
2006 1.15 3884 0.71 0.82 0.93 1.0406 0.10 0.29
2007 0.63 865.7 1.38 127 1.47 15108 0.12 0.27
2008 0.40 7516 144 0.68 0.66 1.2016 0.09 0.41
2009 0.21 585.1 1.11 0.08 0.08 0.127 0.06 1.64
2010 0.21 6035 1.09 135 1.97 0.3975 0.11 3.01
2011 0.14 0.94 0.15
2012 0.23 0.52 0.16
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Table 33. Coefficient of variation (CV) of PBF abundance indices (CPal@jlable
for the stock asessment (@dy S1, S2, S3, S5, and S9 were used in the assessment

mode).
Year Sl( 1) S2 S3 S4 S5 S6 S7 S8 S9 S10 S11
1952 0.20
1953 0.20
1954 0.20
1955 0.20
1956 0.20
1957 0.20
1958 0.20
1959 0.20
1960 0.20 1.07
1961 0.20 0.79
1962 0.20 0.80
1963 0.20 0.79
1964 0.20 0.72
1965 0.20 0.73
1966 0.20 0.55
1967 0.20 0.83
1968 0.20 0.97
1969 0.20 0.95
1970 0.20 0.89
1971 0.20 0.86
1972 0.20 0.81
1973 0.20 1.01
1974 0.20 1.06
1975 0.20 0.87
1976 0.20 0.88
1977 0.20 1.10
1978 0.20 0.94
1979 0.20 1.10
1980 0.20 0.20 1.02
1981 0.20 0.20 0.51 1.32
1982 0.20 0.20 0.51 1.25
1983 0.20 0.20 0.58
1984 0.20 0.20 0.51
1985 0.20 0.20 0.49
1986 0.20 0.20 0.49
1987 0.20 0.20 0.20 0.46
1988 0.20 0.20 0.20 0.33
1989 0.20 0.20 0.20 0.32
1990 0.20 0.20 0.28
1991 0.20 0.20 0.20 0.31
1992 0.20 0.20 0.20 0.31
1993 0.20 0.23 0.20 0.20 0.24
1994 0.20 0.21 0.20 0.20 0.20 0.20 0.20
1995 0.20 0.22 0.20 0.20 0.20 0.21 0.20
1996 0.20 0.20 0.20 0.20 0.20 0.20 0.20
1997 0.20 0.20 0.20 0.20 0.20 0.23 0.20
1998 0.20 0.19 0.20 0.20 0.20 0.22 0.20 0.20
1999 0.20 0.19 0.20 0.20 0.20 0.21 0.20 0.20 1.90]
2000 0.20 0.19 0.20 0.20 0.20 0.21 0.20 0.20 0.77|
2001 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.93]
2002 0.20 0.19 0.20 0.20 0.20 0.21 0.20 0.20 0.75
2003 0.20 0.18 0.20 0.20 0.20 0.23 0.20 0.20 0.63]
2004 0.20 0.18 0.20 0.20 0.20 0.23 0.20 0.20 0.60
2005 0.24 0.19 0.20 0.20 0.20 0.20 0.20 0.20 0.64
2006 0.28 0.19 0.20 0.20 0.20 0.21 0.20 0.20 0.58]
2007 0.310.19 0.20 0.20 0.20 0.20 0.20 0.20 0.59
2008 0.350.20 0.20 0.20 0.20 0.23 0.20 0.20 0.61
2009 0.39 0.22 0.20 0.20 0.22 0.25 0.20 0.20 0.68]
2010 0.43 0.23 0.20 0.20 0.20 0.22 0.20 0.20 0.60
2011 0.43 0.20 0.20
2012 0.43 0.20 0.20
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Table 34. Notes onthe quality of inputPBF size compositiomlata for each #et

Fleet No. Notation on data qualty

F1

F2

F3
F4

F5

F6
F7

F8

Good.The quality has changed historically. The qualty in the early and recer
periods is high (10-20%), but in the mid-period is low, (i.e. only weight data)
not used for assessment.

Good. Catch-at-size is estimated from stratified sampling data in the main fic
ports, with catch weight by size category. Length composition of Korean PS
included. As the fishing grounds of Korean and Japanese PS is close to ea
the size composition rom Korean PS is assumed to be the same as that fr(
Japanese PS.

Very good, coverage is high.

Fair. Catch-at-size since 1980 were estimated in data the preparatory mee
highly time-varying length compositions are observed in the last meeting and
investigation is needed. The data before 1993 were reviewed again and ca
size were re-constructed. Based on these results, the length composition fc
1980s are generally similar to those after 1990.

