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EXECUTIVE SUMMARY

Stock Identification and Distribution: The Pacific blue marlinMakaira nigricang stock area
consisted of all waters of the Pacific Ocean and\ailable 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 area on a
guarterly bais.

Catches:sPaci fic blue marlin catches exhibited an
and then fluctuated without trend. Il n the 199
while the catch by Taiwanese, WCPFC, and some IATTClmeecountries increased (Figure 1).

Overall, longline gear has accounted for the vast majority of Pacific blue marlin catches since the
19506s (Figure 2).

Data andAssessmentCatch and size composition data were collected from ISC countries (Japan,
Taiwan, and USA), some IATTC member countries, and the WCPFC (Table 1). 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 assessed using, &angte and
sexstructured assessment Stock Synthesis 3 (SS) model fit to time series of standardized CPUE
and size composition data. Sspecific growth curves and natural mortality were used because of
the known sexual dimorphism of adult blue marfiine value for steepness was 0.87. The
assessment model was fit to relative abundance indices and size composition data in a likelihood
based statistical framework. Maximum likelihood estimates of model parameters, derived outputs,
and their variancewere used to characterize stock status and to develop stock projections. The
BILLWG also conducted several sensitivity analyses to evaluate the effects of changes in model
parameters, including the data series used in the analyses, the natural matéalityer stock
recruitment steepness, the growth curve parameters, and the female age at 50% maturity.

Table 1.Reported catch (mt), population biomass {agad older, mt), female spawning biomass
(mt), relative female spawning biomasSSB/SSksy), recruitment (thousands of a@efish),
fishing mortality (averag€, ages2 and older), relative fishing mortalitiF{Fusy), and spawning
potential ratio of Pacific blue marlin.

Mea
Year 2005 2006 2007 2008 2009 2010 2011 | Min!  Max!
n
239 21,1 185 17,7 18,1 193 174 17,7 9,16 255

62 00 54 09 a7 88 30 92 0 10

Reported Catch

Population 73,8 709 721 724 706 76,0 786 99,1 70,6 128,
Biomass 12 45 02 53 94 89 63 51 94 228
Spawning 22,7 215 21,7 23,0 234 229 249 40,7 215 67,2
Biomass 30 74 01 03 86 88 90 23 74 24
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Relative
Spawning 117 111 1.12 118 121 1.18 129 210 111 3.46
Biomass
Recruitment (age
0) 914 889 718 689 1177 705 825 879 508 1177
Fishing Mortality 0.36 0.32 0.27 0.26 0.28 0.27 0.23 0.21 0.09 0.38
Relative Fishing

. 1.01 085 0.81 087 084 0.72 066 0.28 1.18
Mortality
Spawning
Potential Ratio  15% 18% 21% 23% 22% 22% 25% 31% 15% 56%

!During 19712011



8/1313 BILLWG

Status of Stock:Estimates of total stock biomass show a long term decline. Population biomass
(agel and older) averaged roughly 123,523 mt in 19915, the first 5 years of the assessment
time frame, but then declined by approximately 40% to an average of 78,663 @itliiF2gure

3). Female spawning biomass was estimated to be 24,990 mt in 2011. Fishing mortality on the
stock (averag€, ages 2 and older) averaged roudhly 0.26 during 2002011. The predicted

value of the spawning potential rat®RR the predictedpawning output at currehtas a fraction

of unfished spawning output) is curren8¥Roos2011 = 23%. The annual average in 200011

was about 823xFfrecruits, and there was no apparent emgn recruitment trend. The overall
trends in spawning stock biomass and recruitment indicate édomgdecline in spawning stock
biomass and suggest a fluctuating pattern without trend for recruitment (FigukoBg plots

depict the stock status in relationM$SY-based reference points (see below) from the base case
SS model (Figure 4). The Kobe plots indicate that the Pacific blue marlin spawning stock biomass
decreased to thdSYlevel in the mid2 0 0 O @ since tlaen has increased slightly. The base case
assessment model indicates that the Pacific blue marlin stock is currently not overfished and is not
subject to overfishing relative to MSlyased reference points.

The population biomass of Pacific blue nitawas also estimated with three alternative stock
assessment models (Figure 5). An-agactured, pooledexes model (AS) and an agkength,

and sexstructured SS model were fitted to catch data from 1952 through 2011 and both models
indicated thatelative biomass declined by about 50% during the first 10 years of the time series.

A hybrid production model indicated that relative biomass exhibited a more moderate decline
throughout the 6§ear period. Results from each of the alternative modelssireiar at the end

of the assessment time series, which demonstrated the robustness of the assessment results. Overall
the results of the alternative assessment models were consistent and showed that Pacific blue
marlin biomass has declined but that tteek is not overfished and is not experiencing overfishing

in recent years.

Projections: Deterministic stock projections were conducted in Stock Synthesis (SS) to evaluate
the impact of various levels of fishing intensity on future female spawning stoolkss and yield

for blue marlin in the Pacific Ocean. The future recruitment was based on theetngknent
curve. These calculations used all the rAfldget, multiseason, sizeand ageselectivity, and
complexity in the assessment model to produmesistent results. Projections started in 2012 and
continued through 2020 under 4 levels of fishing mortalfyys corresponds to the fishing
mortality that produces 30% of the spawning potential ratio): (1) constant fishing mortality equal
to the 200322005 average™© "O p; (2) constant fishing mortality equal 1@ =

"O ;(3) constant fishing mortality equal to the 268®11 average defined as curréf ( ); and

(4) constant fishing mortality equal 1@ , Results showed projectddmale spawning stock
biomass and the catch for each of the four harvest scenarios (Table 2 and Figure 6).
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Table 2.Projected values of Pacific blue marlin spawning stock biomass (mt) and catch (mt) under
alternative harvest rate scenarios during 22020.

Year 2012 2013 2014 2015 2016 2017 2018 2019 2020
Scenario 1: constany 3

Spawning 25,26 23,19 21,51 20,26 19,35 18,68 18,19 17,82 17,54
biomass 9 3 8 3 4 9 5 3 0

25,37 23,54 22,35 21,54 20,98 20,57 20,27 20,04 19,86
4 6 3 8 5 6 2 2 5

Scenario 2: constanyy 1 4 L

Catch

Spawning 25,49 24,14 22,99 22,10 21,45 20,96 20,60 20,33 20,12
biomass 0 2 6 6 2 8 5 1 1
23,29 22,17 21,41 20,88 20,51 20,25 20,05 19,90 19,79
Cateh 6 3 2 7 9 2 5 6 3
Year 2012 2013 2014 2015 2016 2017 2018 2019 2020
Scenario 3: constany 3
Spawning 25,92 26,11 26,16 26,17 26,18 26,20 26,21 26,22 26,22
biomass 4 2 9 7 8 0 2 1 9
Catch 19,23 19,15 19,10 19,07 19,06 19,06 19,06 19,06 19,06
5 4 6 8 6 1 0 1 2
Scenario 4: constanyy 3§
Spawning 26,36 28,26 29,84 31,13 32,20 33,07 33,78 34,34 34,79
biomass 8 4 5 9 7 8 2 7 9

14,90 15,54 16,04 16,44 16,74 16,98 17,17 17,31 17,43
0 2 8 2 9 8 4 8 0

Catch

Biological Reference PointsBiological reference points were computed with the Stock Synthesis
base case model (Table The point estimate of maximum sustainable yield W&y= 19,459

mt. The point estimate of the spawning biomass to protS8¥ (adult female biomass) was
SSkisy = 19,437 mt. The point estimate ofxdy, the fishing mortality rate to produddSY
(average fishing mortality on ages 2 and older) @as= 0.32 and the corresponding equilibrium
value of spawning potential ratio E{SYwasSPRusy= 18%. The point estimate Bboswas 0.29

and the corresponding estimateS8Bo« was 26,324 mt.
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Table 3.Estimated biological reference points derived from the Stock Synthesis base case model
wherMSYiA i ndi cates maxildhwumesdugtediemraemlcee iod nt s,
reference points corresponding to a spawning potential ratio of R@the instantaneous annual

fishing mortality rate SPRis the annual spawning potential ratio, and SSB is female spawning

stock biomass.

Reference point Estimate
F20092011 (age 2+) 0.26
SPRoog2011 23%
Fusy(age 2+) 0.32
F2o% (age 2+) 0.29
SPRusy 18%
SSBo11 24,990 mt
SSRisy 19,437 mt
SSBow% 26,324 mt
MSY 19,459 mt

Conservation Advice: Based on the results of the stomsessment the stock is not currently
overfished and is not experiencing overfishing. The stock is nearly fully exploited. Stock biomass
has declined since the 1970@9080d Wwashbaes! b
increase. Because blue fmais mostly caught as bycatch the direct control of catch amount is
difficult. The WG recommend that the fishing mortality should not be increased from the current

level to avoid overfishing.

Special Comments The WG noted that the lack of sex specific size data and the simplified
treatment of the spatial structure of Pacific blue marlin population dynamics were important
sources of uncertainty.
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Figure 1. Pacific blue marliniakaira nigrican3 catches (mt) in the Pacific Ocean by country
for Japan, Chines€&aipei, the U.S.A., awell as other countries.
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Figure 2. Blue marlin Makaira nigricang catch data (mt) by fishing gear from 198211 used
in the base case Stock Synthesis model.
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Figure 3. Estimates of female spawning stock biomass (top left panel), recruitment (top right
panel), fishing mortality (bottom left panel) and fishing intensity (bottom right panel) from the
Stock Synthesis base case model (point estimate, solid circle) wiih9®/ standard deviation
shown (shaded area).

Female spawning stock biomass Recruitment

140000 + 1500
120000

100000 1000
80000
60000

40000 500 7
20000

0 - 0

I T I I I I I I I I
1970 1980 1990 2000 2010 1970 1980 1990 2000 2010
Fishing mortality (average across age 2+) 1-SPR

1.0 1.0

0.8 - 0.8

0.6 - 0.6

0.4 — 0.4

0.2 0.2

0.0 0.0

I I [ I I I I I I I
1970 1980 1990 2000 2010 1970 1980 1990 2000 2010

12



8/1313 BILLWG

Figure 4. Kobe plots showing Pacific blue marlin stock status in relation to M&ed reference
points for the Stock Synthesis base case model with respect to relative fishing mortality (top panel)
and reléive SPRbased fishing intensity (bottom panel).
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Figure 5. Comparison of estimates of relative spawning stock biomass (SSk&¢93Bnds of
Pacific blue marlinrMakaira nigricansfrom the Stock Synthesis (SS) Base Case Model, the SS
Model 5 using 1952011 catch data, the Aggtructured (AS) Model, and the Hybrid Production
Model.
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Figure 6. Historic and projected trajectories of femajgawning biomass (SSB) and total catch

from the Pacific blue marlin base case model. The solid black line shows the female spawning
biomass estimates (top panel) and the catch biomass (bottom panel), and the projected estimates
after 2012 indicate the pretion if fishing intensity (O, ) continue at (1) an average fishing

intensity during 2002005 {O "O ) indicated by blue line with cross symbols, (2)
fishing intensity atMSY ('O ="0O J indicated by red line with circles, (3) fishingtensity
during 20092011 (O "O ) indicated by green line with triangles, and (4) fishing

intensity atO gndicated by yellow line with squares. The dashed horizontal lines show the
associated MSY levels.
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1 INTRODUCTION

The Billfish Working Group (BILLWG) of the International Scientific Committee for Tuna
and Tundike Species in the North Pacific Ocean (ISC) is tasked with conducting regular stock
assessments diilifishes, including swordfish and marlingo estimate ppulation parameters,
summarize stock status, and develop scientific advice on conservation needs for fisheries
managersin order b assess population statise BILLWG relies greatlyon coordination and
collaboration with multi-natioral and multiregional fsheries management organizations
(RFMOs)

The first international billfish assessment was conducted in 1977 at the billfish stock

assessment workshop using limited biolagimformation and fishery datdNMFS 1978) few

and infreqent assessmenhad beerconductedon billfish since thenThe ISC Marlin Working
Group was establigldin 2002 andnergedwith ISC Swordfish Working Group to forthe ISC
Billfish Working Groupin 2007. TheBILLWG currently consists of members froooastal states

and fishing entities of the region (China, Japan, Korea, MeXiaovan USA) and participants

from the Inter-American Tropical Tuna CommissiqiATTC) andthe Secretariat of the Pacific
Community(SPC)

Previous assessments of blue mafiitakaira nigrican$ in the Pacific used two modeling
approachs applied to the same data (19887) and found that theosk was fully exploited but
not overfished and overfishing was not occuridgton 2001 Kleiberet al.2002; 2003) During
the later years of this period, the fishing mortality was less than that which would provide harvest
at the level of maximum sustained yiel® ( ) and the spawningtock biomass was greater than
that which would produce harvest at maximum sustained yi&fd)( ). These assessments noted
there was uncertainty surrounding the life history and biology of blue marlin, including sex
specific growth and natural mortalityl] rates; uncertainty about the quality and completeness of
available data; and unceirity about the structure of the assessment models.

In the years since those assessments were completed, there have been considerable advances
in knowledge of blue marlin biology, including improved understandingegfrowth of juveniles
(Shimose 208, unpublished PhD dissertatigrsexspecific growth rates of adults (Chaegal.
2013), length at 5@ercentmaturity (Sunet al. 2009), and ageand sexspecific estimates of
natural mortality rates (Lee and Chang 2013). Data were reviewed for comp@etadds correct
for species misidentifieghroblems in thereportedcatch of blue marlinThe datawere then
recompiled for 191-2011 for the high seas longline fisheries of Japan, Kaed, Taiwarwhich
principally target tuna but also take the majority of the harvest of blue marlin in the Pacific, and
for other fisheries, such as smalteale coastal longline, purse seine, and driftnet fisheries, in
which blue marlin occasionally have been obedrin the catch.

