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STOCK ASSESSMENT OF SHORTFI N MAKO SHARK I N T
OCEAN THROUGH 2022

I nternational Scientiflick€o®dmecites for
in the North Pacific Ocean (1 SC)

REPORT OF THE SHARK WORKI NG GROUP

17-2 4 o € 042
Victori a, British Col umbi a, Canad

EXECUTI VE SUMMARY

This document preX2dmMAt4SC t A RKWG@G@ | 4 tso cokf  a shse
shortfin SMAKGushiasr k) x(y mi n bea Nfoird hOPeawnmi ONBDY . &
i ndicator panéhbynmie2sd Iwba sand & sierdt esg roactke da,s saeege me¢
Stock Sy IB)dei s ng pcloantdfuoant n2ide&.si on of hi stori
and removall atfi v« ealewmmaddagn a & icrhdad X enging to r e«
and index data with the biological assumpti o
Bayesi &&ipaSteatSair pl us Production Model mfB&SIPM3t 6
status f20d8th 19914

Stock Il dentification and Distribution

Current and previous stock asSMAxperitseht ar
singl e, disi xedt sanvndkwehl t he NPO. Within the

suggest, based on the presence of neonates (
California Bight, and Bajra alsitf oorfniJag p aann)d. WwWR
Pacific indicates that female makos may have
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popul ation structure even i f male gene flow e
the di frf ebetnwean i Depar ate NBQOMAas dad & gtolr eP avoir fki
needed to identify the stocmki xdd uscttauake, ioar truwel
with varying connectivity as a riesstuilntcto fp afretnue
sites).

Catch History

Fi sheries have I|likely interacteelemwturhy,SMAn
certai-wWdryl powatr I I with the expansion of indus
fisheries msmpoafc tcsaticnh taerre hi ghly uncertain as
unavail abl e pri ogpetcoi f1i97 5r eacnodr dssp eocfi esshar k cat
1994 for key fisheries. Speci e498pebihieesseec at
catches are also uncertain given inconsistent

| ogbooks.

The previous assessment compddIEdarRdBilBhEs |
When updattimgowghod@®dRe cundemntt tasstesamemes f
peri odl9913975were substantially revised and re
than catuvubllegguent periods. This revision made
2022) i ncatpeemsreet f(GPYE and a deci edodel wasomhdeset
from-21092924. Wi t hin the modeled period, catch ge
per year in 1994 to ~80,000 individuals per vy
20280 2Ri gur® . E€atches in the modeled period c
fisheries though catch faooth ehaknemauwpnipamti aher
component of the catch in more recent years.

Data and Assessment

As a first step, a conceptual model was de
identify plausible hypotheses for sto&kydynar
uncer tRiiguniZesBSi ng the concepB3IRARM wesd ed e vaesl oap
mo d e | t he popu20az2t2i oinn farodrerl 9904 provi €at showhs

aggregated into a single fishery and the mod
(Fi gur3g E®8presenting relative trends i,andbundzes
USA. Popul ation dynamics are governed by a s
capacity, marxa tmeu no fi nitrrcrnesa sce | initial depletio
shape of the production function. Il nf or mati ve

based on NPO SMA biological char act erail sytsii css. i
Addi ti onal estimated parameters included obse

5
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Al ternate configurations of the BSPM were dev
Given that the BSPM simpl i fatpadsagteher pdp sl antuil @
devel oped to assess the possible | evel of bi a

An ensedBISPMef was used to provide stock s
Model s within the ensemble wemdudafi aord, baseas
catch, a&amd acnnldairade zed CPUE index used in model
final ensembl e i f t h(ey8 nopeft altZ)ntviee gpoacet cpdDsbee
across models wastoslkdstateharacterize

Future Projections

Stochastic future projections were conduc
SHARKWG used 4 a@Yeopa soeidt astcieonnar iyesrt é u¢ eimeu @tr o] @
NFED SMA: the average &X@dA802™M ati oN ratemnb,rom
Y ¢mp and the exploitation rate (M8Y) prod
Y . Future projections were conducted wusing
di stribution ofr BS®PMs modredrs. i Thehe forecast p

estimated values of process error from the mo
Key Uncertainties

Key uncertainties were identified through t
assessment mbeéelmodWhi leensembl e attempts t o i
uncer t(acianttcihe,s SCtPdJiEd b r dtlhergaglu gh  al t,erfnwatturve waori ko
research is needed in order to i mprove unders

T Stock structumal it mipttibenp BPiOtueas r ai se t he po

stocks exist depending on phet useivteeisooaf gen

T Biology (age, gaowt mat ue pt cadypoantigiadinst yuyncer t

di fferencemsetihrondapplgi ed , ' imited usilziedy o
i ndi v,i daunad sl i mi t ed Aageneahl dadtaican of obseryv
females complicates understanding of biolo
1T Popul atiohnsceaeaadeing trermdseidn CPUEHh atnlde cat
model ed period provide very Ilittle infor ma

T Popul at:iTdrerterenmde no fisheries that operate

NPO and there are nptborehandesbsbéadaverkegugaear
a challenge for model ing and indexing the
stock.

1 CattEhsheries rel aé¢pdramecdnt)aliist yun(cee.rgt.a,i n i n

to uncertaimttereactiinonhsowvi th sharks (retain

6
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di scards) are reported in commerci al |l ogbo
to the | axkkeoiff ispexcharsk i nformation for mar

Research Needs
Futumee®earch is needed to resolve many of the |
i nput data. Research priorities include:

f Scoping study to develop and evkilmumamer ka ¢
recapture (CKMR).

T I mproving &agiamg enettihmatse used for deter mini

f I mproving catch esti mates: Fishery removal
catch, dead discards, and I|live discards wh
all fleets wWhOSKAI nteract with NP

T Applying a joint spatiotemporiaip aoheet ysgpias i ocaf
representativeness of the index

1T Standardizing size composition if they are

fishery removals or the popul ation.

T Buidi ng on t he-stBrSPPdM uvarnedd asgiemul ati on -by dev
structured estimation model

Stock Status

The current assessment provides the best s
shortfin mako sharks($&MAM sthoscsk assassmenReshlo
respect to the management objectives of the V

( WCPFC) andAmehecdmt &@&ropi cal Tuna Commi ssi on
responsi bl e f®l amamrmagdmerkts afaught in internat
|l i ke species in the Pacific Ocean. Target and
pel agic sharks in the Pacific Ocean. ohntohis

maxi mum sustainable yield (MSY).

A Bayesspacsetptoeduction model (BSBHBprpsemmesneéem
theréehereeproductive capacity of this (ppul at
rather than s@aawninng habpneéanoes assessment. T
of SMA divided by the wunfished to@al huwmber (|
defined as the average-2deR2I. etEixpnd oo ¢ eutsiewln et rop &
describe the impact of fishing on this stock.
popul ation that is r¥movedilsy dfeifs miemlg.asRe hen ta
peri o@2020Q18

During -2B2g21peédedidaonft tehem model ensembl e i

7
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was estimat edClt:o dree di.HA9e 0 @UAYe,r van d st eadi |
ver tOme awds 0. €C0( 23 %M0a)b | tanks gude. ESI t hough
here are | arge uncertainties in t hetheestsitnoactke
ssessment are four standardized abundance in

]
0
t
a
and t;heduUusl | four indices indicate a substant
the assessment periodaviheg pompualcateidomprwas Itiok e
per(i b¥94a9fter which it has been steadily recov
prior to the modeled pesriacd dwastl ghkeéllynedudi sob
t hheat e 1970s wuntil it was banned in 1993, thot
unceasaspecies specific cat.chCdamdias tagret nwitt ha vt
trends in depletion, t he bex glraidtuatl il yn dreatr esa sWw
(954=0.000.409) in 1994 to the reYtent) esti Madea
(95CH=0.00.407). The decreasing trends in estima
the increase in estimated popul ation size bei
The medi an Oof r)ecresltatbD (e t o t He =0s.tSilmat ed
95%I=0.0070) was esti m&i=d 46Ol l(da B guaI =% ES
5. The recent meWian)ex el aitti atei dro 1t ditee e(st i ma
MSYY( =0.05,CI=905.99.309) was esti malt®.dQ 7 »apbel(e0 .E3A |
lanKi gurbSe. ESur pl us productioonf magelst ared apcp u

dynamics and can produce biased results if th
agetructured. gydhaxmi sl dctivities laokegHtha@amet e haj
maturity). Si mal atuindrey sUuggeaisgnisttances represe.
fishery and popud.agopmahaplkar a ntdeerxi ssteilesst( vi ty,
and increasing i ndices) , t he BSPM ensembl e

simulatutggaste® t haetsttihmmte has a positive bia
(medi abnhyajéegafeosiesk status from the model ens

SMA had experienced m@riharght d etvleed asntfda rdteasd fd ti i ke

overfished in the 1990s and RiOQOSe. ESI ati ve t

The following information oarparhei steatus of th
1No bi ®rased or f i sbhaisregd marntial iotry t arget r e
been established for NPO SMA by the | ATTC
2. Recent medi gne Ot i( Mhartoend t he model bende BIDI
(95C4=0.2300). The mnpecent $mddi gun o(es5C4
=0.4692) and the stock is Ilikely (66% prob
rel ativbasedMBE¥ference points.
3. Recgnt U (is ebtomatlee motel benbeChhBe ( 95

8
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=0 . 600.40%) . i 834 ti meCd=0(.9®BPR@ )jrand overfishi
of the stock i s l i kely not occutbriseg ( 9F¢
reference points.

4. The model ensemble results show that th

North Pacifiilx BMA ist oxzrk overfished conditi
occurring relative to MSY based reference

5, Sever al uncertainties may | i mit t he int
including uncertainty in caacth (hesbooiogy
reproductive dynamics of the stock, and t|

the stock
Conservation I nformati on

Stock projections of depletion and catch of North Pacific SMA from 2023 to 2032 were
performed assuming four differeharvest policies’Y Y LY ¢ Tt pand
Y ¢ 1 Rand evaluated relative to MSlyased reference poins i g u r6)e Bage®
on these findings, the following conservation information is provided:

1. Future projections in three of the four harvest scenariogs ,

- P,and s P ) showed that median D in the North

Pacific Ocean will likely (>50% probability) increase;only the Uusy harvest

scenario led to a decrease in median D.

2Medi an estimated D of O6#8Ani withel Neeth Pa

probability)mygemaitnheabnoevkedr t@inl yeaesari os
Ti{4 harvesutidreg raetas es byulFdvgaurr@s ES
3. Mo del projectproanduaatsiimrgy rmo dealr phays over

structured popul ation dynamics and as a re
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Table ESL. Summary of reference points and management quantities for the model ersfemble
North Pacificshortfin mako Values in parentheses represent the 95% credible intervals when
available Note that exploitation rate is defined relative to the carrying capacity.

Reference pointsSymbol Medi anC(95%
Unfished conditi

Carrying capacito (1000s s 12, 541-5(24 ,6186449
MSYyased referen

Maxi nsBwnst ai nabl e O (1000s 338 {11,33438)
Depl etion at MSY O 0.51-007@ap
Exploitation rat? 0.055 -00082Y
Stock status

Recent depletior©O
Recdeppletion rel®©O 70
Recent expleitat?

.60 -1{00QB
17 -1(.09.24 6
. 018 -0(.0.700 4
. 34 -1(. .00 7

o O +» O

Recent exprte;liataitTY

Y
MSY evel r

10
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Figure ESL. Catchof North Pacificshortfin makaby fishery as assembled by tBBIARK
WORKING GROUR Upper panel is catch in numbers (1000s) and lower panel is catch in
biomass (mt). The vertical black line indicates the start oAsisessment period in 1994.
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Figure ES2. Conceptual model fadorth Pacificshortfin maka Contour lines (warer colors)
are shown for the average annyalftp 6fp dhand ¢ (C sea surface temperature isotherms.
Background Bading (cooler colors) shows the depth of the oxygen minimum main&}{0), a
white isocline indicates a depth of 100m which could be limiting bas&bdh Pacificshortfin

mako vertical dive profiles.
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| |
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1&wwwwﬁﬁmﬁﬁ
S

Figure ES3. Standardized indices of relative abundaoicdorth Pacificshortfin makaused in

the stock assessment model ensemble. Open circles show observed values (standardized to mean
of 1; black horizontal line) and the vertical bardicate the observation error (95% confidence
interval).

13



14

F

NAL



1.00

0.75

0.50

0.25

0.00

0.100

0.075

0.050

0.025

0.000

2.0

1.5

1.0

Metric

0.5

0.0

1.5

1.0

0.5

0.0

3e+05

2e+05

1e+05

Oe+00

F

D
U
D/Dusy
Metric
D
U
D/Dysy
U/Unsy
Total removals
U/ Unsy

-'.\"h-‘""”"‘~"‘-—-“\~.-—-ﬂ\

Total removals

M

2000 2010 2020
Year

NAL

Figure ESA. Time seriegsolid lines)of estimateddepletion (D), exploitation rate (U), depletion
relative to the depletion at maximum sustainable yigI8Y) (OYO ), exploitation rate
relative to the exploitation rate that produces MSYy
(numbers¥or North Pacificshortfin mako Darker shading indicates 50% credible interval and
lighter shading indicates 95étedible interval.
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Figure ES5. Kobe plot showing the bivariate distribution (shaded polygon) average recent

depletion relative to the depletionraaximum sustainable yie(@SY) O 70 )
against the average recent exploitation rate relative to the exploitation ra&rat M
Y 7Y ) for North Pacificshortfin mako The median of this bivariate distribution is

shown with the solid black point. Thelativetime series of annu@) OO  versus
YXY is shown from 1994 to 2022.
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Figure ES6. Stochastic ®ck projections of depletiorelative tomaximum sustainable yield
(MSY) (OFfO ) and catcHtotal removalspf North Pacificshortfin mako from 2023 to 2032

were performed assuming four different harvasgpolicies: "Y . Y qgmp
% ¢ mtpand”Y 8The 95% credible interval around the projection is shown by the

shaded polygon.
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1. | NTRODUCTI ON

Shortfin (mMaMMs srhuas ko x wmriena@ahus ghly migratory
gl obal di stribution in tropical tenctcomme catea
inciddatahgyfishibgtbpkoagl one aRmed edsrtiofdbtn Sivkatt ef
vary historical |S$MA nhdaglw afl ii gtyi fd erseht irend .ati ve
andr etsai ned byeistohmer fas haertieersget ed speci.es or
SMAre currently uhdegesiaodedmbdbdoiweengdi whgsheci e
mamakehenmr e susceptible to Bighhag pnaArsgatredt b
by the same fisheries tlhat2 0i0®cnhivdeennetiaol nl yo ne nlcnotug
Trade in Endangered Speci 3 sdfedWiSIMIA Foanu M@ pamd i
international trade.

To address uncestavatyoabetutattubeotohigh sea
Paci ficN@Oxanre | nternational Sci elnitkef iSp eCcoimensi t(
created a Shark Working Group (SHARKWG or WG)
i nf or maotnidounc tt os tcoc kheasfsesissnemnft st he SHARKWG t o
t wo most commonly encountere@®rpehaglecblddarcihs,
I n order to assess population status, &GHARKWC
fisheries information on these key shark spec
fishery management organi zati orme, SrHAtRIKOMGa |l h as
conducted two prior asmmedss-masted dROINPFA s&MA
benchfmalrlkasseskment (2018)

After the completion of the benohmarhk isntda cckat
a healthy stlo®&, c2»h884)2®&n Pl enary approved a
benchmark stocKheassebsftlmdhhrta s htamg®dyears to re
stock assessment Isxcwiemdg imdrse twihmé et al sonduct
bet ween a@SIs®@CGs.m2Mm2 33 condition of the approval
SHARKWG conducbasediadalcpsios to monitor key f
catpcelrn-etf CGPt)E(si ze frequency from the base ¢
changes that could warrant expediting the nex

Foll owi ng btyhd SCe RWe sPtl enar vy, the SHARKWG <con
based analysis for SMA in the NP in 2021 basecf
and | engt {I1fSrCe g 2®RReli)BHARKWG concluded that no
abundance or fisheries dynamics were apparent
assesshiEsiMd mfsc RORUAl e
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2. BACKGROUND
21.Previous stock assessments

The SHARKW@dcondudt r §P Oa SibhA s2s0mebn tu soidnags each i n
anal(yls3G, . Th®13)015 analysis used a series of f

average |l ength (AL), to assess the response o
are usually straightforward to compuwthe tgnd ot |
observe trends which can serve as early sigr
indicators of stock status can be useful for
coll ection orAfareal yrtd wiad wifmogf kas heuwiyt i ndi cat or
SHARKWG concluded that stock dNtPODt SeVA(lodemdi sh
determined in 2015 because information on i mpc

for determi awemrgenséest&dstand there were conf i
SHARKWG recommendec . .tgloaata hmiad chng feodat al( fi shel
for use in the next stock assessment schedul e

The 2018 NPO SMA($tSCckdE@Bag k m&Sryimt hesi s (S
3. 2%4U)nt et att @ & tai-bcgamlo dadfdc h t o ti me series of
(i .e.., abumadansspEexciinfdiicoessifzieo nc odnapl b esleidh cad dt i st
frameWlhirk model ass-mmeddastboollen wkel NPO and
17 fisheries based ®axpfecsihfiincg gnractwtoka-t caunrgt dyse aar
rel at iwvennsehe @ st o account for SMAeAs BegHwodtt asmt noocrkp
recruitment relationship was used to characte
history infor maPtOSMAT e ambdpé ritddnes phNaAO Im@dl 1975
acknowl edged t hpeéer dadled(9139 T Swtalse hd grhllyy uncert ai
specific shark catch was wunavailable for majo
SMA stock to Ilikely not be owedeftgeshed anér ft
SHARKWG identified thatabiumpdramndceemes z@empdsit hieormr
data were needed for the rceumarieanetd ea sisrewsiestriieanit n t
respect to biological par ameters.

Asrftilner backgroundmodéhppgeatb, the csesrwenth
pl ans for the 2018 assessngeintennner eeyofbegitn {
| ackpescipesi fac@dPcWdBadar shar k4 p$8Cor2IMBAIE s
beginning in 1994 wer e unatbese stb® 9Ac®7/nPpadacighesast o
Liu, a2n0dl 8QPK &I and Kaveaiewa,evZa0lb®)ed after the 2
prep workshop in order to test modseplescibfeigci nsnhia
information prior towd99deveéhepedrby agepdaidngl
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speci fiicosSatAfcah tratcaalt(dshhamkd %Yo m t he Japanese |
sets meeting fi(lKaer iamg Keaq@itwavpesrRh8)Yy after i
CPUE that model s .weHoceweawdre, tiot ciosn vuerrcgeer t ai n h ¢
i S N®EfSMA dynamics given that SMA ild Ipeloipeowdd ot
tot al shaz% acfattctht gl~1shark catch -T9D9aif ialntder e
Kanaiwa, 20#88that the majority bodSHvihé cthothalves
di fferent I ife history and fishery interactio

22.Bi ol ogy
221. Genetic popuwicauiren

Current and aprsesisomnentstioakmewor ks have ass.t
singl e, di-mmt xadt aada dlewdPdb al | vy, mul ti ple gene
evidence of geneHeicstspat i al . st1@a®;6 uCBrcrhirggan aea
2018)However, the techniques used (microsatel!/l
to distinguish functionhO|I mi gmaepenpdentgeoeua
contaminat(Altllreerdirgnalwwd thhel phe NPOLIYXY here i s
suggedtased on the predestpmrmrotfur neonat essn épupe
Cal i f or;nHaan aBi gehtt aamld. ,Bal @9 Qaarlrief-onr nZaap;i pi ane@t a
western (waterKsai eadt)adf ReJcghHdird; r esearch sugge
part usiiothe coul d k®Bdveawtuhelderstsuobt parturition
California Bight and Bahia Sebasti(dmFVYiemd airreo
al ., .Re0s2e3a)r ch wi thin the FsavABfaiyc hianvdei cpaatretsu rtih
fidelity which could I ead to discre{€opopghat
et al ;hpwe@ ontoBr)e resear ch i s (nSecehdreedy taon dd dHeefiisrtm
availabbemaptpieamnsp ptoor t the differentiation bet
PacificC®rriagan bett nmdr.e wWdrlkB)i s needed to iden
NPO (e. g. ymixierdg Iset owdd,tlo@rk smwli tt ihplvear yi ng conne
femal es exhi bwittihn gdissittien cfti dpealrittuyr i ti on sites).

222. Reproduction

As mentilbe@eepgdr eéwi ous section, there is evid
parturition sites in tHoeweew@®stemumcamd awastyemrmem
of SMA reprodwrattiuva thiomml agy .bel i evexdg twa tdc cswrme
uncertainty 1iMnOPnéatet ekractand mCaigey, 1983; St ev
and Hsu, 2005; Semba et al ., PAP1#K0ozxem prcERS5N Za
caudal)appegth consiste@Pr atcr o3s. ocardanChasy nsl
Fl etcher, 1978;.J)8eaxdxdedndviesdut 23me5v)ie:nls ,a tl 9b8i3r;t
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and Hsu, 2008; Bleebahaend adidet 82¢0plplearz e t o be ~:
per (FRltateaher, 1978; Joung awidt hHssuo me2 0e0v5i; d eSnecnet
Si ze i ntchr emmasteesr(nkall e tlcehnegrt,h 19 7 8 Fe ntad neb aS MeAt mealt .u,r e
| arger siwethhbhengpahesat 5023 3InacmrPCly vH. t h@6
respectively fo(rSefnebnaa leetsMad n.dy gnRaflde”r ) occur i n s
with uncertai(nftlyettcohegi,t le9r7 8si dJleocung a.Bdt KMs u,

mating and parturiti((ml eteah erd,s 1c%M8t; thesggniboat rredtcs
i s di(sJpouutnegd a n dMaHtsiun g 2i0s0 5hy pot hesi zed to occur
(Corrigan et al .Fr &2m 1f5i;s Fracieadsh@aat .0 78i)) mul t an e
matgrireed males and females, a potenti al mat i n
| sl ands (near subtropical front al zone) i n t|
(DuchBamth262dalng adh@odH)gpygest that waters ne:
Ryukyu islands in the westTehremr eNRPRQG cmomuned elva da n
mul t-ggtleer ni ty (wdotrhriing alni tetterasl . ,.Re@pa6dudtiuvetc
includingndeperbsbdse believe@dSémbodeetnira htehrr eRetv
(Fl etcher, 1978,y elaorusn,g waintdh Hsaoume eZev0igdfeatc ep it @g n
occupy war mer waters i(nrSeembrl iedrF agoemba2d 1oin)g |

standpoint, altering assumptions related to r
pups e@ry amdiAor reproductive cycle) can signi
and the stockds ability to cope with fishing
223. Gr owt h
There is considerabl e udwcertaiadifyfi caultthiee g
the agei dodCallirameint |l vy, age determinpéaios 1somasi
whol e or sectioned vertebral centr a. However,

vertebwpal rbamer year. Avaklyabl e aTltcGhsderiaknesdnh (fO asshe
indiclhat-sebhand may be deposited at tlH{éeVelt aseeodf
al ., aa2a@1d)ne per year( Naotranslodrereti nali.v, d2@0 6 ;

Howe ysearmpliggens=s29 for Wells et al. 201 3; and n-=
Natanson amndageo@Od@phic rangé&evefr at het feuvudise s
not rule out a transiti omafirmromrdemudsdiAtrpddezHetrrwe ) e

al ., 2006 ; NatThes en i se etad den@ gudedt)r tdheapto shiatnido n
function of time but rather a structur al com
(Natanson whiah . cokl0d8)ead to underesti mates
Additionally, eamprse & oiwanr def ttheendut er edge of
under est i maltaersg eaf i(EBddsviiatpu aelts al . , 20.0M0;r eNat ar
general ly, sexual di morphism is obser(vRrdatwti t h
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Jr. and Casey, 1983; Natanson et al . ,, 2wWiOtéh C
similar growt hl eesat @isd bfeée walelmSOmtarh r RQLlg.h UsleB 0o f
frequency data to determine growth rates fron
t han btahsocesde sol ely oii Kaeer eé bradlot & gh@vbderhtaehb r a | a
studi es as spmanerd deppeo diatnedld per year.

