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2 Executive Summary

This information paper provides details on the key supporting analyses and data sets used to
inform the 202 assessment model for thestern and central Pacific Ocean (WCPO)
skipjackstock. These include:

1 The standardization procedure used fordéieh per unit effortGPUE) time-series to
provide relative abundanaedices for the index fisheries.

The preparation of tagging data to construct the tag input files.
Thedevelopment ofmixing periodassumptions.

The adjustment dbngline fisherylength compositions.

The reweighihg approach of the lengitomposition data for extraction and index
fisheries.

= =4 A A

TheJapanese pole and line (JPPL) fishery CPUE-8Br&eswvas standardizeid provide
indices ofrelativeabundance fosix of the terindex fisheriesSimilar tothe 201%kipjack
stock assessment (SA)spatiotemporal modeling approach was usét the primary
differences being a uniform spatial knot configuration to accouttistoricalfishery
contractionand the region 8 index was truncatednclude 19%-1997due to inadequate
sampling coverage.

The CPUE timeseries for thgurse seinéisheriesin regions 63 (PS.68) was standardized

to provide indices ofelativeabundance fothreeof the ten index fisherieSimilar to

previous work on the standazdtion of purse seine CPUE data for skipjé¢iklal et al.,

2020) aspatiotemporal modeling approach vegplied however, we defined effort as the

cumulative daytim@ath lengthbetween seiscomputed from VMS and logsheaather than

using the set as the unit of effddata was filtered to includenly unassociated sets

remove the influence @dvancements in fish aggregating device (FAD) technoMggsels

that were defined as FAD specialigtd 70 % of set s -oosurefpeki@s) dur i ng
were removed for that year to remqw@entialbiasegntroduced as a rekwf differences in
unassociated sétshing skill during closure periods.

Monthly catch and effort fohie purse seinfisheryin the Philippinesi(e.,region 5 PS.5
fisherywere estimated from port sampling data and@R&JE timeseries washen
standardized to providenandex ofrelativeabundance fothe finalindex fishey.

Methodology for the standardization of the Philippines purse sdptéEfollowed those
applied in he 2019 skipjack SABigelow et al., 2019py applying generalized linear models
(GLMs).

Compared to the 2@lag file, an additionab9release events were added to the tag file,
whichwas the result aiidditional release events that were previously missing legth
releaseor fromadditional release events thetd not met th@019 skipjack SAut-off year
to be included in the modeThese changes to the tagging fimtributed an extra3,575
effective releases antj213usable recaptures. The corrections ofredgases for usability,



tag sheddingand taginduced mortality reduced thetal number ofeffectivereleaseso
383,387and63,305usable recaptures the 222 tag file.

In the previous skipjack SA/incent et &, 201%), assumptions of mixing period duration
were influential to stock status. Simulations usingnalividuatbasedmodelof tagged
release groups were performed to estimate release gwetific mixing periodand region
specific mixing periods for events not simula{&dutt Phillips et al., 2022).

The size composition dateerereweighed prior to integration into thassessment model

remove potential bias due to uneven sampling of skipjack over spatienamndthin model

strata This approaclkapplies twareweighting schemesne for extraction fisheries that uses

catch as the weighting factor to promteegth compositiomata that are representative of
removals, and one for survey fisheries that usesEC&the weighting factor to promote

length compositionlata that are representative of the populafidre reweighting of size
compositions was performed using the methods applied in previous assessments of albacore,
bigeye, and yellowfin tun@Peatman et al., 2020; Vidal et al., 20ahfiaredescribed in

detail inAppendix I Reweighting of size composition data

3 Introduction

Stock assessments for tuna in the Western and Central Pacific Ocean (WCPO) conducted by
the Pacific Community (SPC) generally utilize the statistical softvase TIFAN -CL

(Fournier et al., 1998; Hartgn and Fournier, 2001; Kleiber et al., 201Bhese models have
extensive dateequirements and specific formats for input files. This paper describes the data
and its preprocessinghat were used in the 2R stock assessme(8BA) of skipjack tuna
Katsuwonus pelamis the WCPOwhere standéilone manuscripts were not considered
warranted in each case. This report should not be viewed as the only inputs used22 the 20
skipjack assessment. Insteashders should also refer to théormation papers othe

estimation of reporting rate priofBeatman, 222) and theestimation otagger effects

(Peatmaret al, 2022, Scutt Phillips et al., 2032

4 Standardized catch per unit effort (CPUE)

Catch per unit effofCPUE)data plays vital rolein the stock assessment of skipjack as it
provides a measure of relative abundance to the assessment model. Variables affecting
catchability and population density are accounted farspatiotemporal modeling approach
(Thorson, 2015)The standardizatiownf these datavas performedising aspatiotemporal
deltageneralized linear mixed mod@&LMM) whenpossible ogeneralized linear models
(GLMs) otherwise Data from the Japanese pole and line fisii@PyL)and from the purse
seine fisheryn theWCPOwere used to develop indices of relative abundafaeboth the
JPPL and the purse seine fishery in regioBs(BS.68), the regiorspecific median of
coefficient of variation was used as the basis for computing penalties for the CPUE indice
the 2022 skipjack SA.

4.1 Japanesepole andline

CPUE of skipjack caught bjPPLfishing vessels using aightregion spatial structure
(Figure 1; as was used in the 20%RipjackSA; Vincent et al. ,2018 was estimated from
logsheetdata between 1972 and 202ata in 2018 was updated amebtyears of data from
2019 to 202 were added since the 208KipjackSA. Thespatiotemporagstimation method



and data screening procedures (SP) related to the model inputs were performed following
methods employed in the 2019 $Ainoshita et al., 2019)

The CPUE standardization was calculated as -t@igaormal GLMM indices by multiplying

the set of indices obtained from the proportion of-nero catch (by a binomial model) and
thevalue of norzero catch (by a lognormal mogd#g&lyofuji, 2016; Kiyofuji et al., 2011,

Kiyofuji and Okamoto, 2014, Langley et al., 2010; Lo et al., J93R2PL fleé¢s were divided

into offshore poleandline (OS) and distant water pedsdline (DW) according to vessel

size, which affects their fishing strategy. OS operations consist of short cruises of less than
two weeks during a fishing season from April througifc®mber, and their main fishing

ground is distributed offshore of Tohoku, Japan (north of 30° N). In contrast, DW fishing
cruises may be longer than a month and fish throughout the year with a wide fishing ground
in the WCPO.

4.1.1 Fisheriesdata

The JPPUogsheetata utilized in the CPUE standardization covered the period from 1972 to
2020.Coverage dta from 2021 was only about 50% due to delays in digitizing caused by
covid19 and therefore, were not included in the standardization. The spaooéd

resolution of thdogsheetata is 1 arcegree at noon position (equal to 1x1° grid cells) and
daily. The following information was included for the CPUE calculation: date, skipjack

catches in weight, number of poles, gross registered tonnage ,(&Rilyessel iderication.

The JPPL data was categorized by vessel size with vessels between 20 and 199 GRT defined
as OS and vessels greater than or equal to 200 GRT defined as DW.

Historical changegin catch and effort and decadal shifts in the fishery grounds are shown in
Figure 2 andFigure 3, respectively. In the 1970the catch reached the highest (around
200,000 mt) in the recorded periods as well as the number of vessels anéFigoles?2).

Fishery grounds in #01970s were widely spread in most regions except regions 5 and 6, and
there were hot spots (over 1000 metric tonl3egrid cell) in regions 1, 2, 3, 7, and 8

(Figure 3). However, the catch fell below 120,000 mt in the late 1980s with a drastic drop of
effort (i.e., the number of vessels and poles), which was primarily due to the reduction of the
catch in regions-8. The catch and the effort hageadually decreased since the 1990s until
2020 whea the lowestcatchwas recorded37,851mt). The continuous decreas@s

associated with contractions of the fishery grounds, which was remarkable in regions 4 and 8,
and there are few hot spots in mostioaeg in the 2010&~igure 3).

The catch in each quarter and its fishery ground for the recent periodZ@R0Bare shown

in Figure 4. In general, the JPPL DW fishery operates througthe year, whereas the JPPL
OS fishery operates from late January (quarter 1) to latefNber (quarter 4). Thereby, the
catch in quarters 1 and 4 are much lower than those in quarters 2Figdrg @). In quarter

1, most of the JPPL fishery operates in tropgddtropical areas (regions 3, 4, 7, and 8).
Subsequently, the spatial distributions of the JPPL spread tomeamdrth in quartes 2-3
(mainly region 2Figure 4), and then back southward in quarter 4.

The seasonal trend of the JPPL fishery is directly related to the seasgraianiof

skipjack which isdriven by their thermal physiology and reproduction biology. Comparing
the physiological tolerance of the lower thermal limit for young skipgdd8°C (Barkley et
al., 1978; Kiyofuji et al., 2019)ith the sea surface temperatugS) revealed that there
were few areas where skipjack can suniveegion 2 in quarter IF{gure 5). Gradually, the
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areas spread toward the north due to the elevation &3fhé&om quarter 2 to quarter 3. The
northern limit of the habitat is up around 42°N in quarteFig\re 5), which is roughly
consistent with theorthern limit of the fishery grounds in regions 2 andrigre 4,

Matsumoto et al., 1984In quarter 4, the northern limit retracts back southward. In addition,
rough index of spawning temperature 24°C shows thahitisuitable for skipjack to spawn

in regions 1 and ZHjgure 5), leading to further migration southward for spawramgl

resulting inseasonally available fishery grounds in region 2. These annual patterns of
migration andhe shiftingfishery ground area consequence of ttehaviouratesponse of
skipjack to the temperature via their thermal physiology and reproduction biology.

Information on the fishing technology (i.e., fishing devices) used in JPPL collected via
intervieware available only in the DW fleetShono and Ogura, 2000 order to have more
complete spatiotemporal coverage within the assessment model time period and region, DW
and OS trips were combideén a joint analysis following methods Kinoshita et al. (2019)

To account for potential differences in catchapitietween the two vessel classes, the fixed
effect of Classwas added along with the polynomial spline of vessel size in @Roshita

et al. (2019)in preliminary analyses of the nominal CPUE in spatiotemporal strata that were
fished by bottDW and OS vessels showed similarities in the magnitude and trend of mean
catch ratedetween the classeSiven the joint modeling approach of the DW and OS trips
and the fact that device information was unavailable for OS vessels, device covariates were
not included in thepatiotemporamodel following the methods ¢finoshita et al. (2019)

The vessel informatiowasnecessary tcludevessel effectsn the CPUE standardization.

