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1 Introduction

The distantwater longline fishery commencexgberation in the Indian Ocean during the early 1950s.
Bigeye tuna represented a significant component of the total catch from the longline fishery and
catches increased steadily over the subsequent decades, reaching a peak in theilate |y Z8)s

(IOTC 2015) The purseseine fisheriesra freshchilled longline fisheries developdobm the mid-

1980s and totabigeye tunacatches peakedt about 150,000 mt in the late 199DsIring the mid-

2000s, the total annual bigeye catch declined consideraiohyarily due to a decline irhé longline

catch in the western equatorial region in response to the threat of piracy off the Somali coast. The total
annual catchdeclined t085,111 mt in 2010 but recoveredsomewhat over the following years
reachingl19,%54 mt in 2012. The total annual catch in 2014 23231 (I0TC 2015.

Previousassessments of the Indian Ocean bigeye tuna stock have been conducted using Stock
Synthesis $honoet al 2009, Kolody et al 201Q Langley et al 20139 and ASPM (Nishida &
Radeneyer 201) software.Kolody et al (2010)conducteda thorough examination of treensitivity

of the assessment to a range of the key model assumptions. The resulting model scenarios highlighted
the high level of uncertainty associated with the stock assessment, encompassing a range of
contrasting estimates of stock status.

Langleyet al (20133) updated the IO bigeye assessment, extending the model time period to 2011.
The modelling investigated a wide range of model sensitivities particularly regarding the spatial
configuration of the model, the treatment of the available taggingaddtthe relative influence of the
individual length frequency data sefthe assessment wasbsequentlyupdated during WPTT15
extending thecatch, CPUE indices and size frequency data to the end of the 2012y gleyet al
2013b) Overall, theresuts of the 2013assessment were consistent with &aelier assessment of
Kolody et al (2010)

The SS model results provided the basis for the management advice for bigeye tuna formgulated
WPTT15 (IOTC 2013 Langleyet al2013h. Uncertainty in the assessment was characterised using a
grid of model runs that incorporated the key model assumptions (natural mortality, SRR steepness and
longline catchability).For most model optiongecent fishing mortaty rates were below thEysy
reference levelReuren{Fusy< 1) and that the stock was not in an overfished s@RBaifen/ SBusy> 1).

The median value d¥1SYfrom the model runs was 132,000dnge98,00G 207,000 } (IOTC 2013)

The final assessment models adopted by WPTT15 didnootporate the available 10 bigeye tag
release/recovery dat#@reliminary model optionsthat incorporated these data weeviewed by
WPTT15 (Langleyet al2013a). However, the spatidynamics of thee models were not considered

to adequately represent the dynamics of the 10 bigeye tung speaificaly the regional distribution

of biomass andhe movementdynamics The model results were sensitive to the spatial structure of
the model (1 or 3egions) the tag mixing period (4 quarters vs 8 quarters) and the relative weighting
of the length frequency datdhe WPTT15recommended that further model development be
undertaken to utilise the tagging datduturelO bigeye stock assessment

This report documentshe next iteration of thestock assessment of the Indian Ocean bigeye tuna
stock for consideration al8” WPTT meeting. The terms of reference for the bigeye tuna stock
assessmenincludel a review of the spatial stratification amérameerization of the assessment
model to enable the integration of the tagging data into the assesapugit The I0TC Secretariat
also requested that a range of model sensitivities be condiaciedestigatemodel assumptions,
specifically related tonatural mortality, slectivity and SRR steepness. This report documents the
preliminaryresults of the assessment for presentation to WBTT1



2 Data compilation

The datasetsincludedin the stock assessment wéighery-specific catch and length frequencatal,
standardisetbngline CPUE indicesandtag release/recovery data from thdian OcearRTTP. The
stock assessment was implemented in Stock Synthesis (versiorz)/ardata were capiled in
accordanceavith the SS data structigéViethot2015.

2.1 Spatial structure

Most of the bigeye tuna catch from the Indian Ocean is caught within the latitudinal r&nge®5
10° N (Figure l). This area of tle Indian Ocean wasgsed aghe spatial domain of the assessment
model Figure2). The small amount ofigeye catch from higher latitudesgreassigned tfisheries

of the appropriate method within the model domain.

Preliminary modelling adopted a regional structure ted equivalent to the spatial stratification of

the 2013 bigeye assessmdrrfgleyet al20133. The spatial domain of the model was stratifietd

three regionswestern equatorial region (region 1), eastern equatorial region (region 2) and southern
region (region 3). The regions were defined to partition the spatial distriswidhe main fisheries

0 most of the longline catch is taken within the two equatorial regiorfs16 10 N), while the

purse seine catch is predominantly taken within tlestern equatorial region. A seasonal longline
fishery operates in the southern region. The longitugiaditioningof the equatorial aresubdivides

the distribution of taged fishrecoveriedrom releass that occurredn the western area of region 1.
There are also some differences in teaporaltrends in the longline CPUE indicé®m the three
regions.

The final model options further subdivided the western equatorial region (region 1) into two regions
to account fodifferences in the distribution of tags within this reg{see Section 2.5)The region

was partitioned at the equator; the area south of the equator and the north and south regions were
denotedregion 1N andRegion 1S, respectively.

2.2 Catch data

Preliminay model options included @tal of 12 fisheries defined based dme fishinggear typeand

the regional stratificatiarin the final model options, the Region 1 fisheries were partitioned based on
the revised spatial structure (Hoand south of the eqtor)resulting in three additional fisheriekhe
fishery definitions ar@resentedn Tablel. Bigeye tuna catches (in mt) were compiled by fistaargt
year/quarter.

Longline, distant-water (LL 1N, LL1S, LL2, LL 3). The longline fishery operates throughout the
Indian Ocean although catches are concentrated in the equatorial reEigjore (). Catches are
primarily from the Japanese, Korean and Taiwanese distztet longline fleetsMost (62%) of the
distantwater longlinecatch has been taken from the western equatorial region and annual catches
from the LL1 fishery(LL1S and LL 1N)steadily increased from the early 1950s to reach a peak of
64,000 mt in2003 2004. Catches of about 55,000 mt were maintained during- P@08eclined

rapidly to about 15,000 nt 2010 2011, recovered to about 50,000 mt in 204r&d then declined to
about 22,000nt in 2014 2015(Figure3).

Annual catches from the LL2 fisheflyctuatedbetween about 10,0005,000 mtduring 19752011
In the subsequent years, annual catches declined steadily to about 4,700 mt in 2015.

Annual longline catches from the southern area were comparatively lowagingr about 3,000 mt,
from 1960 to 1990Kigure 3). Catches then increased to a peak 2020 mt in 1995, declined
steadily to aboub,000 mt in 2007And remained at that leveVer subsequent years.

Longline, fresh tuna fleet (H.2). The fishery developed in the late 1980s and annual catches rapidly
increased to reach a peak of about 3)000 mt in the late 1990sarly 2000s. Catches declined
sharply in 2003 andthen again in 2010. During 2042015, annual catches werabout
12,000 15,000 mt per annumkF{gure 3). The length compositions of the fish sampled from this
fishery differ somewhat from the distawater longline fisheries (LL:B).
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Purse seine(PSFSN, PSFSIS, PSFS2, PSLSH, PSLS1S, PSLS2) Almost all of the industrial
purseseine catch is taken within theestern equatorial regigfrigure 1) and catches are dominated

by the fishery onassociatedschools (PSLSY and PSLS1S) (Figure 3). Annual @atches from the
PSLS1(N and S)isheliesreached a peak of about 30,000 mt in the late 1990s and have fluctuated at
15 25,000 mt over the last decadeth the exception of a lowaratch in 2012Since the late 19s,

annual catches from the puseine freeschool fishery (PSF3 and PSFSH) have fluctuated
betweerb, 000 10,000 mt

Relatively minor catches were takentermittently by the purseseine fishdes in the eastern
equatorial regionSFR andPSLS3 (Figure3).

Baitboat (BB1). Bigeye catches from the Maldives baitboat fishary estimated to have increased
steady from a minimal level in the late 1970s to abou700 mt in recent yea(Eigure 3). This
fishery was assigned to the northern equatorial region (Region 1N).

Line (LINE2) . The LINEZ2 fishery includes small scale fisheries using handlgmeall longlines and
the gillnetlongline combination fishery of Sri Lank&nnual catches are estimated to have increased
steadily from a minimal level in the 1970s to ab®000 mt in recent yeafgigure3).

Other (OT1 and OT2). ThefiOtheo fisheries include gillnet, trolling and other minor artisanal gears.
The fisheries are aggregated by region for the two equatorial Wb the western region the OT1
fishery is primarily comprised dhe Iranian driftnet fishery operating in the high sdadal catches
were negligibleprior to 2005 butsubsequenthyincreased t@bout2,500 mtper annum(Figure 3).
This fishery was assigned to the northern equatorial region (Region 1N).

For theOther 2 OT2) fishery, recent caheswere primarily taken by the Indonesidroll and gillnet
fleets Annud catclesincreased steadily from the early 1990s to reaqteak of hout 5,000 tin
2011- 2013(Figure3).

2.3 Length frequency data
Bigeye length frequency data were compiled by fishery and year/quarter.

Longline, distant-water (LL 17 3). Size frequency data are available for the LBTXisheriesfrom

1965 to 205. Length and weight data were collected from sampling aboard Japanese commercial,
research and training vessels. Weight frequency data collected from the fleet have been converted to
length frequency data via a processed wevgible weigh conversion factor and a weiglangth

key. Length frequency data from the Taiwanese longline fleet are also available fron20880n

recent years, lengtfrequencydata were also collected from locally based longlinteets (e.g.
Seychelles).

Lengthfrequency data from all sources were aggregated to provide a composite length composition
for each year/quarter. Prior to 1995, the length compositi@ns dominated by sampling from the
Japanese longline fleet, while in the subsequent period the s&eeafeincreasingly dominated by

data collected from the Taiwanese distamater longline fleet.

Previous assessmenbf IO bigeye tuna have highlighted the temporal variability in the length
composition data from the main longline fisheries. thercurent assessment, the longline length data
were examined to investigate potential sources of variation in fish length. For each model region, the
length data were restricted to the main area of catch from the bigeye tuna longline fishery (core area).
It wasconsidered that restricting the sampling data to the core area would minimise potential variation
in length composition attributable to the collection of length samples from the periphery of the
fishery.

The core areas for each region were defined asasllo

LL1 Latitude range 10°S to 10° N, longitude 50° E to 70° E
LL2 Latitude range 15°S to 5° S, longitude 85° E to 110° E
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LL3 Latitude range 3225° S

Temporal trends in average fish length (by quarter) were comparedjstrios main longline fleets

in each region (Appendix 1)he main effect of applying the core area criteria was to exadude
considerable proportion of théapanese length samples collected from the LL fiskefhis is
because the Japanese longline lerigtquency data are aggregated at a coarse spatial scale (longitude
20°, latitude 10° cells) that does rmatrrespondvell with thecore arealefinitions. Applying the core

area criteria to the Taiwanese length composition data did not fundamentally ¢hanggmporal
patterns in the fish size.

For the LL1 areathere were marked differences in the sizifish sampledrom the variouslongline
fleetsduringthe late 1980s and early 2000s. There were also @inetigmporal trends in the length
of fish sampledamongst the fleetgigure A1Appendix 1)

The lengtls of fish sampledrom the Taiwanese fleet increased markedly during the early 2000s and
the length compositianof the sample from catchesof most fleetswere comprised of larger fish
during 20052015 EFigure Al Appendix 1).The increasen Taiwanesdish dzes during the period
coincidedwith a large shift in the ratio of thEaiwanese(?pigeye and yellowfin longline catches in
the region during the same period; the ratio of bigaydhé longline catch increased during the late
2000s and remained at a higher level in the subsequent(iteste et al 2015see Figure0). The
lengtls of fish sampledrom the Taiwanese fleet during 20@015werecomparable to the lengtof

fish sampled fronother longline fleets operating in the regidmglre ALAppendix 1).

A similar trend is also apparent in the length composition data from the eastern equatorial region
(Figure A3 Appendix 1) The lengtk of bigeye tuna sampleffom the Taiwanesdongline fleet
increased considerably during the early 2000fowed 3 years later bgn increase in the catch of
bigeye tuna relative to yellowfin turfeom the Taiwanese longline flefiioyle et al 2015, see Figure

21).