This report presents the results of the current assessniue ofarlinusing new life history
informationandupdateddatausinga sexspecific, sizebased, agstructured, integrated (fitted to
many different types of datagtatistical stock assessment modehe stock assessment was
conductedluringMay 20-28, 2013 in Shimizy JapanBILLWG 2013b) andthestockprojectiors
weredevelopediuringJuly 14-15, 2013 at Busan Korea The objectives of this assessment are to
(1) understand the dynamics Bé&cific bluemarlin by estimating population parameters such as

16
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time series of recruitment, biomass and fishing mortali), determine stock statuby
summariing results relative taMiSY-based limit reference pointand (3)formulate scientific
information on conservation needs for fisheries manap@sed on projecti@using constant
fishing mortality scenarios

The results, conclusionand conservatiomformationrecommended by thBILL WG are
subject toapproval by the ISC, after which thegll be submittedto thelnter-American Tropical
Tuna CommissionATTC) and théWestern and Central Pacific Fisheries Commis§ié@PFQ
for review and management action. The tiefeships between the two Pacific regional fisheries
management organizations and the ISC diffeMé&morandum of CooperatidiMOU) between
the ISC and IATTC provides a mechanism for datehange between the two organizations and
allows IATTC scientificstaff to participate asembers on ISC working groups. In contrast, an
MOU with the WCPFC specifically providdsr the NorthernCommittee NC) to make requests
to the ISC and its working groups fecientific information and advice drighly migratory fis
stocksin theNorth Pacific OceanThe assessment documented in this report was approved by the
ISC at the Bth Plenary Session lBusan,Korea 17-22 July 201 (ISC 2013).

17
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2 BACKGROUND
2.1 Biology
2.1.1 Stockstructure

Blue marlin Makaira nigricang is a cosmopolitapeciesfound primarily in tropical and
subtropical epipelagic waters of the Pacific, Indian, and Atlantic Oceans. Previous recognition by
Nakamura (1985) of Ind®acific blue marlin as a separate species based on differences in lateral
line patterns compared to Atlantic individuals is not supported by genetic differences at the species
level (Graves and McDowell 1995; Colletet al. 2006) althoughinter-ocean population
differences between Ind®@acific and Atlantic samples were detectbtbugh the presence of
distinct mtDNA lineages (Graves and McDowell 2003). In the Atlantic, a recent study that
compared sequences of the mtDNA control region from individuals sampled across four major
tropical regions found no evidence of more thansionek (McDowellet al.2007).The last DNA
based stock structure study of Pacific blue marlin was published a decade ago by Graves and
McDowell (2003). No evidence of population structuring was detestethe current working
hypothesis is that blue marlin consists of a single stock within the Pacific Ocean.

2.1.2 Reproduction

The reproductive dynamics of Pacific blue marlin are knalivactly from studies that
sampl@ gonads from landings, and indirectly from spawning condition females captured at sea
and larvaeollected bysurface plankton sampling.

Stained histological thin sections of preserved gonad material provide the most accurate
means to estimate sapecifc length at median (50%) reproductive maturily ( . Two recent
studies conducted in the western North Pacific by &ual. (2009) and Shimoset al. (2009)
report femalé) pestimates of 179.76 1.01 cm EFL (mean + standard error; posterior eye to
fork length) for the Taiwan offshore longline fishery and 2324 cm LJFL (lower jaw to fork
length) for the baitrolling fishery off Yonaguni Island (Okinawa Prefecture), respectively. The
latter esimate by Shimoset al. (2009) of female) s equivalent to 178.80 cm EFL. The
estimate of mal® pat 130+ 1 cm EFL by Suret al. (2009) provides the only male
estimate for the Pacific. This latter male pestimate is uncertain due to lied access to a size
range of males that fully included the transition between immature and newly matured. No other
sexspecific0  estimates are availableom the Pacific Ocean.

Reproductive development of blue marlin ovaries is indeterminate arydesodevelop
asynchronously throughout the spawning season. For fecundity estimation, this necessitates the
determination of batch fecundity based on estimating the number of released ripe oocytes per
spawning. Batch fecundity estimates of individual spiag females range from 2.11 to 13.50
million eggs over a size range of 1242 cm EFL in Taiwan waters (Set al. 2009). In waters
off Yonaguni Island (Okinawa Prefecture), batch fecundity estimates are 1.89 to 16.54 million
eggs over a size range of 2246 cm LJFL (equivalent to 189 cm EFL). No other batch
fecundity estimates are available for the Pacific Ocean. Based on only tee&A009) study,
the relationship between batch fecundity (BF) and length (EFL) is defined as:

BF = 3.29 x 10°EFL>3!
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In the western North Pacifithe spawning season has been estimated based on hisablog
studies, the gonadabmatic index (GSI), and larval plankton collections. Based on histological
evidence anthe female GSI, spawning around Taiwan and aguni Island waters corresponds
with the period MaySeptember (Shimosat al. 2009; Suret al.2009). Based on larval captures,
spawning in the western North Pacific occurs during tRe3?, and 4" quarters of the yeawhile
larvae are rarely collect during thel® quarter (Nishikawat al. 1985).

In the central North Pacific, larval captures predominantly occur duringAligyst off the
Kona coast of Hawaii Island with a few captures recorded as early agridajate as September.
Peak larval captures off the Kona coast are associated with sea surface salinitieS4f53dst
and sea surface temperatures of Z8B2° C (Humphreysyunpublisheddata). The temporal
spatial plots provided by Nishikavedaal (1985) indicate larval captures in the western and central
South Pacifioccursprimarily with the 4 quarter. In the easterNorth and South Pacific, no larval
captures east of 129° west longitude have been reported. Based on the criteria that féimales w
GSI103.1 are maturehowever potential spawning grounds may extend as far east as 110° west
longitude along the eastern Pacific equatorial region and eastern South Pacific region during the
2" 3 and 4" quartes, respectively (Nakano and Baylif992).

2.1.3 Growth

Efforts to determine age and growth for billfish species are notoriously difficult to research
because of their difficulty to sample, the minute size of their otofighianceupon other hardparts
for age determination, the rarity sinaller size classes in fishery catches, and reliance on longline
and other distant water fisheries for obtaining sampAe® determinations for all billfisks
including blue marlin, haverimarily relied on the interpretation and enumeration of grovatke
within hardparts, specifically fin spines and sagittal otoliths. Fin spine preparations require cross
sectioning just posterior of the condyle to reveal internal annual growth marks while otoliths are
typically transversely sectioned to reveal ingmhaily growth increments (DGIs). Annual growth
marks within spine sections are particularly difficult to count due to the typically indistinct nature
of these growth marks and the occurrence of vague partial marks. Otolith sections provide distinct
DGls out to about age; thereafter the DGIs become indistinct. F¥agapture information is
typically very limited as recapture rates &i. Because dhese limitations, current lengtt
age growth curves are most accurate during the rapid early portpovah.

The rapid early growth phase of blue marlivhich is linear anémong the fastest growth
rates recorded for teleosts, has been determined based on otolith DGI countsat-aggth (365
days) determination for the western Atlantic (Prietel. 1991) and western Pacific (Shimose
2008, unpublishedPhD dissertatioh blue marlin is 174 cm and 170 cm LJFL, respectively
(equivalent to 16 cm and 18 cm EFL, respectively). Princet al. (1991) reported that small
differences in growth rates between the sexes began to appearl@0ld® LIFL (equivalent to
92-101 cm EFL). The Shimose (2008) age & growth study off Yonaguni Island is the only
available Pacific study that includes both DGI ages of young fish and annual mark enumeration of
fin (dorsal) spine sections. Shimose (2008) was able to corroborate recognitionsifahaulus
within fin spine sections based on complementary otblitbed ages. This is an important
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consideration as many growth marks are typically present in the early portion of spine sections
making accurate recognition of the 1st annulus difficult.

Longevity estimates remain tentative amalidaied An additional consideration of any
growth study is to account for the high degree of sexual dimorphism exhibited by this species. This
size dimorphism necessitates the development efgesific lengtkatage growth curves as the
maximum body weights ported for males (~140 kg) is far exceeded by the maximum (~700 kg)
reported weight of females (Rivas 1975).

The othes hardpartbasedage studes of blue marlinused spine sections ameere also
conducted in the western Paci{see Table 3 and Fig4:2 in Thomaset al. 2013; Table 1 in
Changet al. 2013) The age and growth study @hen (2001;unpublishedMa st er 6 s t h e s
providad sexspecific lengthatage von Bertalanffy growth equations (VBGH)e age and
growth study of Hill (1986) used bothd®ned vertebra and spines to estimate age but refrained
from fitting a VBGE to the lengtlatage dataUnfortunately, theestudesdid not have access to
age 01 year individuals and therefore could not corroborate the determination of the first true
annulus.Changet al. (2013) recognized the inherent variability in the western North Pacific
lengthatage growth studies and applied Bayesian hierarchical mesmalysis approach to
improve the model fit to theizeatagedata.

2.1.4 Movement

The Kona coast off Hawalii Islavdasthesiteof severakarly studieshat attemptetb track
localscale movements using acoustic transmitter fHgs.region was the study site because blue
marlin are seasonally abundaand close inshore therResults indicat@ that blue marlin prefer
warm water, typically within the mixed layer, amdrely descended below the top of the
thermocline (Hollancet al. 1990; Blocket al. 1992). The observation that tagged fish typically
movel away from the Kona coastasinterpreted as an indication that blue marlin are probably
not resident but rather thalawaii lies along the path of a larger scale migration route that
periodically brings them into these waters (Bletlal. 1992).

Tag and recovery efforts for blue marlin within the Pacific have been concentrated in the
areas of southern California aHdwaii. Summary results of conventional4agapture data from
the Pacific NMFS Cooperative Bill fthasrhostfeaggi ng
captures are takedmthe generalicinity of their original tagrelease location (Sippet al.2013).
Severakpectaculalong-range movements within the Pacific have been documented but these are
the exceptions. It remains unknown whether the extremely low recapture rate (0.6%) of tagged
blue marlin is providing a biased view of the extent of nnoset in the Pacific.

Shimoseet al. (2012) suggestthat the seasonal norouth movement of blue marlin in
the western North Pacific could be related to water temperatigeding opportunitiesand
reproductive cyclesOne factor that is notunderstood is the possible influence of sexual
dimorphism on longlistance movements.

2.2 Fisheries
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Blue marlin isone of the most important bycatch species in the high seas fishethes of
Pacific Ocean{Molony 2005).A bycatch speciess definedone withminor economic value or
which constitutsasmallproportion of the catcilhe high seas fisherigaking blue marlinnclude
primarily pelagic longline fisheries targeting tunas well adriftnet, harpoonand purse seine
fisheries(Bailey et al. 1996;Sakagawa 198%Jeyanaget al. 1989) Blue marlin arealso taken in
recreational fisheries and other small, specialized fisheries in various locales around the Pacific
basin (for example: Hawaii recreational troll; de Sylva 1974; Dalzell and Boggs 2003).

During the 1950s and 1960s, Japanese distatdér and offshore longline fisheries
accounted fomore than90% of the annual blue marlin harvests. These fisheries operated near
Japan (207T40AN in the Eastern Hemihewevercthese) i n
fleets rapidly expanded their areas of operations throughout a broad expanse of the Pacific Ocean
(Figure 2and 5in Kimoto and Yokawa 2012). During the expansion of the Japanese digttart
longline fisheries for tunas, blue marlin da¢s peakeduring the mid 196Q<ut then decreased
rapidly thereafter. The decrease was not obviously related to operational practices because the
shallow gear configuration typically used by the Japanese distdat longline fishery remained
relatively unchanged during this expansion period (Hinton and Nakano 1996). Small catches of
blue marlin 8.2% of the total harvest) were also taken by Taiwanese offshore longliners during
the 1960s.

It should be notedhat some concerns were raised with regard to the Japanese longline
fisheries data before 197Birst of all,abundance generated frapatially heterogeneous fishing
effort due to the fishery eastward expansion of the fl@etg not beepresentativéne poplation
in the Pacific. Second)de and black marlitstiompax indicacatches may have been misidentified
in the longline logbook data and fishery yearbooks catch data and reported as a single total during
those years (Kimoto and Yokawa 2012; Kimoto andtatea 2013).

During the 1970s, the average anmeglortedcatch of blue marlin in the Pacific Ocean was
about 12302tons, of which68% was taken by the Japanese distaater and offshore longline
fleets andabout 206 was taken byhe Taiwanese longlinBleets. Longline effort fodapanese
distantwater andoffshore fleetdbecame concentrated tropical waters north and south of the
equator in the 19&]Figure 2 andt in Kimoto and Yokawa 2012Yhis could be the resulif the
development o& deepset longline geaconfigurationto target bigeye tunasdseverabdvance
technologiege.g, new gear materiatadar,radio navigation systeygupercold freezersplotters
and echosounders)which may be more effective for catching tropitahas and blue marlin
(Sakagawa 1989; Ward and Hindmarsh 2@&gure 5 in Kimoto and Yokawa 2012n 1972, a
largednesh driftnet fishery was introduced into the high seas of the Western and Central North
Pacific Ocean to target albacofbunnus alalungaskipjack tunaKatsuwonus pelamisstriped
marlin Kajikia audax and swordfistXiphias gladiusabou 4% of the blue marlin catch was also
taken by the Japanese driftnet fishery in the 1970s (Uosaki 1998). Furthermore, catches of blue
marlin by the Japasse coastal longline fleet, as well as catche&Kbseaand Hawaiilongline
fleets have also been observed sincentte1970s.