Sincethe JPPLIogsheetdatadid not contain any information to identify vessels, the unique

ID was assigned to each vessel in the last assessment by using license number (changeable
everybyear s), a shipods r &Kmaoskithetal.,2p19)@thisct ur e, anc
assessment, A new lookup table of year, license nyrabérunique ID was created from the

2019 ID data, and then applied to the 2022 JPPL data with some updates for newly registered
vessels.

Updated data were filtered out by using the following procedures to prepare the data for
CPUE standardization. The sereng process hemasthe same as used in the 2019
assessment f@patiotemporamodelng.

Filter 1: Remove the datautside the stock assessment boundaries
Filter 2: Remove the data with number of poles<2 and number of crew<5

Filter 3: Remove the data wésset with no vessel IDs assigned in and after 1987, when
fishing license numbers changed substantially

Filter 4: Remove extremely high skipjack catch records of over 200 tons per day

Filter 5: Remove the data of vessttlat had operated for less tHagears ad less than 10
days per year

4.1.2 Modelconfiguration

The initial phase of the analysis was to replicate as close as possibldi¢cesapplied in the
2019 assessment, using the same data.vldssot a straightforward proce&s this
assessment due to several challenges presented to the SPC assessmatht dedabeing
inaccessible to the new SPC analysts tasked with performing the an@lyssequently, we

6



worked closely with Japan scientistom theJapan Fisheries Research and Education
Agency(FRA) to accomplish the CPUE standardization. Additional problems were
encountered utilizing scripts from the 208i@pjackSA with customized functionthat were
incompatible withupdated R packagesd consequently, the model scripts were modified/
simplified andevaluatedn the 2019 data set to ensure the model could produce similar
results to thosproducedn the 201S%kipjackSA.

We fit a spatiotemporal deltagnormalgeneralized linear mixeshodel(delta GLMM,;

Thorson et al., 20)5using the VAST package in R. Spatiotemporal mouefdicitly

account for spatial and spatiotemporal autocorrelation in catch rates using Gaussian Markov
random fields assuming geometric anisotraplyich allows for spatial autocorrelation to

vary in magnitude based on the direction of neighbouring kiatitms. This provides a

means of predicting the density relative to the aggregated environmental and biological
factors that influence both the distribution and catchalfilityorson, 2019)Spatial locations

at which the effects were estimated (i.e. the knots; n=280) were uniformly distributed across
the spatial domairFjgure 6) as recommenddaly DucharmeBarth et al. (20220 improve
estimation using spatially imbalanced data such as the contracting fishery of the JPPL
skipjackdata.

Using this framework allowed for a joint analysis of the DW andd@& andallowed for the
simultaneous estimation of all the regional abundance indices using a single model. The basic
equations applied are as follows for each model part (binomialognormal):

X OQNT 0ONI § QUAD % o 6 a@iiidddadéaQ o
, ©
WX OQNI 0ONI | QVNAD % o S a@iiit 6adéaiQ o
, QO
wherer] was the encounter probability, was the positive catch rate (CPdEfined as catch
in kilograms pedaily logsheetrecord, YearQtrwas a fixed effectVessellDwas a normally
distributed random effedor vessel identification @ was the spatiarandom effect at
knotx associated with thieg sheetecordi, % wh was the spatiotemporal random effect
at YearQtr tand knotx, Classwas a fixed effect denoting a vessel as either OS or DW,
s(NumPolesyvas a polynomial of degree 5 for the number of poles fisbigptt) was a
polynomial spline of degree 5 for the vessel sizgl, @ was the linear effect of sea
surface temperatar(SST;Smith and Reynolds, 1984t YearQtr tand knotx. Bot hh ¥ and

are described by multivariate normal spatial random fieldsl(0, R) whereR was a Maérn
correlation function. For the variabke temporal independenegess assumed acro¥®arQtr.

Model selection with Akaike Information Criteria (Al@jas performegrogressively in the
following order:by comparing the densHyased spatial knot configuratiavith a uniform
configurationremovingrandom effects for vessel identificatioemovingcatchability
covariatesandthenremovingdensity covariatesResidual analysis was performed using
probability-integrateetransform (PIT) residual@Varton et al., 2017 )evaluated using the
DHARMa R packagé¢Hartig and Lohse, 2017%tandardization alPPLCPUEcoding
scriptsavailable at SPGitHub repositoryhttps://github.com/PacificCommunity/ofam
PoleandLine-CPUE Standardizatiomndhttps://githu.com/PacificCommunity/ofigansst
(login required) All analyses performead n  (©eBm, 202Q)
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https://github.com/PacificCommunity/ofp-sam-Pole-and-Line-CPUE-Standardization
https://github.com/PacificCommunity/ofp-sam-Pole-and-Line-CPUE-Standardization
https://aus01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgithub.com%2FPacificCommunity%2Fofp-sam-sst&data=05%7C01%7Cthomast%40spc.int%7Cc857c107839b46b9709208da6b6e4749%7Cf721524dea604048bc46757d4b5f9fe8%7C0%7C0%7C637940418632215715%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=UGL9jhXykmyQbRh%2FTpNz0JfLqcR4zYs53Fl%2BVhyHMNg%3D&reserved=0

The standardized CPUE indices used as inputs intedR2 skipjackSA were calculated as
areaweighted indices. The modetoducesestimates ofkipjackdensityby 1° grid cells
Grid cell densities were adjusted for differences in grid cell area at varying la{{But#is et
al., 2015)using the grid cell calculator at:
https://www.engr.scu.edu/~emaurer/tools/calc_cell_area_amdhese grid celbpecific
densitiesverethensummed for each region by yeguarter to create the final relative
abundance index.

4.1.3 Results and discussion

The results from the model selectidrable 1) indicated that modshwith catchability
covariates, density covariates, aaddom effects for vessiglentification weregoreferred

over models missing one or more of these covariates argpttial knot configuration had
little impact on the AIC or the maximum gradient. Since the uniform spatial knot
configuration wasuggesteas the preferred configuration for estimating a relative
abundance index for a contracting fishery based on siimiork byDucharmeBarth et al.
(2022) the model selected for estimating the JPPL relative abundance index included all
potential covariates and utilized the uniform spatial knot configuration.

Thedecadal shiften spatial patterns associated with th&torical decline in catch and effort
(Figure 2 andFigure 3) of the JPPL fishergince the 1970kas the potential to caub@&®es

in thederivedstandardized abundance indiesthas been shown in prieus research
(Carruthers et al., 201@QucharmeBarth et al., 2022; Maunder et al., 2028ampling
coverage of at least 200% of the intended spatial domaias been showto perform
comparably to random sampling patterns in simulations for the JPPL fistiegysampling
patterns are naxcessively variable and nwmandom(DucharmeBarth et al., 2022)

Sampling coverage in the JPPL over tirR@(re 7) indicatedthat region$ and6 were
sampled at a very low proportion (< 20%) for the majority of the time series and were not
included as input indices in the assessment médelegionsl, 3, 4 and7, thelocally
weighted smoothing functioapproximated theampling coverage above 20% tbe entire
time seriesThe regior2 smoothing functiorapproximatedhe sampling coverage below

20% for the last five years of the time serieswever, the samplingpverage in some
quarterduring those gars were above 30%. The regsmoothing functiormpproximated
the sampling coverage below 20% for the years before 1975 and after 1997 and the index for
region8 was truncated to exclude geyears with inadequate sampling coverage

Thediagnostic plots of the Plilesiduals aggregated across the time seaethe level of the
spatial knot and“1grid cell, from thespatiotemporaCPUE standardization model are shown
in Figure 8 andexhibited a normal distributiocentredaround 0.5, indicating an overall
reasonablét to the dataThe spatial pattern of the residuedsealechigher residuals around
the peripheraareas of the spatial domaiRigure 8), most notably, on theasterredges

where sample sizes have progressively declined throughout thednmas. Thi€mphasize

the importance of utilizing the uniform spatial knot configuration as recommended by
DucharmeBarth et al. (2022)o betterinform the CPUE throughout the spatial extent

The resulting indices developed from the simplif2@22 CPUENodel applied to the 2019

data setKigure 9) were almost identical to the 20%RipjackSA indices for region-&, 7 &

8 however, the region 1 and 2 indices differed slightly primarily in the first quarter where the
2022 indiceestimated lowe€CPUE as compared to the 2019 indicsailar to the2019 SA,


https://www.engr.scu.edu/~emaurer/tools/calc_cell_area_cgi.pl

the updatedtandardized€PUEmeancentred indicesvith the 2022 datéor the JPPL

(Figure 10) showeda stable trend in relative abundance over the-taerees for regions-4,

7, and 8 however, the estimates in regions 1,andre notablyin region 2showed

differences in CPUE foguarters 1 and.3heareaweighted CPUE standardized indides

the JPPLFigure 11) indicated that regionk and 3 had much lower relative abundance of
skipjack as compared to regions 2, 4, 7, and 8. Reg@iohsand &located on theastern

margin of theeightregion spatial exteptdemonstratetligher temporal variability as
compared to the other regiodamonstrating that skipjack may be more temporally transient
in these regions as compared to the centralssdernrmargins of the spatial extent. The
areaweightedstandardizedCPUEindices were utilized as inputs to the stock assessment
conjunction wih shared catchability among these fishemesdel to preserve the regional
scaling differences in relative abundaweakipjack. This demonstrates the importance of the
JPPL fishery data for developing relative abundance indices and, ash&yare akey input

to the stock assessment model as they span the largest proportion of the total spatial extent

4.2 Regions 68 purse seine

Operationalsetlevel) purse seinéishing catch and effort data were obtained for the tuna
purse seine fleets within tM#CPO.As of 2010, 100% of tuna purse seine trips in the region
were required to carry a fisheries obseraed therefore, the time series used for this
analysis extended from 2010 througt220T he skipjack stockssessment regi@axtends
roughly from 50N to 2C¢°S and from 11%E to 150W; however, thearopical purse seine

sector of the skipjack fishery primarily operates within2B22stock assessmeRiegions 6

8 (Figure 12 andFigure 13); and therefore, those were the focal regions fisrahalyss.

4.2.1 Fisheries data

Different fishing strategies are employed within the purse seine fleet, with theotalske
difference distiguishing between associated and unassociated sets. Associated sets are those
madein association with floating objects, either natueafj(,logs, debris, whale sharks), or
marnmade (.e.,fish aggregating deviceBADs) whereasinassociatedets (UNA) are those

made on freeschooling tuna unassociated with floating objelctgrevious analyse¥idal

et al., 2020, 2019f CPUE standardization of the skipjack purse seine observefodata

regions 68, both set types were modelled jointly with set type &ctor.

