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Abstract

We presentmupdate of thébenchmarlstock assessment for tRacific blue marlin ¥akaira
nigricang stock conducted in 2013 by the ISC Billfish Working Group (BILLWG). 26&6
assessment update consistedmdlyinga Stock Synthesis model with newly available catch,
abundance index, and length and size composdata for 197-2014. We used the same model
structure and parameters as were used in the base case run from the 2013 stock assessment. The
results indicated that biomass (age 1 and older) for the Pacific blue marlin stock fluctuated
around 120,000 metrtons from 1971 until 1984, thereafter exhibited a iemgn decline to the
lowest level of 69,720 metric tons in 2009, and then increased to around 78,000 metric tons
duringthe last three years the assessme(®0122014). Estimated fishing mortalityagdually
increased from the early 1970s to thiel-2000s peaked at 0.38 yehin 2005 in response to
higher catches, and declined to 0.28 ydarthe most recent years (262214). Compared to
MSY-based reference points, the current spawning bioraassagefor 20122014 was23%
above SSBsy and the current fishing mortality (average &ges 2 and older 20122014) was
14% below msy. The base case model indicated tiader current conditiorthe Pacific blue
marlin stock was not overfished andsa#ot subject to overfishing relative to M$sed
reference points.

Executive Summary: Pacific Blue Marlin Stock Assessment

Stock Identification and Distribution: The Pacific blue marlinMakaira nigricang stock area
consisted of all waters of the PaciOcean and all available fishery data from this area were

used for the stock assessment. For the purpose of modeling observations of CPUE and size
composition data, it was assumed that there was an instantaneous mixing of fish throughout the
stock areaw a quarterly basis.

CatchessPaci fi c bl ue marlin catches exhibited an
and thereafter fluctuated without trend. Il n t
while the catch by Taiwanese, WCPFC, anthedATTC member countries increased (Figure

S1). Overall, longline gear has accounted for the vast majority of Pacific blue marlin catches
since the 19506s (Figure S2).
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Data and AssessmentCatch and size composition data were collected from ISC cesintri

(Japan, Taiwan, and USA), IATTC member countries, and the WCPFC (Table S1). Standardized
catchperunit effort data used to measure trends in relative abundance were provided by Japan,
USA, and Chinese Taipei. The Pacific blue marlin stock was assesisgdan age length, and
sexstructured assessment Stock Synthesis model fit to time series of standardized CPUE and
size composition data. Seypecific growth curves and natural mortality rates were used to

account for the sexual dimorphism of adulidmarlin. The value for stoalecruitment

steepness used for the base case modehw#s87. The assessment model was fit to relative
abundance indices and size composition data in a likelthaedd statistical framework.

Maximum likelihood estimatesf snodel parameters, derived outputs, and their variances were
used to characterize stock status and to develop stock projections. Several sensitivity analyses
were conducted to evaluate the effects of changes in model parameters, including the data series
used in the analyses, the natural mortality rate, the semrkitment steepness, the growth curve
parameters, and the female age at 50% maturity.

Status of Stock:Estimates of total stock biomass show a long term decline. Population biomass
(agel andolder) averaged roughly 130,965 mt in 191875, the first 5 years of the assessment
time frame, and has declined by approximately 40% to 78,082 mt in 2014 (Figure S3). Female
spawning biomass was estimated to be 24,809 mt in 2014, or about 25% abgye @aBles

S1 and S2). Fishing mortality on the stock (average F, ages 2 and older) averaged roughly F =
0.28 during 20122014, or about 12% belowky. The estimated spawning potential ratio of the
stock (SPR, the predicted spawning output at the cufrasta fraction of unfished spawning
output) is currently SPRi22014= 21%. Annual recruitment averaged about 85#r&6ruits

during 20162014, and no lorgerm trend in recruitment was apparent. Overall, the time series

of spawning stock biomass anameitment estimates indicate a lotegm decline in spawning

stock biomass and suggest a fluctuating pattern without trend for recruitment (Figure S3). The
Kobe plot depicts the stock status relative to M&6ed reference points for the base case

model Figure S4) and shows that spawning stock biomass decreased to roughly the MSY level
inthemd20006s, and has increased slightly in rec
case assessment model indicate that the Pacific blue marlin stock islgumoénterfished and

is not experiencing overfishing relative to either MB&sed or foy-based biological reference
points.
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Table S1.Reported catch (mt) used in the stock assessment along with annual estimates of
population biomass (agke and older,mt), female spawning biomass (mt), relative female
spawning biomassSSB/SSksy), recruitment (thousands of afdish), fishing mortality (average

F, ages?2 and older), relative fishing mortalit{fFvsy), and spawning potential ratio of Pacific

blue marin.

Year

2008 2009 2010 2011 2012 2013 2014 Meant Min! Max!

Reported Catch 17,828 18,282 20,086 18,165 19,407 20,727 20,356 18,232 9,160 25,589
Population 71,768 69,720 72,696 72,995 76,697 78,761 78,082 101,14 69,720 135,62
Biomass 9 3
Spawning Biomass 22,706 23,065 22,392 23,182 23,432 24,771 24,809 41,717 20,972 71,807
Relative Spawnin¢ 1.14 1.16 1.13 117 118 125 125 210 1.06 3.62
Biomass

Recruitment (age 687 1031 702 1061 763 909 839 897 589 1181

0)

Fishing Mortality 0.27 029 030 026 027 028 028 022 0.09 0.38
Relative Fishing 0.82 088 092 082 083 087 087 067 026 1.17
Mortality

Spawning Potentia 22% 21% 20% 22% 22% 21% 21% 31% 15% 57%

Ratio

! During 19712014

Biological Reference PointsBiological reference points were comedtfor the base case

model with Stock Synthesis (Table S2he point estimate of maximum sustainable yield was

MSY = 19,901 mt. The point estimate of the spawning biomass to produce MSY (adult female
biomass) was SSBy = 19,853 mt. The point estimateBfisy, the fishing mortality rate to

produce MSY (average fishing mortality on ages 2 and older) w&s=+0.32 and the

corresponding equilibrium value of spawning potential ratio at MSY wam&RPRL8%. The

point estimate of fosswas 0.30 and the correspding estimate of SSB,was 22,727 mt.

Projections: Deterministic stock projections were conducted with Stock Synthesis to evaluate the
impact of alternative future levels of harvest intensity on female spawning stock biomass and yield
for Pacific bluemarlin. Future recruitment was predicted based on the -sémckitment curve.
These projections used all the miflléet, multiseason, sizeand ageselectivity, and complexity

in the assessment model to produce consistent results. The stock progetitatsin 2015 and
continued through 2024 under 4 levels of constant fishing mortality: (1) constant fishing mortality
equal to the 2002005 average "O ) (2) constant fishing mortality equal®® =

"O ;(3) constant 8hing mortality equal to the 202014 average defined as curréfa ( ); and

(4) constant fishing mortality equal t® (Fso% corresponds to the fishing mortality that

3
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produces 30% of the spawning potential ratio). Results show the projectdd &pawning stock
biomasses and the catch biomasses under each of the four harvest scenarios (Table S3 and Figure
S5).

Conservation Advice:To avoid overfishing of this nearly fully exploited stock (F/FMSY =
0.88) fishing mortality should not be incredgeom the current (2022014) level.

Special Comments The lack of sesspecific size data and the simplified treatment of the spatial
structure of Pacific blue marlin population dynamics were important sources of uncertainty in the
2016 stock assessmaridate.

Table S2.Estimates of biological reference points along with estimates of fishing mortality (F),
spawning stock biomass (SSB), recent average yield (C), and spawning potential ratio (SPR) of
Pacific blue marlin, derived from the base case mogled® s s ment model , wher e
A20%0 indicate reference points based on maxi
ratio of 20%, respectively.

Reference Point Estimate
Fusy (age 2+) 0.32
Foo% (age 2+) 0.30

Fo0122014 (g€ 2+) 0.28

SSBusy 19,853 mt
SSBo% 22,727 mt
SSBo14 24,809 mt
MSY 19,901 mt
C20122014 20,163 mt
SPRusy 0.18
SPRo122014 0.21
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Table S3.Projected values of Pacific blue marlin spawning stock biomass (SSB, mt) and catch
(mt) under four constant fishing moitglrate (F) scenarios during 202D24.

Year 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Scenario 1: F = Boos2005

SSB 24,545 22,683 21,163 20,014 19,167 18,546 18,086 17,741 17,481 17,283
Catch 25,688 24,044 22,890 22,089 21,522 21,111 20,806 20,576 20,402 20,268
Scenario 2: F = kusy

SSB 24,810 23,850 22,972 22,260 21,710 21,295 20,982 20,745 20,564 20,426
Catch 23,194 22,336 21,693 21,234 20,905 20,667 20,491 20,359 20,259 20,182
Scenario 3: F = Boi122014

SSB 25,114 25,242 25,217 25,144 25,063 24,995 24,942 24,901 24,869 24,845
Catch 20,267 20,162 20,047 19,958 19,895 19,852 19,822 19,800 19,785 19,774
Scenario 4: F = Box

SSB 25,638 27,797 29,585 31,042 32,212 33,151 33,903 34,506 34,985 35,367
Catch 15015 15,802 16,386 16,833 17,177 17,442 17,648 17,808 17,932 18,028
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Figure S1.Annual catch biomass (mt) of Pacific blue marhfakaira nigricang by country for
Japan, Chinese Taipei, the U.S.A., and all other countries during20941
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Figure S2. Pacific blue marliniakaira nigricang annual catch biomass (mt) by fishing gear
from 19522014.
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Figure S3.Time series of estimates of (a) population biomass (age 1+), (b) spawning biomass,
(c) recruitment (ag® fish), and (d) instantaneous fisgimortality (average for age 2+, yéar

for Pacific blue marlinMakaira nigricang derived from the 2016 stock assessment update. The
solid circles represents the maximum likelihood estimates by year for each quantity and the
shadowed area represents tincertainty of the estimates (+ 1 standard deviation), except for the
total biomass time series. The solid horizontal lines indicate the-b&S¥d reference points for
spawning biomass and fishing mortality.
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Figure S4.Kobe plot of the time series ektimates of relative fishing mortality (average of age
2+) and relative spawning stock biomass of Pacific blue maviakéira nigrican$ during

19712014. The dashed lines denote the 95% confidence intervals for the estimates in the year
2014.
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Figure S5.Historical and projected trajectories of (a) spawning stock biomass and (b) total catch
from the Pacific blue marlin base case model. Stock projection results are shown for four
constant fishing mortality rate scenarios during 20034: Scenarid, F equal to the average

fishing mortality during 2002005 {Q o 0 3 132 §%%); Scenario 2, F equal tauby ("Qsw);

Scenario 3, F equal to the average fishing mortality during-2012 {Q o 1 2 12 ©u®);

Scenario 4, F equal tads
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Introducti on

The Billfish Working Group (BILLWG) of the International Scientific Committee for Tuna and
Tunalike Species in the North Pacific Ocean (ISC) completed a benchmark stock assessment for
blue marlin Makaira nigricang in the Pacific Ocean in 2013 (ISE013). The 2013 assessment
included data from 1972011, and showed a long term decline in blue marlin biomass.