Nonethelessa recentreview of the recent Taiwanese length composition data by Geehan & Hoyle
(2013) concluded thafichanges from around 2003 in the size frequencies of BET, YTF, and ALB
samples recorded by Taiwan,China are likely to result from a change in the samtiogols or
processing and management of the data. Alternative explanations (changes in the population
structure or changes in fishery selectivity) are unlikely given the nature of the changes and the fact
that similar changes are observed for all threpecies .Further, Geehan & Hoyle (2013)

r e c o mmeexctuding frain stock assessments the size data for BET, YFT and ALB from the
Taiwanese DWLL fleet after the eaB900s, until the cause of changes in the size frequency data
have been determined by M&TTO .

Based on that recommendation, the recent length frequency data from the Taiwanese longline fleet
wereexcluded from the final length frequency data setsrporatedn the current assessmeiithe

period of dataexclusion wasalsoextended to 1992015 encompasag the period of considerable
change in the length compositibom theregion 1longline fishery

For the final data setshe length compositi@of the LL11 3 fisheriesaredominated by fish in the
90- 150 cm length rang@-igure6). Theaggregatedength compositiomare comparable for the three
regions althoughthe average lengsiof fish in the sampled catch fluctuated over the study period
(Figure 7). For LL1, average fish length declined during tbarly 1990s Limited samples were
available from LL1 during 1992005 but fish sampled in the subsequent year86(2ZD15) were
considerably larger than sampled during the preceding péRmlre 7). These samples were
predominantly obtained from the locally based longline fidegdatively few samples were available
from LL2 and LL3 during the latter period.

Longline, fresh tuna fleet (FL2). Length data are available from 192808 however, no length
data are available from t he digurelS) Length and waightd o f
data were collected during the unloading of catches at several ports, primarily frortufr@sh
longline vessels flagged in Indonesia and Taiwan/China (KOFCF sampling).
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The composite length composition of the catch is similar taligtant water longline fleeF{gure6)
and remained relatively stable over the sampling peRali(e7).

Purse seine (PSFS1, PSFS2, PSLS1, PSL3ngthfrequency samples from purse seiners have
been collected from a variety of port sampling programmes since th&98ds. The samples are
comprised of large numbers of indivalufish measurements and represent comprehensive sampling
of the main period of the fisherFigure 5). Limited size data are available from the ptssee
fishelieswithin region 2.

The associated purseine fishery(PSFS)primarily catches smaller bigeye tuna, while the size
composition of the catch from the frsehool fishery is bimodabeingcomprised of the smaller size

range of bigeye and a lad mode of larger fisiF{gure6). There was a general decline in the average
length of fish caught by the PSLS1 fishery from 1990 to52®igure 7). The average size of fish
sampled from the freschool fishery was variable among quarters, although fish tended to be smaller
during the late 2000s, increased during the earig 2000s and declined in more recent yearis It
unknown whether the trends in the length composition of the purse seine catch are representative of
the population or reflect changes in the operation of the fishery.

Baitboat (BB1). Limited length samples are available from the fishéfgyre 5) and the sampled
catch was dominated by fish in the smaller lergigisses (5070 cm) Figure6 andFigure?).

Line (LINE2). Negligible length frequency data are available from the fish#houghthe available
data indicate that the catefas predominantly composed of larger f(ffigure 6). Fish sampled from
thisfishery are considerablgrger than the fish sampled from the other main longline fisheries.

Other (OT1 and OT2). While catches from th@T1 fisheryare dominated byhe Iranian driftnet
fleet, there ar@o lengthsamples available fromithcomponent of théshery. Instead, thavailable
OT1 length samples were collected from &theb fisheries that operated prior to 20(Egure5).
The aggregate length samples encompass a broad lengtt{Fange6).

For the Other 2 (OT2) fishery, limited length samples were collected froimttonesian small purse
seine and troll fisherie@igure 5). The aggregate length frequency data available include two size
modes from the small seapurse seine sampleBSigure6). This is probably due to different sizes of
fish taken by different modes of fishing (e.g. fishing at night withtliground anchored FADs, etc.).

For each of the defined fisherielsetlengthfrequency data weraggregatedby year/quarteinto 95 2

cm size classes (102 cm to 198200 cm). Each length frequency observatiamfithepurse seine
fishely represents the number of fish sampled raised to the sampling units (sets in the fish
compartment)For thenonpurse seindéisheries,each observatiorepresentghe actual number of fish
measured.

Each aggregatelengthsample was assigned an initial gdensize. The sample size was determined
based on the number of fish included in the aggregated sample, up to a maximum of 1000. The
sample size was then divided by 100 resulting in a maximum initial sample size P@rs6. seine

length samples were alagsigned an initial sample size of 10.

2.4 CPUE indices

Standardised CPUE indices were derived using generalized linear models (GLM) from operational
longline catch and effort data provided by Japan, Korea, and Taiwan,China @togle2016).

Cluster analysesf species composition data by vesseinth for each fleet were used to separate
datasets into fisheries understood to target different species. Selected clusters were then combined and
standardizedusing generalized linear modeBigeye catch(numbers b fish) was the dependent
variable of the positive catch model (lognormal error structwiije the presence/absence of bigeye

tuna in the catch was the dependent variable in the binomial niodeddition to the yeaguarter,

models included covariatésr vessel identity, 5square locatiomumber ofhooks, anckithercluster

(for region 3) oHBF (for regions 1 and 2)

For the 2016 assessment, three sets of CPUE indices were derived based on different treatment of the
fishing vessel variable in the CPUE modelling (Hoge al 2016). The assessment modelling
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incorporated theboat_allyearsset of CPUE indices on the basiwmt the indices represented the
longest time series (1962015) and incorporated vessel effects for the period when individual vessel
identifiers were available (19v2015).

The following Table specifies the individual sets of CPUE indices used for emtdi ragion.

Region Model variables Indices series name

1 No cluster, HBF Joint_regB2_R1 dellodoat allyrs
2 No cluster, HBF Joint_regB2_R2_dellodpoat allyrs
3 Cluster, no HBF Joint_regB2_R3_dellodpoat allyrs

The long term trerslin the regional CPUE indices are broadly comparable to the Japanese longline
CPUE indices used in the previous stock assessments (Matset&lt?013). A notable feature of

both sets of CPUE indices from the equatorial regi®egions 1 and 2) is therge increase in the
indices in the late 1970s; the indices increaseil3yf@d during 19761978 and then decline sharply
betweerl978 and 1979tabilising at a levatonsiderablyhigher than the 1974976 level(Figure8).

Theserapid and widespread changesthe CPUE indices are not compatible with the population
dynamics of bigeye tund&revious stock assessmentsdrmoratedthe longer term CPUE indices
(Kolody et al 2010Langley et al 2013and the assessment models estimatamhg temporal trends

in the recruitment deviates in an attempt to fit the large changes in the abundance indices during the
late 1970s.

The analysis of the operational levelalfiom the Japanese longline fleet has not been able to account
for the large change in CPUE during the late 1970s. The transition in CPUE during this period could
be explained by a marked change in the reporting of the bigeye tuna catch by the Japanese fl
although no evidence is available to support this asseffimgre was an exceptionally high bigeye
tuna catch reported by the fleet in 1978 (especially the first quarter).

The marked change in the magnitude of the CPUE inthetvgeen the twperiods (pe 1976 andoost

1979 corresponds to a period when there was a large shift in the gear configuration of the Japanese
longline gear in the equatorial regions (Hoyle & Okamoto52ORrior to 1976, most of the sets were
conducted usingi® HBF, while from 1980 most of the sets used 1P HBF (see Figure 7 of Hoyle

& Okamoto 205). There is very limited overlap in the HBF between the two time blocks and,
consequently, the CPUE standardisation procedure may not be able to adequately accoent for th
change in efficiency related to tiroduction of thedeepersettinglongline gear (i.e., HBF and year
effects may be confounded).

On that basis, the CPUE indices for the period prior to 1979 were excluded from the stock assessment
data set for the maimodel options. There is scope to revisit this decision at a later time and reinstate
the earlier (pre 1976) indices. However, in that case it is recommended that the indices from the
earlierperiod be treated as a separate set of abundance indices.

The tuncated sets of CPUE indices from 192015 were normalised to the average of each series.
The CPUE indices from region 3 exhibit considerable seasonal vayiattbriower CPUE in the first
quarter (JainViar) and relatively high CPUE in the third quart@uli Sep) Eigure 10). Stock
Synthesis does not have the flexibility to estimate seasonal catchability or movement dynamics when
the model is configwd based ora quarterly time step. Consequently, to account for the seasonal
variation in the CPUE indices, thieegion 3CPUE indices were incorporated in the model as four
separate sets abundancéndices (i.e. one series for each quarter).

The CPUE inttes from the three regions exhibit broadtymparabldgrends declining by about 65

70% from the early 1980%0 2010s(Figure 10). The CPUE indices fluctuated over the time period
with higher CPUE in each region during the late 1980s and188@s. From the late 2000s, the
CPUE from the three regions deviated; the CRitfices from region 2 declined during this period

and then fluctuated about the lower level, while the CPUE indices from region 1 were maintained at
about the same level during the late 2000s, were considerably higher ir2@02Fnd then declined
during2013 2014 EigurelO).
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The deviatios in the trends between the region 1 and 2 CPUE indiegsfwrther investigated by
comparing the ratio of the twindices with the Indian Ocean Dipole Index (IOCHjgure 11). There

is some indication that the differential in CPUE in each region is correlatiedhe 10DI; the strong
positive 10DI during2006 2012 is correlatedith the higher CPUE in region 1 (relative to region 2),
while the sharp decline in CPUE in region 1 during 2@034 corresponded to generally negative
I0ODI (Figurel1l).

The CPUE standardization procedure incorporates a number of factors, including changes in gear
configuration, that may account for changes in the performanttesdbngline fishery over timen
addition, theoperational level CPUE indices also incorposatelividual vessel effects to account for
changes in the efficiency of the fleet over timidese individual vessel effects were not included in

the standardexi CPUE indices incorporated in the previous stock assessments of 10 bigeye tuna
(Matsumotoet al 2013). The previous assessment attempted to account for gross increases in the
efficiency of the fishing fleet by applying an increase in catchability totithe series of CPUE
indicesat a rate of 1% per annum. The resulting CPUE indices were included in the range of model
sensitivity options.

The estimateof the increasdan longline catchability (1% per annum) included in the previous
assessment was derivbg comparing CPUE indices that incorporated individual vessel effects with
CPUE indices without the vessel effects included. The CPUE indices incorporated in the current
assessment included vessel effects in the standardization procedure. Therefomsidiesred that

the increase in fishing efficiency associated with the modernisation of the fleet has been accounted for
in the CPUE indices. However, there are likely to be a range of other factors that have improved the
fishing efficiency for bigeye, ptcularly as the fleet has shifted to target the species. These factors
are likely to be partially accounted for in the CPUE standardization process (e.g. change in
distribution of fishing effort and gear configuration) although it is considered likalyttie CPUE
indices undeestimate thanagnitude of the change fishing efficiency. There is nanformation
available to indicatehe magnitudeof the additional (unaccounted) increase in tleatchability of

bigeye by the longline fleetnd hence, the assessment modelling has not included model options that
accountfor anincreag in longlinecatchability.

Separate longline CPUE indices were not available for the twoeglbns of the western equatorial
region (Regions 1N and 1S). Consenflye for the four region model it was necessary to incorporate
the LL1 CPUE indices in both suiegions (Regions 1N and 13). future, separate CPUE indices
should be derived fdRegions 1N and 1S

For the final model optionsa common catchability coéffent was estimated in the assessment
model, thereby, linking the respective CPUE indices among regions. This significantly increases the
power of the moddio estimate the relative (and absolute) level of biomass among regions. However,
as CPUE indicesra essentially density estimates it is necessary to scale the CPUE indices to account
for the relative abundance of the stock among regions. For example, a relatively small region with a
very high average catch rate may have a lower level of total bidimagsa large region with a
moderate level of CPUE.