Total blue marlin catches in the Pacific Ocean increased rapidly in the 1980s, reaching about

19,369tons by 1984nd 24,547dns by 198. The total harvest of blue marlin during the decade
was divided among the longline fisheries (93.4%)ftnet fishery (32%), and other fisheries
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(3.4%). The ceepset longlines were the predominant type of Japanese cigtd@it operations
throughout the equatorial Pacific Ocgafiyabe and Bayliff 1987)The catch of blue marlin by
Taiwanese offshore longline fleets increased gradually beginning in 1980ingt@maverage of
about3,026tons for the decad€atches were also taken by Japanese coastal longline fisheries in
the 1980s, averag 3,098tonsper year

During the 1990s, blue marlins were harvedigdonglining (94.%6), drift-netting (07%),
purseseines (13%) and other fisheries @0). There was a steep decline in the driftnet catches
during the early1990s to a low levedlue tothe globalmoratoriumonalhi gh sesgzales | ar g
driftnet fishingin 1992.Since then, catch from ttenallscaledrift net fisheries are from coastal
waters of the Exclusive Economic Zones (EEZ) of each couifitstal blue marlincatches,
however, increased from 16,200 to 23,281 tons betweehat®D19%, but then declined in 189
1999 which reflectedPacificwide decrease®f effort in Japanese distamtater and offshore
longlines (Figure 4 inKimoto and Yokawa 2012 In contrast to the Japanese trend, the average
catch of the Taiwanese offshore longliners was relatively stable throughout the 1990s &gind 3
tons per yearCompared withthe 1980s, he Japanese coastal longline catch nearly doubled
1993 when it reached its maximum (2,037 to®)is increase could be due to the installation of
more powerful enginend implementingreel system andanonofilament nylon for main line
Duringthe 1990s Japanese coastal longline tegs varied between 1,000 andDQ&ons per year.

It should be noted a smamount ofblue marlin catches was also recorded by Hawaii longline,

troll and handline fisheries since the early 1990s (Boggs and Ito 1993; \&talh2005).
Furthermore, there has also been an increasing pattern in the catches from other longline fisheries
(i.e., Korea, China, Indonesi&rench Polynesiatc) since 1990, which contributed abodf2 of

the total catclfor the decade

From 20002009 94.8% of the bluemarlinwastaken by longlinerandan increase@amount
of blue marlin catch @) was taken byhe purse seine fishery. After the decrease in effort by the
Japanese disttmvater longline fishery durin990s, a large fraction of the blue marlin catch has
been taken by the Taiwanese longline fl¢87s2%)andother longline fisheries (35.3% for ke,
China, Indonesia, French Polynestc.)in the Pacific OcearThe blue marlin catchesached
the highest reported catch in 1993 where the reported catches totaled about 25,509 tons.
Afterwards, the catch decreased significatdlground 18,000 torendmaintainedat that levelm
20101 2011.
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3 DATA

Three types of data were used in this assessment: fispecyfic catches, length and weight
measurements, and abundance indices derived from logboaitservergata These data were
compiled for 19742011. Data sources and temporal coverage of the datasets are summarized in
Figure3.1. Details of these data are presented below.

3.1 Spatialand temporatratification

The entirePacific Ocean was used for the assessment. It was assumed that there was
instantaneous mixing of fish throughout the area at each quarterhsteémen the model. The
assessment started in 19'Although Japaeselongline fisheries have catch data timeriss
extending back to at least 1952, many of these records were obtained befaastivard
expansionof fishing effort throughouthe ocean(see ®ction 2.2) Abundance estimated from
spatially heterogeneous fishing effort may mepresentof the well-mixed population in the
Pacific Catch and size composition data were compiled by calendar quarter fror2ABI.1

3.2 Definition of fisheries

Sixteen fisheries were defined on the basis of country, gear type, and reported unit of catch
(Table 3.1). These fisheries were considered to be relatively homogenewitis greater
differences in selectivity and catchability among fisheries than temporal changes in the parameters
within fisheries. In the case of the Japanese distatérlongline fishery, two fisheries were
defined because of significant differences in data reporting and compbeafiore and after 1994
(Kanaiwaet al.2013).

3.3 Catchand effortdata

Estimates of totatatches in eacliishery by calendar quarter for 192011 were compiled
for fisheries F1, F2, F7, F8, and F14. Only annual catch data were available for other fisheries, so
for these fisheries catch by quarter within year was estimated dswtie of theannual catch
(Table3.2 and Figure.2). Catch was reported in original units, which was weight for all but F8
and F14 which were reported in numbers of fish.

Catch and effort data were available for F1, F2, F7, and F10, and were used to develop
standardized time series of cafpbrunit-effort (CPUE), which were assumed to be proportional
to population size and were used as indices ofivelabundance. Operational dated a spatial
resolution of 5degree longitude by-8egree latitude (5x5 t&) for Japaeselongline fisheries.
Monthly aggregated dataere used at a spatial resolution efiégree longitude by-8egree
latitude (5x5 data) for Taiwan longline fisheries. Observer data with a resolutionlexrée
latitude by tdegree longitudell data) were used for Hawdiased longline fisherieBetails of
sources of data used to derive these indices are described by the references cited in Table 3.3.

Delta lognormal generalized linear models (d€taV) was used to standardize CPUE for

the 19751993 Japanese longline fishery (F1) and a habaaed standardization model (HBS)
was used to standardize CPUE for the 12041 Japanese longline fishery JKRanaiwaet al.
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2013). The former method applied to data from 1975 to 1993 coedichain factors including

year, quarter, location, number of hooks between float, and others depending on characteristic of
the fishery. The la¢r method applied to dateom 1994 to 2011 uskthree model components,
fishing effort distribution (gear model), blue marlin distribution (hakptaference model), and
habitat distribution (habitat model). Generalized additive models (GAMs) were used to standardize
abundance ilices for Taiwan longline fisheries considering main factors including year, month,
location and number of hooks between float (8ual.20133). A zercinflated negative binomial

GLM (ZINB) was used to obtain a standardized abundance index for the Havgdine fisheries
considering main factors including year, quarter, set type, bait, and sea surface temperature, and
interaction factors (Walsét al.2013).

Six standardized annual indices of relative abundance wereogedefor four fisheries
(Table3.3, Table 3.4Figure3.3). A season was assigned to each index based on the annual quarter
in which the majority of catch is recorded. As for Japan longline fisheries, two temporally separate
indices were defined as years: 1993 and 19942011 to acount for changes of operation
(depth of hook), hookerbasket (HPB) distributionand targeted fish. Three indices (&6)
covering different time periods were separated from Taiwan longline fishery (F10) to account for
the temporal effect of the fishirground shift from the South Pacific Ocean to the whole Pacific
Ocean since the 1980s and gt in thetarget species from albacore to bigeye tuna since 2000.

It is noted that very low annual catches were observed before 1978.

Visual inspection of alindices grouped by fishery type revealed conflicting trends among
longline indices during the 197090s. The JPNEarlyLL index (S1) increased during 12993,
whereas TWNLL indices (S85) shoveda flat trend for 19711978 andadeclinein 19791999.

This slight decline was also observed in the of JPNLateldex (S2). After that, generally
consistent trend among JPNLateLL index (S2) and TWNLL index (S6) were observed. However,
there are conflicting tends between JPNLateLL index (S2HWdL index (S3) where HWLL
showeda steep decline. It was noted that there was a low coveragia tagobserver dataset in
19941999. The coefficients of variation (CVs) of these indices estimated from GLM models were
included to represent annual vailéy for each index.

3.4 Sizefrequency data

Eye fork lengths (EFL; cm) and processed weight (kg) of blue marlin for JPNLL (F1, F2,
19712011) and JPNRIFT (F4) were measured to the nearest 1 or 5 cm or nearest 1 kg at the
landing ports or onboard fishingpending on the sampling resolution. The processed weight data
were converted to round weighand all size composition data were compiled by the National
Research Institute of Far Seas Fisheries (NRIFSF), Japan (Kimoto and Yokawa 2013).

Eye fork lengths of fish taken by the HWLL fishery (F7, 12811) were measured to the
nearest 1 cm by observers on board fishing vessels (Véalah 2013). Eye fork lengths for
TWNLL fishery (F10, 20052010) were measured to the nearest 1 cm by crawb@aes onboard
fishing vessels and compiled by the Overseas Fisheries Development Council (OFDC) of Taiwan
(Sunet al.2012). Lengtk from OthLL (F12, 1992011),PYFLL (F13, 19962011) and EPOPS
(F14, 19912011)were measured to the nearest 2 cm.
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In thestock synthesisehgth and weightfrequency data were compiled by calendar quarters
and fisheries for 1972011. Length frequency data were available for seven fisheries, and weight
frequency data for one (Figure 3-484.c). Since not all samples wérgwn by sex, all samples
were aggregated into frequency distributionength frequency data were compiled usirgT
size bins from 80 to 320 cm for JPNEarlyLL (F1), JPNLateLL (F2), HWLL (F7), TWNLL (F10),
and EPOPS (F14) (Figure 3.4.a) and usingriins from 80 to 320 cm for OthLL (F12) and
PYFLL (F13) (Figure 3.4.b). To make consistent interpretation of population binning structure,
10-cm bins were complied for F12 and F13 because data were availablerfobids. Weight
frequency data were compileising varying binning structure from 10 to 300 kg to account for
the allometric lengtiweight relationship (Figure 3.4.c). The lower boundary of each bin was used
to define each bin for all frequency data and each size frequency observation consistedtagl
number of blue marlin measured.
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4 MODEL DESCRIPTION

The assessment was conducted using Stock Synthesis (MethothVa&t0@t and Wetzel
2013. Stock Synthesis is a sepecific, sizeébased, agstructured, integrated (fitted to many
differenttypes of data) statistical stock assessment model. The initial step in the assessment was
to establish the spatial distribution of the stock of blue marlin in the Pacific Ocean for which the
population dynamics model was developed. This was followed hifigiag available data inputs
to the assessment, including indices of relative abundance, total retained catch and dead discards,
and size measurements of blue mgdee &ction 3) These available inputs determined, to a great
degree, the structure tife assessment model, such as whether it was possible to incorporate sex
specific parameters, and the definitions of fisheries. In addition to the data, estimates of a number
of population characteristics or parametitat describe biological and fishepyocesses were
obtained from studies of blue marlin of the Pacific Ocean or estirfratadhe obervationsThese
estimates were included in the assessment as assumed or fixed par@haélergl.). Stock
Synthesis was fitted to a suite of scenarios usiagnethod of maximum likelihood. The value of
the negative lodikelihood from each of the scenarios was use@valuaé and compag the
results.

4.1 Stock Synthesis 3

Stock Synthesis (S$ 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 used primarily with groundfishespast years, application to tunas and other migyator
species in the Pacific Ocean has recently become increasingly frequent.

SS is composed of 3 subcomponents, 1) population subcomponent that recreates an estimate
of the numbers/biomass at age of the population using estimateguoél mortality growth,
fecundity etc. 2) an observational stdbmponent that consists of the observed (measured)
guantities such as CPUE or proportion at length/agel 3) a statistical seiomponent that
guantifies the fit of the observations to the recreated populasing likelihoodsThe model was
implemented using Stock Synthesis (SS) Version 3.24f (Methot;, ZWW®; 2012; Methot and
Wetzel 2013http://nft.nefsc.noaa.gov/Stock Synthesis_3)htm

4.2 Biological anddemographi@ssumptions
4.2.1 Maximum age

The maximum age bin in the model was 26 years. Thisdwved as thaccumulator for all
older ages. To avoid potential biases associated with the approximation of dynamics in the
accumulator age, thearimumlongevitywa s s et at an age sufficient
percent of a cohort) fish in this age bin.
4.2.2 Growth

Growthwasrapidin both sexeslt was assumed that there is little sexual dimorphism in the
first year of growth based on otolithicrostructure count§Shimose 2008, unpublished PhD
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dissertation)Sexspecific lengthat-age relationships for ages greater than one year were based on
metaanalyses of growth studies (Chagtgal.2013). Their hierarchical model with homogeneous
variance (HBHV) for females was used in the assessment because the estimatat@iggzme

(144 cm) was very close to tlstimatedmean sizg146 cm, CV = 7%)from Shimose(2008,
unpublished PhD disdetion). Sizeatage one from their HBHV model for males was
underestimated, so the HBHV model for males was refitted with theasage one constrained

to the fitted value for females (Figuel).

In SS the relationship between eye fork length (crd)age for the blue marlin (Figudel)
was parameterized as:

L, =L, +(L, - L, ) *A

whered and0 are the sizes associated with ages near the youmgastl oldesb ages in the
data,0 is the theoretical maximum length, akds the growth coefficient. In this assessmént,
was144 cm for bottsexesat age 1The0 valueswere 304.178 for femad@nd 226 cm for mage
at age 26K valueswere 0.107 and 0.211 for femaland mals, respectively. Thé can be
solved basedrothe length at age as:

Lz' L1

L, = L1+1_ o KA A)

The growth parameteis, L1 andL2 were fixed in the SS modélhe CV for age 1 fish was
assumed to be 0.14 for batkxesto account for variability in the sizes of fish observextra
variance of disparate timing of recruitmeand regional and inteannual variability in growth.

CV on age 26 year fish were assumed to be 0.15 and 0.1 for female and male, respectively. The
assumption of the larger uncertainty in the length atadged fish was consistent with ageing
study that has old fish sample (Hill 1986).

4.2.3 Weightatlength

Weightat-length relationships are used to convert between length and wBigatiate
lengthweight relationships indicated that efgek length (EFL) and weight (Wjelationships
differedbetween sexes (Brodziak 2013). The-specific lengthweight relationships are:

© EC pttpndAi 8 forfemales

w EC p&xmpmndAi 8 formales

wherew is weightatlength L. These weighatlength relationships were applied as fixed
parameters in the SS (Figure 4.2).