Good, but there are many landing ports. The size data are raised by catch
stratification using appropriate methods.

Fair. Raw length measurements, not measurements raised by catch.
Very good. Coverage is high because this is based on sales slip data.

Western Japan. Good. Size measurements raised by spatial strata.

F9 and F1(0rair. Miscellaneous set net data from various regions. Raised by spatial stre

F11

F12

F13

F14

Very good. For 1993-2005 about 95%, coverage for 2006- about 100%
coverage for length measurements.

Sampling is fair to good, varying over time, better to use estimate average s
composition. (In recent period, observer and port samples are mixed.)

Fair. Catch is very small and opportunistic, but the coverage was high in Sa
port from early 2000. Data and share selectivity for early period of EPS PS
In future, take care of this size data.

Fair. Include variety of fisheries mainly from Tsugaru Stratt.
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Table 35. Input sample size fdPBF size composition data

year F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 Fl14

1952 12.8 5.0

1953 11.0 3.0

1954 11.6 4.9

1955 12.0 5.8

1956 11.6 9.0

1957 8.7 20.5

1958 12.5 17.5

1959 12.8 155

1960 12.8 14.5

1961 12.8 14.6

1962 12.4 14.7

1963 12.0 195

1964 11.8 11.5

1965 12.8 25.3

1966 12.8

1967 12.8

1968 12.2

1969 3.5

1970 7.0

1971 3.0

1972 1.0

1973 55

1974 3.3

1975 3.5

1976 11.5

1977 4.2

1978 9.0

1979 5.0

1980 6.8

1981 6.0

1982 9.8

1983 2.8

1984 5.2

1985 6.6

1986 8.0

1987 12.2 2.8

1988 8.6

1989 12.5

1990 55

1991 3.0 2.0

1992 25 12.4 05

1993 1.2 10.0 12.4 12.1 12,1 124 1.5 13.0
1994 12.8 51.2 12.2 12.8 11.7 129 12.1 12.1 124 1.0 13.0 12.6
1995 12.8 7.3 122 12.2 12.8 124 12.0 12.1 12.1 124 3.0 10.6 12.6
1996 12.8 51.2 1.0 12.2 12.8 119 129 12.1 12.1 12.4 74 12.6
1997 12.8 232 1.0 122 12.4 129 121 12.1 12.4 13.0 12.6
1998 12.8 26 6.6 12.2 10.7 124 11.3 12.1 12.1 124 13.0 12.6
1999 12.8 79 6.6 122 128 124 129 12.1 121 124 13.0 12.6
2000 12.8 15.7 4.7 122 114 124 11.2 12.1 12.1 124 13.0 12.6
2001 12.8 12.1 51.2 6.6 12.2 12.8 12.4 129 12.1 12.1 124 13.0 12.6
2002 12.8 12.1 11.4 6.6 12.2 115 12.4 129 12.1 12.1 124 13.0 12.6
2003 12.8 12.1 9.8 6.6 12.2 12.8 12.4 129 12.1 12.1 124 12.1 10.6
2004 12.8 12.1 13.6 6.6 12.2 11.8 12.4 9.7 12.1 12.1 124 12.6
2005 12.8 12.1 51.2 6.6 10.8 10.8 10.9 12.1 12.1 124 2.2 13.0 12.6
2006 12.8 12.1 41.1 1.0 12.2 12.8 12.4 129 12.1 121 124 25 8.3 126
2007 12.8 12.1 22.9 12.2 10.0 12.4 129 12.1 121 124 10.7
2008 12.8 12.1 35.7 12.2 9.8 124 129 12.1 12.1 12.4 13.5 13.0 10.5
2009 12.8 12.1 8.9 12.2 12.8 124 12.1 12.1 9.6 3.5 13.0 12.6
2010 12.8 12.1 22.6 12.2 125 10.7 129 12.1 12.1 12.4 11.3 13.0 12.6
2011 12.8 12.1 23.8 12.2 9.4 129 10.1 12.1 124 45 10.2 12.6
2012 12.1 27.6 12.2 124 129 12.1 12.1 12.4 10.0 12.6
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Table 41.Description of size comition data and the type of tkelectivity pattern
for PBF fisheries.

Fleet Selectivity Pattern  Data treatment and time block
Eliminate data in g1 of 1956 as outlier, lambda=1.

F1 Double normal Only g4 after 1993.
Time block=1952-1992 and 1993-2012

F2 Double normal lambda=1

F3 Double normal Time block=1952-2006 and 2007-2012

F4 Double normal EIimingte data} before1993 anFi after 2007
Combine g4 inyear t and gl in year t+1.