Uncert aSMAgy owthh has been a known issue fo
estimates differ based on the sampl i-pnagi rilsac at
Additionpaily, depodi ti on was assumed t,onde dif
bawdhir per yEeaemba ¢taned Wae sttr2@MDi)t i onpdéirosn p e
year in the( Wealslts aeftt earl .a,g e2,05618gt iKn qn ntetyatetorally ,
for thevalaisddtwadk.y(202pinradv.i de a hel pful summar
SHARKWG effortls edses uaddediraecislss t he creatiremcef a
collection, enduddc deappitoptcihhg growtamdca2OlL8s
assesssment

Briefly, k €&y npeiyntesarbet osnu(nPnba4di)zed hlehre f or
2018 assessment used a growdrh Iciuarveer cce weall 0 pre
combined age and growth data from five verte
met hods) and t wo | en(gTahk af hraesghui eDeectyp iadl &t , & 2d0olwnyd e

t hat methodol ogi cal di fferences between the f
applied to vertebr dd SfCr,oRdtlBecj)a amme wmathadedanl
when icimnngb t het cagec cdoaumat f or met hodol ogi cal di f

in thepaibandeposititoaer. | Addgi thi ¢ malqleygsnecdy adsa tlaesnegt!
frequencliaksa hiars hti hneotd ed | .bu(t2 laa)her as addieti ona
l ength frequencies were convertedat o@agleébl)dat a

Il n preparation for the current assessment,

from Takahashi et al . (2017) by explicitly &
paragraph. Ki nneypaeitr ead a b a(n2d0e2add)i nugsse da clirt®€s s me |
vertebrae ref ¢ S€n ct@0 dd@lovhsepcetpiiofnab cal i brati on f
then applied to age readings$ ahdabnadnedaieth d abn tis
relative to a reference -pagirngc omentthso dwe r&®t acnadm
accordiendpmadrtihypothesis which corresponded t
eithervalhiedaSed (@gamdayxmmeéhlbdd & transi-paion frc

per year after(JaRg)e ngy) womermhbbagg ne b adé wembdbtamad
pair pRevegleapmenstpedi ftihe dalbi bration factors f
collection in which all 4 aging methods were
provi des evidence-pdihrat d mp dhgiptoia he®retsitffaancd h & n
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met hodol ogy wuserday( emagt. hod hekeepleaartds xmoa ré atbheen dc e
shadow mM8Cho&KQIInghcey et al . (2024) al soviiancar po
separate | ikelihood componen-at engéh, dheéagtuhsny
growth curvesrnaowtThi es tail maotweesd tgo be based sol e
i nformation.

Based on the updated analysis from Kinney
alternative growth curve scenarios for the cul
val i dgied methad)(haordex the fAtrueo-panent hodnd C
standardi zed all ot her | ab courtas rt ad etploiss t me
hypot hesi-pa(twopbang-parr tpeionygebhandafst eappalgi ed
datmadme juvenile shark survdyRuinrciteh emeéSsadd.lhsea2rd
incorporated into this scenari og nieiteheordec(o md s
face shadowombehote Atrueodo -pmathodamdrstdanaeaea md.i
l ab counts to this mepéiord.d elphes ictoirare srpaodaniedri Mygp ¢

per year) was applniced,daamd was Ilienrcd tuhd efdr.equ e
224. Maxi mum age

Rel ated to the i ssues idsessucersi bweidt ha bdoevtee rfnoirn i
pairs deposited in vertebfriane ca nmaxi mam a gng afcd
and existing obseevadsti omast ena.y Akei |l ity to det e
furitmpabyedhe | ack of | arge (presumably ol d)
caveats aside, maxi mum ageseaxe€Chbehbeard LbDchad?

NatansdnhOOgi)relctly observed maxi mum age values
be 29 in the norBti khag? Oe@d6i)adencttilcy CGocbesaenr.v ed ma X i
for females to be 28 and males to be 29 in th

225. Natur al mortality

Natural (mMygstaldffyculty twi tmeawturleardga exadadl e
Muci entes edt iakhareg@el 0azZ2ndnyuvail v a | ol =83na,l | siSM&A 1 an
163cm PCL, mean )siizne t=he8 hcomt @ sbe Aildé d thiacd C
accounting for the component of total Mmort al
estimates of ~0028 sMmméd iiTseou re@. Mye d (20Eé Yy ai c
approach tsopeddarfiivwa wsad augeaa ddirbrr a eMmbbiynhieegM i mat es
derived from empirical (HKdmdli oarsdch,i Qag ev, a thO Aa@ai)xu
(Charnov and oBergr(ilopnatnh, el 9a&0d. ,a c2c0lusint i ng f or t
scenarios: JP.afhhg aesudbf dg¢gsngihalt ecenal 2% of
(JP aging) or Of.olr33m&LUASS 7a g(i nR )& g(idwtdd) a goirn ). .2 0T h
di fference between average annual adult M by
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seen in observed ma¥Xeomuet agles e WE&eihd s ex\eeasr. age
M by sex using only the emgdiHaimed!| ameal GCtoipaed s R2i0
for females anmdheGel¥alfuers malreesponded to the
Nat anson emndared2z@@d6}) he di fference in adult

226. LengMeh ght rel ationship

A number of studies within four different
Pacific Ocean, nort hwest Pacific Ocean, and n
di fferenceweight heel ah®tbhweén p, byYy9&;x Kohl er et
Hsu, 2005; Carre-.nHoagivairn e¢etheasle. st2a@l&)xs did
mature females given the nature of fisheries
suggest that wup to maturity there does <ot ap]
wegiht or the growth relationship by sex.

22.7. Movement dynamics

Movement dynamics for SMA can be characteri
and their vertical movements. I n either cas:¢
(conventiloniatle )orwhseartee t he maj ority ofadsutludsi.ed
SMA are capabdeceadrdi ¢ apn@Geswgramsd Kohl er, . 1992,;
However cyréoirde¢mvenil es al ongoWwi-& & bHcadywel ibce esne a
observed i n( bMeodlhye & & ee naomadt h§, & RO Oi)s et Pati fi 201
Oce&peci Wwithl hythe NPO, redinddrmhey Shhad hkee eaxn Cal :
& California Current Large Marin Ecosystem dt
mi gr attriaoonksi ng hi gher seMadswmye dacet.t alhperre2 0idP ¢ s
evidence to ssggkst mecoemeatstdsegnr oONP Ot hteo e he cei
western NPO, and some movement f{Mamylt hetcahtr

Sippel20eltl )ddbwever, the | imited tagging data i
movement to tiselppestaer hnNPO®E1l)wester moNBROj] ngpa
of fisheries data also indicates a clagdairl tseas

foll owing higher g¢&aisetf.de DA DHH aPtOslo/ebs) s e d
fisheries data to show patttheer nvwse sitre rsnp aNtPiOa Iw hs ec

a transition from smaller to |l arger individua
Japan.

With regards to vertical movement, SMA exh
and cool er way etr(ssedbwrlivregd at et dad ., 2004; OO6Br i
et al ., 2011; Vawwdomasteta9bp  R2OAW®L I Naspegnd most
in epipelagicpwatdems marmthley niipnpge m GO0 t he wat e
(Sepulveda et al ., 2004; O6Briwentlandi Sesmada, d
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5000nmMCasey and Kohl er, 1992; Abals«cCGamreirns adt , al2(
2028ndaxm mum dayti me ameépehnlgdhdoyni mezelephtds ambi
tempef &8epuéeveda et al ., 20L0u4dc;a sVaeutdToh lest, sad @ @ 6 32t
t hladtwe mp egscaotud rde b eMulsiymi(2ddtimiggd etd S MA t hat transit
the cooler waters of the North PaciB)cspenansi
more time at SMAliteweed dept hsbheaermrepeapi dili webr ¢
per haps i sofant h exrgrivaxla tco re nhrfyeAsbsa sacta ld eept el ., 2011

228. Environment al preferences

SMA were observed to experience a wide ran
depth r-8dgwasud(o5 et) .alA nud2nbe® o0 gg-€KLUc d thlad He
the preferred sea surface temperature band ho
waters and wusually basd®&tohl|l welsheands Kdapend
Kohl er, 1992;.THguygsitagdiads ,b &9LDeldr di)onu nt de nsphearrakt se owca
waters with sea sld4-24 a(cleb a secngple reats fuayl e. 8, s 0260t.1~1a;1 . N
One tagging ssttbudpradaelme i(Gul f of Mexi co and n
suggests that when avalR¥Fabaed &SWdAi predeer ssawe
(Vaedo al . Tempe@iI@&Ga)Y ure may not be the only envir
horizont al di stributions of S MA. Given the |
consumpti on (rGataehsa nf cert SANMA 1990HdsB8éepedvedsggert
al so be a Vetmi a@ 0dyt3 dainlch.5 0 B(2 0 stu)gagldasatt di ssol ved
cocnent ragli mw3slml2/5L may represent a | ower envir

23.Fi sheri es
Given that SMA are encountered assatnclidreqltiand

fisherisedlielhaerrgiees i nteractions with SMA in t
expansion of t-wat draplanreglei e sftia®Phiheg di setasnti
| arsgeal e | ongl i ne fTias perni easn d( &«.0g .e,a) Ce¢hiaavteis @nl ss oi
the NPW@ever, | ascpke ca ff iscp eccaitecsh recor-1%$90oralsdhmag
with uncertain | evels of shark reporting in |

determine the exacftibmpaftkerso-IORGEemEd |-10%0 sninc
catches are more certain however uncertaintie
| ogbdlo lgsse. arsi-nfekt f i sher i enses hbostghuitdh ed rsinfatlnlet f i s
me s hf tdrgii | l net fishery, would have also intera
the western NPO in the | ateTh®e?76mmasthb stqhue dc e ti
fishery set at night 1in the ounpsp ebry 21J0ami aonfp e Chhei nv
and Korea typb\ailn yt meor@damttosfal e INP@bamvt, e s1 9093 ) S M4
interactions relative t o loarrea §ihtaedkmsi s BSdr \ae
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Japanese viensgseilrs tolpeeraeandaIMNRONnNnal 19806d Sek

However, givesahbtoheofi mbsedvedahptenhdi rod dper dtiis
i s unknown -riaft etsh easree craetpcrhe sreantteast itvher ooufg hSOMIA ct aht
t he fHisgleag-meamgari ft gillnet operaté/onns offarg

1524 and typically set nets at the end of the
(Nakano eA kbtegehsl1mdBatorium was placed on dri

| n ctehneNP®@longl ine fishingabgetednguthiad sdehbaiwdt &d
since the 1930s, though post Worl d-1Wabwrst | | | an
the dmodernd |l ongline fishRoygsaasn.d edvd abtaol rlizZeait)
of the fishery occurred in the {saette skT8 g wiatr
swor dXfiiphi as. gTha i-sudstal i iosvhery set matofnitghhet want
column using squid bait ggr0i0dr. tTd eapfdinsahdeaayfytrael
closure with additional restrictiosnsbgteamti alc
| ower ef f osrett. fTilasehgedreye p pr ed o mi mMhanrnt d wys) da ldhsesyes t
characterized by deePpi (| ~EBExnyjetd pfyit pmemps ewasd t
use -lwackcewns unt antgo smao nafhi | ame20adh np ri2no rS@taa y
was the bait of cappear $shwiotgohhaerabhan isfliiyisgh emiyl k f i
since 2021.

Il n the eastern NPO SMA has primarily interac
Baj a CallMefxarcnoi)aa A US domestic drift gillnet f
Sout hern California Bi ghAl owphedrggivaessntmoen it hir teis dl
species but swordfish and S MAHaneacm met. i dilh.e,r t A
fishery expanded nort bh@alt d$ otraminda rod & SEeonr eF rwa nt chi
Exclusi ve E(CHBmBa)w ce fAoonret ple%ad8(0dsd niam tehTehaahni WS 1 9 9
domesticgdrinet fishery continues to exist thc
A US experiment al drift longline fiockary efdon n
t he | aiteearll Y80V 90s wusing shadrowrsea ss Horltd m)o rac
t o t h(eOdbBoraiten and Swraatdeas, f1o09r® eltgtkiesd sfoinsaHdryy i n s

mo n tamsl |ferneggqtuhency data indicates 2 clear mode.
with very few i nrdb®ic dlu@®IEr ilear geerrd tSuwamad a 199/
There is a |l ong history of shark fisheries

shark catches as (eSoMNlaghiazakiheetbMAAlei A8BOR0) i o1
increased as fishing effordtevextoemead fodr tfhdre]
vessels in the 1960sscalned ddoenveesl toipcmelnotn ¢ol$Sied @ rfgies
Ni shizaki, eandlthe2020] opment of a US style
California whichHHolBdst d e uttae baCealtrent2l0Q 3
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theare three primary fisheries froBaMaxiCabifba
Mexiloc@3ed |[|Manzgatilngen ( Sibasted, | Megliicog¢, esand ar
Artisanal f i shisncgal(egilldmgelti naend rsenparlelsent s an
catch by Mexican fisheries in recent years. Wl
SMA represent a small composdémat kOagiréeBhMAosfe nsta |
~23% of samphed bmapl i(Ramédmaek ebat a@ahBasedOlbd)
sampl ed rleegnugetnichye sdeataar t i sanal fi sheries primar |
~100cmR&®Bi-Amar o et) .al ., 2013

24.Conceptual mod el

Based on the avail able biological and fisher
ma e | for NPO SMA following -VYVéhrea abtpr & o h &dwd e s c
summary of the FmagdeleBriise fslhyoownt hien mo d e | speci fi
either si deSeoctz.ipméwiNFO a gr adual of fshore (cy
subject to seasonal latitudi RalQswbohftbat ot hel
individuals are typicallAytem¢auntver engatii mgt lye o
in the central NBO®&ch.op.hlAr eds Hawas i6de of the |
envel ope for SMA &r @. Bd ¢ Mt iwfait et N Soa it the soefn t 3 5

seasonal northern extent, and wat er s283i;Det he W
Deckke)y,|l 2Ré&by representing a seasonal southe
be | imiting due to the shal l(advepdBeapnbd Lo f< t~hled O

Sect2i. Aih8re is no single fishery that operate:
of SMA, or that routinel yCenR®d@teep rdo dnacteudr eh efr

Figdr.e

The conceptual model is the foundational st e
thhrodebhppgoach and structure for the current a
sever al key uncerttahetNRO.iIi Stockneswmuckubsei plin
the possibility that multiple stocks exist de
(e.g., degree of male straying and female site
(g., mMovements and mating grounds) makes this
particularly as it relates to growth, maxi mum
the |l ack of observationgntierst @wvége nigeoméyl. e Hoaaen
it also implies either oar hsitgrhesnhga pdeainees e b & c hiav it
contact selectivity or availability to the ge
| arge fseemealae sdrtaomat i ¢ 1 ncfrod dsoewiinmogi mmaatt witrdalé iymo t r
I

ewaw@ld obser ved nmahxesrdwmeadgess!|l ectivity hypothes
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as their |l arge size (> 235cm PCL)t imayal mackoennteh
fishing -gbapedDemkectivity does reduce the in
of fishing mort-daregyeacyg saalae) fot hei descendi i
is freely estimated.

The c¢comoampettekalgci se al so identified key uncert
i nput s: catch and indices of abwempbaaeaeh) Fi sh
uncertain in the recent perdiosic arude rteop ogrntcienrgt a
and is highly d4dwerttaitnh ep-slpaeak fofc 1s9@eaaiked nf or r
fisheries. Additionally, catch information fo
Mexi can arftiisheray orhaCtlki nese |l ongline fishery)

are no fisheries that operate across the ent.i
that regularly capture and obsende alydr gedeamal
the status of the reproductive component of t

3. DATA

Foll owing devel opment of the conceptual mode
data in order to devel oAvaihlealclue r ecinatiecrhd s e is 8 ¢
abundiamaddext a considered for use 1in this stoc

AExtr @actalhoodfikxk s hees | sslsmmd a ibzaendda bzh e

31.Spatial stratification

For the purposes of the stock assessment, a
the issues idenmofdieptaigr )t handocmeap tidadlae wer €h
to those corresponding to records | ocated nor
32Temporal stratification

Annual (1JDeencueammbye rl 31) time series of fisheri
the terminal year. Mulcobinpl eéemedel ntitme pgewvied d
assessment . For consistency with pr2e0v2 20 uvga sap f

devel oped. Additional I-2y022a wa sned esweeali cepse 6 pcainwmea n
in early catches.

33.Cataddt a

Catches (mebnhdi{iortoombers of sharks) were pro
cooperatingTahBlachTdabbdFea g r.e T(he pri mary sources
|l ongline and drift gillnet fisheries, with sm:
trawl and recreational fisheries. Catches ar ¢
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l andingsaadd . di

331. Japan

SMA is incidentally caught by Japanese <coa
waters) fisheries. The majority of SMA catch
l ongl i neme sdir dira(rfigeCqg i.RIdid8m hor e and di saaet wat
split into two fgrschegi ¢ oama@@Ed)won hv ssnad-ll er ve
126GRY designated as offshGRle, daerde d ad(ig&dria,nvte sw
2023a)jhetsengiwbne fisheries wersetu(tShéseanat ag
(B) based on the .getanbecomffi qrwro&ktsi doretween f | os¢
seHBF O5 anedHBFeed6). | n 199 3nesthh a-nkdpgdmeshe rilyar
banned i n i nt(evinyaatoikcan & 2 Ov0aitg emaensehs ed-nleafrtgfeg s hker y
however still Qdmqesaet | digd wihtehrienf otrtee is stil | C
Japanes e Kfaiis haenrdi eyYano, 2023)

Japanded oYMA updated-meathchifghr selde 988 i dpénm e t
ol l owing the approach used for the 2022 NPO |
mamels h squi d -ld¥9 Z)t.n eRonrd 4tOMHei dgshr grei f ahaesupdn e«
rovided due to the | arge uncertainty in the
Fujinami a&domtled f2dr2 1tahe 20@2I12S Cl,P.O2EBEE2 fal sys, e sssp
ompositions from sciemddsghtine iofi(918NYk rasrdf @ar dtr |
urvey f or -1p9o8mdf)r ewte r(el 9a7p8p | i ed t o Japanese st at
o develop a cat-thdqBembasandékKaieos2D@Bhed cat
m m@ 16.056mtH h e s e easrte ntaotnesgnallelrab | tyhan t hose use

— -

0
ock assessment, but t he praeyv ihoauvse chaetecnh oevsetri
ven that it assumed a ratio of SMA to BSH
server or Ismersvhe ys qduaitda .d rSnfiatln g tbFj d antaarh s el t h

dopted for the 20RSOPO2@FJIHNasskswmeancctaned
0
2
s
S

Y O« un —“+~r~+ n O ~T uO —

-+
-

m 55 (1981) to 1, 76n8t f 1DBBIntitne dBBF&BBpao nadti nagl
3)kelsd i ma tfeodr scyantiecde td rfiifdsmery was mucilheasgnal | e
h drifitmaetd fciosnbemyd were much | ower than t|
essment .

For the gé&rR2pmarl 9®rdovi ded esti mated catch f
categorized by vessel tonnage and gear conf i
shatlsleaw 2) offshore aneedi,st3gntcovaasttaaridt llvarnt glrisr
| ongfliisnhee I B engeesdhr4i) f tt agd| bahde tortahper ( Kais,he20 23a; K e
Yano, . 2023)

The annual catch of SMA cauwaterhmyl dmglainrees ef

me
as
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was estimated using annual standafrodritz. e dT hGP Wk r
catch o$feshatmtedadevaaps esti mated ussatcai wo 2C0R BB
and -sdeg&Kmi, ,2023pkpctively. The estimated catct
m wuntialnd2@h?2n it graduall y drtcrienasreedc eanntd yreeaal
the continuous reduction ofsefti hisrhegregf.fort, e

The proportion of estimated total catch of

antdhlearmpes h dri ftnet fishery accounted for mor
except the catches in 2005 (83%) and 2022 (76
fluctuat edntbred wiexhhnddghout2®@he, pier i oadnt Ahtteus

thr 22 due to the trieslmpashodrof toatchi sbery.
3.32. Chi nleasiep e (Tai wan)
Tai wanese fisheries data were obtaifned pri

the d@alge tu(naL U)osgérypyeandf2pmeogmmadk damna | on
(STUHL)shery:sclaHe Itaurngge | ongl i ne fishery operate
mainly al bAconestiahal (Mmgeae temperate wianhegrs ar
bi geye tuna in equatorial waters. The esti mat
scale tuna | ongline fishery ranged from 0 mt
increasing to 183 mt in 2020,amd2z2BALDds.egluent 2|

Th®TLfLi shery operates mainly in coapobalt edat
by Chi nefsreonTa2Op20 t o 2027PLflaarsehecrayught by t he

333. Republic of Korea

Maj or shark species were sepaRapebdIlyi ¢ defntKc
|l ongline fishery in the NPO from 2013 to 201

amouonft SIMA recent years i s near zteir@n mRESsSsdIUEE
strengthened for Korean | ongline fisheries (e.
the vessel). Since there was no update at th

of ficial statistics submitted to the WCPFC.
334. Chi na

The BKIWG used official statistics prodvi ded

SMA or China as no working paper was provided.
335. Canada

Therwetiyst t | eatGeMA 0 O0sasmnaudkinl YClanadedsse fi s hehe
Il i mited overl ap bet ween SMA range and areas f

336. USA
There are a number of US fisheries operati
or Hawai 6i , whi c(hKiinnnteeyr aectt Tahle.s,b 280MA7h)er i es | nc
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based -sbabal |l owgl i nesworschfeiryh,t aa glédewaidooin gh a sneed f

targeting bigeye tuna, a California based | ol
greatly diminished in recent years), US west
shariktshiwn the US EEZ, and recreational fisher.i
of SMA catch comes from the Hawai 0i based | on

Catches for t heetUSa rHdsvesth &llid nobd @ \mi edse dw ebraes epdr
observer data and are defined as the sum of r e
alive that -reexlpeeasi ee(nmeec hpRohisimtely et. &l .cheas2dyh4gat c h
recons {McWCataickkrewas 2046y for20h2 tyeaasc QWMOts f or

compl ete obs®haldreotw ccvadrcehgevas hi ghest in the e
prior to a fishery closure isrett hredneeva.miside 2 0 O ¢
catches increase through 2017, after which a

catch to go down.

