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Executive summary

Yellowfin tuna, an important component of tuna fisheridaroughout the WCPO, are
harvested with a diverse variety of gear types, froralissgale artisanal fisheries in Pacific Island and
southeast Asian waters to large, distant-water longlinerspange seiners that operate widely in
equatorial and tropical waters. Purse seiners catcltda size range of yellowfin tuna, whereas the
longline fishery takes mostly adult fish.

Since 2000, the total yellowfin tuna catch in the WCPO Jvaged between 370,000 and
440,000 mt. Purse seiners harvest the majority of the yelldudia catch (53% by weight in 2007),
with the longline and pole-and-line fisheries comprising 16% and##&e total catch, respectively
(source: WCPFC 2007 Yearbook). Yellowfin tuna usually repreggmtogimately 20—-25% of the
overall purse-seine catch and may contribute higher percentdges catch in individual sets.
Yellowfin tuna is often directly targeted by purse seinespecially as unassociated schools which
accounted for 56% of recent (2000—2005) yellowfin purse-seich ¢ay weight).

Longline catches in recent years (70,000—-80,000 mt) are well balohes in the late 1970s
to early 1980s (which peaked at about 110,000 mt), presumablydrétatehanges in targeting
practices by some of the larger fleets. The domesticrieshef the Philippines and eastern Indonesia
catch yellowfin using a variety of gear types (e.g. polé-dne, ringnet, gillnet, handline and seine
net). Catches from these fisheries have increased overghdqmmde and are estimated to represent
approximately 25-30% of total WCPO yellowfin tuna catches.

This paper presents the 2009 assessment of yellowfin tuna wesltern and central Pacific
Ocean. The assessment uses the stock assessment modebnapmater software known as
MULTIFAN-CL. The yellowfin tuna model is age (28 age-claysand spatially structured (6
regions) and the catch, effort, size composition and nggdata used in the model are classified by 24
fisheries and quarterly time periods from 1952 through 2008.

The spatial and fishery structure is equivalent toukat in the 2007 assessment and the data
sets have been updated to include the catch, efforsiam@omposition data from the last two years.
However, there have been a number of significant changdsetonodel inputs, in particular the
adoption of an alternative catch history for the purseesieet that includes a substantially higher
level of catch for the associated purse-seine fishergreThave also been refinements to the catch
histories from the Philippines fisheries, the longline CPUkces] and biological parameteid-at-
age and spawning fraction). The current assessment alsctigatesd a range of structural
assumptions related to the relative weighting of the longlifRJE indices and longline size
frequency data, the consideration of an increase idatehability of the longline fisheries (“effort
creep”), and assumptions regarding the parameterisatitve spawner-recruit relationship (SRR).

For comparative purposes, the current assessment moddswasmafigured to be equivalent
to the 2007 assessment (including purse-seine catches calausdatg the previous approach). The
model yielded results that were very similar to the resaflthe 2007 base case assessment model. In
general, the results from the range of current model options egrsiderably more optimistic than
the 2007 base case model with respect to theM@Y based indicators of stock status. This was
principally due to the assumptions regarding the steepridbée &RR, although some of the other
changes in model inputs and assumptions were also influentia

The main conclusions of the current assessment ard@ssol

1. For all analyses, there are strong temporal trend$ienestimated recruitment series. Initial
recruitment was relatively high but declined during the 1950s and 19606suiftient remained
relatively constant during the 1970s and 1980s and then declesedilgtfrom the early 1990s.
Recent recruitment is estimated to be considerablyrltvea the long-term average.

2. Trends in biomass are generally consistent with the underisengd in recruitment. Biomass is
estimated to have declined throughout the model period. Mogl#bns that incorporate an



increase in longline efficiency (catchability) were @dwerised by a higher initial biomass level
and a stronger overall decline.

The biomass trends in the model are principally driven by the-senies of catch and GLM
standardised effort from the principal longline fisheriese Turrent assessment incorporated a
revised set of longline CPUE indices and, for some mod@raptthe indices were modified to
account for an estimate increase in longline catchabiity some of the main longline fisheries
(in particularly LL ALL 3), there is an apparent incomsrey between the trends in the size-
frequency data and the trends in longline catch and effertthe two types of data are providing
somewhat different information about the relative leveligiiihg mortality in the region. The
current assessment includes a range of model sensitivtiesamine the relative influence of
these two data sources. Nonetheless, further researdyuged to explore the relationship
between longline CPUE and yellowfin abundance and the methodologgdafgpstandardise the
longline CPUE data.

Fishing mortality for adult and juvenile yellowfin tuna mstimated to have increased
continuously since the beginning of industrial tuna fishingsignificant component of the
increase in juvenile fishing mortality is attributable te tPhilippines and Indonesian surface
fisheries, which have the weakest catch, effort anddsre There has been recent progress made
in the acquisition of a large amount of historical lengdguency data from the Philippines and
these data were incorporated in the assessment. Howeees,is an ongoing need to improve
estimates of recent and historical catch from thedeerfiss and maintain the current fishery
monitoring programme within the Philippines. While the vasi@nalyses have shown that the
current stock status is relatively insensitive to theuased level of catch from the Indonesian
fishery, yield estimates from the fishery vary in accaogawith the level of assumed Indonesian
catch. Therefore, improved estimates of historical amdeot catch from these fisheries are
important in the determination of the underlying produgtieit the stock.

The ratios B, /B, r, provide a time-series index of population depletion by the fisheri

Depletion has increased steadily over time, reachingeh ¢¢ about 60% of unexploited biomass
(a fishery impact of 40%) in 2062007. This represents a moderate level of stock-wide depletion
although it is considerably higher than the equivalent equihibased reference point (

§MSY/I§O of approximately 0.35-0.40). However, depletion is considerably higher in the

equatorial region 3 where recent depletion levels are appatedy 0.35 and 0.30 for total and
adult biomass, respectively (65% and 70% reductions from the loitexplevel). Impacts are
moderate in region 4 (30%), low (about-28%) in regions 1, 2, and 5 and minimal (5%) in
region 6. If stock-wide over-fishing criteria were appliedre level of our model regions, we
would conclude that region 3 is fully exploited and the iaing regions are under-exploited.

The attribution of depletion to various fisheries or groupsfisfieries indicates that the
Philippines/Indonesian domestic fisheries and associated pumsefshery have the highest
impact, particularly in region 3, while the unassociated puise §shery has a moderate impact.
These fisheries are also contributing significantly to fiebery impact in all other regions.
Historically, the coastal Japanese pole-and-line and pense-fisheries have had a significant
impact on biomass levels in their home region (1). In allorey the longline fishery has a
relatively small impact, less than 5%.

The current assessment includes a number of changé® tmodel assumptions, particularly
related to the biological parameters (natural mortalitg reproductive capacity), the relative
influence of the longline CPUE and size frequency data,chadiges to the input data (most
notably the purse-seine catch). However, the most influectiahge from the previous
assessment relates to the assumptions regarding tpaedsef the spawner-recruit relationship.
Previous assessments have determined low values of ste@pties model estimation procedure,
while the current assessment has assumed a range ofvéikess for steepness (0-%595).
Assuming a moderate value of steepness (0.75) has resuleedonsiderably more optimistic
assessment of the stock status (compared to 2007 basewase)tide actual value of steepness



10.

11.

12.

and, to a lesser degree, the interaction between stsepnesthe other changes in model
assumptions (especially the revised biological paramemi®r Ipenalty on the longline effort
deviations, and increasing longline catchability).

For a moderate value of steepness (0.75),ent/ IEMSY is estimated to be 0.58.68 indicating
that under equilibrium conditions the stock would remainl vadlove the level capable of
producing MSY (B _ /Bysy 1.39-1.59 and SBp _ /SBysy 1.50-1.79), while

current

Beurrent/ Busy and SBy,on / éMSY are estimated to be well above 1.0 (+:#867 and 1.461.88,

respectively). For lower values of steepness (Brf50.65),B.ent/ §MSY and SE’Eurrem/ éMSY
were estimated to be above 1.0 for all the seits#$vconsidered. Most of the model options with
lower values of steepness also yielded estimatés,gf, ../ IE,\,ISY below 1.0; however, thé~,sy

reference point was approached or slightly exceddedh subset of the model options that
included the lowest value of steepness (0.55) iml@nation with a number of other factors.

Sensitivity analyses were conducted to investitfageinfluence of a range of key model inputs,
principally those relating to steepness of the SRRe levels of catch from the
Indonesian/Philippines and purse-seine fishefiést-age, and the region 6 CPUE index. The
interaction between each of these factors andttier &ey model assumptions (relative weighting
of longline CPUE and size frequency data and irsem longline catchability) was also
examined. The uncertainty associated with the pestimates of the keWlSY based reference
points was also determined using a likelihood peaipproach. Both analyses revealed that most

of the uncertainty in estimates Bf, on/Fusy Beurent/Busy and SByyen/Busy Was

attributable to the value of steepness for the SRRrall, the full range of model options yielded
estimates of current biomass that were well ab88gs, and, with the exception of a subset of

the model options that incorporated the lowest evadfi steepness (0.55), estimates of fishing
mortality were well belowFysy. The probability distributions derived from thedlihood

profiles were generally consistent with these ole@ns.

The estimates dMSY for the four principal models are 552,6@37,000 mt and considerably
higher than recent catches estimates for yello¢480,000 mt, source WCPFC Yearbook 2007).
The large difference between tiMSY and recent catches is partly attributable to ttoeks
assessment model incorporating the higher (predig)rpurse-seine catch estimates (representing
an additional catch of approximately 100,000 mtgr@num in recent years). The more optimistic
models suggest that the stock could potentiallypettdong-term average yields above the recent
levels of catch. However, it is important to nobatt recent (1998007) levels of estimated
recruitment are considerably lower (80%) than tregiterm average level of recruitment used to
calculate the estimates BISY. If recruitment remains at recent levels, thenaberall yield from

the fishery will be lower than thdSY estimates.

While estimates of current fishing mortality arengeally well below Fy,sy,, any increase in

fishing mortality would most likely occur within geon 3 — the region that accounts for most of

the catch. This would exacerbate the already reghl$ of depletion that are occurring within the

region. Further, the computation BfSY-based metrics assumes that the relationship betwee
spawning biomass and recruitment occurs at theaglelel of the stock and, therefore, does not
consider the differential levels of impact on spagnbiomass between regions. The spawning
biomass in region 3 is estimated to have been eetlite approximately 30% of the unexploited

level; however, due to the lower overall depletafrthe entire WCPO stock, the model assumes
that there has been no significant reduction in ghawning capacity of the stock. A more

conservative approach would be to consider the sp@vwcapacity at the regional level and define
reference points accordingly.

The current assessment has undertaken a more dwmpiee analysis of model uncertainty than
previous assessments. The analysis indicateshbassumptions regarding the spawner-recruit
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relationship represent the most significant source of taiogy. For tuna species, there are no
strong empirical data available to inform the model rédigg the likely range of values of
steepness of the SRR that underpinMi&Y based stock indicators. On that basis, it may be more
appropriate to adopt alternative fishing mortality and bgsriaased reference points that are not
reliant on theMlSY concept, although inevitably some assumption regarding the SR @ssary,
implicitly or explicitly, in the formulation of other &drnative stock indicators.

The structural uncertainty analysis investigated the itnplaa range of sources of uncertainty in
the current model and the interaction between these assumpgtiomstheless, there remains a
range of other assumptions in the model that should be igatsdi either internally or through
directed research. Further studies are required: teerefir estimates of growth, natural mortality
and reproductive potential, incorporating consideration ofisp@mporal variation and sexual
dimorphism; to examine in detail the time-series of gigguiency data from the fisheries, which
may lead to refinement in the structure of the fisherielidiec! in the model; to consider size-
based selectivity processes in the assessment model; éotcafle frequency data from the
commercial catch in order to improve current estimateshef population age structure; to
improve the accuracy of the catch estimates from a numblegyofisheries, particularly those
catching large quantities of small yellowfin; to refiriee tmethodology and data sets used to
derive CPUE abundance indices from the longline fishery; anefiteerapproaches to integrate
the recent tag release/recapture data into the assessiomgel.



1 Introduction

This paper presents the current stock assessment of yalkowé Thunnus albacargsn the
western and central Pacific Ocean (WCPO, west of W30The first assessment was conducted in
1999 and assessments were conducted annually until 2007. Thereoest assessments are
documented in Hampton and Kleiber (2003), Hampton et al. (2004, pA@DA6) and Langley et al.
(2007). The current assessment incorporates the most maenfrom the yellowfin fishery and
maintains the model structure of the recent assessmentssenisdivity of the key results of
assessment to a range of model assumptions, principalgdealo uncertainty in the various input
data sets, is also examined.

The overall objectives of the assessment are to estipggiulation parameters, such as time
series of recruitment, biomass and fishing mortalityt ihdicate the status of the stock and impacts
of fishing. We also summarise stock status in termseadifkmown reference points, such as the ratios

of recent stock biomass to the biomass at maximum suskainaeld (Bcurrem/@MSY and

SE’Eurrem/ S§MSY) and recent fishing mortality to the fishing mortality MSY (F_,ent/ Fusy )-
Likelihood profiles of these ratios are used to describe tineertainty.

The methodology used for the assessment is that commonly knowfUBSIFAN-CL
(Fournier et al. 1998; Hampton and Fournier 2001; Kleiber &083; http://www.multifan-cl.org,
which is software that implements a size-based, age-saatally-structured population model.
Parameters of the model are estimated by maximizing arctogefunction consisting both of
likelihood (data) and prior information components.