F5 Double normal lambda=1

F6 Mirror F5 selectivty lambda=0

F7 Double normal lambda=1

F8 Double normal lambda=1

F9 Double normal lambda=1, q1-g3

F10 Double normal lambda=1, q1, g4

F11 Flat top lambda=1

F12 Double normal lambda=1,Eliminate data during 1983-2004, 2007.
Time block=1952-2001 and 2002-2012

F13 Mirror F12 selectivity lambda=0

F14 Double normal lambda=0
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Table 42. Model configurations for four runs for examination to evaluate effect of
updates of CPUE and size composition data for Japanese longline (JLL) and Taiwanese
longline (TWLL). Run 1 is the bassmase assessment model.

Run CPUE Size composition data
number JLL TWLL JLL TWLL
(F15, S1) (F23, S9) (F1) (F11)
Run 1 Extending to 2012 Extending to 2012 i K Extending to 2012
(Base case) 9 9 Extending to 2011 [¢]
Run 2 Removing 2011 and 201p  Extending to 2012 | Removing 2010 and 201  Extending to 2012
Run 3 Extending to 2012 |Removing 2011 and 2012 Extending to 2012 Removing 2011 and 201
Run 4 Removing 2011 and 201pPRemoving 2011 and 201 Removing 2010 and 2041 Removing 2011 and 20]]

"Size composition data in rainal year (2012) cannot be calculatasing theestimation
procedure proposed by Mizuno et al. (2012).
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Table 43. Amount of catch reduction and catch limit by country by scenario.

WPO : Catch limit (left) and amount of

catch reduction(right) of juvenile by

EPO : Quota by scenario

country
juvenile catch adult catch Japan Korea Taiwan EPO Comm EPO
j SPORT
0, -
o1 |Bo7% of 2002-2004 654 1154 122 218 |- ssod- |- |-
average
0, - 0, -
5 |ss% or20022004]85% of 20022004 | I T O 1T | ssod- |- L.
average average
0, - () -
s |e5% or20022004]85% of 20022004 | I T O 1T | o ||
average average
0, -
no4  |Po% of 20022004 6549 115 1220 21§- |- a679- |- |-
average
0, -
nos | /> of 2002-2004 5774 2004 1077 359- |- a8 |- |-
average
0, -
nog |07 of 2002-2004 385] 3854 71 718- |- 2rsd- |- |-
average
0, -
no7  |/°7 Of 2002-2004 5774 2004 1077 359- |- ag- |- |-
average
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Table5-1. Trendsin spawningstockbiomassandrecruitmentof PBF estimatedoy the
base case.

Total Spawning

bi stock  StdDevfor CV for Recrutment  StdDev CVior R
Year ('gri':f‘ss biomass ~ SSB SSB  (Rin1000fsh) forR

(SSBint)