Spawning stock biomass (SSB) was 24,990 metric tons in 2011 or 129% of SSB at maximum
sustainable yield (SSBy), and fishing mortality (F) orhe stock (average on ages 2 and older)
was F = 0.26 during 2002011 or 81% of at maximum sustainable yield\{&y). Overall

trends in SSB and recruitment indicated a iargn decline in SSB and suggestefiuctuating

pattern withoutrend for recruitmet. Kobe plots indicated that the Pacific blue marlin SSB
decreased to the MSY level in the REAO0O0S, and since then has increased slightly. The base
case assessment model indicated that the Pacific blue marlin stock was not overfished and was
not subjecto overfishing relative to MS¥ased reference points. There is a three year cycle for
assessments in the BILLWG, so an update assessment of the 2013 blue marlin benchmark was
scheduled for 2016.

This report describes the updated 2016 stock assessmdrd Racificblue marlinstock The

best available scientific information including ting-to-date catch, cateperunit-effort (CPUE),

and composition data from 192014 were provided by individual ISC countries, the Western

and Central Pacific Fishes&Commission (WCPFC), the Int&merican Tropical Tuna

Commission (IATTC), and the Secretariat of the Pacific Community (SPC). The 2016
assessment used the same modeling platform (Stock synthesis, SS) and version (3.24f) as were
used in the 2013 assessméwerall, very similar model structurand parametensereusedfor

the 2016 assessment updateomparison to the 2013 assessment

Materials and Methods
Spatial andTemporalStratification

The geographic area encompassed in the assessment foranliurewas the entire Pacific

Ocean. Three types of data were used: fislkpgcific catches, relative abundance indices, and
length and size measurements. Tibberydata were compiled for 1972014,noting that the

catchdatg and length an@eightcompsitiondatawere compilecand modeled on quartety

basis Available data, sources of data, and temporal coverage of the datasets used in the updated
stock assessment were summarigdure 1. Further etails are presented below.

Definition ofFisheries

As in the 2013 assessmeatiotal of16 fisherieghat impacted blue marlwere defined on the
basis of country, gear type, location, dimae periodwhere each fishery wa®nsideredo
represent a distinchode of fishing These fisheries consistefl eight countryspecific longline
fisherieswhich werethe Japanese offshore and distaater longline earky(JPNEarlyLLD and

10
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late-period JPNLatelLl), the Japanese coastal longlid®NCLL), the Hawaii longline HWLL),
the American Samoa longlinA%LL), the Taiwanese distamtater longline TWNLL) , various
flags other longline@thLL), andthe French Polynesia longlineYFLL); oneJapanesdriftnet
fishery (JPNDRIFT)oneJapanesbait fishery (JPNBait)two purse seine fisherieghich were
the eastrn Pacific purse seifl&POP$J andthe western and central Pacific purse seine
(WCPFCPS)two smaltscale troll and handlingsherieswhich were the Hawaii troll and
handline(HWOth) andthe eastern Pacific troll and handline and also hargB®Oth) and
two mixed gear fisheriewhich were the Japanese other fishing geHP&OLtH) andTaiwanese
other fishing gearsTWNOTth). Descriptionsind data sourceée characteriz¢éhese sixteen
fisheriesthat impact Pacific blue marlwerealsosummarized (Table)1l

Catch

Catch was input into the modah a quarterly basis.e., by calendar year and quarter) from 1971

to 2014 for the 16 individual fisheries. Catch wegorted in terms of catch biomass (live

weight, kg) for all fisheries, with the exceptiontbé American Samoa longline fishery (ASLL)

and the Eastern Pacific Ocean purse seine fishery (EP@P®&hich catch was reported as

numbers of fish caught along with a mean weight estinBseause 2011 catch data were
incomplete for the last assessmeitdated catch data from 202014 for all fisheries except
JPNEarlyLL were used for the assessment update. In addition, updated time series of catch prior
to 2011 were used fone OthLL, WCPFCPS, JPNDrift, JPNOth, ASLL, JPNCLL, PYFLL, and

the EPOPS figtries.

Three countries (i.e., Japan, Taiwan, and the USA) provided updated national catch data (ljima
and Shiozaki, 2016; Nahay Su personal communication, Jan 15, 2016; Ito 2016). Logbook
catch data fothe year2014 fromthe JPNCLL, JPNDRIFT, JPNBaignd JPNOthfisherieswere
incompleteand as a result, the best available catch datayearbookcatches from 2013 were
imputed for the2014catch Blue marlin catches for all other fishing countries were collected
from WCPFC and IATTC categoryandll data (Chang et al. 2016). Overall, use of the updated
catch data led to a small increase of 1.6% in reported blue marlinflcatchi971to 2011in
comparisorto the 2013 assessment. Individual differences in datchass estimatdsetween

this updateand the 2013 assessmantshown in AppendiXFigure AJ).

Theresulting best available daba blue marlin catches by fishery from 192014were

tabulated and arghown in Figure 2. The historical maximum and minimum annual blue marlin
catches were 2588 metric tons in 2003 and 9,160 metric tons in 1971, respectivesiyiotable
that theJPNEarlyLL fisheryharvestednost of the blue marlin catch during the early assessment
period, butyields for this fisheryeclined afted995(as JPNLateLL)For the overall fishery

catch of Pacific blue marlin, it is notable thatcg reaching a maximum in 20G8)nualcatches
havedeclined and with the exception of 2010, wstebleduring2012-2014 The averagannual
catch of blue marlin in the Pacific Oceansnabout 19,663 metric tons during esessment
update period (2022014)and it is notable thahe TWNOth and OthLL fisheriggroduced7%

and 39%of the yield during this recent time perjaeéspectively.

11
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Abundancéndices

Relative abundance indicés Pacific blue marlin based on standardiz®JE weregprepared

for this assessmenpdateand are shown in Figure 3 amdble4. All of the standardized CPUE
indices were updated except for S1_JPNEarlyLL (189%3).1t is notable thatet-by-set
logbookdata was used in the CPUE standardization for Japanese distant water and offshore
longline fisheries (Kai et al., 2016). A deterministic habitased standardization model (HBS;
Hinton and Nakano 1996) using the same data filtering and assumption<Céd e
standardization for the last 2013 assessment wasaiséahdardize CPUE for the important
Japanese distant water and offshore longline fisheries

Operationafishing data collected in the deeyet sectoof the Hawaiian longline fishetyy
fisheryobserversn 19952014were used for CPUE standardizatmiS3_ HW_LL(Carvalho

et al. 2016). Similar patterns of the standardized CPUE indices were produced by the delta
lognormal and zerinflated negative binomial models. The same approach usedlasthe
assessment (the zeirdlated negative binomigjeneralized linear modeG{M)) was used to
develop the relative abundance index for S3_ HW_LL.

Data aggregated by 5°x5° gridgth quarters, latitude, longitudand year informatiofrom

1967 to 2014and those with hooks per basket (HPB) information for Z0@M were
standardized using GLM for the Taiwanese distaater longline fishery (Su et al., 2016). The
CPUE standardization models were conducted based on three period&978654 TWNLL),
19792999 (S5 _TWNLL) and 20QR014 (S6_TWNLL), due to the changes in the fishery such
as targeting. Given the timeframe of the model was limited to-2074, the early years (1967
1970) of the CPUE time series for S4_TWNLL were removed.

Visual inspectiorof all indices grouped by fishery type showed a stable trend oveniitméhe
excepion of anincreasing trend of S1_JPNEarlyLL (191984), dargedecreasing trend of

S3 HWLL, and a minor decreasing trend of S5 TWNLL (Fi®dré&Jpdated CPUE indices @n
relative scale were compared to the indices used in the 2013 assessment (Appendix Figure A2).
In general, the updated CPUE indices showed a consistent trend to the previous CPUE indices,
although the updated CPUE of S2_JPNLatelLL and S3_HWLL showed vghability. The

updated S4 TWNLL and S6_TWNLL were less variable compared to the previous indices used
in the 2013 assessment.

Correlations among CPUE indices were analyzed in the 2013 assessment. Similarly, correlations
among the updated CPUE indicgsre also examined (Appendix Table Al). Pearson correlation
coefficients {) were interpreted as measuring the association among pairs of CPUE series.

Patterns in correlations among CPUE indices for the update assessment were similar to those in
the last assessment. S1_JPNEarlyLL and S4 TWNLL (n=4) and S1_JPNEarlyLL and

S5 TWNLL (n=15) showed a consistent trendranged from 0.11 to 0.38). S2_JPNLatelLL and
S3_HWLL (n=20,} =0.24), S2_JPNLateLL and S5_TWNLL (n365 0.23), and

12
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S2_JPNLatelLL and S6_ TWNLL (n=1p= 0.22) were also positively correlated. However,
negative corretions were found between the S3_HWLL and S5 TWNLL (p=5;0.14) and
S3_HWLL and S6_TWNLL (n=15, =-0.24). Based on the graphical inspection of relative
CPUEs and the correlation analysis, the updated data supported the use of a similar base case
modéd (i.e.,S1, S2, S4, S5, and S6 were fitted and contributed to the total likelihood) to the one
usedfor the 2013 assessment.

SizeCompositionData

Quarterlyfish lengthor weightcomposition data from 1972014for eight fisheriesvere used

in the updat assessment, and were summarized in Talklkpdated length frequency data were
available for six fisheries, and weight frequency data for one. An updateddnimes of length
composition data for TWNLL was not available, so composition data from thesksesssment
were used. Since not all samples were known byadkesgmpositions were assumed to be for a
single gender.

As was done in the previous assessment, length frequency data were compileecusiegdth
bins from 80 to 320 cm for JPNEarlyLEY), JPNLateLL (F2), HWLL (F7), TWNLL (F10), and
EPOPS (F14), and using-tfn bins from 80 to 320 cm for OthLL (F12) and PYFLL (F13).
Weight frequency dattor JPNDRIFT(F4) were compiled using varying binning structure from
10 to 300 kg according to théametric lengthweight relationship by using 1€m bins from 80
to 320 cm. OthLL, PYFLL, and JPNDRIFT were inputted as generasiz@dcomposition data
in SS. The lower boundary of each bin was used to define each bindomgdbsitiondata, and
each dservation consisted of the actual number of blue marlin measured.

There were soméifferencesbetween the updated and previously used compositional data, as
shown in Figure A3. The differencesmean length or size between the updated and the

previous @taset were generally less than 5%, with the exception of smaller mean for JPNDRIFT
in all yearsand for OthLL in 2011. Despite the differences, the new composition data were
agreed upon at the BILLWG data workshop as the best available scientific inforfaatthe

2016 stock assessment.

Figure 4 showthe updated quarterly length and size compositions. Most of the fisheries
exhibited consistent, clear seasonal cycles in their composition datavidresome variations

in the distributions within a fleery, e.g.,JPNLateLL in 2003, HWLL after 2000, EPOPS before
1992, and OthLL before 1997. The PYFLL size distributions also varied considerably between
19962002 and 2002014.