2 Background

2.1 Biology

Yellowfin tuna are distributed throughout the tropical anbd-Bopical waters of the Pacific
Ocean. However, there is some indication of restrictedngiketween the western and eastern
Pacific based on analysis of genetic samples (Ward 4984) and tagging data (Figure 1). Adults
(larger than about 100 cm) spawn, probably opportunisticailyyaters warmer than 26 (Itano
2000), while juvenile yellowfin are first encountered in conuia fisheries (mainly surface fisheries
in Philippines and eastern Indonesia) at several months of age

Yellowfin tuna are relatively fast growing, and have aximum fork length (FL) of about
180 cm. The growth of juveniles departs from von Bertalanfpe tgrowth with the growth rate
slowing between about 40 and 70 cm FL (Lehodey and Leroy 1999).

There is some indication that young yellowfin may grow mooavlyl in the waters of
Indonesia and the Philippines than in the wider area of the W@R@anaka 1990). This is further
supported by the comparison between the growth rates derived fr@ROWyellowfin stock
assessment (Hampton et al. 2006) and the growth rates d&éowedh MFCL model that included
only the single western, equatorial region (region 3) (Lanefiey. 2007) (Figure 2). The growth rates
from the western equatorial region alone were considerablgrithan from the WCPO, with the
former growth rates more consistent with the growtlyedfowfin in the southern Philippines waters
(Yamanaka 1990) (Figure 2) and growth increments from tagselrecovery data (Figure 3). On the
other hand, the growth rates from the WCPO MFCL model are consistent with the growth rates
determined from daily growth increments from a collectbmtoliths collected from a broad area of
the equatorial WCPO (Lehodey and Leroy 1999) (Figure 2).

The natural mortality rate is strongly variable with sizeth the lowest rate of around @8
yr'! being for pre-adult yellowfin 5680 cm FL (Hampton 2000). Tag recapture data indicate that
significant numbers of yellowfin reach four years of agee longest period at liberty for a recaptured
yellowfin, tagged in the western Pacific at about 1 yéage, is currently 6 years.


http://www.multifan-cl.org/

2.2 Fisheries

Yellowfin tuna, an important component of tuna fisheridiroughout the WCPO, are
harvested with a wide variety of gear types, from snw@lesartisanal fisheries in Pacific Island and
southeast Asian waters to large, distant-water longlinerspange seiners that operate widely in
equatorial and tropical waters. Purse seiners catcltda size range of yellowfin tuna, whereas the
longline fishery takes mostly adult fish.

Since 2000, the total yellowfin tuna catch in the WCPO Jaged between 370,000 and
440,000 mt (Figure 4). Purse seiners harvest the majority of Hogvie tuna catch (53% by weight
in 2007), with the longline and pole-and-line fisheries compridi®® and 4% of the total catch,
respectively (source: WCPFC 2007 Yearbook). Yellowfin tuna lysuapresent approximately 20—
25% of the overall purse-seine catch and may contribute higheermdages of the catch in individual
sets. Yellowfin tuna is often directly targeted by pusséers, especially as unassociated schools
which accounted for 56% of recent (2000—-2005) yellowfin purse-saicé (by weight).

Longline catches in recent years (70,000-80,000 mt) are well balohes in the late 1970s
to early 1980s (which peaked at about 110,000 mt), presumablydrétatehanges in targeting
practices by some of the larger fleets. The domesticrieshef the Philippines and eastern Indonesia
catch yellowfin using a variety of gear types (e.g. polé-dne, ringnet, gillnet, handline and seine
net). Catches from these fisheries have increased overghdgmmde and are estimated to represent
approximately 25-30% of total WCPO yellowfin tuna catches.

Figure 5 shows the spatial distribution of yellowfin tuna catcthe WCPO for the past 10
years. Most of the catch is taken in western equatargds, with declines in both purse-seine and
longline catch towards the east. The east-west diswibuti catch is strongly influenced by ENSO
events, with larger catches taken east of’E6@uring El Nifio episodes. Catches from outside the
equatorial region are relatively minor (5%) and are dotath@y longline catches south of the equator
and purse-seine and pole-and-line catches in the north-wesegrof the WCPO (Figure 6).

3 Data compilation

The data used in the yellowfin tuna assessment cafsisttch, effort, length-frequency and
weight-frequency data for the fisheries defined in thdyaisa and tag release-recapture data. The
details of these data and their stratification are desgtibelow.

3.1 Spatial stratification

The geographic area considered in the assessment is th® Wdéfhed by the coordinates
40°N-40°S, 120E-15C°'W. Within this overall area, a six-region spatial stredifion was adopted for
the assessment (Figure 5). The rationale for this fatedibn was to separate the tropical area, where
both surface and longline fisheries occur year-round, from the rhigtiides, where the longline
fisheries occur more seasonally. The spatial strdiificais also designed to minimise the spatial
heterogeneity in the magnitude and trend in longline CPUE (Langley 28068lhe size composition
of the longline catch (Langley 2006c). The stratificationtha assessment is equivalent to that used
in the 2007 assessment.

3.2 Temporal stratification

The time period covered by the assessment is-ZEHB. Within this period, data were
compiled into quarters (JaWar, Apr-Jun, JutSep, OctDec). The 2004 assessment was extended
back to 1950. However, data prior to 1952 are limited andlatethe expansion of the fishery in the
southern regions; consequently, the two earlier years @arieded from the current analysis. The
time period covered by the assessment includes almdseadignificant post-war tuna fishing in the
WCPO.



3.3 Definition of fisheries

MULTIFAN-CL requires the definition of “fisheries” thabasist of relatively homogeneous
fishing units. Ideally, the fisheries so defined will haedectivity and catchability characteristics that
do not vary greatly over time (although in the case tfhedility, some allowance can be made for
time-series variation). Twenty four fisheries have baéefimed for this analysis on the basis of region,
gear type, nationality and, in the case of purse seingpme{Table 1).

There is a single principal longline fishery in each regidn ALL 1-6) and two additional
Chinese/Taiwanese longline fisheries (LL TW-CH) fishingagions 3 and 4. The separation of these
fisheries from the general longline fisheries in those regi@ssrequired because of the different size
composition of yellowfin tuna (and hence different selectiviéen by the Chinese/Taiwanese fleet.
This difference is thought to be related to operatiohatacteristics (shallow night sets, as opposed to
deep day sets).

Similarly, the Papua New Guinea longline fishery (LL PG I3, ¢astern Australian longline
(LL AU 5) fishery, Hawaiian longline fishery (LL HW 2, 4), aiath aggregate of the Pacific Island
domestic longline fisheries (LL PI 6) were included as sdpdisheries in the model (Table 1).

A spatio-temporal analysis of size data from the Japafmwgline fishery revealed that
yellowfin caught within PNG waters, principally the BiswlaSea, were consistently smaller than the
fish caught in the remainder of Region 3 (Langley 2006c). Hisity, this area accounted for a
significant component of the total longline catch from Regiond given the apparent difference in
size selectivity, it was decided to separate this compoofetite fishery (LL BMK 3) from the
principal longline fishery in Region 3 (LL ALL 3).

In the two equatorial regions, the purse-seine catch and éffoys searching and fishing)
data were apportioned into two separate fisheries: effoessociated schools of tuna (log, anchored
FAD, and drifting FAD sets) (PS ASS) and effort onssaxiated schools (free schools) (PS UNS).
The western equatorial region also includes a pole-andidihery that includes the catch and effort
data from the Japanese distant-water pole-and-line fleettrendiomestic pole-and-line fisheries
(Solomon Islands and, historically, PNG) (PL ALL 3). €es of yellowfin from this fishery peaked
in the late 1970s—early 1980s (at about 8,000 mt per annum) but eewvedggigible since 2000.

The domestic fisheries of the Philippines were grouped timto separate fisheries largely
based on the size of fish caught: a hand-line fishery catdamgg fish (PH HL 3) and a surface
fishery (ring net, small-scale purse-seine, etc) catchingller fish (PH MISC 3). In previous
assessments, the Indonesian domestic fishery was combinedheithhilippines surface fishery.
However, there is considerably greater uncertainty assdciatth the recent catch from the
Indonesian fishery and it was decided to disaggregate the coengis$iery to enable a more
comprehensive investigation of the uncertainty related toltkdenesian catch. The Indonesian
surface fishery includes catch by pole-and-line, purse-simgenet, and other methods (ID MISC 3).

The assessment includes the yellowfin catch from the sslaparse-seine (PS JP 1) and
pole-and-line (PL JP 1) fisheries operated by the Japanestatdleet within MFCL region 1.
Catches of yellowfin by the Japanese coastal surfadeieded at about 15,000 mt in the mid 1980s
and steadily decline over the subsequent period to about 5,080enent years.

3.4 Catch and effort data

Catch and effort data were compiled according to therieshelefined above. Catches by the
longline fisheries were expressed in numbers of fish,canches for all other fisheries expressed in
weight (Figure 8). This is consistent with the form ihieh the catch data are recorded for these
fisheries.

Total catches included in the model are lower than the stimmof total reported catches
from the WCPFC (Figure 4) due to the difficulties in spigtiaeparating some of the aggregated
catch estimates. For 1990-2007, model catches represent abouf #86taal WCPFC reported
catch, with most of the discrepancy due to the catcha® the “other” fisheries and longline



fisheries. Historical (pre 1970) catches for all gears othan longline were not available for
inclusion in the model data set (Figure 4).

Two alternative sets of purse-seine catch data were instte assessment. The first set
consisted of data extracted from the OFP databasdaifesaaggregated by 1° latitude, 1° longitude,
month and flag. These data are equivalent to the castbrhiused in previous assessments. Recent
studies have shown that these catch estimates are likalybistantially under-estimate the actual
catch of yellowfin due to inaccurate reporting of thecgse catch composition on logsheets and
biases in the observer sampling procedures (grab sampling¥¢ha2009). To address this bias, the
catch data were corrected using the results of a tinmtenber of paired grab and spill samples. This
resulted in considerably higher estimates of yellowfin cétem associated sets (Figure 7). There
remains a high level of uncertainty associated witlseheew estimates; however, on balance, the
corrected catches were considered to be more relinate the uncorrected catches. The corrected
catches were used as the principal catch series in$kesasent, while the uncorrected catches were
incorporated in a sensitivity analysis (see below).

Effort data for the Philippines and Indonesian surfaceffish&vere unavailable. Where effort
data are absent, the model assumes a constant valderofatl the model predicts the catch using
the effort and catchability deviations. The low penaltygivespecified for the deviations means that
the assumed effort data for these fisheries do not mfkithe estimates of stock biomass.

Effort data units for purse seine fisheries are definedlas fishing and/or searching,
allocated to set types based on the proportion of $etalattributed to a specified set type (associated
or unassociated sets) in logbook data. Similarly, efftata for the pole-and-line fisheries were
defined as days fishing and/or searching.

For the principal longline fisheries (LL ALL 1-6), effectiver (standardised) effort was
derived using generalized linear models (GLM) refining the approsed in recent assessments
(Hoyle 2009).

The technique for standardising longline effort was applied to determine the relative
scaling of longline effort between regions. These scalintbfadncorporated both the size of the
region and the relative catch rate to estimate thavelevel of exploitable longline biomass between
regions (see Langley et al. 2005). The scaling factors dexeed from the Japanese longline CPUE
data from 1960-86 (Hoyle & Langley 2007).

The scaling factors allowed trends in longline CPUE amongomegto be comparable
indicators of exploitable biomass among regions. For e&dheoprincipal longline fisheries, the
GLM standardised CPUE index was normalised to the rat#re GLM index from 1960-86 — the
equivalent period for which the region scaling factoesemderived. The normalised GLM index was
then scaled by the respective regional scaling fact@coount for the regional differences in the
relative level of exploitable longline biomass between regiStendardised effort was calculated by
dividing the quarterly catch by the quarterly (scaled) Chidiex.

An analysis of longline logsheet data from the region 3 fistm&s provided a minimum
estimate of the increase in longline catchability (efficiy) associated with the introduction of new
vessels into the fishery during 1980-2008 (Hoyle 2009). The catdhaddilyellowfin tuna by the
Japanese longline fleet in region 3 was estimated to haveagsed by 1.4% per annum over the
period. This estimate was applied to the entire periathefLL ALL 3 standardised effort series to
account for the increase in efficiency of new vesselerag the fishery — this factor is not
incorporated in the GLMs of the aggregated catch andt ef&da used to derive the principal CPUE
indices. For the other regions, yellowfin tuna is a lessenponent of the longline catch and, given
the lower level of targeting of the species, it was ictamed that historical trends in catchability
would be lower (than the estimated value). On thasbasi annual increase in longline catchability of
0.5% per annum was assumed for the other principal longéherfes. The two alternative longline
effort series (with and without increasing catchabilitygrevincluded in separate stock assessment
models.

For the other longline fisheries, the effort units weréngef as the total number of hooks set.



Time-series of catch-per-unit-effort (CPUE) for fidheries are shown in Figure 9. The GLM
standardised CPUE for the principal longline fisheriesh(\aitd without increasing catchability) are
presented in Figure 10.

Within the model, effort for each fishery was normaligedan average of 1.0 to assist
numerical stability. The principal longline fisheries wereugred to share common catchability
parameters in the various analyses. For such groupeetiés, the normalisation occurred over the
group rather than for the individual fisheries so as togpvesthe relative levels of effort among the
fisheries.

3.5 Length-frequency data

Available length-frequency data for each of the defingluefies were compiled into 95 2-cm
size classes (322 cm to 198200 cm). Each length-frequency observation consisted ofctiala
number of yellowfin tuna measured. A graphical representaif the availability of length (and
weight) samples is provided in Figure 11. The data werectetlefrom a variety of sampling
programmes, which can be summarized as follows:

Philippines: Size composition data for the Philippines domestic fishederived from a sampling
programme conducted in the Philippines in 98B were augmented with data from 1995. In
addition, data collected during 192008 from the Philippines hand-line (PH HL 3) and surface
fisheries (PH MISC 3) under the National Stock AssessrRenject (NSAP) were included in the
current assessment.

Indonesia:Limited size data were obtained for the Indonesian dom#éskieries from the former
IPTP database.