1952 119400 90734.3 37992.7 0.42 15696.7
1953 122244 80705.8  34486.8 0.43 39319.8 4549.8 0.12
1954 132440 71629.4 31122 0.43 19866.5 3450.8 0.17
1955 143229 64236 28448.3 0.44 21898.7 3072.6 0.14
1956 162172 68369.3 28951.1 0.42 32311.1 2871.3 0.09
1957 175910 82727 32492.5 0.39 11160.2 1205.2 0.11
1958 185266 112730 40066.1 0.36 2697.64 622.93 0.23
1959 185559 129867 44233.4 0.34 5356.34 1099.7 0.21
1960 183126 139344 47445.7 0.34 17181.9 2151.7 0.13
1961 174985 140148 49070.9 0.35 22100.9 2416.1 0.11
1962 160224 119425 45496.7 0.38 12833.6 1869.8 0.15
1963 144651 96885.8  40398.3 0.42 22600.4 2361.3 0.10
1964 131575 82242.6 35676.5 0.43 12801.4 2324.9 0.18
1965 123342 72456.9 31752.9 0.44 7985.21 3342.3 0.42
1966 111120 68251.9  29024.8 0.43 9195.24 3752.2 0.41
1967 90680.4 64221.4 26777.5 0.42 10968.9 4344.4 0.40
1968 79569.5 56806.6 25099.1 0.44 15063.4 3990.2 0.26
1969 68134.8 48365.2  22388.5 0.46 7866.19 2702.8 0.34
1970 60849.3 40318.9 19436.1 0.48 12475.1 4713.9 0.38
1971 56411.4 33884.4 16307.3 0.48 14115.1 5098.6 0.36
1972 58250.1 29242.5 13169.5 0.45 20496.2 5255.3 0.26
1973 60146.5 27225.7 10326.6 0.38 20621 4808.8 0.23
1974 65225.3 24620.6 7969.61 0.32 11399.6 2965.9 0.26
1975 69384.3 26621.5  6908.08 0.26 13303.2 2958.1 0.22
1976 76792.7 35776.5 7640.02 0.21 9597.89 3123.8 0.33
1977 79319.2 47624.9 9568.31 0.20 28252.4 5662.9 0.20
1978 83248.4 50332.3 10310.5 0.20 16685.4 5161 0.31
1979 80880.1 43752.2 9658.33 0.22 14485.6 3303.7 0.23
1980 77896.7 41514.4 8660.12 0.21 6714.76 1996.2 0.30
1981 76403.4 32923.6 6218.58 0.19 18681.4 2235.5 0.12
1982 59246.3 26407.6  5009.07 0.19 8473.32 2219.6 0.26
1983 40263.1 19249.4 4275.5 0.22 11590.7 2270.1 0.20
1984 43554.9 18807 4088.92 0.22 8791.11 2225.9 0.25
1985 46125.4 20862.2  4035.65 0.19 11306.2 2158.4 0.19
1986 449475 23967.5 4383.08 0.18 12061.9 2175.8 0.18
1987 41622.9 22210.1 4493.27 0.20 8316.65 2169.3 0.26
1988 45840.8 22507.2 4740.74 0.21 8124.86 1881.7 0.23
1989 51315 23219.2 4844.62 0.21 6413.28 1530.6 0.24
1990 63529 29682 5503.75 0.19 29494.2 1898.6 0.06
1991 80447.5 38980.1  6353.17 0.16 3717.61 1057 0.28
1992 88571.5 46745.1 6926.19 0.15 5954.64 708.32 0.12
1993 98246.3 59086.5 7984.97 0.14 4797.52 647.68 0.14
1994 111447 70958.8 9485.28 0.13 38731.5 1356.7 0.04
1995 123286 87257.7 11743.6 0.13 11822.2 1260 0.11
1996 119997 81054.9 11410.6 0.14 18584.3 993.64 0.05
1997 117246 76349.8 11063.6 0.14 9361.61 842.35 0.09
1998 112026 76563.6 10756.7 0.14 16021.6 971.87 0.06
1999 105269 72642.5 10641.9 0.15 21816.1 1080.9 0.05
2000 96018.9 64322.7 9881.94 0.15 16558.4 873.12 0.05
2001 83626 58964.9 9020.16 0.15 18579 800.81 0.04
2002 83692.6 53232.2  8081.59 0.15 14189.7 850.34 0.06
2003 80838.6 50823.3 7275.18 0.14 10292.1 840.49 0.08
2004 79352.5 45447.1 6590.1 0.15 27678.3 947.98 0.03
2005 74369.9 41132.7 6104.5 0.15 13597.5 851.05 0.06
2006 63212.1 37850.1 5743.07 0.15 10699.9 859.28 0.08
2007 58503.5 32452.3  5303.31 0.16 24641.6 1089.3 0.04
2008 57821.5 28789.2 4977.51 0.17 18000.8 994.6 0.06
2009 51849.1 26027.6 4802.98 0.18 7199.54 687.36 0.10
2010 49299.4 25476.4 4725.83 0.19 14679.1 903.02 0.06
2011 47398.5 25227.1 4911.12 0.19 9701.24 1065 0.11

2012 44848.7 26324 5565.52 0.21 7014.6 1405.4 0.20




Table 5-2. Age-specific fishing mortality estiates of PBF from the base case.