The approach used was to determine regional scaling factors that incorporated both the size of the
region and the relative catch rate determinethe relative level of exploitable longline biomass
among egions. The scaling factors were derivied the original three regionsom the composite

longline CPUE data from B34i200Q The relative scaling factors thus calculated for regidrg 1

were 1.00, 087, and 083, respectively(S. Hoylepers comm). For the four region model, the Region

1 scaling factor was apportioned equally between the twaeggibns Regions 1N and 1S) reflecting

the relatively even distribution of longline catch between the two areas. The final regional scaling
factorswere: R1IN (60, R1S 0.50R20.87, R30.83.

2.5 Tag release/recovery data

A considerable amount of tagging data was available for inclusion in the assessment model. The data
used consisted difigeyetuna tag releases and returns fribve Regional Tuna Tagging Projdatian
Ocean (RTTHO) phase of théndian Ocean Tuna Tagging Programme (IOT.TRigs were released
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during 2005 2007 and recoveries were monitored by the IOTTP during 2B089 and bytte IOTC
in thesubsequengears.

All the bigeyetag releases of the RTAI® occurredn alocalizedarea off the Tanzania coasithin
the western equatorial region (regioB) {Figure12). Most of thereleases occurreduringthe second
and third quarters of 200#hd the third quarter of 20@Figure13).

The modeldata seincluded all tag recoveries taid-2015. The spatial distribution of tag recoveries

is presented ifrigurel4. A relatively high proportion of tag recoveries occurred in the vicinity of the
main release location. There was also a relatilagiye number of tags recovered from bigeye tuna
catches from the Mozambique Channeigre 14). Most of the recaptures at these two locations
werefrom purse seine associated sets during 2007 and were comprised of tagged fish at liberty for 6
12 monthsFigure15).

Tag recoveries from the purse seine fishery for fish at liberty for at least 12 months were more evenly
distributed over the main area fishbg the purse seine flegfifure 16 and Figure 17). However,

further examination of the tag recoveries from the PSL®mstdentified considerable differences in

the recovery rate (number of tags per tonne of catch) amongst latitudinal zones for tags at liberty for
at least 12 monthsFigure18). Tag recovery rates from the main area of the fishery souttSofv2re
consistently highethan from thdisheryin thearea north of 25, especially during the main recovery
period (20072008). During the main recovery peripdPSLS catchesvere dominated by the
component of théishery in the area north of3.

The difference in tag recovery ratbstween the two main areas of the fishery indicétes the

di sper sal of tagged bigeye duri ng edistributeltédhggedhont h |
fish throughout the bigeye populatigesidentwithin the western equatorial region (Region 1).
Consequently, the distribution of PSLS fishery effort (and catch) would have strongly influenced the
number of tags recovered from the fighein an attempt to account for the incomplete mixing of

tagged fish, the spatial structure of the assessment model was refined by partitioning the western
equatorial region into two regions (Region 1N and Region 1S).

For indusion in theassessment modehg releases were aggregatet irelease groups defined by
release regiofregion 1S only), time period of release (quarter) and quarterly age classadrhbers
of fish in eachage at release exe determined bywpplying an agéength key to the length
composition of the tagged fish. The dgagth key was déved by assuming an equilibrium
population agdength structurebasedon the agespeific natural mortality, averagéengthat-age
from thebigeyegrowth functionand the standard deviation of lengtbage (CV 0.1)see SectioR).
Fish aged 15 quarters and older were aggregated in a single age group.

A total of 34,572 releasesere classified int@®6 tag release groupRelease groups with less than

five (5) fishwere excludedrepresentinghe removal of small number of tags. The number of tags in

each release group was reduced3bB%o to account for initial tag mortality; the initial tag mortality

estimate of 20.5% (Hoylet al 2015) was increased by a furth€4 to account for an assumed level

of tag mortality associated with the best (base) tag8emoyle pers. comn). This reduced the

number of tags in the final release data setdtt®B. Mo st of t he tag rel eases w
age classed-{gurel13).

The number of tagsecoveredfrom eachtag release group were then classified by recapture fishery
and recapture time period (quarteFag seeding experiments conducted during 2008 revealed
considerable temporal variability in tag reporting rates from the 10 faaise fishery (Hillanet al.
2008). Reporting rates were lower in 2005 (57%) compared to %) and 2007(94%). The
improvement in reportingvasattributed tothe development of publicity campaign and tag recovery
scheme raising the awareness of the stakehoideigtevedores and crew.

To account for the temporal chasge reporting rate, the number of tag returns frihie purseseine
fishery in each stratum (tag group, year/quarter, and length classpejastedusing the respective
estimate of the annual reporting rate.reporting rate of 94% was assumed &mljusting the
2 0 0 8 b uBelLseingag recoveries.
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The number of tag recoveries from the purse seine fisheries was increasedbglitonal10% to
account for the proportion of the catch that was not landed in Seychelles and considerechtit have
been examined for tags. The nuntoefrtag recoveries were s adjustedfor longterm tag loss (tag
shedding) based on an analysis®gertner and Hallier2015. Tag shedding rates for bigeye tuna
were estimated to be approximaté&ly% per annum.

A total of 5,671 actual tag recoveries were included in the tggipta set. The cumulative effect of
processing the tag recovery data increased the number of recoveri&8dags. A significant

proportion of the tag returns fropurse seiners were not accompanied by information concerning the

set type. These tagaeveries were assigned to either the -Belkool or FAD fishery based on the

assumed age of the fish at the time of recapture; i.e. based on the age assigned to the release group
and the period at | iberty. Fi s h ecapuled leyrthe free ha n 1 -
school fishery; Ayoungero fish were assumed to |

Most of the tag recoveries were from the purse seine FAD fishery within region 1, primarily in the
first 12 months following releag@able3). Overall, 74% of bigeye tag recoveries occurred within the
first 12 months. Tagged fish at liberty for longer periods were predominantly recovered from the
purse sein€&AD fishery (region 1)purse seine school set fishérggion 1), and the longline fisheries
inregions 1 and 3 (LL1 and LLZJable3).

For the purseseine fisheries, the tag dataset wedgistedor reporting rates (as described above) and
hencethe fisheryreporting rates were fixed at a valueld in the assessment models (see Section
4.5). No information is available regardirtbe reporting rate®f tagged fish caughthe other (non
purseseine) fisheries.

3 Biological parameters

Recent estimates of Indian Ocean bigeye tuna growth derived from otolith age data and tag
release/recovery are available fr@ivesonet al (2012).Growth esimates are available for both sexes
combined.The quarterly growtldeviates from a von Bertalanffy growth function with considerably
lower growthfor quarterly age classes & (Figure 19). Maximum average lengtt.§) was estimated

by Evesonet al (2012) at 150.9 cm (fork lengthyhe growth model was unable to reliably estimate

the standard deviation of leng#tage; howeverthe most appropriate level of variation in length for

all age classes was considered to be represented by a coefficient of variation(Bf BvH3on, pers.
comm.) The growth function was implemented in SS using-sgcific deviates on thke growth
parameter.

Preliminary modellingnvestigatedwo alternative levels ofge-specific natural mrtality. The higher

level of natural mortalityis comparable tdATTC and WCPFC bigeye tuna stock assessmeiits
relatively high natural mortality for the younger age classes and natural mortality of about 0.1 per
quarter for the adult age clasgegyure20). A lower level of natural mortality was proposed based on

a Lorenz curveanalysis(A. Fonteneau pers. commwjth a lower natural mortality for the adult age
classes@.0625 per quartgfFigure20). This is comparable to the level of natural mortality assumed
for Atlantic bigeye tuna in the recel@CAT stock assessment bNCCAT 2015).

From the RTTP, aonsiderable number of tggd fish were capturel after 78 years at liberty,
indicating a considerable proportion of ttaggedfish hadreacledan age of B10 years; 8 tags were
recovered after 10 years at liberty and a few tags were recaveried the most recent year (2015)
corresponding to an age recovery of 1112 years. The higher level of natural mortality would result

in a very small proportion of the tagged fish reaching 12 years of age, suggesting that the lower level
of natural mortality may be more plausible.

The preliminary assessmentaoatelling produced considerablgwer tag likelihood valuesof the
model options that included the lowletvel of natural mortalityindicatingthat the number of tag
recoveries primarily from the PSLS fishery were more consistent with lower levels Bbf.
Nonetheless¢onsiderablecautionshould be placed omodel basednferencesof natural mortality
due to potential biases in the tag recovery progasticularlyrelated to the extent édg mixing and
potential confoundingoetween theestimation ofnaural mortality andother model parameters
(especiallyselectivity,recruitment anagnovemengt
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For the final set of model options, the lower level of natural mortality was ginenty based on the
minimum estimates of longevity obtained from the maximum periods at lifeertggged fish

The size of sexual maturity was equivalent to that applied by Shono et al (2009) and used in the
subsequent assessments. Female fish were assuegtgiricsexual maturity from 100 cm (F.L.) with

full sexual maturity at about 125 criigure 21). In recent years, additional histologiata have

been collected frm 10 bigeye tuna and these data may enableexakiation of the maturitggive
(Emmanuel Chassgiers. comn).

The lengthweight relationship was equivalent to that incorporated in previous assessmentsgiShono
al 2009, Kolodyet al 2010, Langleyet al 2013) and was originally derived Wyakamura and
Uchiyama (1966)Fish weight =a.lengtif , a = 3.661 x 10 , b = 2.901 where weight is in kilograms
and length is in centimetres.

4  Population Model 8 structure and assumptions
4.1 Population structure and initial conditions

The model population structure is comprised of 41 quarterly age classes; the first age class represents
fish aged ©3 months (age 0) and the last age class accumulatdstalage 40+ quarters. The
population is aggregated Bgx andpartitioned by region (3 or 4 spatial sthata

The model commences in 1975 and extends to the end of 2015 in quarterly intervals (164 time steps).

The initial (1975) age structure of the populatizas assumed to be in an exploited, equilibrium state.

The four main LL fisheries were operating prior to 1975 and initial fishing mortality paramesees
estimated for each of these fisheries. The resulting fishing mortality rates are applied to determine the
initial numbersat-age in each model region.

4.2 Recruitment

Recruitmentof 0 age fishoccurs in each quarterly time step of the moBelcruitment was estimated

as deviatesfrom the BH stock recruitment relationshiSRR) for 1985- 2014 (120 deviates).The
recruitment deviates were estimated for the period that corresponds to the operation of the PSLS
fishery which provides catch and length data for the smaller fish and, hence, may be informative
regardingthe variation in recruitmentRecruitment deviatesere not estimated for the lafiur
guartersn the model as the relative abundance of these recruitments is not monitored by the model
abundance index (longline CPURecruitment deviatesere assumed to have a standard deviation

(Gr) of 0.6.Spawningpotential is defined as the biomass of mature female fish (based on an assumed
sex ratio of 50:50).

Recruitment was assumed to occur in thee¢ equatorial regions onlyThe overall proportional
distribution of recruitmenamongthe treeregions wa®stimatedThere is no information to indicate
that there are significant differences in fratern ofrecruitment between the regions; i.e. the CPUE
trends are broadly comparable betweeneteatorialregions and the length compositidatafrom

the lorgline fisheries do natppear to béenformativeregardingrecruitmentLength composition data
from the small fish fisheries are available from the western equatorial region€onkequently, the
relative distribution ofrecruitmentbetweenthe treeregions (1N, 1S and 2wasassumed to be
temporally invariant.

Thefinal model options included tee (fixed)values of steepnes$ the BH SRR1{0.7, 0.8 and 0.9).
These values are considered to encompass the plausible rastgemiess valuesrftuna pecies
such as bigeye tuna and are routinely adopted inassessments conducted by oteatRFMOs

4.3 Movement

In Stock Synthesis, avement isimplementedas the proportional redistribution of fish amongst
regions, including the proportion remaining tire home region. The redistribution of fish occurs
instantaneously at the end of each model time (siagurter)

Movement of fish was estimated amongst fitner model regionsMovement was parameterised to
estimate differential movementofn young @ quarers)to o | d 5 quéters) fish to approximate
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potential changes in movement dynamics associated with matu@ioaach movement transition

two separate movement parameters were estinfiiestoung and older fish). A linear interpolation
between thege specific movement rates was applied to determine movement of the intermediate age
classes

Fish younger tharage 3 quarterswere assumed teemainwithin the natal regionMovement rates
were assumed to be temporally invariant.

4.4 Fishery dynamics

For all fisheries, selectivity wasssumed to ban age based procegscommonselectivityfunction
was estimatedor the four main longline fishees (LL1N, 1S, 2, 3 using a logistic functionA
logistic selectivity was also assumed for the FL2 londiisteery.