4.2.4 Sexspecificity

A two-sex modelvas usedor the assessment because of known differences in growth and
growth rates, expected differences in natural mortality ratestt@dbserved lengtveight
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relationships. There is no data on sex of individual fish taken in the fishEnesnodel did not
include sexbased selectivity, and the seatio at birth was fixed at 1:1. However, significant
differencesin the sex ratio of a cohomay be observed later in life as a result s#xspecifc
natural mortality ratessizebased selectivity, sexuaiyimorphic growtls on combination(s)
thereof

4.2.5 Naturalmortality

Natural mortality M) was assumed to be agend sexspecific. AgespecificM estimates
for Pacific blue marlin were derived from a metaalysis of nine estimators based on empirical
and life history methods to represent adult {iste and Chang 2013Ylales were considered fully
mature at age one, and females at age four. Afterare fully matureM wasassumed to be a
constant.There is no apparent secual dimorphism from agesy to one (Shimose 2008,
unpublished PhD dissertatiorg§ince there was no sexual dimorphism modeled for ages zero to
one(Shimose 2008, unpublish&hD dissertation)M was the same for females and males over
this period. A Lorenzen sizmortality relationship (Lorenzen 1996) was used to calculate the
relative change d¥1 between age 0 and age 1 (adult male) and rebtaleage 1 to represekt
at ag 0 for both female and male (Lee and Chang 2013). Female mortality is assumed to decline
linearly from age 1 to fully mature age to account for -siependent processes and aufst
reproduction. TheM estimators relied on a range of factors (e.g. lengtlage at maturity,
maximum age, growth rate, asymptotic length, environmental factor) based on the same biological
parameters used in this assessment-gageific estimates d¥l were fixed in the SS model as
0.42 yeatl for age 0, 0.37 yedr for age 1, (B2 yearl for age 2, 0.27 yedr for age 3, and 0.22
yearl for age above 4 for female and 0.42 yedor age 0, 0.37 yedr for age above 1 for male
in this assessment (Figure 4.3).

4.2.6 Recruitment andeproduction

Spawning was found by Shimosteal.(2009) and Suet al.(2009) to occur from late spring
throughout summer (Mageptember) based on gonadal examination for females. In the SS model,
spawning was assumed to occur in the beginning of second calendar quarter, which corresponds
with the begiming of spawning cycle. The maturity ogive was based oreSah(2009) but was
refit using the parameterization used in the SS3 (Figdjewhere the sizat-50 percentmaturity
was 179.76 cm and slope of the logistic function via2039. Recruitmertiming was assumed
in the model to occur in the second quarter (Apuihe) on the basis of model fit in early runs,
where second quarter recruitment gave greatly improved fit to fisheries 1, 2, 7, 10, 12, and 14, all
of which take age 0 fish (Tab#e2).

A standard Beverton and Holt stock recruitment model was used in this assessment. The
expected annual recruitment was the function of spawning biomass with stedpnesgi(
recruitment Y ), and unfished equilibrium spawning bioma3¢"Y{$ corresponding tdY and
were assumed to follow a lognormal distribution with standard deviatigiMethot 20052012
Methot and Wetzel 2013). Annual recruitment deviations were estimated based on the information
available in the data and the central tendehey penalizes the log (recruitment) deviations for
deviating from zero and assumed to sum to zero over the estimated peridias @gljustment
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factor was used to assure that the estimateehdomally distributed recruitments are mean
unbiased (Methatnd Taylor 2011).

Recruitment variability £ : the standard deviation of lagcruitment) was fixed and
iteratively rescaled in the final model to match the expected variability at 0.32. TheYoguod
annual recruitment deviates were estimated bySthdasease model. The offset for the initial
recruitment relative to virgin recruitmerR;, was assumed to be negligible and fixed at 0. The
choice of estimating years with information on recruitment was based on a model run with all
recruitment deviations estimated (192011). The CV of the recruitment estimates was plotted
and it was assumetthat data, especially size compositions (but other sources as well) provide
information about individual year class strengths to inform recruitment magnitude when the CV is
stabilized (Figure4.5). Thus recruitment was estimated during 22010 and usedhe SR
expectations for 2011. Early data also have some information on recruitment from early cohort
before 1971 and the variability of recruitment deviances often increase as the information goes
down back in time (Methot and Taylor 2011). The attempttevaelect the numbers of years for
which young fish can be observed for the early cohort and estimate these initial recruitment
deviances in the model. Five deviations were estimated prior to the start of the modey.€aine 5
period was chosen becauselganodel runs showed little information on deviates more than 5
years prior to the beginning of the data because of the fast growth before they mature around age
3. Bias adjustment was used to account for lack of information of data for estimation of all
recruitment deviations. This adjustment mostly affects the estimation of uncertainty not the
population trajectory.

Steepness of the stockcruitment relationshighf was defined as the fraction of recruitment
from a virgin population’{ ) when the spaming stock biomass is 20 percent of its virgin level
("Y"Y §. Studies indicated thétis poorly estimated due to little information in the data about this
guantity (Magnusson and Hilborn 2007; Castral. 2010;Leeet al. 2012). Leeet al. (2012) has
further concluded that steepness is estimable inside the stock assessment models when the model
is correctly specified for relatively low productive stocks with good contrast in spawning stock
biomass. Estimatingmight be imprecise and biased without gaeodtrast of data for blue marlin.
Independent estimates of steepness incorporated biological and ecological characteristic of striped
marlin in the western and central North Pacific Ocean (BrodmakMangeR011) was reported
that mearh was 0.87+0.05. De to the fasgrowing characteristic on the early life history stages
for both striped marlin and blue marlin, a fixed value at 0.87 was borrowed from striped marlin in
this assessment. It was noted that estimates are subject to uncertainty and fuktheed®to be
done to evaluate the estimate.

4.2.7 Initial conditions

A model must assume something about the period prior to the start of the estimation of
dynamics. Typically, two approaches are used. The first is to start the model as far back as
necessaryo assume the period prior to the estimation of dynamics was in an unfished or near
unfished state. The other approach is to estimate (where possible) initial conditions usually
assuming equilibrium catch. The equilibrium catch is the catch taken fran stdck when it is
in equilibrium assuming that removals and natural mortality are balanced by stable recruitment
and growth. This equilibrium catch was then used to estimate the initial fishing mortality rates in
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the assessment model. Since the modedext in 1971, the assumption for the first approach is not
applicable for the blue marlin. Equilibrium catch taken by Japan longline early fishery, which was
responsible for the majority of the historical catelas estimated in the moddihis allowed te

model to start in 1971 at a depletion level that was consistent with the data. Also, the model
included estimation of five recruitment deviations prior to 1971 to alloweguilibrium age
structure at the start of the model.

4.3 Fishery dynamics

Fishery g¢/namics describes the ways in which a given population is harvested by
commercial or recreational fisheries. Changes in fishery patterns resulted from changes in target
species and fishery activity (ex. locations), effects of various types of fishing, geats
environmental changes, etc. Two processes are modeled to describe the fishery dynamics,
selectivity and catchability. Selectivity is used to characterize age/tepgtiific pattern for the
fishery and catchability is used to scale vulnerable biomass

4.3.1 Selectivity

This assessment is structured to be-sggecific, with separate growth curves and natural
mortality for males and females. Because available size data were not identified to sex, the
underlying assumption of selection by sex is that fishegually vulnerable and taken by fisheries
in a welkmixed ocean.

The selectivity patterns were not constrained by particular parametric structures (Methot and
Wetzel 2013) and the influence of misfits of size composition was minimized in model dynamics
(Francis 2011). Flexibility in the selection can be through domed shaped and time varying patterns.
Selectivity pattern is fishergpecific and is assumed to be lenrgtsed for blue marlin because it
affects the size distribution of the fish taken bydkar. Agebased selectivity is also invoked that
allows age €6 to be fully selected for by JPNEarlyLL, JPNLateLL, HWLL, TWNLL, OthLL,
PYFLL and EPOPS fisheries. The JPRIFT fishery was considered to select ageslbased on
the size distribution of theatch (Figure3.4.c). In this assessment, selectivity patterns were
estimated for all fisheries with length and weight composition data and those selectivity patterns
were applied to the associated CPUE indices.

JPNEarlyLL was divided into two fisheries with two temporally separate indices at the point
in time (1993/1994) that size composition sampling changed, because the changes in sample
procedures provided the ability to account for known changes in fishaatjges. In the case of
PYFLL, two time blocks (time varying) of selection pattern estimation were used to explain a
bimodal pattern that was expected to result from a change of fishing patterns 84gjire

Different selectivity assumptions can have laigfiuence on the expected sifrequency
distribution and given the relative importance of dieguency data in the model, on the totallog
likelihood. Functional forms of double normal curves were usedlfffisheriesn the early model
run (model 1lin Leeet al. 2013 to allow for various domed shapes, as well as for asymptotic
shaped selectivity. A double normal curve is comprised of outer sides of two adjacent normal
curves with separate variances floe upper and lower limbs of the distribution, and it has peaks
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joined by a horizontal line. A fit to this selectivity implies that a fishery selects a certain size range
of fish (domeshaped selectivity curve). The initial and final parameters of tketsaly patterns

were assigned values-&99, which cause SS to ignore the first and last bins of the size frequency
and allows SS to fit selectivity of small and large fish independently. The four estimated
parameters describing dorsbaped selectivitythe beginning size for the plateau, the width of
plateau, the ascending width, and the descending width) were estimated by the model.

A cubic spline was used for fitting to size composition data for F1 and F7, since it was not
possible to obtain model lsions using the doublrormal functional form due to extreme peaks
in the sizecomposition datdlLee et al. 2013) The parameterization of the cubic spline function
estimates a starting and ending gradient and a selectivity value at each node usinthemgmo
function to connect the nodes (cubic spline selectivity curve). Given its flexibility, the benefit of
this function is not just to increase additional process but also reduce the potential misfit of size
compositions without introducing too many hig-correlated nodes. Four nodes starting at 80 cm
and ending at 320 cm with a total of five parameters were estimated for F1, and three nodes starting
at 80 cm and ending at 200 cm with total of four parameters were estimated for F7. This amounted
to oneadditional parameter in the selectivity functions for F1 and F7 when in comparison to other
fisheries.

Selectivity patterns of fisheries without size composition data were mirrored to (assumed
equal to) the selectivity patterns of fisheries with simgerations and areas for which a
selectivity pattern was estimated. Mirrored selectivity patterns were based on expert opinions of
members of the working group and were as follows:

JPNCLL (F3) and JPNOth (F6) mirrored to JPNEarlyLL (F2);
JPNBAIT (F5) mirpred to JPIDRIFT (F4);

ASLL (F8) and HWOth (F9) mirrored to HWLL (F7);

TWNOth (F11) mirrored to TWNLL (F10); and

WCPFCPS (F15) and EPOOth (F16) mirrored to EPOPS (F14).

= =4 =4 -8 -9

4.3.2 Catchability

Catchability ¢) was estimated assuming that survey indices are proportional to vulnerable
biomass with a scaling factor qf It was assumed thgtwas constant over time for all indices.

4.4 Environmentainfluences

The basecase model does not explicitly model an envinental series ocovariates
However, environmental impacts are indirectly included in the recreation of past dyrfiamics
JPNLateLL index (Kanaiwat al.2013 andSection 3.3)
4.5 Observation models for the data

The fitting to three data componedtstermine the value of the ldiggelihood function. They

are the total catch data, the CPUE indices, and thdreigeency data. The observed total catch
data are assumed to be unbiased and relatively precise and were fitted with a lognormal error
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distribution with standard error (SE) equal to 0.05. The small CVs were for computational
convenience to avoiding having to solve the Baranov equation iteratively in the multiple fisheries
assessment. An unacceptably poor fit to catch was defined as modelhémafitted did not
remove greater than 99 percent of the observed total catch from any fishery.

The probability distributions for the CPUE indices were assumed to be lognormal with SE
in log space, which was assumed to be the equivalent of the CV (ly[8€dkstimate) in natural
space described in each CPUE paper. A minimum average CV for indices of 0.14 was assumed
for each series following the modeling of a simple smoother on the CPUE data outside the model
and then estimating the residual varianceieSavith average CV < 0.14 were scaled to CV =0.14
through the addition of a constant. Series with average CV > 0.14 were input as given.

The probability distributions for the size frequency data were assumed to be multinomial
with distributions of theerror variance determined by the effective sample s&fN)( In
commercial fisheries, the sample measurements of size of fish are usually not a random sample of
individual fish from the entire population, rather they are a samples of clusters (trigis)or s
Effective sample size is usually lower than the actual number of fish sampled, since within cluster
variance is significantly lower than the variance in the population. To obtain random sample from
population, approximations of the clusters were iakkem an analysis of the relationship with
number of trips sampled in the HWLL fleet which found around 10 fish per trip for marlin (Piner
et al.2013). Thus for all longline fisheries (F1, F2, F7, F10, F12, F13), sample size was assumed
to be number ofish measured/10, and it was the number of fish measured f@RIFN and
EPOPS (F4, F14). The minimum quarterly sample size was fixed at 2.5 (i.e. 25 samples/10) and
the maximum quarterly sample size was fixed at 50 to restrict the influence of sizenéneque
model fit to the CPUE indices. Most sample sizes were 50 for F1, F2, F4, F10, and F14. These
samples were highly precise and exhibited little variability among samples within fisheries. In
order to retain the relative among sample variability wiigéing the models, a single iteration of
the model was made. The effective sample sizes estimated in this tuning fit were then reduced by
a scalar based on the regression (through the origin) of the tuning model run input sample sizes
against the estimatezffective sample sizes obtained from the tuning model run (MacCalt 2003
Maunder 2011).