337. Mexico

Il n MeSMAao,e caught nmeadimldimgl eobnygltitnee f i sheri es
pel agic sharakngdt by awadn dfainath fi sheries. Mexi ca
were not avail abl tehNeartti iolna2 0 @C®.mmMS$isrsd ® n2 FmOG Aqu
(CONAPEPBhCaAs reported total catcheSssMAbyt ¢ hes mae mi

estimated using different sources of informat
tot al catches that have been ptuebd iusshiendg immo rteh ec
|l ocal statistics. Catches that were | anded in
the drift gildl net fisheries were tak8aeasanto

Ni shizaki .Re¢c erdot2q 220MA7/adt ches from Mexicods Pa
provi CONAPESEARATr nndeaneéez et. &Lla.t,c hz2G23Wer e aggr e
di stinct fisheries: 1) ftcrenifada séhred iBaj & r@ar iSft cart

catches, and 2) those from Sinaloa, Nayarit,hk
2022 the artisanal catch from these two fi she
artisanalkscaecle aalai |l able by state. Since 201"
attributed to artisanal sources is substanti a

338. I ntAemeri can Tropicall AT@yla Commi ssi on (

The number of SMAs <caught awaitluanal ep ufresre tsrh
bet wee202274nd was estimated from olbSsC rjv0elr8 ab y ¢
Some assumptions regarding wheerappltiee bagsat

temperate distribution, catch composition inf
seine fisheries in the north EPO. Esti mates w
Smal | purse wdimcd VYvdesel a,ref mro observer dat a,
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SMA bycatch rates by set type, year, and area
339, Western Central Pacific Fisheries Comm
Fl| esepteci fi c catch statisticenbfabSMRacatigltt Oick
from 195Q0nob RORRuding 1)l evetre prterveii adWeiA F/Ryld astt
manager (Paci fi.c TGhoemneuarnticthy ,stSPtd)sti cs Pppoai ded
New Gui Republic of oRallslandadw&oéomot used
benchmark stock(bBS€es2ma®a) heseOoda8ta were incl
because they were deemed to be from the NPO.

341 ndi aoed aafi ve abundance

|l ndi ces of relative abundance (CPUE) for S
coefficients of variation (CV) were developed
Chinese TaipeFi ghamabiIMexiTbe) SHARKWG consider e
abundance indices provided by SHARKWG members
was identified t ONRSWMAI stoarkploe ttlne adretqiurae el vy
however multipée wamei ddeeaetimhided for further

decided to set a minimum average CV of 0.2, ar

| evéhe model estimated CV was more precise th
The SHARKWG al so eval uatadda®ljewek e(2a@via3i)d la b |

suitability for inclusion in the stock asses

reresent at i Vleanrekse Cdtif3naldde gi ven the data going
data f r200n0 41 9a9r5e W8 dHawai ar ¢ u a2 0slhli ftto fbreo nf r200nd &

equatorial waters which are believed to be po
|l ack of any data from the temperate western N
alonghewodlehlhippgoach used (e.g., | ack of key <cc
deal with spatial shifts in the data) and di

assessment .

341. Japan

Using the conceptual mbdaell,artge oSHARKANG b edte
grounds of t heseldaplaonnegslei nseh aflilsohwer y and the di
Under the assummpedopoplbl| attiwweh Jiap ankeasteNRB@G®ad Il o
i ndex should bet heppvewlenhearbatbolmee too arhce U n-csehri nayg
stock hypothesis would be representative of 1t

To devel opsdthei s edtwhHeogdbook data from Ja
di stant water | ongline fishery was used to es
and central NPO oveil0 AKhae , p.e2r@203de ef rtome 19&80Bt4c h d
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caught by commercial tuna |l ongline fishery is
| ogboone rdea tfiaslitngr e dhe sihmpd e o BblHeekda@@o2mgTth e

nomi nal CPUE ofsefti |Idaetraedwassh al heans psattampar di z e
generalized | inear mixed model (GLMM) to provi
in the northwestern Pacific. Mhealauvhor af ioec mw¢
density in the moard d$®@®asmcmcadauntchdomgespianitahe f
changesBBeEthwesewordfi sh. The estimated annual ¢
an upward trend fdrbmed98dwhwanrd 1dremad unt il 2
slightly incredabedbes(SrJdorDANS HylMdwas det er mi n e
usiBaggyebnfor mati on Criterion (5%BIFRKXOFDWS HMdEMBn al t e
det er mi A& adeli Wlsnifnogr mat(i PINCdGCr ictoersiiamer ed i n a sen:

An i (SEEPFOFDWDELEM?)was al so developed wusing J
training(KasselRO0B@&Bs6asiest d odheggdp ne fishery that
sout hwest of the main Hawai 6i i sl ands. Sampl e
mod el indicated that this index would be a po

NPO. rAesstudiits i ndex was only considered in a se
34.2. Chi nleasiep e (Tai wan)
The conceptual model presnmmedi SHMAt Hast babed

the Chanpawsgetluehang(lLlTeL)shery operating north

targeting albacore tuna mostly in tempertate \
fishery fishomnigali nwanoegres .eqUuatdevel op an i ndex
model , the SMA catch and efforuTLdasai hgomesh

operating in the NPO north of by 25 AN from 2
releatabvundance for the CMATAAR SletN;Ta iup eit .ladDiwge 210
to a significant peaceianfalget eod mreg ot iISWRA iarn @i
to standardize the O@HUH,i sphr ecsaeungthitn go etrh el , nOUONOb eh
standar dsfzerMA CéPXUIEI baintneuda Ii nftleurct uati ons with tw

343. USA

Two data sources were aCBUEabhdi tes themd¥
based | ongl shetvewseltded)si ng the conceptual n
i denti fi edsetth aste ctthoer dneaeyp be more representatiyv
through 2020 and b) satellite taggimg aat adeimp
depths which <coulsdetcolionncgildienewiftihs hd emggp practi c
compari-ngtesat bh-sweemndseesth alkBdommvl 5s containing
appeared to srhatwe s i am dhatrrmorades; .h-g der tlsihah é ow was
to fishery closures due0t0c4 bwmwhd athc H i esdert ceadirant s ef
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available for analysis.

An ansituandardi zed CPUE indextf owadéewel &Jse Ha
with -tsepragoral GLMM model ( A0S Tl ) e cutsei dh haeso Pag epr alr et x
| sl ands Regional Obgem-200BuobgBamell PétRO®Phe, 2
analysis window was restricted rt ot ot h2i0sO Op earnido c
catchability changes that occurred in 2020 (e.
type used from saury to milkfish). The "Window
guarter of t hee nyoeraer rienp roeesdeentt tafta dvibel tod assu bt hi s
| argest individual s (bDeuicnhdgdaonede redt.e d wion it £feiss
devel oped, one WHiucahr t cé® 1 SDdst e Jeddn da laln 0 her 6 cor
(RQUSDELEc O)wehi ch contained the majority of the f
t he ddgereo di stribution appeared anomal ously

t ermi naH e yfeiamsmahdmodeked a generally increasing
t he model either declined or boaoassell paakomal
predictions were usédefmodehepreadegtedl| taltgei ¢
were | ater det ar ms$ h & deotdoedskoamgmocdaealchabi | ity ter
splinesnniRreg st anthadeai zAEYytibaAmvi ng t hese catcha
model ing the covariate as a | inear effect did
reduced the estimated CV to a mean ~0.33. Acc
the stoekta$sessmese indices.

The SHARKWG al fsios iemad eum¢tneddemi | e shar k sur ve
the Southern California Bight as a possible r

(Runci e et aald. (B268\V1 éFudrlelxdwas eval uated in a sel
344, Mexi co
Standardi zed CPUEhOMefxi SMA cpaedghgti ci 1 ongl ine f

NPOffnort hwestern Mexico was estimated for the
used data obtained through the M@xineamlpealeagil d
mode&lL Mappr e&dehndMandeéez et. allndi viodau3diPUEabhgl|l i ne

collected by scientific observersjfawéoesasalkhp
sea surface temper at yirrec |(USdSiTnog didstlsammdd ac f o 0 s,
area fished, guarter and fraction of night ho

estimated by appl yvindghmnadlysi sdeletsa) tmadeln st
of areal yzed peerviaolsiue wihteh |laocswi Gievaean otf h & hlea rsgeer i
shifts that occurred in the Mexican | ongline
decd dtehat tihreddwe xskawml d i anlsy nea hil.rnyslt wyd e d
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35.Si ze composition

Raw size compositions were provided by SHAR
rai sed these obserwsmddiofnisc twi zteh ec ecqma ocshie di Siex  d
observed measturfemd&ntl eumittas (THdl dgtelr,naAle | engt h
the I ength from the | eading edge of the first
which were subsequarstiingg domswvhenrtyeds pteca ( PEE, con
2018a)

351. Japan

Japan provided SMA size data fronfrsemetrmd
of fshoreseshabhgdvadalegi memaf most |l y coast & peadadt «
fromsear ch dathseh @ sileaw affssdotm é epp gl i ne survey, r e
vesssedrmkebserver progr am. Gener alhlikky j f toast dli s
s halsleaaw | on glvienses erhassds asatad | | o reg h i whebsetoeprenr aNP O ( w
of t he adnadtadIcihne)arger amounts of juvenseétes (<
l onglinevhi méoewlpeghiart etshe area east dfhethatdat &
juvenit@®s¥% of males and al most 100% ofhéremas es
while 58% of males and 4.-8%t of ohg mhBlnikism-keessie ar a

shall ow commer cieaghaifnilsyh ejruyv eanlisloe sc astncahl | er t har
mal es wehefl @davled ® wl most enDi feeyepuvenecéestr |
observed, depending on data sources even if t

same Rirx@aal e differented andi hpeapdtteporting
vessel s ared sredlssd ooveelk | ap of  tvhhee o peea msis dend i@ g af
damay expl ai n Tthheirse ddiofefse rremtc eappeamedam i diez ean
eit h&kn nistla@l | ow commer ci asletl alnodnignlg ndeadtraefeddae ecph

fishery. From t he pertshiee adsiame | oiv damamenvidal a
provildaerdgea vol ume, owh lotbesreu mbadri omfsd e asmpp| ¢ © nfgrl 0 m
resevaeescshel s have deteriorated in recent years
352. Chinas@ei (Tai wan)
Size composition data were available for t\
LTLC100 )Y@&RTd STAOLDOO GRT). The size compositi ol

converting recorded measurementusatti@nPCL Fosi 15
spanning from 1989 to 2019 in the NPO, f emal e
PCL (n = 116,281), and males ranged from 60 1t
LTLL from 2005 to 2019 siex®lsudednbl h,ed?) 3 wiin i wii
61 to 303 cm PCL. Size distribution analysis r
a prevalence of I mmature fish (female < 228
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proportion &fs ipmmeaetsursaisstaamabi |l ity concerns f
353. Republic of Korea
There are no size data available from fish
354. Chi na
There are no size data available from fish

355. Canada

Given the negktichibtbéerevalreohocsize data a
Canada.

356. USA

Size frequency data were avalémdhptlegdenmcya
observat iUsn Hafwarn dod eapmbta s@mds esth allolnogat i nePIlwR@FR t ak
obser v(eDu cdheBtaamteh et ®OInly 2@2Z4) ds twattahl Theenngg thhs
fork ((F&§ngarmd PCL were retained. These | engths
apropriate. Tkketaglgrsdgatbaitd eep wa ss eutn i driosdtarl i bah
was bimodal . Separating the distribution by se
individuals were typically. ¢gdifjocucayAseerna eadmopglaeg t be
size diminished greatly over t he emoedietliloend npeears
(e.g., cutting off sharks pri-loeadeor sl)ec&nad/gorani
use of elhet¢cobromigc mo

Size fr egweeadcsyo daavtaai | abl e for the US Calif
(Kinney et Sgixqgi f2i0cl79i ze data for this fisher.
f r o m -21091980. Port based size samfil9i9®mg bwas sa&lIxs ava
recorded FTby ohepsesajbbampl data were kept sepa

Size freqweeaecyi ldaaktlae f-iomd d phgerudfeenstinlee i ek ar k

i ndeRkunci e et al ., 2016)

357. Mexico

Sespecific | ength composition data were coc
pelagic | ongline fisheries based in Ensenada,
and 2022. Observed measurements giRE@IL wsi ngot
avail able specific conversion equations.

358. | ATIT BdnSC

There are no size data avilas$Cabl eetf s omp d 1 &th

| ATTC convention ar ea.
359. WCPHMWNdnSC

There are no size dat a anvodiSICa bfllee eftrso no pfeir saht ¢
WCPFC convention area.
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4. MODELI NG APPROACH

Modeltiomdg prudctdipsltei nct phases. The ,i nantd afli rpsl
phase of twaes damalbyusiilsd, on (tlhSeC, 2 @08l Sch® daenk & me nt
integr-atedctageedS SroMeetl h cutd | gt za@T he 2p0rlic3piots ie dl
model perioadl 2Wa sa ndupshattiesdher y data (e. g., cat
and CPUEanddiadds} i onal f i sherpya osvti rdieat wrye StHOA Rn
membdhs s modeledvotud de el airse a nuwnmbae rhiocefr, asrccehn a
corresponding to key uncertainties identified
hierarchy wouladn dh &\l ee wthénalm evsotud cdk hav e dregv etlooped
di fferent caobmbnidhaandcieces depending on the hypot
next l evel of the hierarchy would have been
reproduction, and steepness)

A key decbSHARKWBY dehelSGBodgl t was to remove t
(191799GCGRHRUE index from the model gi ven 1tThha sc on
deci sion was madewee le@pndyniitn bneocdaee appab8Bt ver
mo d,elas c owafsi qutnaebd eeconci | e t he dlpddadt eadn dc a tncchrees
throud®e28X? 220809 9CGPUE trends, (amdr eaasssiunnge)d bi
charactler iosrtdiecrs.to try and find a viable conf
integr-atedcageed mddrelcti mt ®ed alRr ddecti on Model
t hSesSB8r amewor ISSRDMe | frwlhls fsied (e.g., fisheries t
aggregated into a single f i sweerghets pdleafciendi ta ro
composition to get reasonabl e estimates for
ASPM coafign alternative finshimdFpoanuoadl mogprs| (s
year s (e. d9,7BLAPXM4 were tested and none vyi el
Addi tionally, given the wuncertaingueatirensat e
attempted where the F values required to the
(hybrid Mepphroadaclhr;. 3gndrWemhzeerle, F2 Wlald ues were fr
estimated by fittiNreg tthert lod d atecshe wiptph oearcrheers.

Foll owi hgveéedhtisdat iSWHBRiWas unable to use the
stationary production function given the bi ol
increasing indices. The SHARKWG concluded t ha
function usmmlgi dcd étomsStRMomeeh e f ol |l owi ng was | ik

T The i n€P&&Es einmdydd r ec mdeerry a st ationary pr
hypotthleesisst,ock must pr evlihceusdflyerheaarl pepear
cat dlpd®|9anender r ep orstiendc/ee stthienyatneus t hav
enough (anglod®&aT4gechebanto cause tihe popu
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t he earanyd pseurbiscedquently recover.
T The cat ch coutlhde bter ecnodrsr eiicm dtalmeédsh B wwd an ge
T The assumed stock productivity (e. g.,
reproductive cycle & steepness) is wrong
T The stock produstiadonhohangti bncreasesn in
both be correct aardr ysitnogc kc appraocdiutcyt i hva ey /i
due to ecosystem changes.

Gi ven t he uncertainties i ndoednet| ei knege d i sdeu,r i n Y
acknowl edged that both the catch ainda pp rod prgii at:
The SHARKWG consi der dd dtrddeb @ nmao «ta sp Inagu CiPlJIEe g i
was seen i n iimdiegesn dcdrattddyd faupsa mn, g-T@h ipree seand t he

Further investigat-sbatobnar ynmopdedtdwectihom fmwmct
of I'imigiedcertiid iwgoguld be difficult to evaluat
Despi tregeuhatl &y -109f9 4d,a ttah ep 0SSSHARKWG det er mi ned
in a data | imited speadipeescofticchu ea dtdd &Pl aa kd o

uncertainties in the <catch, CPUE andapedl!l ogi
selectivity of all fisheries (e.g., | arge fem
to use | ength composition data to inform estd.i
scale unless the desceaurnwng ils mbé&ld ©IHRRHEWA
acknowl edsgSe3b diedat nat possi ble at this stage,

simplified model was needed i n oarmderprtovitdeorso
status i.nformati on

ABayesi smastatsaur pl us productiontonothetdel( BEPR
popul ati o-B0f2 2o mnal 6@rdoewri de st ock status infor ma

the wuncertainties i dembideiperdor @& s i. ORfMstBISea ¢ o n c
precedence in shark stodlekbasdqdztGEdgeetlap BeSP M h e
as an alternative model ®8&8Badels hfoowre do saam ilarwrk

Carcharhinus TFrenthdyamegrnuet . alTheg BHARKWGt hael s o r
recommendaSCba dihvaam c Halclsehmggeks as sadt amentkesd,
approachesa BsSPdM o= devel oped conesurrruecrnttulrye d

assessment mo d e | so tchaamt sddvilcebeonprotvo dle ds teas
assessment apygrPbha@c.lOa@®@2aB)dsyant age of the BSPM
infoiwma prior could be developed for inetial

estimation of st2®2KR svthatl es aflf somaktTdD4anting f o
i mpacts prior to 19914.
Simplifying the dymamiSPsM tnarkceussg ht hteh ee vuad eu ad fi
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more efficient as the number of par armetwerrs go
anmdakes the provisiomMowkes®Itchclsi snpdtids cmads Dinblce
if there is a(Kokkgal iag athww/ amlat uf2@h4e) i ndi ces u
not r etpirvees eonft at he reproducti ve c osnpaopneednts eolfe d thi
foar | arge mayenmnitedefiths purkder to eval matag et he
stecrtuumedEeASKB) mulwasi oche sl ame d pett yteinreg amed esli mu |
data representpopulkeatifoaNPdDytSaMAI Cssheri es oper
Fitting the BSPM to the simulated data (where

model ) all owed for bhascahcdépltebohonfrehatl vke
Details on the model modrmiflpihgagssd  BIPM o0& A
simulanteé omnovided in the following sections.

41.St ock SEmBRBhesi s

The iSSi@oidal f ol | oweud et haes stahnmnee QDtIr8U cat2 B & B B jne 1 t
summary of the mode?P . atnads rperacveied eld rierc t ac ttioon h
report for a full descriptidqn SCf, RtDdeBmegd el ast ¢
key changes werienpmatdse atnod tnhoed edatsat ructure i n
2024 stock assessment model

1T t hSeSS8xecutabl e wes supor 88d e8d . t2d2 . 1

T a typo i-wetbbtl eerbgbhi o(ntshhea pc omarse ccto rvw aelcu eed
the 2018 assessmefSBornetproorlt fbiute)not i n t he

T the Japaned®98arlindek9matshe emodeld fro

T the model a-msymddshowlk!| hypot hest heabé® fi

Hawai 69 etd ele@nll) $DrEk Lad)lll US juvenil eS8hark
JuveSiurliegy and Japsaeate sleo s m3ad ROS-WE lelekx  (

M3

T historical catch was updated based on rev
T the model period was extended to 2022

T new fisher({Tadtl)werecdaeavelsoped cat cahc caorudhts if
composition(iinrcflaurdmantgi oenqui val ent O0si mpl i f

aggregated fisheri;Basb2we th shared selectiwv
42.Bayesitadhpasctea Sur pl us PBDRM)cti on Model (

A series of spaPMi mgde h€202werieoddeVe®Ibped in
probabilistic p{Sgaambbengl! 6 p meganixm@Eeamnihbeddamd 2 4 a)
pack(aegdewar dsn( ROCdne Ta&ama QQ02@tfi nd ep BiSPPtM mo d e
Devel opment of the BSHNNefudlalucewe dntt had s. @ ¢ p2rOelede) h
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practices for sufpEKoku&gkapr e dheatdt Btary,em@ @adwvor kfl o
asses(svMemmnahaas RuUi2dles for the devehopmeBSPMan
stock assesBSieMst wreordee lismpl ement ed (iWa nBtean et ata
201li8n order take advantage fdfi cda remanyc e dn dpioasg neor

and greater flexibility with model configurat

Stan |94 &aerstt aaperfhiogmance platform that a
statistical inference. Mar kov t@QlaipmsMenti®r Cpr
di stributions is iUdpdrenmehNW@TS)uskHami Itthoenimm Mc

al goniBehmncourt and | @GipaeingamitR u2slsliBratg@st an
Devel opment Aachdmws 2@DhAmecti on to an ecosyste
bayeGaboty and ; Maldhovbe h2e@edad rtfat . .yi 20241 zi ng,
val i dati ng Gatbany nmneadells. , 2019)

421. I nput dat a

| nput data for the BSPM models depended on
i n tSebcn2. 2nd varied depending on how catch wa
indices of relative abundance wecrees fwetr ewintehvien
within the damdemoadgl trends were dealt wintdh

an additional six indicesl mpeute valadeusat feadr i mat
indices of relativVviabBammddatéhece are shown in
42.1.1. Catch
The BSPM models traphpdlaheoavoleti onmefin
of i ndividual s. Accordingly, cattca hberi popumhb

SHARKWG member s pr ovi defd mncuambcehr sv ad nude sme tnr iac ntia
in metric tonsnmweres aSAWMdrhaede ttohi s conversio
fisheries selectivity, growth, -warghlti tel gt i o
SSRode&2022s {dmapslce i bedeErirnorSe cReifoemr enc ¢ , sovhhi cdéd r
had reasonable selectivity estimates and fits
This catcliTathmassesieedls di rectly as removals wl
(Secd4.idn201inf idast o with [ ognor mal elry or o wihhieo d U
estimated popul atd.od. Qrae3mdrmal al [(bechtcoeaased o0\
period from ~50,000 individuals per year in 1¢
individuals peR2O0O¢gRatheattavcan adge wakl&8 sed as numb:

than 1000s of numbers as | isted in the table.
When esti mated p o pnmudsatttiyowe nr eursoiviagd sl omeglei n e
4. 2).,2.22he component of catch attributed to | on

seriTaist) € | motdlggespu | abivah sr ever e af icoentbomati i © @
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removals and estimated | oanglieae ofmboabsi de i
4 . 2).No-h20 ngclaitnceh was | argely cddOsi090enndatvi detaw
from-21091924, aft€onghiolk cabhch increased rapidly
over -20®128 This rapid increase is liinlgelsypldue o
from t he oviegglaitneeh i n r e @& Rds) ytehairs d 0¥y i s s ub:
individuals p2022%)ar from 2017

4.2.1.2. Ef fort

An eff@retriesmevas used to drive the esti m
4. 2). 2. Rublic longline effort data from al/l f
combi neWCHFR&anm AT Td&t abases. -offhife wla0sANs ecluetct ed b
conceptual model to identify |l ongline effort
in the BSPM to esti matserlioensgn @ fnef & egricivad s , r ¢ ¢
maxi mum v aNami mdl olnengl i ne effort increased fr
to a peak of ~208 million hooks fished in 200
2 0 4T2a bo). e

4.2.1.3. l ndices of relative abundance

Four main indicesionf tdakkeumBddMseStvweerag i ucseesd (S
3. S1BSDEL Lal&IS2SDELEcO)Y e t heT&Lihp miesleongl i ne i ndex
oR25AN (SedtdPWmMLEN) anpame Ja-ssehtalilnodvwedx. 4.B€ct i on
OFDWSH EM3 An additional six indices were consi
juvenile shar3k BIAuvepur(Beyxtaonal ternnlaltswte Jap
index BS&EQIFOEDWSHLEM5) , t he Jaspdnesessedeemhm and tr
i ndex @S&X ilFODWDEL EM?) | a combined Mexican | on.
3. 88MXxCo+#mll, an indeadédobasbe Hasieand8h . IMAagline
Co#wEN), and anMazaéex 8hobatsled Mex3i.cEAM@MMXAComg! i ne
L ES .