Purse seind:ength-frequency samples from purse seiners have beentedlfeom a variety of port
sampling and observer programmes since the mid-1980s. Most efiiyedata is sourced from the
U.S. National Marine Fisheries Service (NMFS) port samgpfirogramme for U.S. purse seiners in
Pago Pago, American Samoa and an observer programmecteshdor the same fleet. Since the
early 1990s, port sampling and observer programmes on other pureefleets have provided
additional data. Only data that could be classifieddiyjtype were included in the final data set.

Longline The majority of the historical data were collected oyt sampling programmes for

Japanese longliners unloading in Japan and from sampling ab@mpadese research and training
vessels. For each temporal stratum, the composite lengitibdiion for the fishery was derived

following the approach described below. In recent yearstHestefa from other longline fleets have
been collected by OFP and national port sampling andwayggrogrammes in the WCPO.

Japan coastaltength data from the Japanese coastal purse-seine agambline fleets were
provided by National Research Institute of Far Seas kesh@RIFSF).

Pole and line: For the equatorial pole-and line fishery, length data weadable from the Japanese
distant-water fleet (sourced from NRIFS) and from the domésets (Solomon Islands and PNG).
Since the late 1990s, most of the length data were collégtenbservers covering the Solomon
Islands pole-and-line fleet.

For the current assessment, quarterly length frequéistybutions were computed for the
principal longline fisheries weighted by the spatial distributainthe quarterly catch from the
individual fishery. Length data from the Japanese distardgrwaaid offshore longline fleets were
principally available aggregated in spatial strata of Ifyeks of latitude by 20 degrees of longitude.
The following procedure was applied to generate an aggregaigthldistribution for the region-
specific fisheries.

i.  The catch (in numbers of fish) for the fishery/quarmers aggregated to a spatial resolution
equivalent to the spatial resolution of the length dagaglly 10*20 lat/long).

ii.  The spatial strata that accounted for most (at least) @%he catch in the quarter were
identified.



iii. Each of the main spatial strata (ii) was required étushe a minimum of 15 fish sampled for
length. Otherwise, the length composition for the quarser mot computed.

iv.  Fish lengths sampled from each stratum were combinedhteei in proportion to the catch
in each stratum. The resulting length distribution wasesictd represent the total number of
fish measured in the quarter.

These protocols resulted in the exclusion of a large propatitite length samples collected
from the principal longline fisheries from 1970 onwards. In particila ALL 1 and LL ALL 2,
virtually all length samples collected during that periodrevrejected from the model data set
(Langley et al. 2007).

For the other fisheries, length data from each fisherylgquaxere simply aggregated
assuming that the collection of samples was broadly repias/e of the operation of the fishery in
each quarter.

3.6 Weight-frequency data

A large data set of individual fish weights from the Japat@msgline fisheries are available
for inclusion in the assessment. For many other longlimtsflépacking list” data are available from
export documentation, and these data are progressively pengssed and incorporated into the
assessment database. For this assessment, the avarddie data (apart from those provided by
Japan) originated from vessels unloading in various @dsand the region from where tuna are
exported, including Guam, Palau, FSM, Marshall Islandgis, Fapua New Guinea, Hawai'i, and
eastern Australian ports. Weights samples from the Japaswastal purse-seine fishery were also
provided by NRIFSF.

All weight data were recorded as processed weights ljysegorded to the nearest kg).
Processing methods varied among fleets requiring the afppticaf fishery-specific conversion
factors to standardise the processed weight data to vikbleveights. Details of the conversion to
whole weight are described in Langley et al (2006).

For each fishery, quarterly weight frequency data veemapiled by 1 kg weight intervals

over a range of 4200 kg. For the principal longline fisheries, the weight data agtgegated in
proportion to the spatial distribution of the catch, asriesd for the length data (see above).

The time-series distribution of available weight sampgeshown in Figure 11. The same
protocol for the aggregation of the length data was alsoiegbpb the calculation of the
fishery/quarter weight frequency data for the principalgline fisheries. The protocol reduced the
number of weight frequency samples included for a nundabdisheries, particularly LL ALL 5
during the last two decades (Langley et al. 2007).

3.7 Tagging data

A considerable amount of tagging data was available farpacation into the MULTIFAN-
CL analysis. The data used consisted of yellowfin tugarédeases and returns from the OFP’s
Regional Tuna Tagging Project conducted during +8892 and recent tag releases in the Hawaiian
handline fishery (19962001). Tags were released using standard tuna tagging eqti@me
techniques by trained scientists and technicians. Theelagse effort was spread throughout the
tropical western Pacific, between approximately°E@nd 170W (see Kaltongga 1998 for further
details).

The model does not yet include the tag release and recoveryroia the 2006—09 tagging
programme undertaken in PNG waters and the wider westergentral Pacific Ocean.

For incorporation into the MULTIFAN-CL analyses, tadesses were stratified by release
region (all yellowfin tuna releases occurred in regi2n6), time period of release (quarter) and the
same length classes used to stratify the length-frequeatay A total of 48,043 releases were
classified into 56 tag release groups in this way. Of4t8&2 tag returns in total, 4,170 could be
assigned to the fisheries included in the model. Tag retiinaiscould not be so assigned were
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included in the non-reported category and appropriate adjustmeds to the tag-reporting rate
priors. The returns from each size class of each fagse group were then classified by recapture
fishery and recapture time period (quarter). Because d@gns by purse seiners were often not
accompanied by information concerning the set type, tagareata were aggregated across set types
for the purse seine fisheries in each region. The populdyisamics model was in turn configured to
predict equivalent estimated tag recaptures by these gréispedes.

4 Model description - structural assumptions, parameterisation,
and priors

The model can be considered to consist of several compofigrnte dynamics of the fish
population; (ii) the fishery dynamics; (iii) the dynamicsadded fish; (iv) observation models for the
data; (v) parameter estimation procedure; and (vi) siasskssment interpretations. Detailed technical
descriptions of components @) (iv) are given in Hampton and Fournier (2001) and Kleiberl et a
(2003) and are not repeated here. Rather, brief descriptiotise various processes are given,
including information on structural assumptions, estimaiathmeters, priors and other types of
penalties used to constrain the parameterisation. For congentéese descriptions are summarized
in Table 2. In addition, we describe the procedures followede$timating the parameters of the
model and the way in which stock assessment conclusionsram® dising a series of reference
points.

4.1 Population dynamics

The model partitions the population into six spatial regions2&ngquarterly age-classes. The
first age-class has a mean fork length of around 25 cnisaagproximately three months of age
according to analysis of daily structures on otolithshfidey and Leroy 1999). The last age-class
comprises a “plus group” in which mortality and other chi@réstics are assumed to be constant. For
the purpose of computing the spawning biomass, we assume anfatedty schedule (Table 2)
consistent with the observations of Itano (2000). The popula§ “monitored” in the model at
quarterly time steps, extending through a time window of 426@8. The main population dynamics
processes are as follows:

4.1.1 Recruitment

Recruitment is the appearance of age-class 1 fish ingjm@ation. Yellowfin tuna spawning
does not follow a clear seasonal pattern in the tropics lour®sporadically when food supplies are
plentiful (Itano 2000). We have assumed that recruitmeniredostantaneously at the beginning of
each quarter. This is a discrete approximation to comtigirecruitment, but provides sufficient
flexibility to allow a range of variability to be incorpied into the estimates as appropriate.

The distribution of recruitment among the six model regions wsainiaed within the model
and allowed to vary over time in a relatively unconsedifashion. Stronger constraints were placed
on the variation of the spatial distribution of recruitmenthe initial 5 years of the time series. The
time-series variation in spatially-aggregated recreittrwas somewhat constrained by a lognormal
prior. The variance of the prior was set such that reneuts of about three times and one third of the
average recruitment would occur about once every 25 yeargeoage.

Spatially-aggregated recruitment was assumed to hawal nelationship with the spawning
biomass via a Beverton and Holt stock-recruitment relatipn@RR) with a fixed value of steepness
(h). Steepness is defined as the ratio of the equilibriunuiteeent produced by 20% of the
equilibrium unexploited spawning biomass to that produced bydinébgium unexploited spawning
biomass (Francis 1992; Maunder and Watters 2001).

The SRR was incorporated mainly so that yield analgsisid be undertaken for stock
assessment purposes, particularly the determination ofibeguii based reference points. We
therefore opted to apply a relatively weak penalty for devidtmm the SRR so that it would have
only a slight effect on the recruitment and other model astisn(see Hampton and Fournier 2001,
Appendix D).
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Typically, fisheries data are not very informative aboutdteepness parameter of the SRR
parameters; hence, the steepness parameter was fixatbdeeate value (0.75) and the sensitivity of
the model results to the value of steepness was explaedrange of model sensitivities with lower
(0.55, 0.65) and higher (0.85, 0.95) values of steepness. Thiss difden the approach used in the
2007 stock assessment which, for the base case, estirhatedltie of steepness internally in the
model. For comparison with the current assessment, the 2007 waslebrun with the equivalent
model assumptions. In this case, a beta-distributed prioasgasned on steepness of the SRR with a
lower bound at 0.2, a mode = 0.85, and standard deviation =FigLég 12).

4.1.2 |Initial population

The population age structure in the initial time period imeagion was assumed to be in
equilibrium and determined as a function of the average taghfity during the first 20 quarters.
This assumption avoids having to treat the initial age strecwhich is generally poorly determined,
as independent parameters in the model. The initial agewstweas applied to the initial recruitment
estimates to obtain the initial populations in each region.

4.1.3 Growth

The standard assumptions made concerning age and growth) #re (engths-at-age are
normally distributed for each age-class; (ii) the meantlengt-age follow a von Bertalanffy growth
curve; (iii) the standard deviations of length for each dags are a log-linear function of the mean
lengths-at-age; and (iv) the probability distributions ofghts-at-age are a deterministic function of
the lengths-at-age and a specified weight-length relatior(sigip Table 2). These processes are
assumed to be regionally invariant.

As noted above, the population is partitioned into 28 quarterhclagses. The number of
older age classes allows for the possibility of signifigaalder and possibly larger fish in the early
years of the fishery when exploitation rates were very low.

Previous analyses assuming a standard von Bertalanffytignoattern indicated that there
was substantial departure from the model, particularly foessiup to about 80 cm. Similar
observations have been made on yellowfin growth patterns detsffiom daily otolith increments
and tagging data (Lehodey and Leroy 1999). We therefore modetiedhgby allowing the mean
lengths of the first eight quarterly age-classes tomdlependent parameters, with the remaining mean
lengths following a von Bertalanffy growth curve. These deuia attract a small penalty to avoid
over-fitting the size data.

4.1.4 Movement

Movement was assumed to occur instantaneously at the begirfingagto quarter through
movement coefficients connecting regions sharing a common bourdiaies however that fish can
move between non-contiguous regions in a single time step audet “implicit transition”
computational algorithm employed (see Hampton and Fournier 208ibeK et al. 2003 for details).
Movement is parameterised as the proportion of fish in angiegion that move to the adjacent
region. There are seven inter-regional boundaries imtgel with movement possible across each in
both directions. Four seasonal movements were allowed, edttheir own movement coefficients.
Thus there is a need for 2x7x4 = 56 movement parametersedsensl pattern of movement persists
from year to year with no allowance for longer-term variafiormovement. A previous (2004)
assessment had included the estimation of age-specific mowddwmvever, there are limited data
available to estimate these parameters and for thertuassessment movement coefficients were
invariant with respect to age.

4.1.5 Reproductive potential

Reproductive output at age, which is used to derive spawning $spmas recalculated for
this assessment (Hoyle et al. 2009). The calculations lveexed on data collected in the WCPO, and
based on relative reproductive potential rather than (asopsty) the relative biomass of both sexes
above the age of female maturity. The calculations usetpproach previously applied to albacore
(Hoyle 2008) and bigeye (Hoyle & Nicol 2008) tunas in the WCPO.r€peoductive potential of
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each age class was assumed to be the product of the tpmogemale at age, the proportion of
females mature at age, the spawning frequency at agatoferfemales, and the fecundity at age per
spawning of mature females (Figure 13). Overall, this resulig slight shift in the age of first
maturity and a substantial reduction in the reproductive patdar older age classes relative to the
values used in the 2007 assessment.

4.1.6 Natural mortality

Natural mortality 1) was held fixed at pre-determined age-specific levelsuddbmortality
at age was recalculated for this assessment usingpoagh previously applied to bigeye (Watters
and Maunder 2001; Harley and Maunder 2003) and yellowfin (Maunder andr§Va@i01) tunas in
the EPO, and to albacore (Hoyle 2008) and bigeye (Hoyle and Nicol 20¢8) in the WCPO. The
increasing proportion of males in the catch with insmeasize is assumed to be due to an increase in
the natural mortality of females, associated with slemadurity and the onset of reproduction. Details
of the calculations are provided in Hoyle et al. (2009).

Previous WCPO yellowfin assessments have applied a nahadality ogive calculated
using EPO data (Maunder and Watters 2001). The revised $eheak a slightly lower level of
natural mortality for the 1114 age classes. The externally-estimafledt-age is shown in Figure 14.

4.2 Fishery dynamics

The interaction of the fisheries with the population oct¢hrsugh fishing mortality. Fishing
mortality is assumed to be a composite of severalrablgaprocesses selectivity, which describes
the age-specific pattern of fishing mortality; catch&piliwhich scales fishing effort to fishing
mortality; and effort deviations, which are a random effedhe fishing effort- fishing mortality
relationship.

4.2.1 Selectivity

In many stock assessment models, selectivity is modalied functional relationship with
age, e.g. using a logistic curve to model monotonically inargaselectivity and various dome-
shaped curves to model fisheries that select neither thaggst nor oldest fish. In previous
assessments, we have modelled selectivity with sepagatspacific coefficients (with a range of
0-1), but constraining the parameterisation with smoothing lfgenaThis has the disadvantage of
requiring a large number of parameters to describetséigcin this assessment, we have used a
method based on a cubic spline interpolation to estimate agéspebtectivity. This is a form of
smoothing, but the number of parameters for each fishéhgisumber of cubic spline “nodes” that
are deemed to be sufficient to characterise selectivity the age range. We chose five nodes, which
seems to be sufficient to allow for reasonably compléecteity patterns.