There was also considerable variation in both the length and size distrsbaidmodal

positions among fisherig&igure 5) Length distributions for JPNEarlyLL, JPNLateLL, and

HWLL were generally skewed to lengths less than 200 cm EFL and typically exhibited a single
mode near 150 cm EFL. Length distributions for TWNLL, and dig&ibutions for EPOPS,
JPNDRIFT, and OthLL were less skewed. The TWNLL and OthLL exhibited a single mode near
160 cm EFL, and the JPNDRIFT had a mode around 100 kg. The EPOPS exhibited a single
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mode at around 200 cm EFL, meaning that this fleet caagier blue marlin. Two modes were
observed for PYFLL, one near 100 cm EFL and the second near 180 cm EFL.

Model Description

This stock assessment update for blue marlin was conducted using the same stock assessment
model (SSversion 3.24fMethot and Vétzel, 2013 as used previously. The model structure and
parameters wergmilarto the base case rwsed inthe 2013 stock assessment. Biological and
demographic assumptions and fishery dynamics are summarized irceatalel abley,

respectively.

Data ObservationModels

The assessment model fit three data components: 1) total catch; 2) relative abundance indices;
and 3) composition data. The observed total catches were assumed to be unbiased and relatively
precise, and were fitted assuming a lognorenadr distribution with standard error (SE) of 0.05.

The relative abundance indices were assumed to hayelogally distributed errors with SE in
log-space (log(SE)) which was approximated as sqrt(log(PHCWhere CV is the standard

error of the obsemation divided by the mean value of the observatiod sqrt is the square root
function

The log(SE) of each candidate indeasfirst estimated by the statistical model used to
standardize the index in the various BILLWG working pap&able4). Input CPUE values and
the reported log(SE) for all indices are shown in Tables 6 and 7, respectively.

The reported log(SE) for the abundance indices only capture observation error within the
standardization model and do not reflect process error inherent betveeenobserved

vulnerable population and the observed abundance inéiokswing the previous assessment, a
minimum average log(SE) for indices of 0.14 was assumed for each series. Series with average
log(SE) < 0.14 were scaled to log(SE) = 0.14 thiotig addition of a constant. Series with

average log(SE) > 0.14 were input as given.

The composition data were assumed to have multinomial error distributions with the error
variances determined by the effective sample sizes. Measurements of fistadiyenat random
samples from the entire population. Rather, they tend to be highly correlated within a set or trip
(Pennington et al., 2002). The effective sample size is usually substantially lower than the actual
number of fish measured because thearae within each set or trip is substantially lower than

the variance within a population.

To obtain random samples from the population, approximations ahtbent ofclustemng were
taken from an analysis of the relationship with number of trips keahip the HWLL fleet which
found around 10 fish per trip for marlin (Courtney, unpublished). Thus for all longline fisheries
(F1, F2, F7, F10, F12, F13), sample size was assumed to be number of fish measured/10. For
JPNDRIFT and EPOPS (F4, F14), sampke svas assumed to be the number of fish measured.
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The minimum quarterly sample size was fixed at 2.5 (i.e. 25 samples/10) for all longline fisheries
and was fixed at 25 for JPNDRIFT and EPOPS, so as to remove unrepresentative observations.
Length or size @mposition records with effective sample sizes > 50 were set to 50 for all
fisheries.

Data Weighting

Index data were prioritized in the previous assessment. To maintain consistency with the

previous assessment, index data were also prioritized insgg@ssment based on the principles

that relative abundance indices should be fitted well because abundance indices are a direct
measure of population trends and scale, and that other data components such as composition data
should not induce poor fits tograbundance indices (Francis, 2011).

It is common practice to r@eight some or all data sets in two stages (Francis, 2011). In the last
assessment, samples sizes of the composition data were 50 for F1, F2, F4, F10, and F14 after
following the procedures or st age 1 weighting described in
section. These samples therefore exhibited little wtisimery variability. In order to retain the

relative amongsample variability when fitting the models, a single iteration of the hwale

made. The effective sample sizes estimated in this tuning fit were tisenlesl by a scalar (i.e.,

stage 2 weighting).

The value of the scalar used in the last assessment was not reproducible, and so for this update
assessment, we used a similage 1 weighting scheme for the length or size composition data

of fleets F1, F2, F4, F10, and F14, but a different sfagealar. The process used to calculate

the stage scalar for fleets F1, F2, F4, F10, and F14 in this update assessment was to:

1) Estimate the effective sample size for compositional data using a single iteration of SS3;
2) Replace input sample size of each fleet with the estimated effective sample size relative to
its mean, and rscale to have a mean value of 30, which waseld on the values in Table 5.3

from the last assessment (ISC, 2013); and

3) If the new input sample size > 50, setsheple size to 50.

Goodnesof-Fit to Abundancdndices

For each abundance index, the standard deviation of the normalizedch{ardized) residuals
(SDNR) was used to examine the goodrafshit (Francis, 2011). For an abundance data set to

) s 2
be fitted well, the SDNR should be less tlieﬁﬁ-%' m-1 /(m 1)} where £0%s.m1 is the 95th

2
percentile of a¥ distribution with ni 1 degrees of freedom. Various residuaiss, including
the observed and expected abundances, were also examined to assess-gbbtness

15



BILLWG

StockProjectiors

As were done in the previous assessment, deterministic stock projections were conducted in SS

to evaluate the impact of various lé&ef fishingmortality on future SSB and yield. No

recruitment deviations and ldgas adjustment were applied to th&ure projectiorin this study.

Instead, the absolute future recruitments were based @xpleeted stockecruitment

relationship. Théuture projectiorroutine calculated the future SSB and yield that would occur

while the specific fishing mortality, selectivity patterns and relative fishing mortality proportions
depended on the specific harvest scenarios. In this study, the lashthrdee | y e-201406 (201
selectivity patterns and relative fishing mortality rates were used in popuiatiiwa projection
Theprojectionstarted in 2015 and continued throf)f24under four different harvest

scenarios:

1. High F Scenariag Select he 3year time period with the highest average F (age 2+) and
apply this fishing mortality rate to the stock estimates beginning in 2015;

2. FEwsy Scenaria Apply the estimate of thevsy fishing mortality rate to the stock estimates
beginning in 2015;

3. Status Quo F ScenarioThis will be the average F (age 2+) during 2@024 (Fo122014);

4. Low F Scenaria Apply an Rowfishing mortality rate to the stock estimates beginning in
2015.

Results
BaseCaseModel

Our exploration of the updad data supported the use of a similar base case to the one for the
2013 assessment. Although there were some variations in indices used in the update assessment
compared to the 2013 assessment (i.e., S2_JPNLateLlcptitedationanalyses supported the

choice to utilize the same abundance indices in this update assessment (i.e., exclude S3_HWLL
from the total likelihood; Table Al).

The proposed weighting method for the composition data produced similar input values and
variation among year comparedtb@ previous weighting method (Figure A4). The initial mean
input sample sizes, mean estimated sample sizes, -@cdlezl mean estimated sample sizes
were shown in Table 8. The proposed weighting method produced relatively smaller sample
sizes compared tie initial N and estimated N, thus dowseighting the composition data. The
mean effective sample sizes for F1, F2, F4, F10, and F14 scaled down the initial N by factors
between 0.55 and 0.6 (with mean sample sizes ranging from 24.6 and 29.27), gidathast
effect being odPNEarlyLLandJPNDRIFT

Recr ui t me n tg, the atandaadiéviatiort of lagtrditment) wageratively rescaled in
the final model to match the expected variab#itd set t®.28 based on the RMSE of the
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recruitment @viations. This followed the same approach as was used 20H3assessment, but
resulted in a different value than what was used irfi8assessmentvhich wad.32

ModelConvergence

All estimated parameters in the base case model were vhthget bounds, and the final

gradient of the model waspproximately4.159010°and the hessian matrix for the parameter
estimates was positive definit@hich indicated that the model had converged to a local or global
minimum. Results fron830 model runs with differemandominitial starting values for estimated
parameters using the interriaj i tottieerindSSsupported the result thatglobal minimum

was obtained (i.e., there was no evidence of a lack of convergence to a globalm)i(iigure

6). In addition, the log(RO0) values were similar from runs with total negativikielghoods

similar to the base case model.

ModelDiagnostics

Figure 7.1 presents the results of the likelihood profilinghenogarithm of the unfished
reauitment parameter RO, i.lng(RO0), for each data component. Detailed information on
changes in negative ldikelihoods among the various fislyetatasourcesareshown in Tables
9 and 10and Figure 7.2

Changes in the likelihood of each data compoirefitated how informative that data

component was to the overall estimated model fit. Ideally, relative abundance indices should be
the primary sources of information on the population scale in a model (Francis, 2011). In
general, the changes in negatiwg-likelihoods of abundance indices were small over the range

of RO (Figure 7.1).

S1 JPNEarlyLL (max 20.72) and S2_JPNLateLL (max 19.37) showed the largestsihange

negative logikelihood valuesacross values of RO among abundance indices (Talh@hgs

in the negative logikelihood werealso high for S3_HWLL, but S3_HWLL was not included in

the model likelihood for the base case. The MLE for log(R0) matched a local minimum between

6.5 and 7.0 in the fleet combined likelihood profile for indetad@he likelihood profile of

individual fleets was similar to the overall MLE for S4 TWNLL and S5 _TWNLL, was similar

to the fleet combined likelihood pattern for S2_JPNLateLL and S6_ TWNLL, and was different

than the MLE for S1_JPNEarlyLL (Figure 7.2). SPNEarlyLL may provide conflicting
information compared t o ot he-specffi¢d MLE (Tabi@9)i ndi ces

In general, the changestime negativéog-likelihoods among eight composition data were small
over a range of log(R0O) wats except for the JIPNEarlyLL and JPNLateLL (Table 10). The
maximum changes in negative {bkgelihoods for F1_JPNEarlyLL and F2_JPNLatelLL are 75.21
and 41.80, respectively. Five of eight fleets had minimum relative negatii&ddgoods that
occurredbetween 6.76.9.
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This implies that length data (F1, F2, F7, F10, and F14) are informative in the fitting process.
The MLE also matched well with the likelihood profile of individual fleetseptF7_HWLL

(Figure 7.2). This implies F7_HWLL may provide cheting information compared to other
fleetsd | ength composition. The MLE did not
generalizeesize data very well. A similar pattern was found in the likelihood profile of

i ndi vi dual f-bizzdata,Gvih thp exceptioradf F12 BYFLL. Generalizgzk data

for F12_OthLL and F4_JPNDRIFT may provide conflicting information compared to the length
composition data from other fleets.

The magnitude of change in thegativeog-likelihoodsfor theaburdance indicesvere similar

to length composition and generaliz&de composition data within the log(R0) range of 6@

and were within 5 units of likelihood at the MLE of log(R0) (6.88; Figure 7.3). Minor conflicts

in the shape of the likelihood priefs between index, length composition and generabzzsl
composition data were observed. The likelihood profile analysis suggested that the generalized
size composition data indicated a smaller log(RO) value than the index and length composition
data, ad therefore was possibly uninformative with respect to population scale in the base case
assessment model. There was greater agreement between the length composition data and the
abundance indices for the maximum likelihood estimate of log(RO) withiratigerof 6.67.0

based on log(RO) likelihood profiles, but less agreement with the genersilzeecomposition.