Year Age0 Agel Age2 Age3 Age4 Age5 Age6 Age7 Age8 Age9 Age 10+
1951 0.04 0.08 0.00 0.00 0.01 0.03 0.08 0.15 0.21 0.24 0.96
1952 0.33 0.45 0.42 0.22 0.14 0.12 0.11 0.12 0.12 0.11 0.52
1953 0.18 0.48 0.46 0.21 0.12 0.10 0.10 0.10 0.10 0.09 0.44
1954 0.23 0.46 0.45 0.22 0.14 0.12 0.11 0.11 0.11 0.10 0.51
1955 0.28 0.29 0.26 0.23 0.19 0.17 0.16 0.16 0.15 0.14 0.69
1956 0.19 0.35 0.35 0.25 0.19 0.18 0.17 0.17 0.17 0.16 0.76
1957 0.32 0.41 0.37 0.21 0.14 0.12 0.11 0.11 0.10 0.10 0.48
1958 0.74 0.78 0.41 0.16 0.08 0.07 0.08 0.08 0.09 0.08 0.36
1959 0.52 0.73 0.37 0.14 0.09 0.09 0.11 0.13 0.14 0.14 0.59
1960 0.33 0.87 0.80 0.28 0.13 0.11 0.11 0.13 0.13 0.12 0.55
1961 0.27 0.92 0.99 0.35 0.15 0.12 0.13 0.14 0.14 0.13 0.61
1962 0.29 0.68 0.74 0.32 0.17 0.14 0.14 0.15 0.15 0.14 0.63
1963 0.26 0.70 0.77 0.33 0.17 0.14 0.13 0.13 0.12 0.11 0.54
1964 0.29 0.51 0.55 0.28 0.18 0.15 0.14 0.14 0.13 0.12 0.61
1965 0.41 0.78 0.55 0.28 0.19 0.16 0.14 0.13 0.12 0.11 0.56
1966 0.64 1.55 1.40 0.50 0.22 0.17 0.15 0.13 0.12 0.11 0.57
1967 0.67 1.22 0.96 0.43 0.24 0.18 0.15 0.13 0.12 0.11 0.58
1968 0.37 1.46 1.63 0.62 0.28 0.21 0.18 0.16 0.14 0.13 0.67
1969 0.46 1.03 1.04 0.41 0.18 0.13 0.12 0.11 0.10 0.09 0.45
1970 0.36 0.98 0.74 0.34 0.21 0.17 0.15 0.14 0.13 0.11 0.59
1971 0.25 0.83 0.75 0.30 0.15 0.12 0.11 0.10 0.09 0.08 0.45
1972 0.17 0.98 1.14 0.40 0.17 0.13 0.13 0.13 0.13 0.12 0.57
1973 0.23 0.66 0.75 0.30 0.15 0.13 0.14 0.15 0.15 0.14 0.66
1974 0.32 0.56 0.50 0.31 0.23 0.21 0.21 0.21 0.21 0.19 0.96
1975 0.23 0.67 0.48 0.17 0.07 0.06 0.07 0.07 0.08 0.08 0.36
1976 0.63 0.94 0.76 0.28 0.12 0.09 0.09 0.08 0.08 0.08 0.51
1977 0.29 0.75 0.68 0.36 0.23 0.19 0.16 0.14 0.13 0.11 0.69
1978 0.44 0.84 0.62 0.34 0.23 0.19 0.17 0.16 0.15 0.14 0.80
1979 0.44 0.78 0.51 0.30 0.21 0.17 0.15 0.14 0.13 0.12 0.84
1980 0.46 0.73 0.41 0.31 0.24 0.21 0.18 0.16 0.14 0.13 0.93
1981 0.50 0.91 0.65 0.67 0.61 0.55 0.48 0.42 0.36 0.32 1.98
1982 0.27 0.95 1.21 1.07 0.94 0.82 0.71 0.60 0.51 0.44 2.67
1983 0.36 0.56 0.33 0.27 0.25 0.23 0.20 0.18 0.16 0.15 1.51
1984 0.76 0.68 0.34 0.22 0.21 0.19 0.17 0.15 0.14 0.12 0.98
1985 0.44 0.92 0.67 0.39 0.28 0.24 0.20 0.18 0.15 0.14 0.90
1986 0.46 1.02 1.03 0.47 0.27 0.21 0.18 0.16 0.15 0.15 1.47
1987 0.23 0.39 0.40 0.30 0.22 0.19 0.16 0.14 0.13 0.11 0.84
1988 0.34 0.42 0.25 0.19 0.17 0.16 0.15 0.13 0.12 0.12 1.00
1989 0.27 0.35 0.22 0.17 0.15 0.14 0.13 0.12 0.11 0.11 0.89
1990 0.16 0.33 0.23 0.13 0.09 0.08 0.07 0.07 0.07 0.08 1.00
1991 0.49 0.57 0.16 0.12 0.11 0.10 0.10 0.10 0.10 0.10 1.30
1992 0.70 0.94 0.18 0.09 0.07 0.07 0.07 0.07 0.08 0.09 1.12
1993 0.30 0.40 0.20 0.12 0.09 0.09 0.09 0.09 0.10 0.11 1.60
1994 0.36 0.42 0.25 0.14 0.10 0.09 0.08 0.08 0.07 0.08 0.92
1995 0.34 1.06 0.30 0.13 0.10 0.08 0.08 0.08 0.08 0.09 1.52
1996 0.56 0.70 0.49 0.17 0.08 0.06 0.06 0.06 0.08 0.10 2.06
1997 0.61 1.19 0.38 0.13 0.09 0.08 0.07 0.08 0.08 0.10 1.90
1998 0.56 1.06 0.53 0.22 0.14 0.12 0.11 0.11 0.12 0.14 2.52
1999 0.75 0.96 0.37 0.21 0.18 0.16 0.14 0.13 0.13 0.14 2.26
2000 1.07 1.61 0.62 0.23 0.14 0.12 0.11 0.10 0.10 0.11 1.58
2001 0.55 0.58 0.29 0.13 0.08 0.07 0.07 0.07 0.07 0.08 1.32
2002 0.50 0.70 0.40 0.20 0.12 0.09 0.09 0.09 0.09 0.10 1.49
2003 0.46 1.16 0.56 0.19 0.07 0.06 0.06 0.07 0.08 0.09 1.49
2004 0.53 0.86 0.87 0.40 0.20 0.16 0.15 0.16 0.15 0.15 1.78
2005 0.55 1.39 0.79 0.28 0.18 0.17 0.17 0.16 0.15 0.15 1.57
2006 0.51 1.15 0.80 0.34 0.17 0.14 0.15 0.16 0.16 0.17 2.13
2007 0.53 1.10 0.73 0.38 0.24 0.18 0.15 0.12 0.11 0.11 1.57
2008 0.54 1.10 0.66 0.39 0.31 0.25 0.20 0.16 0.13 0.13 1.65
2009 0.64 1.06 0.53 0.27 0.19 0.16 0.13 0.11 0.10 0.09 1.10
2010 0.66 0.73 0.77 0.39 0.18 0.12 0.10 0.08 0.08 0.07 0.91
2011 0.49 1.00 0.67 0.34 0.20 0.15 0.12 0.10 0.08 0.08 0.89
2012 0.40 1.00 1.43 0.63 0.21 0.11 0.09 0.08 0.08 0.08 1.15
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Table 5-3. Estimated numberat-age of PBF from the base case.