Al i ndices awdr pissgcCHYt efdnbbeenehoundeknwas
scaled toWhemeaaheomedn CV of an iinncdreexa sweads tloe sh
me anatoflDea@xsde (BtUSDE&L Lka I&ZSASDELEkcowbdi ch had a mean
at |l east O0.33

422. Model structures

The popul at,i dam dgumebteiressrBed P E®r ned -Bgh&éfeec he
hybsumdpl us product(iVdmkmeodelt eduat i2Aradep nikedcwasr d
style parametepazrmbdeh whsauséedteo incorporat
dynamhts parametrization is statistica(ldeg equ
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Val pi né¢ o 2029 | e paramespacatimodcdelos modehec o mmo
fisheries asgeslJgBcBMtnkertr eetatalre, 2018)
BSPM devel opment progressed thromgbneantsser i

were freed up for estimati on. Il ni ti al model s
process error and observation error parameter
intrinsic rate of iIincrtheer avmaien ievagri mmat esici €1 ¢
turned on as priors for these parameters were
par ametigrennegmd ey by the foll owing equations:
St dtyemami cs

W W Eq.4.2.2.a

N o Y o 0 w_Q 5 : i o o m p Eq.4.2.2.b

W w [ d p w 0 i h O I'P p Eg422c

i AGP ? Eq. 4.2.4

1 x 0, Eq.4.2.2

| Nt er meadiaaned er s

p

O : T™MADPIAGETT AO -39 Eq.4.2.2
Q O Eq. 4.2.2.9
, Y Q
a Tﬂ- 39 Eq. 4.2.h
r e Eq. 4.2.2.
€ p
where the |l eadifghppeamatamset ar eofand ec opmrtordaulc

O )w((nidemlleti ohe pepaltatvieon o waYr imgrdcapac
rate of, iamdrpeascee)sTsh ee pro@ru)l a twii .sn moadreil d belde as t h
rel atui.Repuloati on r emoO wehles eagfeid e dv eans btyhd@ pr opo

I Note that wheré ¢ the model is a Schaefer surplus production model @ith ~ T@®.
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rel atiwvkeat oi sThe malvteelr nati ve model Sstructures
removals and further detail on t hese Pdipfufl ert @ ros
carrying icapagicidny in numbers.

4.2.2.1. Catch (Fixed)

When cat chhei sobfsiexewdetdat@&)aedrse ofemoved direc

popul ation where population removals are def]i
O_F] O_ ) Eq.4.2.2l.a
6 Y 5
oh — o Eq.4.2.2.1.b
V]
subject to the constcanbetghaat popubhani oher pm
4.2.2.2. Cat ch ( EisLtoinngaltiende ef f ort)

When ¢atelsti mated and driven by | @&ngline
are a combi naltdmql ionfeodf)i exaaoty adost i(mated | ongline
a t-senrei es of sca®)eed I ongline effort (

O no Eq. 4.2.22.a
0
O — Eq. 4.22b
wu
Y p A@GDPO O Eq. 4.222¢
6 Y oo Eq. 4.2.2.d
Ol_ﬁ Ol_ R Eq.4.2.2.e
6 v (;’
oh — o Eq. 4.2.2.2f
0
whenés the catchabilityynfioirs stchad e rad tolnagt! ii mee
expl oited i n Pd eq@iswe mottiemd hatep.n writing the s

di scovered in teEhfjlei shi dg2mdrbawht¢peagssdo®i)aaed hw
wadefined disictnetehe aod Weeiqnuiadwso nf i shi"@Fhimori sl i
i nappropri ®©tei giovembitdhgd ewiitnhed aQ@ c¢contEignudug@.

2 The continuous definition of fishing mortality for ndongline catch is'O IT¢c— »p.
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An asseshsemeinmp aocft st of this error on model outr
i nheppendiHowever, correcting this erroerl resu
esti.mates
4.2.2.3. Catch ( EisFt)i mat ed
When catch i s "@isst idmarteecdt layn de stthiemat ed t he pop!
the following equations:
W Eq. 4.2.Ba
© Y © p 2 AgpO § h & O rp p FE423D
® Q
o o [ 4 p o Agpo i h ® O Ip p Eq42RBc
o0 T, Eq. 4.2.3d

where the popailsatilbbe populiate winusf/rnoim utsi meeny ¢
production that sur viAwdSO )f)ragmi sf i tsthe ng d0mioa l iall i
Estimated catch bBlasedioment thbeg:esti mat ed

) .
) ® Y &p -5 p A@PO [ O & O Eq. 4.2
(0]
® O G p p AGPO | 0Oh 0 Eq. 4.2.3f

423. Developing priors

Descriptions for the development ,of& priors

O, w s » , B, and,, ) are found in théollowing sections and are compiledina b7l e
4.2.3.1. Intrinsic raqutig of increase
A prior for the maximum in¥%¥riwascdeae¢lompmpd

using-samuagared nufmefri ¢ ®angomet atal ®ev20d@, n30
piror Yf orequires solovtiknia € dhwea tEiudre:r

aOA@DY O p Eq.4.231a

wh e ® e is the maximum aged is the proportion of females that survite@agecy and @
is the reproductive outpaverage number of pups produced per yehgn average female of
age @ The proportion of females that survive and the average reproductive output are defined by:

4 4
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£ Eq. 4.23.1b
5 A(Z))&E)ud,“h bop q
% o PBUGh © P Eq. 4.231¢
5 [ %°|
) Eq. 4.23.1d

where 0 is the natural mortality at agey [ is the proportion of females that are mature at
age @y %o is thefecundity oraverage number of pups per litter for a female of age is the
female sexatio at birth(e.g., 50%)and ” is the reproductive cycle (e.g., two or three years).

When setting up the numerical simulasothe SHARKWG considered a number of
scenariosfor natural mortality 0 , maturity [ h fecundity %. and reproductivecycle ”
Additionally, both the maximum age and the satto were allowed to vary randomly for each
simulation,6 x, T CT 1T Of &h® v and|*x . T O M8t v8

For natural mortalityd0  the SHARKW(G first decided the level of adult natural morality
for females based on the three options described in S&Rdn(US agingscenario, JP aging
scenario or based solely on maximum age). The adultas allowed to vary randomly with
Lognormal error and a lognormal standard deviation of ~0.32 follovifige 0 e t . Next . ,
the SHARKWG considereifl juvenile natural mortality should apply to age 1 fothie adult O
should be applied to all agd$ juvenile natural morality was applied, this was also allowed to
vary proportionately for the three different adult scenarios based on the ratio between the three
female adultd valuesfrom Sectior2.2.5and the median natural mortality fravhu c i ent e s
(2023)

Maturity at agel  was calculated based on the maturity at lengtiaton fromS e mb a

e t (2a0l 1and converted to a&gusing the average length at age based on either the US aging or

JP aging scenariqgs Ki nney e Matuity at age 2 Qvasdallowed to vary randomly for
each simulation by incorporating tlestimated parameter uncertainty in the maturity at length
relationshipfromS e mb a (2e0t 1are) byallowing for variability in length at age rawing
growth parameters from the posterior distributions flom n n e Y2 @2 4 )a |

Three fecundity scenarios were considered: consiznoss female body sizel2 pups
per litter basedoMo | | et €, tincr@aking with 2 nBad relationship with female body size

202

et

( Semba et oratreasing @ith A pgwer relationship with female body éizel et c her ,

1 9 7 Berundity at length was converted to fecundity at @geusing the average length at age

based on either the US aging or JP aging scenériés n n ey e.tin each simulat® 2 4 )
random variability was introduced by scaling the entire fecundity at age vector up or down using

a normally distributed random deviatélwa coefficient of variation of 0.15. Variability in length
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at age was incorporated in the same way as for maturity gt ageastly, two scenarios were
considered for reproductive cycle either two or three years.

A total 0f 1,036,800 simulationseve conductedsing a grid approacfi he total number
of simulations was determined based on 15 replicates for each of the full factorial combinations
of: growth type (US or JP aging), natural mortality type (combined or maximum age based),
inclusion of jwvenile natural mortality (True or False), fecundity relationship with length (constant,
linear, or power), reproductive cycle (two or three), and posterior sample for the growth parameters
(n=1440).Distributions of the leading parameters acrossiaiulaions are shown ik i gbr e

The EulerLotka equation was solved numerically feachsimulation resulting in a
distribution of potentialY  values. This distribution ofY  values was further refinagsing
a catch only numerical simulatidollowing the approach odN e u b a u e(2 0 & Brieflg, la .
deterministic Schaefer surplus productimodel (Equations4 . 2 - £.. 2. 2v.hée rg¢eand
” 1) conditioned on the olsved catch Section4.2.1.) was used to simulat&0,000
population trajectories givethe Y distribution and broad priors for initial depletion
w* 51 E Af8oi@  and carrying capacityx , | CT1 T O g®l p m @ . Given that
the main CPUE indices (Sectidn2.1.3 show an increase over the model perib@, resultant
simulated population trajectories were fill@r@aseline filter: Tajectories that showed a 20%
increase between the average depletion level from-1998 to the averag#epletion level from
20182022)to develop aaselinedistributionfor Y . The baselinedistribution of 'Y ~ was
converted to a lognormal prior by solving for the mean and lognormal standard deviation that fit
the distributon Y x , T CT T Od®AG@ p). However, the CPUE indices show a more
dramatic increase than 20% over the mopetiod so an alternative filte(Extreme filter:
Trajectories that showed a 200% increase between the average depletion level frdrd9B@4
the average deglion level from 2018022)was applied to the simulated trajectories to develop
an extremedistribution for 'Y . The extremedistribution of Y was converted to a
lognormal prior by solving for the mean and lognormal standard deviation ttie @tstribution
(Y x, 1 Cl 1 Oi{pAfi® m). The resultant prior distributions are showrFin g & r e

Filtering the simulated population trajectories basedbag-termviability ('Y must
be greater than 0 to avoid extinction), and the two filtering cri{beiaeline and extremshowed
selection of demographic traits that made up the numerical simulations. As each successive filter
step is applied, theY distribution pushesot the right indicating a preference for a more
productive stock. ligeneralthis is characterized by selection for larger female body size, younger
age at maturity, and lower levels of female natural mortéfity g 5).rLarger values ofY
are associated with greater reproductive output which can be achieved by having more individuals
within the reproductive window (e.g., earlier maturatieith faster growthand higher adult
survival).

4 6
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4.2.3.2. Il nitial edepl eti on
Priors for wmnmietrieald edveeploepteidonf rom t he ident
and f ialst edre sncgfYi b @ ch fSerc 2 ..iTReaselinedistribution of @ was
converted to a lognormal prior by solving for the mean and lognormal standard deviation that fit
the distributiong* , T CT T OpAN® «). Theextremedistribution of & was converted to
a lognormal prior by solving for the mean and lognornaidard deviation that fit the distribution
(wx, T CT T Od8At® ). The resultant prior distributions are showrFimn g i r e

4.2.3.3. Shape
Poirs fogwehapdevel oped -dtrrounc ttuhree ds asmemud cpet |
devel o0y tohme or diisnr iSeda.td.aBs3lng the same inpu

combtiinoans (e. g. ,Fitglbbpse hahowor i esapeanaxt rteomet h e
di st r i bYt,idistribgtions for the inflection point of the produgtitunction©  were
derived using the following relationship frdmo w (1e9r8 8 )

0 oot Pxl I ©Y Eq.4.232a

w h e fOeis the generation time as definedy ant a@8 9&) ant

0 —., w Eq. 4.232b

SPR =B Ao Eq. 4.232cC

The baseline and extreme distributiors of ‘O values were converted to shapge by
numerically solvinge q .  4Thébasglindllistribution of € was converted to a lognormal prior
by solving for the mean and lognormal standard deviation that fit the distribution
(& , T CT 1 pdt & o). Theextremedistribution of ¢ was converted to a lognormal prior
by solving for the mean and lognormal startd deviation that fit the distribution
(& , T CT 1 af #® ¢). The resultant prior distributions are showrFin g 8 r e

4.2.3.4. Carrying capacity L

| ni ti aslanye nuhneer i c al simulation approach
4. 2t8.tHevel oy mpmnidowass fwsed to devel opi tay prior
However ,folrnlarkd t here appeared to be little |

pushforward approach for which to set popul at
results were sensitivette thhe nohpiose eofi opr iuprd
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the | imited information content i n,tther ed ait @
i nf ormat i eenndonoft hpeo pluolvat i on scale as the popul
t he cat cehresdefhiormiernwg a pl ausi bl e upper bound i
was t 685ELUIIY , however the hard boundaries
convergence issues. Ultim&l & PEpAIl awabsr ouasle dv aagsn ot |
able to cover a range of carrying capacity va

4.2.3.5. Procesdlerror

A |l ognor mal prior was wused for the standa
parameters were converteddrfrpon Ctehses kleABRA ddf g

JABBA assumed an inverse,,ga—mmﬂﬁs—prﬂ'be torrpsopo

|l ognor mal dj swarsiTbQitiix{8Ath® q.rSensi tivity to this
was tested, -Neordnaa .bpréo abdp ,h avafs al so i nvestigate

4.2.3.6. Addi t ibsrealv ad iCI}=n.. error
A hMofmal . pOi &fi , was used for the addit
compopenwhi ch was in addmeairoyfiintggdt bbsemypati on

each jndiexlnitial-N9grmahap®kedihal was used. Howe)
prior was refined to avoid placi ntghattoowemuwec hn ¢
supported by the data,| @nAfigt waspsebectdedttobb
than the poisamrroafor distri but

4.2.3.7. Longline catchability
| ni tial |l yNoa madpu\veOlhdpl,f was used for the | on
n. However, a prior pushforward adAaPRphB8i &usbnami

the population dynamdcad3skagtad i omast frioen Seett wh
of simulated popul ation trajecRFiogW.reeS uadssumiemg
a more refined prioade rwavsi ndge vtehl eo ppeadr abnaesteedr s o f
that fit thrpvalisdg i Wwhuernent nd popul ation traje
i ncreasing a(vaiiv arb|teh &tP UtElse ahil s shogunammalscp eias

, 1T CT 1T OdaAt® p.

4.2.3.8. Fishing emorr@ral i ty

Setanngppropriate prior for, tchaen ‘bar icahlail Il ietn
(Best and, Pamd,i 2020)s case a relationship wa
prior and the esti matigad alldlwe lmadfapddpipet Wwa s
used fbhe variability Whemiapphgi mprthi st model

dynamics equation4&. 2d.eXtclBiisb erde siant tSeedcatcino nbent at m
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(as expected) but at a moretpeansni mgsival batvel
treated catkh was fhxeadt hesi,zamhyt lgatv eb rt @mad murci
support to Dandrei weal sutesckofstatus dowmesiahcees
taware needed saomerloabackes vehtkThat ehore, wathe pri
tuned such thats i®t hparto dawecreed oens tai nsaitnei | afO scal e
when catch was treated as fi xeg waist hicam mhah e mc
.1 Ol Midtpgv In order to account for thepisemsit.
and for the fact that o0 bessetrivheadt eSIMA fcwaot cablr tseor unl
were devieOioAfsdg vandl Of At .

424. Li keli hood components
BSPMs fit to two available data solbscéstde
to an index of relative abundance. &M8det s8omhh:
4. 2) 2di3d so by also fitts ngf ttohda hhe tows elriviedl ic
are provided in the following sections.
4.2.4.1. l ndex of relative abundance
A lognormal | ikelihood was used to fit the
Ceodie o =h Eq.4.241a
C
» h ” h ” Eq4241b
oD, T ¢l 1 Ol Al Eq.4.24.1¢C

where the tot a, jaocshssoecrivaateido ri@indmiersteird ie the sond & x

the fixedi nput-vatriymeng observatiopn eprand the estonatede a c h
additional observat.i olmhereaxpe ctoenp omnalmourer eocft etdh ¢
such that the mean ofl it{h eo e ogthaaatchadilityshiatr i b ut i
scales the indexOto the population trajectorga The catchabilityr] is analytically derived from

its maximum posterior density assuming an uninformative uniform prierd wsa,r d2 0 2 4)

n AQ@Y AWM aém Th Eq. 4.24.1d
4.2.4.2. Catch
A |l ognor mal | i kel i hood wafsorusneodd etl s fwihter tef

mor t &wiatsy di rectly 4s2)iZnal3 ed (Section

49



FI NAL

- D cC n Eq.4.242a

6D, TCTTOI Al Eq. 4.242b

wheo‘ei s t he obs e visthe predicteditdtal cataht agch is a fixed parameter

specifying the uncertainty in the catchtime sefiee.e e x pect ed v a l-cuoer roef c tt enck
such that the mean of I idf eThé ungertainty mahe catth tsne r i b u t
series was assumedto belarge, ™. Thi s value was selected gi"

u

0
b
t

w O ® T W T T
QO T 9 9 ® » O

o o

[
t
d

n
f

e
0

[
f
h

cer ttahiant iagse | i kely unaccoufieed.f o ncomphet e
di scards, iantthancenvaerstbasof catcandadvealgso
cause penalizing the modelontvee rfgietn ctei g hstsluye st.c
the chaiscevafi uat ed.

425. Parameter estimati on

BSPawver e i mplemented i n r&ttgac Kdige.ugBamRpluisn ¢
sterior di stribution was done usi®sgi rhatcehdai
rameter 8., 00t staanpl es wer e drawn from each
rving -apbd ap@&mwiaga. -Dprpgergi ddhet wearHMC sampl i ng
sedadapapgde®@l| O9Ma xa ntdr ee didpg 62D 0 pouspt swaampm es fr
ch chain wer e t!Hsiannmpelde tsou ckhe etph aetv e2rOy0 1p0o st er i
ai n. Posterior samples were combined acr oss
mpl es per model

426. Model diagnosti cs

BSPM performance was evaluated based on St
ta, posterior predictive chewlad, dragtiromspect

4.2.6.1. Convergence

Conventional Stan model di agnesti dy arnMmd pto
stributionseéowased!| beesé&pr eonenntoant i ve sampling
stribution. Models were as-bumeddt pobaeei 6corl
the potential'Ys ABDA®OOASepd oct iadn ¢ teatdii itgi mo d ¢
e bul k effective s8fplfeosr salzle I|weaasd i gnega dn oedoe |t

ivergent tr ans(iMononnash awe,r e2 02ndd)i cat ed

4.2.6.2. Data fits
BSPM fits to the different data sources, i
e given as imerasnmwa rmadRiMSddo mr o(ot
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. B
YO YO - Eq. 4.262.a

YO YO

0'YOD YOﬁ Eq.4.262b

w h e @ are the observations of either the index or the catchcarare the model predictions
of either the index or the catch. The average NRMSE across all posterior samples is reported for
each data component.

4.2.6.3. Posterior Predictive Checks
Posterior predictive checks are coeducted
generated by the estimation model. This is do

posterior parameterl i&keti hattels amd fclhenpdrai ag
simul ated observations to té&ewdiascutauadly obser vat
4.2.6.4. Retrospectives
Retrospective analysis was conducted for e
from the terminal e rdu nanfi ntgh & hfei tmoedde | i. n deaxt aa nmxk

year up to seven years f wdnrmhe 2edniin2lyedr of eab 1 6 . E
retrospective peel were compared to the corresponding estimaidrom the full model run to
better understand any potenti al bi ases”or unc

statistic( Mo h n, wabk @afc@ated and presentddhi s st ati sti c measures
di fference between an esti madep!| gtuiacnt iitry fir omanl
reducesdertiiense of i nformation and the same quantit
tismeries. Additionally, bhKoelkidaloi@s02#td a klcoummetnad

proportion of retrospective a(eyel)sa\mfderreeltahévreeld

(’O’O ) were inside the credible intervals of the

4.2.6.5. Hi ndc asvta lcirdoastsi on

Hi ndcawstal ¢ dakdesl d n etwaasl .c,o n2d0ult)ed f or each i
the performancer eodi ctth et hneo doeldnsedt+tpe i GPOUEt he f L
relative to a napve -fprreeedd capoprr.o aBerhv &tf d glait it deea sd
used, and made use of the same set 40bR. §EMen r
6modeleed hindcast calculation is 6é6d¥®scabsbad us
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example. This model fit to index data through
esti matesedi cted CPWEYDi n(wBbiZhbaség¢g 6nt to tF
2016) isfrkhkedomoddPastTiern&2OPieg ,prediction of
the observed @PUEO f.r ofnn e2 Oalb6s,0l ASBEpcaf etther ppe
i s
0'® —"O 9 Eq.4.265.a
‘O 0

Repeating this calcul afbponyea@@&a0alalkirnegt rt disep ¢
across ASE values gives the mean ASE or MASE
indicates that the model has greater predictd.i

427. Projections

4.2.7.1. Retrospective

Though the BShPMrmodel0€dd® 4t fe shing | mpacted
stock prior to 1994. However,sotherpatospeot i vk
was used to recreate possible historical traj
fishmpgcts to the stock wer asedrsi en fhyeltoredlIfio

Hi stori cal effort OtrandchoghesGhoewedrked h § hE
compiled from publicly available soasceée®sn. S€st
4. 2, 1p@blic I ongline effort data from all fl
combi neWCHFHRaEMMAT @t abases f orl9t9e pLeornigdd nk9 5eX
assumed to be negligibhet (gegr, obOWohlbdk¥ar ilInl

interpolation was used to interpolate values
1952,

|l ncompl ete information -exdstaerdi fftometefffioghe
i nfatrimn in number of tans fisheseaassonlg a@awi

fishaeapP-gL®9%0ONd t he Ksoeraesa ns ghuiigdh (d1r9i8t3® @@ YE vfeins t éaroyw g
i nformation was missi nagsefarsons gtuhied Glhriinfetsnee tT afiip
higlkeas-meamgari ftnavafl abkbeiesfotheeaRapddbloimc .
Korea is enough to fetttheedetatovdrpatethbrato
the retrospecti vseeapsr odjreicfttinoent. fTihseh ehriigghs wer e
to 1s9®2an exponenti al interpol ation was wused
1977%H (ttkh.ns) to the first year of data for each
1991992 for each country, and then the effort
the total effort pattern for the period.
Prior to eumos mgc ttihvee rpropeonhbsbna@tr ¢ lkbha bsitloi
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coefficients were numerically derived to sca
di fferent effort time series (longlinatawnd dr
prodess each sampled set of population dynamic
the BSPIMe first step was to numerically <cal

coeffinchbegntsol vimgt hat fdseiduucleat ed popwhiach on
was approxiemateled um a294d48Bphedi ohai nhdad®®4 equa
value from the BSPM. The following populati o
Sectdi. @h 2we&r e useld t o solve for

Eq.4.27.1a

8‘

~ . ) Eq. 4.27.1b

1)
o T h o O P p Eq4a27ic

O n o T Eq. 4.27.1d
Y p A@GDP O Eq.4.27.1e
o} Y oL Eq. 4.27.1f
0!_ R 0!_ ® Eq. 4.27.1g
) v (.;)
oh — o Eqg. 4.27.1h
V]
wheiwe , O ,Q¢ [, anwere all sampled jointly from

the BSPM nmadealp.r oicledess weerrreoral so resamplied fr on
given that posterior sfamphehi 3herscmbl hoedl vai

'O was given by awhbgnor mal random
With an initial esti matefpybohvedofbcal the
step was to numerically solve fripr . tAdili sser d

by solvimgangor thdate produced a simulated popul
appr ox umlaetpd leyt e, d hiar h%45 a depl etion adwall®@®4 e
from t he aBiSIPM hat produced removals in 1994 eq
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The population dynamics equation (Eqor 4the7.

additional hi storical driftnet fishing mortal
O n (0] T Eq. 4.27.1i
Y p AP O "O Eq. 4.27.1j

where the simul aitredhivatroraibcdli tlyo'®g!l wae §i shBnn
by a | ognowamllkhirsansdtoenp was repeated twice to
catchability covariates to converge to stable
Once the two catchabivleidt 6 ed o warcilpaatreasmew esrr es
posterior distribution, théy2.wkrlk. justea gve r ér &t
of historical popul ation trajectories.
4.2.7.2. Future
The SHARKWG usedr ad'tebhpsodt ateoamidesmut ar € on
projections for NFOr &mA2002I¥8 e avyYer agecmb,

Y ¢mb, anYt htante pm®Ydvuca&Euture projections w
from each set of parameteBSPMrmondelhe poist@rit lo
dynami cs e feattdi.ac2nsZ hfer oppopul ati on removals in t
by the following equation:

6 w Y Eq. 4.27.1i

whefYfeorresponds to the apprApdiatenakbyoipraodc
in the forecast period was resamplf efdr ofrm otmh et h
posterior distribution.