However, advancements in FAD technology candaotphe catchability of skipjack over time
for fishersthat frequentlyperform sets offADs. This can be particularly influential dhe
catch and effort relationshiwith the adoption of satellite tracked and seaequipped FADs
that allow fishers to target more productive FADs with high biomass of @oresequently,
there has been ancreasén thereliance ordrifting FADs anda corresponding increase of
the deployment of manufactured drifting FA[Escalle et al., 2021}urthermore, fishers
who fish primarily on FAD<luring quarters when FAD fishing is allowed (i®@.F A D
speci al i st s 0be praficieninlfreeschoollfishikgeduring the &AD closure
period resulting in lower catch ratéisan those less reliant on FAD fishinihis could lead

to artificially lower overall catch rates for the purse seisleefry during closure periods.

To remove the influence dfiese effects from FAD fishinglata was filteretb only include
unassociated sethd any vessel in a given year wittmedian 0©70% ofsets on FADger
guarterwas removed for that yearhis value was chosen to remove as much influence from



FAD specialists while preserving as muddtaas possibleTherefore, the derived indices
were essentially freschool only without FAD specialists.

In previous analyse¥idal et al., 2020, 2019gffort has been defined at the set leVais

unit of effortmay be biased biyot accounng for searching efforaspurse seine fishers
perform sets only after they have positively identified a substantial school offtwnsto

better quantifyeffort, we used the Vessel Monitoring System (VMIaja todefine effortas
thecumulativedaytimepath lengttbetweerunassociatedets calculated as the suntlod

hourly distance travelled(recorded by VMSpetween setduring daytime hourith a

buffer of 30 minutes prior to sunrise and after surides effort for the first set was assigned
the tripspecific median valuélhe change in the effort definition did not have a large impact
on the region and ye@uarter aggregated effort tinseries Figure 14).

The full data set (n =,003,901sets) waslsofiltered to only include vessels between 50 and
80 m in lengthwhich were active in the fishery for approximately 20% of the time series of
interest (observefishing activity in at leastO quarters between 2010 and22)) To avoid a

full exclusion of thevessels that had only recently entered the fishery, we included vessels
that entered the fishemy 2018 or later if they had been activerfat leassevenquarters

(D44% of the most receribur years of the time series). The vessel length criteria was
imposed(as previouslymplementedy Vidal et al., 202Dto align withthe Vessel Day
SchemgDunn et al., 20064hat resulted in a fleet with predominately-80 m vessels

Sets were i dent ihétotal thnaaatch Wwak lass tHeednd andremowed i f
from the data set as they were not expected to be representative of local density. In addition,
extreme outlier catches (total Uasilyyracordsat c h
were removd if any data values were missing. The resulting filtered dai@ s€23,649

was used for the CPUE standardization.

In previous research on CPUE standardization of purse seine data in regifvis& et al.,
2020) a suite of vessel, gear, and stratbggedcovariatesvereconsidered in orddp

account fovariability assoated withfactors affectingatchability For factors that were
highly correlatedone factor was chosen that veassideredo be the most representative for
each group of correlated factofhesepotentialcovariates wergesselength, gross
registeredonnage, well capacity, skiff horsepower, net length, net depth, specaes
composition cluster variabte account for impacts to catch rates from catcloesinated by
yellowfin tuna.The cluster variable was defined using-m&ans clustering algohin based

on the proportion of skipjack and yellowfin in each catch re@@igure 15). Environmental
factors that could influence catchability were also evaluated and theskunaarghase and
thermocline depthAdditionally, a suite of oceanographic conditieariablesaffecting

density and distribution of skipjack werensidered and the variable chosen as a potential
covariate washe El NifiecSouthern OscillatiogENSO)data.The model selection process
identified three variables as significantly influencing catch ratddlase were species
cluster, vessel length, and ENSO (a spatially varying covariate). Building on this previous
research, we adopted theswariates as potential covariates in the CPUE standardization of
the purse seine data in region8.6

4.2.2 Modelconfiguration
For the purse seine in region8gPS.68), we fit a spatiotemporal delta gamma generalized
linear mixed model using the VAST package in R. For a general description of the VAST
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spatiotemporal model sééodelconfiguration Spatial locations at which the effects were
estimated (i.e., the knots;7n210) were uniformly distributed across the spatial domain
(Figure 16) to reduce the risk of bias caused by any spatial contractions in the fishery
(DucharmeBarth et al., 2022)The catch data were positively skewed with a high proportion
of zeros(13.8%) owing to sets composed of yellowkndbr bigeye tuna, as failed sets were
removed from the data set. The probability of a positive catch was assumed to have a
binomial error distribution, while we assumed a gamma error distribution for thetodegn

of positive catcheslhe basic equations applied are as follows for each model part (binomial
and lognormal):

X OQOT 0ONI | QTN AD % D 6 adi 60X | QD QLMD

W OQOT DONIAEA o % o  Sadi ocXdi | QD 'QEnaDd
wherer} was the encounter probability, was the positive catch rate (CPUE defined as catch
in metric tons pekilometre daytime path length or set depending on theteffetric being
applied, YearQtrwas a fixed effectVessellDwas a normally distributed random effdot
vessel identificatiof w was the spatial random effect at kixadssociated with the
observer dataecordi, %o @ was the spatiotemporal random effecaarQtr tand knot
X, Clusterwas a fixed effect denotingr@cordasdominated byeitherskipjackor yellowfin,
VesselLengtvas afixed effectfor vessel lengthand, @whd was the linear effect dENSO
at YearQtr tand knotx. B o t hcare describdd by multivariate normal spatial random

fields MVN(0, R) whereRwas a Maérn correlation function. For the variabletemporal
independence/as assumed acro¥®arQtr

Model selectionvas performedvith AIC by removing one covariate and comparing nested
models with the full modekelecting theandidate model with the best AIC, and then
repeating the processitil reducing thenodel ceased to improve the model AMbdelling

was performed using effort as tefd by the set and defined by daytipagh lengttfor
comparison. Comparison of effort type metrics was done with AIC and confirmed using 10
fold root mean square error (RMSE) crosdidation.A sensitivity analysis was performed to
test the choice of 8h70% threshold to filter FAD specialists by fitting the model filtered at
70%, 80%, 90%, and 100% atitecncomparing the results.

Residual analysis was performed using probabhititggrateetransform (PIT) residuals
(Warton et al., 2017)pevaluated using the DHARMa R packdgkartig and Lohse, 2017)
Standardization dPS.68 CPUE codingscriptsavailable at SPGitHub repository
https://github.com/PacificCommunity/ofgan-Geostat CPUE_standardizatiogin
required)Al | anal yses (Tgan 2020y med i n ORO

4.2.3 Results and discussion

Using AlC-based selection criteriaonvergence statisticand10-fold RMSE cross

validation, the resultsT@ble 2) suggestedhatthe nested models were not an improvement in
model performance to the full model and the use of daypiatte lengthas the effort metric

had a notable improvement on modelfpenance as compared to the use of the set level as
the unit of effortFor these reasons, we selected the full model that included all the potential
covariates with the daytinygath lengthas the effort metric as the preferred model to be used
for developng the standardized CPUE relative abundance indices for@2S.6
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The diagnostic plots of the PIT residuals, aggregated across the time series at the level of the
spatial knot and 1° grid cell, from the spatiotemporal CPUE standardization model are shown
in Figure 17 and exhibited a normal distribution centred around 0.5, indicating an overall
reasonable fit to the data. The spatial pattern of the residuals indicated higher residuals
around the peripherareas of the spatial domdgiRigure 17) and in region 7 in the high seas

area outside of any exclusive economic zokégufe 1). These spatial patterns are more

severe where sample sizes have decreased in somaydarglerscoréhe need forutilizing

the uniform spatial knot configuration as recommende(DigharmeBarth et al., 20220

better inform the CPUE throughout theasial extent

The resulting indices developed from gtandardization oEPUEdata for PS.@ (Figure

18) suggestea@ declining overall trend from 2010 to 202he areaveighted standardized
CPUE indicegFigure 19) indicatedprogressively increasing total regioraddundance

moving westward from region 6 to region@milar to the JPPL, the areeeighted PS.®B

were utilized as inputs to the stock assessment model to preserve the regional scaling
differences in relative abundance of skipjathke scaling ratios be®en the indices
calculated for regions,& and3 in the JPPL and PS&were very similar between data types
with 1:1.9:4.4 and 1:1.6:3.1, respectively.

The covariate influence plotEiure 20) revealedhat the influence of cluster type has a
relatively stable trend throughout the tiseries however, the influence of vessel length
suggestea declining trend until the second quarter of 2020 when influence of vessel length
increased sharply and variectthafter. The influence of vessel identificat&froweda

declining trend over the timseries. The spatial effects ploEsdure 21) indicated higher
encounter probabilitin and aroundhe Coral Seg Tuvalu, Tokelau, and norastward from

the Solomon Islands towards Micronesia whereaslaéal pattern characterizing the
probability of positive catch rategasmore variable and patchithroughouthe spatial

extent.

The sensitivity analysis to evaluate the 70% threshold rev@aigare 23) the 80%

threshold was very similar to a 100% threshold (the 90% model failed to converge) however
there was a more distinct difference in the 70% threshold as compared to the 80% and 100%
thresholdindices, specifically, in 2010 and 2QIBhese results suggest tlaireshold of

70%may beappropriate¢o remove the influencef FAD specialists on the frechool only

PS.68 indices Further research in this area may be warranted to prowde imsight on the
impacts of FAD specialists on fresehool only indices.