In other words, the generalizatze composition data did not stop the model from fitting
abundance data for the base case model.

ResidualAnalysis ofAbundancéndices

Goodnesof-fit diagnostics were presented in Table 11, and plots of predicted and observed
CPUE by fishery for the base case moaleteshown in Figure 8. As in the last stock
assessment, the remteansquareerror (RSME) was sed as a goodnes$-fit diagnostic, with
relatively low RMSE values (i.e., RMSE < 0.2) being indicative of a good fit. As in the 2013
assessment, the model fit all abundance indices that were incorporated into the total likelihood
well, with RMSE < 0.2. Ahough not included in the likelihood of the fitted models, index

HWLL (S3) was included in the model to allow comparison of the fitted and observed trends.

Although the input log(SE) of S4 TWNLL and S5 _TWNLL in the update assessment (0.14 and
0.14) wee smaller than the 2013 assessment (0.64 and 0.45), the input log(SE) were comparable
with the RMSE of residuals for the base case. Similar uncertainty between input log(SE) and the
RMSE of residuals were found in other indices in the base case modedugbested that the

input log(SE) were appropriate for observation error.

The fits to abundance indices were generally within the 95 percent Cls. The residuals pattern of
the assessment update was similar to the 2013 assessment (Figure 8). Therendas a t

negative residuals in the early time period (:28%7) and of positive residuals in the late time
period (19841993) in S1_JPNEarlyLL for both assessments (Figure 8).

In contrast to the 2013 assessment, the model fit the S5_TWNLL well. Theeetveasl of
negative residuals in 199899 for the 2013 assessment, but this was not observed in the update
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assessment. The RMSE of residuals also showed an improved fit, 0.12 for the update assessment
compared to 0.21 for the 2013 assessment. The imppmrémtmance was most likely caused by

a slightly | ower variability in CPUseriegsfarl ues |
the update assessment. Although not included in the total likelihood, and therefore not fit,

showing diagnostics for HWLLS3) revealed that HWLL was inconsistent with fits to other

indices.

The SDNR of the CPUE fit was used as another gooebfeitsdiagnostic (Table 11). The

SDNR diagnostics also indicated that the update model did not fit S2_JPNLateLL (1.28 > 1.25)
well compared to the 2013 assessment (1.16 < 1.27). It should be noted the number of
observations were different for S2_JPNLateLL between two assessments (18 and 21).

ResidualsAnalysis ofSze CompositionData

Comparisons between the observed and expectad waues of composition data from Francis
(2011) were used for model diagnostics. Figure 9 shows the 95% credible intervals for mean
value for the five length composition data sets and the three genesiizetbmposition data

sets. The reweighted mod#lpassed through almost all of the credible intervals (Figure 9),
although there was a poor fit between the observed and predicted mean values for the EPOPS in
1990, OthLL in 1993 and 2010, and PYFLL in 1997, 2002 and Zl0@&xesultssuggested that

our stage2 weighting approach accounted &xpectedtorrelations analogous to recommended
methods from Francis (2011).

Model misfit of composition dataasfound in four fisheries, JPNEarlyLL (F1), JPNLateLL
(F2), HWLL (F7), and PYFLL (F13(Figure 10) Patterns of positive residuals occurred around
100 cm EFL during 1971977 and above 200 cm EFL during 1918179 for JPNEarlyLL,
around 150 cm EFL during 192014 for JPNLateLL, and below 160 cm EFL during 2000
2006 and above 200 cm EFL during 2ai214 fao HWLL. Negative residuals occurred around
135 cm EFL during 1971982and 19841993 for JPNEarlyLL, around 130 and 170 cm EFL
during 19942014 for JPNLateLL, and below 150 cm EFL during 2Q@0724 for HWLL.

Outliers (extreme positive residuals) were foumd997, 2002 and 2005 for PYFLL.

Assuming standardized residuals were normally distributed, 95% of the measurements would fall
within 2 standard deviations of the mean. JPNLateLL, HWLL, EPOPS, OthLL, PYFLL, and
JPNDRIFT were found with 0.1%, 0.3%, 0.1063%, 2.2%, and 0.3% of their Pearson residuals
greater than 2 or smaller tha? indicating appropriatdistributional assumption@&igure 10).
Nonetheless, the observations with extreme standardized residuals mighitrtiessd

investigation

The moetl fit the length modes in composition data aggregated by fishery fairly well using the
input effective sample sizes (Figure)1The precision of the model predictions was greater than
that of the observations, amdlirectly related to effective sample. Estimated effective

sample size was used for the goodrafsfit diagnostics for the composition data in the 2013
assessment. In this updated stock assessment, the effective sample sizes as derived from our
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stage2 weighting process were slightly shealthan the input effective sample sizes used in the
2013 assessme(itable 12)

Estimation ofFishery ®lectivity

The same selectivity configurations were used in this update stock assessment as were used for
the 2013 assessment. The results ok#ienated selectivity patterns were consistent with the
assumed selectivity patter(fagure 12) There was a significant change for JPNDRIFT with
higherselectivity for the smaller fish and lower selectivity for the larggn {i.e., the selectivity

curve shifted left). There was also a minor change in selectivity during the second time block for
PYFLL and the selectivity for EPOPS. There was lower selectivity for fish aroun@7A20m

EFL for PYFLL in 20032014 anchigherselectivity for fish greater #n 250 cm EFL for

EPOPS.

StockAssessmerResults

Estimates of population biomasss{imated biomass afye 1 and olddish at the beginning of

the year) declined from a high of 135,628in 1971 until 1977, increased to 124,8hRin

1984, decreaseajain to the lowest level of 69,72t in 2009, and increased to around 78,000

metric tons during the final three yeafsthe 2016 stock assessment time horigdh0 1 21 20 1 4)
(Table 13 andrigures 13aand 14.). Compared to the 2013 stock assessment, the population
biomass estimates were higher in 19B8D0,and wereslightly lower in 19911993, 19971998,

and 20162011 (Figure 13a)Overall, population biomass dewd from an average of roughly

130 thousand metric tons in the early 1970s to an average of roughly 80 thousand metric tons in
the early 2010s (Figure 14.1).

Spawning stock biomass estimases s o exhi bited a decline during
1980-1986, declined to the lowest level of 20,972 metric tons in 2006, and increased to 24,809 in
2014 Table 13 andrigures 13band 14.2. The timeseries of SSB at the beginning of the

spawning cycleduarter2) averaged 62,368 metric tons during 19810, or 50% of unfished

SSB; 50,577 metric tons (34% of wunfished SSB)
unfi shed SSB) duringtorc@Q9%i d99anf2sShead2S®e8)r da
and 23,717 metric tons (21% of unfished SSB) in 22004. Compared to the 2013 stock
assessment, the SSB est i(Figar¢ J8I3)Precsionof SBB gher i n
estimates gradually improved over tinverall, SSB exhibited a loAgrm decline from the

early 1970s to the 2000s and has since éeuila moderate increase.

Recruitment (ag®é fish) estimates indicated a lotgrm fluctuation around a mean of
approximately 897,000T@ble 13 andrigures 13cand 14.3. Recruitment was low in the early
part of time series (1971976) with an average @#1,000 recruits. The model estimated that
several strong year classes (> 1000 thousand recruits) recruited to the fisheriesli7A®77
19821983, 19861987, 1992, 1997, 2009, and 2011 followed by several weak year classes.
Compared to the 2013 stocgs@ssment, the recruitment estimates were higher ir 1197,
1992, 1997 and 2011, but lower in 2009. Uncertainty in recruitment estimates in the update
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assessment was smaller than the 2013 assessment durirtOBI8%and comparable in other
years.While the overall pattern of recruitment from 192014 was variable, there was no
apparent longerm trend in recruitment strength (Table 13 and Figure 14.3).

Over the course of theessessmenime horizon estimated fishing mortalityatithmeticaverage

of F forages 2 and older) gradually increased from the early 1970s to the 1990s, peaked at 0.38
year! in 2005 in response to higher catches, and afterward declined to 0.28nyte most

recent years (2012014) [Table 13 andrigures 13dand 14.4. Compred to the 2013 stock
assessment, fishing mortality estimates were slightly higher in 2005 an2@040but overall

the trends in fishing mortalityere very similabetween the 2013 and 2016 assessments

Biological ReferencePoints

Biological referene points were computdétbm the Stock Synthesis base case modeig the
most recent thregear averages of fishery selectyvgatterns Since most life history parameters
for Pacific blue marlin, including steepnes&re considered to beeasonably wiedefined,
MSY-based biological reference pointereused to assesslativestock status (Tabl&3.2),
noting that reference points based on %R ere also calculated he point estimate of
maximum sustainable yield was MSY = 19,901 metric tons. Dt pstimate of the spawning
stock biomass to produce MSY was $SB= 19,853 metric tons. The point estimate @§§

the fishing mortality rate to produce MSY on ages 2 and older fish mgs+0.32 and the
corresponding equilibrium value of spawninggntial ratio at MSY was SRRy = 18%.

StockSatus

Compared to MS¥based reference points, the current spawning biorasssage for 2012

2014 was B% above SSRsy and the current fishing mortalitgyerage for ages 2 and older in
20122014 was 14% blow Rusy. The Kobe plot indicatethat the Pacific blue marlin spawning

stock biomass decreased to the MSY level inthean@ddlO 0 6 s, and since then
slightly (Figure B). The base case assessment model indicates that the Pacific blue oeklin st

is currently not overfished and is not subject to overfishing relative to-bEéd reference

points.

SensitivityAnalyses

In the January 2016 BILLWG workshapwasagreedhat at leas13 sensitivity analysesere

to be conducted in the 2016 assment update (Tablel) in order to examine the effects of

plausible alternative model assumptions and data input. The WG agreed that the same sensitivity
analyses conducted in the 2013 benchmark assessment (ISG&8lale 4.5) would be

conducted fothis 2016 assessment update. The WG agreed that the first priority would be to
conduct the same 13 sensitivity analyses. In addition, 6 new sensitivity analyses were proposed,
for a total of 19 sensitivity analyses (Tak®. During theMarch 2016 BILLWGworkshop all

19 sensitivity analyses were completed and the results were presented and reviewed. The WG
noted that 6 of the sensitivity runs a8re fr
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alternative levels of steepnessiother was for thiclusion of the Hawaii longline CPUE series
as a relative abundance ingdaxdthe othertwo were foralternative adult natural mortality rates,
oneusing ahigh and oneising aow natural mortalityrate (WCPFC 2013).

For each sensitivity run, companiss of spawning stock biomass and fishing intensi$RPR)
trajectories were completed (FiguEs 1). Additionally, the WG producedKobe plot as
requested by WCPFC S(fat showedhe patternsof thebase case and terminal year estimates
for the keysensitivity runs (Figurd6.2).