4.6 Weighting of data components

Integrated statistical stock assessment model such as stock synthesis used a variety of fishery
dependent information. Data used In Pacific blue marlin assessm&rte CPUE indices and
sizefrequency data from various fleets. Because data are usually fit simultaneously and are often
in conflict about the information they provid
or importance of the data. Two alternat@pproaches are used to weight the data: a) statistical or
b) subjective. The statistical approach typically uses the maximum likelihood estimates of the
variance or sample size to measure the fit to each data component @elit007; Maunder
2011).Unfortunately, statistical approaches are thought to put too much weight on composition
data, often due to umodeled selection processes or variation in the selection process. This has
led to subjective weighting of different data components to balanpgaritize the information
from all data types (Fournier and Archibald 1982).
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A recent paper by Francis (2011) argued that indices of abundance are the most important
type of data and require special care to insure they are well fit in the stock asgessiel. The
importance of indices of abundance in population modeling is due to their being a direct measure
of the relative. In contrast, composition data are at best indirect measures of population scale that
require simultaneously knowing about thelestion mechanisms of the fishery and the age
structure of the population. Thus, they are much less informative about population scale.

In this assessment, index data were prioritized in the estimation of the dynamics.
Prioritization of a data componentthe structuring of a model can be achieved by increasing the
emphasis on that component or by reducing the emphasis of conflicting data components.
Reducing the contribution of a data component in the statistical fitting of the model can be achieved
through reduced model weightings (e.g. increasing the variance or reducing the sample size used
in likelihood functions) or increasing the number of parameters used to fit that data component.
Increasing the number of parameters (model process) usechig fittihe data component reduces
its influence, because the additional parameters give more flexibility to account for more of the
residual misfit, which is often the source of unwanted influence on estimated dynamics.

Because composition data are oftee cause of the problenkrancis2011), additional
parameters in the selectivity pattern process or weightings given to the composition data is often
the solution. Additional selection model process can takétheof time varying selection (e.g.,

F13 n Section 4.3.], more flexible selection patterns.g., F1 and F7 isection 4.3.}, or by
dividing the total data into more discrete fleets with separate estimated selection paterf4 (
and F2 inSection 4.3.1

Dataweighting is inversely retad to dataset uncertainty given to each data component in
the negative logdikelihood function. More uncertain dataset due to small effective sample size or
imprecise estimates were given less weight. The contribution of observation error to data
weighting is the variance in datasets attributable to random sampling of a population. Determining
datasewwe i ghting from variety of data source is
contains unknown process and mesleécification errors. However, totaheertainty in datasets
could be quantified with auxiliary information and statistical theory when these datasets were
fitting into a model.

4.7 CPUE indices included

A key assumption of the modeling is that the values in a CPUE series are proportional to
stock abundance. Those that are should be consistent and in relative agreement. If two or more
abundance indices show conflicting trends, then at least one of the indices is not representative of
relative abundance. All series considered for use in thesss®ent had strong and weak points;
therefore an objective method was used to segregate the CPUE indices into two separate data sets
based on a dowdveighting analyses and correlation analyses. These two separate data sets
presented two different populatidrajectories.

In the model runs for down weighting analyses, likelihood components for indices derived

from the same fishery were treated as one component with respect to inclusion or exclusion from
the base model, because it was considered unlikefyathshery would be representative in one
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time period but not another. Each likelihood component (excluding that for catch) was sequentially
downweighted in separate model runs. CPUE indices were determined to provide consistent
information if downweighting these indices led to loss of fit in the other indices. The results
indicated that the JPNLL (S1, S2) and TWNLL (S4, S5, S6) were consistent (T3blEw other

index including HWLL (S3) represents the different population trajectories after 1995.

Correlation analyses among time series of CPUE indices were examined. Unlike in the down
weighting analyses, indices derived from the same fishery were treated as separate components.
For example, two indices from two time stratifications (12893, 1992011) for Japan longline
fisheries were analyzed. Pearson correlation coefficigitaére interpreted as measuring the
association among pairs of CPUE series showing similar results withraeighting analyses
(Table 44). There is no strong correlatidf | O 0.5) among CPUE ti me ¢
corr el at”g<o0m), thebe.wdre psitive correlation among JPNLateLL (S2) and TWNLL
(S6) and negative correlation among HWLL (S3) and TWNLL (S5).

Based on the correlation and doweightinganalyses, JPNLL (S1, S2) and TWNLL (S4,
S5, S6) were fitted and contributed to the total likelihood as one candidate model (CPUE subset
1). HWLL (S3) along with early index from JPNEarlyLL1)So inform early population dynamic
was fitted as an alternagvmodel (CPUE subset 2). The authors note that having a priori
knowl edge of the fibesto representative index
survey) but given that only the fishery dependent indices of relative abundance were awailable,
selection process such as that used was necessary.

4.8 Diagnostics

Model diagnostics are useful in determining when a model needs additional or alternative
structure to eliminate model misspecification and conflict between compob&agsosticuused
in the assessmerre discussed as followskelihood profile of virgin recruitmentresidual
analysisand retrospective analysis.

4.8.1 Likelihood profile of virgin recruitment

Likelihood profile of global scale parameter become a popular methodgonodia where
conflicts in the data occur and if a low priority data component is too influential on estimates of
scale in integrated moddlseeet al.in review) To evaluate the influence of each data component
on the model 6s e st cahimg pagamaiely wascpeofileel pveraa ragde ofb a | S
estimates in the model. The profile quantified how much loss of fit to each data component resulted
from changing the population scale. Data components with a large amount of information on
population scal&ill show significant degradation in fit as population scale was changed from the
best estimate. In S, is an ideal global scaling parameter because the unfished (virgin) level of
recruitment is proportional to unfished biomass. The profile cons$tetning a series of models
with the In(Y ) parameter fixed (not estimated) at a range of values above and below that estimated
within the model. The range of reflected a plausible range in unfished stock.

Because SS is a statistical model that quantifies fit using maximum likelihood, negative
log-likelihood (NLL) was used to evaluate degradation of model fit. For each profile run, NLL
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was computed for each component. After completing all profile runs, eashmp onent 6 s
degradation in fit (DNLL) was computed by subtracting the components minimum NLL (best fit)
across all profile runs from the NLL of the component from each profile run. A separate DNLL

was computed for each datamponent in the model. A DNIELO indicates that data component

was the most consistent with that fixed population scale. The range of DNLL within a data
component and across all profile runs was the likelihood gradient for that component. The gradient
represented the amount of moddibmmation on scale from that data source given the model's
structure.

4.8.2 Residualanalysis

Residuals analysis is the most common mettm@valuate model performancehere
discrepancies betweehserved and predicted values are examined (Cox and Snell 1968). Patterns
in the residuals could be evaluatdglough summary statistics or directly, e.g., via plots. The
variance of the residuals between the observed and predicted values should atspdredcto
evaluate the statistical assumptions on which the observation model is based. If the variance of the
residuals differs substantially from that which is assumed, the weighting factors in the objective
functions are not likely appropriatdowever Jack of residual patterns is not a guarantee that there
iIs no model misspecification because the parameters may be estimated to compensate for
misspecification (Maunder and Punt 2013).

4.8.3 Retrospective analysis

Retrospective analysis is another common efighmodeling diagnostic if there is a
systematic inconsistency among a series of estimates of population size based on increasing or
decreasing periods of data (Cadrin and Vaughn 1997; Mohn 1999; Cadigan and Farrelhv2005).
types of retrospectivpatternswere defined historical and withirmodel (Legault 2009) The
historical retrospective analysis is conducted by examining the results of each final assessment for
a number of years in a row and determining whether there was a consistent pattern of
overestimating or underestimating assessment values in successive years. This type of
retrospective pattern can be caused by changes in the data, type of assessment model, or assessment
model assumptions The withinrmodel retrospective analysis uses tlame data, type of
assessment model, and assessment model formulatioe@eatedly eliminate one year of data
from the analysis while using the same method and assumpkiomsvithinmodel retrospective
patterns are most useful for determining an intem@nsistencyderived formthe data because
the only changes in the different runs are the number of years of data in the Goue.the
previous assessment was conducted in 10 years ago for blue marlin, the first approach is not
applicable to evaluat systematic inconsistency resulted fraecent assessments. In this
assessmenthe retrospective analysgsreferedto within-model retrospective analysis.

4.9 Convergence
Convergence to a global minimum was examined tgndomization of the initial pareeter
values based on sampling from a uniform distribution centered at the input parameter values of

with upper and lower bounds of-#0% and and a randomization of the order of phases used in
the optimization of likelihood componentdodels were refitted to these random changes.
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Improved fit (relative to the base model) would confirm that the model had not converged to the
global solution.

4.10 Sensitivity toalternativeassumptions

Sensitivity analyses examine the effects of plausditernative model assumptions or
configurationsrelative tothe basecasemodel results. The sensitivity analyggesentedn this
assessmerdocument(Table 4.5) are categorizethto three themes, including (Hataand (2)
biology. For eactsensitivityrun, comparisons of spawning stock biomasdfishery intensity
trajectoriesfits to the data ihecessaryandchanges in the fitted negative igelihood values
werecompletedThe attempt is talentify major source of uncertainty in the base case assessment.
The authors note that many additional sensitivity runs were conducted in the development of the
base case (e.g. bin definitions, initial conditions, alternative data sets etc.) that are beympethe s
of this papeto describe

4.11 Futureprojectiors

Deterministicstock projections were conducted Stock Synthesi¢SS)to evaluate the
impact of various levels of fishing intensity on future spawning stock biomasgedddMethot
and Wetzel 20135 Scalculatel the absolute future recruitment based on the spamecenitment
relationship anestimate spawning biomass and yietldat would occur if fishing intensity were
maintained at this rat@hese calculations utilizkall the multifleet, multiseason, sizeand age
selectivity, and complexity in the estimation modelpszducedesults that are entirely consistent
with the assessment result.

Projections started in012and continued through 20 under 4evels of harvest rates.
1 constant fislmg mortality equal to the 2068005 average Q@ O
1 constant fishing mortality equal i@ ="0
1 constant fishing mortality equal to the 26B911 average defined as current
(O W

1 constant fishing mortality equal {®

36



8/1313 BILLWG

5 RESULTS
5.1 Model convergence

There is no evidence of substantial differences inetiienate of the natural logarithm of
unfished recruitment (INY )) and total likelihood showing a better fit (Figukel) in the
randomization test8ased on thesesults, it is concluded that the model is relatively stable with
no evidence of lack of convergence to the global minimum.

5.2 Diagnostics
5.2.1 Likelihood profile of virgin recruitment

Results of the profile over fixed values of global scale parametéf j)for base case model
are presented in Tablel5Values represent thgegradation in model fit (DNLLnegative log
likelihood for each componenthe minimum component negative #lgelihood across profile
Value in parenthesis indicates trstimateof In(Y ) for base cas& he degradation in fit (DNLL)
was summarized into three groups: (1) a significant likelihood gradient (>10 DNLL units); (2) a
moderate likelihood gradient (between B) DNLL units); and (3) a minimal likelihood gradient
(<5 DNLL units).

The'Y profile tablewasused td1) identifyhow much information there is on scaling from
that likelihood componerty examining the changéslikelihood (DNLL) across different values
of 'Y (columns). A value of zero indicates that the data component fit best at that fixey In(
value and(2) identify where conflicts in the data occur &yamining the changes in likelihood
(DNLL) acrossdifferent data sources wheke is estimated (rows)

No significant likelihood gradieiwasidentifiedin profile analysis fothe base case model.
The moderatdikelihood gradient folF1 wasnoted in theY profile along with R and F12 All
other fleetyF4, F7, F10, F13, and F14) had minimal gradiehitselihood gradients for S1 and
S2 wereminimal and moderate, respectivelffhe degree of gradients for the most informative
prioritized index (S2) was similar to that for informative size compositioa (&t and F2). In
summary, the gradients of likelihood resulting from majority of-sim@position data is minimum,
and therefore the CPUE indices were influential in driving the model in the fitting process.
Furthermore, He base case modedsulted in an internally consistent model regarding scale,
demonstrated by composition component DNLL <3 units and index component DNLL<2 units at
the'’Y when estimated

The aurthors noted that much of the conflict between data components was resadlved
profile gradients within components were reduced by introducing more flexible selection patterns.
A more flexible norparametric selection pattern better approximated the peaked nature of the data
(seeSection 4.3.1), eliminating a significant portiaf the misfit that was responsible for the
profile gradientsrom the early model rumodel 1 in Leeet al.2013). Introducing time&arying
selection for another composition data component had the same effect, albeit at the cost of twice
the parameters. d80lving the internal conflicts in the model resulted in overall better model
performance as judged by the retrospective analysiset al.in review andSection 5.2.3)
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There will be situations where additional model process cannot easily be added and data
weights may need to be adjusted to prioritize datéthérbase case modehis was the situation
for the composition from ZE Additional model run using the cubic gpi for F2 improved the fit
to the season 1 and season 2 data but degraded the fit to the season 3 and season 4, resulting in a
stronger likelihood gradient in F2 than base case (results not shown). This medresghasonal
patterns evident in the comgtion data could not be improved with addition of a more flexible
selection patterrAn alternative solution would be tplg F2 into separate seasonaiferieswith
separate selection pattertunfortunately, this was not an option, because the primdex (S2)
was an annual estimate associated with F2 sizeAlgtaughsplitting the CPUE data was outside
the scope of thiassessmenthe location of population scale frotine F2composition data was
generally consistent with the other data compa&vitichindicaeda lack of conflict over scale.

5.2.2 Residual abalysis

The performance of the basase model was assessed by comparing input data with
predictions for two data types: abundance indices sanelcompositions.Abundance indices
providedirect information about stock trends and composition data inform about strong and weak
year classes and the shape of selectivity curves (Francis 2011).

5.2.2.1 Abundancendices

The model fits to the CPUE indices by fishery are provided in Figure 5.2 and5Tablée
fit to the CPUE indices were summarized into two groups: (1) those in which indices contributed
to the total likelihood, were influential to the dynamics with no@ansquareeerror (RMSE) <
0.3; and (2) those in which indices did not contriliotthe total likelihood.