Correlations between the JPPL and the BS&afier smoothing with a simple moving average
function (smoothing window = Figure 22) suggestethatthe JPPL correlatecbnsiderably
better with the PS:8 when effort was defined as daytipa&th length(r  0.49 as compared

to when effort was defined at the set lefrel 0.16). This differencds rathersurprising in

view of the very high similarity of the twieS.68 effort metrics as seen Figure 14.
Consistentorrelations between indicdgrived from different data sourcesovides

evidence that th€EPUEIn regions7 and 8 aréndicative of the regional population
abundancérends from 2010 to the last quarter of 20R0rthermore, the low correlation of

the JAPL with thePS.68 with effort defined at the set level indicated that the set may not be
the most appropriate unit of effort for purse seine-fr&®ool only indices.
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4.3 Philippines purse seine

Therelative abundance index for tR&ilippinespurse seinéisherylocated in region 5
(PS.5;Figure 1) was developed following th@ethods applied in the 2019 skipjack S&d

for detailed methods we refer the readeBigelow et al. (2019)Port sampling data were

used to estimate effort, cat@ndstandardized CPUE from the purse seine fishery operating
in thesouthern PhilippineEEZ and High SeaRocket #1 fron2005 to 2@1. A relative
abundance index was produced as a quarterly standaiPAé index from 2005 to 20

for use in the 2D2 WCPFC skipjack tuna assessméitffort, catch, andtandardized CPUE
was estimatedsinggeneralizedinearmodels (GLMs) and model selection was performed
using Bayesian Information Criteria (Bl®)otential covariate®r the CPUE standardization
included yeaiquarter YR: QTR), area, and vessel identificatideffort by many vessels
consisted of only a fewips and datavere filtered for active vessels which had conducted 20
or more trips

Results from the estimatimf effortindicated an overall declining trend fra2005 t02010

and then an increasing overall trend throughout the remaininegsgns wih high annual
variability (Figure 25). Theincrease in purse seine effaras more pronouncdcom 2013 to
2021 due tothere-opening of High Seas Pket #1 formanyPhilippinesflagged purse seine
vesselsResults from the estimation of catch demonstrated an overall declining trend from
2005 to 2010 and then a stable trend thereafter with higher catches in some years after 2013
(Figure 24). There were 18 area designations in the database; however, area was relatively
norrinformative in theCPUE standardizatiomodel as fishindrips were dominated by 4
areasStandardized CPUE trends for the potential models are illustrafédure 26. Trends
were consistent among the modioughout the timseries Thepreferred model provided
anindexthatpredicted quarterly CPUE with yequarter (YR: QTR) and vessel effecthe
standardized CPUE index indicated an overall declining trend in relative abundance
throughout the timeaerieswith higher variability prior to 2013.

5 Construction of tagging data files

Mark-recapturgaggingdata can provide valuable information to an assessment if it is
representative of the entire populateomdcan influence the estimation of fishing mortality,
naturalmortality,and movement among regions within an integrated assessment model. The
creation ofthe tag files used IMFCL for the 202 assessment akipjackfollow the general
methods previously outlined Berger et al. (2014McKechnie et al. (2017, 201,6and

Vincent et al. (20189). Preparation oinput filescodingscriptsavailable at SPGitHub
repositoryhttps://github.com/PacificCommunity/ogamSKJdataprep2022(login

requed) . Al l anal vyéleam 2p28r f or med i n ORO

5.1 Tag file preparation overview

Many of the tagsrreunusablen the assessment due to inadequate informatich as
missingdata(e.g., time, location or fishery of recaptyr@)tside of patial extentor cannot
be attributed to &ishery because they are captured by a gear that is not included in the
assessment he ratio of releases to recaptures can impact estimates of mortality in the
assessment modahd,to preserve this ratio, thaumber of releaseseed to be corrected
based on the number of recaptures that can be used in the Addlgbnally, tagging
induced mortality and tag sheddi(\ ncent et al., 2018 can impact overall survival that is
not related to either natural or fishing mortabiy well as thdifferential effects of individual
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taggers onagginginduced mortality (i.e., tagger effecBerger et al., 2014Peatman et al.,
2022;Vincent et al., 2019). Tag seeding studies provide some information on the magnitude
of tag reporting rates for sometbke purse seine fisheries in the assessmenPatenan

2022for further detaily. These fators need to be accounted for to ensure parameters of
interest iINMFCL are accurately estimatetihe observed proportion of tag retumesre

corrected to refledhe actual recapture raa@dthis process wasonducted using the same
methods as thpreviousskipjack SA(Vincent et al., 2019). The formulae and methods used
are presented in detail McKechnie et al. (2016and we refer the readers to that repért.
summaryis providedbelow.

The creabn of the tagging data files for use MFCL were:

1. Extraction and filtering of release/recapture dedan the database

2. Correction of releases ftwase taggingnduced mortality(7% assumedandmortality
from tagger effectgPeatman et al., 2023cutt Phillips et al., 2020)

3. Correction for tag sheddin®.97% Vincent et al., 2011).

4. Correctionof usabilityratio calculated as the ratio of usable to total recaptures at the
scale of the length bin within a tagging release event.

5. Consideration of grouping of fisheries/tagging programs for tag recaptures and
reporting rategPeatman, 2022)

6. Construction of tag reporting rate priors from tag seeding experiments.

Tags that areecaptured within theame quarter as the release ebentdo not have a
recapture location assigned to the PS fishery in the release regiomeduce

computational time for MFCL and improve model stability release events with less than

30 effective tag releases were excludatlrelease events that occurred after the end 09201
were excluded from the assessmerngrevent biases from not includingcapturedish that
were not reported or entered itk database at the time of the assessment (there is often a
substantial lag between recapture egpbrting).Tagger effects and reporting rates were
updated with additional data as availalled are described in detail iRdatmaret al, 2022

& Peatman2022 respectively.

5.2 Tagging data

Tagging data for the skipjack assessment were acquired from multiple tagging programs
implemented by SP(igure 27 andFigure 28) and theséncludethe SkipjackSurvey and
Assessment Program (SSAP7Z01982), the Regional Tuna Tagging §ram(RTTP;

1989 1992) and théacific Tuna Tagging PrograRiT TP (2006ongoing) Additional data

are available for the ongoilapanese tagging program (JPFRure 27 andFigure 28),

but these data aret held by SPC and updated datasetpereided just prior to each stock
assessment. Due to numerous differences between these ditasaniom programs held

by SPC, they are processed separately, and the methods usedRFRhare presented in
Aoki et al. (2022) The data obtained through the program are particwaitlyable for

skipjack tuna stock assessments in the WCPO due to wide temporal and spatial @erage
numerous recaptured tags repoitedure 29). Additional mortality caused byagger effects
were not estimated for JPTP and SSAP tagging data due to lack of available data to inform
these estimates thutf)e median correction factor for all release groups was assumed.
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5.2.1 Comparison to 2019 Stag file

After updating the tagger effects and applying the various correction factors to the raw data,
the resulting tagging data corrections for the 2022 skipjack SA were similar to the tagging
data from the 2019 skipjac&A as shown ifrigure 30.

6 Mixing periods

Mark-recapture taggindatacan be very informative in stock assessments if they are
representative of the overall populatiamd hinge®n the assumyan the tagged fish have
had adequate time to mix with thataggedopulation.Tagged fistthat arecaptured shortly
after release may not be representative optpulation, butnsteadmay be anndicatorthat
the fish were tagged in an anedh high fishing pressuré&€onsequentlya mixing period is
implementedvithin MFCL where the tag release groups medelledseparatly and donot
influence the overall populatianortality rates until after the appropriate period of mixing
hastranspied In the previous skipjack SA/incent et al., 2018), assumptions of mixing
period duration were influential to stock status and a mixing period of 2 quarters indicated a
more optimistic stock status as compared to a mixing period of 1 quarter.

The pocesof mixing tagged fish with the untagged population has been shoewniioit
spatiotemporal heterogene(tgolody and Hoyle, 2014; Sippel et al., 20H5)d assumptions

of spatially constant mixing periods may not be appropriate when estimating stock status.
MFCL has the capacity mssume variable, individuadixing periods for each release group
andfor the 2022 skipjack SAesearctwasperformedo guantify spatiallyheterogenous
mixing by applying arindividuatbased Kinesis, Advection, and Movement of Ocean
ANimAlssimulator(Scutt Phillips et al., 2038vhich accounts for movement behaviour and
mortality within the WCPQand is based on thHime resolution modeling framewoknown

as SEAPODYMLehodey et al., 2008; Senina et al., 20dlhe methods usedate presented

in detail in(Scutt Philips et al., 2022nd we refer the readers to that report

Within the simulation framework, the distribution of recaptur@bpbilities of eaclagged
release group within a given region are compared tdigtebution of recapture probabilities
of theuntagged population within the regiaheach time step é., each quarter after
release)When the two distributions are very similar, the distributions are assumed to be
equivalentand the tagged release groupassiderednixed. Thenonparametric test
selected to indicate the level of dissimilarity wastthe-sample Kolmogoroxsmirnoff test
(Kolmogorov, 1933; Smirnoff, 1939For each release group and quastacerelease, the D
statisticwas calculated and compared teedectedhreshold value to determine if mixingdha
occurredby the end othat quarte(Figure 31). The selection of # D statistic threshold (i.e.,
0.1, 0.2, or 0.3) can have significant impacts on the assignmappadpriatanixing periods
to each simulated release groBpmore conservative D statistic of 0.1 result®itly 12.2%
of the total recaptures to lbensidered mixed amslibsequentlyincluded in the MFCL
likelihood function(Figure 32) whereasamuchless conservativ® statistic 0f0.3 results in
84.1% of the total recaptures to be considered mikedntermediate D statistic of 0.2
would result in 54.7% of the total recaptures t@wbesidered mixed and thus, permitted to
inform the MFCL modeparameters

The simulationsvere computationally deamding and, as such, not all release groups could
be simulated from the four tagging program data 3étss, various release groups from the
PTTP program and the JPTP program were selected to be simulated to maximize the spatial
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coverage and the numberrefeases simulated. Howeveglgase groups variesbnsiderably

by number of effective release®s shown irFigure 33, more release groups were simulated

for the JPTPyet the number of effective releases simulated was much higher for the PTTP as
theserelease grouptypically have a much higher number ofegftive releases per release

group Figure 28) than the JPTHRelease groups with higher numbers of releases were
preferred over release groups witivfeelease# adequate spatial coveragauld be
maintainecamong the selection of release grossulaed. Theresulting proportion of total
recaptures by region considered mixed and not mixed for each D statistic are shown in
Figure 34. Release groups that were not simulated were assigned the-seg@fic median

mixing period calculated from simulated release grotipble 3).