For 4 of the 19 sensitivity runs, the stock status was estimated to be in the red section of the

Kobe plot indicating that the stock was overfished and experiencing overf(hguge 16.2)

These were: Run 1 (S1 and S3WEPonly), Run 9 (lower natural mortality rate), Run 11 (lowest
stock recruitment steepness value), and Run 12 (lower middle stock recruitment steepness value).
For all the other sensitivity analyses, the stock was estimated at MSY omjireémsection @

the Kobe plot, indicating stock was not overfished and not experiencing overf{Bignge

16.2)

It was notable that 3 of the 4 sensitivity analyses resulting in a poor stock status (Runs 9, 11, and
12) used life history parameter values that weréelyl to be biologically reasonable for blue

marlin. Since assuming a lower natural mortality was expected to increase fishing mortality, and
assuming a lower steepness was expected to decrease stock productivity, the pessimistic stock
status results wemot surprising. However, the base case model parameters for natural mortality
and steepnesgere expected to be moreliable than the values assumed in these sensitivity runs
(i.e., natural mortality was estimated from several empirical equations,eshess was

estimated from life history parameters).

Overall, the results of the sensitivity analyses confirmed the robustness of the base case model,
andit wasconcluded that other sensitivity runs were not nece$eatiiis stock assessment
update

RetrospectivéAnalyss

A retrospective analysis of the base case Pacific blue marlin stock assessment model was
conducted for the last 5 years of the assessment time horizon to evaluate whether there were any
strong changes in parameter estimates thraagh This retrospective analysis wasnducted

during the March 2016 BILLWG workshop. The results of the retrospective analysis are shown
in Figure 17. The trajectories of estimated spawning stock biomass and the index of fishing
intensity (i.e., one minuthe spawning potential ratio, orSPR) showed no appreciable
retrospective pattern and there was no consistent trend efavuarderestimating spawning

stock biomass or fishing intensity. It was noted that the -P®@AB retrospective peel showed a
sonmewhat different pattern than the other 4 peels and it was not known why this occurred. Given
the small magnitude of the retrospective pattern, it was concluded that the base case model was
robust to the inclusion of recent assessment data and did narhauaportant retrospective

pattern for estimates of spawning biomass or fishing intensity.
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StockProjections

Deterministic stock projections weaégsoconducted using the Stock Synthesis software platform
and the base case model to evaluate the impaetrmius levels of fishing intensity on future
spawning stock biomass and yield for blue marlin in the Pacific Ocean. The future recruitment
pattern was based on the estimated steckuitment curve. The projection calculations

employed model estimates fine multifleet, multiseason, sizeand ageselectivity, and

structural complexity in the assessment model to produce consistent results. Projections started
in 2015 and continued through 2024 under 4 levels of fishing mortality. The four stock

projecton scenarios werél) the high F scenario; (2) theidy scenario; (3) the status quo F
scenario; and (4) the low F scenario.

Results showed projected spawning stock biomass and the catch for each of the four harvest
scenarios (Tablek5.1 and 15.2nd Fgurel8). When the current fishing level was maintained
(Scenario 3F2 0 1 2 1,2euivalent to f1y), the SSB was projected to be stable at roughly 24,800
metric tonsby 2024, which was above SSB at MSY lefd,852 metric tons)f fishing

increased to the MSY leveb¢enario 2equivalent to k%), the projected SSB wastenated to
gradually decrease, and by 2024 it approached but remained above the SSB at MSY level. If
fishing further increased to the 26@805 level Scenario 1Fie%), the SSB was projected to be
below SSB at MSY level by 2019. Conversely, if fishingrtality was reduced to be equivalent
to Fow(Scenario 4)the projected SSB would gradually increase to about 35né®ic tondy
2024.

Fishing at the current level {f) and musy (Fis%) provided an expected safe/optimal level of
harvest, where thevarage projected catches between 2015 and 2024 were near MSY at
approximately 20,200 and 19,800 metric tons. Fishing at the- 2008 level (ks%) and Row

provided average projected catches between 2015 and 2024 of about 21,900 and 17,000 metric
tons, repectively.

SpecialComments

Thelack of sexspecific size data and the simplified treatment of the spatial structure of Pacific
blue marlin population dynamiegereimportant sources of uncertainty in the 2016 stock
assessment update. It was recommeildatsexspecific fishery data be collected and
management strategy evaluation research be conducted to address these issues for improving
future stock assessments.

Conservatiomdvice

To avoid overfishing of this nearly fully exploited stock (F/FMSY = 0.88) fishing mortality
should not be increagdrom the current (2012014) level.
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Table 1. Descriptions of fisheries included in the base case model for the stock assessment
update including fishing countries, gear types, catch units (biomass (B) or numbers (#)), and
reference sources for catch data.

E:j’rgke)g CR:gl;le;ence Elsglnr;?ies Gear Types Units Source
F1 JPNEarlyLL Japan Offshore and distadt B ljima and
water longlhe (early Shiozaki (2016)
period)
F2 JPNLateLL Japan Offshore and distadt B ljima and
water longline (late Shiozaki (2016)
period)
F3 JPNCLL Japan Coastal longline B ljima and
Shiozaki (2016)
F4 JPNDRIFT  Japan High-sea largdnesh B ljima and
driftnet ard coastal Shiozaki (2016)
driftnet
F5 JPNBait Japan Bait fishing B ljima and
Shiozaki (2016)
F6 JPNOth Japan Other gears B ljima and
Shiozaki (2016)
F7 HWLL USA longline B Ito (2016)
(Hawaii)
F8 ASLL USA longline # Russelllto, pers.
(American comm., Jan 13,
Samoa) 2016
F9 HWOth USA Troll and handline B Ito (2016)
(Hawaii)
F10 TWNLL Taiwan Distan®vater longline B NanJaySu, pers.
comm., Jan 13,
2016
F11 TWNOth Taiwan Offshore longline, B NanJaySu, pers.
coastal longline, comm., Jan 13,
gillnet, harpoon, and 2016
others
F12 OthLL Various flags Longline B Chang et al.
(2016); Tagami
and Wang (216)
F13 PYFLL French Longline B Chang et al.
Polynesia (2016)
F14 EPOPS Various flags Purse seine # Chang et al.
(2016)
F15 WCPFCPS Various flags Purse seine B Chang et al.
(2016)
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F16 EPOOth French Troll, handline, and B Chang et al.
Polynesia harpoon (2016)
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Table2. Blue marlin catches (metric ton) in the Pacific Ocean by fisheries;29/1 4 ; A0O0 indicates | ess
1 for the reference code for each fishery

Ye JPNEa JPNLa JPN JPND JPN JPN HW AS HW TW TWN Oth PYF EP WCP EPO
ar rlylL telL CLL RIFT Bat Oth LL LL Ot NLL Oth LL LL OPS FCPS Oth
1 6864 0 113 0 6 49 21 0 O 104 1935 60 O O 8 0
12 8493 0 211 8 7 52 1 0 0 203 1759 63 0 0 9 0
12 o125 o 211 264 23 134 15 0 O 225 2202 75 0 O 14 0
1% 8073 0 181 226 61 52 35 0 0 161 2650 87 O O 7 0
12 5657 0 464 782 146 82 33 0 0 148 3259 139 0 O 7 0
12 7145 0 424 572 200 323 60 O O 176 1973 80 0 0 6 0
19 7849 0 517 982 191 154 124 0 O 145 1687 730 0 O 9 0
12 8794 0 827 870 197 394 194 O O 63 2020 >0 0 0 8 0
%g 9364 0 748 506 165 266 159 O O 422 2174 ;L 0 0 13 0
10 10387 0 683 854 138 118 174 O O 490 1783 ;0 0 0 13 O
1 10104 0 798 1146 185 145 190 O O 463 2231 .0 0 0 30 O
1> 10818 0 703 940 169 247 180 O O 304 2562 S0 0 0 42 0O
1> 9786 0 1030 916 227 440 143 0 O 272 3015 >° 0 0 67 O
1 12253 0 1271 230 183 428 137 O O 382 2882 0 0 O 8 O
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Table 3. Descriptions of standardized relative abundance indices-pestehit-effort, CPUE) of Pacific blue marlin used in the stock
assessment update including whether the index was utiegl lbase case, sample sigg years of coverage, and reference source. For
all indices, catch was in numbers and effort was in 1000 hooks.

Time

. Source
series

Reference Code Used Fishery Description

S1_JPNEarlyLL Japanese offshore and dis#Zrater 197%, Kanaiwaet al.

(F1) ves longline (early period) 19 1993 (2013)

S2_JPNLatelLL Yes Japanese offshore and diséargter 21 19947 Kai et al.

(F2) longline (late period) 2014 (2016)

1995 Carvalho et al.

S3 HWLL (F7) No  Hawaiian longline 20 2014 (2016)
Taiwanese distaitater longline 1971

S4 TWNLL (F10) Yes (early period) 8 1978 Su et al. (2016)
Taiwanese distagyater longline 1979

S5 _TWNLL (F10) Yes (middle period) 21 1999 Su et al. (2016)
Taiwanese distaitater longline 2000

S6_TWNLL (F10) Yes (late period 15 2014 Su et al. (2016)
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Table 4. Standardized catpler-unit-effort (CPUE; in number per 1000 hooks) indices and input standard error (SEstaledi.e.,
log(SE)) of lognormal error of CPUE for the blue marlin from the Pacific Ocean msled stock assessment update. Season refers to
the calendar quarter(s) in which most of the catch was taken by each fishery, whereMar, Pan AprJune, 3 = JuhBept, and 4 =
Oct-Dec.

S1 _JPNEarlyL S2_JPNLateL

) ) S3_HWLL S4_TWNLL S5_TWNLL S6_TWNLL
INdexX ~=py log(SE  CPU Ilog(SE CPU Ilog(SE CPU log(SE CPU log(SE CPU log(SE
E ) E ) E ) E ) E ) E )
ﬁeaso 1 1 1 1 3 3 1 1 1 1 1 1

1971 0.076 0.063
1972 0.08 0.064
1973 0.082 0.063
1974 0.079  0.059
1975 0.333  0.015 0.073  0.069
1976 0.329 0.019 0.081 0.068
1977 0.247 0.015 0.07 0.065
1978 0.399 0.023 0.074  0.07
1979 0.456 0.027 0.153 0.065
1980 0.468 0.027 0.129 0.066
1981 0.548 0.032 0.136 0.064
1982 0.546 0.032 0.124 0.067
1983 0.439 0.026 0.118 0.073
1984 0.697 0.041 0.127 0.071
1985 0.476 0.028 0.138 0.077
1986 0.492 0.029 0.115 0.079
1987 0.482 0.028 0.103 0.071
1988 0.459 0.027 0.118 0.077
1989 0.476 0.028 0.113 0.077
1990 0.46  0.027 0.102 0.091
1991 0.443 0.026 0.123  0.082
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1992 0.454
1993 0.567