Year Age0 Agel Age2 Age3 Age4d Age5 Ageb Age7 Age8 Age9  AgelO+
1952 15697 1859 233 112 121 139 425 102 51 37 101
1953 39320 2268 802 119 70 82 97 295 70 36 100
1954 19867 6609 951 396 75 48 58 68 208 50 99
1955 21899 3173 2850 473 246 51 33 40 47 145 107
1956 32311 3335 1607 1704 293 159 33 22 27 32 174
1957 11160 5400 1592 880 1034 188 104 22 15 18 142
1958 2698 1641 2443 854 556 697 129 72 15 10 117
1959 5356 259 511 1268 566 398 505 93 52 11 94
1960 17182 640 85 275 855 404 284 352 64 35 76
1961 22101 2505 183 30 161 586 283 197 242 44 80
1962 12834 3406 677 53 16 108 405 195 134 164 88
1963 22600 1939 1175 251 30 11 73 273 131 90 175
1964 12801 3523 654 423 141 20 7 50 187 90 189
1965 7985 1940 1442 295 248 91 13 5 34 128 198
1966 9195 1071 602 645 173 160 61 9 3 23 233
1967 10969 977 154 116 306 108 106 41 6 2 185
1968 15063 1138 196 46 59 188 70 71 28 4 136
1969 7866 2104 179 30 19 35 119 46 47 19 102
1970 12475 1007 512 50 16 12 24 83 32 33 90
1971 14115 1758 256 189 27 10 8 16 56 22 89
1972 20496 2215 520 94 109 18 7 6 11 40 82
1973 20621 3493 566 129 49 72 12 5 4 8 88
1974 11400 3313 1225 208 74 33 49 8 3 3 68
1975 13303 1671 1282 578 118 46 21 31 5 2 50
1976 9598 2130 580 620 380 86 34 15 22 4 39
1977 28252 1027 564 212 364 261 61 24 11 16 32
1978 16685 4271 330 223 115 225 169 40 16 7 35
1979 14486 2161 1253 138 123 71 144 110 27 11 30
1980 6715 1879 673 584 80 78 47 96 74 18 29
1981 18681 855 616 347 333 49 50 30 64 50 33
1982 8473 2281 233 250 138 140 22 24 16 35 49
1983 11591 1304 598 54 67 42 48 8 10 7 45
1984 8791 1637 505 333 32 41 26 31 5 7 35
1985 11306 831 562 281 207 20 26 17 20 4 29
1986 12062 1472 225 224 148 122 13 17 11 14 23
1987 8317 1532 361 62 108 89 77 8 11 7 25
1988 8125 1333 706 188 36 68 57 51 6 8 23
1989 6413 1167 594 429 122 24 45 38 35 4 22
1990 29494 984 559 371 283 82 16 31 27 24 18
1991 3718 5099 480 347 255 202 59 12 22 19 30
1992 5955 459 1954 318 238 178 142 42 8 16 35
1993 4798 594 122 1271 227 173 129 103 30 6 36
1994 38732 719 272 78 878 161 124 92 73 21 28
1995 11822 5428 322 164 53 619 115 89 67 53 36
1996 18584 1704 1276 187 113 37 443 83 64 48 62
1997 9362 2149 575 607 122 81 27 325 60 46 76
1998 16022 1023 444 307 416 87 59 20 235 43 84
1999 21816 1854 242 204 191 281 60 41 14 163 83
2000 16558 2083 484 130 128 125 187 41 28 9 164
2001 18579 1148 284 203 81 87 86 130 29 20 119
2002 14190 2159 435 166 139 58 63 63 95 21 97
2003 10292 1735 727 226 106 96 41 45 45 67 81
2004 27678 1317 369 324 145 77 71 30 32 32 103
2005 13598 3276 381 120 168 93 51 47 20 22 90
2006 10700 1579 555 134 71 109 61 34 31 13 75
2007 24642 1301 340 193 74 46 74 41 22 21 57
2008 18001 2923 295 128 103 46 30 50 28 16 53
2009 7200 2118 661 119 67 59 28 19 33 19 47
2010 14679 767 497 302 71 43 39 19 13 23 47
2011 9701 1528 250 180 160 46 30 28 14 10 50
2012 7015 1203 381 99 100 102 31 21 20 10 43
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Table 5-4. Ratio of the estimated fishing mortaliti€Soo22004 F20072000 and
F20092011 relative to computedr-based biological reference points
for Pacific bluefin tuna (PBF),apletion ratio (ratio of SSB iA012
relative to unfished SSB), and estimated SSBn(tyear 202 for
four model configuration§runs). Run 1 is the base case assessment
model for the PBF updattock assessment. Values in finst eight
columns above 1.0 indicate overfishing.