7 Adjustment to longline length compositions

In the last two previous skipjack SAs (i.e., 2016 and 2019), the length compositions in the
longline fishery from the Japanese fléeim 20072010in regions 14 were removed from

the length compositions due to anomalrethesizedistributions(McKechnie, 2016)

Specifically, thee wasevidence of a prominent bimodal distributiduring this periodanda

notable reduction in median length. The specific reason for these differences (i.e., changes in
fishing practices) has not been determinederthelesdor the 2022 skipjack SAhese
anomaloudonglinelength compositionffom the Japanese fleetregions 14 from 2007

2010 were removedVe refer the readers McKechnie (2016jor further details regarding

this adjustment to the input data.
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8 Tables

Table 1: Model selection results faPPL skipjackspatiotemporamodel from the 2019A
and 2022 SA includinglC, maximum gradient, and number of fixed parametéesdidate
modek includal potential covariates fdmnot spatial configuration (density or unifoym
random effects for vessigentification(vessel) catchability covariates (q), and density
covariates (sst)’he nodel in bold was the selected mott® developinghe JPPLrelative
abundance index

Max # of Fixed

Data Model Configuration AIC Gradient Parameters
2019 densitybasedknots vessel, q, sst 16,119,095 041 417
2022 densitybasedknots vessel, q, sst 16,410,122 0.58 433
uniform knots, vessel, q, sst 16,410,123 0.94 433
densitybasedknots q, sst 16,471,799 0.30 431
densitybasedknots sst 16,471,831 37.41 431
densitybasedknots 16,472,637 2036.83 431

Table 2: Model selection results for B8 skipjack spatiotemporal modekluding AIC,
maximum gradient, number of fixed parameters, and RMSE (frefold@ross validation).
Candidate modelsicludel potential covariatef®r species cluster (skipjack or yellowfin),
vessel length, ENifio Souhern OscillatiofENSO), and random effects for vessel
identification Candidate effort metric types were also modeftacdcomparisonThe model
in bold was the selected model for developingRBe68 relative abundance index.

Effort Max # Fixed of RMSE
Metric Model Configuration AIC Gradient Parameters (10-CV)
Path  cluster, length, ENSO, vessel 357,296 3.25E03 113 181,809
Length
cluster, ENSQ vessel 357,311 6.44E04 111
cluster, length vessel 357,313 2.47E03 111
cluster, length ENSO 360,214 6.06E04 111

length ENSQ vessel 375,216 2.83E+02 111

Set cluster, length ENSQ vessel 790,270 1.72E04 113 394,282
cluster, length vessel 790,276 4.37E05 111
cluster, ENSQ, vessel 790,322 4.95E06 111
cluster, length ENSO 791,618 3.53E04 111
length ENSQ vessel 810,606 2.28E05 111
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Table 3: ResultingregionspecificD statistic by mixing quarter (Qtr) and corresponding
mixing period at various selected D statistics (i.e., 0.1, 0.2, andfi@B) tag mixing
simulations Proportion of release groups that were not simulated (NS) included.

D Statistic by Mixing Qtr Mixing Period by D Stat. Proportion
Region 0Qtr 1Qtr 2Qtr 3Qtr D=0.1 D=0.2 D=0.3 NS
1 0.21 0.13 0.12 0.12 4 1 0 0.59
2 0.32 0.15 0.11 0.10 3 1 1 0.48
3 0.20 0.14 0.06 0.06 2 0 0 0.51
4 0.32 0.27 0.25 0.25 4 4 1 0.49
5 0.12 0.11 0.17 0.15 4 0 0 0.79
6 0.31 0.20 0.16 0.13 4 1 1 0.42
7 0.25 0.19 0.13 0.09 3 1 0 0.69
8 0.24 0.19 0.15 0.11 4 1 0 0.9
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9 Figures
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Figure 1: The geographical area covered by skipjackstock assessmer
and the boundaries for tlegghtregionassessment model
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Figure 2: Historical change iskipjackcatchby area §) andeffort (b andc) of the
Japanese pole and line fish¢dyPL)from 1972 to 2020Vessels include distant wate
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Figure 3: Decadal shifts irspatialdistributionof Japanese polandline (JPPL)fisheryskipjackcatch (metrictons)from 1972 to 2020
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Figure 4: Skipjack catchX,000smetric tons) time series by quartej &nd seasonal spatial
distribution p) for theJapanese polendline fishery.
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Figure 6: Uniformly distributedspatial knot configuration (black dots) in teeghtregion
spatial structure (red lines) in the Western and Central Pacific @a&2RO)for the skipjack
Japanese polandline (JPPL)spatiotemporamodel. Sampling locations included in faded
colours by region.
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Figure 7: Proportion ofuniformly configuredspatial knots sampled over time by region for Japan
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Figure 12: Regional stock assessment structure for skipjac
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Figure 16: Uniformly distributedspatial knot configuration (black dots) in teehtregion
spatial structurebpundarylinesin red in theWCPOfor the purse seine regions36
Temporally aggregatea@spling locationsncluded in faded colours by region.
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Figure 22 Stanardized skipjack CPUE for Japanese patetline (JPPL;black line) and purse
seine fisheries using effort defined by $28(68; blue line) and by daytimpath length(PS.68;
red line) in regions 7 and 8 smoothed with a simple moving average function (smoothing \
=5). Correlations between data types in each region included-nigtdgorner of each plot.

32



15000
|

10000
|

Monthly catch (mt)

5000

Pty

I
2005 2010 2015 2020

Figure 24: Estimatedmonthly catchtime-series (inrmetric ton3 for the Philippines purse seine
(PS.5) fishery in region 5.

|
2005 2010 2015 2020

2000 2500
| |

1500

1000

Monthly effort (days)

500
|

Figure 25: Estimatedmonthly effort time-series (in dayspr the Philippines purse seine (PS.5)
fishery in region 5.

33



— Nominal CPUE
Standardized CPUE YR:QTR+Vessel

Standardized |CPUE YR:QTR+Area

Relative abundance
1.5 2.0
| |
«:f”ﬁﬂ

Standardized CPUE YR.QTR+Vessel+Area

10

0.0
|

| | | |
2005 2010 2015 2020

Figure 26: Results from the CPUE standardization generalized linear model (@&ictNje
Philippines purse seine (PS.5) fishery in regiomtte selected model included yegrarter
(YR:QTR) and vessel effects (blue line).

34



751

501

251

dldr

50

251

dlid

Latitude
~
(%]

501

251

dliy

ity

501

251

dvSs

E
)
<=

>

100 150 200 250
Longitude

Figure 27: Mark-recapture taggindisplacements for the Pacific Tuna Tagging Prog
(PTTP), the Regional Tuna Tagging Program (RTTP), Japanese Tagging Prograr
(JPTP) andSkipjack Survey and Assessment Prog(&8AP).

35



Releases JPTP PTTP
5 | d |
- 201 l
(=]
‘C_il_ g: . |MLL+...'J-LI..—-.L--.LJ lle.ll 18: . . . I . ] II
z 1980 1990 2000 2010 2020 1980 1990 2000 2010 2020
i RTTP SSAP
5
210 .lll o LI]
5 10
0- : : : : — 1 ol . : : : :
1980 1990 2000 2010 2020 1980 1990 2000 2010 2020
Recaptures JPTP PTTP
0.8 12
1 L | I
o Ua i
S02] | Ltk o A | P I X T - | | W ,|. | 1.
= 1980 1990 2000 2010 2020 1980 1990 2000 2010 2020
i~
i RTTP SSAP
S 41 201
g 15
s 4] 101
] 531
1980 1990 2000 2010 2020 1980 1990 2000 2010 2020
Recapture Rate JPTP PTTP
0.8-
U.'B' gg_
sk L L 3] |
502 ! dalali ]2 |
2 1980 1990 2000 2010 2020 1980 1990 2000 2010 2020
m
8 RTTP SSAP
=g
D‘BEZ 02
021 011
00- 0
1080 1090 2000 2010 2020 1980 1900 2000 2010 2020

Figure 28 Number ofeffectivereleass, recaptures, arttle probability ofrecapture by year faagged skipjaclkrom the
PacificTuna Tagging Program (PTTP), Regional Tuna Tagging Program (RTTP), Skipjack Survey and Assessment
(SSAP), and thdapanese Tagging Program (JPTP)

36




3

o b, Hﬂ IIMIIHHM Hﬁn
ég mﬂﬂﬂ”ﬂlﬂl ﬂ]dhl],u.,.,u . i
1wl el

— 051

5[] 0- i .,[I]L ﬂ:m[ﬂm[ﬂﬂ]m[l]ﬂ]uu,l]ﬂﬂ dis [ m g D JPTP
2 121 I prrP
5 O L] rTTP
o |
=

[ ] ssap
1 Il 1

4L W Mm |
il uuﬂnmuuﬂﬂ_._.ih\l I

T

1980 1980 2000 2010 2[]'20

A=

e

d=

G

g9

IR=

St

Figure 29: Number ofreleases by regioand program fotagged skipjackrom the Pacific
Tuna Tagging Program (PTTP), Regional Tuna Tagging Program (RTTP), Skipjack S
and Assessment Progrd®SAP), and the Japanese Tagging Program (JPTP)

37



JPTP PTTP

3000 TR .

2000
210000 YINYV Pl oantioienald \bba bpg e | 50007 w8V 7 W e A
3 2020
i}
12 SSAP
Z 90001 A 18000 o

) 5000 ,,.f,/
0

19780 19785 19790 19795 19800 19805

PTTP
6000 :
4000 i
3] 2000 D e
5 0- . . PECPPYLL L o . 5
=1 2010 2015 2020 T1lE
e SSAP o
pe : 000 e 2022
z%aEEZ £00+ /‘*’\\/\‘/\
1 3001
J 04

1978.0 1978.5 1979.0 1979.5 1980.0 1980.5

] 0.4
] 03
507 :
£00 00
=
m
(&}
i 0.16
a4l 0121
o
0.1 0.00

1990 1991 1992 19780 19785 19790 19795 19800 19805

Figure 30: Number of effective releases, recaptures, and the probability of recapture by year for tagged sk
from the Pacific Tuna Taggingrogram (PTTP), Regional Tuna Tagging Program (RTTP), Skipjack Survey i
Assessment Program (SSAP), and the Japanese Tagging Progranfi@®@ThR¢ 2019 skipjack SA and the 202
SA skipjack SA.

38



Plrecap)

02

Plrecap)

02

04 05

03

01

0.0

04 05

03

0.1

0.0

0 Quarter Mixing

05

D =0.39

0.3 0.4

Plrecap)
0.2

0.1

0.0

1
Tagged Untagged

2 Quarter Mixing

05

D =0.17

0.3 0.4

Plrecap)
0.2

0.1

00

1

Tagged Untagged

1 Quarter Mixing

D =0.26

1

Tagged Untagged

3 Quarter Mixing

D =0.07

1

Tagged Untagged

Figure 31 Recapture probability distributions fosanulated tagged release
group (yellow) and the corresponding untagged population (blue) within a
including estimatedidsimilarity statistic (D)calculated for quartef®3 since
releaseMedian (blackdots) and standard deviation (black lines) included.