43.Agsetruedusi mul ati on

As mentioned previously, there is the poten
applying surplus production model s(tagespecb6
maturity fdrl 5 e adeespeesndii g on t he @mawtohr- avihrewne
specific processesspaecei fiingp opratatnetr n(se .ign , maargtea |
Addi tionall vy, rates ofdumtmommiiepgeiegbhef roovne rd ys |

optimistic given the simplificationstmadd utrae dt
simulatiosimodar to tWenkeploegadahddwa&ldoop bwy)

evaluat estirfudthwer edyebi ol ogi cal and fisheries cl
the observed rates of increase implied by th
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operati mgtmadelt he tpeonminnalal ddéplast iicoin esti mat e
unfi shed conditions) from the BSPM could be c
431. Model structure
A t-swvex f wsltlryucaguewad mmgékmented in R by ext
t hS8Met hot Jr . ammodd eWe ttzhed I, 0 p2e0dl 3ev NPO SMA (
Sectdi)dalnhi s model was wssteadicttar ®idmWNIPaOt eSMaAg e op ul

from-202B%.i efly tisieasion, aaninuagl e model with t we
each sex), and a plrRsheroep facre ks i meld hbvg d dit |
specific selectivity shared between sexes. Co
hybriaaahppirs used to numerically calculate th
catch for each fishery. Catch can be provi dec
simplicity catch was only providedexx mecnumbcer
natur al mortality, and growth. Additionally,

of | engt h. Lendgtoghota bwedilgghotg, h hsietlieecst i viwtey e mat |

converted an iangted rensfgdgmageunt i ng f or vaer.i adi | i
| ofwecundity stock Tragd oui tema sallaast,s umk=sldBi)tpo pr ever
from being greater than total reproductive ouf
cal cul at iwlnatoifon hdkey maompi cs and fi shMetghmordml id
Wet £2e0l1a8Bnd Appekldi koA 4f (20ale3d) Watzaslame equatio
i n ctuhrer ent model

The initial aogedi t ctomse dnd d & hhwelwaetrieonspeci fi
di fferenghegri a@aihtainal age structure depended on
mortality, and initialwo l.Lenepe@tofpupapubbayt nawmb e

seixwere defined based on the following equati ¢t
0 rr 'Y o [ T o f Eq. 43.1a
0 fp Or § Aode, & 1)) » p Eq. 43.1b

whelres the -famabedsedaksi rtthhe, survi val -bécuedruyt
stock recrufiti sredtheeali opaspspproducedn ati sunfhies he

initial | evel of pboppuilsaptilnene shssséorcti adre di wi it h9 4,
surviinval 99w, 4armsd t he asgpeecainfd csexnstantaneous t ¢
age awspesekic initial fishing mortaliouy amad |

cal cullaotweMi gfhoolt Jr (20dlaBs) Wet et he remaining pop
year si 210225
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432. Modedodbnditioning

Using fshirssicageed popul ation model 1,000 s
NPO SMA were gener atied afarionny trheep rpeesreinotda t1i9v9e4 v a
and the fishery char acetxdrridsttsiihoest.i €lsh eb amsoedde | 0 rd et
from theSSBOgEIII AR 2s idmrica)i bedd .mthi Ebchadnnoi
zero catch f oir20tqiRe bZpe rTihed cla9Th in numbers fr
same that was aggregated together #do2f aifinet he
selectivity parameters for S8@aocthef i sbedyt wec en
i n weight t o Sa&t3c h0280 22 shi umpblderes s(el ecti vity pa
F6_ _JPNfSHm@mbPAlweas used to set the initial fishi!
popul ation HEMbedismiatli.ablge( api cal) fishing mort

mul t i 5l & &8OpP®d hof natural mortality. Initial po
rande@mD51 E//AESGP 8The popul ation dynamics in each
observed |l evels of catch by cal cul aarntal i tuy i fnc

s
each fishery needed to remove the observed ca
s

—

hing mortality at age using the fixed sele
The model assumed itdleo giacreel (NaPsOg uSipwAmidxn snu m
turidgrowth, andandpraddomi varcgtleh ians t hese
scribed4.i2n 3Paeldtfieoarences in aagalsumpsumpsi ams / C
r t-shter tacgteur ed moidrelt tag ef dlelscwiideppaanmgt aphe
cundity stock recruit relationhslwiap, ctahe utl at
ing NPO SMA biol ogvi @by lales,uedddnss noilng r a
riability in the numberYxo5l EsAirOii vui Anughaxndeuolnpu i
riability in the kdycumput ypanr dam&werreedcy tud t t h
sumed (Oaylowi ngtt adl E A1 d)nd D51 E AR .

e process error associated with rectTbDitment

: "0t ¢ 1 1ai0ee— fsic v
The natur al mo rrtiabl e dt yi s CSsefcqttliiomsl deosc t hi s s
wel | with thei gkerepjifuovoenitlhhatnatur al mortal it

Random vianr iaadtuilan nat ur al mo wtaa | i tnbeyl fuidneddenmd redse ra
drawing from t he s eXTesop &l Fid)a r ckisptomidb ntgi @ ms t fh

4 ®» < < c - - a3
> 0 Y ® W DO O W

Cc:
[92]

scenaduvenile natur al mortality (applied to ag
natur al mo r t aMuictiye nit(@2f@2geérte ebnls.r omat ed sur vi val 8
of mortality attributed to fishing. Since alll
constraint was put in place such that the adu
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mortality hrate amfd ttheat the juvenile natur al m

With regards to female spawning output, tw
Sect4i. @n 30nly two fecundity relationships were
body Il ength and | inear as a function of f ema

considered for this si nmugarte goant ea sroenssu lateash deésd ctuhe
rel at i onfsehciuprscieirheer i o was randosmilnyu |l sad lealc t peadp ufl
Random vari ab-r &1 thyi rwtdis trheed usceexds tfraurct uhed agée mu
X .7 Of st p.

The esanwegitghht rel ationship as | ist(eldSC,n th
201®%ayp speci fisedd ufcarurteltde sagmul ati on. However,
i nto the sdalceulcattichhres were input in terms of

A simulated index of relative abundance we

depending on the fishery selectivity used to |
vul ner abl embn unnebde rasc r(ocsss age and sex) based on
the indices used in the BSPM, tShSeogiehulastsiocn a
wit hhUSDiEeka |l TW ALENand FOFDWSH. EM3f i sheri es t®. devel
Lognor mal observation error was added to eac
observatisom mat eadr fr om t he ABSIAM i&oonaail Hafo, h étahtdy e x
simul ated indeai mabchetdytbfethlee saldniDlEa kad dn d e x
index was al so onl2py2®&yail able from 2000

433. Bias calculation

For each of the 1,000 simulated SMA popul at
model s were fit to the simul antuenb(eemsde $d8nhdonh
Receenptl eddi on f or tshter tacgteur ed si mul ati on model

tot al Mu mmmdrad (Muwmbet® telktalti numbers at t he
spawni n@® omuurpluegr (of pups produced relative to
the unfished equilibrium). Depletion for the
numbedatirve to the population numbers at car
calcul ated both as terminal year depletion an
201290 22) .

Using the depl etisomuwaluu engh fsmoaune Il tsh ea sagene Ot r
estimat e f rroandl athiev eB StPOMst hevatsr ca@a |l ciumalt 2tde d nv @lInt
Bias was calcul6étaessd conventionally

0 (@) TO Eqg. 43.3a

wh e ©Oe isthemedianestimate of depletion from thp@sterior distribution of depletion from
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theBSPMandO i s the O0trued6 si mul-sricterdd sidhelgiidnenbdelo n f r
Values greater than 1 indicate that the BSPM -@gtimates depletion relative to thensiated

truth, and values less than 1 indicate that the BSPM texignates depletion relative to the
simulated truth. Aralternativecalculation defined bia® as where théO was located

(e.g., the percentilayithin the empirical cumulate distributionfunction (ECDF) created from

the posterior distribution of depletion from the BSPM. This produces valués of bounded

between 0 and 1. A value of O indicates tha® falls outside andelow the posterior
distributionof ‘O , while a 6 value of 1 indicates tha® falls outside andibove the

posterior distribution ofO 8An unbiased model would haveda of 0.5.

44Uncertainty characterizati on

Uncertainty in BSPMu®iutnguctise dviemlee qiumtnern v ales b

di stributions. Additional ly, a model ensembl e
integrate across i mpdntantusawekbgpobfpossebl a
model w@&petnigabstisst was not decided to include som
the modeling process. I n most cases, al ternat
when model weights were not equal Hetwded ahe
weighting based on the plausibility of the sc
5. MODEL RUNS

51.SS3

Though the focus afs tomi ¢ haees BEPIMVISeosdud & g9 r ta
are described here as theppseéacihheotieanbatic
previous model Rensud tsserfireosm ofh esstee mso.del s ar e
Sectbi.dn

T SSVID0O18WadhsE#elB benchmark st qdiSCags 2édS8mar
T SS371MWdawSS3: Transi t8i.8M.122¢2.39S3 version

T SS3i0@QrrectLW: Appl-weit bt coeractohehgph
1T SS3 i1@ar |l y&l atd: CHPdJEOviendalces except for
(19I7%93) and the Japanese resz2@ire@efhasd t

model was devetlhoep eidmptaoc te xopfl oornel y usi ng
192D 16 period. The Janpga nveesses erle siemd ecxh wvaa
as an update of this index was avail abl

T SS3 104t eOnly: Only fit to the Japanese
(1900M1Bhiis model was developed to see t
peri 0d-1929yYy5index from the model

T SSHidar |l yOnly: Only fit toelaAhIe)THapamede
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was developed to see the-20mpactpeof odeina
from the model

T SS¥iD022data: Update data files to 2022.
earl y-19929y5 fitting to three 202t s i n
USDELEa |l BJuveSurlileey &SRMAJFOFDWS H EM3 , revisin
t hhei st @ ®Vl®aOI3 dr i,f tanred deavteclhopi ng new f i
account for new catch anhlkdi simedelbmmade:t

changes and was never intended to be a
in aggdgmoe gatad uate the performance of a
model |l ing approach for the SHARKWG: nam
to key O6representatived indices.

1 SS3id0F22dat aASPM: Fix the esti maitheaod el ¢
components for the size compostrnuaotnurded
production model (ASPM). The assumption
the stock assessments of mo st speci es.
ASPM wane d o try and investigate a mode
production function capable of reconcil
(19202M22) period indices.

T SSBiD022si mple: Theofi ¢ hewaAh&PFP Mdientphlniiftiieoc
that catch from fisheries thatThdmlbamwad s

a neutral change as aggregating the cat
not fundamentally change the fisheries
Howesr , it was done to reduce the comp
di mensionality of the model) in an atte
configuration.
A number o0SS3adrduns omepgedal sogdeveltiar tc aytecahr,, iunr
conditions, met hod used to calculate fishing
successfully converge their configurations an
52.BSPM
521. Model ensembl e

A model ensemblpeprwasddevedoohpeat @dOtuisdmmidnf or
NPO SMA using BSPMs. The model fearcde@mhblad waanbd

of three key axes: CPUE index, treatment of 1
(wWRY hadg) .
Despite all showingosomeofeCPIUUEOT ndegr swase
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maj or unacserthent mplied rates of increase wer
Additionally, each candi dat e Rantdheexr htahda ni ssseul eesc
i ndelxastébpe assessment onepwbseht wootdruaidety)
simultaneously (which would I|Iikely result in
el ected to use gan pepnrsoeancbhl ea nndo df eHoluitro CRPUEh sice ad a
were included in tetensdmBeElk&:1B3D®ok IBRESAUWSR e p
DELEcO)e t heT&Lihpaiesleongl ine index o03.eBH4a2AW ng no
LAAEN and a Japanes et dexadplBEW-DWSH EIM3 . Gi ven th
the two US indices reprfesteantngt hewestadeneeg esvceenndahraié
wei ght of model s ifni totridreg rteop raateteenrb vierhdei cUeSs CP UE
ensembl e.

From the beginning of the assessment proce
of uncertainty. Rather than model catch in the
modieh 1994 and esti maat e Hbwevenjtcatcdephetihen
19914, i's uncer-tpeoi giveoatbhlaes faeetoften mode
right due to incomplete | evetlhse olfaclko gobfo odko nmper
observer coveradd fwapomaantfiehet hes SHARKWG t
uncertainty in recent catches was reflected
configurations wer el edcetv etl hoep eudn cienr toari.dfetry ftilox e deaf

t

catch {4 S2Ridésnti mated catch dsi2ng . odgé s hiemaf &
using direct estimati oh. 20.fRh8Bi shixeg marntcdl iBtSyP
mod el convergence issues {prwoemeode infcl didedr ¢
ensenthilveen t he uncert arienptoyrtthiean gSHMR K VU@ bomrks i d e
l ongline effort coul d Adeormddimeg | vy @enigabhe répa
configuration was developed to estimate the <c
in longline etf fooattc haanbdi lai tcyo nasstsaunmpt i on. An ad ¢
devel oped where catch was fit in a |ikelihood
needed to fit the catch. This approakht hadughce
the | ikelihood amd kyoi eleaifng the retstalis€oi o
resolved the model convergence issues Observe
catch i n theast whyeptricmaeesequagle t o t hevhdlcsher ve
may not address the potenti al uncerrtegiomrttyi nign

3 It has been suggested that treating catch as fixed may place an implicit constraint on the population dynamics,
particularly at lowstock sizes, that may be incompatible with the assumed parameter prior distributions and thus lead

to the observed model convergence issues (P. Neulpausonal communicatiQi\pril 23, 2024).
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Addi ti,omhal dyr ect estimation of fishing mort al
ef f eacrtisanc e Three di f,f eveert cpmisoder £dr itho t he |
account for uncertaipgptyFumtdreranppregpntih&at enagmii c
fishing mortality vari,eawhdepeeds étrhneg douna |t hpeu rcphoc

integrating over potenti al uUmepeo it taii mg .y L as tfli ),
treatments were not assigned equal wei ght in
BSPM that estilmangldi ceat efhf airsti nigndi cated t hat

removals that were much | arger t hame sotbhsée,r v e d

SHARKWG considered this scenario to represent
gave it a evedgamme nosfurbSdyreo bva tihl itthye of a value d
a di st)rirbedtaitarve to the scenario that <catch w
fishingwmochabkriecegi ved 95% ewewegrhe .t hGievee nma chealts
estimation of fishing mortality scenario, the
weights for all 4 catch treatments summed to

Lastly, uncertainty in the lheev eBS®iM, hpri or
antghwas included as a component of the ensembl
when alternative priors were evaluated. Two p
t hbea s efliilnteer exgrfdmet megg desc4i D.edEdmh Sseccan aorni o v
equal weight in the model ensembl e.

Al told,(c®mbmodéeiosn of 4 CPUE scenari os,
t ypweernne included iThabbBlfiebi §i hahaknsembl en of t h
i huenced by earlier versions of the ensembl e
convergence 1|issues, and that t he ., hdoidc en ootf
meani ngful |l yMddmplacadode saund si.ntphued mMadal fons emipll
f ouomndl ame Git Hub repository. Pl ease contact t
i nformation.

522. Sensitivity analyses

5.2.2.1. I ndices of relative abundance

Six alternative CPUE i1indices:: wdise jaawalnu d te
shar k sur Be yiS3Bbe e rlomég y an alternat-see Japamwre
(Sec3t. BANFOFDWSH. EM5) , t he Jaspdneesedheehm and tr ai
(Secx.i®BSIIJIFOFDWDEL EM7) a combined Mexic&8n&8dnglir
MXxCo+ ), an thdekEnfenada based 8le®&MX Co+mlktkongl i n
N) , and an Mamzdaxd 8fnorb atslkead Me x3 .cBSn@MX@oniglSi .ne ( S
These wer e evoaflfuastednds iiani wva ft grleeantc et rBeéSaPtMe d t he ¢
useaedeprior specid. 2.a>.sdomGascpdooinfi edd.i2n 38det i o
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, prior speci4f i2eadBtdibea sSeéleitnecb n o fohyr hanm&é f or

5.2.2.2. Fi xed catch scenari os

For sensitivity amdl ydes finxlealt eddttcdh ,t e sTE
(including the baseline fixdd2cAtAifcdlolen al i dec
wassed to develop the 9 scenarios betwpent Bngyv
scenandosersdemati ng {leproedfiingBr tsackmraRe fosr enc e
not floumar the 3 average catch scdemar-A®@D2At he
was increased by 0%, 50% erre ploOrOto%.n,dFo® d etmhaat ic3h €h:
in the firstwgreari ndr ¢ hee dSPWM VEL, t B O0Catoec h d9 0 6ok

2022. A linear relationship2wWas uvuekdttovei hor be
(e.g., 1994 = +50%, 1995 = +48. 2002 1HVOSE%BwWeHLE .
eval uat edf fi nsenainteefVet gnte BSIRMamnlstes efdihta Intdoewt
(Sect3 osa . JIOFDWSH EM3 , used | ognor mal opDr i or

D0t il ctm®d assdmee specified. 2,.n3tFeecpriioonr
specified.RmB8d®ddaisiedeawmeel ofwhlyr hoans& for

5.2.2.3. Catch G&rror

I n order to understand how the chojce for
i mpacted estimates of <catch.( &sietnts@it,i vd.ty25,0 @
O)das eval uatfdd siemsd ta nBgStPyWhtad dJiatpedtresr sasheeseh a |l | ¢
i ndex (B.e4H1 IOMMFDWSH EM3 ,us eda | ognor maloDprior
D0t il ctmd assumed speci fied. 2,.n3tFBeecptriioonr
specified.i2n 38éntaipawmemahlal gfr i lo®l Afp,rand etxti & e me
l evel ofwhyr hame& for

5.2.2.4. Process error prior
Sensittovihg choice of priosc ed s moemr srtorr a-bvealr i uasbii
sensitivity.napBaBPRKalafl t pr AbOI Aimr, is tompmared
eference BSPM t hafti tt teop taehdes esaett ¢ la Inddse3nf HoxSkedc,t | 0
FOFDWSH. M3 , @asddgnor malDOgrOcdildf@re ti®p , t he
, prior speciaf i2ead.d6aix iSekeervée d n o fohyr han& f or

[ ]

53 Ags t rucdiumeldat i on

The -satgreuct ured si mul ation model was used to
representative of the biology &mwmd feiacltne rsiiemsul
popul ation trajectory, a subset olfs) hwaganofdietl t
Ssimul ated data in order to calculate the | eve
mo d e | depended on 3 different factors: the si
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f oohY and(basekxheeme), and the treatment of

effort, estimat@dcgwi bDh Est&i mat gdtv witihde BSPN
estimation models were evaluated with the sa
4. 2. 6Plesentation of the results focus on sir
increase in the simulated index ofPUEO%n(ds icraisl)
and with estimation models that met convergen

6. MODEL RESULTS

6.1.SS 3
Updating the 2018 base case SShemwdsds8l) tresuhe
negligible change(FtolkeYyempdélk wmakpungsa | arg
|l engéihg ht r ¢ IS&SB1 adekshe Pt g WLe and the scale of |

fishing mortality and management qua(Ftiiguires r
1DFi shing mortabetpusteaydetlcatsdmeéen numbers i s
as the population, the catch in numbers is rec

fewer numbers of fish t@&iagdRalRetdhuec isnagmet hteo nnnuam
peri o0d20(116994i ndi ces that the model fits to an
training vessearl n&llext €)S SB3ehdadlgtes tionFtingedgl raogdieb |
This indicates that model dynamics are not i nf
from t hki tmoidred loantley pteo2iGdhde) ( D2HP4anese research
index resul(tSsS 3JiilMadtae Omdadye)li s unablaen dt owictohn veesrtgiel
virgin recruitment going to tHoevewmper rieonowvd n(@:
period indices and including the JapP8aéos ear

earl yOnkgults in key model out puts that have
slightly Fligwdfehssal eesul t s, i n conj BBAtIiI0Etn  wi
| at eOnliyndnoadatle t hat the overal/l populaatgiedny d:
drivehebiynteracti dm9Betcwdeaermh tamal 1 NWEx-199Be co
catch and index define the production functio
a decrease in the index, and ndaes deamlepeeasr i m
i ndlesxe8C, RiOdBIneproducédghPpecelie®D 16 catch for
model s is relatively f1l at by comparison and F
dome shaped selectivity with estimated descer
mi ni mal i mpacts snmmddkel restuput ss AWROBI emdtcihc
and index are two components that the SHARKWC

sets the stage for $%&o0ddleiktichtautldteys. thi devealdexi
Gi ven t hepsdeatriemsqultthse, duata t hrough 2022 and

6 3
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in models with pre.dg.ctabdrnyyveopencesandspoput at
presentations of madddl sf owiutsh ownp dheotwe dt hoeattdaed at ¢
catch used in the previous assessment, fits t
selectivity curves. Updating the c¢claaTh oatroohugs
l ooking at the catchef6SEBDRR2IBe mpeéremFanaglur®8Sap
1Pt hatl 9®rde catches are dramatically | ower than
t hat CPUE tereaandy ame 9®@adrst hgspompl i es, under ¢
mod el hypot-he84 scatblatmpse have been | arge en
trigger a recovery under the currenéswlatt cwad €

critical in illustrating to the SHARKWG that

inputs and the biological assumptions, and pr
Model fits to theresighovwh83a® BERd aN dmitma l

sample sizes were used resulting in a high we

specific size composition(Fdgtaggiwear tgleeneesat i
selecti HitgyguhcauTlvese sel ectivity crug vE®BEiWenr e f |
2022dat,aamNRivsteldenn o define the ¢SRFII20RI2esd mipil £ ¢
based on fisheries that shared seflreeami §$3 yOo& u
2022si mpulsee dweroe c o nsdtittumooend tshiemuaNgaet eon hmod e lhe |

l ength at ,50%omattbuti ist wel | in the tail of the
6.2.BSPM
6.21. Model ensembl e