Selectivity is assumed to be fishery-specific andetinvariant. Selectivity coefficients for
“main” longline fisheries LL ALL 1 and LL ALL 2 (northern figries) were constrained to be equal,
as were LL ALL 36 (equatorial and southern fisheries) and the Chinese/Taievdiségries (LL
TW-CH 3 and 4). For the two latter fisheries, selettiwias parameterised using a logistic functional
form rather than the cubic spline method. For all figsgrihe selectivity for the last four age-classes,
for which the mean lengths are very similar, was cairstd to be equal.

The Chinese/Taiwanese longline fisheries (LL TW-CH 3 and 4 leaught consistently
larger fish than the other longline fleets in a comparatvle period. There are operational differences
between the longline fleets that may account for a higkdectvity of larger fish by the
Chinese/Taiwanese fleet. These differences in size cotigmpsihich were consistent across length-
and weight-frequency data, implied that the selectigftplder yellowfin by the LL ALL fisheries
was less than 100%. On this basis, the selectivity ofCthiaese/Taiwanese longline fisheries was
constrained to have full selectivity for the oldest agssts, while the selectivity of the other longline
fisheries (including the principal LL ALL fisheries) wadoaled to have declining selectivity for the
older age classes.
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4.2.2 Catchability

Catchability was allowed to vary slowly over time (atona random walk) for all purse seine
fisheries, the Philippines and Indonesian fisheries, the Australiaiwanese/Chinese, Hawaii, PNG
(LL PNG 3 & LL BMK 3) and other Pacific-Island longlinesfieries, using a structural time-series
approach. Random walk steps were taken every two yearshardkviations were constrained by
prior distributions of mean zero and variance specifeedthe different fisheries according to our
prior belief regarding the extent to which catchabilityynteave changed. For the Philippines and
Indonesian surface fisheries (PH MISC 3 and ID MISC 3), fartedstimates were available. In the
absence of effort data, MFCL assumes a notional valuthné effort. For these fisheries, the variance
on the catchability deviations was high (approximating a CValedut 0.7), thereby, allowing
catchability changes (as well as effort deviations) &diot the observed effort without the assumed
effort series influencing the trend in stock abundana®. the other fisheries with time-series
variability in catchability, the catchability deviation gm$ were assigned a variance approximating a
CV of 0.10.

The “main” longline fisheries were grouped for the purposmigél catchability, and time-
series variation was assumed not to occur in this gisimoted earlier, this assumption is similar to
assuming that the CPUE for these fisheries indexes theitekjdoabundance both among areas and
over time.

Catchability for all fisheries apart from the Philippinesl andonesian fisheries (in which the
data were based on annual estimates) was allowed tceaspnally.

4.2.3 Effort deviations

Effort deviations, constrained by prior distributions of zeream were used to model the
random variation in the effort — fishing mortality r@teship. For the Philippines handline fishery,
the purse seine fisheries and the Australian, Hawaii andahase-Chinese longline fisheries, the
variance was set at a moderate level (approximating af O\2p

In previous assessments, the assumed variance offtne ddviates for the main longline
fisheries (LL ALL 1-6) was set at a low level (approximating a CV of 0.1) on thes bbat the effort
had been standardised in prior analyses and these longlgiés provide wide spatial coverage of
the respective areas in which they occur. However, the atdrairors associated with the region-
specific GLM indices indicate that the overall level ofi@ace in the CPUE indices is considerably
higher than the assumed level and that the variance isifotm over the time period — the variance
is generally higher during the 1950s reflecting a higher variatidhe observed catch rates. On this
basis, the penalty on the effort deviates for each reges set at a level that corresponded to an
average CV of 0.2 over the entire model period and allowingefoporal variation in the CV (in
proportion to the standard error of the individual indices)

This approach down-weighted the overall influence of theQRUE indices compared to
previous assessments by allowing the model more freedom dixtptiee longline catches via the
effort deviate parameters, particularly during the eaudyglel period.

The GLM analysis also reveals that there are markddreifces in the variance associated
with the CPUE indices among regions. The average standardf@rithe region specific indices are
0.26, 0.66, 0.16, 0.30, 0.65, and 0.63 for LL ALt6] respectively. An alternative approach using
iterative reweighting of the longline CPUE indices (followingcAllister & lanelli 1997) was applied
to determine the variance of the effort deviates that mvaie consistent with the region specific
variability in the CPUE indices, while maintaining the pamwal variability within a region. This
approach substantially increased the average CV (fromsshereed level of 0.2) for the peripheral
regions of the fishery (LL ALL 1, 2, 4 and 5) (Table 4). Modehs using lower effort deviate
penalties derived from the iterative reweighting of the CRitices were denoted “CPUE low”,
while model runs with an assumed CV of 0.2 were denotedJECigh”.

For comparison with previous assessments, a model run was tahduith the LL ALL -6
effort deviates penalties set at the higher level (appraxima CV of 0.1).
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4.3 Dynamics of tagged fish

4.3.1 Tag mixing

In general, the population dynamics of the tagged and untaggethpons are governed by
the same model structures and parameters. An obvious exctptlas is recruitment, which for the
tagged population is simply the release of tagged fish.idithp] we assume that the probability of
recapturing a given tagged fish is the same as the probalffil@gtching any given untagged fish in
the same region. For this assumption to be valid, eithedidigbution of fishing effort must be
random with respect to tagged and untagged fish and/¢éadbged fish must be randomly mixed with
the untagged fish. The former condition is unlikely to be loegiause fishing effort is almost never
randomly distributed in space. The second condition is also unlikebe met soon after release
because of insufficient time for mixing to take place. Depemdn the disposition of fishing effort in
relation to tag release sites, the probability of capuairéagged fish soon after release may be
different to that for the untagged fish. It is therefdesirable to designate one or more time periods
after release as “pre-mixed” and compute fishing moytédit the tagged fish based on the actual
recaptures, corrected for tag reporting (see belowherahan use fishing mortalities based on the
general population parameters. This in effect deserssiteelikelihood function to tag recaptures in
the pre-mixed periods while correctly discounting the tdggepulation for the recaptures that
occurred.

We assumed that tagged yellowfin mix fairly quickly witre untagged population at the
region level and that this mixing process is complete eetid of the second quarter after release.

4.3.2 Tag reporting

In principal, tag-reporting rates can be estimatedrmatlly within the model. In practice,
experience has shown that independent information on tagirgpoates for at least some fisheries
tends to be required for reasonably precise estimates dbtained. We provided reporting rate priors
for all fisheries that reflect our prior opinion regardihg reporting rate and the confidence we have
in that opinion. Relatively informative priors were proxdder reporting rates for the Philippines and
Indonesian domestic fisheries and the purse seine fisheriagepgndent estimates of reporting rates
for these fisheries were available from tag seeding expets and other information (Hampton
1997). For the longline fisheries, we have no auxiliary inféionawith which to estimate reporting
rates, so relatively uninformative priors were used fasé fisheries. All reporting rates were
assumed to be stable over time. The proportions of tagsetajected from the analysis because of
insufficient data were incorporated into the reportaig priors.

4.4 Observation models for the data

There are four data components that contribute to the Ketjlood function — the total
catch data, the length-frequency data, the weighsecy data and the tagging data. The observed
total catch data are assumed to be unbiased andeglgirecise, with the SD of residuals on the log
scale being 0.07.

The probability distributions for the length-frequency propod are assumed to be
approximated by robust normal distributions, with the vagasetermined by the effective sample
size and the observed length-frequency proportion. A sirlikalihood function was used for the
weight-frequency data.

The size frequency data is assigned an effective sasigddower than the actual number of
fish sampled. Reduction of the effective sample stzegnises that (i) length- and weight-frequency
samples are not truly random (because of clumping in thdgiapuwith respect to size) and would
have higher variance as a result; and (ii) the model doesndloide all possible process error,
resulting in further under-estimation of variances.

Nevertheless, compared to earlier assessments, thelisizbutions constructed using the
protocols described in Section 3.5 are likely to be much rmepeegsentative of the catch from the
principal fisheries. On this basis, the size data werdaenesl to be moderately informative and were
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given an according weighting in the likelihood function; individlerigth and weight frequency
distributions were assigned an effective sample size ofti@i@s the actual sample size, with a
maximum effective sample size of 50. This was lowantthe effective sample size assumed in the
2007 stock assessment (0.1 times the actual sample size wiaximum effective sample size of
100).

An alternative approach to determining the effective sampke afi the length and weight
frequency samples from the principal longline fisheries usingtexative reweighting approach
(following McAllister & lanelli 1997). This resulted in theffective sample size for the length and
weight frequency data being reduced; for example, thectefé sample size for LL ALL 3 was
reduced to approximately 12 and 5 for weight- and lengtluémcy samples, respectively (Table 5
and Table 6). On this basis, model runs using iterative ghtveg to determine sample size were
denoted “LL sample low”, whereas, the base sample siZz2otimes the actual sample size was
denoted “LL sample high”.

For comparison with the 2007 stock assessment, the modedlseasun with the effective
sample size of 0.1 times the actual sample size, withxamm effective sample size of 100.

A log-likelihood component for the tag data was computed usintegative binomial
distribution in which fishery-specific variance parameteese estimated from the data. The negative
binomial is preferred over the more commonly used Poisson distriduiceruse tagging data often
exhibit more variability than can be attributed by tloésBon. We have employed a parameterisation
of the variance parameters such that as they approtaityjrthe negative binomial approaches the
Poisson. Therefore, if the tag return data show higialitity (for example, due to contagion or non-
independence of tags), then the negative binomial is abledgnise this. This should then provide a
more realistic weighting of the tag return data in theall/eg-likelihood and allow the variability to
impact the confidence intervals of estimated paramedetemplete derivation and description of the
negative binomial likelihood function for tagging data is providetHampton and Fournier (2001)
(Appendix C).

4.5 Principal model runs

The previous assessments have highlighted a lack ofthetprincipal longline CPUE index
in the main region of the fishery (LL ALL 3), with the CBlhdex showing a less significant decline
since 1990 than predicted by the stock assessment model € aetghl. 2007). This suggests a
conflict between the CPUE index and the other principal sooirdata from the fishery — the length-
and weight frequency data from the LL ALL 3 fishery. Shwvas confirmed during preliminary
analyses that revealed an improved fit to the CPUE index weesize frequency data were down-
weighted.

It was concluded that the recent CPUE and size frequeaty were giving somewhat
different signals regarding recent levels of fishing mldyt with the CPUE index indicating that
fishing mortality was lower than indicated by the simmjfiency data. It is also worth noting that the
opposite trends were evident in the stock assessment foodBgeye tuna; for region 3 the bigeye
stock assessment model predicted a higher level of biomasxent years than predicted by the
CPUE time-series.

The current assessment contrasts the two data setsamge of model runs that either give a
higher relative weighting to the longline CPUE indices (“CPuigh, LL sample low”) or a higher
relative weight to the longline (LL ALL -6) size frequency data (“CPUE low, LL sample high”).
The two model options were then compared with and without @eaise in the catchability (fishing
efficiency) of the longline fleet (“LL q incr”). The dels of the four base model runs are specified in
Table 3.

4.6 Parameter estimation and uncertainty

The parameters of the model were estimated by maximih@edog-likelihoods of the data
plus the log of the probability density functions of the praamd smoothing penalties specified in the
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model. The maximization was performed by an efficientnozation using exact derivatives with
respect to the model parameters. Estimation was conductedenea of phases, the first of which
used arbitrary starting values for most parameterbagh shell scriptdoitall.yft, documenting the
phased procedure is provided in Appendix A. Some parametersassigned specified starting
values consistent with available biological informatioheWValues of these parameters are provided
in theyft.ini file (Appendix BY.

The Hessian matrix computed at the mode of the posterigibdistn was used to obtain
estimates of the covariance matrix, which was usednmbmation with the Delta method to compute
approximate confidence intervals for parameters ofesteitn addition, the likelihood profile method

was used to generate probability distributions for the citieference pointsF.,ent/ IEMsy,

Beurrent/ gmsv and SE’Eurrem/ éMSY . Likelihood profiles were generated by undertaking model runs

With Foyrrent/ Fusy » Beurrent/ Busy OF SBuren/ SBusy Set at various levels (by applying a penalty to

the likelihood function for deviations from the target ratiwler the range of possible values. The
likelihood function values resulting from these runs were theed to construct a probability
distribution for each ratio.

4.7 Stock assessment interpretation methods

Several ancillary analyses are conducted in order eégpirgt the results of the model for stock
assessment purposes. The methods involved are summarigeddmel the details can be found in
Kleiber et al. (2003). Note that, in each case, theselanycdnalyses are completely integrated into
the model, and therefore confidence intervals for quantfiegerest are available using the Hessian-
Delta approach (or likelihood profile approach in the cédsgetd analysis results).

4.7.1 Fishery impact

Many assessments estimate the ratio of recent t@alititomass as an index of fishery
depletion. The problem with this approach is that recruitmeay vary considerably throughout the
time series, and if either the initial or recent biosnastimates (or both) are “non-representative”
because of recruitment variability, then the ratio maymedsure fishery depletion, but simply reflect
recruitment variability.

We approach this problem by computing biomass time serighgaegion level) using the
estimated model parameters, but assuming that fishing lityores zero. Because both theal
biomassB; and thaunexploitecbiomasB, incorporate recruitment variability, their ratio atledime

. B : . , : :
step of the analysis—— can be interpreted as an index of fishery depletion. cBmeputation of
ot
unexploited biomass includes an adjustment in recruitmenactomowledge the possibility of
reduction of recruitment in exploited populations througklstecruitment effects.