Proportion of Total Recaptures
g

o
&)
[}

0.00

Mixing
I Mixed
[0 Not Mixed

0.1 0.2

D Statistic

03

Figure 32 Proportion oftotal recapture®y mixing
assignmentor dissimilarity statistic (D) at 0.1, 0.2, ar

0.3 forskipjack tagging data



Effective Releases Release Groups

0.6

0.41

0.21

0.0
0.61
S 0.4l Program
£ W JPTP
3 M PTTP
£ e
00 [ [ ] . [
0.6
0.4

€0=0a

- I . .
0 1 2 3 4 NS 0 1 2 3
Mixing Period

Figure 33 Proportion of total number of effective releases and total number of release ¢
by mixing period for dissimilaritgtatistic (D) at 0.1, 0.2, and 0.3 for Pacific Tuna Tagginc
Program (PTTP) and Japanese Tagging Program (JPaging data that was not simulate
(NS) also included.

4 NS

R1,n= 1,182 || R2,n= 6,786 | R3,n= 5811 | R4,n= 633 | R5, n=32484| R6, n=108,393| R7, n=20,367 | R8, n= 14,259

-
o
=]

o
=
5

Mixing
0 Mixed

[ Not Mixed

o
¥}
&

Proportion of Recaptures by Region

0.00

01 0203 010203 010203 010203 010203 010203 010203 010203

D Statistic

Figure 34: Proportion of recaptures by region and mixing assignment for dissimilarity stati
(D) at 0.1, 0.2, and 0.3 for skipjack tagging data in regie®sTbtal recaptures by region are
indicated at the top of each plot.

40



10 Acknowledgments

We are grateful tthe member countries for committing to sharing their operatienal catch and

effort data, which are invaluable for these analySes. Teedr s®eanhdanbds contr
supported by t he E-GBuopgaeUWnionMannPanteenPhcpf Pcogr
thank all the onboardbservers, skippersrews and port samplers for their contributions to data
collections over many yearSinally, we thank Sam McKechnand Peter William$or providing
theirinfinite wisdomon the manydcets of preparing these data inputs

41



11 References
Aoki, Y., Matsubara, N., Tsuda, Y., 2022. Procedure of the tag data preparation for the Japanese
tagging program (No. WCPFSC182022/SAIP-17). Online meeting, 2@8 August 2022.

Bar kl ey, R. A. , Nei I |, W. H., Goodi ng, R. M. , 19
PELAMIS, HABITAT BASED ON TEMPERATURE AND OXYGEN REQUIREMENTS.
Fishery bulletin 76, 652.

Berger, A.M., McKechnie, S., Abascal, Rymasi, B., Usu, T., Nichol, S.J., 2014. Analysis of

tagging data for the 2014 tropical tuna assessments: data quality rules, tagger effects, and reporting
rates (No. WCPFEGC102014/SAIP-06). Majuro, Republic of the Marshall Island$,18 August

2014.

Bigelow, K., Garvilles, E., Bayate, D.E., Cecilio, A., 2019. Relative abundance of skipjack tuna for
the purse seine fishery operating in the Philippines Moro Gulf (Region 12) and High Seas Pocket#
1.

Budic, L., Didenko, G., Dormann, C.F., 2015. Squareadiftérent sizes: effect of geographical
projection on model parameter estimates in species distribution modeling. Ecol Evdl &l 202
https://doi.org/10.1002/ece3.1838

Carruthers, T.R., McAllister, M.K., Ahrens, R.N.M., 2010. Simulating spatial dynamegaluate
methods of deriving abundance indices for tropical tunas. Canadian Journal of Fisheries and
Aquatic Sciences 67, 1409427. https://doi.org/10.1139/f4@5H6

DucharmeBarth, N.D., Gruss, A., Vincent, M.T., Kiyofuji, H., Aoki, Y., Pilling, G., Hpton, J.,
Thorson, J.T., 2022. Impacts of fishersependent spatial sampling patterns on ept#unit-

effort standardization: A simulation study and fishery application. Fisheries Research 246, 106169.
https://doi.org/10.1016/).fishres.2021.106169

Dunn S., Rodwell, L., Joseph, G., 2006. THE PALAU ARRANGEMENT FOR THE
MANAGEMENT OF THE WESTERN PACIFIC PURSE SEINE FISHERWIANAGEMENT
SCHEME (VESSEL DAY SCHEME) 7.

Escalle, L., Hare, S.R., Vidal, T., Brownjohn, M., Hamer, P., Pilling, G., 2021. Quantdyiftiog
Fish Aggregating Device use by the worl ddés | a
78, 24322447.

Fournier, D.A., Hampton, J., Sibert, J.R., 1998. MULTIF&N: a lengthbased, agstructured
model for fisheries stock assessment, wapbplication to South Pacific albacore, Thunnus alalunga.
Canadian Journal of Fisheries and Aquatic Sciences 55i 2106.

Hampton, J., Fournier, D.A., 2001. A spatiadlisaggregated, lengthased, agstructured
population model of yellowfin tuna (Thuns albacares) in the western and central Pacific Ocean.
Marine and Freshwater Research 52,1 983.

Hartig, F., Lohse, L., 2017. Residual Diagnostics for Hierarchical (Mekel/Mixed) Regression
Models [R package DHARMa version 0.1. 5]. Accessed Decefin017.

Kinoshita, J., Aoki, Y., DucharmBarth, N., Kiyofuji, H., 2019. Standardized catch per unit effort
(CPUE) of skipjack tuna of the Japanese faoldline fisheries in the WCPO from 1972 to 2018
(No. WCPFCSC152019/SAWP-14). Pohnpei, Federat&lates of Micronesia.

42



Kiyofuji, H., 2016. Skipjack catch per unit effort (CPUE) in the WCPO from the Japanese pole
andline fisheries (No. WCPRGC122016/SAWP-05). Bali, Indonesia,i3l1 August 2016.

Kiyofuji, H., Aoki, Y., Kinoshita, J., Okamoto, S., Mg#na, M., Matsumoto, T., Fujioka, K.,

Ogata, R., Nakao, T., Sugimoto, N., Kitagawa, T., 2019. Northward migration dynamics of skipjack
tuna (Katsuwonus pelamis) associated with the lower thermal limit in the western Pacific Ocean.
Progress in Oceanography5, 55 67. https://doi.org/10.1016/j.pocean.2019.03.006

Kiyofuji, H., Okamoto, H., 2014. An update of the standardized abundance index of skipjack by the
Japanese polandline fisheries in the WCPO (No. WCPF&C102014/SAIP-16). Majuro,
Republic of theMarshall Islands. 44 August 2014.

Kiyofuji, H., Uosaki, K., Hoyle, S., 2011. U-date CPUE for skipjack caught by Japanese distant
and offshore pole and line in the western central Pacific Ocean (No. WSEFZ011/SAIP-13).
Pohnpei, Federated Stat#fdMlicronesia.

Kleiber, P., Fournier, D., Hampton, J., Davies, N., Bouye, F., Hoyle, S., 2019. MULTGAN
User 6s Gui de.

Kolmogorov, A., 1933. Sulla determinazione empirica di una Igge di distribuzione. Inst. Ital.
Attuari, Giorn. 4, 8891.

Kolody, D., Hog/le, S., 2014. Evaluation of tag mixing assumptions in western Pacific Ocean
skipjack tuna stock assessment models. Fisheries Research
http://dx.doi.org/101016/).fishres.2014.05.008.

Langley, A., Uosaki, K., Hoyle, S., Shono, H., Ogura, M., 2010. A stdimbat CPUE analysis of
the Japanese distawater skipjack pol@andline fishery in the western and central Pacific Ocean
(WCPO), 19722009. (No. WCPFESC62010/SAWP-08).

Lehodey, P., Senina, I., Murtugudde, R., 2008. A spatial ecosystem and popuhatiamscd
model (SEAPODYM}) Modeling of tuna and tuniéke populations. Progress in Oceanography 78,
304 318. https://doi.org/10.1016/j.pocean.2008.06.004

Lo, N.C.H., Jacobson, L.D., Squire, J.L., 1992. Indexes of relative abundance from fishdsgatter
based on delt'dognormal models. Canadian Journal of Fisheries and Aquatic Sciences 49, 2515
2526. https://doi.org/10.1139/f9278

Matsumoto, W.M., Skillman, R.A., Dizon, A.E., 1984. Synopsis of Biological Data on Skipjack
Tuna, Katsuwonus Pelamis. tdmal Oceanic and Atmospheric Administration, National Marine
Fisheries Services.

Maunder, M.N., Thorson, J.T., Xu, H., OliverBamos, R., Hoyle, S.D., TrembkBoyer, L., Lee,
H.H., Kai, M., Chang, SK., Kitakado, T., Albertsen, C.M., Mirt¥era, C.V. LennertCody, C.E.,
Aires-daSilva, A.M., Piner, K.R., 2020. The need for spagmporal modeling to determine catch
perunit effort based indices of abundance and associated composition data for inclusion in stock
assessment models. Fisheries Resed@8h105594. https://doi.org/10.1016/].fishres.2020.105594

McKechnie, S., 2016. Summary of fisheries structures for the 2016 stock assessment of skipjack
tuna in the western and central Pacific Ocean (No. WCBEC22016/SAIP-06). Bali, Indonesia,
3111 August 2016.

43



McKechnie, S., Ochi, D., Kiyofuji, H., Peatman, T., Caillot, S., 2016. Construction of tagging data
input files for the 2016 skipjack tuna stock assessment in the western and central Pacific Ocean
(No. WCPFGSC122016/SAIP-05). Bali, Indonesia3i 11 August 2016.

McKechnie, S., Tremblagoyer, L., Pilling, G., 2017. Background analyses for the 2017 stock
assessments of bigeye and yellowfin tuna in the western and central Pacific Ocean (No-WCPFC
SC132017/SAIP-06). Rarotonga, Cook Islands.

Peatma, T., Ducharméarth, N., Vincent, M., 2020. Analysis of purseine and longline size
frequency data for bigeye and yellowfin tuna in the WCPO (No. SEA61P-18).

Scutt Phillips, J., Peatman, T., Vincent, M., Nicol, S., 2020. Analysis of taggin§pdate 2020
tropical tuna assessments: tagger and condition effects (No- SB18°- 05).