Di agnostics across t h(@ab9%wlietl h 2onfslegnb | neo dweelrse fgaoi
meet the conVAgdrdgdrnwme achdidyéler eacpededi elde mpax e mu

depth or showed | ow Bayesian ddalct diod@dgmdetmi cs
model s were excluded from the calculation of
However, including these models would not hav

from the aggregate maddels ewvesembrlieea.s omidibEbdt ea nt h
9. Model sSATTW.tAL iNo ndleex s howed worse fits relati-
these fits are in | ine wistthertihba esteidmacttda dv eo bcshe
the estimation model s used w€rigldhbelBes ttiomateepd icc
for models that fit to catch wsirmgsambdkéebi
di fferent a,s,s uampdt iocdbrss r fve dwictahticnh etsh ew ep(Fee dnied té e d
1Yy However, there did appear to be a slight ove
serOesr alplecrteitvreosbi @ffla bYeiegie® d b wsy t he retrospec

from a represent)at iamd selslhtaeﬂeetltmmirwdea\(eeflxsplahdati(
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relative’o’(ge)plweriaanir@side the credible intervals

(Tabd).di ndcawtal ¢ d@as s on perofr ebGiomhd 2cBe cwansy aapé @ moc
9 Fi gLb®sdows hi ndalaisdatcirmssfrom a reprebewingia
better abilitgtdam phead cdb ey weh efRV@I. ¢ hadA S E
1)Only model sATWIA ENMgh déeaxt p ddef or me d tThhei sn aipsv en oot
compl etely unsurprising given that the model s
anare | ess despansome itn Ah8hbbgeappdf GPUROT €
i nterrogating modcenl irnees.ud @lIs¢ asatn tbree fowrnrdent S|
access information.

|l nvestigation of posterimar gpa&tagmesdeelr, est i n
,hhand, ), rel ative to their assumed (pabloe di
10Fi gRpBot h t htéeansdh atplee proces,sshkowomi viamalabpbs
update indicating either that there is no infc¢
or tthehe data is already consi sttieglkelytobetie t he
former given that itisually difficult to estimaté F | e t ¢ h €he proc&sS etr8r variability
priormay be consistent with the data given that
6.2) 2i..dAddi cated that using a significantly | es
esti mat es. Ther e -oafpfp ebae tewde etno ebset i anat rade x pl o
popul at(ie.ng.s,cadeaeru)y.i rp deedpa aniittyh hi gher esti maf
l ongline effort to 8stoirmataeri mgmay,a lasno gt gsdpedi so

tended to estimate | ower popul dtoiidmts coanl a.atMo (
priofr, omod8Ry 8Bowed the | argest esti mMates of
were fairly consistent and estimated to be re
given that trheed pwdroa sdeweallsdpeed t o generate i
observed catch | evel s w skhsotwenda tae sl aorfg ei npiotsitaelr ido
broader baseline prior was used which eisndi cat

support a more depleted i nBATIWMAIN. ENshdwedohar ie

estimates of addi,t i oneedddtooebonaode the aapid imcrease seen amthe

middle portion of this index. Estimates gf tended to follow the prior indicating limited

information in the data for which to estimate this parameter. Interpreting this result with the

estimates foro  shows that there is little information in the model to estimate overall population

scale. Longline catchabilityj indicated that there was data in the model to support smaller

estimates, translating to lower levels of exploitation rate than indicgttgklprior.
Distributions of man@d¥enéntOrefference poi

Y Y © , @nd JTO Tabllkiglleacross the we

65



FI NAL

ensembl e were unchanged when modFil gs2iitMoalte | fsai | ¢
that ff3HIPOFDWIH&eM3i ndex showed more optimistic
fitting to either of the two USFimg@aRPeeMosdled we
t hat assumed the O&éextremed prior l evel showe
assumed the O0b&sgRBeredhpsi os |l ekely(a @roduct
prior being more depleted under the O&édextreme:d¢
effort resulted in the mositpesngygi mMmosthatcbutvc ot
fosr (Fig2%e | mposing a moy et ernedsetdr itcot irvees uplrti oirn
estimates .of stock status

6.22. Sensitivity analyses

6.2.2.1. Il ndices of relative abundance

A number of i ndices wer & HARKW waa eamnudb sceotn s
were not considered by the SHARKWG for the BS

of overall stock dynamics) . For information p
i Fi g2med BSPM esdemaesedqguamteFt gB6eare shown i

6.2.2.2. Fi xed catch scenari os

Catch wuncertainty was a key uncertainty i«
alternative fixed cat chTash8)en awhiiolse wehree ailntveersnt:
showed some i mpact in terms of exploitation r
depletion estimates waerBRisgA¥geTlyi coinsdiandt e rt
is Ilikely trading exploitation rate for popul
i n theesdatnatteo t hi s quantity.

6.2.2.3. Catch error

Catch error models, where catch was fit tc
mortality was directly estimated as a free p.

i ssues seen witédl 4.heAdrixsesd viahhau ersa mrgoell aolfed, r es
consistent between &lilg2a@aet amdert ha@n dfemrerhu ladptpiea
impact medi an esti mates or t he esti mated Cr ¢

Additionally, the catch was fit exactly and wi
was seen in the model ensembhlte bwhaesr et ocweatrcdhs et sh
estimation period. Future analyses should inv
bet ween the assumedt valtluarifpyrat | arger values
., Prior.

6.2.2.4. Processierror pr

An i nformatilves eliirckrer2 it 8vads used in the mao
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Sensitivity t o t his assumption was i nvestig
,X. 1Ol Mip. Posterior modal ,amar eneadd raqni ®tsd n tmal ets
pri(rga2a®endicating that the modeeslt ihmaast e ntfhoirsmapta
and that it appeWirskero(@8il 8akenbdr wi Hbwe her , vVa
posterior di gtrreial wetri owi tvma t-Mcer muan i Tnipf rosr anad d ivtei ok
variability at the parameter l evel did not |

guantFHitgiddse (
6.23. Projections

6.2.3.1. Retrospective

Retrospective projections driven by histol
the stock appeared to be substantially i mpact
|l arge amoumgt mofthishy in the 1980s was requir
the rebuilding trend0i2@p!| iped i oy trred aftiegpremnda b(ul
31. However, prior to the 1980s, | ontgd ii niea If i
i mpact on the stock.

6.2.3.2. Future
Under the 4 scenarios donsi er¥®¥d by ctmibe SHAR
and™Y ¢mp, scenarios based on m¥ltipliagres o
not predicted to cause the stock ¢tk gdiepva at e
|l ncreasing future exploitation to MSY | evels
o . However, this would represent a substant.

best esti mat es.

6.3.Ages trucdiumeldat i on
Conditionsngudcther eadgyesi mul ati on on NPO SMA b
|l evel s of <catch, and the fidhHiér ywscemati fvscesab
toeasonably replicenedst keSS rtar |¢848T VL FAUEN t r
an®$J OFDWSH. EM3i nd (FciegsBi R e

Oof the 2520 estimation models fit to the 1
estimation models met the conver gedncreueee ntt er i
depl & i on defined i n ©ojalfehumiwethi 6 the crec
conveagteidmati on model.s AAV2.r&%Wi ofgy talte os 5§ mé he ¢
model s wusing a similar wei glbt i2neafls usl cheedneed inlasn d
0 @ vand a mediard @) v Both of these bias definitions indicate that the BSPM

tended to underestimateO relative tothe simulatedlt r ut hé when depl et
using total numbers.
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Recent depletion defined in terms of spawngtgckoutput(SSO)O i s tymporcal |y
informative for management given that it trac
However, this quantity is expected to be chal

selectivities do not seltaeaotn,f arndt Hihserceo mpso rae
The O60trued rOecentdedeéemleet iianQ@ o)t aflelnunvwietrhsi n( t h
i ntervabnoeersgtéénat i on modelAv ex7a.gd % gofactrtoe st it e
estimatiwsni mpdael si mil ar weightinyg edbemeedsi
me didan 18 xand a mediard P38t X.d'hese metrics indicate a slight oxvetimate

(7.3%) of O relative to the simulated O6truthé wh
output, and suggest that despite d@hariori concerns, the BSPM is able to provide a reasonable
estimate of spawning outpl®

7. STOCK STANDSCONSERVIANF ORMATI ON
71.St atus of t he stock

The current assessment provi desNR®eSsMAsxtk sci
status. Results from this assessment shoul d
objectives of the Western and Centr al Paci fi
American Tropical Tuna Commi ssienf dr AMd3ICage maér
pel agic sharks caught in i-hitlkensapeonast fFfnshlee
Target and | imit reference points have not beece
I n this assesissmernagp orstteodc ki mstragluast i on t o maxi mt

A BSPM ensemble was used for this assessment

was characterized wusing total depletion rath
assesfoealt . depletion (D) is the total number

(i .e.., carryingOcapakiwgsg . d&®ficeead ®&®s (the aver
peri o@202@19 Exploitation rate fUshwag waned ht a
The exploitation rate is the proportion of th
U Y ) is defined as the &W&rlage U over the |

During -26221pPp6nrhiod, the medilanerdsgrkelte oinn (tDh
year was estimated to be 00184) 95&8nc€lsteacedl Pl
ti meOand was 0. 60 (4945 0ghLenkd .g2F e Al t hough t he

|l arge wuncertainties in the estimated popul at
assessmeffibuar setahdardi zed abundance indices |
Tai wan, and the US, and all four indices indi
during the assessment period. The hpeopsutlaartti oonf
model ed period, after which it has been steac

6 8
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i mpact prior to the model-eeddapedtiiodt waisl I m&te !l fyi
from the | ate 197D0%93anttiHoudh wape diafnine di mmact s
are uncertain. Consistent with the estimated
estimated to be gradually decr0@Qasiinng 1f9r94m t0o. (
esti madietdateixXph rate@ef (0. 018 PVID%B)CI TheO de@4 easi

estimated exploitation rates were | ikely due
greater than increases in the observed catch.
The median Oof r)ecreenltath (e to t He =sG.ima,t ed5 %
Cl =-007090 was =estimated -t.09Padll@nE@i7ggqP&d %l Cd =
recent medi an Yexpl)italtatinvea at@ t(he esti mated
(Y = 0.05, 99%0€Q) wasO@stimat €dA7eDHEIEON 34 (9
Fi g3bhe Surplus producitc¢ amni omsotdred cstaugre eed ap osp urpd ti it
and can produce biased results i f this- simpl

structured. gypydami sl €ctivities alrehgdoeng tbdap
maturity). udgensit at hatnhs usder circumstances r ej]
fishery and popud.agopmahaplkar a ntdeerxi steilesst( vi ty,

and i ncreasing i ndices) , t he BSPM ensembl e
Ssimations sugQest eedsttihmatt et hems a positive bia
(median). The historical trajectories of stoc

Pacific SMA had experienced rai chailg hp elreivoed aonfd ¢
overfished in the 1990s and RiOGIBe relative t
Th foll owing informatiiofni @«nSMAearsd agrusyv iode d
No bi ®mased or f i sbhaisregd rhdrntial iotry t arget r e
een established for NPO SMA by the | ATTC
Recent medi gne Ot i( nhartoend t he model bende BIDI
95% Cl-1=00) 23The mecent $mddi gunmexss5% ClI
0-14862) and the stock is |ikely (66% prob
el ati vbasedMB¥ference points.
.Recengt U () is ektomatke motel benbemhBe (95
0 -00. 004 ) . 1 8.34 times ¢(lOR%)@dnd OvOr7fi shi
of the stock S i kel vy not oOccu+tbas ed (9¢
reference points.
4, The model ensemble results show that th

-~ N T O

w =

North Pacific SMA stock is not in an overtf
occurring relative to MSY based reference
5.Sever &lrtanoties may | i mit the interpret
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including uncertainty in catch (historical
reproductive dynamics of the stock, and t|
the stock

72Conservafoomati on
Stock projections of depletion and catch of North Pacific SMA from 2023 to 2032 were

performed assuming four different harvest policiés: YO TY ¢ Tt pand
Y ¢ 1 Rand evaluated relative to MSlyased reference poins i g 8 2 Based on
these findings, the following conservation information is provided:
1. Future projections in three of the four harvest scenariog+ T
P,and T P ) showed that median D in the North Pacific Ocean will

likely (>50% probability) increase; only the Uusy harvest scenario led ® a decrease in
median D.
2 . Medi an estimated D of SMA in the North Pa

probabi |l ity)gugeimmaitnheabnoevxet ten yearsysfor all
harvestijngeateases rbjut owar ds
3. Modgpéecprons uprlioduat isam pmadel may over si

structured popul ation dynamics and as a resu

8. DI SCUSSI ON

81.Gener al remar ks
The current st oc k easstsiensastneesn tt hoaft NPhG SSMA c k i
and that overfishing is unlikely to be occurrt

from the current ensmbotle wmobadels n@appeprovadlo.
i ncreasi ndil rye optoisdnt itvesed on estimates f.rom th

However, current MSY based reference points
popul ation dynamics into a single population ¢
asociated |l evels of fishing pressur e -baarsde dst oc

processesitme iosxcciumfl uenced by (Sfciogdherainads Ssaaripe
20LWhi |l e previous( Winmwelra teitomohil s ga €2gdo2tOheact | y s p
sur plrwdumddeln coul d pyracwiudetre &@sdnanalt es of M €
points relati ve-stta utchtousreetddsadty hgenda cbs/,u mege | ogi st

Avail able observations from fishemniteg hientmarnj aa
of fishery related ,r ewmoival si mglciues oam gturvemg | &
curRel. ative to a |l ogistic selectivity shape,

expected to shift theéeudeshM8Y tharckod Wwe taynwda IBaaérs
201Additionally, as s¢tencuairregi gseenud mati emheagae
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the juvenile component of the ipnopjudvagniolne tahbeu
transl ate to the reproducHievseuhado B@BdPMe nte nalfs o
overesti mat e et haen dr arteec eonft idnecprleeatsi on | evel s of

popul ati on.
Rel ative to thd SZQ 1,& Gdheagcsisrmeatrt t assessment

l evel stock status (unlikely to be overfished
much different mmdat efrubeteudet andHowewéer, t he
the current assessment outcomes is | arger and
assessment. This greater uncgirven ntthyatanaed ma dsel
in neswd to provide management advice. Additior
mod el estimati on uncertainty using the Del t @
parameters were held fixed (d.cg.), whriacawt t,oun at |
increase the precision of mod e | esti mat es. E
dynami cs, al l key parameters arieageedtl iymaetsad mai
i mplicitly integmrtayt eisn otvieos & hgo punlcaetritoan dy nan

previously held fi=aed cantpeo20i® asmesemappr
the uncertainty.

St octlpaotjielcadsewdhson the BSPM emtseaib lies i pirdd jcead te
increasing under mosyt scemani o swhit dlerwd thlad 1t é
increase in fishery removals from curoered, ob:s
these projections are based on simplified pop
|l ags between recruitment and mFattuhetbwemea,ddoa
catches wer e hiagnhde stth eiinr mp enpeahctd tsy eamr shdaye not be

The next stock assessment for NPO SMA is ter
anal ysis planned (iin et.hEex giorRtligut i ecomesngv gebhabi | it
assessing sheff NPOr ®M&tma tseéCongoster vat i on measur e
the international arnedt enmttii comn anhe d sewredss aned ggear
are put in place for tmeEdocobpedeceaticanrcaimbdise

bet ween fishing operraetd uwentsi cannsd iStMAI. n tHeorwaeecvteirg n s
interactions (elegctriomcmameonmpact edje-f et babedtio!
i nter;maatlfosbar ks ar espreelieassaeademniidn ctadi on) ca

fisheries dependent data. Catch esti mates coul
ability to collect size frequency or hi ol ogi
Additim@8aTE@pendi x I I | i st i nsgharaisn gnaafe IkciodIll cegeit
bet ween scientific institutes difficult, part

|l egiti mate research activity taatd pouédtiaplky
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better manage€rharmnst icuthoodmeaso say that conservat

pl axchee n war rHwonweevde r |, they can have a real i mp e
assessment i nput das awiahld haver eoaadpsasmemcc
devel opment of alternative inputs or pivoting

be able to provide managers with stock status

821l mprovements to the assessment

Depsite stepping back to a more simplified
i mprovement on the 2018(1a3Gesz@®kPd N ninngetvlee ad
process wid hcandeptmadli zmodel all ocawenddeéhset SHARK
of the species, I denti fy kndewdtletdegren gtaipwed kleyp ai
explain the identified knowledge gapsi.n Tthhe p
devel opment of model Il nputs and for determini

configBuatidomg he 2022 NPO( IBSGH, ,ax&x2dsdnelnt ens e
apppoach was wused to propagate wuncertainties i
provision of stock stLatsugpylaynidn gnaar aaynesitam dap
f oamor e compl ete wuse of information on NPO SM
through t heJsusnegg aaf Bparyieosrisaan approach with prio
all owed for the estimatpamnamaneéalsldadopyagprul tal e iom

uncer Eatntmgti on of initial popul ation conditi
facilitated by applying a Bayesli9a®9n apaprao a cbhe.g i
t he model in 1994 whslgnafsoaantkhowhedgesagdehp
1994 is |likely an i mprovement.

83.Chal | ,enlgiemi&t &teiyomusncertainties

The <current assessment was not without i ts
scientific informaasom favmaidalbtlieon helmeniisnt er j
the chief |l imitations oftthet asseessmehe estii
were benefits to simplijifyimglitdbiethgsaessmaas @
speci fic popul ation dynamics. Thi d odgaga t &t rc
mat Urrietpyr odu-t 5 i gfear( sflédenpé edi ng on the growth ¢
mat ufrot yf ema3dcé8 PCL) , and the olstewsat iexrcl ulsa
operate on i mratru rfe mhad deisvii doal sy, the i ndices
assumed to index the reproductive component o
case given the fLiasbépyacbhabatt-levedd t wisble odlbagr
of maxi mum age of at | east 30 years and have &

an assessment -2p@®22,0dt Hiromr ée@Oelsent s a rel at.i
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gener ae¢d ont twonul dndét be until the 2010s befor
born after the start of the model period. As
to assumptions relatingttracthhe pfoipdiH dartii @ ipmp a«
of the model. I n a BSPM these impacts are cap
of i ncrease parameters. Modgterl u sntgu rtehde npoodpeull ad ni
i nformati ve sitzhee cionmptoisailt imoond efloryear s can hel g
| t 1 s rfecard dighge ssegeuct ured si mul ation was develc
BSPM. However, even though the esti mapmenbi as

of astagetured assessmend mordeladcumata ednd @r &
status relative to yield based reference poin
Esti mates of absolute population scale are h

Whittreer e may be some information to inform sceé
to support the observed catches) there is |it
how | arge the population ii®.s Betnhd ttlhhe iintdicasse
period, aindg alli é et ® hpsovide some information ¢
of increase when constrained by biological p

Accordi nglayt,e meenltast iavhbeo ustt t he st atus of the stoc¢
statements that refer toEveire mdowiongttehe cadtei n
integr-atedcageed framework and incoepgpesatirngy
helagp theshdpopmed nature of the fisheries selecti
of these dat a.

Many assessment modelling approaches make th
with a high deaggienet roefa sceosn fnmoddeenlc ecompl exi ty anc
make statements about stock status when catch
species includingass$amiktsi omitsoi male dgifvemrmulinc
anldogbook reporting. Knowl edge of <catch is fu
specipesi fic sHO®PWK datrchkeyre i sheri es. Additio
mportant component of recent catwhicbmmagefd

coll ection dilfafcikc ud ft Mo vietno rtihneg , di fficulty

remoteness of s o(nBeanMesnalnegs oepteRadd.u,0inds@2 @C)at c h U
going forward wild/l be key to Iimprovindgeltse ac
however this is not I|ikely to be a trivial t a
One of the initial chall engssruot deeeé!| mpdeael
inability to reconcile dbeardsed ecatyd npsredenmialt

ndiMuelst.i pl e hypolt hwesese (8wvetbperd to explain
uncgtiemarch dealing with theGcvedibhéeéitugceftand

-+
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|l ack of information in the size composition,
dependent indices was the most credible data :
sever aés §Ashement outcomes are |l argely <condi i
indices are representataveor lowbveh, caheurdar
the representativeness of these indices:
T no fishery indexdesg itbhue i emt iofe thmatpioplul @it i
T as with any fishery dependent index it i
unaccounted for MWaazZdlg@&B8gogestatthabitat ghdé
has | i kely decreased due to gear change

avoidance of sharks),
T and t ld lobskrvations ¢é¢paltbrgael andy vmduat

l'imit the wutility of the indices.
The | i ksehgpdomseel ectivity of the indi cses, i mp
the | argest individuals and makes assyptsincent
reproductive component of the stock. The i nal

popul ation makeasncfeuttwmrien.pr oj ecti on

Lastlwnec &retyeeinmtiineswvi th respect (i sSttocak sstnrgu o
mi xedost adokthe distinct parturition 8)teasdeng
understanding of basic biological processes |
assessment awslulmeni medi sgbek giveabthei nbosia
however this assumption could produce biased
b

et ween them is |imited, and fishing pressure
in age, growth andtraeamrtodumnt itdhre @rreatued i bwmc € ru
ability to cope with fishing pressur e, and in
based reference points.