The mse case model generally followed JPNEarlyLL and JPNLateLL (S1, S2), and TWNLL
(S4, S5, S6) with RSME < 0.3. The fit to these tuning indices were generally within the 95 percent
Cl. Since the majorit{>50-60 percentpf catch comes frortongline fisheries fo61, S2 and S6,
these indices were considered primary indices and thought to be the most reliable source of CPUE
as indices of relative abundance. These three models statistically fit S1 and S2 and TWNLL (S4,
S6)well with RSME < 0.2. These indices indicate a slight upward trend from 1988, show no
trend from 19821992, exhibit a moderate negative trend from 19988, and show no trend
thereafter. Although not included in the likelihood of the fitted modatiex HWLL (S3) was
included in the model to allow comparison of the fitted and observed trends. The model did not fit
S3 well, indicating that this index was not consistent with the other data included in these models.

The authors also note thsils of models resulted in a smaller RMSE for S4 and Sh tha
inputted CV The early model run suggest that rescale these two indices to RMSE would
deteriorate the fit to S1, a principal abundance index.

5.2.2.2 Sizecomposition

The model fis thesizemodes in data aggregated by fishery and season fairly well given the
estimated effective sample sizeffl), where mean and sum of the effective sample sizes from
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the model predicatiorere presenteiah theFigure5.3 and Tabl®.3, respectivelyEffective sample

size €ffN) is the model estimate of the statistical precision. Laeffétindicates a better fit. In

general, average statistical fits feffNO 30 i ndi cate reasonably goo
information.

Pearson residual plots are presented for the model fits to each size composition data (Figure
5.4), where the open and filled circles represent positive and negative residuals, respectively. The
positive or negative residuals are determined by the diiferdmetween predictions and
observations. The areas of the circles are proportional to the absolute values of the residuals.

The base case modshtisticalfitted the observations welkkspecially for fisheries with the
most flexible selectivity patternand large sample sizeBor all fisheries, precision of model
predictions is greater than that of observations for base case model (Balaled5no substantial
residual pattern when using the most flexible selectivity pat{&igsire 5.4) The greatestevel
of model misfit appears to be frothree fisheries, F2, F7, and F13. F2 and F7 had seasonal
variability in sizecomposition, and F13 had small sample siZBEse misfits to the size
composition datéor JPNLateLL (F2)ccurred at particular size bins indicating extreme peak of
distribution for season 1 and season 2 and overfit at the same size lsaadon 4Figure 5.3
and 5.4) The seasonal variability in F2 and Ffay indicate spatial variability in growth,
movenent of cohorts, or fluctuations in the catchability and/or selectivity of the Tikb.
likelihood profile acros® for F7 and F13 did not show a strong gradient, meaning that misfit of
F7 and F13 sizeomposition data would have little influence on nmadsults. However, misfit
for F2 indicates same level of gradient as primary indexgdB@g¢onsistent location of population
scalewith other data componengsee ®ction 5.2.1)

5.2.3 Retrospective analysis

Retrospective analyses for the base case model indicated that there was a moderate
retrospective pattern of overestimating spawning biomass and underestimating fishing intensity in
recent years (Figurg.5).

5.3 Model parameteestimates
5.3.1 Selectivity

The size selectivity curves from the base model are shown in Figure 5.6 and estimates are
presented in Table 5.40r most offisheries,domeal shapeselectivity patternsvere estimated
expect for the second period of F13, which is consistent with thetHfattavailable fishery
dependent data may not always cadtegesize of fish.Temporal variations in the selectivity were
captured by the time blocks employed for F13 suggetitimgelectivity of larger sizes of fish was
low in 19962002 and high in more recent years (22031). A relatively new approach for
modeling selectivity curves, using a cubic spline function over lemgtlonly greatly improved
the fit to size composdn for F1 and Fbut alsothe precision of parameter estimates describing
the descending limb of selectivity curves for F2 and F12 @ted. 2013)where selectivity was
estimated as dordeshape
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The base case modaleciselyestimated prameter obeginning size for the plateau with
small CV & 4 %) for fisheries estimated by double normal selectivity (F2, F4, F10, F12, F13, and
F14) however, among these fisheries, there is large uncertainty about the parameter describing the
width of plateauSomefisheriesselectecsmaller rangef plateausuggesting a narraavdomed
shape (FAF10, first period of F13, and Fjldnd F2 andthersselectedvider range of plateau
suggesting either a wider domed shape (F2) or an asymptotic shape (the second p&i8)d of
Size obervations were able to infoascendingshape for double normal selectivity for most of
thesdisheries with less precise estimates (CV < 20%) except fqnAi&eF13 had small sample
sizesand fewer observations in therge size of fish The least precise estimates of selectivity
parameters were in F7, whehe seasonality of size composition coa&suethe poor estimates
for all three nodes.

The estimated selectivity patterns for most longline fisheries are decidedly dmpesd for
the second period of F18Vhether this result reflects gear operations (such as depth, bait, etc.) or
is related to the spatial distribution of the fleet relative to thestrzeture of the population is not
clear. Additional work to address on a fineasal distribution of catch by size and associated
fishing effort should be considered to better understand the fisheries and improve their definition
in future models. A third possibility is that this reflects a bias in the size sampling process, but this
is thought to be less likely. Uncertainty in the life history parameters (growth and mortality) is also
influential in the degree of donshaped selectivity.

5.3.2 Catchability

Catchability coefficientd) was estimated in the model as a single value for each index
(Table5.2). Catchability was allowed to change through time by separating the time series into
two fisheries based on known changes in fishing practices of the Japan-wetamtongline
fisheries (F1, F2). Although CPUE indices are assumed to be proportiondhésable biomass
with a scaling factor o), this does not imply that the proportion of biomass taken by a fistyery (
biomas3 can be fully explained by dorshaped selectivity. In other words, highjgneans higher
availability to the fishery but canhbe directly interpreted as higher population biomass, since
the proportion taken is determined in part by selectivity.

5.4 Stockassessmenmnesults

Results from the base case assessment model were used to determine trends in population
biomass, spawningdmass, recruitment and fishing intensity of Becificblue marlin stockfor
1971-2011.

5.4.1 Biomass

Estimates of population biomass (ajand older) experienced a leteym decline during
19712011 (Tablé.5 and Figuré.7). Since the assessment moded hajuarterly time step, there
are four estimates of total biomass for each year. For presentation purposes, population biomass
estimates in the beginning of the year (season 1) are shown. Decadal averages showed roughly
115,160t during 197-1979, 19,448t during 19801989, D1,376t during 19901999,76,576t
during 20062009, and77,376t in 20162011
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Female spawning biomass also exhibited a declining trend during2Dda1(Table.5 and
Figure5.7). Estimates of spawning biomass are in the beggqaof spawning cycle (season 2)
averaged roughl$7,665t or 44% of unfished spawning biomass during 19879, 44692t or
34% of unfished spawning biomass during 19889, 39,822t or 30% of unfished spaming
biomass during 1990999, 25753t or 20% of unfished spawning biomass during 2@0M9, and
23,989t or 18% of unfished spawning biomass in 2eA@11 Precision of stimatesgradually
improved through timevith average®f CV = 27% during 19741979, 18% during 1980989,
13% during 19962009, and 15% in 2012011

5.4.2 Recruitment

Recruitment variability,( : the standard deviation of legcruitment) was estimated at 0.32
(see Section 4.2.@nd Figure 5.8 Recruitment (ag@ fish) estimates indicated a lotgrm
fluctuation around its mean (TalBeb and Figuré.8) around 881 thousand recruiRecruitment
was low n the early of time series (194D76)with averageof 697 thousand recruiseveral
strong year classes recruited to the fishenigls average of 984 thousand recrudtging 1977
1990following by several weak year classasd fewer larger recruitment evemigh average of
864 thousand recruitduring 19912010 Estimates were less precise during 19890 (average
CV = 21%) than during 1992010 (average CV = 17%Recruitment prior to 1990 appeared to
be from somewhat higher spawning biomasses and corresponds to generally higher levels of
recruitmentThe 2011 stimate was the expectations of the spawaeeruit (SR) relation.

5.4.3 Fishingmortality

Two metrics describing fishing intensity were used in this assessareat;erage fishing
mortality overage2 and older andemalespawning potential raticSPR. A weightedaverageof
fishing mortality over ag@ and older waspproximatedasthe difference betweeaccumulated
survivorsover agesvithout fisheryin log space and accumulated survivors over aggbsfishery
in log spaceFemale pawning potentiatatio (SPR is the ratio ofemalespawning biomass per
recruit given a particular fishing intensity
spawning biomass per recruit with no fishing (Goodyear 19835 a measure of residual
populationunder fishing and aomparable measuseith fishing mortalityis 1-SPR SPRhas a
maximum value of unity and declined toward zero as fishing intensity incredesugh SPR
may not be a straightforward measure of the actual mortalingorporates alaspects of muki
fleet fishing intensityand the life history of the stock with no subjectivity in the weighting of each
age and fisheryBoth metrics were estimated inside tBéock Synthesis assessment maddel
maintainthe consistencyf estimation

Estimates of fishing mortalityaferage on agesand oldey and 1-SPRshowedconsistent
patterrs (Table 5.5 and Figure 8. Estimatedishing mortalityand1-SPRare moderately lowand
gradually increaséom the early 19708 the 1990sincrease in the early 200@0s response to
highercatchegqFigure 3.2)and the lower levels of adult biossgFigure 5.4.1)after which they
have declinedo allow 23 percenof virgin spawning biomass per recraindin the most recent
yeas (20092011) Estimates for fishing mortality antSPRwer e pr eci E%andi t h C°
5%, respectivelyCurrent fishing intensity for this assessment was defined by the BILLWG as the
average of estimates from 2009 to 2011 to account for uncertashfiuatuation of estimates.
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5.5 Biological reference points

A suite of candidate Based biological reference pointfO( ,O , YO 'Y ) were
estimatedn this assessment whefes the instantaneous annual fishing mortality rate averaged
across age 2 and older &ERis the annual female spawning potential réfiable 5.6) The point
estimate of maximum sustainable yieldl(standard error) waglSY= 19,459t + 623 The point
estimate of the spawning biomass to prodM&Y and 20% of spawning potential ratio were
"YYO =19,437t+653and"YYO 5 26,324t 909 respectively The point estimatef 'O
the fishing mortality rate to produd&SY(averag fishing mortality on agezdand olderand™©C
the fishing mortality rate to produc®% d spawning potential ratioyere’O = 0.32+ 0.004
and'O 5 0.29+ 0.003, respectively. fie corresponding equilibrium valsief spawning potential
ratio atMSYwas"Y0 'Y =18% + 0.0005

5.6 Sensitivity toalternativeassumptions
The BILLWG identified importantsebsutuvutyruns (Table 45 andsee Sectior.10) to
examine the effects of plausible alternative madsiumptionsind dataFor each sensitivity run,

comparisons of spawning stock biomassifishery intensity trajectoriesere completed.

5.6.1 Data series
5.6.1.1 Alternativestock trend

The purpose of this sensitivity run is to exantimeeffect offitting to the HWLL index with
a recent trend that was inconsistent with the CPUE series used in the base caeiguoed.3.
The inclusion of théedWLL CPUE index produced a declining trend in spawning biomass and an
increasing trend in fishing intensity sinite early2000s(Figure 5.10).

5.6.1.2 Excludingweight composition data for JPNDRIFT

The purpose of this sensitivity run is to examthe effect of eliminating only weight
composition data (JPNDRIFT) used in the base case maéts. scenario was investigated
because the quality of the size composition data ftbis sources s considered to be
guestionable by some WG membé@fgyure 3.4.c) The results showed that the exclusion of the
Japanese driftnet size composition datadaégligible effect on estimates of spawning biomass
and fishing intensityFigure 5.10)

5.6.1.3 Excludinglengthcomposition data foPYFLL

The purpose of this sensitivity run is to examine the effect of eliminkimgghcomposition
datafor PYFLL used in he base case modd@lhis scenario was investigated because the quality
of the size composition data from this sources was considered to be questionable by some WG
members Figure 3.4.h. The results showed that the exclusion ofEhench Polynesia longline
size composition data had a negligible effect on estimates of spawning biomass and fishing
intensity(Figure 5.10)
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5.6.2 Biological assumptions
5.6.2.1 Natural mortality rate

The purpose of this sensitivity run is to exantimeeffect ofnatural mortality assumptions
Two model runsvereconductedo assune higher or lowenatural mortalityfor adult withjuvenile
M scaled as in the base casedel The highM scenario increased the natural mortality rates of
females and males from the base case mod6lbyear! and the lowM scenario decreased the
rates by0.1 year (Figure 5.11.a

Results for the higiM scenario indicated that there would be a higher level of spawning
biomass and a lower level of fishing intensity over the time series. Similarly, theNbgemario
produced a lower level of spawning biomass and a higher level of fishing inténgtiye 5.11.h)

While the pattern in trends in spawning biomass and fishing intensity were relatively similar for
the base case and alternatiWenodels, this sensitivity analysisdicated that the base case model
results were sensitive to the naturalrtality rate.

5.6.2.2 Stockrecruitment steepness

The purpose of this sensitivity run is to examineeffect ofsteepnesassumptionsThree
model runsvereconductedo assume higher or lowsteepness valu€b=0.65, 0.75and 0.9%
thanthe base caseh€0.87) Results indicate thatlower steepness produced higher estimates of
spawning biomass and lower estimates of fishing intensity (Figure 5.12). Similarly, a higher
steepness produced a lovepawning biomass and higher fishing intensliye patternn trends
in spawningbiomass andishing intensitywere relatively similar for the base case and alternative
hmodelsOverall, the basease model results showed lower sensitivity to steepness in comparison
to natural mortality rate.