Scutt Phillips, J., Sen Gupta, A., Senina, I., Sebille, E., Lange, M., Lehodey, P., J, H., Nichol, S.,
2018. An individualbased model of skipjack tuna Katsuwopatamis movement in the tropical
Pacific Ocean. Progress in Oceanography 164743

Senina, I.N., Lehodey, P., Hampton, J., Sibert, J., 2020. Quantitative modelling of the spatial
dynamics of South Pacific and Atlantic albacore tuna populations. DedpeSearch Part Il
Topical Studies in Oceanography 175, 104667.

Shono, H., Ogura, M., 2000. The standardized skipjack cpue, including the effect of searching
devices, of the japanese distant water pole and line fishery in the western central pacifiblocean (
Col.Vol.Sci.Pap. ICCAT, 51(1)).

Sippel, T., Eveson, J.P., Galuardi, B., Lam, C., Hoyle, S., Maunder, M., Kleiber, P., Carvalho, F.,
Tsontos, V., Teo, S.L.H., AiredaSilva, A., Nicol, S., 2015. Using movement data from electronic
tags in fisheries stk assessment: A review of models, technology and experimental design.
Fisheries Research 163, 1380. https://doi.org/10.1016/j.fishres.2014.04.006

Smirnoff, N., 1939. Sur les écarts de la courbe de distribution empirique. Matematicheskii Sbornik
48, 3 26.

Smith, T., Reynolds, R., 1981. NOAA Smith and Reynolds Extended Reconstructed Sea Surface
Temperature (ERSST) Level 4 Monthly Version 5 Dataset in netCDF. PO.DAAC,CA,USA.

Team, R.C., 2020. R: a language and environment for statistical computing. Ratr@ufor
Statistical Computing; 2020.

Thorson, J.T., 2019. Guidance for decisions using the Vector Autoregressive Txaporal
(VAST) package in stock, ecosystem, habitat and climate assessments. Fisheries Research 210,
143 161. https://doi.org/10.101jGishres.2018.10.013

Thorson, J.T., 2015. Spatiemporal variation in fish condition is not consistently explained by
density, temperature, or season for California Current groundfishes. Marine Ecology Progress
Series 526, 101.12. https://doi.org/10.33/meps11204

Thorson, J.T., Shelton, A.O., Ward, E.J., Skaug, H.J., 2015. Geostatisticajetedtalized linear
mixed models improve precision for estimated abundance indices for West Coast groundfishes. Ices
Journal of Marine Science 72, 129810. httis://doi.org/10.1093/icesjms/fsu243

44



Vidal, T., Castillo Jordan, C., Peatman, T., DuchaBaeth, N., Xu, H., Williams, P., Lennert
Cody, C., Hamer, P., 2021. Background analysis and data inputs for the 2021 South Pacific
albacore tuna stock assessment (WE&PFGSC17SA-IP-03).

Vidal, T., Hamer, P., Escalle, L., Pilling, G., 2020. Assessing trends in skipjack tuna abundance
from purse seine catch and effort data in the WCPO.

Vidal, T., Pilling, G., TremblayBoyer, L., Usu, T., 2019. Standardized CPUE fopglak tuna
Katsuwonus pelamis from the Papua New Guinea archipelagic purse seine fishery (No.-WCPFC
SC152019/SAIP-05). Pohnpei, Federated States of Micronesia.

Vincent, M., Pilling, G., Hampton, J., 2019. Stock assessment of skipjack tuna in the WCPO (No
WCPFCGSC152019/SAWP-05). Pohnpei, Federated States of Micronesia.

Vincent, M.T., Aoki, Y., Kiyofuji, H., Hampton, J., Pilling, G.M., 2019. Background analyses for
the 2019 stock assessment of skipjack tuna 70.

Warton, D.I., Thibaut, L., Wang, Y.A., 201The PIftrapd A fimdd ele 0 boot strap
for inference about regression models with discrete, multivariate responses. PLOS ONE 12,
€0181790. https://doi.org/10.1371/journal.pone.0181790

45



12 Appendix 17 Reweighting of size composition data

13 Introduction

This Appendixdescribes the pfprocessing of size composition data prior to integration into
the 202 stock assessment model &kipjack tina Statistical correction of size composition
data is required asize samplesre often collected unevenly in space and time such that the
samples require reweighting spatially using either cétcbe representative of the size of fish
being removed &m the populationn the case of extraction fisheries, estimated relative
abundance@PUE), to be representative of the size of fish in the populatitine case of index
fisheries. Corrections are also appliedday known measurement bias.

14 Methods

The reweighting procedurr purse seine fisheries wakevelopedfrom the approactof
Peatmaret al (2020). The reweighting approach for pole and line fisheries was developed from
that used to reweight size compositions for longline fisheries in the 2020 yellowfin and bigeye
(Peatman et al., 2020) and 2021 South Pacific albacore assessments (Vidal et)aFifa021

2cm length classes were used, coveringl20m through to 16810cm. The reweighted
sample sizes were gener adcaing mbltmomialulikekhoodvi t h
component for compositional data.

14.1 Purse seine size compositions

14.1.1 Purse seine da preparation
Length samples from thdS Multilateral Treaty Port Samplinge., origin ID = TTPS) and

\

Japanese Skipjack Length Data (origin ID = JPSJ) datasets e extracted fr on

MASTER database. Data from 2010 onwards were excluded dueh@thebserver coverage

during this period. Samples that could not be attributed to assessment fisheries were excluded,

e.g.,samples with unknown school associatiorregions where fisheries are specificset
type Samples provided at a 10 (latitude2®® (longitude)or 5 x 10 spatial resolutionwvere
split to 5 cells usingthe proportion of reported USTTPS data) or Japanese catch (JRSJ)
each B cell, for the yearquarter andettype in questioni(e.,associated vs unassociatéde
note thathe majority of TTPS (83%) and JPSJ (78%) samples were availablerasalbition.

Observer grab and spill sampl es were extract

with the association type and totahtchof each setecorded by observers. Datam an

observeros first purse seine trip wer,e excl

including bothpaired grab / spill tripsand observer data from the Philippines observer
programmeotherwise grab samples were used. Grab samples weretedrfer grab sample
bias using correction factors (Peatman et28l19).

The resolution of strata used in the reweighting process was year, quactdt, &ndfishery.
Fisheries were specific to e i.e., free-school vs associateth regions 5 to 8First, we
implemented a sdével lower limit for observer sampling intensiity,., total samples per tonne

of catch.This ensures thditigh volume sets with low levels of sampling do not have excessive
influence on reweighted length congittons in years with relatively limited sampling
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coverage. The lower limit was set at approximately 20 % of the target grab sampling.rate
0.33 grab samples per torine

Observelengthsamplesof all tropical tunas wereaised from selevel to statalevel by first

converting setevel numbers by species ahcm length birto proportions by species athdm

length bin These proportions were then raised to estimated numbers caught by species and
1cm length binso that the estimated set catch aceosds | Sspecies summed to
estimate of catch weight for the set. Length weight parameters used in this process are provided

in Table Al - 1. We then aggregated from devel to stratdevel by summing estimated

numbers caught by species d@mmlengh bin across seteindthenrescaing the stratdevel

numbers so that the total number of fish in estcatumwas equal to the original sam@ize.

We then filtered the length frequencies for skipjack.

SeparatelylUS Multilateral Treaty Port Sampling daé&d Japanese Skipjack Length Data
were raised tastratalevel by summinghenumbers of samplés each 1cm length bin across
records. Thes samples were thecombined with the stralavel observer samplegiving
skipjack length frequencies at a resolutioryeér, quarter, 5cell, andfishery. At this stage,
skipjack size samples were filtered fetrata with aminimum of 30 samples, to attempt to
reduce noise in size compositions due to low sample.sites length samples were then
aggregated to the 2cm size classes.

14.1.2 Purse seine extraction fisheries
For extraction fisheries,tratalevel length frequencies wereaised to anMFCL fishery
resolution,.e.,year, quarter and fishegs follows

1. Stratalevel numbers bgize classvere converted toatchweight proportionsby size
class,using the length weight parameterdiable Al- 1.

2. Stratalevelcatchweight proportion®y size classvere then converted to totipjack
catch bysize clasdy multiplying by stratdevel skipjack catchtaken from S BEST
data

3. These werehen aggregatedcross stratao obtain MFCL fishery resolution catch
weighs by size class

4. Catch weights bgize clasaverethenconverted to numbers caught siye class, by
calculating theaverage weight ofach size class using the lengthight relationships
in Table A1- 1.

5. Numbers caughby size classverethenconverted to proportionBy size classand
rescaled so that the frequency in each ypmrterfor a given fishery equalled the
original number of samples step 1

6. The MFCL fishery resolution length compositions were then filtered forgearters
whee sampled strata accounted for a minimum proportion of the total catch of the
fishery. This |Iimit is referred to as the

4 The target grab sampling rate is 5 fish per brail. This equates to 5 fish per 3 tonnes of catch assuming a 5
metric tonne capacity brail which is c. 60 % fill on average.
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Finally, a 50% reduction in sample sizes was implemented for unassociated purse seine
extraction fisheriesn regions 6 to 8, as the same samples were used to generate length
compositions for both extraction and index fisheries (see below).

We note that the inclusion of 06JPSJ6 sampl es
procedure, relative to thased for the 2020 yellowfin and bigeye assessments (Peatman et al.,
2020). Previously in step 1, size samples from all tropical tuna were included to generate
species and size class proportions by weight, which were then applied to the total catch of
tropical tuna in astratumin step 2 to obtain species and size class specific catch weights. This
assumes that the samples are representative of both the species compositions and size
compositions of catches. The first assumption is not appropriate givencthsion of the
6JPSJ6 samples, which are all skipjack. | nst
catches, to estimate the proportions of skipjack catch weight by size class wsthatuan

This assumes that the skipjack samples are regisgse of the size compositions of skipjack

catches.

14.1.3 Purse seine index fisheries

Purse seine CPUE indices were generated for regions 6 to 8 using data frephbelesets.
Reweighted size compositions were generated for the purse seine index fishéhiesei
regions, using size samples from fsshool sets for consistency with the data used to generate
the CPUE indices.

Gtrata weightdwere defined as thg@roportion ofestimated relative abundance in a region
over a timewindow of¢'Q p quarters acamted for by eacbtratum i.e.
G - B VIS
" BB 0
wherew j, is the strata weight for sttah sin yearquartert, ando j is theestimated relative
abundance from the CPUE standardisation moléime window of 1 quarter was used to
calculate the strata weights.,”Q

Stratalevel length frequenciewere raised to MFCL fishery resolutiarg., year,quarter,and
fishery, by

1. Converting from stratdevel numbers by sizelass to proportions by size class.

2. The stratdevel proportions by size class were then multiplied by the strata weight,
W f, and summed across strata to obtain MFCL fishery resolution proportions by size
class.