The selectiviesof the PSLSand BBfishelieswereestimated using a double normal functional form
Separate selectivity functions were estimatedHerPSLSN andP SLSISfishelies.

For the PSLSNl andPSLSZS fisheiies there was a marked shift the length composition of the
fishery catch in the mi@000s. Preliminary modellingaccoungd for the apparent change in the
selectivty of the PSLSL1 fisherpy includingtwo time blocks (19762005 and 20062015) for the
estimation of the selectivitgarameters related to the age of the peak selectivity and the width of the
ascending limb of the selectivit¥he temporal shift in selectivity was not included in the final (four
region) model options.

To account for the bimod#&ngth composition of theatch from the PSFS fishery, the selectivity was
modelled using aubic splinewith 6 hodesThe selectivity of the PSFS1N and PSFS1S fisherees w
assumed to be equivalent.

Limited data were available to estimate the selectivity of either the PSLS2 82RiSkeries. The
selectivity of these fisheries was constrained to be equivalent to the corresponding fishery selectivity
in the westerrequatorialregionlS

Limited size data ar e avDuinh théregious assessmetitbrpts i Ot her
to estimate independent selectivities for these fisheries were not successful, partly due to the
variability in the length composition between samples. In aggregate, the length compositions are
bimodal and similar to the length composition from thé&8Sishery. On that basis, tiselectivities

for the two #AOthero fisheries (OT1 and OT2) we
Similarly, limited length data are available for the LINE2 fishery and the selectivity was assumed to

be equivalento the main longline fishery.

Fishing mortalitywas moddled usingthe hybrid methodhatestimate he har vest rate wu
approximationand then converts it to an approximation of the corresponéir{lylethot & Wetzel
2013.

4.5 Tag dynamics

In general, the population dynamics of the tagged and untagged populations are governed by the same
model structures and parametef$ie tagged populations (tag groups) are monitored over time
intervals followng release The predictednumber of tags in & region and subsequent time intesval
aredeived based othe movement parameters, natural mortality and fishing mortality.

For each time interval, the number aigt recoveed by a specific fisherys predictedbased the
modellednumber of tags in each age class in the region, the selectivity of the fishery and the fishing
mortality of the specific fleet (fishery). The predicted number ofregpverieds also moderated by

the fishery specific reporting rate.

The observed numbef tag recoveries for the purse seine fisheries were al@djdgtedto account

for the differential tag reporting rates. On that basis, the reporting rates for the purse seine fisheries
were fixed at 1.0. For the other fisheries, there is very limiterimation is available to indicate the

tag reporting rates and fishery specific reporting rates were estimated based on uninformative priors.
All fishery reporting rates were assumed to be temporally invariant.
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The assessment framework assumes that theapildy of capturing a tagged fish is equivalent to the
probability of catching an untagged fish. Violation of the assumption of homogeneous mixing of
tagged fish at the relevant spatial scale (i.e. region) is likely to introduce a bias in the estifation
fish abundanceln Stock Synthesis, a mixing period is specifiguich partitions the tag data sets (by
release groupXag recoveries (observed and predictiedin the mixing period are excluded from the
tag likelihoodand therefore do not influenceetlestimation procedure

For bigeye tuna, almost all tags were released from a localised area of r8ghlost of the tag
recoveres were from the PSUS fishery for which there were reliable estimates of tag reporting
rates. The tagged bigeye wgneedominantly agedi8 quartersat releasgwhile the selectivity of the
PSF3Sis estimated to beid1 quaters

Consequentlythere is likely to be a limited time perid¢di 8 quartersduring which most of the
tagged fish would be available to the PSlsBery. Thus, amixing periodof four quarteswas chosen

on thebasis that sufficient numbers of tagged fish remained available to the PSLS fishery during the
post mixing period, albeit for a relatively limited pericthe four quarter mixing periodhay be
sufficient to allow for a reasonable degree of mixing of tagged viighin the southwestern
equatorial region (Region 1S). The dispersal of tags into the-nedtern equatorial region (Region

1N) will be mediated by the estimated movement ratesn(Region 1S), however, the distribution of
tagged fishin this region is unlikely to by homogenecasd it is likely that tag densities would be
higher in the southern area of Region 1N (i.e. closer to the release location). Consequently, tag
recoveriesrom the region may be influenced by gpatialdistribution of thecatch from thdishery.

The model also incorporates the tag recoveries from the other fisheries, most notably the PSFS and
LL fisheries. There are no external estimates of tag reporting rates available for the longline fishery
and, hence, the tag recoverfesm the longline fiskry will be considerably less informative about

stock abundance.

4.6 Statistical framework

The total likelihood is composed offour main components catch datathe abundance indices
(CPUE),length frequency datandtag release/recovedata There are alsoantributions to the total
likelihood from therecruitment deviateand priors onthe individual model parameter$he model

was configured to fit the catch almost exactly so the catch component of the likelihood is very small.
There are two components of the tag likelihood: the multinomial likelihood for the distribution of tag
recoveries by fleets over time and the negative binomial distribution of expected total recaptures
across all regionsDetails of the formulation of théndividual components of the likelihood are
provided inMethot & Wetzel (2013)

The regional CPUE indicesare assumed teepresent the relative abundarioembers of fish of the
proportion of the regional population that was vulnerable to the longlimerfigi.e. the selectivity of
theLL17 3 fisherie$. The weighting of the CPUE indices followed the approach of Francis (2011). An
initial (three region)nodel was implemented that down weighted all the length composition and tag
release/recovery data sets. The RMSE of the resulting fit to each set of CPUE indices was determined
as a measure of the magnitude of the variation of each set of indices CPt#s.ifidie resulting
RMSEs were relativelyow (0.21 0.3) and on that basisa CV of 02 was assigned to each set of
CPUE indicesThe level ofprecisionensured the stock biomass trajectories vggreerallyconsistent

with the CPUE indices while allang for a moderate degree of variability in fitting to the indices.

For the four region model, it was considered that the duplication of the LL1 CPUE indices in the two
subregions (1IN and 1Syould overemphasize the LL1 CPUE indices in the overall model.
Consguently, in the final model options the CV for thielN andLL1S CPUE indices was increased
from 0.20 to 0.25.

The weighting of the tag component of the likelihood wagstigatedollowing Francis (in prss.
The relative weighting of the tagging data viauencedby the magnitude of the oweispersion
parameters assigned to the individual tag release groupspphepriatevalue of the ovedispersion
parameter was determined using an iterative appréaom an initial model run, the residuals of the
fit to the tag recovery data were determined (obsefvedpected number of tags recovered). The
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variance of the standardised residuals represents the variability in ttex#ggure data and the over
dispersion parameter should reflect this level of variability. For the initial model, the variance of the
standardised residual waapproximately 6.0. For comparative purposes, the egepersion
parameters were estimated separately for each tag release (gr@f) assuming a relatively
uninformative beta prior (mean 10, sd 3). The resulting-disgersion parametel®ad an average
value of 6.7 and a range of RB5. The final model options estimated theerdispersion parameters.

Preliminary modelling reealed that the model results were sensitive to the relative weighting of the
length composition data. There is a large quantity of the length composition included in the
assessant model however, there are concerns about the reliability of the segeeincy data for
some of the key fisheries, notably the LL fisheriest that reason, it was considered that the length
composition data should not be allowed to dominate the model likelihoadtla@by,directly
influence the trends in stock abundance.

For all fisheries, with the exception of the PSLS fisheries, the individual length frequency
observations were assigned an effective sample size (ESS) i@, Idownweighting theinitial

sample sizeof 10 by an order of magnitudéor the PSLS fisheries an ESS16fwas assigned to all

length observationsThe higher weighting of the purse seP8LSlength frequency data reflects the
comprehensive nature of thert sampling programme monitoring the catthere is a high degrex
variation in the length composition data from the PSFS fisheries which appears related to the bimodal
structure in the fishery length compositions; variation in the individual length samples may be
attributable to sampling different proportions of thetah from each length mode. Based on the
apparent level of sampling erran ESS of 1 was assigned to tkagth samples from thBSFS
fisheries.

The Hessian matrix computedthe mode of the posterior distribution was used to obtain estimates of
the covaiance matrix, which was used in combination with the Delta method to compute approximate
confidence intervals for parameters of interest.

5 Preliminary modelling

A considerable amount of exploratory modelling was conducted dilmadgvelopment phasef the
assessmenfppendix 3. These analysasvestigated the sensitivity of the model results tmeber

of key structural uncertaintiesnd the influence of the main data séftke formulation of these
models was based on the three region modeltameicThe main conclusions of the analyses are
provided in the following paragraphs. Detailed results from specific model options are presented in
Appendix 2

1. Model spatial structure Threealternative spatial structures were considered: 1) a single region
encompassing the entire Indian Ocena two region model that amalgamates regions 1 and 3
and retains region 2 as a separate regiod,3) a spatial structure that subdivides the Indian
Ocean into three region$he three model options yielded veryngar results, although the
single region model estimates of spawning biomass were slightly @abeut 5%)(Figure
A9). The level of total spawning biomass appears to be strongly informed by the tag
release/recovery data from the late 2000s. For théalipatisaggrgated models, aelatively
high proportion(about 70%)of the recruitment and spawning biomass was estimated to be
within the western equatorial regiomith relatively low mixing rates between the two
equatorial regionsThe western equat@i regionaccounts for most of the catch of fish in the
smaller length classés those length classes that are vulnerable to the PSLS fishery which
accoungd for most of the tag recoveriesd henceis most informative about stock siZeor
the spatiallyaggregaed model, the tag release/recovery data inform the model about the
abundance of the fish in those smaller length classes for the entire 10 region (as complete
mixing is assumed to occur after 4 quarterslus, because most of the small fish casdlaken
from the western region, the single region model will yieldeatimate level of biomass (in
the late 2000ghat is similarto the spatiall disaggregated models.

2. Initial conditions. The reference model commenced in 1975 and assumes equiléxjoited
conditions. An alternative model option commenced in 1952 and included the entire catch
history from the history; initial conditions were assumed to be at the unexploited, equilibrium
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level. The latter option estimated a decline in stock biordassg 19521975 that was very
similar to the level of initial depletion estimated by the reference model (Figlire A

3. Data conflict 8 CPUE indices vsTagging data The influence of the tagging data in
determining the scale of the overall biomass is evidvhen the tagging data were excluded
from the total likelihood (Figure 20). This resulted in a substantially higher level (approx.
double) of initial biomass and a much lower level of stock depleisfimates oMSYfrom
the later model are also substantially highgtere is considerable conflict between the tag
release/recovery data and the CPUE indices within region 1; the CPUE indices in the region
were relatively high durin@007 2012 while the tagging data ewtited a lower biomass level
that was more consistent with the trend in the CPUE indices in regibhu®.removing the
tagging data from the model resulted mimprovement in the fit to the region 1 CPUE indices
and, hencea higher level ofoverall biomassin the late 2000sarly 2010s and scaled the
historical biomass level accordingly.

4. Data conflict 8 Tagging data vs Length frequency dat&lodel options that had a higher
weighting to the tagging data sets resulted in a deterioration in the fit totjte EmMposition
data from the PSLS fisheries, especially in the more recent period (post 2005) when the size of
fish sampled from the PSLS fishery was smaller. The higher weighting of the tagging data
shifted the PSLS fishery selectivity towards olde fikie to the numbers of older tagged fish
that were recovered by the fishery. This may be a function of the age assignment of the tag
release data set (to individual age based tag release groups).

5. Data conflictd CPUE indices vs Length frequenajata Down-weighting the longline CPUE
indices (increasing the CV from 0.2 to 0.3) did not substantially change the scale of the
spawning biomass during the period of the main tag release/recovess; plaavever, higher
levels of biomass were estimated for the pdawg period and the more recent years (Figure
AT). Reducing the weighting of the CPUE indices resulted in more pronounced patterns in the
residuals from the region 1 (negative) and region 2 (positive) during the period prior to 2000.
There was a correspaoind improvement in the fit to the length composition data indicating that
these data may be influencing the scale of the stock biomass during the earlierThésios
also evident when the Effective Sampling Size of the longline length frequency data w
increased (from 1 to 10) (FigureBAresulting in an increase in the scale of the overall biomass
level. This difference was amplified when the ESS was further increased.