1994

1995
1996
1997

1998

1999
2000
2001
2002

2003

2004

2005

2006

2007
2008

2009

2010
2011
2012
2013

0.027
0.033

12.45

15.02

8.237
11.33

10.84

8.8
9.1
7.611
8.282
10.17

12.47

10.81

10.68

8.864
7.998
11.26

10.35
7.487

11.4
9.457

0.011

0.013
0.014
0.014

0.013

0.013
0.012
0.011
0.012

0.014

0.012

0.015

0.017

0.013
0.017

0.022

0.013
0.016
0.013
0.016

0.51
0.57
0.48

0.47

0.14
0.45

0.3
0.14

0.23

0.17

0.12

0.23

0.05
0.12

0.11

0.07

0.1
0.16
0.07

0.464
0.394
0.349

0.275

0.159
0.256
0.179
0.129

0.149

0.129

0.129

0.129

0.07
0.1

0.1

0.08
0.09
0.11

0.1
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0.068
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0.094
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0.114

0.111
0.095

0.095
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0.094
0.094
0.111
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2014 10'882 0.018 0.11 0.11 0.105 0.078
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Table5. Description of length composition data (égek lengths, EFL, cm) and size composition data (kgPfaeific blue marlin
used in the stock assessment update, including bin singtidet, number of observations (n), years of coverage, and reference

sources.
gggeerence Fleet Fishery Description Unit Bin n Time series Source
JPNEarlyLL Japanese offshore and dis#@ter cm 5 92 19711993 ljima andShiozaki
F1 . :
longline (early period) (2016)
JPNLatelLL . cm 5 84 19942014 ljima and Shiozaki
Japanese offshore and dis#arter
F2 ) . (2016)
longline (late period)
JPNDRIFT F4 High-sea largénesh driftnet and kg  Proportionalto 19 19771989; ljima andShiozaki
coastal driftnet length 1993; 1998 (2016)
HWLL F7 Hawaiian longline cm 5 70 19942014 Langsethand
Fletcher(2016)
TWNLL F10 Taiwanese dista@vater longline cm 5 23 20052010 ISC (2013)
OthLL F12 Various flags longline cm 10 83 19922014 Chang et al. (2016)
PYFLL F13 French Blynesia longline cm 10 52 19962014 Chang et al. (2016)
EPOPS F14 Various flags purse seine cm 5 95 19902014 Chang et al. (2016)
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Table6. Key life history parameters and model structures for Pacific blue marlin used in the stock assessmentlupdaiesaiues,

comments, andources

Parameter Value Comments Source
Gender 2 Two genders model ISC (2013)
Female: Male:

Natural mortality

Reference age (al)
Maximum age (a2)
Length at al (L1)
Length at a2 (L2)
Growth rate (K)

CV of L1 (CV=f(LAA))

CV of L2

Weightat-length

0.42 (age 0) 0.42 (age 0)

0.37 (age 1) 0.37 (age
0.32 (age 2) 1+)

0.27 (age 3)

0.22 (age 4

25)

1
26

144 (Female); 144 (Male)

304.18 (Female)
226 (Male)

0.107 (Female)
0.211 (Male)

0.14 (Female); 0.14\ale);

0.15 (Female); 0.1 (Male);

W=1.844 x 1(PL296
(Female);

W=1.37 x 1PL297
(male)

Age-specific ratural
mortality

Fixed parameter
Fixed parameter
Fixed parameter
Fixed parameter
Fixed parameter
Fixed parameter

Fixed parameter

Fixed parameter

38

Lee and Chang (2013)

Refit from Chang et al. (2013); ISQ013)

Refit from Chang et al. (2013); ISQ013)
Refit from Chang et al. (2013); ISR013)
Refit from Chang et al. (2013); ISR013)
Chang et al. (2013); IS2013)

Chang et al. (2013); IS2013)

Brodziak 2013



Length-at50% Maturity
Slope of maturity ogive
Fecundity

Spawinng season

Spawneirecruit
relationship

Spawneirecruit steepness

(h)

Recruitment variability

(9

Initial age structure

Main recruitment
deviations

Bias adjustment

179.76

-0.2039

Proportional to spawning
biomass

2

BevertorHolt

0.87

0.28
5 yrs (19661970)
19712013

19712013

Fixed parameter

Fixed parameter
Fixed parameter

Model structure

Model structure

Fixed parameter

Fixed parameter
Estimated
Estimated

Fixed

BILLWG

Sun et al. (2009); Shimose et al. (2009)

Sun et al. (2009); Shimose et al. (2009)
Sun et al. (2009)

Sun et al. (2009)

Brodziak and Mangel (2011); Brodziak
al. (2015)

Brodziak and Mangel (2011); Brodziak
et al. 015)

ISC (2013)
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Table7. Fisheryspecific selectivity assumptions fortiPacific blue marlin stock assessment.
The selectivity curves for fisheries lacking length composition data were assumed to be the same
as (i.e., mirror gear) closely related fisheries or fisheries operating in the same area.

Ehs:lzgr Reference Code Selectivity assumption Mirror gear
F1 JPNEarlyLL Cubic Spline (hodes=4)

F2 JPNLateLL Doublenormal

F3 JPNCLL Doublenormal F2
F4 JPNDRIFT Doublenormal

F5 JPNBait Doublenormal F4
F6 JPNOth Doublenormal F2
F7 HWLL Cubic Spline (nodes=3)

F8 ASLL Doublenormal F7
F9 HWOth Doublenormal F7
F10 TWNLL Doublenormal

F11 TWNOth Doublenormal F10
F12 OthLL Doublenormal

F13 PYFLL Doublenormal for 19712002; 20032014

F14 EPOPS Doublenormal

F15 WCPFCPS Doublenormal F14
F16 EPOOth Doublenormal F14
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Table 8. Fishengpecific initial multinomial effective sample sizes (N) andcaled effective
sample sizes for length composition data of Pacific blue marlin as used in the stock assessment
update. Estimated mean N was the effective sasipéefrom the initial run of S5

Reference Code Fleet :G'g:ln N '\E/Isetg?]aﬁled I\Rﬂz:(r:]all\'e:l
JPNEarlyLL F1 49.65 269.25 27.11
JPNLateLL F2 44.97 114.21 26.98
JPNDRIFT F4 45.11 107.03 24.60
HWLL F7 13.19 57.61 No rescahg
TWNLL F10 48.89 423.39 29.27
OthLL F12 27.25 85.90 No rescahg
PYFLL F13 6.91 22.74 No rescahg
EPOPS F14 49.32 213.36 27.58
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Table 9. Relative negative lddkelihoods of abundance index data components in the base case
model over a range of fixed levels of vitgecruitment in logscale (log(R0)). Likelihoods are
relative to the minimum negative ldigelihood (bestfit) for each respective data component.
Colors indicate relative likelihood (green: low negativeligglihood, betteffit; red: high

negative lg-likelihood, pooreifit). Maximum likelihood estimate of log(R0O) was 6.88. See

Table 3for a description of the abundance indices. S3_HWLL was not included in the total
likelihood.

log(R S1_JPNEarly S2 JPNLate S3_HWL S4 TWNL S5 TWNL S6_TWNL
0) LL LL L L L L
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Table 10. Relative negative ldigelihoods of length composition data components in the base
case model over a range of fixed levels of virgin recruitment kséade (log(R0)). Likelihoods
are relative to the minimum negative igelihood (bestfit) for each respective data
component. Colors indicate relative likelihood (green: low negatiikefihood, betteffit;

red: high negative logikelihood, pooresfit). Maximum likelihood estimat of log(RO) was 6.88.
See Tablé for a description of the composition data.

log(RO) JPNEarlyLL JPNLateLL HWLL TWNLL EPOPS JPNDRIFT OthLL PYFLL

6—_41.70 276  7.96 11.95 1.45 8.64 3.75

6.1 40.09 29.17 11.64 6.29 6.91 1.87 6.10 2.86
6.2 42.17 23.28 6.62 4.12 5.45 2.43 2.40 2.33
6.3 37.92 20.38 4.15 2.82 5.23 2.49 2.12

6.4 25.44 14.93 3.15
6.5 11.57 11.25 3.17

1.32 Sl

241

1.69 1.39

6.6 4.28 7.75 3.50 1.55
6.7 3.23 3.73

6.8 SRS

6.9 1.54

7 1.73

7.1 1.58

7.2 1.53

7.3 1.70

7.4 2.19

7.5 2.64
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Table 11. Mean input standard error (SE) in$pace (i.e., log(SE)) of lognormal error, root
meansquareerrors (RMSE), and standard datvons of the normalized residuals (SDNR) for the
relative abundance indices for Pacific blue marlin used in the 2013 stock assessment and in this
stock assessment update. S3_HWLL was not included in the total likelihood. An SDNR value
greater thantheclsi g u a r e d ?sindieates ssstatistically peor fit.

2013 assessment 2016 update
Reference code
put pvis SDN put pvis SDN
N log(S E R G n log(S E R G
E) E)
S1_JPNEaryLL 1 12 1 12
D o 014 014 105 7 o 014 014 107 7
S2 JPNLateLL 1 12 2 1.2
9 . 014 016 116 7 ° 014 017 128 |
S3_HWLL(F7) S 014 048 339 _° 7 018 08 436 _°
S4_TWNLL(F10) 8 064 009 018 % 8 014 006 045 °
S5_TWNLL (F10) i 045 021 0.39 é'z i 014 012 0.89 é'z
S6_TWNLL (F10) 2 0.14 017 1.2 411'3 . 014 011 086 (1)'3
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Table 12. Mean input multinomial effective sample sizes (N) and model estimated effective
sample sizes (effN) in the 2013 stock assessment and this stock assessment update.

Reference code

Fleet

2013 assessment

Input mean N Mean effN

2016 update

Input mean N Mean effN

JPNEarlyLL
JPNLateLL
JPNDRIFT
HWLL
TWNLL
OthLL
PYFLL
EPOPS

N BN R

12
13
14

30.00
30.00
30.00
14.50
30.00
26.49
6.95

30.00

249.59
122.38
121.68
61.35
408.63
85.14
19.38
209.53

27.11
26.98
24.60
13.19
29.27
27.25
6.91

27.58

261.22
112.96
116.58
58.36
407.60
86.09
22.44
210.63
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Table 131. Time series of total biomass (age 1 and older, metric ton), spawning biomass (metric tdhjecigement (thousands
of fish), instartaneous fishing mortality (yedy, spawning potential ratio, fishing intensity €bawning potential ratio) for the Pacific
blue marlin estimated in the basase model. SE = standard error.