84Future stock assessment modeling considera
Il n order to addhalslse nsgoense aonfd tlhiemi t ati ons i
assessmen8 )3(Bectfiodnd owi ng model |l ing considera
assessmesmhouvelfd oruisl d -dtarckc tupr e d easnt iangaet i on  mo 0
or ot hehiws sweqqul d all ow concerns with the BSPM
agetructured popul ation p.r oAse sare seaagetp e, htele al
simul ation code could be transfor medalflrowi g Cc
for the estimationadfli hgadnnghpat akhelt eh®odndo
and size compositionraéaameaer Fumttlee it msotnreuicd giir vealn
mod el should be estimated in a Bayesian <cont
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informative Monpoa(Baf@cecedn obwda ngsafbull i Zomng model
(given the number of -sparuacnmeutreerds moedeed € d ainnd anmnor
for uncertainty in parameter values (rather t

princirpdadh atpp devel oping priors can al so assi
rel at itomasthi pse difficustch oasdfidaderndiwtwaebsutea o/le
el at.iTomslipi oni ngstouat Bagds imaaldl ecawy efoourl dk eayl spor

-

such as growth tlybet kst avtha &dhd nméamt & rnrcaolr por at
fisheries selectivity into growth estimates.
condi t i-actnean g tahg eo fd satgaensd,aradnidz et ake i nto account
s

tandardi zed ages.
The current assessment attemptendded!|l degl f wsH

removal s in tkrekeixed feaeaoh wiatyh alternative
conditioned on effort, and Hoiwreeretr , e @atl il ma thir ere
|l eave room for i mprovement as the fheeeéf tcatrt
conded ioesnti mates produced estimates of total c
|l evel s, and the estimates di rveecst@nys ietsitvi enattoe dt h
of prior for the Addidtoimoireddf ldyot <f avtactrhi avb it Ihi tey .r o |

produces catchlpepgtoixmanad  htylreantt daroe t he observed

may not capture the full uncertainty in catch
i nvest iegatugd.enth assessment was able to invest
(using alternative priors for the wvariability
scenari os may be best accompilng hae dMdnyt & rCaartli on

needed to i mprove converAgence ofnarla Ifueaer ddlo coeeutltodh
i mpr o veef f-hodwsgaempr oac h, ei t heputbyt i rmef isnernige st hoef
anchoring estimates by Ifti tdduwlgd tel sod skea viede fcual
prior variance for fishing mortality is devel ¢
is used again.

s
n
a
appr 6daobhBameh and Vi Mmnennatl,t e2h2lt)i ve model par
e
0
0

85ResehArrecommendati ons

Assessment of NPO SMA.i3s hcohwael vleern gti hnegs e( Scehcat li |«
shortage of research oppemtwenittoi @ het larsceghs mem
One of the biggask ohalhegges$ emsal eveheiilchhmi it sher
our ability to say meaningful things about tt
traditi o.Malraednea nhcoedds appceclocksdne-snas & @ € K#¥MBk au g,
2001; Bravi npgctoouplrdevi aé . so@d@16f the missing in
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this chaKMBngearéent £ geneti csalclhye srtharmlat tlseiorf
abundance, trendamendesuwveidvdlromatsdhbl pngvahen
genetic samples QOHiI | luaewnilérne adnddijtvizdriu&t)os pr ovi d
about adults CKMR could also help resolve <ch

popul ation, which would be difficult tMRTresol\
could help resolve an addit inoentaal p ocphualla teinogne sbtyr
NPO S(MMAeutry et al., 2020; Trenkel et al ., 202

While CKMR could potentially transform our
i mprove the quality ohfe fawtpuroea cdt-b osk | n@ostd eas €HMI
pproaches rely on accurate aging of sampl es
al cul ation of |Ikfi ndsihriepc tp raogbeasb idfi tdaempl es ar e

a

c

convertitrmg algengitsh ng a growth curve or wusing s
pups oqodyyeaungvith umbi hgcdlor s N®#IOs )S.MAs p esc iuanlcleyr
|l arger individuals so using a growthhiabieeumnod
i mprovementarngaa et. hd& uadgihregq more, applying a nap
biased outputs if intermittent breeding dynam
not taken (iSweosanc @ nttaalr.g,e t202 4)amp | i Rogly eed rf or t
sampl es, paired with a CKMR model t hat accoun
integratedgtirnttcodadlidadgakt. coID4he a viabl e way

recommended that a scoping study be conducted

a sampling plan and the number of sampl es ne
i nformation.
Il n additignthe e&rpbbdDbihity of CKMR, i mprovir

of f ut urkKei nrneesy@ @&thaglg.est that i n theuKR@s diafyf e
be due to methodol ogi cal di ff-eaensesAdai tihen a
i's i newveasintgeg to suggest t kpati rde pmasyi tniod n cofr rw
with time but are raqarndgtNlataard unrc tAltotnearonfa tsi2voeh 8ai
met hodol ogi es that doalnofpandccbhwicemhdpatbtbrcogarw
should be made to evaluat e t haen df evaastiebdiblhiitqyo ecsf
being used fsadét alselpamby raa dd lbrcamr dment er using
(Patterson and,a@Ghambarl idnuisa2@mn)ydoyemstesal . ,
Chamberlin,etanal DNA2Zzi)hyg| 8t opsi e(dPitfiesrsrueer saa
Anastasi.adiigwevwvendr meagpgeods al l currently depe
known ageonfpiasrh gooma wi ¢d &t ed, algowhyg ocdfp preanjmam pr o b
for NPO SMA.

Assessment model sasc gmoanlays dveri rb i nput dat a
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i mprove the quality of inputs prior to the ne
areas: cateshgemnpads ic e isnpennatdi aoteaeer,/ad t i mes t hr ougl
catch uncleeiysasiunet.y Tihse ar evi si on of early catch
previous assessment caused i ssues i n t he de

| mprovements to these estimatasidlie meecadtha

data available from9®%hAi chttb. r@% cohsSTaeluepbetprso
i mperative that all fishery removals are accol
Fishery remewadlca |l saheuwdl dsbe he sum of | anded ca
which eventually succumb to release mWwrthl ity
respect to the index, one of the chatld eqgatsi a
di stribution of SMA in the NPO. 't i(Horyd ®o mme
al ., o202dper ati amddae | owamgd u mntee d i n order t o

representativeness-cofmptotse tiimde x.s It as tbley ,usiefd g il
it muetprkeseent ative of either the fishery remo
size composition data need to be evalwuated f
col |l ecrtegr eiweint ati vely they s h(oMd un doeer aeptp ralp.r,i
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11.TABLES

Tabll Fel esepte ddieffiicni ti ons, origehnadt uniitty &as$s wcm@p tcih
SS3 model SS 3 MbE2e2dsaIR3 T DIF22dat)a APRIMt ed wi t h da
202 2Nror t h sPhaccritffi.icnT hnea ksoel ect i vity curves for fi
were assumed(ite.bhbe mime ogame shery) as a rel ate

Fishery Catch Catch Selectivity Mirror
number Fishery name Type Catch units start end assumption fishery

1 F1_US_Survey Extraction Numbers (1000s) - - Doublenormat24  Estimated
2 F2_US_CA_LL Extraction mt 1981 1994  Mirrored 1

3 F3_US HI_SS LL Extraction Numbers (1000s) 1985 2022  Doublenormal24 Estimated
4 F4_US HI_DS_LL Extraction Numbers (1000s) 1975 2022  Doublenormal24 Estimated
5 F5_US_DGN Extraction mt 1981 2022 Doublenormat24  Estimated
6 F6_US_REC Extraction Numbers (1000s) 2005 2022  Mirrored 3

7 F7_JPN_SS_II Extraction Numbers (1000s) 1994 2022  Doublenormat24  Estimated
8 F8_JP_DS Il Extraction Numbers (1000s) 1992 2022  Doublenormat24 Estimated
9 F9_JPN_DGN_II Extraction mt 1994 2022 Doublenormat24  Estimated
10 F10_JPN_CST Extraction mt 1994 2022 Doublenormat24  Estimated
11 F11_JPN_DS_| Extraction mt 1975 1991  Mirrored 8

12 F12_JPN_DGN_I Extraction mt 1975 1992  Mirrored 9

13 F13_JPN_OTH Extraction mt 1994 2022  Mirrored 10

14 F14_JPN_SS_| Extraction mt 1975 1993  Mirrored 7

15 F15_JPN_SS_DISC Extraction Numbers (1000s) 1994 2022  Doublenormal24 Estimated
16 F16 JP_SML _DGN Extraction Numbers (1000s) 1981 1992  Mirrored 7

17 F17_JPN_SS_III Extraction Numbers (1000s) 2014 2016  Doublenormat24  Estimated
18 F18_JPN_CST_DISC Extraction mt 1994 2022  Mirrored 10

19 F19_ TW_LRG_N Extraction Numbers (1000s) 1975 2022  Doublenormat24  Estimated
20 F20_ TW_LRG_S Extraction Numbers (1000s) 1975 2022  Doublenormat24  Estimated
21 F21_TW_SML Extraction Numbers (1000s) 1989 2022  Doublenormat24  Estimated
22 F22_TW_LRG_DGN Extraction mt 1987 1992  Mirrored 9

23 F23 TW_SML_DGN Extraction mt 1981 1992  Mirrored 7

24 F24_MEX_NOR Extraction mt 1976 2022 Doublenormat24 Estimated
25 F25_MEX_SOU Extraction mt 1976 2022 Doublenormat24 Estimated
26 F26_MEX_ART Extraction mt 2017 2022  Mirrored 5

27 F27_CANADA Extraction mt 1980 2014  Mirrored 5

28 F28 CHINA Extraction Numbers (1000s) 2002 2022  Mirrored 8
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Tabll(e ont iFh eepde)adieffiioni t i ons, origelnadt iuwniitty
in the SS3 BB DH2daBBd sDF22dat)a ADRIMt ed w
t hr ougfhoNrd@ @ 2 B sPhaccri tf fi.icnT hea ksoe |l ect i vity curves
composition were assumed to be the same (i

Fishery Catch Catch Selectivity Mirror

number Fishery name Type Catch units start end assumption fishery

29 F29_KR Extraction Numbers (1000s) 2010 2022  Mirrored 8

30 F30_KR_SML _DGN Extraction mt 1981 1992 Mirrored 7

31 F31 WCPFC_LL Extraction Numbers (1000s) 2003 2022  Mirrored 8

32 F32_IATTC_PS Extraction mt 1975 2022  Mirrored 3

33 F33 IATTC_LL Extraction Numbers (1000s) 2008 2022  Mirrored 8

34 S1:USDE-LL -all Index Numbers (1000s) - - Doublenormat24  Estimated

35 S2:USDE-LL -core Index Numbers (1000s) - - Mirrored 34
S3:JuvenileSurvey )

36 L Index Numbers (1000s) - - Mirrored 1

37 S4:TWALA-LL-N Index Numbers (1000s) - - Mirrored 7
S5:JROFDW-SH-

38 Index Numbers (1000s) - - Mirrored 7
LL-M3
S6:JROFDW-SH-

39 Index Numbers (1000s) - - Mirrored 7
LL-M5
S7:JRORDW-DE-

40 Index Numbers (1000s) - - Mirrored 8
LL-M7

41 S8:MX-Com+-LL Index Numbers (1000s) - - Mirrored 24

42 S9:MX-Com-LL-N Index Numbers (1000s) - - Mirrored 24

43 S10:MX-Com-LL-S  Index Numbers (1000s) - - Mirrored 25
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Table2. Fleetspecific definitions, original units of catch, and selectivity assumptiead in
SS3 08 2022simpldor North Pacificshortfin mako The selectivity curves for fisheries lacking
size composition were assumed to besduime (i.e., mirror fishery) as a related fish&ighery

definitions fromTablel are denoted in theormer fisherycolumn

NAL

Fishery Catch Catch Selectivity Mirror ~ Former

Number Fishery name Type Catch units start end assumption fishery fishery

1 F1_US_Survey Extraction Numbers (1000s) - - Doublenormal24 Estimated 1

2 F2 US CA LL Extraction mt 1981 1994 Doublenormat24 Estimated 2

3 F3 _US HI_SS LL + Extraction Numbers (1000s) 1985 2022 Doublenormal24 Estimated 3,6

4 F4 US HI_DS LL Extraction Numbers (1000s) 1975 2022 Doublenormal24 Estimated 4

5 F5 US DGN_+ Extraction mt 1980 2022 Doublenormal24 Estimated 5,27

6 F6_JPN_SS i Extraction Numbers (1000s) 1994 2022 Doublenormal24 Estimated 7

7 F7_JP_SML DGN  Extraction Numbers (1000s) 1981 1992 Mirrored 6 16

8 F8 JP_DS Il_+ Extraction Numbers (1000s) 1992 2022 Doublenormal24 Estimated 8,28,29,31,33

9 F9 JPN_DGN_Il_+ Extraction mt 1975 2022 Doublenormal24 Estimated 9,12,22

10 F10 JPN_CST_+ Extraction mt 1994 2022 Doublenormal24 Estimated 10,13,18

11 F11 JPN_DS | + Extraction mt 1975 1991 Mirrored 8 11

12 F12_JPN_SS | _+ Extraction mt 1975 1993 Mirrored 6 14,23,30

13 F13 JPN_SS DISC Extraction Numbers (1000s) 1994 2022 Doublenormal24 Estimated 15

14 F14 JPN_SS llI Extraction Numbers (1000s) 2014 2016 Doublenormal24 Estimated 17

15 F15 TW_LRG_N Extraction Numbers (1000s) 1975 2022 Doublenormal24 Estimated 19

16 F16 TW_LRG_S Extraction Numbers (1000s) 1975 2022 Doublenormal24 Estimated 20

17 F17_TW_SML Extraction Numbers (1000s) 1989 2022 Doublenormal24 Estimated 21

18 F18 MEX_NOR Extraction mt 1976 2022 Doublenormal24 Estimated 24

19 F19 MEX_SOU Extraction mt 1976 2022 Doublenormal24 Estimated 25

20 F20_MEX_ART Extraction mt 2017 2022 Mirrored 5 26

21 F21 IATTC_PS Extraction mt 1975 2022 Mirrored 3 32

22 S1:USDE-LL -all Index Numbers(1000s) - - Doublenormat24 Estimated 34

23 S2:USDE-LL-core Index Numbers (1000s) - - Mirrored 22 35

24 fi:JuvenileSurvey Index Numbers (1000s) - - Mirrored 1 36

25 S4:TWALA-LL-N Index Numbers (1000s) - - Mirrored 15 37
S5:JROF-DW-SH-

26 Index Numbers (1000s) - - Mirrored 6 38

LL-M3

91



F

NAL

Table2 (continued) Fleetspecific definitions, original units of catch, and selectivity assumptiead inSS3 08
2022simpldor North Pacificshortfin mako The selectivity curves fdisheries lacking size composition were
assumed to be the same (i.e., mirror fishery) as a related fisliwgry definitions fronTablel are denoted in the
Former fisherycolumn.

Fishery Catch Catch Selectivity Mirror  Former

Number Fishery name Type Catch units start end assumption fishery fishery
S6:JROF-DW-SH- )

27 Index Numbers (1000s) - - Mirrored 6 39
LL-M5
S7:JROF-DW-DE- )

28 Index Numbers (1000s) - - Mirrored 8 40
LL-M7

29 S8:MX-ComLL Index Numbers (1000s) - - Mirrored 18 41

30 S9:MX-Com-LL-N Index Numbers (1000s) - - Mirrored 18 42

31 S10:MX-ComLL-S Index Numbers (1000s) - - Mirrored 19 43
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Table3. Catch in numbers (1000s) North Pacificshortfin makdor fisheries listed iMTablel.
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Tabl(eodht.i nieetdoh i n odiNmbehs P00 ® 0fcgrs hfo rsthfelrabéinsa kla st ed i
Ye a 1 2 3 4 5 6 7 8 9 1+ 1 1 1 1.1 1 1 1+ 1 21 2 2., 2. 2. 2 21 2 2. 2' 31 3 3. 3.
19 9.10. 2. .12, 11.1.

19 10.10. 3. 6. 10. 1.

19 10.11. 3. 5. 10.1.

19 11.16. 4. .11, 11. 2.

20 13.11. 4. 7. 14. 2.

20 13.9. 4. 8. 14.1.

20 11.9. 3. 9. 13. 2. 0.

20 11.9. 6. .12, 12. 3. 0.

20 13.7. 4. .12, 18. 8. 0.

20 .14.6. 4. 7. 13.5. 0.

20 .14.7. 5. 7. 12.6. 0.

20 L1707 7. 8. 11.8. 0.

20 .14.4. 6. 5. 13.5. 0. 0.
20 .18.2. 8. 5. 14.5. 0. 0.
20 .17.3. 7. 8. 18.5. 3. 0.
20 9. 2. 4. 6. 17.6. 13. 1.
20 .12.2. 6. 6. 17.6. 5. .10.
20 .10.1.10. 5. 16.6. 0. . 14.
20 2. 7. 14. 4 . 31.14. 0. 0. 9.
20 3. 9. 14. 7. 41.10. 1. 5.
20 2.12. 17. 5. 13.6. 0. 0.
20 .12.1. 7. 5. 9. 1.21. 0. 4 .
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Tabl(eodht.i nieetdoh i n oiNmbe¢ hssPacOtd0icgr maik ®h eTraibélse | i st ed i
Ye a 1 2 3 4 5 6 7 8 9 1+ 1 1 1 1.1 1 1 1+ 1 21 2 2. 2. 2. 2 212 2 2" 31 3 3. 3.
20 .13. 5. 1.28. .11
20 .12, 13.2.48. 2.
20. 8. 6. 3.59. 0.
20. 6 . 7. 2.65. 2.
20. 8. 6. 3.42. 1.
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Table4. Catch inmetric tonsof North Pacificshortfin makdor fisheries listed imablel.

Year 1 2 3 4 5 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33
1974 1180

1975 4 232 200 721 7 5 0
1976 5 433 368 1002 0 0 66 7 0
1977 6 588 607 1351 2 2 64 8 0
1978 5 550 371 1097 2 2 92 11 0
1979 2 774 274 1200 0 0 43 21 0
1980 0 918 199 1144 2 1 51 14 0 0
1981 19 0 168 1076 195 1013 3 1 1 38 19 4 0
1982 6 1 354 774 196 637 28 0 0 61 15 4 0
1983 1 2 223 842 147 510 44 0 0 58 10 7 0
1984 2 1 162 836 160 397 63 0 40 10 15 0
1985 0 0 2 153 769 154 352 56 4 3 35 7 14 0
1986 1 0 3 319 565 172 416 65 5 4 57 29 0 17 0
1987 4 0 2 410 486 153 333 54 2 1 57 177 19 0 19 0
1988 156 0 3 174 645 126 299 85 0 0 103 231 16 31 0
1989 5 1 15 258 747 105 274 68 2 1 240 118 114 20 31 0
1990 15 5 36 368 512 105 257 38 8 6 254 290 257 30 29 0
1991 23 19 35 201 505 126 333 41 8 6 307 125 198 30 23 0
1992 2 175 51 144 694 119 344 23 3 2 330 343 350 26 0 9 0
1993 1 168 62 125 1174 431 2 2 245 354 89 0
1994 21 129 61 111 336 1189 110 69 22 6 0 0 193 274 61 0
1995 108 82 91 389 1416 93 65 15 6 43 31 150 276 58 0
1996 104 78 94 435 875 91 399 18 35 18 13 513 337 76 0
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Table4Cat ch i n orNeotrrtihc sPhaccn sf fificor mfakk ®h eTraibfise | i st ed i n

Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33
1997 127 88 133 476 851 114 206 17 9 18 17 12 285 328 73 0
1998 123 107 99 496 885 117 21 13 9 2 20 15 255 332 56 0

1999 121 107 58 560 1311 158 219 14 10 19 42 31 492 353 85 0

2000 94 104 76 675 941 140 104 16 12 9 39 28 322 431 108 0
2001 22 130 41 630 792 140 210 16 11 18 40 29 368 422 70 0
2002 19 134 82 520 771 122 120 5 10 11 54 38 408 392 96 1 0
2003 12 140 68 511 762 229 19 6 10 2 34 25 510 348 124 3 1 0
2004 10 136 53 602 579 134 26 1 12 2 56 41 529 530 334 37 18 O
2005 19 128 33 61 652 510 155 61 43 13 5 31 39 318 388 220 15 2 0
2006 12 121 45 86 689 635 178 10 6 13 1 61 29 326 380 260 11 21 0
2007 17 135 43 41 832 596 244 43 15 16 4 33 23 365 344 345 5 18 O
2008 18 164 32 30 673 362 212 121 14 13 11 17 18 251 400 209 2 22 0 2
2009 23 148 30 35 864 211 294 342 1 16 30 17 23 249 438 214 3 3% 0 10
2010 29 104 21 19 839 256 272 151 20 15 13 10 17 350 550 211 262 O 11 0 43
2011 20 116 17 19 466 231 146 48 11 9 4 22 40 293 520 238 1127 24 0 156
2012 18 101 22 39 583 205 206 10 2 11 1 13 24 265 488 226 459 2 8 0 830
2013 15 109 29 40 459 111 345 47 9 9 4 52 38 210 478 234 10 25 64 0 1194
2014 25 118 16 25 216 263 7 3 13 558 1 69 44 185 925 542 17 18 111 0 752
2015 27 129 13 11 311 334 2 11 13 557 0 26 61 313 1253 400 127 5 97 0 442
2016 20 179 19 10 185 446 32 16 16 694 3 28 55 220 401 259 74 2 120 O 67
2017 30 221 19 16 592 100 271 23 10 11 2 8 18 236 306 62 568 35 2 227 0 327
2018 14 241 18 17 684 111 223 19 28 12 2 32 34 187 189 43 765 223 1 228 0 896
2019 16 187 29 12 621 115 214 15 3 11 1 58 45 226 430 93 1273 186 5 192 0 169
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Table4Cat ch i n orNeotrrtihc sPhaccn sf fificor mfakk ®h eTraibfise | i st ed i n

Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33
2020 34 157 7 4 417 81 194 4 16 7 0 108 66 174 205 145 1528 103 2 193 O 11
2021 20 106 8 3 335 72 133 16 23 6 1 78 38 149 235 99 1658 9 2 220 0 225
2022 23 59 5 8 439 36 160 5 55 8 0 62 50 129 197 157 1044 28 4 123 0 141
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Tableb. Indices of relative abundanéa North Pacificshortfin makocorresponding to the fisheries named ablel.

Year Sl Sl S2 S2: S3 S3: S4 S4. S5 S5: S6 S6: S7 S7: S8 S8: S9 S9: S10  S10:

Ccv Ccv Ccv Ccv Ccv Ccv Ccv Ccv Ccv Ccv
1994 147 0.15 041 025 018 015 109 1.09
1995 124 0.07 051 023 027 015 099 0.99
1996 119 0.10 065 020 043 014 103 103
1997 0.94 0.10 063 019 042 014 103 103
1998 065 017 050 013 109 1.09
1999 066 017 048 012 133 133
2000 055 034 057 034 0.78 0.05 065 016 048 012 137 137
2001 085 033 087 032 118 0.10 073 0415 058 012 101 101
2002 064 033 067 033 1.03 0.07 066 016 050 013 110 110
2003 072 033 0.72 033 097 0.05 075 013 062 011 117 117
2004 046 033 048 033 093 0.04 081 014 068 012 110 110

2005 074 033 074 033 097 007 054 006 09 012 086 011 1.09 1.09

2006 060 033 065 033 094 004 066 004 100 013 089 012 137 137 170 022 219 029 144 055
2007 081 033 081 033 092 007 051 005 106 012 09 011 174 174 08 047 079 019 086 038
2008 097 033 097 034 079 004 023 012 091 014 084 013 1.07 107 083 033 051 030 129 0.24
2009 093 033 092 033 084 005 040 0212 121 012 110 012 086 08 075 039 114 018 0.78 058
2010 076 033 080 033 076 003 032 013 114 013 108 013 093 093 067 030 070 021 087 041
2011 096 033 09 033 084 003 070 0212 130 015 133 015 067 067 121 025 072 044 191 040
2012 078 033 079 033 105 006 08 008 140 015 147 015 071 071 193 026 19 034 135 0.74
2013 104 033 103 033 116 008 136 003 116 016 112 016 034 034 103 028 081 045 181 041
2014 103 033 104 033 136 005 156 015 178 016 076 076 070 042 066 021 091 034

2015 125 033 126 033 116 006 152 0415 18 017 132 132 102 023 071 016 067 0.39
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Tabl e 5 (locnadntciersu eod) .r &€ bNeotritvhe sPeabcu tftiecmc ek pondi ng t o

Tabl e

Year S1 S1: S2 S2: S3 S3: S4 S4: S5 S5: S6 S6: S7 S7: S8 S8: S9 S9: S10 S10:

cv cv CcVv CcVv CcVv CcVv CcVv CcVv CV CVv

2016 136 033 138 033 117 005 142 016 173 018 109 109 072 009 083 021 084 0.36
2017 178 033 197 033 116 006 140 0217 177 019 075 075 081 033 047 034 162 0.28
2018 163 033 163 033 146 003 139 019 203 021 08 08 034 041 032 009 041 0.26
2019 146 033 151 033 130 003 124 018 160 020 078 078 153 023 194 018 088 0.71
2020 170 033 129 033 214 003 098 018 100 0.18 067 067 058 048 075 014 060 044
2021 134 003 110 018 109 017 092 092 199 024 220 0.09 040 0.49
2022 131 003 115 018 135 020 079 079 033 044 038 008 035 0.32
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Table6. Bayesiarstatespacesurplus production model (BSPM) inputemovals and effort.