4.7.2 Yield analysis

The yield analysis consists of computing equilibrium cafoh yield) and biomass,
conditional on a specified basal level of age-specific rigghinortality ;) for the entire model
domain, a series of fishing mortality multipliefspult, the natural mortality-at-ageM(), the mean
weight-at-agew,) and the SRR parameterandf. All of these parameters, apart frémult, which
is arbitrarily specified over a range of3D in increments of 0.1, are available from the parameter
estimates of the model. The maximum yield with respedinidt can easily be determined and is
equivalent to theVISY. Similarly the total éMSY) and adult (Sé'MSY) biomass aMSY can also be

determined. The ratios of the current (or recent average)s of fishing mortality and biomass to
their respective levels at MSY are of interest asregiee points. These ratios were also determined

! Details of elements of thdpitall and.ini files as well as other input files that structure a MURAN-CL run
are given in Kleiber et al. (2003).
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for the principal assessment model with alternative val@ieteepness assumed for the SRR. The
confidence intervals of these metrics were estimatedyuslikelihood profile technique.

For the standard yield analysis, theare determined as the average over some recent period
of time. In this assessment, we use the average over ribd @804-2007. The last year in which a
complete set of catch and effort data is availablalfidiisheries is 2007. We do not include 2008 in
the average as fishing mortality tends to have high uncertéon the terminal data year of the
analysis and the catch and effort data for this temyear are usually incomplete (see Langley
2006a).

The MSY based reference points were also computed usirayénage annudt, from each
year included in the model (1952007). This enabled temporal trends in the reference piriie
assessed and a consideration of the differences in MSI¥ laveer historical patterns of age-specific
exploitation.

4.8 Comparison with the 2007 assessment

There are five main differences in the input data andctiral assumptions of the current
assessment compared to the 2007 assessment.

i. Fixing the steepness parameté) Of the SRR at a specified level rather than estimating
steepness within the model.

ii. A down-weighting of the effective sample size of the lengtid weight- frequency data for all
fisheries from 0.1 to 0.2 times the actual sample size.

ili.  Arevision of the age specific natural mortality and matwchedules (Hoyle et al. 2009).
iv.  Arevision of the catch history of the purse-seine fislfeayvson 2009).
v. Arrevision of the principal longline CPUE indices (Hoyle 2009).

vi. A reduction in the penalty on the effort deviations for phiacipal longline fisheries (from an
assumed CV of 0.1 to a CV of 0.2 with temporal variatiothenCV of individual observations)
and a further reduction in the penalty on the effort dmnatvia iterative reweighting.

vii.  The modification of the standardised effort series optirecipal longline fisheries to account for
the increase in the catchability (fishing efficiency)twé longline fleet.

For comparison to the 2007 stock assessment, a model wHstw@ssentially replicated the
structural assumptions and data inputs of the 2007 base case witbdiie inclusion of the most
recent data (2007 and 2008) (“base 2007"). Each of the key chamg#sesipabove were then made
to the “base 2007” model in a step-wise manner resulting mahmodel that was equivalent to the
“CPUE low, LL sample high, LL g incr” model. The biomasajéctories and principal stock status
indicators of each model step-wise change were compared.

4.9 Sensitivity analyses

The sensitivity analyses focussed on a number of kegrtamcties, principally related to
uncertainties in the key input data sets. Initially, thiesgtivities were examined as a single change to
the base model (“CPUE low, LL sample high, LL g incr”haligh a more comprehensive analysis of
the range of sensitivities was undertaken across all fancipal models that encompassed the
interactions between the various sensitivities (see helow

The key uncertainties identified in the current asseasmere the assumed level of steepness
of the SRR, catch history of the purse-seine fishetiesptagnitude of the catch from the Philippines
and Indonesia domestic fisheries, the reliability of the Cidex from the LL ALL 6 fishery, and
the level of natural mortality for the youngest age classes

The base model assumed a value of 0.75 for the steepnessS&tRhelternative values of
0.55, 0.65, 0.85 and 0.95 were considered as equally plausibiatite values.
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As noted above, historical catches from the purse-seine gsh@b ASS, PS UNA 3 & 4)
have been revised based on the results of recent sarfidivgon 2009) yielding catch estimates that
are substantially higher than previously reported, pringigafl the associated fisheries. However, the
current estimates are based on limited sampling dataasmdconsidered indicative only. The
sensitivity of the model results to the assumed level dfgpseine catch was examined by comparing
the base model results to a model with the purse-seine cadefesnined using the previous
methodology (“Low PS catch”). The overall level of purse-seateh in the alternative catch history
is approximately 50% of the recent level of catch from #s®eiated fisheries, while the unassociated
catch is comparable between the two data sets (Figure 7).

Recent initiatives in the Philippines and, to a lesseengxn Indonesia, have increased the
level of understanding of the magnitude of the recent cafchesthe various sectors that comprise
these fisheries. The Philippines domestic fishery (PH MISCis3fomprised of three main
components: purse-seine, ring net, and a large unclassifieitipal catch. There is reasonable
confidence in the magnitude of the estimates of catch fgourse-seine and ring net components of
the fishery, although it is suspected that the actual wiftéscatch estimates are substantially lower
than the reported values. An alternative catch histaxg wonstructed for the PH MISC 3 fishery
based on the catch estimates from the purse-seine and rifigheeies and reducing the municipal
catch to approximately 25% of the reported level. This teduh a 50% reduction to the total catch
from the PH MISC 3 fishery and is considered to be a ldwemndary of the plausible catch level
(Figure 15).

Annual catches from the Indonesian domestic fishery (ID MIS&&highly uncertain. The
catch is assumed to have increased steadily from 1980 to 2d0Ben to have dropped sharply in
the early 2000s. An alternative catch history was construbtddreaches a plateau at the level of
catch attained in 1990 (10,000 mt per quarter) (Figure 15).

The alternative (lower) catch histories for the Indoneaiadh Philippines domestic fisheries
were combined in a single sensitivity analysis (“IDPk catch”).

The stock assessment relies on the longline CPUE indicpsovide an index of relative
abundance in each of the model regions. However, the CPUE mdegion 6 is highly uncertain due
to low levels of fishing effort by the Japanese longline flgatticularly over the last two decades. An
alternative CPUE index was derived using catch and efféat flam the Taiwanese fleet operating
within region 6 during 19672008 (Chang et al. 2009). The indices were less variable tieahLt
ALL 6 indices derived from the Japanese catch and effortatadaexhibited a steeper decline from
1985 onwards (Figure 16). The Taiwanese CPUE index was includedaiteenative index for the
region 6 longline fishery (“TW CPUE").

Natural mortality at age is assumed to be known (witleordr) in the principal assessment
models. However, there is limited information availabledebermine natural mortality, particularly
for the youngest age classes. An alternative age-speeifizal mortality schedule was configured
with a higher natural mortality for the youngest age clag&e4 quarters) (Figure 14). This was
treated as a single change sensitivity (“High M”); howelegause of the strong interaction between
a higher natural mortality for the youngest age classeshenkgvel of catch of those age classes, an
interaction between the lower ID/PH catch and the highemnjler M was also explicitly considered
(“IDPH low catch, high M").

The interactions between the each of the principal modelshanearious model sensitivities
were assessed by conducting a range of sensitivitiesahaiined the various model options. This
represented a grid of 128 combinations of the following facteeighting of the LL CPUE and size
frequency data (“CPUE low, LL sample high” or “CPUE hidhl, sample low”), assumptions
regarding longline catchability (“increasing catchabilibr”“constant catchability”), steepness of the
SRR (0.55, 0.68, 0.82, or 0.95), the longline CPUE index for reg{dag@nese or Taiwanese), purse-
seine catch history (high or low catch), and recent Indanesnd Philippines catch (low or high). A
separate model was run for each of the combinations irritheTdne model results were screened to
ensure model convergence and reasonable values of key para(peirmipally related to the
estimation of growth).
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5 Results

5.1 Comparison with 2007 assessment

A range of preliminary model runs were conducted to exarhimétpact of the key changes
in the 2009 assessment compared to the 2007 assessment (asdl@s&ection 4.8). The magnitude
and trends in total biomass are sensitive to a nuwb#itese assumptions; decreasing the effective
sample size of the size frequency data from all fiskewsulted in the reduction in the biomass level
from the 2007 base model; the addition of the new purse-seine csttwly hesulted in a considerable
increase in the biomass level; reducing the penalty orlotigline effort deviations reduced the
overall level of biomass and moderated the declining trenébmdss; including an increasing trend
in longline catchability results in a substantial inceesthe historical biomass level.

The “base 2007” model is not directly comparable to the 2007 basessessment due to
some differences in the size frequency data for sosheriies (especially LL TW-CH 3 and LL PI 6)
and the inclusion of two additional years of catch, effari] size frequency data. The period for
computing the MSY-based reference points was also advanoggeairs (from 2002—05 to 2004—-07).
Nonetheless, the “base 2007” model yielded comparable MSY-based fislortality and biomass

based reference points to the base-case model from the 200§nmﬂe§currem/§MSY of 1.23

compared to 1.17SB.ren/ Busy Of 1.28 Vs. 1.25, and,,en/ Fusy Of 0.93 vs. 0.95, while the
estimate oMSYwas slightly lower (371,000 mt compared to 400,000 mt).

The MSY-based reference points changed markedly from thee “B@87" model when
steepness of the SRR was fixed at 0.75 resulting,ife,/ IEMSY decreasing from 0.93 to 0.59 and a

corresponding increase isazurrent/SéMSY1 Beurrent/ gmsv andMSY (see Appendix 3). Reducing the
effective sample size of the size frequency data esbuih a relatively small increase in
Feurrent/ Fusy @S Was the case when the new purse-seine catch histoigosgsorated in the model.

The adoption of the revised biological parameters, the lowsljyeon the longline effort deviates,
and the inclusion of the temporal increase in the catctyabilithe longline fleet each resulted in a

relatively small decrease iR, on/ IEMSY. The changes in th&,,en/ IEMSY metric were generally
reversed for th&SB,,ren/ Busy and Beyrrent/ Busy Metrics.

The inclusion of the revised purse-seine catch, the fixegpsiess of the SRR (0.75), and the
temporal increase in the catchability of the longline flesd a positive effect on thdSY. This was
partially countered by the lower penalty on the longlinereffeviates (Appendix 3).

5.2 Current assessment

As noted in the previous section, there are marked diffesent the results of some the
model options compared to 2007 “base case” assessment. Tliessndds are essentially driven by
changes in the underlying model assumptions rather than the dafat The current assessment
represents a more comprehensive exploration of a number afskeynptions of the model and, to
that end, a range of model options are presented. Sumesatiisrare presented for all model options;
however, a single model option “CPUE low, LL sample high, LinQ"” was selected for a more
detailed analysis in preference to other model options (andedetmse case 2009”). The rationale
for the selection of this option was as follows:

i. the model incorporated a level of variability in the longli@®UE indices that was
comparable with the standard error of the indices derneed the GLM,;

ii. the longline size frequency data were down-weighted comparéde 2007 assessment,
although the data is given sufficient weight to influence rifuglel estimates if there is a
significant trend in these data; and

iii. the model incorporated an allowance for an increase itotigtine catchability based on the
results of a quantitative analysis (Hoyle 2009).
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The main stock assessment-related results are susedhdor all analyses in the relevant
sections (below).

5.3 Fit statistics and convergence

A summary of the fit statistics for the three analyisesiven in Table 7. The lower penalty on
the effort deviates for the longline fisheries results irgaificant improvement in the fit to the catch
data compared to the “Base 2007” models. The fit statisticaardirectly comparable among most
of the principal model runs and sensitivities due to diffiees in the structural assumptions and input
data. Consequently, the fit statistics alone do not praviciéerion for selecting an individual model
or set of models in preference to other models.

5.4 Fit diagnostics (“CPUE low, LL sample high, LL Q incr” i.e. base case 2009)

We can assess the fit of the model to the four predictedatizdses the total catch data, the
length frequency data, the weight frequency data laedtbigging data. In addition, the estimated effort
deviations provide an indication of the consistency of the metle the effort data. The following
observations are made concerning the various fit diagnostics:

* The log total catch residuals by fishery are shown guié 18. The residuals are relatively small
and, for most fisheries, generally show even distributionsitabero. The very small residuals
associated with the LL ALL 1, 2, 5 and 6 fisheries are ttuthe lower penalties on the effort
deviations for these fisheries, enabling the catch totteel falmost exactly. There is a trend in the
catch deviates from the LL ALL 3 fishery, with catchaghgly over-estimated prior to 1990 and
under-estimated in the subsequent period; catches from thd LL1 and 2 fisheries are over-
estimated during the last decade. Catch residuals fputise-seine fisheries (PS ASS 3, PS UNS
3, PS ASS 4, and PS UNS 4) are more variable from 1990 onwathsugh there is no
systematic lack of fit to the observed catch.

* There is some systematic lack of fit to the length #atshe longline fisheries as revealed from a
comparison of the observed and predicted length data aggreyateime (Figure 19). For some
of the longline fisheries (LL TW-CH 4, and LL HW 4), the mbdeer-estimates the proportion
of fish in the larger length classes and, correspondingigter-estimates the proportion of fish in
the smaller length classes.

* There is a lack of fit to the length data from the LLLAR fishery (Figure 19). Very few length
samples are included in the model data set from thisrfigive the size data from the fishery are
dominated by the weight frequency data. There is an agpacamsistency in the size data from
the two sources.

* For the Philippines and Indonesian surface fisheries (PHCMB&Nd ID MISC 3) and Japanese
pole-and-line fishery (PL JP 1), there is a strong modal strich the size data. This modal
structure in the aggregated length data is not well pegtlicy the model, in particular the mode
at about 50 cm FL is consistently under-represented in thkcpee size composition of the two
fisheries (Figure 19).