5.6.2.3 Growthcurve

The purpose of this sensitivity run is to examihe effect of growth assumptionswb
modelrunswereconductedo assuméargeror smaller size fooldestfish thanthebase casea)( =
316cmfor female and) = 226 cm for malg In the high growth scenario, a 10 % increase in
for both females and males, while in the low growth scenario a 10 % decraaséoinboth
females and male#\ correspondindgrody growth coefficienK that is consistent with theize
atagel for thebase caswas usedor each scenari¢Figure 5.13.a)The third growth scenario
assumed that the growth paramaters for males from GHaalg2013) were representative.

Results of the sensitivity analysis indicated that spawning biomass was sensitive to the
values ofd andK and that the low growth and Chaagal. scenarios would produce higher
biomasses and lower fishing intensities (FigudS.H. The patternn trends in spawning biomass
andfishing intensitywere relatively similar for the base case and the alternative growth models.
Overall, the results indicated that the base case model results were sensitive to the blue marlin
growth curve parameters.
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5.6.2.4 Sizeat50-percent maturity

The purpose of this sensitivity run is to examimeeffect ofalternative maturity schedules
for female blue marlinTwo model runs were conducted to assume larger or smalleatshe
percent maturityl{ 5 179.76 cnthan the base cagEigure 5.14.a)The high0  scenario
increased the sizat-50-percentmaturity of females from the base case model by 0% 5
197.736 chand the lowd  scenario decreased the saeb0-percentmaturity by 1090 5
161.78 cm) Results for the high scemarindicated that a larger ska-50-percentmaturity
reduced spawning biomasses and incredshuh§ intensitiesKigure 5.14.p while a lowerd
produced higher spawning biomasses and lower fishing intensities.pattern in trends in
spawning biomass and fishing intensity were relatively similar for the base case and the alternative
maturity schedule©verall, the results indicated that the base case model results were sensitive to
the blue marlirsize-at-50-percent maturity

5.7 Futureprojections

Projected trajectory of spawning stock biomé&SSB andyield from 2012 to 2@0 were
shown inTable 5.7 and 5.8nd Figure 5.15 and 5.1%/hen current’© 'O plevelis
maintained, the stock is projected lte stable aroughly 26,200 t by 2020, which is above
spawning stock biomass BtSY level. If fishing increases tdSY level, the projectedbSBis
estimated to have gradually decreased and by 2020, it is about spawning stock bidvigs at
level. If fishing further increasae the20032005level (O ), the projected@&SBwould be below
spawning stock biomass MSY level by 2015.Conversely, fi fishing reduces t0"O | the
projectedSSBwould graduallyincreaseFishing at thecurrent level 1O ) or MSYlevel (O )
provide an expected safe level of harvest, where the average projected catch between 2012 and
2020is approximately abouSY.
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6 STOCK STATUS
6.1 Stockstatus

Results from the base case assessment model were used to determine trends in population
biomass, spawning biomass, dighing intensityof the Pacific blue marlin stock during 191#
2011. Estimates of population biomaasd female spawning biomasshibit longterm decline
trends(Figureb.7). Estimated fishing mortality and @PRgradually increase from the early 1970s
to the early 2000s and declined in thest recenyears 20032011).Current fishing mortality
was defined by the BILLWG as the average of estimates for-2009 to account for uncertainty
and fluctuation of estimates of recent years.

No target or limit reference points have been established for the Pacific blue marlin stock
under the auspices of the WCPFC. Compardd$&-based reference points, the current (2011)
spawning biomass is 29% aboXeYd and the current fishing motity (averageacross2009-

2011) is inferior to™O andp "YO 'Y by 19% and6%, respectively (Figure 6.1 ar@l?).
Therefore the blue marlin stock in the Pacific Ocean currently is not being overfished and is not
in an overfished state.

6.2 Conservatioradvice

Based on the results of the stock assessment the stock is not currently overfished and is not
experiencing overfishing. The stock is nearly fully exploited but recent biomass trends
suggest a slight increase in biomass. Becauserbarlin is mostly caught as bycatthe direct
control of catch amount is difficult. The WG recommend that the fishing mortality should not be
increased from the current level to avoid overfishing.
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TABLES

Table 3.1. Fisheries in the assessment of blue marlin. DWdistant water longline; OSLL
offshore longline; COLL coastal and other longline; DRIRThigh sea largenesh driftnet and
coastal driftnet; GN gillnet; HART harpoon.

Fishery Alpha Code Fishing entities
F1 JPNEarlyLL Japan DWLL & OSLL
F2 JPNLateLL Japan DWLL & OSLL
F3 JPNCLL Japan COLL
F4 JPNDRIFT Japan DRIFT
F5 JPNBait Japan baitishing
F6 JPNOth Japan other gears
F7 HWLL United States (Hawaii) LL
F8 ASLL United States (American Samoa) LL
F9 HWOth United States (Hawaii) troll & handline
F10 TWNLL Taiwan DWLL
F11 TWNOth Taiwan OSLL, COLL, GN & HAR
F12 OthLL Various flag$ longline
F13 PYFLL French Polynesia longline
F14 EPOPS Various flag$ purse seine
F15 WCPFCPS Various flag$ purse seine
F16 EPOOth French Polynesia troll & handline, HAR

I Australia, Belize, China, Cook Islands, Costa Rica, Fiji, Indonesia, Kiribati, Korea, Marshall Islands, Mexico,
Federated States of Micronesia, New Caledonia, Niue, New Zealand, Pap@uiea, Philippines, Samoa,

Senegal, Spain, Solomon Islands, Tonga, Tuvalu, Vanuatu, Vietnam

2 Ecuador, Honduras, México, Nicaragua, Panama, El Salvador, Spain, Venezuela, Vanuatu, USA

3 Australia, China, Ecuador, Federated States of Micronesia, IndoKegtiati, Marshall Islands, Mexico, New

Zealand, Papua New Guinea, Philippines, Solomon Islands, El Salvador, Spain, Tuvalu, Vanuatu, Korea, Japan, USA

52
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Table 3.2. Estimates of total catch (t) by fishery by calendar quart€®7dr2011.

Se F F F1 F F F1 F
Yr as F1 F2 F3 F4 5 F6 F7 8 F9 O F11 F12 13 14 5 16
19 189 28. 1. 12. 0. 26. 483 15. 0. O. 0.
71 1 77 00 2 00 5 3 98 0 00 0 .8 0O O O 20 0
19 166 28. 1. 12. 0. 26. 483 15. 0. O. 0.
71 2 74 00 2 00 5 3 82 0O 00 0O .8 0O 0O O 20 0
19 189 28. 1. 12. 0. 26. 483 15. 0. O. 0.
71 3 45 00 2 00 5 3 29 0 00 O .8 0O O O 20 0
19 140 28. 1. 12. 0. 26. 483 15. 0. O. 0.
71 4 41 00 2 00 5 3 05 0 00 0 .8 0O 0O O 20 0
19 254 52. 1. 13. 0. 50. 439 15. 0. O. 0.
72 1 68 00 8 20 7 0O 05 0 0.0 8 .8 8 0 0 23 O
19 224 52. 1. 13. 0. 50. 439 15. 0. O. 0.
72 2 13 00 8 20 7 O 07 0 0.0 8 .8 8 0 0 23 O
19 212 52. 1. 13. 0. 50. 439 15. 0. O. 0.
72 3 32 00 8 20 7 0 01 0O 0.0 8 .8 8 0 0 23 O
19 158 52. 1. 13. 0. 50. 439 15. 0. O. 0.
72 4 15 00 8 20 7 O 02 0 0.0 8 .8 8 0 0 23 O
19 285 52. 65. 5. 33. 0. 56. 550 18. 0. O. 0.
73 1 50 00 8 9 7 5 03 0 00 3 5 8 0 0 35 0
19 260 52. 65. 5. 33. 0. 56. 550 18. 0. O. 0.
73 2 66 00 8 9 7 5 07 0 00 3 5 8 0 0 35 0
19 166 52. 65. 5. 33. 0. 56. 550 18. 0. O. 0.
73 3 11 00 8 9 7 5 82 0 00 3 5 8 0 0 35 0
19 200 52. 65. 5. 33. 0. 56. 550 18. 0. O. 0.
73 4 19 00 8 9 7 5 59 0 00 3 5 8 0 0 35 0
19 249 45, 56. 15 12. 0. 40. 662 21. 0. O. 0.
74 1 39 00 5 6 .2 8 31 0 00 3 5 8 0 0 18 O
19 208 45, 56. 15 12. 0. 40. 662 21. 0. O. 0.
74 2 12 00 5 6 .2 8 52 0 00 3 5 8 0 0 18 O
19 174 45. 56. 15 12. 17. O. 40. 662 21. 0. O. 0.
74 3 05 00 5 6 .2 8 3 0 00 3 5 8 0 0 18 O
19 175 45, 56. 15 12. 0. 40. 662 21. 0. O. 0.
74 4 72 00 5 6 .2 8 93 0 00 3 5 8 0 0 18 O
19 158 11 19 36 19. 0. 37. 814 33. 0. O. 0.
75 1 53 00 66 55 4 9 91 0 00 O .8 8 0 0 18 O
19 126 11 19 36 19. 0. 37. 814 33. 0. O. 0.
75 2 92 00 66 55 4 9 86 0 00 O .8 8 0 0 18 O
19 161 11 19 36 19. 0. 37. 814 33. 0. O. 0.
75 3 48 00 66 55 4 9 91 0 00 O .8 8 0 0 18 O
19 118 11 19 36 19. 0. 37. 814 33. 0. O. 0.
75 4 80 00 66 55 4 9 62 0 00 O .8 8 0 0 18 O
19 146 10 14 49 79. 0. 44, 493 191 0. O. 0.
76 1 96 00 73 29 9 4 36 0 00 O .3 6 0 0 15 O
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Table 3.3. Available standardized indices (CPUE) of relative abundance for blue marlin in the
Pacific Ocean, where the highlights indicate indices were used and fitted in the S®8adease
assessment model based on the correlatiodawdweighting analyses. See Table 3.1 for fishery
numbers and acronyms.

Index Fishery Description Time series Reference

S1  JPNEarlyLL (F1) 19751993 .

S2  JPNLatelL (F2) 19942011 Kanaiwaet al. 2013
S3 HWLL (F7) 19952011 Walshet al.2013
S4  TWNLL (early) (F10) 19711978

S5 TWNLL (mid) (F10) 19791999 Sunet al.2013a
S6 TWNLL (late) (F10) 20002011
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Table 3.4. Blue marlin annual abundance indices developed for the SS&basaodel. Units
are number of fish per 1,000 hooks for all longlingices. Main season refers to annual quarters
where 1 = JaiMar, 2 = AprJune, 3 = JuhBept, and 4 = OdDec.

JPNEarlyL JPNLatelLL HWLL TWNLL

Index L
S1 S2 S3 S4 S5 S6

Main Season 1 1 3 1 1 1
1971 0.054
1972 0.058
1973 0.059
1974 0.056
1975 0.3330 0.053
1976 0.3295 0.062
1977 0.2474 0.051
1978 0.3993 0.053
1979 0.4565 0.158
1980 0.4682 0.131
1981 0.5483 0.136
1982 0.5462 0.124
1983 0.4389 0.121
1984 0.6967 0.129
1985 0.4762 0.145
1986 0.4919 0.119
1987 0.4822 0.104
1988 0.4593 0.112
1989 0.4760 0.119
1990 0.4626 0.106
1991 0.4433 0.131
1992 0.4535 0.083
1993 0.5674 0.122
1994 4.296 0.125
1995 5.040 0.639 0.089
1996 2.664 0.660 0.091
1997 3.959 0.569 0.081
1998 3.619 0.559 0.078
1999 2.883 0.229 0.096
2000 3.104 0.515 0.203
2001 2.702 0.385 0.220
2002 2.556 0.230 0.187
2003 3.033 0.311 0.253
2004 3.560 0.267 0.246
2005 3.300 0.207 0.312
2006 3.375 0.300 0.261
2007 3.027 0.133 0.243
2008 3.037 0.202 0.210
2009 3.691 0.200 0.211
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2010 3.602 0.153 0.265

2011 2.972 0.187 0.224
Table 4.1. Key life history, recruitment parameters, and selectivity parameters used in the
population dynamics model. The Estimated column defines if the parameters were estimated
within the dynamics model, fixed at a specific value or iterativegceded to the models estimate.
Parameter (unit) Value Estimated

female: 0.420.22

natural mortality i1, agespecific”") fixed
male: 0.420.37
female: 144

length_at_1 yr (EFL cm) fixed
male: 144
female: 304.178

length_at 26 yr (EFL cm) fixed
male: 226
female: 0.107

VonBert K fixed
male: 0.211

female: 1.844ED5, 2.956
w=aLP® (kg) fixed
male: 1.37E05, 2.975

Size at 56percentmaturity (EFL

cm) female: 179.76 fixed

spawneirecruit steepness) 0.87 fixed

unfished Recruitment L) estimated
standard deviation of recruitment 0.32 re-scaled
initial age structure 5 years estimated
recruitment deviations 19712010 estimated
selectivity estimated
catchability estimated
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Table 4.2. Results of the test of seasonality of recruitment. Column headings are total likelihood
followed by the change in likelihood froseason 2 for each length composition component. A
negative value indicates better fit (highlighted in green), and a positive value indicates worse fit
(highlighted in red).