6. Regional recruitment dynamicsThe reference model assumed the regional distabubf
recruitment was temporally invariant. However, the resulting model revealed temporal patterns
in residuals from the fit to the CPUE indices from region 1 and 2. An alternative model option
estimated temporal deviates in the regional recruitmenildifon between region 1 and 2.

The resulting model estimated an overall recruitment distribution that was substantially
different from the reference model with 60% of recruitment associated with region 2 (compared
to 30% in the reference model). The résgl model estimated a level of biomass in region 1
that was comparable to the reference model, but estimated a much higher level of biomass in
region 2 (350% higher) and region 2 was estimated to account f@0%0 of the total 10
biomass. There was a oespondingly higher (about 50% higher) overall level of spawning
biomass estimated for the regional recruitment model. The model resulted in an improvement in
the fit to the region 2 CPUE dlices but not appreciable improvement in the fit to the region 1
CPUE indices. These results reaffirm that the magnitude of the region 1 biomass is strongly
informed by the tagging dat&he magnitude of the biomass in region 2 is not informed by the
tagging data set and is reliant on the decline in the CPUE indicete¢anine the magnitude of

the biomass in the region (especially since movement rates are estimated to be low between the
two regions). Thus, estimating variation in the distribution of recruitment relaxes the constraints
on the trends in stock abundanceween the two regions. However, there are limited data,
apart from the CPUE indices, to inform the model about historical trends in recruitment and it
is unknown whether the CPUE indicae sufficiently reliable to inform the model regarding
these longerm recruitment patterns. The estimation of regional recruitment gives the model
considerable flexibility to fit CPUE trends. For region 2, the model estimates a substantial
declining trend in recruitment during the early 199@&l 2000s followed by a gerarincrease

in the regional recruitmenwhereasrecruitment levels in region 1 were considerably more
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stable. The apparent conflict between the tagging data and CPUE data within region 1
highlights potential issues related to the precision of dhimkass levels when solely informed
by CPUE indices and historical catch.

7. Tagging dataweighting Clearly, the tag data are highly influential in determining the
magnitude of stock biomass. The default weighting of these data attributes a relatively large
component of the total likelihood to the tag release/recovery data detse are two separate
tag likelihood components in the total likelihood and there are a considerable number of tag
recoveries included in the peasix data set. The estimated spawgnibiomass level was
relatively insensitive to a range of treatments of the tagging data set in the preliminary
modelling phase (e.g. duration of the mixing phase, exclusionrePS tag recoveries) (Figure
A10). Most influential was the trial that setetloverdispersion parameters at a very high value
(50); however, when more realistic values for the OD parameters were assumed or the
parameter values were estimated there was only a relatively small change in stock biomass
relative to the reference model.

Theresults of the preliminary modellinguided the formulation of the finaket ofstock assessment
models(see below)

6 Final model options

A key conclusion from the preliminary modelling was that the tagging data weoafiict with both

the LL CPUE indicesandthe PSLS length composition data from the western equatorial region. A
large number of model options were investigated to attempt to resolve the conflict among these data
sets without success. The model results tended to be dominateel influbnce of the tagging data,
expressed by the estimation of relatively ll@wvels ofbiomass, persistent patterns in the recruitment
deviates, biomass trends that deviated from the CPUE indices and a relatively poor fit to the PSLS
length composition ata.

On that basis, the four region model was adopted to further partition the tag release data set and,
potentially, minimise the potential for bias introduced by incomplete mixing of tagged fish within the
western equatorial regioiihe final model optins were primarily based on the lower level of natural
mortality.

For comparative purposes, three different weighting assumptions were applied to the tagging data set.
The weightings were applied by the values assigned to the proportion (lambda) of tieenprements

of the tag likelihood included in the total model likelihood. A lambda of 1.0 represents the native
weighting of the tag recovery data and gives the tagging data a relatively high weighting in the overall
modeldue to the relatively large numberf t ag r ecover i es;alambdadf8.0lfi post
means that the tagging data have a very low weight inntheée| approximating a modethat
excludedthe tag data entirejya lambda of 0.1 represented an intermediate weighting of the tagging
data.

The intermediate level of weighting of the tagging data (lambda 0.1) is an arbitrary weighting
between two extremes. This level of weighting estimated levels of biomass that were approximately
halfway between the biomass levels estimated from therdwo weighting options. Levels of
weighting higher or lower than the current intermediate level of weighting will result in biomass
levels that are closer to the lower or high levels of biomass, respectively.

For presentation purposdhe modeloption with the intermediate weighting of the tagging dates
selected t@haracteris¢he main features of the assessmeéhe specifications of threference model

are presented ifable4. Key differences in the parameterization of the model among the different tag
weighting assumptions are also highlightddhe results of additional model sensitivities are also
presented.

6.1 Parameter estimates

The estimated parameters in the assessment model: the overall population scale pRfartteter
time series of recruitment deviates, the overall distribution of recruitment among regions, age specific
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movement parameters, the fishery selectivity parasefeshery tag reporting rateand the
catchability parameters for the CPUE indices.

The agespeific selectivity functions are presented kigure 22 For the main lagline fisheries
(LL1IN,1S,23), full selectivity is attained at about a#j® (quarters)Peak selectivity for the PSS!
andPSLS N fisheliesoccurs at ages- 8 quarers.(Figure22). For the PSFS fisheries, selectivitias
estimatedo bebimodal with asimilarlevel of selectivityfor theyounger analdermodes

Recruitmenteviates were estimated for thearterlytime steps from 18- 2014 fFigure23). There

are longer term trends evident in the recruitment deviates with higher than average recruitment
estimated for the mid 1990sarly 2000s andower recruitment during the niithte 2000s.These

trends correspond to period of higher and lower catches from the PSLS fishery.

The variation in the estimated recruitment deviates is broadly axadnle with the assumed level of
variation SigmaRof 0.6) (Figure 23). Overall, there is a relatively low level of precision associated
with theestimates of the individuaecruitment deviates (SE @40 55).

Recruitmentdeviates during 2@ 2007 differed appreciably amongst the model options with
different weightings for the tag likelihood&igure 24). For the high tag weighting (ldoda 1),
recruitment deviates were considerably more variable during this period with a higher recruitment
deviate in 2007 Q3 and lower deviates in the two subsequent quarters. This time period corresponds to
the period immediately prior to the main tagaeery period.

The reference model assumes a constant distribution of recruitment amongst the model regions.
Recruitmentwas assumed to occur in the equatorial regions only and the distribution of reatuitme
was estimated to be apportion8% to Region N, 9% Region 1Sand 82% to Region 2Higher
weighting of the tag data substantially increased the proportion of the recruitment in Region 1S (to
55%) at the expense of Region 2.

Movementrates were estimated amongst the model regiRagion 2 was estimateid provide a
source of recruitment to the western equatorial regions (1N an@FiBye25). Limited mixing was
estimated to occur between Regions 1N andTh8. modé estimatedow movementratesof mature
fish amongst the regionwith the exception ofeciprocalmovement between Region 1S and Region
3 (Figure 25). The estimatedpopulation dynamicsesulted inthe (equilibrium, unexploiteddiomass

in all regions being dominated by recruitment from RegioRigufe 26).

Tag reporting rategere estimated for the non purseine fisheries. Fa@omeof these fisheries, the
estimated reporting rates are unlikely to be influential in the overall assessment as the reported tags
were predominately recovered during the tag mix period. However,sideasble proportion of the

tag recoveries from the LISland LL3 fisheries occurred during the post mixing phase and, hence, the
tag reporting rates will have some influenneghe model likelihoodFor these fisheries, tag reporting

rates were estimated @.36 and 028, respectively Eigure27), while the reporting rate for the LL1N

fishery was estimated to be considerably lower (0.08).

ThelLL2 fisheryreporting rate was estimatatl0.03although the parameterpgsorly determined due
to the very small number of tag recoveries fromrédgonal longlindishery (LL2).

6.2 Model diaghostics

Overall, the assessment model fits the general decline ®RhEindicesfor the hreemain fisheries
(LLAIN, LL1S & LL2) and the seasonal CPUE indices from L.Ip&rticularly during the main fishery
period @uarters 2 and)3Figure28). However, the trends in the LNBS and LL2 CPUE indices
deviate during 1998015 and the modek unable to simultaneously fit both sets of indices.
Consequetty, there is a period of positive residuals in the fit to the LL2 Cidiees during the late
1990sand negative residuals during tméd-2000s Figure29).

For the LLIN&S CPUE indices, there is a period of positive residuals duriad&te2000s early
2010s when the CPUE indices were consistently higher than predicted by the model. Conversely, the
CPUE indices were markedly lower than predicted by the model during 2014 andFafire 29).
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Overall, the variation in theesiduals (RMSE 02 0.23and 0.4, for LLIN, LL1S and LL2) was
broadlycomparable to the S.Hitially assigned tahe CPUE indices.

The fit to the observed number of teggoveries was examined for those fisheries which accounted

for most of the tag retusn The fit to the number of tag recoveries was examined by recombining the
tags into individual release periods (i.e. aggregating the releases by age class) and ekosgling
recoveries that occurred during the mixing period. The fit tddgeecoveries was then examined by

time period (quarters) and by age at recovery, for the individual release periods and the aggregated
data set (all releases combined).

Most of theobserved tag recoverigsthe post mix periogvere from the PSLESfishery Figure30)

and the number of tag recoveries varied considerably amongst the releads. pehigh proportion

of the total releases occurred during the fiostr quarters following the mixing period. The fit to the
number of recoveries dudnthis period variedamongstrelease periodsNonethelesspverall the
model substantiallyjunderestimatedthe number of tag recoveries during the four quarter period
(Figure 30). Longerterm recoveries were less vulnerable to the RS fshery (due to theage
specific selectivity) and, hence, numbers of recoveries declined considéfigoieB0).

There was also poorfit to the tag recoveries from the PSLSfishery by age class (at recovery)
(Figure 31). The model substantially undestimated the overall number of tags recovered from the
fishery in the older age classe(1% 14 quarters (Figure 31). The model also undesstimated the
number of tags recovered from the older f{§i- 14 quartersin the PSLS1Nishery Figure 35).

This result indicates that the agpecific recoveries are inconsistent with the fishery selectivity
functions Theseobservationsnay indicate that the initial assignment of tagsttie individual age
classes did not accurately represent the actual age of the taggetdiiishime of release

Limited numbers of tags were also recovered byrédggon 1S PSFS fishery and longline fistyer
(LL1S) after longer periods at liberty (compared to PBESOverall, there was a reasonable fit to the
tag recoveries from these two fisherdeging the main tag recovery period (to 2011). However, the
model ovefestimates the number of longer term tag recovernas the olderage classs (at
recovery), i.e. those fish at liberty for a longer peiiBayure 32 and Figure 37), particularly for the
longline fishery(Figure37).

Tag recoveries were also aggregated by region of recovery and time @égock 38). The model
provides gooor fit to thenumber of tags recovered from Regiddduring the initial recovery period
reflecting thepoor fit to the PSLS1S tag recoveridhe smaller number dbngerterm recoveries
from Region 1S is reasonably well estimated by the mfelglre 38). The model also provides a
reasonable fit to the longer term tag recowsefiem Region 1N.

The model provides a reasonable prediction of the tag recoveries from Region 3 from the LL3 fishery.
A small number of tags weiatermittentlyrecovered in Region 2 by the LL2 fishery and the model
predicts a correspoimtly low numberof tag recoveries from the regioRigure 38). The model has
considerable flexibility in fitting to the.L2 and LL3 tag recoveries via the estimation of fishery
specfic reporting rates.

Not surprisinglythe model options with a higher (lambda 1.0) weighting to the taggingdataally
exhibit a better fit to these data relative to the reference mpdeicularlyfor the PSLS1S fishery
The model fitted the ovelainagnitude of the tag recoveries from the fishery iamgtoved the fit &
the older (1114 quarters) age classes (at recovefigure39).

Paradoxically, the model option with the lowest weighting of thgging datalambda 0.01)lso
resulted in ayualitativeimprovanentin thefit to the tag recoveries from tHeSLS1S fisheryelative

to the reference modgparticularly with respect to éhoverall number of tags recoverddgure 40).

This appears to be due to the differences in model parameterization with respect to other key age
specific variables, specially selectivity, recruitment deviates, regional recruitment distribution and
movement.