» Some of the outstanding discrepancies between the observed dictedriength data appear to
be due to temporal trends in the fit to the size da¢a bme. For example, the LL ALL 3 fishery
length samples were comprised of somewhat smaller @ishglthe 1960s than for the remainder
of the model period (Figure 20). For this fishery, therestn@ng temporal trends in the residuals
from the fit to the length data with a persistent pattdrpositive residuals for the smaller length
classes (70—-100 cm FL) during the 1950s and 1960s (Figure 21).

* A number of fisheries that principally catch small feko intermittently include some large fish
in the length frequency samples, most notably fisheriegAP 1, PH MISC 3 and ID MISC 3.
Consequently, for these fisheries there are small motidsrger fish in the predicted length
distributions (Figure 19). The corresponding selectivity functials® result in considerable
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variation in the temporal trends in the predicted sizeibligion of the vulnerable population
(Figure 20).

There is a marked shift from large to small fish inlgregth composition of the catch from the
Japanese purse-seine fishery in the mid 1980s. The model is tmébthis abrupt change and it
is likely to represent a substantial change in the sieetsaty of the fishery at that time (Figure
20).

For most of the longline fisheries, there is a very good tihéoaggregated weight frequency data
(Figure 22). However, there are several fisheries withr@hgtmodal structure in the weight
distribution for which the model does not reliably predict the siamposition. These fisheries
include LL BMK 3, LL PG 3 and LL AU 5 for which the mode&inds to consistently under-
estimates the proportion of fish in the mode of the weigdguency distribution (at about 20-25

kg).

There are no strong temporal trends in the weight frequelata from the principal longline
fisheries within regions 3-5 and the model predictions are ¢ensiwith this observation; i.e.,
the model predicts that the size composition of the longbmosable biomass has remained
relatively constant throughout the model period (Figure 23). Menvaghere are a number of
discrepancies, most notably for the LL ALL 3 and LL BMKigheries with the observed fish
weights being generally lower than predicted by the model duhed960s and 1970s (Figure
24). The consistency in the trends between the length- aightafrequency data from these
fisheries may indicate a temporal trend in the selégtofithese fisheries.

The model generally fits the observed decline in the LL ALL 1Zngkight frequency data, with
the exception of the very small fish observed in the catmi ftL ALL 2 in the 1990s (Figure
23). However, the assessment model is not predicting the magafttiteedecline in fish weights
that has been observed in a number of fisheries oveashd0 years, in particularly from LL
ALL 2, LL ALL 3 and LL TW-CH 3 (Figure 23).

While many of the problems evident in the fit to the size dagaticularly length data) in the

earlier assessments have been resolved, there remainmnmamsistencies in the fit to the region
4 Chinese/Taiwanese (LL TW-CH 4) length- and weight-frequetata (Figure 22). The fishery
appears to have exhibited a strong shift in the size ofcasight from the fishery over the last
decade that may represent a change in selectivity byetse Tlhe selectivity of the LL TW-CH 4

is equivalent to the comparable fishery in region 3 (LL TW-3) and the estimation of

selectivity is dominated by the size data from the LL TW-3. The assumption of a common
selectivity for these two fisheries may not be appropriate

The fits of the model to the tagging data compiled by caletiche and by time at liberty are
shown in Figure 25 and Figure 26. The model generally approxinmgtebserved number of tag
returns by time interval, although there is a systemat®r-estimation of tag-return numbers
towards the end of the main tag recovery period (398B(Figure 25). This is also evident in the
over-estimation of tag returns for aboutl@ quarters at liberty (Figure 26). The model under-
estimates the recovery of fish at liberty for long perigeater than 20 quarters), although the
number of observations is small and this is an inevitadselt on this type of plot when the
expected number of returns per time step falls tothes 1. The fits for individual fishery groups
are shown in Figure 27. There is a very good fit to therebdenumber of returns for those
fisheries that returned large numbers of tags: the egabpurse-seine and pole-and-line fisheries
and the Philippines and Indonesian fisheries.

Observed and predicted tag recovery rates for the longliheries are very low due to the
relatively low total catch and the emphasis on the taggirgmaller yellowfin (Figure 27). For
most of these fisheries, the tagging data are uninforma@ethe longline fisheries, most
recoveries have been made from the Australian fishery lm@&dmposite LL ALL 5 fishery.

However, the model tends to under-estimate the number ofetagns from these fisheries
(Figure 27). This is possibly related to the coarse wésal of spatial structure in the model,
estimation of movement parameters, and a lack of ademusiteg of tagged fish with the wider
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population of region 5. Similarly, there are a modest numbigrgorecoveries from the HW LL 4
fishery from releases by the Hawaiian handline fisheryggion 2), whereas, the model does not
predict the recapture of these tags in the HW LL 4 fishery.

* The overall consistency of the model with the observedteffmia can be examined in plots of
effort deviations against time for each fishery (Fig2®. If the model is coherent with the effort
data, we would expect an even scatter of effort deviatout zero. On the other hand, if there
was an obvious trend in the effort deviations with times timay indicate that a trend in
catchability had occurred and that this had not beencmuffly captured by the model. Of
particular interest are the effort deviations for the ALl 1-6 longline fisheries, which were
constrained to have the same average catchability andveo rwa year-to-year variation (i.e.,
catchability deviations were assumed to be zero) (Figyte 29

* The effort deviations for the LL ALL 1, 2 and 6 fisheries aonsiderably more variable than the
other fisheries. This is consistent with the lower pgnal the effort deviations for these
fisheries. Most of the longline fisheries exhibit some degfeéemporal variation in the pattern of
the effort deviations indicating a systematic lack oftditthe longline CPUE indices over the
model period. These trends are most pronounced in LL B12, and 5 (Figure 29).

* For the LL ALL 3 fishery, effort deviates tended to be pesisince 1995 indicating that the
estimated decline in biomass from the model is greaterpteicted from the CPUE index. This
has been evident in previous assessments and was a cdlsti@actethe four main model options,
although the trend was more pronounced for models that assigmgtier relative weight to the
longline size frequency data and for model options withouwdllawance for a temporal increase
in longline catchability.

» Effort deviates for those fisheries without effort datéhe Philippines and Indonesian fisheries
(PH MISC 3, PH HL 3, ID MISC 3) — reveal a strong tempamend in the effort deviates over
the period of the fishery (Figure 28). In the absence ofteffta, the model assumes a constant
level of effort and the model uses the effort deviates ediprr the observed level of catch. For
these fisheries, the effort deviates are not includedamiodel likelihood and, therefore, do not
influence the trend in stock abundance.

5.5 Model parameter estimates (base-case 2009 unless otherwiseestat
5.5.1 Growth

The estimated growth curve is shown in Figure 30. The non-vatalBnffy growth of
juvenile yellowfin is clearly evident, with near-linear gtb in the 56100 cm size range. The
estimated growth pattern from the base-case model is siikhat observed in the otolith length-
increment data (Figure 31) (Lehodey and Leroy 1999). However tlginerements derived from tag
data are generally lower than predicted by the estimated gramtb, garticularly for shorter-term
release periods (Figure 31).

As previously noted, the 2007 stock assessment also conducted afanadglion 3 only
which estimated growth rates for the72age classes that were substantially lower than the lgrowt
rates estimated for the WCPO model. The current assessittiempted to replicate the region 3
model; however, while lower growth rates were once again dkrilre model estimates were variable
between model runs and the model growth parameters were petgtynined.

5.5.2 Natural mortality

Unlike earlier assessments, natural mortality wasestimated in any of the analyses and a
fixed age-specific mortality function was applied ($@gure 14). This issue may be re-visited in
future assessments using biologically reasonable functiomas flmr M-at-age.

5.5.3 Movement

The model estimates very large movements of fish southwardrégion 1 to region 3 in the
first quarter (35% of all fish moving) and second quarter (28#ihe year (Figure 32). A further
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southward movement is estimated to occur in the fourth quaefmesenting 15% of all fish. There is
an estimated movement of 10% of the fish from region 2 t@mnegiin the third quarter. Movement

rates between all other adjacent regions are low by coropaabout 3—6%, or negligible. However,

it is important to note that even low movement rates fregions of high abundance can result in
considerable stock mixing in the recipient region.

Note that the lack of substantial movement between sagiensecould be due to limited data
on movement. In the model, a small penalty is placed on materoefficients different to zero. This
is done for reasons of stability, but it would tend to pr@motv movement rates in the absence of
data that are informative about movement. An alternative hiodmulation would be to have high
movement rates, rather than zero movement, as the “nudithegis”. This is a topic for further
research.

The distribution of regional biomass by source region derik@t a simulation using the
movement coefficients is presented in Figure 33. The atioal indicates that most biomass within a
region is sourced from recruitment within the region, paldrly for regions 1, 2, 5 and 6. The high
movement rates from region 1 to region 3 results in a sulatpnbportion (about 25%) of the region
3 biomass originating from recruitment in region 1. Recruitmentegion 1 is also estimated to
contribute to the biomass in region 4, sourced via region 3.

The mixing between the equatorial regions results in aifisigmnt proportion of biomass
(30%) in the eastern region (region 4) being sourced fromitemnt in the western region (region 3)
(Figure 33).

5.5.4 Selectivity

Estimated selectivity coefficients are generally consisigith expectation with longline
fisheries principally selecting larger, older fish anddleociated purse-seine sets (FAD and log sets)
catching smaller yellowfin (Figure 34). Unassociated puesgessets generally catch substantially
larger fish than associated sets. Limited size degaavailable for the Indonesian surface fishery (ID
MISC 3) and the model estimates that catches from ghery are comprised of young fish (the82
age classes).

The Philippines surface fishery (PH MISC 3), the Japanestatqale-and-line fishery (PL
JP 1) and the equatorial pole-and-line fishery (PL ALL 3)qwpally catch small fish; however, there
are also some observations of larger fish in the cathetkplain the high selectivity of older fish
also. For the Japanese purse-seine fishery (PS JP 1l)istherapparent shift in the size composition
of the catch from large fish to small fish in the late 198@e Figure 20). The current model assumes
a single selectivity for the entire period with a higlestvity for older fish. For future assessments, it
would be more appropriate to estimate separate selmdifar the two time periods.

For the principal longline fisheries LL ALL-®, selectivity is estimated to be highest for age-
classes #10 with lower selectivity of older fish. This is consigtevith the slightly smaller size of
fish caught by these fisheries compared to the correspontlih@H fisheries. The functional form
of the (common) selectivity of the latter fisheries is c@ised to have full selectivity for the oldest
age classes. The historical distant-water longline fisiePNG waters (LL BMK 3) has a higher
selectivity for younger fish (age classespthan the principal longline fishery in the region (LL ALL
3).

5.5.5 Catchability

Time-series changes in catchability are evident forraévisheries (Figure 35). Catchability
in the principal longline fisheries (LL ALL-86) has been assumed to be constant over time. There is
evidence of a strong increase in catchability in the purse desheries up to the early 2000s,
although catchability for the purse-seine fisheries in redispredicted to have declined somewhat
over the more recent years.

Catchability for the Australian longline fishery is esttethto have declined over time — this
is consistent with the shift in targeting activity tigdye during the 1990s. Similarly, the catchability
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of the Japanese purse-seine and pole-and-line fisheries (P&ndPPL JP 1) declined from the mid
1980s onwards.

Catchability for the Philippines and Indonesian domestic fish¢PH MISC 3 and ID MISC
3) is estimated to have declined slightly throughout the mpdabd. This is an artefact of the
model’s interpretation of the “missing” effort data ahd increase in catch is fitted through the strong
positive trend in the effort deviations for these two figserThis is also the case for the PH HL
fishery prior to the late 1990s (Figure 35).

5.5.6 Tag-reporting rates

Estimated tag-reporting rates by fishery are showndgnrg 36. The estimates for the purse
seine fisheries in region 3 deviated from the mode of their gistributions and were estimated to be
considerably higher than the reporting rates from the region 4 geise fishery. The estimates for
the Philippines domestic fisheries deviate considerably fromn fhi®r mode, indicating that the
model has used information contained in the data to dstitinig reporting rate. The estimates for the
longline fisheries are highly variable, ranging from neaio zer the upper limit allowed (0.9).
However, the estimated reporting rates from the longlinefiss are based on a very small number
of tag recoveries and, consequently, the tag recovery fdata these fisheries are not very
informative.

The reporting rate for the equatorial pole-and-line fish@l ALL 3), a fishery that
accounted for a moderate number of tag recoveriestimated at the upper bound on the reporting
rate (0.9).

5.6 Stock assessment results
5.6.1 Recruitment

The base-case recruitment estimates (aggregated byoyesase of display) for each region
and the WCPO are shown in Figure 37. Overall recruitmdmgigest within region 3, while moderate
levels of recruitment also occur within regions 1, 4 and t&e Tegional estimates display large
interannual variability and variation on longer time scaRecruitment is estimated to be high in most
regions during the late 1950s with large peaks in recruitestinhated for regions—-% during the mid
1950s. Recruitment in region 3 remains high during the 1960s and 19¢lisesiehrough the 1980s
and remains low through the 1990s. This trend is countereal togrked increase in the level of
recruitment in region 1 during the same period (Figure 3f7@. ificrease in recruitment in region 1
may be partially attributable to the apparent change in #eeceimposition of the JP PS 1 fishery in
the late 1980s.

The recruitment trends for regions 1 and 3 strongly influgheetrend in the aggregate
WCPO recruitment estimates; total recruitment was Vegh during the late 1950s and declined
steadily over the remainder of the model period. Recent (BE)MCPO recruitment is estimated to
be 80% of the long-term average (Figure 37).

A comparison of WCPO recruitment estimates for the fourcjpah model options and the
“base 2007” model is provided in Figure 38a. The analyses allirtheesame general trend in overall
recruitment with very high recruitment in the 1950s, relativedple recruitment in the 1960s, 1970s
and 1980s and the declining recruitment from 1990 onwards. Therpeasruitment in the 1950s is
much more pronounced in the models that assign a relatngiy(low) weight to the longline size
frequency (CPUE) data. Model options that include areas® in longline catchability (“LL q incr”)
also estimate a higher level of recruitment during theyeaaddel period, up to the mid 1970s.
Recruitment levels for the “base 2007” model are generally cotvlat@ the four principal model
options.