Age 1+ Spawning biomass Recruitment Inst_antaneous Spawmng 1—spavyn|ng

biomass (mt)  (mt) (1000 age0 fish)  1shing potential potential
Year mortality ratio ratio

Mean Mean SE Mean SE Mean SE Mean SE Mean SE
1971 135623.00 71806.50 19780.70 891.36 168.41 0.09 0.01 0.57 0.05 0.43 0.05
1972 133709.00 69410.40 17793.10 841.41 163.75 0.10 0.02 0.52 0.04 0.48 0.04
1973 132589.00 67252.40 16063.40 825.18 150.42 0.11 0.02 0.48 0.04 052 0.04
1974 129445.00 65101.30 14553.20 589.30 115.84 0.11 0.01 0.50 0.04 0.50 0.04
1975 123457.00 63538.20 13194.70 636.27 118.48 0.11 0.01 0.50 0.04 0.50 0.04
1976 116813.00 61014.00 11904.10 663.81 128.59 0.12 0.01 0.45 0.04 055 0.04
1977 110720.00 57275.00 10713.30 1176.94 212.03 0.14 0.02 0.41 0.04 059 0.04
1978 11341200 53483.60 9673.90 1063.48 221.60 0.15 0.02 0.39 0.03 0.61 0.03
1979 118900.00 52426.70 8804.21 1048.29 206.08 0.15 0.01 0.40 0.03 0.60 0.03
1980 122042.00 52251.40 8101.66 953.28 196.94 0.15 0.01 0.40 0.03 0.60 0.03
1981 122708.00 52895.10 7625.90 919.69 188.98 0.16 0.02 0.38 0.03 0.62 0.03
1982 120641.00 52545.90 7284.46 1181.18 218.24 0.17 0.02 0.36 0.03 0.64 0.03
1983 121913.00 51632.00 7040.13 1028.63 201.99 0.16 0.01 0.38 0.03 0.62 0.03
1984 124812.00 5204).00 6904.71 875.43 175.19 0.18 0.02 0.34 0.03 0.66 0.03
1985 120559.00 51964.70 6800.38 881.30 170.44 0.15 0.01 0.40 0.03 0.60 0.03
1986 118554.00 51909.30 6694.74 1085.58 181.21 0.18 0.02 0.34 0.03 0.66 0.03
1987 117466.00 49865.90 6546.65 1024.75 184.58 0.25 0.02 0.24 0.03 0.76  0.03
1988 111698.00 45912.40 6368.19 992.11 185.31 0.22 0.02 0.27 0.03 0.73  0.03
1989 109115.00 44752.10 6235.93 940.20 183.66 0.19 0.02 0.32 0.03 0.68 0.03
1990 108599.00 44531.80 6100.03 931.47 171.90 0.17 0.02 0.36 0.03 0.64 0.03
1991 109152.00 44821.90 5940.22 946.97 176.46 0.19 0.02 0.33 0.03 0.67 0.03
1992 108265.00 44088.60 5747.45 1137.68 199.70 0.22 0.02 0.28 0.03 0.72  0.03
1993 108287.00 42563.40 5524.00 89915 165.93 0.23 0.02 0.26 0.02 0.74 0.02
1994 105265.00 41234.10 5192.05 816.74 146.08 0.24 0.02 0.25 0.02 0.75 0.02
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1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014

98567.50
91013.90
91267.60
93107.00
90677.80
87674.70
85808.10
81061.90
77238.40
74393.70
72970.40
70419.20
71872.30
71767.70
69720.10
72696.00
72995.40
76697.D

78760.70
78082.00

38589.30
35884.20
35948.70
34572.70
34912.90
33608.00
31235.60
28457.90
25771.80
23187.60
22374.00
20972.00
21341.10
22705.80
23065.30
22391.80
23181.80
23432.20
24770.90
24808.70

4890.91
4647.35
4478.24
4273.84
4052.85
3843.25
3553.67
3273.39
2996.42
2758.55
2636.61
2576.58
2623.27
2697.06
2729.60
2757.74
2832.15
2946.78
3125.30
3372.22

856.11
800.70
1056.28
628.63
848.77
923.38
840.92
880.83
985.46
793.43
956.88
874.14
699.28
687.05
1031.00
701.74
1060.95
763.04
908.75
838.53

136.22
139.50
143.15
110.72
129.44
130.08
126.28
127.32
122.97
111.27
119.43
119.44
110.74
112.41
135.69
128.39
156.88
142.62
179.42
37.27

0.27
0.18
0.21
0.21
0.21
0.26
0.31
0.32
0.38
0.34
0.38
0.33
0.27
0.27
0.29
0.30
0.26
0.27
0.28
0.28

0.02
0.01
0.02
0.02
0.01
0.02
0.02
0.02
0.03
0.02
0.03
0.03
0.02
0.02
0.02
0.02
0.02
0.02
0.03
0.03

0.21
0.32
0.28
0.28
0.28
0.23
0.19
0.18
0.15
0.17
0.15
0.18
0.21
0.22
0.21
0.20
0.22
0.22
0.21
0.21

0.02
0.03
0.02
0.02
0.02
0.02
0.02
0.01
0.01
0.01
0.01
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.03

0.79
0.68
0.72
0.72
0.72
0.77
0.81
0.82
0.85
0.83
0.85
0.82
0.79
0.78
0.79
0.80
0.78
0.78
0.79
0.79

BILLWG

0.02
0.03
0.02
0.02
0.02
0.02
0.02
0.01
0.01
0.01
0.01
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.03
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Table 13.2. Hsmated biological reference points derived from the Stock Synthesis base case model for Pacific blue marlin where F is
the instantaneous annual fishing mortality rate, SPR is the annual spawning potential ratio, SSB is spawning stock 8iémass, M
indicates maximum sustainable yieldzobz indicates the F that produces an SPR of 20% .&38the corresponding equilibrium SSB

at o

Reference point Estimate
Fo0122014 (age 2+) 0.28
SPRo122014 0.21
Fusy (age 2+) 0.32
Foo% (age 2+) 0.30
SPRusy 0.18
SSBo14 24,809
SSBusy 19,853
SSBow 22,727
MSY 19,901
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Table 14. Complete list of sensitivity runs conducted for the 2016 stock assessment update of Pacific blue marliry Sealytiod
listed in italicized text were added and conductedeathrch 2016 workshop, and other runs were from the sensitivity analyses
completed for the 2013 benchmark assessment.

RUN NAME DESCRIPTION
ALTERNATIVE INPUT DATA
1 01 base_case S1S3only Alternative CPUE trends, S1 and S3 only
2 02_base_caseéropF4size Drop F4 weight composition data
3 03 _base_case_dropF13size Drop F13 length composition data
4 |04 base _case newTWsize re Include the updated F10 length composition data
5 05_base_case_oldTWcv Alternative S4 and S5 input log(SE)
Alternative mean input effective sample size for F1, F2, F4, F10, and F14, rescale
6 06 _basecase_scalarl0
scalar of 10
Alternative mean input effective sample size for F1, F2, F4, F10, and F14, rescalg
7 07_base_case_scalar40
- - - scalar of 40
Alternative mean input effective sample size for F1, F2, F4, F10, and F14, rescale
8 08 base ase scalar20
scalar of 20
19 19 base case_S1S6only Alternative CPUE trends, S1 and S6 only

ALTERNATIVE LIFE HISTORY PARAMETERS: NATURAL MORTALITY RATES
Alternative natural mortality rates, lower M, adult female M=0.12, adult male M=0.

9 09 base case lowM . :
juvenile M rescaled
10 10_base_case_highM Alternative natural mortality rates, hlgher M, adult female M=0.32, adult male M=0
juvenile M rescaled
ALTERNATIVE LIFE HISTORY PARAMETERS: STOCK -RECRUITMENT STEEPNESS
11 11 base case_h065 Alternative stockrecruitment steepness, lower h, h = 0.65
12 12 base case h075 Alternative stockrecruitment steepness, lower h, h =0.75
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13 13 base case 8B Alternative stockrecruitment steepness, higher h, h = 0.95
ALTERNATIVE LIFE HISTORY PARAMETERS: GROWTH CURVES
Alternative growth curves, 10% smaller maximum size for each sex, change K to
14 14 base case_small_Amax : e
consistent with sizetagel from the base case model
Alternative growth curves, 10% larger maximum size for each sex, change K to
15 15 base case_large_Amax : s
consistent with size at agefrom the base case model
16 16 _base case_ChangGrowitt Alternative growth parametensased on Chang et al. (2013)
ALTERNATIVE LIFE HISTORY PARAMETERS: MATURITY OGIVES
17 17 base case_high_L50 Alternative maturity ogives,dg= 197.7 cm
18 18 base case low L50 Alternative maturity ogives,do = 161.8 cm
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Table15.1 Projeted trajectory of spawning stock biomass (SSB in metric tons) for alternative harvest scenarios. Fishing intensity
(Fxw) alternatives are based ofsd (average 2002005), fusy (Fis%), Fro122014 (F219) (average20122014defined as current), and
Fs0% Green blocks indicate the projected SSB is greater than MSY level6$SB9 853 metric tons).

Run Harvest scenario 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 Average

1 F20032005 (F16%) 24545 22683 21,163 20,014 19167 18546 18086 17,741 17,481 17283 19671
2 Fumsy (F1s%) 24810 23850 22972 22260 21,710 21,295 20982 20,745 20564 20426 21961
3 F20122014 (F21%) 25114 25242 25217 25144 25063 24995 24942 24901 24869 24845 25033
4 F30% 25638 27,797 29585 31,042 32212 33151 33903 34506 34985 35367 31,819

51



BILLWG

Table15.2. Projected trajectory of yield (metric tons) for alternative harvest scenarios. Fishing integgiglt@fnatives are based
on Few (average 2002005), fusy (Fis%), Foo122014 (F21%) (average20122014defined as current), andd» MSY = 19901 metric

tons.
Harvest scenario 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 Average
1: F20032005 (F16%) 25688 24,044 22890 22,089 21522 21,111 20806 20576 20402 20,268 21,940
2: Fusy (F1s%) 23194 22336 21,693 21,234 20905 20667 20491 20359 20259 20182 21,132
3: F0122014 (F21%) 20,267 20162 20,047 19958 19895 19852 19822 19800 19,785 19774 19936
4: Fou% 15015 15802 16,386 16,833 17,177 17,442 17,648 17,808 17932 18028 17,007
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Data by type and year

Catch

— JPNEarlyLL
— JPNLateLL
— JPNCLL

— JPNDRIFT
— JPNBait

— JPNOth

— HWLL

— ASLL

— HWOth

— TWNLL

— TWNOth
— OthLL

- PYFLL

— EPOPS

— WCPFCPS
-~ EPQOth

Abundance indices

~ S1_JPNEarlyLL
 S2_JPNLatelLL

— S3_HWLL
D — S4_TWNLL
. ] ~ S5 _TWNLL
Gl — S6_TWNLL
Length compositions
C—  JPNEarlyLL
S — JPNLatelL
e HwL
L] — TWNLL
— EPOPS
Size compositions
GEED GEEED @ [ [ — JPNDRIFT
~ OthLL
— PYFLL
T T T T T T T T T
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Year

Figure 1. Available temporal coverage and sources of catch, CPUE (abundance indices), and
length and size composition for the stock assessment update of the Pacific blue marlin.
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Figure 2. Total annual catch of the Pacific blue marlin bfisdieries harvesting the stock during