Total removals Removals non- Effort (hooks, Effort

Year (1000s) longline (1000s) millions) (scaled)

1994 52.83 8.43 103.90 0.50
1995 55.08 6.89 98.61 0.47
1996 68.17 6.83 90.09 0.43
1997 59.64 8.85 90.11 0.43
1998 53.05 7.44 90.12 0.43
1999 71.88 7.13 103.04 0.49
2000 66.24 7.48 85.58 0.41
2001 64.44 6.23 104.05 0.50
2002 62.33 7.20 101.48 0.49
2003 63.35 9.89 126.04 0.60
2004 73.75 6.25 143.45 0.69
2005 63.01 8.41 155.67 0.75
2006 65.57 9.11 159.13 0.76
2007 71.06 10.11 206.22 0.99
2008 59.83 8.41 208.35 1.00
2009 71.47 10.52 185.50 0.89
2010 74.47 9.67 147.60 0.71
2011 71.18 5.75 179.22 0.86
2012 72.87 8.07 159.99 0.77
2013 74.78 12.90 108.17 0.52
2014 94.94 23.85 140.24 0.67
2015 103.23 25.11 133.09 0.64
2016 69.30 31.51 141.40 0.68
2017 74.22 30.66 112.92 0.54
2018 86.83 36.95 110.29 0.53
2019 103.90 55.95 145.18 0.70
2020 99.73 65.64 125.94 0.60
2021 102.17 70.53 112.37 0.54
2022 79.52 48.52 121.34 0.58
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Table7. Priors used for leading parameters in the Bayesianspaiee surplus production model

(BSPM).
Parameter Type Prior
TAASTE el 6 Ensemble Baseline Y D, 1 Cl Il O¢dAGE p
increase’y Ensemble Extreme Y D, T ClT OdpAfi® 1t
Ensemble Baseline @, I CT T OppAf® w
Initial depletionw
Ensemble Extreme o, I CT T OisAti® w
Ensemble Baseline &, 1 Cli pdiéad o
Shape¢
Ensemble Extreme &, 1 Cli o AR ¢
Carrying capacityy  Ensemble ox, T CT T PipAl
Ensemble , D, T Cl T Odshamr x
Process error,
Sensitivity , D. 1T Ol Alfp
Additional Ensemble
observation error . D. T Ol Affg
Longline Ensemble .D. 1 cl i OdehAis
catchability T >
Ensemble Est. (F-L) , D. 1T Ol Afigtpqu
Fishing mortalit e r c e
g y Ensemble Est (F-M) , D. | Ol AH@&tq v
error ,,
Ensemble Est (F-H) , D. 1 Of Afigtu
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Table8. Fixed catch sensitivity scenarios.

Scenario Catch magnitude . ) )
_ Historical undereporting assumption
label assumption
1. bb Observed levels No undefreporting
50% higher than
2: 50b
observed
100% higher than
3: 100b
observed
4 b50 Observed levels 1994 catches 50% higher than observed, linea
' declining to match observed in 2022
50% higher than
5: 5050
observed
100% higher than
6: 10050
observed
2 0100 Observed levels 1994 catches 100% higher thalbserved, linearly
' declining to match observed in 2022
50% higher than
8: 50100
observed
100% higher than
9: 100100

observed
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Table9. Model configurationensembleveight and diagnostics for eanfodel in the Bayesian staspace surplus production model
(BSPM) ensemble.

Weight Prior Coverage Coverage
Model Index Catch Divergences =| J_.. Converged RMSE Mohn's z MASE
(relative) type (r7royd (U )
1 0.026 1 Baseline Est.(Longline) 0 1.007 639 Y 0.202 -0.011 100% 100% 1.821
2 0.026 2 Baseline Est. (Longline) 0 1.006 876 Y 0.225 0.001 100% 100% 1.387
3 0.053 4 Baseline Est. (Longline) 0 1.008 717 Y 0.312 -0.018 100% 100% 0.763
4 0.053 5 Baseline Est. (Longline) 0 1.003 754 Y 0.133 -0.059 100% 100% 1.870
5 0.026 1 Extreme Est. (Longline) 0 1.011 815 N 0.191 -0.035 100% 100% 1.376
6 0.026 2 Extreme Est. (Longline) 0 1.004 805 Y 0.215 -0.045 100% 100% 1.164
7 0.053 4 Extreme Est. (Longline) 0 1.004 667 Y 0.308 0.004 100% 100% 0.8214
8 0.053 5 Extreme Est. (Longline) 1 1.009 698 N 0.134 0.026 100% 100% 2.253
9 0.5 1 Baseline Est. (F- H) 0 1.006 798 Y 0.202 0.036 100% 100% 1.721
10 0.5 2 Baseline Est. (F- H) 0 1.007 789 Y 0.221 0.003 100% 100% 1.322
11 1 4 Baseline Est. (F- H) 0 1.007 794 Y 0.326 -0.007 100% 100% 0.772
12 1 5 Baseline Est. (F- H) 0 1.012 630 N 0.136 -0.100 100% 100% 1.962
13 0.5 1 Extreme Est. (F- H) 0 1.005 807 Y 0.186 -0.023 100% 100% 1.191
14 0.5 2 Extreme Est. (F- H) 0 1.006 839 Y 0.212 -0.014 100% 100% 1.116
15 1 4 Extreme Est. (F- H) 0 1.008 772 Y 0.313 -0.028 100% 100% 0.828
16 1 5 Extreme Est. (F- H) 0 1.006 763 Y 0.138 -0.060 100% 100% 2.688
17 0.5 1 Baseline  Est. (F- M) 0 1.006 769 Y 0.203 0.036 100% 100% 1.720
18 0.5 2 Baseline  Est. (F- M) 0 1.009 703 Y 0.221 0.042 100% 100% 1.333
19 1 4 Baseline  Est. (F- M) 0 1.007 767 Y 0.326 0.025 100% 100% 0.748
20 1 5 Baseline  Est. (F- M) 0 1.007 667 Y 0.137 -0.105 100% 100% 1.916
21 0.5 1 Extreme Est. (F- M) 0 1.006 600 Y 0.185 0.005 100% 100% 1.110
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Table9 (continued) Model configurationensembleveight and diagnostics for each model in the Bayesian Spaiee
surplus production model (BSPM) ensemble.

Weight Prior Coverage Coverage
Model Index Catch Divergences =| J_.. Converged RMSE Mohn's z MASE

(relative) type (r7royd (U )
22 0.5 2 Extreme Est. (F- M) 0 1.007 813 Y 0.211 0.045 100% 100% 1.026
23 1 4 Extreme Est. (F- M) 0 1.007 797 Y 0.312 0.007 100% 100% 0.831
24 1 5 Extreme Est. (F- M) 0 1.007 842 Y 0.139 -0.092 100% 100% 2.774
25 0.5 1 Baseline Est. (F-L) 0 1.009 566 Y 0.203 0.051 100% 100% 1.731
26 0.5 2 Baseline Est. (F-L) 0 1.006 768 Y 0.222 0.051 100% 100% 1.307
27 1 4 Baseline Est. (F-L) 0 1.006 785 Y 0.325 0.010 100% 100% 0.756
28 1 5 Baseline Est. (F-L) 0 1.005 785 Y 0.135 -0.107 100% 100% 1.932
29 0.5 1 Extreme Est. (F-L) 0 1.01 667 Y 0.186 0.013 100% 100% 1.115
30 0.5 2 Extreme Est. (F- L) 0 1.012 696 N 0.212 0.023 100% 100% 1.014
31 1 4 Extreme Est. (F-L) 0 1.006 789 Y 0.312 -0.020 100% 100% 0.837
32 1 5 Extreme Est. (F- L) 0 1.005 770 Y 0.14 -0.103 100% 100% 2.795
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Table10. Model configurationensemblaveight and median estimates of leadpagameters for each model in the Bayesian-state
space surplus production model (BSPM) ensembile.

Weight Prior
Model Index Catch Converged =|u+, L a; At_um
(relative) type

1 0.026 1 Baseline Est. (Longline) Y 0.1 11,503 .17 7 . 05¢ . 058 0.019

2 0.026 2 Baseline Est. (Longline) Y 0.1 11,084 . 1¢ z . 05! . 058 0.019

3 0.053 4 Baseline Est. (Longline) Y 0.1 11, 464 .14 z . 06 ( . 052 0.149

4 0.053 5 Baseline Est.(Longline) Y 0.1 7,586, .21 1 . 05¢ . 055 0.008

5 0.026 1 Extreme Est. (Longline) N 0.1 10, 827 .11 € . 05¢ . 062 0.018

6 0.026 2 Extreme Est. (Longline) Y 0.1 10, 745 .11 £ . 05¢ . 066 0.017

7 0.053 4 Extreme Est. (Longline) Y 0.1 9,924, . 0¢ € 0. 05" . 057 0.140

8 0.053 5 Extreme Est. (Longline) N 0.1 6, 034, . 138 1 0. 05: . 066 0.007

9 0.5 1 Baseline Est. (F- H) Y 0.0 10,561 .22 7 0.05: 0.018 0.026
10 0.5 2 Baseline Est. (F- H) Y 0.0 9,930, .23 7 0.05: 0.018 0.027
11 1 4 Baseline Est. (F- H) Y 0.0 10, 403 .21 1 0. 05" 0.158 0.027
12 1 5 Baseline Est. (F- H) N 0.1 9,380, . 28 C 0.05: 0.007 0.021
13 0.5 1 Extreme Est. (F- H) Y 0.1 9,575, .18 z 0.05: 0.018 0.043
14 0.5 2 Extreme Est. (F- H) Y 0.1 9,702, .18 4 0. 05¢( 0.018 0.043
15 1 4 Extreme Est. (F- H) Y 0.1 10, 140 .12 z 0. 05 0.150 0.041
16 1 5 Extreme Est.(F- H) Y 0.1 8,107, .17 : 0.05: 0.008 0.037
17 0.5 1 Baseline Est. (F- M) Y 0.0 13,441, .24 z 0. 05¢ 0.016 0.019
18 0.5 2 Baseline  Est. (F- M) Y 0.0 13,4009 . 2E C 0.05: 0.018 0.018
19 1 4 Baseline  Est. (F- M) Y 0.0 12,930, .22 ¢ 0.05° 0.163 0.020
20 1 5 Baseline  Est. (F- M) Y 0.1 10,762, . 3C z 0.05: 0.008 0.017
21 0.5 1 Extreme Est. (F- M) Y 0.1 12,565, .14 1 0.05: 0.016 0.028
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Table10 (continued) Model configurationensemblaveight and median estimates of leading parameters for each model in the Ba
statespace surplus production model (BSPM) ensembile.

Weight Prior
Model Index Catch Converged 414, L . . ay A O_un q,

(relative) type
22 0.5 2 Extreme Est. (F- M) Y 0.1 12,595, 0.14 1. 8C¢C 0. 05: 0.016 0.028
23 1 4 Extreme Est. (F- M) Y 0.1 13,467 0.18 1. 81 0. 05« 0.147 0.026
24 1 5 Extreme Est. (F- M) Y 0.1 10,106. 0.1¢ 1. 7¢ 0. 05: 0.008 0.026
25 0.5 1 Baseline Est. (F- L) Y 0.0 17,817, 0.2t 2.9¢ 0. 05 0.017 0.013
26 0.5 2 Baseline Est. (F- L) Y 0.0 16,932. 0. 2€ 2. 8¢ 0. 05: 0.016 0.013
27 1 4 Baseline Est. (F- L) Y 0.0 18,749, 0.2% 2.9¢2 0. 05¢ 0.159 0.013
28 1 5 Baseline Est. (F- L) Y 0.1 15,204. 0.31 2. 87 0. 05: 0.008 0.011
29 0.5 1 Extreme Est. (F- L) Y 0.1 18,998, 0.1t 1. 81 0. 05 0.017 0.015
30 0.5 2 Extreme Est. (F- L) N 0.1 18,573, 0. 1€ 1. 8C¢C 0. 05: 0.016 0.015
31 1 4 Extreme Est. (F- L) Y 0.1 20,019, 0.14 1. 8¢ 0. 05 0.150 0.015
32 1 5 Extreme Est. (F- L) Y 0.1 14,997, 0.22 1.77 0.05: 0.008 0.015
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Table1l1l Model configurationensemblaveight and mediaastimates o$tock status anthanagement reference poifds each
model in the Bayesian stagpace surplus production model (BSPM) ensemble.
Weight Prior —
Model Index Catch Converged Iy Ty L FiqL T T L
(relative) type L THL

1 0.026 1 Baseline Est. (Longline) Y 384, 0.588 0.0¢ .55 . 04" 0. 95¢ 0.781
2 0.026 2 Baseline Est. (Longline) Y 356, 0.579 0.0¢t .53 . 041 0.94( 0.802
3 0.053 4 Baseline Est. (Longline) Y 404, 0.591 0.0¢€ .62 .04: 1.05¢ 0.694
4 0.053 5 Baseline Est. (Longline) Y 259, 0.579 0.0¢€ .56 . 04! 0.99¢ 0.810
5 0.026 1 Extreme Est. (Longline) N 345, 0.487 0.0E¢€ .41 .05: 0. 86¢ 0.804
6 0.026 2 Extreme Est. (Longline) Y 356, 0.486 0.0E¢€ .41 .05: 0.85¢ 0.814
7 0.053 4 Extreme Est. (Longline) Y 341, 0.489 0.07 .47 04 0.97¢ 0.694
8 0.053 5 Extreme Est. (Longline) N 184, 0.481 0. 0E¢€ . 34 .07 0. 71¢ 1.101
9 0.5 1 Baseline Est. (F- H) Y 271, 0.576 0.0¢ .59 . 02: 1.03¢ 0.465
10 0.5 2 Baseline Est. (F- H) Y 261, 0.570 0.0¢ . 60 .02 1.08¢ 0.477
11 1 4 Baseline Est. (F- H) Y 278, 0.578 0.0¢ .62 .02 1. 009¢ 0.452
12 1 5 Baseline Est. (F- H) N 263, 0.571 0.0¢t .71 .01 1.27: 0. 365
13 0.5 1 Extreme Est. (F- H) Y 275, 0.482 0.0¢ . 43 . 03 0.90:¢ 0.544
14 0.5 2 Extreme Est. (F- H) Y 280, 0.484 0.0¢ .41 . 03! 0. 861 0.590
15 1 4 Extreme Est. (F- H) Y 300, 0.482 0.0¢ . 46 . 031 0.97( 0.485
16 1 5 Extreme Est. (F- H) Y 232, 0.472 0.0¢ . 46. . 03 0.99¢ 0.567
17 0.5 1 Baseline Est. (F- M) Y 322, 0.566 O0.0¢ . 64" . 011 1.16¢ 0. 353
18 0.5 2 Baseline Est. (F- M) Y 323, 0.571 0.0¢ . 64 .01! 1. 13¢ 0.360
19 1 4 Baseline Est. (F- M) Y 334, 0.577 0.0¢ .67 . 011 1.17: 0. 345
20 1 5 Baseline Est. (F- M) Y 309, 0.573 0.0¢ . 76" .01! 1. 33¢ 0.294
21 0.5 1 Extreme Est. (F- M) Y 351, 0.481 0.0¢t .50 .02 1. 05¢ 0.364
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Table 1 (continued) Model configurationensemblaveight and median estimatessbbck status ancthanagement reference point

for each model in the Bayesian staf@ce surplus production model (BSPM) ensemble.

Weight Prior —
Model Index Catch Converged Iy Ty L TiqL T L

(relative) type L THL
22 0.5 2 Extreme Est. (F- M) Y 337, 0.480 0.0¢ .47 .02 1.01¢ 0.400
23 1 4 Extreme Est. (F- M) Y 381, 0.481 0.0E¢€ .53 .01 1.11¢ 0.322
24 1 5 Extreme Est. (F- M) Y 282, 0.475 0.0¢€ . 54 .02 1.167" 0.403
25 0.5 1 Baseline Est. (F- L) Y 418, 0.575 0.0¢ .71 . 01: 1.25:¢ 0.264
26 0.5 2 Baseline Est. (F- L) Y 395, 0.569 0.0¢ . 70 . 01: 1. 2471 0.265
28 1 5 Baseline Est. (F- L) Y 454, 0.573 0.0¢ .74 .01« 1.29¢ 0.227
29 0.5 1 Extreme Est. (F- L) Y 424, 0.569 0.0¢ .81 .01« 1.41¢ 0.198
30 0.5 2 Extreme Est. (F- L) N 516, 0.481 0.0¢ .61 .01: 1. 28( 0. 206
31 1 4 Extreme Est. (F- L) Y 568, 0.483 0.0¢ . 64 . 01: 1.32¢ 0.179
32 1 5 Extreme Est. (F- L) Y 408, 0.477 0.0¢ . 63 .01: 1.35¢ 0.226
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Table12 Summary of reference points am@nagement quantities for the model enseroble
North Pacificshortfin mako Values in parentheses represent the 95% credible intervals when
available Note that exploitation rate is defined relative to the carrying capacity.

Reference pointsSymbol Medi anC(95%
Unfished conditi

Carrying capacito (1000s s 12, 541-5(24 ,6186449
MSYyased referen

Maxi nsBwnst ai nabl e O (1000s 338 {11,33438)
Depl etion at MSY O 0.51-007@ap
Exploitation rat? 0.055 -00082Y
Stock status

Recent depletior©O 0.60-{0o00@3B
Recdeprpletion relO 70 1. 17 -1(.0.296
Recent exploitat? 0.018-0(.00.700 4
Recent exploitat? ) % 0. 34-1(.02.007
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Figure 1. Conceptual model fadorth Pacificshortfin mako Contour lines (warm colors) are
shown for the average annuglftp 0fp Ghand ¢ (C sea surface temperature isotherms.
Background shading (cooler colors) shows the deptheobxygen minimum zone @ 0f0), a
white isocline indicates a depth of 100m which could be limiting bas&bdh Pacificshortfin
makovertical dive profiles.
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Figure 3. Catchof North Pacificshortfin makdy fishery as assembled by the SHARKWG.

Upper panel is catch in numbers (1000s) and lower panel is catch in biomass (mt). The vertical
black line indicates the start of thesessment period in 1994.
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Figure 5. Initial distributions of biological parameteragximum aged
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Distribution
1. Oniginal
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3a: Filter
3b: Extreme filter

, age at 50%

, juvenile natural mortalityd :

9 v 1 Jand female sexatio at birth| ) for North Pacificshortfin makaused in

prior (blue shading). Resultant distributions
following filtering: simulated populationshich were viable (Survive, aqua shading), linse
filter (Filter, yellow), extreme filter (orange).
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Figure 6. Prior distributions fomaximum intrinsic rate of population increa%  of North
Pacificshortfin makoUpper panel Gray histogram is théY  values from the numerical
simulation which meet baseline filtering levels. Red line is fitted lognormal distribiiciale
panel Gray histogram is thé¥ ~ values from the numerical simulation which meet extreme
filtering levels. Dotted red line is fitted lognormal distributiBottom panelOriginal

distribution of 'Y values from numerical simulation (gray), those from viable populations

(blue), and the two lognormal priors (red).
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Figure 7. Prior distributions for initial depletiomo of North Pacificshortfin makoUpper

panel Gray histogram is theo values from the numerical simulation which meet baseline
filtering levels. Red line is fitted lognormal distributidvliddle panel Gray histogram is thev
values from the numerical simulation which meet extreme filtering levels. Dotted red line is
fitted lognormal distributiorBottom panelOriginal distribution ofc values from numerical
simulation (gray), those from viable populations (blue), and the two lognormal priors (red).
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Figure 8. Prior distributions for shapé of North Pacificshortfin makoUpper panel Gray
histogram is theg values from the numerical simulation which meet baseline filtering levels.
Red line is fitted lognormal distributioMiddle panet Gray histogram is theé values from the
numerical simulation which meet extreme filtering levels. Dotted red line is fitted lognormal
distribution.Bottom panelThe two lognormal priors (red).
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Figure 9. Histogram of population status (collapsedysugd with decreasing trend, and
survived with increasing trendf North Pacificshortfin makdrom numerical simulations with
anaive halNormal prior,. T O Adp , for longline catchabilityn.
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Figure 10. Stepwise model output (spawning biomass SSB, fishing mortality F, recruitment,
spawning biomass relative to spawning biomass at MEYHY YO , and fishing mortality
relative to fishing mortality that produces MS@X'O ) for key SS3 modelsf North Pacific

shortfin mako NoteSS3 00 2018basdblue) is overlaid by5S3 01 newSS3aqua).
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Figure 11. Lengthweight relationships assumed in the SS3 models for males (top) and females
(bottom)of North Pacificshortfin mako
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Figure 13. Early period (1978.993)CPUEs ofNorth Pacificshortfin makaused in the 2018
assessment and initial SS3 models for the current assesSolghtircles denote observed data
values. Vertical blue lines represent the estimated confidence intervals (+ 1.96 standard

deviations) around the CPURluesand the red line is the 2018 assessmefiEigure 11;ISC,
20183.
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Figure 15. Estimatedengthbasedselectivity curve®f North Pacificshortfin makdor the SS3
061 2022datamodel. Fisheries definitions can be foundablel. The vertical black line gives
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Figure 16. Posterior predicted CPUE (solid lihnenedian, and 95% credible inteniathaded
polygon)of North Pacificshortfin makdor all 32 models in the ensembleaple9). Observed

CPUE is shown in the black circles and the estimated observation error (95% credible interval) is
shown with the vertical black bars.
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Figure 17. Posterior estimates of total removals or catch (solid limedian, ad 95% credible

intervali shaded polygomf North Pacificshortfin makdfor the 24 models in the ensemble

(Table9) that fit to the catch. Observed total removalshiown by the black circles.
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Figure 18. Example of retrospective analysis for 4 models in the ensembl&gbkd for

details regarding the model configuration of these example models) with respect to time series of
depletion’O, depletion relative to depletion at MS® 7O , exploitation rate”Y, and

exploitation rate relative to the rate of exploitation that produces MGKY  for North
Pacificshortfin mako The base model with data included through 2022 (black Imedian;

dark shading 50% credible interval; light shading95%credible interval) is shown relative to

the retrospective models. Colored lines correspond to the last year of index data and the colored
point indicates the estimate in the last year of the retrospective peel.
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Figure 19. Starardized indices of relative abundance used in the stock assessment model
ensembldor North Pacificshortfin mako Open circles show observed values (standardized to

mean of 1; black horizontal line) and the vertical bars indicatelikervation error (95%
confidence intervaffreeOndiyedarmasahpaceddmod®o®Iins
lines, where the color indicates the last year of index data seen by the model. The predicted value
is shown one yeaahead with the coted point.
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Figure 20. Posterior parameteatistributions (filled polygonjor leading parameters/( , w,
€, 0,, ,. , N, and , ), relative to their assumed prior distributiqoslored line) for all
32 modés of North Pacificshortfin makan the ensemble.
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Figure 21. Posterior @tributions of management reference poibtsY(Y , O
Y Y ¥y ,0 ,and O 7O ) for all 32 models in the

weighted ensemble (Full, orange distribution) and all 28 converged models in the weighted
ensemble (Converged, blue distributiéor) North Pacificshortfin mako
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Figure 22. Posterior @htributions of managment reference pointd (Y'Y , O
% Y ¥y ,0 ,and O 7O ) for all 28 converged models

of North Pacificshortfin makan the weighted ensemble. Distribution color indicates the index
that the models were fit to (s&able9 for details).
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