-Log-likelihood

el 1234
JPNEarlyLL 25.7 0.0 48.5 56.9
JPNLateLL 23.7 0.0 35.7 54.9
JPNDRIFT 0.1 0.0 0.1 0.1
HWLL 1.2 0.0 34.8 27.0
TWNLL 3.5 0.0 19 3.5
OthLL 5.6 0.0 12.3 14.6
PYFLL -0.2 0.0 -2.4 -3.7
EPOPS 0.3 0.0 3.0 2.8
Total 1078.6 1023.1 1152.6 11731
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Table 4.3. Results of the test of consistency between CPUE indices based on downweight (DW)
analyses. Column headings are the change in likelihood from the model where all the indices were
fitted for each index component.h@ blanks indicate very little likelihood contributions
(weight=0.001) to these components. A negative value indicates better fit (highlighted in green),
and a positive value indicates worse fit (highlighted in red).

Indices DW S1 S2 S3 S4 S5 S6
S1&S2 -13.2 0.0 -0.6 6.6
S3 0.0 -11.6 0.0 -0.1 -4.0

S4,S5,S6 0.0 54 -5.1




Table 4.4. Correlation matrix between CPUE indices. Lower diagonal values are correlation
coefficient and upper diagonal values indicate number of overlapped years.

S1 S2 S3 sS4 S5 S6
S1 (19751993) 0 0 15 0
S2(19942011) NA 17 6 12
S3(19952011) NA  0.36 12
S4(19711978) 020 NA NA
S5(19791999) 0.15 0.15  -0.48 NA
S6 (20062011) NA 046  -0.27 NA NA
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Table 4.5. Sensitivity analyses of the Pacific blue marlindsase model.

Data
1 Alternative stock trend: fit to JPNEarlyLL and HWLL CPUE time series (S1, S3);
1 Drop weight compositions for JPNDRIFT fishery (F4);

1 Drop length compositions for PYFLfishery (F13);

Biological assumptions

1 Natural mortality rateN!):
- low M schedule with aduM=0.12 females and adu=0.27 for males, whereg
juvenileM scaled as the base case;

- high M schedule with aduk=0.32 females and aduw=0.47 for males,
juvenileM scaled as the base case;

1 Stockrecruitment steepnesl)(h=0.65, 0.75, and 0.95;

1 Growth curve:
- Smaller fish: Length at maximum reference age t6 be = 205. Use a Brody
growth coefficient K that is consistent with thieeatage 1 in the base case;

- Larger fish:Length at maximum reference age to,be =225 cm. Use a
Brody growth coefficient K that is consistent with #igeat-age 1lin the base
case

- Use growth parameters for males from Changl. (2013):

1 Size-at50-percent maturityl(soe): Ls0w=197.736 crmandLses=161.784 cm

67



Table 5.1. Results of the profile over fixed values dRih{from base case model. Values represent

the negative logikelihood for each component minus the minimum component negative log
likelihood across profile. Changes in likelihood across different valuBs @dn be thought of as

how much information theres on scaling from that likelihood component. A value of zero
indicates that the data component fit best at that fixd)v@lue. Value in parenthesis indicates

the estimate of Iffy) when freely estimated. Data components designated by (F) are fleet
composition data, and those by (S) are CPUE series treated as indices of relative abundance.
Values are rounded to nearest integer.

Estimate Composition data components Index data components
of In(Ro) In(Ro)
F1oF2 Fa F7 ' DT Pl st s2 s3 sa s se
65 8 7 O 3 O O 2 1 2 7 0 0 2 1
66 4 4 0 3 0 O 1 1 O 6 0 0 1 1
67 O 1 0 3 0 1 1 o0 O 4 0 0 1 0
68 O O O 2 0 2 0 O 1 2 0 0 1 0
(6.86) 6.9 1 1 o0 1 0 3 0 1 1 1 0 0 0 0
7.0 1 3 1 0 1 4 0 2 2 0 0 0 0 0
7.1 1 4 1 0 1 5 1 3 2 0 0 0 0 0
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Table 5.2. Analytical estimates of catchability for CPUE indices, inputted mean variance by data
component (input CV+VarAdj) and model estimated mean variance for the base case where root
mean squared error (RMSE) is a measure of the statisticalHi¢ indices of abundance. Smaller
RMSE indicates better fit. The italics in parentheses indicate the indices were not fitted into the
model.

Index Fishery Description no of  Catchability Input VarAd Input+ RMSE for

years () CcVv | VarAdj base case
S1  JPNEarlyLL (F1) 19 0.000528 003 011 0.14 0.14
S2 JPNLateLL (F2) 18 0.003776 002 0.12 0.14 0.16
S3 HWLL (F7) 17 (0.000394) 0,07 0.07 0.14 (0.48)
>4 (TFVX(';')LL (early) 8 6.69E05 064 O  0.64  0.09
=3 ;I;/;-/(I;I)LL (mid) 21 0.000142 0.45 0 0.45 0.21
=6 ;I;/;-/(I;I)LL (late) 12 0.000363 0.14 0 0.14 0.17
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Table 5.3. Input mean variance by data component (Ndeenput) and model estimated mean
variance (MeareffN) where effective sample sizeffN) is the models estimate of the statistical
precision. LargeeffNindicates a better fit.

Fishery N of , MeanN input MeaneffN for

observations base case
F1 92 30.00 249.59
F2 72 30.00 122.38
F4 19 30.00 121.68
F7 59 14.50 61.35
F10 23 30.00 408.63
F12 70 26.49 85.14
F13 40 6.95 19.38
F14 82 30.00 209.53
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Table 5.4. List of selectivity parameter values estimated in thedaasemodel for the Pacific blue
marlin assessment.

Parameter Value StDev Estimated
Sizebased selectivity for F1
Gradient at the first node 0.08 0.01 X
Gradient at the last node -0.23 0.07 X
Node 1 (80 cm) -2.59 0.35 X
Node 2 (145 cm) 3.59 0.07 X
Node 3 (190 cm) 3.02 N.A. fixed at previous estimate
Node 4 (320 cm) -4.84 2.37 X
Sizebased selectivity for F2
Beginning size for the plateau 160.25 1.69 X
Width of plateau -0.78 0.62 X
Ascending width 6.31 0.14 X
Descending width 9.28 0.98 X
Sizebased selectivity for F4
Beginning size for the plateat 229.27 2.30 X
Width of plateau -12.40 86.02 X
Ascending width 6.45 0.13 X
Descending width 5.88 0.33 X
Sizebased selectivity for F7
Gradient at the first node 0.07 0.01 X
Gradient at the last node 0 N.A. fixed
Node 1 (80 cm) -3.58 32.37 X
Node 2 (160 cm) 1.64 32.37 X
Node 3 (200 cm) 0.78 32.37 X
Sizebased selectivity for F10
Beginning size for the plateat 174.63 3.55 X
Width of plateau -11.83 91.78 X
Ascending width 6.98 0.19 X
Descending width 8.60 0.43 X
Sizebased selectivity for F12
Beginning size for the plateau 172.63 2.00 X
Width of plateau -10.85 102.17 X
Ascending width 6.49 0.14 X
Descending width 10.09 0.60 X

Sizebased selectivity for F13
Time block for 19962002

Beginning size for the plateau 92.87 0.62 X
Width of plateau -12.86 81.40 X
Ascendingwidth -4.55 25.84 X
Descending width 5.48 0.17 X

Time block for 20032011

Beginning size for the plateat 181.84 5.86 X

Width of plateau 2.97 1.36 X
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Ascending width 6.87 0.32 X
Descending width 1.41 106.48 X
Sizebased selectivity for F14
Beginning size for the plateat 227.02 2.36 X
Width of plateau -11.86 91.49 X
Ascending width 7.25 0.07 X
Descending width 8.42 0.32 X

Table 5.5. Time series of estimates of age 1+ biomass, female spawning stock b&®fhss (
recruitment R), fishing mortality (F), spawning potential ratiocSPR, and associated relative
guantity from the basease model for the Pacific blue marlin assessment.

Female Relati : Fishin Relati Relative

soawni  ve  Relative veE  Spawni shing

Age P SSBto AgeO 9 P intensity

ng  SSBto , mortal to the ng
Ye 1+ >~ theMSY recruitm ;. fothe
: stock  virgin ity (F, MSY potenti
ar bioma . level ent i MSY
ss (1) biomas SSB (SSB/Sbr (1,000) Avera level alratio level (1-
s (SSB  (SB/S ! ge age (F/Fms (SPR

ng Bo) sy) 24) ) SPR)/(%

Y. SPRsy

L7 12022 07225 051 346 847.30 0089 028 0560  0.54
107 12544 04070 049 334 80642 0104 032 0508  0.60
157 12520 02340 048 323 79828 0120 037 0464  0.65
197 12219 00704 046 312 50800 0115 036 0480 063
107 1554 99190 045 305 59563 0114 035 0479 0.64
107 10023 90988 043 200 62533 0132 041 0420  0.70
197 10215 52992 040 270 102097 0146 045 0391  0.74
o7 10501 48518 937 250 91200 0161 050 0361 0.78
107 10543 40997 035 240 106316 0168 052 0358  0.78
100 10942 45129 035 234 86121 0166 052 0360 0.78
108 10046 45870 035 236 01249 0175 054 0346 0.80
108 10817 49342 034 233 116302 0186 058 0328  0.82
150 1082 44957 034 230 100081 0168 052 0358  0.78
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11469
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10576
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11003
11171
10956
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98429
91817
93541
95273
91717
88202
85703
80699
76674
74479
73811

70944
7

45491.

45907.

464109.

44906.

41604.

41289.

42069

43297.

43974.

43561.

41676.

38886.

36193.

36573.

35785.

36200.

34689.

32093.

29092.

25971.

23190.

22730.

21573.

7

0.35

0.35

0.35

0.34

0.32

0.31

0.32

0.33

0.33

0.33

0.32

0.30

0.27

0.28

0.27

0.28

0.26

0.24

0.22

0.20

0.18

0.17

0.16

2.34

2.36

2.39

2.31

2.14

2.12

2.16

2.23

2.26

2.24

2.14

2.00

1.86

1.88

1.84

1.86

1.78

1.65

1.50

1.34

1.19

1.17

1.11

860.05

841.97

1055.99

1055.66

1050.18

949.33

1022.74

987.13

950.13

907.48

810.39

888.77

845.18

994.74

579.93

830.63

890.59

809.60

874.90

1026.16

785.03

913.93

888.59
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0.194

0.156

0.188

0.259

0.224

0.190

0.167

0.176

0.203

0.228

0.234

0.264

0.176

0.198

0.201

0.196

0.256

0.301

0.321

0.382

0.328

0.362

0.325

0.60

0.49

0.58

0.80

0.70

0.59

0.52

0.55

0.63

0.71

0.73

0.82

0.54

0.61

0.62

0.61

0.79

0.93

1.00

1.18

1.02

1.12

1.01

0.321

0.385

0.329

0.233

0.272

0.323

0.363

0.349

0.302

0.266

0.254

0.220

0.330

0.299

0.294

0.296

0.235

0.194

0.181

0.148

0.176

0.155

0.180

0.83

0.75

0.82

0.93

0.89

0.83

0.78

0.79

0.85

0.89

0.91

0.95

0.82

0.85

0.86

0.86

0.93

0.98

1.00

1.04

1.00

1.03

1.00



200 72102 51701 016 112 71814 0273 085 0215 0.96

7 4
2go 72‘;52 23g02' 017 118  689.36 0261 081 0228  0.94

280 70294 23386' 018 121 117736 0279 087 0216  0.96

281 76289 22287' 017 118 70521 0271 084 0222  0.95

221 78262 24389' 019 129 82459 0232 072 0253 001

Table 5.6. Estimated biological reference points derived from theclbasemodel for the Pacific

bl ue mar |l i n aMS3be s snnle ncta twehse rmea xfi-basedreferensetpanisn a b | e
iR0O%0O i ndicates reference points corrdssghendi ng

instantaneous annual fishing mortaliéye, SPRis the annual female spawning potential ratio, and
SSBis female spawning stock biomass.

Reference point Estimate
F20092011 (Age 2+) 0.26
SPRoog2011 0.23
SSBoi 24990 t
Fmsy(age 2+) 0.32
F2o% (age 2+) 0.29
SPRusy 0.18
SSBisy 19437t
SSBow 26324 t
MSY 19459 t
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Table 5.7. Projected trajectory of female spawning stock bions&irf t) for alternative harvest scenarios. Fishing intensdy §
alternatives are based on 16% (aver2@@32005), 18% MSYlevel), 23% (average 2062011 defined as current), and 30Sseen
blocks indicate the projecte®5Bis greater thaMSYlevel (Y'Y6 =19,437t).

BevertonHolt spawneirecruit relation (SR)
2012 2013 2014 2015 2016 2017 2018 2019 2020

Run Harvest scenario

1 O ‘O p| 25269 23193 21518 20263 19354 18689 18195 17823 17540
2 ‘0 =0 25490 24142 22996 22106 21452 20968 20605 20331 20121
3 O 'O b 25924 26112 26169 26177 26188 26200 26212 26221 26229
4 O 26368 28264 29845 31139 32207 33078 33782 34347 34799




Table 5.8. Projected trajectory gield (t) for alternative harvest scenarios. Fishing intenst®y, | alternatives are based on 16%
(average 2002005), 18% SYlevel), 23% (average 202011 defined as current), and 30%. MSY=19459 t.

BevertonHolt spawneirecruit relation (SR)
2012 2013 2014 2015 2016 2017 2018 2019 2020

Run Harvest scenario

1 O ‘O p 25374 23546 22353 21548 20985 20576 20272 20042 19865
2 ‘0 =0 23296 22173 21412 20887 20519 20252 20055 19906 19793
3 0 ‘O p 19235 19154 19106 19078 19066 19061 19060 19061 19062
4 O b 14900 15542 16048 16442 16749 16988 17174 17318 17430
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FIGURES

Data by type and year
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Figure 3.1. Available temporal coverage and sources of catch, CPUE and length/weight
composition for the Pacific blue marlin.






































































