The sensitivities to the “CPUE low, LL sample high, LLigr" model yield comparable
trends in overall WCPO recruitment, with the exceptiontlod substantially higher level of
recruitment for the “High M” model option (Figure 38Db). In tast, recruitment levels for the “Low
PS catch” sensitivity are slightly lower than for thedanodel option.
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5.6.2 Biomass

The estimated biomass time-series for each region anddaWCPO are shown in Figure 39
for the base-case analysis. The trends are variableebetwegions, generally reflecting the
differences in the CPUE trends from the main longline figselLL ALL 1-6) (Figure 40).
Nevertheless, some discrepancies do exist between the €&dis from the longline fisheries and
the temporal trend in the longline exploitable biomass, mdsihoregions 1 and 2 during the last
decade. There is also a lack of fit to the CPUE indioeghe LL ALL 3 fishery during the same
period with the estimated biomass exhibiting a higher dettiene the CPUE index (Figure 40).

However, overall the model estimates of exploitable abundance stgywsimilar scaling
among regions as the CPUE data (Figure 41). This indichésnmodel estimates are generally
consistent with the CPUE data in terms of both tiees and spatial variability. Historically, the
highest proportion of the total biomass was within regiortBoagh there has been a steady decline
in biomass in this region since about 1980 (Figure 39), whiléotlé biomass in region 4 has also
declined over the same period. Biomass trends are variablegathe other regions and overall levels
of biomass are considerably lower in regions 1, 2, and 6.

The trend in total biomass for the WCPO is largely dribgrthe composite biomass trends
from regions 35 (Figure 39). There was a peak in the biomass during thd %0s following the
very high recruitments estimated during the preceding periodnd®s levels subsequently declined
throughout the model period with the rate of the decline ambgs increasing from 1980 onwards,
largely driven by the decline in biomass in region 3 and l¢éeser extent, region 4.

The comparison of biomass trends for the principal model opdiotighe “Base 2007” model
is shown in Figure 42a. The trends in biomass are genemtiparable for the five model options,
although the level of initial (1950s) peak in biomass and the lbVeval of decline in biomass are
higher for the options that include an increase in longlatehability (“LL q incr”). The two options
without an increase in longline catchability have simb@mass trajectories to the “Base 2007”
model.

The sensitivities to the “CPUE low, LL sample high, LLigr" model yield comparable
trends in total biomass for WCPO, with the exception ofldlaeer level of biomass for the scenario
with the lower purse-seine catch (“Low PS catch”) (Figuia) 42

5.6.3 Fishing mortality

Average fishing mortality rates for juvenile and adult algsses increase strongly from 1970
for all the model options and are at the highest level in tbst mecent years (Figure 43). The
principal model options and the “Base 2007” models all estimateparable levels of fishing
mortality for juvenile and adult age-classes throughout the Inpedied.

For the base-case model, recent exploitation rates gireohithe youngest age classes due to
the impact of the associated purse-seine fishery and tligpites and Indonesian fisheries in region
3 (PS ASS 3, PH MISC 3 and ID MISC 3) (Figure 44 and leid&). There is also a high exploitation
rate on the older age classes (6-16 age classes), largdlytakbile to the equatorial purse-seine
fisheries. Overall, there has been a substantial declitteeiproportion of old (greater than age class
10) fish in the population since the mid 1970s (Figure 44). Amadhgstegions, recent exploitation
rates were highest in region 3 and comparatively low intladiraegions (Figure 45).

5.6.4 Fishery impact

We measure fishery impact at each time step as theafative estimated biomass to the
biomass that would have occurred in the historical absehéishing. This is a useful variable to
monitor, as it can be computed both at the region level anthé WCPO as a whole. The two
trajectories are plotted in Figure 46. It is evident tha impact has been substantial in region 3 and
moderate in region 4, with the impact increasing steadily ttemrearly 1980s. Impacts are relatively
low (about 15-20%) in regions 1, 2, and 5 and minimal (5%) in regjion
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Overall, the impact of fishing has reduced the curreal tbbmass in region 3 to about 35%
of the unexploited level, while the current total WCPO bissnia at about 60% of unexploited levels
(Figure 47) sustained by the lower impacts outside of the equategians. Fishery impacts have
reduced the total biomass in region 4 to about 70% of unexpleitets.

A comparison of relative impact of fishing on the entire WOB@nass from the various
model options is presented in Figure 48. Overall fishery irspae comparable for all model options
with the exception of “Base 2007” model which estimates slightiier impacts in the most recent
years.

It is possible to classify the fishery impact on the spag/miomass 1 - SE%/SEbt ) or total

biomass (- B, /B,, ) to specific fishery components in order to see whicledypf fishing activity

have the largest impact on spawning biomass (Figure 49) atdimmnass (Figure 50). Within each
region, the relative impacts of specific fisheries on spagvaind total biomass are comparable. In
region 3, the Philippines/Indonesian domestic fisheries arasgexiated purse-seine fishery have the
greatest impact. The unassociated purse seine fishetyNBS3) has a moderate impact.

In region 4, the purse seine fishery is responsible fort mbsthe impact, while the
Philippines/Indonesian fisheries accounts for about 25% ohtpadt due to the direct movement of
fish from region 3 to region 4. Similarly, while the dirdishery impacts are moderately low in
regions 1, 2 and 5, the high impacts on the stock in region Bedoeing the movement of fish to
these adjacent regions. Within region 1, there are thei@uitimpacts of the pole-and-line and
purse-seine fisheries (PL JP 1 & PS JP 1) which were highgsg the 1980s.

It is noteworthy that in all regions, the longline fishery haslatively small impact, less than
5%. In the sub-equatorial regions, the longline fishery temdimve a larger share of the impact, but
overall impacts are much smaller.

The recent overall fishery-specific impacts on total bssnan the WCPO are broadly
consistent with the proportional impacts within region 3; loywast from the longline fishery (4%),
moderate impact from the unassociated purse-seine fishery g@gl highest impacts from the
associated purse-seine (15%) and Philippines/Indonesian (15%)tdoisbsries.

5.6.5 Yield analysis

Symbols used in the following discussion are defined in Tabl@h& yield analyses
conducted in this assessment incorporate the SRR (Figumnet&ihe equilibrium biomass and yield
computations. Unlike previous assessments, when the steepnéss 8RR was estimated, the
steepness coefficient was fixed at a value of 0.75 wingtlies a moderate relationship between
spawning stock biomass and recruitment; average recruitmeassisned to decline to 75% of the
equilibrium unexploited recruitment when the level of spawtiigmass is reduced to 20% of the
unexploited level. However, there is limited information ala# to define an appropriate value of
steepness for tuna species and, consequently, a rantfeeofower (0.55 and 0.65) and higher (0.85
and 0.95) plausible values were examined through senséaivélyses. For comparison with the 2007
assessment, steepness was also estimated for thee2B@8” model run, yielding an estimate of 0.52
(lower than the previous estimate of 0.62).

Equilibrium yield and biomass (spawning and total) are condpasea function of multiples
of the 20042007 average fishing mortality-at-age (Figure 52). For the '"ERW, LL sample high,
LL Q incr” model, a maximum yieldSY) of 637,000 mt per annum is achievedratilt = 1.71; i.e.

at 171% of the current level of fishing effort. This représ that the ratio oF . eny/ IEMSY is equal

to 0.584 (approximately 1/1.71) (Table 9a). On this basis, currergitjan rates are approximately
58% of the exploitation rates to produce M8Y. However, the form of the yield curve is highly
uncertain as it is derived from estimates of fishingtality at levels considerably less than thgsy

level and is highly dependent on the assumed value of st=ejrthe SRR.

Further, theMSY computation assumes recruitment at the level of the long-teamage,
mediated by the SRR. For the current assessment,treentiiis estimated to have declined steadily
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over the model period and recent recruitment levels haveduetantially lower than the long-term
average. If future recruitments remain at about the culeeat then substantially lower yields can be
anticipated from the stock.

Estimates of yield are considerably higher from the fourcgral models than from the “base
2007” assessment. This is largely due to the higher valste@bness (0.75) than that estimated (0.52)
and the inclusion of the high levels of catch from the pursedishery in the four principal models.

For the “base 2007” model the estimaté=gf,e,/ IEMSY is 0.928, substantially higher than the value

for Foyrrend/ IEMSY (0.588) from the comparable model that fixed steepness at @U57(‘steepness
0.75") (Table 9a).

For the “CPUE low, LL sample high, LL Q incr'model (basese 2009), lower yields and
higher values ofF,en/ IEMSY are estimated when values of steepness lower than @& Zssumed.

Conversely, higher yields and lower values Iég‘urrem/lfmSY are estimated for higher values of

steepness (Table 9b). A comparison of the yield and equitidsiomass curves for the four assumed
values of steepness illustrates the sensitivity oMB&based reference points to this variable (Figure
53).

Models that assigned a lower weight to the longline CPUE iadic®l a correspondingly
higher relative weight to the longline size data (“CPUE law,sample high”) tended to yield a
slightly higher estimate dfISYand lower value ofF o/ IEMSY than the models that assigned the

alternative weighting of the data sets (“CPUE high, ldmple low”). There is also a significant
difference between the models that include or excludelawaaice for an increase in the catchability
of the longline fleet (“LL Q incr”). The former models haadigher estimate dfiSYand lower value

of Fcurrem/lfMSY principally due to the higher value (approximately 115%) of |l@mgitaverage
recruitment estimated for these models.

For the base-case 2009 model, the reference pcﬁtrnyMSY, B, / I§MSY and Sa/ Sﬂ,m

were computed for each yedy iacluded in the model (1952-2008). These computations incorporated
the overall fishery selectivity in year This enables trends in the status of the stock reltdivleese
two reference points to be followed over the model peffiagu¢e 54 and Figure 55). Prior to 1980,

exploitation rates and total and adult biomass remainadyhatlevels relative tol%vMSY and SB,gy -
Over the next 25 years, fishing mortality rates steadily ineceasd the biomass level declined
relative to §M5YandSBMSY. Nonetheless, throughout the model period, including the mosnhtre

years, the biomass level is estimated to have remainédbmle thel%vMSY andﬁMSYlevels, while
(Table 9).

fishing mortality rates have remained well bel&(\/ Fusy

The maximum equilibrium yieldMSY) was also computed for each yegrif the model.
This analysis enables an assessment dfftB€level that would be theoretically achievable under the
different patterns of age-specific fishing mortality atved through the history of the fishery (Figure
56). Prior to 1970, the WCPO yellowfin fishery was almost exadlg conducted by the longline
method, with a low exploitation of small yellowfin. Thesasiated age-specific selectivity resulted in
a substantially higher level MSYcompared to that estimated for the fishery based oreteatr age-
specific fishing mortality pattern. The decline in théSY over time follows the increased
development of those fisheries that catch smaller yelloyefimcipally the surface fisheries (Figure
56).

The estimates oMSY-based stock status indicators were less variable anfengingle
change sensitivities to the “CPUE low, LL sample high, QLincr” model than across the four

principal model runs (Table 9). For the five sensitivititbe estimates of Fyy e/ IEMSY,

Beurrent/ gmsv and SEturrem/ éMSY were comparable to the base case. The estimatdS¥laried
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considerably between the sensitivities with the lower psesee and Indonesian/Philippines catch
scenarios resulting in lower estimatesv8Y.

The full grid of model sensitivities, encompassing the contioing of data assumptions and
sensitivities, attempts to encompass the uncertaisycaded with the stock assessment model. The
distribution of the fishing mortality K., en:/ Fusy ) @nd biomass$&urrent/ B,,sy ) based reference

points occupies a broad domain, with steepness being theimflagntial factor in the range of

assumptions considered (Figure 57). For the entire rangendfications, higher levels of purse-seine
catch and a lower/higher relative weighting of the CPUEfsemiency data tended to result in higher
levels of fishing mortality relative t6y,sy (Figure 57). Model options with the lowest value of
steepness (0.55) estimated valuesFgfen,/ IE,\,ISY that either approached or slightly exceeded 1.0
with the most pessimistic options combining low steepnessaahigher relative weighting to the

CPUE indices. Nonetheless, for all model options, estimaftesurrent biomass were above the

ngsv reference point biomassS8,,,,n / éMSY > 1.0) (Figure 57).

5.6.6 Key Reference Points

A number of quantities of potential management intesssbciated with the yield analyses
are provided in Table 9. In the top half of the table, absqluaatities are provided, while the bottom
half of the table contains ratios of various biomass esfihfy mortality measures that might be useful
for stock monitoring purposes. It is useful to distinguish thi#erent types of ratio: (i) ratios
comparing a measure for a particular time period withcttreesponding equilibrium measure; (ii)
ratios comparing two equilibrium measures (rows shaded ;gesy (iii) ratios comparing two
measures pertaining to the same time period (row shadek).bBmveral commonly used reference

points, such a8, et/ Busy » SBurent/ Busy AN Foyrrent/ Fusy fall into the first category. These

ratios are usually subject to greater variability tHae gecond category of ratios because recruitment
variability is present in the numerator but not in the denatom Indeed, the range of values
observed over the various analyses conducted in recentrassessuggests that the category (ii)
ratios are considerably more robust than those in catégory

However, it is likely thatB,,, et/ Busy » SBuren/ Busy @1d Foyrrent/ Fusy Will continue to

be used as indicators of stock status and overfishing, tasghecThis being the case, we need to pay
particular attention to quantifying uncertainty in thegsios. Profile likelihood-based estimates of the

posterior  probability  distribution  of Byyrrent/Busy » SBurent/ Busy NdFoyreny/ Fusy Were
calculated for this purpose.
The profile likelihood distributions were computed for the “CPIo&, LL sample high, LL

Q incr” model separately for each of the assumed valueteeprsess. For an individual value of
steepness, the posterior probability distribution occupie@latively narrow range for the three

metrics of stock StatusByen/Busy » SBurent/ Busy andFoyrent/ Fusy ) (Figure 58, Figure 59,

and Figure 60). However, the individual distributions are higbhstrained given that thdS¥-based
metrics are largely determined by the fact that stespiseknown without error. Given that most of
the uncertainty in the stock assessment is relatedetassumed value of steepness, it was thought
that a more appropriate measure of uncertainty was obtajneadegrating the posterior probability
distributions over the range of likely values for steepness {@.%595). The resulting probability

distributions reveal that there is no probability that eithgurrem/fé,\,ISY (Figure 58) or
SEburrem/Sémsv (Figure 59) are below 1.0, while there is no probability Bagte,./Fusy €xceeds
1.0 (Figure 60).