3. These MFCL fishery resolution proportions by size class e rescaled to sum to
one andmultiplied by the total samples for the fishery and yeprarter to obtain
numbers by size class.

4. The MFCL fishery resolution length compositions were thileared for yearquarters
where sampled strata accounted for a minimum proportion of the total estimated
relative abundance in the MFCL regide,, where the sum of strata weiglbsy from
sampled strata exceeded a specified proporfic®, the 6 mimum sampled
wei ghtingd)

A 50% reduction in sample sizes was then applied for the purse seine index fisheries, as the
same size samples were also used to generate length compositions for extraction fisheries.
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14.2 Pole and line size compositions

14.2.1 Pole andine data preparation

Avail abl e | engt h MASTHRIdabas@ereexmmactedRebdihsamplés,

and aggregatpole and linecatch data, were aggregated to consistentfiésg groupings,
using | ookup tabl es hel d HoryconSdeacy with e pguese Ma n a
seine compositions, we used5a spatial resolution to reweight the pole and line size
compositions This was possible due to the high proportion of samples available at a 5
resolution (85%).Samples provided at eoarser patial resolution,e.g., 10 x 20, were
disaggregated to % resolutionusingthe proportion of reportedatchin each B cell, for the
yearquarterand flagfleetin questionThe resolution of strata used in the reweighting process
was year, quarter,°xell, andfishery. Available length samples were aggregated to a strata
level, by summing frequencies by length class across records.

As with the 2019 assessment, only Indonesian size samples were used to generate size
compositions for thpole and lindishery in region 5, given that the Indonesian fleet accounted

for the majority of the reported catchesm the fishery(Vincent et al., 2019b)l'his excluded

70,000 samples, representing c. 20% of the total samples available for the fishery, which were
manly samples from Japanese vessmilected prel980 when reported catches from the
region were relatively low.

14.2.2 Pole and line reweighting methodology
Strata weights foextractionfisherieswere defined aghe proportion of fishery catch over a
time-window of ¢'Q p quarters accounted for by easthatum

o . B On

" BB  6;
wherew , is the strata weight for strasan yearquartert, andC is the reported catcl$trata
weights for index fisheries wesgjuivalent butveighted by estimated relative abundance from
the pole and line CPUE standardisation mad&lime window of one quarter was used for

both extraction and index fisherié®., Q 1L

Stratalevel siz compositions were raised to MFCL fishery resolutian, year,quarter,and
fishery, by

1. Converting from stratdevel numbers by sizelass to proportions by size class.

2. The stratdevel proportions by size class were then multiplied by the strata weight,
W p, and summed across strata to obtain MFCL fishery resolution proportions by size
class.

3. These MFCL fishery resolution proportions by size class Wene rescaletb sum to
one andmultiplied by the total samples for the fishery and y@prarter to obtain
numbers by size class.

4. The MFCL fishery resolution length compositions were then filtered forgearters
where sampled strata accounted for a minimum propodiche total catch of the
fishery (extraction fisheries) or the total estimated abundance in the MFCL region
(index fisheries),i.e., where the sum of strata weights ; from sampled strata
exceeded a specified proportion.
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A 50% reduction in sample z@s was then applied to the pole and line index fishery
compositions, as well as to pole and line extraction fisheries in regions with index fisheries
(i.e.,regions 1 to 4, 7 and 8), to reflect the use of the same size samples to generate both index
and etraction fishery compositions.

15 Results and discussion

In the 2019 skipjack assessment, size compositions for purse seine extraction fisheries were
reweighted, and raw (unweighted) size compositions used for pole and line extraction fisheries
(Vincent et al., 2019b). For the 2022 assessment, we have rewesgtdeztbmpositions for

pole and line extraction and index fisheries. The use of raw size compositions for pole and line
extraction fisheries is appropriate if the size samples have been collected such that they are
representative of the catch. Howeversttibes not necessarily imply that size samples are also
representative of the underlying population. Reweighting of pole and line compositions for
both types of fisheries relaxes assumptions regarding the extent to which the raw samples
represent the sizeompositions of catches and the population, and ensures a consistent
treatment of compositional data in the assessment model for all pole and line fisheries.

Reweighted size compositions for purse seine extraction fisheries are providigatenAt 1

to Figure Al- 4, with purse seine index fishergompositions provided irFigure Al- 5.
Reweighted size compositions for pole and line extraction fisheries are provieigdia A1

- 6to Figure Al - 8, with pole and line index fishery comptisns provided irFigure Al - 9

to Figure Al - 11. The sample sizes of the compositional data are provideidime Al - 12
andFigure Al - 13. The reweighting process reduced apparent noise in compositions. Some
apparent noise remained, which was commonly associated with year quéthaatively

low sample sizes.g.,the associated purse seine extraction fishery in region 6 in 1999 and
2000 Figure Al - 3, Figure Al - 12). There was apparent cohort progression in reweighted
size compositions for a number of fisheries, most clearly seen in the pole and line extraction
fishery in region 2 igure Al - 6) and purse seine fisheries in regions 6 t&i§yre Al - 3

to Figure A1 -5).

The number of available samples varies between fisheries, with theangsies available for

purse seine fisheries in regions 6 to 8 from 2010 to 2019 when observer coverage rates were
comparatively highKigure Al - 12 and Figure Al - 13). Observer coverage rates decreased

in the second half of 2020 and 2021 due to Cdddleading to lower numbers of samples for
pure seine fisheries, particularly those in regions 7 and 8. There was also a corresponding
reduction in the spatial coverage of samples for the purse seine fisheries in regions 7 and 8.

Reweighted size compositions for pole and line fisheries in region tBeogightregion
structure demonstrated strong temporal variation, particularly in the 1970s ande2§00 (
Figure Al - 9). This led to similar pattes in the compositions for pole and line fisheries in
region 1 of thedive-regionstructure €.g.,Figure Al - 10). The observed variation in sizes i

this region has been suggested to reflect the periodic occurrence of large spawning fish and
smaller recruits (Hamer, 2022).

The choice of minimum sampled weighting is a compromise between attempting to remove
temporal variation in size compositions agesult of unrepresentative sampling, whilst

avoiding excessive filtering (McKechnie, 2014). We recommend that a minimum sampled
weighting of 0.3 be used for both purse seine and pole and line extraction fisheries. This
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requires sampled strata in a giverayquarter to account for a minimum of 30% of the catch
from the fishery, otherwise the reweighted size compositions for thatjyeater are excluded.
Additionally, we recommend that a minimum sampled weighting of 0.1 be used for both purse
seine and pde and line index fisheries with treghtregionstructure. A minimum sampled
weighting of 0.1 led to excessive filtering of size compositions for the pole and line index
fishery in region 1 of thdéive-regionstructure, leaving data for relatively fewayauarters

with comparatively high levels of apparent noise. As such, with thedig®n structure we
recommend a minimum sampled weighting of 0.1 for purse seine index fisheries, and O for pole
and line index fisheries. These minimum sampled weightingbroadly consistent with those
used in the most recent assessments of tropical tunas (Peatman et al., 2020).

Strata weights are calculated across time n d o ws . A longer time wir
temporal variation in the weighting for a given strateotigh time, whereas shorter time

windows allow the influence of a given strata to vary more strongly through time. A time
window of 11 quarters was used for pole and line extraction fisheries, following the approach

of McKechnie (2014) and Vidal et al. (2D) for longline fisheries in tropical tuna assessments.

A time window of 1 quarter was used for all index fisheries, to avoid excessive smoothing of
skipjack distributions within regions when calculating strata weights. A time window of 1
guarter is impkitly used to generate purse seine extraction fishery compositions. However, we

note that reweighted compositions were insensitive to the length of the time window, and so

the choice of time window length does not appear to be critical.
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17 Tables

Table Al - 1. Length weight parameters by species.

Species a b

Skipjack 1.14605  3.1483
Yellowfin 2.01E05 2.9860
Bigeye 6.48E05 2.7810
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18 Figures
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Figure Al - 1. Reweighted length compositions for the purse seine extraction fisheries in
regions 1, 2 and 3 with theeghtregionstructure, with a minimum sampled weighting of 0.3.
The median length class is provided as a solid white line.
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Figure Al - 2: Reweighted length compositions for the purse seine extraction fisheries in
region 1 with thdive-regionstructure, with a minimum sampled weighting of 0.3. The
median length class is provided as a solid white line.

54



Fishery SA-DW-5 SKJ

100+
Proportion

75+
015
0.10
0 005
0.00
I |
1672 1974 1976 97a 190 1982 fee4 1088 1086 1860 1ge2 1094 1908 1998 2000 2002 2004 2006 2008 2010 2012 2014 2018 2008 2020

Year-quarter

Length {cm)

25+

Fishery SA-ALL.6 SKJ|

100
75+
50+

Proportion

E 0.15

2

=

£ 010

2

5

] 00
000

25+

1672 1974 1976 97a 190 1982 fee4 1088 1086 1860 1ge2 1094 1908 1998 2000 2002 2004 2006 2008 2010 2012 2014 2018 2008 2020
Year-quarter

Fishery SA-ALL.7 SKJ|

1001
Proportion
754
a8
01z
0.08
504 004
.00

Length {cm)

25+

1672 1974 1976 97a 190 1982 fee4 1088 1086 1860 1ge2 1094 1908 1998 2000 2002 2004 2006 2008 2010 2012 2014 2018 2008 2020
Year-quarter

Fishery SA-ALL-8 SKJ|

100+
Proportion

754 s

0.15

0.10
509 — 005

.00
25+

1672 1674 1976 1978 190 1982  18&4 1088 198 1880 1662 1994 1996 1008 2000 2002 2004 2006 2008 2010 2012 2014 2018 2018 2020
Year-quarter

Length (cm)

Figure Al - 3: Reweighted length compositions for the associated purse seine extraction
fisheries in regions 5 (distant water), 6, 7 and 8 with a minimum sampled weighting of 0.3.
The median length class is provided as a sehde line.
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Figure Al - 4: Reweighted length compositions for the unassociated purse seine extraction
fisheries in regions 5 (distant water), 6, 7 and 8 with a minimum sampled weighting of 0.3.
The median length class provided as a solid white line.
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