Overall, therewasa good fit to the agyegated length frequency data foost of themain fisheries
with comprehensivesampling(Figure 41). However, the model fits to the length composition data
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from the two Region 2 longline fisheries (LL2 and Fu&¥e poor. The model predict®nsiderably
larger fish in the catch from these two fisheries than was observed from the fisheries.

An examination of thenodelresidualsfrom the individual observations reveal a poor fit to the data
from key fisheries ding certain time periods. Mostotably the model does not account for the
increase in the average length of fish in the sampleiN, LL1S, and LL3longline catclesfrom
2000 onwardsHigure 42 and Figure 43). The average length of fish from PLand FL2is over
estimated by the mod#iroughout the data perigéligure42 andFigure43).

There is aeasonabldit to the overalllengthcompositionof the fish sampled from the PSLS fislhes
(Figure41). However, there is a strong temporal pattern in the model residuals with the model over
estimating the length of fish in the catch fr&#8LS1S and PSLS1N from 2000 onwardg(re 42

and Figure 43). Fish sampled during this period were generally smaller than fronpréeeding
period.

The average length of fish sampled from the PSFS is highly variaigieré 42) probably reflecting

the proportion of the catch sampled from the smaller and larger modes of the combined length
composition. The model prediction of average length represents thh td@rfgth in the intermediate
length range (80100 cm) Figure4l).

The model option with the higher weighting (lambda 1.0) of the tag data resulted in a considerably
worse fit to he PSLS length composition data; i.e., the @stimation of the fish caught from these
fisheries was more pronounced than the reference model.

Conversely, the model option with the lower weighting (lambda 0.01) of the tag data resulted in a
slightly beter fit to the PSLS length composition datampared to the reference madathough the
overestimation of the length of fish sampled in recent years (from 2005) persidtedover
estimation of the length composition of the Region 2 longline fishgeesisted in the low tag
weighting model. This suggests a degree of conflict between these data and the CPUE indices and/or a
missspecification of other model structural assumptions related to selectivity and recruitment.

6.3 Derived quantities

For the referace model, the spawning biomass in RegitN&1S accounted for about0% of the
initial biomass Region 2accounted for @% andRegion 320% (Figure 44 and Figure 45). Relative
trends in spawning biomass are estimated to be comparable between R&gilBand Regiors,
while the level of depletion was somewhat higher for Region 2

For all model options, mwning biomass veaestimated to decline in the |&2800s early 2010s
following a period of lower recruitmerduring 2004 2006 (Figure 47). Spawning biomass was
estimated to reach the lowest level during 20 (Figure 44). Subsequent trends in spawning
biomass follow recent recruitment pattenmih higher recruitment in 2007 resulting in an increase in
spawning biomasis 2011- 2012, following an increase in the CPUE indicedle equatoriategions
(Regiors IN&1S and 2)(Figure47). Total recruitment is estimated to have been lower in the more
recent years and spawning biomass declined again ddir2g2015.

The overall magnitude opawning biomass was strongly influenced by the relative weighting of the
tagging data setr{gure 46). Thelevel of spawning biomass for the model option with the lowest
weighting of the tagging data (lambda 0.01) was approximately double the biomass teeehigh
tagdataweighting option (lambda 1.0).

For the reference modehé estimates of fishing maitity were relatively low for the fisheries within
Region 2and Region JFigure48). Fishing mortality rates for the LL1N and LL1S fisheries were
commrable to the longline fishing mortality rates in the two other regions. By comparison, fishing
mortality rates for the PSLS fisheries were estimated to be relatively high in Region 1N and Region
1S from the miell990s Figure48).

The recent(2013- 14) pattern of age specific fishing mortalitgvealshigher levels of fishing
mortality for theage classe&4- 9 quarters)vulnerable to thé?SLS fisheles (Figure 49). For these
younger age classes, the estimated level of fishing mortality was similar for the range of model
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options with different levels olveighting for the tagging data set. These younger cohorts were not
included within the portion of the population included in the tag release/recovery programme

Conversely, the estimated fishing mortality rates for the age classes vulnerable to tine fistgdry

(20+ guarters) were sensitive to the relative weighting of the tagging data set. The model option with
the higher weighting of the tagging data estimated the highest levels of fishing mortality for the older
age classe@d-igure49).

7 Stock status

MSY based estimates of stock status weeterminedfor the reference moddlambda 0.1)with
alternativevaluesof SRR steepneg8.70, 0.90and thealternative kighel) level of natural mortality
Stock status was also determined for the model option with the hagfaglt (native) weightingf
the tag likelihood componentambda 1.0), incorporating the three levels of steepaessthe low
tagweighting model option (lambda 0.0(Mable6).

MSYbased reference points were derivedtfe model optionbased on the averageaFage matrix

for 2003 14 (Figure49). The period was considered representative of the recent average pattern of
exploitation from the fisheryHowever, it is important to notédt recent fishery catches from the
fishery have been quite variable; variation in the proportion of catches between the main fishing gears
(LL and PSLS) are likely to influence theaFage matrix and, hencklSYbased indicators.

The data included in th&tock assessment models are uninformative regarding SRR stedjezss.
wasa small improvement ithe total model likelihood with differentthe highedevels ofsteepness
although the improvement was not considered significant

For the selected model options, point estimatéd®Y¥ranged fron86,000mt to145,000 mt Table6)
compared to most recent annual catches of about 92,00tabieR). The lower range df1SYvalues
(86- 92 k t)were derived froomodel options witlthe native weighting of the tagging data (lambda
1.0), while the low tag weighting yielded MSYestimate of 145 k t. Lower levels of SRR steepness
yielded comparatively lower estimatesMEY, while the higher natural mortality optignelded an
MSYestimatehat was 18% higher than the base level.

The levels of stock depletion and current fishing mortality were also sensitive to the relative
weighting of the tagging datag. depletion levels and fishing mortality were considerably higher for
the model opbins with the higher weighting of the tag data set (lambda =Tej€6). Clearly, e

levels of stock depletion and current fishing mortalikgrived from the model options with the
intermediate level of weighting of the tagging data it have beeninfluenced by the arbitrary
selection of the relative weighting of these data (lambda =0.1). A lower or higher weightivege
datawould haveresutedin more @ less optimistic estimates of stock status and yield.

Nonetheless, thegyeneral conclusions regarding current stock status relative tdM&¥ based
benchmarksre nottundamentallydifferent forthe range of model optionalthough the proximity to

the MSY benchmarkss sensitive tathe different of tag data weight assumptions. For all model
options, current (2015) spawning biomass was estimated to be ab®@8,théevel SBo1dSBysy >

1.0). Fishing mortality was estimat¢o be below th&ysylevel (F19Fusy< 1.0) for all options, with

the exception of the model option with the high tag weighting and lower valsteepness.
Nonetheless, theresiconsiderable uncertainty associated with the estimates of curreng fishin
mortality and there was a small probability that Bagy level had been breached for the high tag
weighting, steepness 0.8 option al$alfleb).

Annual estimates of stock status (dynaMi8Yj were determined for 198@015for the intermediate

and high tag weighting model optio(Bigure 50). For thereferencemodel (lambda 0.1) fishing
mortality rates were estimated to hamereased during the 1990s although have remained well below
the Fysy. Biomass was estimated to haleclined considerably from the late 1990s before stabilizing
at a level well above th®&Bysylevelin recent year@-igure50).

For the higher tag weighting (lambda 1,0dhe stock trajectory wadproadly comparable to the
referencemodel, although theMSY reference levels are shifte@ind the stock trends are more
pronouncedFigure 50). Fishing mortality rates were estimated to have laesbout thdysy level
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during 19992009 and below theFysy level in subsequent yearsStock biomass declined
considerably, approachingg SBysyin 2010- 2015 (Figure50).

8 Stock Projections

Stock projections were conducted for tleferencemodel (lambda 0.1)and thehigher tag weighting

model (lambda 1.0)assuminghe intermediate value @RR steepnesg0.80). The projections were
conducted for a 10 year period (202625) at a constant level of catch set as a multiple of the fishery
catches in 2. Three levels of catch were investigated represe¥g (74,200 mt)100% 02,700

mt) and120% (111,300 nytof the 205 catch level. Recruitment during the projection period was at
the equilibrium level. The uncertainty associated with the projected biomass was derived from the
covariance matrix. For each stock scenario, the probability of the biomass Heingh®sSB,sylevel

was determined after 3 years (8D15 years (220) and 10 years (2@G2.

The uncertainty associated with the projected biorpegsagatesapidly, reflecting the uncertainty
associated with the equilibrium recruitment level. For riferencemodel, current (208) levels of
catchare lower than the equilibrium surplus production and the stock biomass is projected to increase
slightly over the 10 year period, with a relatively high probability of being maintained above the
SBusy level (Table 7). Catches 20% higher than the 2015 level reduibh the biomass being
maintained at approximately t§8,, for theentireprojection period.

For thehigher weighting of the tagging data (Lambda ,1tB¢ current (2015) level of catdls very
similar to theMSY level. Stock projections at this level of catch maintain the biomass at about the
SBusylevel throughout the projection peri¢fable?). Projections at 80% of the 2015 catohintain

the stock biomass above tB&,sythroughout the period, while catches at 120% of the 2015% leve
reduce the stock belo®8Bysywithin the first five years of the projection period.

9 Discussion

There are four major changes in the structure of the current assessment models compared to the
previous assessments (Koloellyal 2010, Langleyet al2013b). Firstly, the current assessment model

is spatially stratified (three regions), while the previous assessments were based on a spatially
aggregated model.

Secondly, the current assessment incorporates the tag release/recovery data set. Thesenchange
model structure are inherently linkédhe spatial scale of the dispersal of tags from the main release
site means that it is necessary to impose a regional stratificatieduoethe potential for bias in the
estimation of stock size due to theletion of the tag mixing assumptions. Examination of the tag
recoveries reveals that tag dispersaidsadequatdor stock assessment purpoag¢she basin scale.

Thirdly, the regional configuration of the assessment model ntatessithe inclusion ofegion

specific longline CPUE indices. The CPUE indices incorporated in the current assessment are derived
from combined logsheet data (from Japan, Korea and Taiwan), whereagiprassessments were
based ondngline CPUE indices from the Japanese flady. The combined CPUE indices reveal
similar general declirlan abundance amongst the three regions during-Z38ib, although trends in

stock abundance diffedamongst regions during the more recent period.

The fourth major difference wethe time peod of the assessment model. The previous assessment
modeb commenced in 1952 and incorporated the entire-dgries of longline CPUE indices (from

the early 1950s), while the current assessment model commences in 1975 and incorporates CPUE
indices from B79 only.The earlier CPUE indices were excluded from the current assessment due to
the disjunct in the series between th&l-1970s and early 1980s and the exceptionally high CPUE
indices in the late 1970s. Thwverall change in thenagnitude of thaCPUE indices appears to be
related to changes in the operation of the longline fishery which were not adequately accounted for in
the CPUE standardisation.

The deviation in the trends in the CPUE indices from the equatorial regions durind2@@B5vere

not adequately accounted for in the current stock assessnuigls Movementof adult fishwas
estimated to be low between the two regions and, therefore, differential trends in stock biomass can
only be accounted for differential patterns in exploitgtiegpecially given that the regional
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distribution of recruitment was assumed to be temporally invariant. It was considered that there was
insufficient information available to estimate recruitment at the regional sthée.low rates of
movement between the twegions appear to be strongly informed by the tagging data set.

The different patterns in the recent CPUE indices appear to be correlated with the prevailing
oceanographic conditions as indexed by the IQbE higher CPUE in the western area during the
late-2000s early 2010s corresponds to positive 10DI, while the recent decline in CPUE in the region
corresponds to a shift to negative IODI in 202@14.Two basic mechanisms could account foisthe
differential patterns in the CPUE indices: the changer@vailing oceanographic conditions may have
influenced the relative distribution of the bigeye biomass between the two equatorial regions and/or
the prevailing oceanographic conditions may have influenced the vertical distribution of bigeye,
thereby, chaging therelative catchabilityin the two regionsBoth hypotheses were investigated
within the framework of the stock assessment model; the first by incorporating the IODI as a
covariate in the parameterisation of movement between the two regions arskcited by
incorporating the IODI as a covariate in the parameterisation of the longline catchability in each
region. Neither model option adequately accounted fordifferent trends in the recent CPUE
indices.