Depletion Estimated
Froax Foa Fred Fioss  Fio%  Fao%  Faow  Faon Ratio SSB(t)
(yr=2012)

F2002-2004

Runl 1.70 2.44 1.09 0.84 1.16 1.68 2.26 2.98 0.042 26,324
Run2 1.73 2.47 1.09 0.85 1.16 1.68 2.26 2.99 0.054 33,736
Run3 1.78 2.55 1.16 1.03 1.24 1.79 2.40 3.17 0.031 19,369
Run4 1.77 2.52 1.13 0.89 1.21 1.75 2.36 3.11 0.043 26,952
F2007-2000
Runl 2.09 2.96 1.40 1.08 1.48 2.14 2.87 3.79 0.042 26,324
Run2 1.93 2.74 1.25 0.99 1.34 1.94 2.60 3.43 0.054 33,736
Run3 2.34 3.31 1.54 1.38 1.65 2.38 3.20 4.23 0.031 19,369
Run4 2.11 2.98 1.36 1.07 1.46 2.11 2.84 3.74 0.043 26,952
F2009-2011
Runl 1.79 2.54 1.25 0.97 1.32 1.90 2.55 3.36 0.042 26,324
Run2 1.61 2.30 1.11 0.88 1.19 1.71 2.29 3.02 0.054 33,736
Run3 2.02 2.86 1.37 1.23 1.46 2.11 2.83 3.73 0.031 19,369
Run4 1.77 2.52 1.20 0.95 1.29 1.85 2.49 3.27 0.043 26,952
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Table 55. Results for the future projections requested by NC9 under seven harvest scenarios and assuming three future recruitment