1971:2014. See Table 1 for the reference code for each fishery.
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Figure 3. Time series of annual standardized indices of-patehnit-effort (CPUE) for the
Japanese distant water longline fisheries (top paHelwaitrbased longline and Taiwan distant
water longline fisheries (bottom panel) for the Pacific blue marlin as describadble 3 Index
values were rescaled by the mean of each index for comparison purposes.
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Figure 4. Quarterly length and sizengposition data by fishery used in the stock assessment
update (see Tabl. The sizes of the circles are proportional to the number of observations. All
measurements were eyerk lengths (EFL, cm) except JPNDRIFT (kg).
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Figure 4. Continued.
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Figure5. Aggregated length and size compositions used in the stock assessmentsepdate (
Table5 for descriptions of the composition datall measurements were ey®rk lengths
(EFL, cm) except JIPNDRIFT (Kkg).
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Figure 6. Total negative lelikelihood andestimated virgin recruitment in legcale (log(R0))

from 30 model runs with differeméndominitial values(jitter runs) based oestimated

parameters in the base case moteé ed triangle indicates results from the updated base case
model, which hadhe lowest total negative ldielihood (1044.2) of albf the30 model runs

with randomized initial parameter values
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Figure 7.1. Profiles of the negative lbkelihoodsrelative to the minimum value of each
componenfor thedifferent likelihood conponentsaffectingthe unfishedrecruitmentparameter
ROin log-scale (.e., the xaxis islog(R0)) rangng from 6.0 to 7.5or the base casmodel, where
recruitment represents the likelihood component based on the deviations from the stock
recruitment cwe, length data represents bt likelihood componentor combinedfieets
based on the fish length composition data, index data represejumthi&elihood component
for combinedfleetsbased on the relative abundance, or CPUE indices, and gee@size data
represents thpint likelihood componentor combinedfleetsbased on the fish weight
composition data.
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Figure 7.2. Profiles of theelativenegativelog-likelihoods by index (black circles), length
composition (blue circles), genemdidsize composition (red circles) likelihood components for
the virgin recruitment in logcale (log(R0)) ranged from 6.0 to 7.5 of the base case scenario.
Black, blue, and red lines denote the chamgé¢he jointlikelihoods component$or combined

fleets for theindex, length composition, and generaliz@zie compositiomlatg respectivelySee
Tables 2 and 3 for descriptions of the index and composition 8atd\WLL was not included
in the total likelihood.
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Figure 7.2 Continued.
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Figure 8. Model fits to the standardized caparunit-effort (CPUE) data sets from different
fisheries for the base case scenario. The line is the model predicted value and the points are

observed (data) values. The vertical lines reprabengstimated confidence intervals (+ 1.96
standard deviations) around the CPUE values. Red color = 2013 assessment, blue color = 2016
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Figure 8. Continued.
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Figure 9. Model fit (lines) to meaemgth of the composition data (points, showing the observed
mean age and 95% credible limits around mean age (vertical lines)). Se& faldescriptions
of the dataAll measurements were eye-fork lengths (EFL, cm) except JPNDRIFT (kg).
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Figure 10. Pearson residual plots of model fits to the various leogtiposition data for the
Pacific blue marlin fisheries used in the assessment model.

68




BILLWG

Pearson residuals, whole catch, EPOPS (max=3.25) Pearson residuals, whole catch, OthLL (max=4.81)

350 O-2 - 01@2 150 O-2 + 01@2
e . $080000010000000008¢ - @ QU et tertriin
300 - 300 - es  ee eee ceeece
¢ B s :
‘ 00 ss 900000 8000#60800+000080008AIEPRes ) OBe 180 COSB0 - < 2008e 00 ISSSR: OBe 000000«
4 oo ee o9 - cosed)
e oo oo © + 0000000 & 4 B
250 — ; 250 4 o0 oo . - c0e s oo O 0000 - 0 GOOC000 00O
P 00 o ©0e00D00@O0N - @00 ©080+ «OCPNEO + 800+ 0 + o SO0+ 80+ ©
= . = OO 00 $848008C08+ 81000 G0N0+ 4D+ + - 00 +@BUPRS - 908508+ 60000 - $40000C000 + + 8.+ + 00808+ +
E e S
S ; bt o oo AP0 0-AN00s - CPIEN0ED <900 8- - « - 8800 + + :C0DOCB 0O IR GO 0o 0O 808«
-.é o e ® O OB 04080+ @CNIN0" + SUINO + +0-9+88905 - -G8 COMMBICS* + LN - 000 0 L HOLOPI00 + 0 - +0000
.
@
H . O S 200 4 O o e0e@D <0G 98000 GeecOnee 0 e (- (O SN0 08 {00808 - 80020000
= 200 § ocD-o -cmuoe:;ooo <0800 uo-oonco. a0 -00 a0 S @ einidien B e b e oo : o
e e e gns
» 00 28+ 80500009 -0 @O -COR0 00 - 60800 69 B00+CTO+0c00-® W0 Or 0400 sC00NS: M POCEIN B0 G0 S8 <0808 o LTT08: @+ (I D0 -0 @eesiil
2 mm-wmmuu- 080 +0000e80-0 oo oo On O soDeos @-0-0- 408 - 4@ +(0r +800aT Y000 D0 s 0908
S e S R B S B O o o ® 0 00 0nedTD@OITB0 T @@0- OCrooce
. 150 4 <o o0 oeo.wmomonmﬁnlﬂl)"(wmwm
150 4 - @ o S0eORIOSCODOA O «IUIO000 (08 D00+ PO IB0 008+ O+ i <O- SCBROLIIT®
. 08 @0 0000 OO0 00000 + @ @000 800+ 008 e « @+ @ COCOCDNN0 S0P+ 6000 +C0 (NG O+ O+
0. On @ -
o co G- <+ @ 6P aliD-0- 0 Goo- - Po e co00s e dpeos-
100 - Y “ ¥ co@esinens r
100 R e . e .
e O 0 00O e EWO e e
LA 14 | N B S S B B B B E B S R E S B B B E B R
L SN BN N A BN NN S H B N B B B B N B N B EN SR B B R 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 o
Year
Pearson residuals, whole catch, PYFLL (max=14.04) Pearson residuals, whole catch, JPNDRIFT (max=3.81)
350 | O'Om. 5“5 2 « 01032
300 L]
e meees eee .... °e
300 . e seses ce@oecces QRO cesee 265 =
5 .. 1o00@e o0 @@ oo .
° oo “o@00s00e @B @eorocs o s 000
° “ sessecesse D @isrevisiie ¢ @ sioes 254 ® @ - c @ e e s - .-
oe 0080000400000 @9000000000 0 © 00080
250 — oe o) 000000 @ooccoooos © @ 0000 205 4 e o & 5 6 6 e & - %
10008 008000 GG 04008000 O @ s0-s
3 o “® 0:00¢ 0OO*0:+00¢@ 90000004000 O O O8O0 C)
= @0 0000+ 00+05000000: - +00860+8600 & o - +00Q : 180 | & oo o i ss ol owie ¢ 9o ® °
= o @+ (OD0ce +080e800c@ee e o 2
3 200 - @ (D00 00000000 5 2 1866 4 oD o O @ e O o O o) o
[ 0008 00800 co@es -0e@B-0+088 ® - 00+ e G e 3 e . . = .
% 0 (1):08 seDecsscscce 009esns: e @ @ 90+
L X J [ ] 0o QDe@° Pe@oc@ecco: +@800e+800s O @ - @0 115 @ -0 @ @ o e @e e o £ o
0 @ 00 <0000 eedfpEBReccoo 00EODN00-00 O O O-@D
150 ° @ @ ° @0cc0 00+0000:0000 COOCO0CD & O OO0 9B~ o o600 o s @9 @ L L e
L) ‘e @ ® - 0 00+(s00060000 0O0000+0+00 ¢ O ©8000 804 -+ Oe0 0 e «© O 08 O o e ©
® ou@e0encc@® @ @® - ® 000000+000000 00+00000000 © O 0000 84 o oo o 08D OV o e ® °
° * - 0080080 ° . oo .
O e000-40De@0 -+ i = 45g: e ::° o :: :: ;‘ f.' 0
100 4 {rececego- o o] 30 - ® ¢ - @ . .
° o [e] 4 : o o
® o . IR '
— T T T T T T T T T T T T T T T T T 7T LI — T T T T T T T T
1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 1977 1979 1982 1984 1986 1988 1993 1998
Year Year

Figure 10. Continued.
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Figure 11. Comparison of observed (gray shaded ackhlaa dots) and model predicted (blue

solid line) length compositions for fisheries used in the updated stock assessment for the Pacific
blue marlin. Red colors indicate observed (dots) and predicted (line) length compositions from

the 2013 assessmeAll measurements were et@fork lengths (EFL, cm) except JPNDRIFT

(kg).
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Figure 12. Comparison of lengtfased selectivity of fisheries for Pacific blue marlin between
the 2013 stock assessment (solid lines) and the 2016 update (dash lines). Riffersrdenote
the selectivity curves by time blocks.
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Figure 13. Comparison of time serieqaftotal biomass (agé+), (b) spawning biomasg¢)

age0 recruitment, an¢d) instantaneous fishing mortality (y&afor Pacific blue marlin

between the 2013 stock assessment (red) and the 2016 update (blue). The solid line with circles
represents the maximum likelihood estimates for each quantity and the shadowed area represents
the uncertainty of the estimates (= Instard deviation)noting that no estimates of standard
deviations were available from the SS3 software for the total biomass time Thdesolid

horizontal lines indicated the MShased reference points.
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Figurel4.1l Time series of total biomass i) and older, metric ton) for the Pacific blue marlin
estimated in the basmse model. The solid line with circles represents the maximum likelihood
estimates.
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Figure 14.2. Time series of spawning biomass (metric ton) for the Pacific blue marlinedtima

in the basecase model. The solid line with circles represents the maximum likelihood estimates
and the shadowed area represents the uncertainty of the estimates (+ 1 standard deviations). The
dashed horizontal line shows the spawning biomass to prdd8& reference point.
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Figure 14.3. Time series of recruitment (thousands ofaigh) for the Pacific blue marlin
estimated in the basmse model. The solid line with circles represents the maximum likelihood
estimates and the shadowed area repregieatuncertainty of the estimates (+ 1 standard
deviation).
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Figure 14.4. Time series of instantaneous fishing mortality (average for age 2+) for the Pacific
blue marlin estimated in the basase model. The solid line with circles represents the mawimu
likelihood estimates and the shadowed area represents the uncertainty of the estimates (+ 1
standard deviations). The dashed horizontal line shows the fishing mortality to produce MSY
reference point.
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Figurel5. Kobe plot of the trends in estimategelfative fishing mortality (average of age 2+)
and spawning stock biomass of Pacific blue maMakKaira nigricang during 19712014. The
dastedlines denote the 95% confidence intenfalsthe estimates in thgear 2014.
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Figure 16.1Trajectories of pawning stock biomass aad index ofishing intensity (&

spawning potential ratidfjom 19 sensitivity analyses listed in Table 14, compared to the base
case model. Dashdimhesand symbolslenote MSYbased reference poirasd identify

trajectory values(a) Runs 1, 2, 3, and 18ealternative input data; (b) Runs 4 andse
alternative input data for Taiwan; (c) R#n 7, and &isealternative input data size compositions
data weighting; (d) Run runs 9 and uskalternative natural motiigy rates; (e) Rusll, 12 and

13 usealternative stockecruitment steepness; (f) Rald,15, and 1l@isealternative growth
curves; (g) Rusl7 and 18isealternative maturity ogives.
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Figure 16.1 Continued.
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