Recent trends in stock abundance in thetevasregion also appear to be strongly influenced by the

tag release/recovery data s@hese data influence the estimates of recruitment strength during
2004 2007 and, thereby, estimates of the abundance of longline vulnerable biomass in the subsequent
period (during2009 2011).This is the period when tHé to the western (LL1) CPUE indices was

very poor i.e., the model predicted a considerably lower biomassitidicated by the CPUE indices.

In addition to the tagging data, the estimates of stock size during the period were also informed by the
lower PSLS catches durir®P04 2008 and the temporal trends in the PSLS length composition data
during the midlate 200s Cumulativéy, these data influenced the estimates of recruitment strength
during 2004 2006 (low) and 2007 (high)

The tag release/recovery data are also highly influential in the estimation of the overall magnitude of
the biomass of the stocknediding the scale of the overathagnitude of the decline the CPUE
indices. The native weightinglambda 1.0)of the tagging data sebased on the number of tag
recoveries,assigns aelatively high weighting to the tagging data time formulation of thetotal
likelihood. The model estimated relatively high levels of fishing mortality during the tag recovery
phase, thereby, influencing the estimation of the total population scale pard®@eter (

Reducing the influence of the tagging data yeeldonsideraly higher estimates of stock size and
correspondingly, more optimistiestimates of current stock status and yielthe model has
considerable flexibility to accommodatbe contrasting emphasis of these two data sets via the
estimation of the total popafion scale parameter, recruitment deviates, the regional distribution of
recruitment and agspecific movement. There are very limited data incorporated within the model to
allow the reliable estimation of recruitment deviates. Bias in the estimatibe eé¢ruitment deviates

will influence the estimation of key stock paramet&®) @nd will influence estimates of stock status
and vyield. The reliability of the assessment models would be improved substantially by the
incorporation of data that was morddrmative regardingecruitmentpatterns, such as CPUE indices
from the small fish PSLS fishery and/or reliable length/age catch compositigredpéially from

the longline fisheries

Reweighting of themain data set4§CPUE and tagrannot resolve thénherent conflict between the

two main data sets. This can only be addressed by improved understanding of the potential biases in
the tag release/recovery and CPUE data sets that are not adequately accounted for in tkeoftructur
the currenbisgssmentnodels. Such biases may relate totdge mixingassumptionsthe assumption

of proportionality between the longline CPUE indices atwtk abundan¢eand the assumption of
invariant selectivity for the keyfishelies associated with the CPUE and tag data @etgline and

purse seing

The bigeye tag recovery data set is predominantly based on the recovery offistgggdhe PSLS
fishery which catches bigeye over a relative narrow length (and age) range. Thediestasation
of stock abundance from tagging data is dependent on either the homogeneous mixing of tagged fish
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within the population or the recovery of tags from catches that are taken in proportion to the
abundance of the stock. The latter criterionribkely to have been met during the recovery phase,
particularly given the appreciable shift in the operation of the purse seine fleet with limited fishing
occurring within the Somali EEZ during the main recovery period 22008) Figure17). During

2007 2009, approximatelyi@®% of the bigeye purse seine catch was taken within the Somali EZZ
compared to 1i216% during the preceding period (20Q005) (source: IOTC Sestariai Glaseret al

2015) Figure51).

The dispersal of tagged bigeye was examined to determine an appropriate mixingfquetivs
assesment mdoelling heaggregated nature of tag recoveries indicated that periods of less than six
months were unlikely to allow for the dispersal of tags throughout the population within the western
equatorial region. However, the age specific selectivity of bigeye tuna niedrtagged fish were
vulnerable to the PSLS fishery for a relatively limited period. Camsetty, assuming a mixing
period of at least 18 months substantially reduced the number chvtatsblefor inclusion in the
recovery data set. On that basis, aing period of 12 months was adopted for the main model
options

Nonethelessan examination of the tag recovery rates (post mixing) from within the western
equatorial region revealed that tag densities declined with increasing distance from the primary
release siteOn that basishe spatiaktructure of the assessment model was refassdmmodate the
heterogeneityn the distributionof tagged fish within the western equatorial regfafter 12 months

at liberty). The change in model structure reddsome of the conflict between the CPUE and tagging
data setsi.e., for the initial three region model structure there was a larger (250%) difeerarihe

overall biomass level estimated frahe model options with high and low weighting of the tagging
daa compared to the four region model structure (200%). However, clearly the additional
stratification did not fully account for the conflict between the two data sets. Future assessments
should further investigate the spatial scale of tag dispersal and thé spatial stratification of the
model, accordingly. Alternatively, the assessment modelling framework could incorporate a
component to estimate tag dispersal that is independent of the parameterization of the stock
movement dynamics.

Some preliminarymodelling of the dispesal of tagged bigeye from the release locativas
previously conducted based on the assumption that the dispersal of small Wwagegtrongly
influenced by the prevailing oceanographic conditions (current flow). However, thelimpdeinot
sufficiently advaned to reliably predicthe pattern ofdispersaland the extent of mixing of tagged
fish amongst thdotal population. Further attention should be given to the development of such
modelling approaches.

Therewas a generatlecline in the length of fish sampled from the PSLS fisheries from thidated
1990s. The decline in fish length is generally consistent with the increase in the catch (and fishing
mortality) for the two fisheries (PSLS1N & 1S), although the model uvestemates the extent of the
decline in the length of fish sampleglspecially when the tagging data are assigned a high weighting.
There have beerecentchanges in the spatial distribution of the operation of the purse seine fleet (e.qg.
related to accestthe Somali EEZ) that may have resulted in subtle changes in the length
composition of the catch from the fish€@hassoet al 2010) Consequently, it is unknown whether

the change in fish size is indicative of changes in fishing mortality or opefatibaages in the
fishery (or a combination of the two factors). Model trials thatvi@weighted the PSLS length
composition data (from ESS 10 to 1) resulted ihgh8y more optimistic estimate of stock statusd
alargerestimate oMSY(TagLambdaOdwPSLHB. Conversely, rmadel trials that dowweighted the

PSLS length composition data (from ESS 1®® resulted in a morpessimisticestimate of stock
status and ¢ower estimate oMSY (TagLambdaOdupwPSLB, while the fit to the tagging data set
deteriorated

There is an interaction between the PSLS length composition data and the tag recovery data set via the
estimation of the selectivity function for the PSLS fishefhere were a considerable number of
tagged fishrecovered from the PSLS fislyeafter 18 months at liberty. These fish were olar
recovery)thanpredicted by the assessment mdozded on thestimated selectivity functioof the
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PSLS fishery. However, the true age of the tagged fish is unknown and the age a(aekkdmnce
recovery) was assumed based on the established growth function. A range of alternative age
assignments to the tag release groups were investigated during the assessment modelling. For
example, all tagged fish were assigned to the age (6 quarters) tleapooded to the median length

of fish at releaseTagLambdaiRelAge®. These changes did not appreciably change the estimates of
stock status from the base assessment modelsetheless, the estimation of the PSLS selectivity
function is sensitive to theelative weighting of the tagging data and the length composition data,
reiterating the need to further examine the factors that may be influencing the PSLS length data sets.

There is a need to improve the understanding of the reliability oflethgth conposition data
collected from the longline fisherieghe current study endeavoured to address some of the previous
concerns regarding the reliability of the longline size data collected from the Taiwanese fleet and
limited the length composition data setsthe core aresof the bigeye tuna fishery. However, the
fundamental issues with tbeedata sets remaiwith substantially larger fish sampled from the catch
from 2000 onwardsAttempts to account for these changes by estimating different selectivity
functions for the two periods were not successful and the large size of fish sampled in the latter period
could not be accomodated inany assessment modeption This indcated that thelengthdata are
inconsistent with thgrowth parameter®r the olde age classeasndor the estimated levels of fishing
mortality. Further work is required to validate the length composition data collected from the various
longlinefleets in the recent period.

The assessment model assumes that théaged selectivity ofhe longline fishery has remained

static over the model period. This is despite changes in fishing operation that are related to an increase
in the degree of targeting of bigeye tuna (relative to yellowfin tublajnges in the distribution of

fishing actvity and the configuration of the longline gear could result in changes sizéef bigeye

tuna caught by the longline fishery. Any changes in gear selectivity would interact with the estimation
of stock abundance as the CPUE indices are mediate@ lsgléctivity of the longline fishery.

Thereisd ack of reliable I ength frequency data from
accounted forapproximately 5,000 mt of bigeye catch in recent yebarsghe absence of reliable

length data, tree fisheries were assumed to have a selectivity equivalent to the PSFS fishery,
reflecting the bimodality in the length compositions from the two fisheries.

The stock assessment conclusiamse alsosensitive to the assumed level of natural mortality of the
older age classe@ihigh 0.10 andMlow 0.0625 per quarter). As previously natdldere were a
considerable number of tag recaptures aft& years at libertyindicating a considerable proportion

of these fish reach an age ofi 80 years8 tags were recovered after 10 years at liberty and a few tags
were recovered in the most recent year (2015) corresponding to an age at recovetg gehatsOn

that basis,the lower level of natural mortalitywas considered to be thmore plausibleoption,
although it is recognised that there is considerable uncertainty associated with natural mortality. This
source of uncertaintyyas not been incorporated amongst the suite of model options. Preliminary
model opions estimated the levels of natural mortality for both younger and older age classes.
However, the estimates were sensitive to the structural assumptions of the model, including the spatial
stratification of the model domain. This result indicated tmadel based estimates of natural
mortality should be treated with caution due to potential biases in the tag recovery process (tag
mixing) and potential confoundinigetweenthe estimation of natural mortalignd other parameters
(especially related to thestimation of recruitmerand selectivity and movemegnt

Catch history of the longline fishery may be influenced by the documenteerepa@sing of the
catches of bigeye tuna from the Atlantic longline fishery. IOTC to provide reference.

Comparison with “¢llowfin tuna assessmemesults

The 2015 yellowfin tuna stock assessment (Langley 2015) shares a number of important similarities
with the bigeye assessment, especially the regional stratification of the western equatorial region, the
associated definition of the constituent fisherieshwihe region and the inclusion of the tag

release/recovery data sets, with both bigeye and yellowfin recoveries dominated by recoveries from
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the purse seine fisherA comparison of some key parameters between the two assessment models
may provide additinal insights into the performance of tfe assessment models.

For the two assessment models, there are similarities in the recruitment time series estimated in the
period immediately prior to the main tag recovery ph&se.both speciesecruitment wa estimated

to berelativelylow during 20042006 The correspondencef these trensl may indicate thahe two
assessments are influenced by similar dynamics isgbeiespecifictag release/recovery daats.

The tag reporting ratéor bigeyetuna from the longline fishery in western equatorial region was
estimated to beonsiderably higher (86) than the tag reporting rate for yellowfin tur@aQ79 from
essentially the equivalent longline fleet (LangR915. It is unknown why the estimatereporting
rates would differ substantially between the two spebigignay bea function of the influence of the
other data sets and/or structural assumptions of the two stock assessment models.
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Table 1. Definitions of the individual model fisheries.

Code Method Region | Flag Notes

FL2 Longline freshtuna fleets 2 All

LLIN Longline, distant water IN All

LL1S Longling distant water 1S All

LL2 Longling distant water 2 All

LL3 Longline distant water 3 All

PSFSN | Purse seine, free school IN All

PSFSS | Purse seine, free school 1S All

PSFS2 | Purse seine, free school 2 All

PSLSN | Purse seine, associated sets IN All

PSLSS | Purse seine, associated sets 1S All

PSLS2 | Purse seine, associated sets 2 All

BB1 Baitboat and small scale encirclif 1N All Primarily catch from the Maldive
gears (PSS, RN) baitboat fishery. Predominantly

catching small bigeye.

LINE2 Mixed gears (hardine, 2 All Gears grouped on the basis t
gillnet/longline combination) primarily catch large bigeye.

OT1 Other (rolling, gillnet, unclassified) IN All

OoT12 Other(trolling, gillnet, unclassified) 2 All

Table 2: Recentbigeyetuna catches (mt) by fisheryincluded in the stock assessment model. The annual
catches are presented for 20fland 2015 and the average annual catch is presented for 22114.