year 0s

conditions wher&SBecentr=d S cal cul ated using the mo21l).recent ten
Future recruit level Within 10 years from 2014 Within 15 years from 2014
NC9's scenarios Probability achieving reference level at least one year Probability achieving reference level at least one year Mean yield in 2026 - 2028
28%;;2?‘7’ From 2024 62KT 93KT 124KT 155KT Historical 62KT 93KT 124KT 155KT Historical
(10%SSB0)  (15%SSB0) (20%SSB0)  (25%SSB0) | Median(43KT) | (10%SSB0) (15%SSB0) (20%SSB0) (25%SSB0) | Median(43KT)
Low Low 13664.7
No.1 Low Middle 16320.9
Middle Middle 229325
Low Low 13455.7
No.2 Low Middle 15817.9
Middle Middle 17572.0
Low Low 13380.1
No.3 Low Middle 15447.2
Middle Middle 17019.4
Low Low 13186.2
No.4 Low Middle 15834.0
Middle Middle 23565.0
Low Low 14195.6
No.5 Low Middle 16225.3
Middle Middle 24219.0
Low Low 17055.8
No.6 Low Middle 18767.5
Middle Middle 27453.9
Low Low 59% 14453.7
No.7 Low Middle 73% 16502.3
Middle Middle 23316.9
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Figure 2-1.Generalkzed spawning groursl for PBF. Red areas represertigher
probability of spawning.
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Figure 3-1. Temporal coverage and sources of catch, abundance indices, size
composition data used in the 2013 assessment of PBF (for a key to abbreviation see
Table 31).
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Figure 3-2. Annual nominal catch of Pacific bluefin tuna from 1952 through32al
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of 2013were not included, because thelsea were derived from input data for the SS3
model. Catch data from allléets with exception of Fleet 13 were based on weight,
whereas a unit of number of fish was applied for FleetTt#® black dashedine
indicatesheannual catch in number (1008Hi) from Fleet 13.

84



(a) CPUE indices from longline fisheries
3

N
S w
L

Scaled CPUE (average=1)
o

—351
S2
14 —S3
—89
0.5
Year
(b) CPUEIndices from troll fishery
25
T
o 2
(=]
S
S
£1_5
L
2 1 S5
(&}
T
9
3 0.5 -
n
0 T T T T T T T T T T T T
Year
(c) CPUE indices not for use of this stock assessment
5
—-~45
N
o 4
(=)}
&35
2
= 8 —38
w 2.5 P
E , S7
o —88
- 1.5 510
(1]
= 1 —S11
J \
D o5
0 T T T T T T T T T T T T
O %) O 5} Q \a} O o) N \a) O \a) O
I I N S A AR I U - LA S SR

Year
Figure3-3. Abundance indices presented at Bf#RWG. The indices of Japanese and

Taiwanesdongliners were used to represent adult abundance (a), and indices of the
Japanese troffishery were used to index recruitments (b). Other dedi presented
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Figure 5-1. Total stock biomass (upper panel), spawning stock biofnaisislle panel)

and recruitment (lower panel) of PBF from the base case run (Runl). Thick line
indicates median, thin line indicates point estimate, and dashed lines indicate the 90%
confidence interval.
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Fleet 3 (1987-2000.5)(mean(abs(peason))=0.257

(=]
o
(2]
° . .
= 5 8 - : H o
0 o . - . Q £ .
o o o 3 . o y .
. ° - . .
: : & :
o 5 . . !
= o - . 4
i~ N 9 g o]
E 8 & \\
£ [ 1 ( )
- (&)
] Ly Q) y . 1
gl = ?’ §
- o :
ol
w
= ] ] ] ] ] ] ]
1988 1990 1992 1994 1996 1998 2000
o Fleet 3 (1998.5-2012)(mean(abs(peason))=0.257
S
6 g : : : :
ok : 3 3 3 3 : 2 &
- . A . » .
&F : ] ‘ H : ; ’ L
H & ) H $ s &
£ [ s ‘
: o
) i3 =
5 -
) '
o
w
= W ] 1 ] ] ] ]
1998 2000 2002 2004 2006 2008 2010 2012
o Fleet 4 (mean(abs(peason))= 0.226
a
: : s g
s s
. :
: :
H H .
== : .
§ ; 2 \
; | g
5 : v
2 :
i l ' :
"Cj\: ) \‘\.“}
CJ b 4
2 b
= ] ] | ] 1 1
1996 1998 2000 2002 2004 2006
Year
Figure5-5. (continued)
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Fleet 5 (mean(abs(peason))= 0.219
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Fleet 8 (mean(abs(peason))= 0.3
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Fleet 11 (1992.75-2003.75)(mean(abs(peason))=0.119
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Fleet 12 (1981.375-2012.75)(mean(abs(peason))=0.168
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Recruitment (x 1000 fish)
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Figure 5-6. Residuals of recruitment deviation. Top: temporal dynamics of observed
value (R deviation)The dashedine indicates mean. Dotted lines indicatend -0.
Small dotted lines indicatelizand-20. Bottom: Stock and recruitmentlots. The line
indicates theBevertonHolt relationship based on steepnbs.999used for the base
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Figure 58. Estimated annual fishing mortality by gear in each age from 2000 to 2012.
The fishing mortality of Fleet 2 (small pelagic purse seine) is divided into two gears
(JP PS an&KOR PS) in accordance with the contributions of catch in each country.
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