Fishery Time period

2012-14 2014 2015
FL2 10,147 13,383 16,153
LLIN 10,416 7,552 5,764
LL1S 16,486 15,868 16,316
LL2 6,394 7,568 4,704
LL3 3,824 4,833 4,886
PSFSN 1,073 888 2,013
PSFS1S 3,097 3,957 6,753
PSFS2 0 0 200
PSLSN 5,418 6,958 7,233
PSLSS 6,359 7,915 8,627
PSLS2 293 159 0
BB1 5,083 6,188 5,717
LINE2 6,395 9,001 8,132
oT1 1,931 2,468 2,492
oT12 3,553 4,313 4,050
Total 80,469 91,052 93,040
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Table 3. The number of tag recoveries by fishery(SSadjusted data se). The mixing period was the four
quarters following the release.

Fishery Recovery period
Mix  Post Mix
FL2 0 0
LLIN 0 14
LL1S 24 199
LL2 0 7
LL3 4 57
PSFSIN 15 27
PSFS$S 190 184
PSFS2 0 0
OoT1 110 20
oT2 0 0
PSLSN 1007 205
PSLSS 3536 975
PSLS2 4 0
BB1 0 0
LINE2 0 0
Total 4890 1688
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Table 4. Main structural assumptions of thebigeyetuna referencemodel and details of estimated parameters.

Category

Assumptions

Parameters

Recruitment

Occurs at the start of each quarter as 0 age fish.

Recruitment is a function of Bevertdtolt stockrecruitment relationship (SRR).
Regional apportionment of recruitment toNRIR1Sand R2 only.

Temporal recruitment deviates from SRR832014.

No temporal deviatem the proportion of recruitment allocated to R1IR1Sand R.

R, Norm(10.10); h = 0.80
PropR2 Norm(0,1.0)
SigmaR= 0.6. 40 deviates.

Initial population

A function of the equilibrium recruitment in each region assuming population
initial, exploited statén 1975.
Initial fishing mortalityestimatedor LL1N,1S,23 fisheries.

Norm(0.10,99)

Age and growth

40 quarterly ageclasses, with the last representing a plus group.

Growth based on VonBert growth model with agecifick to approximate the me
length at age determined Byesonet al (2012).

SD of lengthatage based on a constant coefficient of variation of average labgtfe.

Mean weights Wj ) from the weighdength relationshiWV = al®.

Linfinity = 150.913cm, k (base) = B32, k deviates
for agesl,8,9,10

CV =0.10
a=3.661e-05,b=2.901

Natural mortality

Age-specifig fixed.
Ramp function Age {12, initial 0.2 at age O.
Constant age 120 at 00625

Maturity

Length specific logistic function from Shoet al (2009)
Mature populatiorncludes both male and female fish (single sex model).

Mat50_Fem 110.888 cm
Mat_slope_Ferr0.25

Movement

Age-dependent with two blocks; age clas3ésand15-40.
Ramp function Ags-15.

No movement prior to age cla3s

Constant among quarters.

12 movementoes. Norm(0,4).

Selectivity

Age specific, constant over time.

Principal longline fisherie.L1N,1S,23) share logistic selectivity parameters.
PSLS fisheries Separate selectivity for PSLS1IN, common selectivity PSLS19
PSLS2

Commonselectivity for all PES fisheries.

LF2 fishery logistic selectivity.

LINEZ2 share principal LL selectivity.

BB fishery: double normal selectivity.

Logistic p1 Norm(20,10), p2 Norm(1,10)
Double Normal
Five node cubic spline
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OT 1 & 2 sharePSFSselectivity.
CPUE indices share principal LL selectivity.

Catchability

Temporally invariantShared regional catchability coefficient
No seasonal variation in catchability for LL CPUE.
LL2,3CPUE indices have CV of B.LL1N,1S CV 0.25.

Unconstrained parametetq

Fishing mortality

Hybrid approach (method 3, see Methot & Wetzel 2013).

Tag mixing

Tags assumed to be randomly mixed at the model regionftawequarters following
the quarter of release. Accumulation af8iquarters

Tag reporting

All (adjusted reporting rates constant over time.
Common tag reporting rate fixed for all PS fisheries.
Non PS tag reporting rates uninformative priors.

PSRR 10
Other fisherietNorm(-0.7,5)

Tag variation

Over dispersion parameteestimated for eadhag release groups.

beta prior (mean 10, sd 3)

Length compositior]

Multinomial error structure
PSLSlength samples assignethximumESS of10.
PSFS length samples assigned maximum ESSof 1

LL and Other fisheries length samples assigned ESS of maxintum
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Table 5. Details of objective function components for théey set of stock assessment models and sensitivities.

Model option Total Component

Survey  Length_comp Tag_comp Tag_negbin Recruitment  Parm_priors
.JTagLambda001 795.46 -466.22 1,207.11 25.85 21.78 -20.04 26.16
JTagLambda0l 1,174.80 -452.04 1,185.51 218.81 200.07 -12.91 34.65
JTagLambdaOMhigh 1,176.96  -454.96 1,187.70 219.92 207.58 -18.53 34.39
JTagLambdal 4,665.38 -431.36 1,255.92 2,016.42 1,709.25 12.45 102.20
JTagLambdaiRelAge6 4,723.84  -432.28 1,245.06 2,067.05 1,721.18 19.16 103.31
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Table 6. Estimates of management quantities for the set of stock assessment modeld selected model sensitivitiesThe 95% confidence intervals for the current
stock status metrics are provided for the reference model.

Model SBy SBusy SBusy/SBo SBuois  SBaow/SBy  SBpows/SBusy  Faoi/Fusy MSY
JTagLambda01l 2,102,400 614,278 0.292 859,204 0.41 1.40 0.59 115,786

(1.271.52 (0.450.79
.JTagLambdaO%teep70 2,228,900 718,078 0.322 919,937 0.41 1.28 0.69 108,273
JTagLambdaO%teep90 2,008,970 520,338 0.259 815,496 0.41 1.57 0.52 122,732
JTagLambda0Mhigh 1,285,950 360,771 0.281 524,146 0.41 1.45 0.48 137,001
JTagLambdaOdwtPSLF 2,349,420 683,831 0.291 968,950 0.41 1.42 0.53 135,390
JTagLambdaO4upwtPSLF 1,566,650 459,515 0.293 583,845 0.37 1.27 0.70 92,179
JTagLambdal 1,486,900 438,431 0.295 510,399 0.34 1.16 0.88 92,811

(1.061.27) (0.72-1.05
JTagLambdaisteep70 1,529,250 495,228 0.324 521,990 0.34 1.05 1.05 86,248
JTagLambdaisteep90 1,385,020 364,320 0.263 467,022 0.34 1.28 0.82 98,758
JTagLambdaiRelAge6 1,450,980 416,561 0.287 500,726 0.35 1.20 0.90 90,418
.JTagLambda001 2,591,050 595,521 0.230 1,176,930 0.45 1.98 0.39 145,454
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Table 7. Projected stock status relative t&SBysy and the probability of being belowSBysy in 3-, 5- and 10 years for three alternative levels of catch (relative to 261
for the base model options with different levels ofiatural mortality . A value of zero forSB/SBysyindicates that catches exceeded the stock biomass and the stock
crashed.

Model option Catch 3 years (208) 5 year (2Q0) 10 year (203)
SB/SRisy  Pr(SB<SBysy) SB/SRisy  Pr(SB<SBysy) SB/SRsy  Pr(SB<SBysy)
Lambda 0.1 80% 148 0.00 1.57 0.00 1.90 0.00
(Reference)  100% 142 0.00 1.44 0.01 1.64 0.00
120% 1.36 0.00 1.32 0.04 1.39 0.00
Lambda 1.0 80% 1.13 0.12 1.15 0.16 1.42 0.06
100% 1.05 0.31 0.99 0.53 1.05 0.40
120% 0.97 0.59 0.83 0.87 0.67 0.88
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Figure 1. LL and PS catch(max bet catch in 5 degell aggregated over time 70159.62 mt)
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Figure 2. The spatial structure applied to define the model fisheries and configure the assessment models.
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Average length (cm)

Figure 7. The average length (fork length, cm) of bigeye in the individual samples froeach fishery.The
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Figure 9. Standardised quarterly longline CPUE indicesby region included in the stock assessment

models
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Figure 10. A comparison of the quarterly longline CPUE indices by region included in the stock
assessment models.

Eighteenth Working Party on Tropical Tunasseychelle$i 10 Novenber 2056 IOTC72016 WPTT18i 20
Page43 of 98



- o™
—6— CPUE ratio
o | —— Dipole Index
o @
o
&
L« g
@®
~ o
N £
| ®
= <
Y x
3w - 3
] - c
-]
o Q %
o a
% a
c
o [v]
- o 8
o]
o | 5
- k<]
£
=

0.5
T
2

Year, quarter

Figure 11. A comparison of the relative trends in the longline CPUE indices from regions 1 and region 2
(expressed as theatio R1/R2) and the quarterly average of the Indian Ocean Dipole Index (IODIfrom
1979 to 2014 (source:
http://iridl.Ideo.columbia.edu/SOURCES/NOAA/.NCDC/.ERSST/.version4/.10D/.C1979
2014/.iod/datatables.html)
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Figure 12. The total number of bigeye tuna &g releasesduring the RTTP by one degree of
latitude/longitude.
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Figure 13. The total number of bigeye tuna tag elease by year/quarter and assumed age at release
(adjusted release data sét
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Figure 14. Total number of bigeye g recoverieshy location (one degree latitude/longitude cell).
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Figure 15. Number of bigeye tuna RTTP tag recoveries of fish at liberty for at least 6 months frorthe
purse seine fishery by location (1 degree cell) and year (main recovery period).
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Figure 16. Number of bigeye tuna RTTP tag recoveries of fish at liberty for at least 12 months from the
purse seine fishery by location (1 dege cell) and year (main recovery period).
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Figure 17. Bigeye tuna catch (mt) from the FAD purse seine fishery by 2 degree of latitude/longitude for
the years that accounted for most of the RTTP tag recoveries.
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Figure 18. Quarterly bigeye tuna catch (t) and number of tags recovered by the purse seine fishery
(region 1) by latitudinal band. Only tags at liberty for at least 12 month mixing period are included. The

tag recovery dersity (tags/catch is also presented for each latitudinal band.
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Figure 19. Growth of Indian Ocean bigeye tuna (following Everson et al 2012). The dark grey region
represents the quartilerange of the distribution of length-at-ageand the light grey region represerts the
95% confidence interval.
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Figure 20. Age specific natural mortality (per quarter) patterns assumed forthe highM and lowM
assessment modeiptions.
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Figure 21 Proportion of fish mature by length class.
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Figure 22. Selectivity for the individual fisheries for the reference model.

Eighteenth Working Party on Tropical Tunasseychellesi 10 Novenber 2056
Pageb4 of 98

IOTC72016 WPTT18i 20



1.0

Rec dev

-0.5

-1.0

1985 1990 1995 2000 2005 2010 2015

Figure 23. Quarterly recruitment deviates for the reference model option (seepness 0.8). The blue
horizontal lines represent +# 1.96 standard deviation (SigmaR =0.6).
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Figure 24. A comparison of the recruitment deviates estimated for the three model options with different
weightings of the tag likelihood components.
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Figure 25. Estimated age specific movement parameters.
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Figure 26. Proportional distribution of total biomass in each region by the source region (natal region).
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Figure 27. Tag reporting rates for each fshery. Purse seine reporting rates were fixed at a valuz 1.0.
Reporting rates for the other fisheries were estimated. The grey lines represent the 95% confidence
interval for the estimated values.
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Figure 28. The fit to the region specific CPUE indicesfor the reference model The CPUE indices for

region 3 are fitted as separate seasonal sets of indices.
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Figure 29. The residuals from the fit to the region specific CPUE indices for the refence model. The
CPUE indices for region 3 are fitted as segrate seasonal sets of indices. The black line represents a
lowess smooth fit to the residuals (regionN, 1Sand 2 only).
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Figure 32. Observed and predicted the number of tag recoveries by the PSFStishery by quarter
following the mixing period (reference model). Tagrelease groups (48) represent the total releases in
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Figure 33. Observed and predicted the number of tag recoveries by the FS1S fishery by age (quarter)

at recovery, excluding the recoveries during the mixing period (reference model). Tag releagewgps (1-8)

represent the total releases in each quarter (combimg the age groups that define individual SS release
groups). The AAII Rel ease Groupso plot aggregates al
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