As noted above, the determination of M8Y-based reference points is highly dependent on
the assumed relationship between recruitment and spawning biohteesfour principal assessment
models, including “CPUE low, LL sample high, LL Q incrstinated that recent recruitment was
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substantially lower than the long-term average, indicating tti@MSY-based reference points may
not be appropriate indicators of the current stock statwshér, the formulation of th#SY-based
reference points assumes that the relationship betreeemtment and spawning biomass is a stock-
wide (WCPO) process; i.e., recruitment in a specifigion is a function of the total spawning
biomass and the overall average recruitment distributidrerghan the spawning biomass in the
specific region. Under this set of assumptions, the calculafiddSY-based reference points is not
influenced by differential levels of depletion of regiostdck biomass — it is assumed that a region
where the spawning biomass is heavily depleted can be sustsirtbd recruitment from the total
spawning biomass in the wider stock area. This assumptioantgrfurther consideration for a stock
that occupies a geographic area as large as the WCPO.

There are considerable differences in the estimated |®fetepletion of the spawning
biomass among the six regions of the WCPO, with the highestdédepletion occurring in region 3
and relatively low impacts in the other regions. On thatsbasimore conservative approach to
formulateMSYbased reference points is to compute them at a regionabkesuging that the level of
recruitment to a region would be dependent on the spawning $sowmighin the region. Such an
analysis was undertaken using the “CPUE low, LL sample higlQ lincr” model with an assumed

steepness of 0.75. The region specific analysis yieldeb'qlluggem/IEMSY of 0.87 for region 3 and

substantially lower values for the other regions. The coetbiregion specificMSY¥ was
approximately 446,000 mt (with 364,000 mt from region 3). These vadue considerably less

optimistic than the corresponding WCPO wide valult?:‘éjr(em/IEMSY of 0.584 andVISY of 637,000
mt).

6 Discussion and conclusions

This assessment of yellowfin tuna for the WCPO appliedhdasi modelling approach to that
used in the 2007 assessment. The model's data structure wealexy to the previous assessment
and the principal data sets were similar, with a nurobeotable exceptions:

- The revision of purse-seine catches resulting in the suladtearease in catch estimates for
the catch from the associated purse-seine fisheries,ytariycin region 3;

- The revision of the historical catch estimates from théigpines domestic fisheries (PH
MISC 2, PH HL 3);

- Arevised series of CPUE indices for the principal londlisieeries; and
- The addition of recent catch, effort, and size frequelata from most fisheries.

The results of preliminary modelling revealed that thésenges in the input data set were
inconsequential in relation to the model estimates of tiestaek status indicatorsB(,ent/ Busy »

Saurrent/S?’MSY anC”:(:urrent/ I:MSY )

Of more significance, were a number of changes tottetaral assumptions of the model
that were included in the four principal model options. The madsumptions that differ from the
2007 base case assessment are as follow.

- A lower overall penalty on the effort deviations for the lomglstandardised effort series,
including a lower penalty for indices that are highly uraar{particularly in the first decade
of the model).

- A reduction in the effective sample size of the lengthd weight- frequency data for all
fisheries.

- Revised parameters for natural mortality and reproducttential.

- The allowance for an increase in the catchabilityheflongline fleet in the standardised effort
series for the principal fisheries.
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- A change in the approach used to determine the value of stedpnélse SRR. In the 2007
base case assessment, steepness was estimated, wier&asrent assessment assumed a
range of values for steepness.

- In addition, a large number of model sensitivities weoaducted that investigated the
uncertainty of catches from specific fisheridéd;at-age for juvenile age classes, and an
alternative CPUE index for region 6.

The influence of the individual changes in model assumpti@as examined in a range of
preliminary model runs. Most of the changes had a relgtivahor influence on the magnitude and
trend in total biomass. Nonetheless, the changes in thes@ualiassumptions, with the exception of
the assumptions relating to steepness, did not result ubstasitial change in the key stock status

indicators Beyrrent/ Busy » SBurent/ Busy andFoyrent/ Fusy ) relative to the 2007 assessment.

However, theMSY based stock indictors are highly sensitive to the asswakde of
steepness. The 2007 assessment yielded a low estimateafvsiaepness (0.61) and a similar value
was attained when the model was rerun using the currensegat&ixing the value of steepness at

0.75 reduced thchurrem/IEMSY from 0.93 (“Base 2007”) to 0.59 (see Appendix 3), while the
cumulative effect of the additional changes in model assungp{i€ PUE low, LL sample high, LL
Q incr”) resulted in a slight reduction in tHe,en/ Fusy from 0.59 to 0.58. Nonetheless, there are

likely to be significant interactions between the vasioew model assumptions that will influence the
final conclusions and the influence of a particular assum@ibtkely to vary depending on the value
of steepness assumed. Consequently, at the lowest Vialed of steepness (0.55) the estimate of

Feurrent/ IEMSY was lower than the estimate from the “Base 2007” model (0.85 cempa 0.92)
(Table 9b).

The current stock assessment investigated a wide rangetential model options and
sensitivities. These models integrated catch, effertgth-frequency, weight-frequency and tagging
data into a coherent analysis that is broadly consistéht other information on the biology and
fisheries. Overall, the model diagnostics indicate a reasoriltie the various sources of data;
however, they also highlight some inconsistencies among theusas&is of input data and model
assumptions.

- For the model options that down-weight the CPUE indices (“CRME), there is a marked
divergence in the recent (from 2000) trends between the longhtl=Gndices and the trend
in the longline exploitable biomass in regions 1 and 2. In conthesstrong decline in CPUE
in both regions is fitted by the models that assign a higtlative weight to the longline
standardised effort series and a low weight to the longlzeedata (“CPUE high, LL sample
low”). It is worth noting that size data are relativéilyited from these two fisheries for the
last decade.

- For all model options examined, there is a positive tretidereffort deviates for the LL ALL
3 fishery from the mid 1990s indicating that the model predicssr@nger decline in the
longline exploitable biomass than is evident in the CPUExinddis trend was more
pronounced in the model options that assigned a higher weigbtihg size frequency data
and those options that did not include a temporal incrieaagline catchability. The trend
in the effort deviates is evidence of a conflict betwi#ensize frequency data and the CPUE
indices. A range of trials were conducted to determinenthén source of this conflict;
however, the down-weighting of each set of size frequentay @auld not attribute the effect
to an individual fishery. The trend in the effort deviatiovess only removed when the size
frequency data from all the principal longline fisheries wagsvn-weighted. This indicates
that a complex interaction exists among the region specfffteffies due, in part, to the
assumptions regarding the linkage of longline selectivity atahahility among regions.

- The lack of fit to the juvenile modes in the size fregyedata from some fisheries may
indicate a bias in the model estimates of growth for thengest age classes. The previous
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assessment indicated that initial growth rates in @re oegion of the fishery (region 3) may
be substantially over-estimated in the WCPO model (Langlal 2007). Spatial variation in
growth can not be easily accommodated in the assesgnuztel and further research is
required to fully elucidate the degree of spatial heterageimegrowth.

- Residuals in the tag return data for the Australiantangaiian longline fisheries suggest that
yellowfin tuna may have patterns of residency that catmeotcaptured by the spatial
resolution of this model. However, the excess in observedetagns over those predicted
was relatively minor in both fisheries.

- There remains a lack of fit to the size data for sofhe fisheries. Some of these changes
may be explained by a strong temporal trend in size satgcfor example the large change
in the size of fish caught by the Hawaiian longline fishigly HW 4). However, of more
significance is the inability of the model to fit the fektent of the observed decline in fish
weights evident in a number of fisheries over the last 1sy@aparticularly from LL ALL
2, LLALL 3,and LL TW-CH 3.

- Another diagnostic, albeit not directly related to thédithe various data sets, is the observed
trend in recruitment from the various model options. Mosthef principal model options
revealed a declining trend in the recruitment seriesjcpéatly for the first 30 years of the
model period. This was most pronounced for the models wihincrease in longline
catchability (“LL q incr.”) and indicates that the model® endeavouring to fit the larger
decline in longline CPUE via the decline in overall recruitmeather than estimating an
increase in fishing mortality rates.

From the range of diagnostics examined, no single model emasges most preferred
candidate. However, the “CPUE low, LL sample high, LL @rinmodel is preferred from the
perspective that there is less conflict in the longline CREies within region 3 and the model
attempts to incorporate an increase in the efficienaph@flongline fleet. The model also exhibits a
somewhat weaker temporal trend in recruitment comparedheontodel with a higher relative
weighting assigned to the CPUE indices (“CPUE high, LLgardow, LL Q incr”).

Clearly, all the assessment models exhibit a degree oliatdnétween the longline CPUE
indices and the size frequency data. The range of mameisidered in this assessment has
endeavoured to encompass a reasonable range of options thatfghemiil weighting to these two
principal data sources. The range of model sensitivitie&jding the interaction between all the key
sensitivities, provides an indication of the extent of theettainty associated with the assessment.
The level of uncertainty associated with key stock imtthics inferred from the structural sensitivity
analysis is somewhat higher than the estimates of umtgrtd the key stock status indicators from
the composite likelihood profiles. However, in both casesestienates of uncertainty are constrained
by the range of the structural assumptions considered and,quenslg, should be treated as
minimum levels of uncertainty.

The key source of uncertainty is attributable to the assangptiegarding the steepness
parameter of the stock recruitment relationship, while thelgsions of the assessment are relatively
insensitive to the other assumptions investigated. Foroderate value of steepness (0.75),

Fourent/ Fusy IS estimated to be 0.58.68 andBy, e/ Busy aNd SByren/ Bysy are estimated to

be well above 1.0 (1.41.67 and 1.461.88, respectively). For lower values of steepness (0.55 and
0.65), Beyrent/ Busy and SE’Eurrem/ éMSY were estimated to be above 1.0 for all the sensitivities
considered. Most of the model options with lower valuestetpness also yielded estimates of
Feurrent/ IEMSY below 1.0; however, theF,,s, reference point was approached or slightly exceeded
for a subset of the model options that included the lowdsevat steepness (0.55) in combination
with a number of other factors.

The estimates d¥1SYfor the four principal models are 552,6@37,000 mt and considerably
higher than recent catches estimates for yellowfin (430,008autce WCPFC Yearbook 2007). The
large difference between tSY and recent catches is partly attributable to the stocksaseas
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model incorporating the higher (preliminary) purse-seine castimates (representing an additional
catch of approximately 100,000 mt per annum in recent yedmns)more optimistic models suggest
that the stock could potentially support long-term averagklsy above the recent levels of catch.
However, it is important to note that recent (192@07) levels of estimated recruitment are
considerably lower (80%) than the long-term average level oliteent used to calculate the
estimates oMSY. If recruitment remains at recent levels, then the dveigt from the fishery will
be lower than th#ISYestimates.

Further, as discussed in the previous section, the compuiEtiMSY assumes that the
relationship between recruitment and spawning biomass opeathe scale of the entire stock (i.e.
WCPO). The current assessment reveals that the coom feggion 3) of the fishery is considerably
more depleted than other regions. In reality, recruitrpeocesses are unlikely to occur at geographic
scale of the WCPO and it may be more appropriate to deéparate recruitment processes at the
regional scale of the assessment model. Such a regioficsged analysis (assuming a steepness of

0.75) resulted in a more conservative interpretation ofentirstock status.Fy,eny/ IEMSYwas
estimated to be 0.87 for region 3 (i.e. approachingrRjjg, level) but was considerably lower for all

other regions. The combined region spedi§Y¥s was approximately 446,000 mt (with 364,000 mt
attributable to region 3).

The main conclusions of the current assessment ard@ssol

1. For all analyses, there are strong temporal trend$ienestimated recruitment series. Initial
recruitment was relatively high but declined during the 1950s and 19606suiftient remained
relatively constant during the 1970s and 1980s and then declesedilptfrom the early 1990s.
Recent recruitment is estimated to be considerablyrltvea the long-term average.

2. Trends in biomass are generally consistent with the underiyengd in recruitment. Biomass is
estimated to have declined throughout the model period. Mquens that incorporate an
increase in longline efficiency (catchability) were @werised by a higher initial biomass level
and a stronger overall decline.

3. The biomass trends in the model are principally driven by the-senies of catch and GLM
standardised effort from the principal longline fisheriese Turrent assessment incorporated a
revised set of longline CPUE indices and, for some mod@raptthe indices were modified to
account for an estimated increase in longline catchal§ioyle 2009). For some of the main
longline fisheries (in particularly LL ALL 3), there is apparent inconsistency between the
trends in the size-frequency data and the trends in tenghtch and effort; i.e., the two types of
data are providing somewhat different information about etegive level of fishing mortality in
the region. The current assessment includes a range of seyddivities to examine the relative
influence of these two data sources. Nonetheless, furéisgarch is required to explore the
relationship between longline CPUE and yellowfin abundance lednethodology applied to
standardise the longline CPUE data.

4. Fishing mortality for adult and juvenile yellowfin tuna mstimated to have increased
continuously since the beginning of industrial tuna fishingsignificant component of the
increase in juvenile fishing mortality is attributable te tPhilippines and Indonesian surface
fisheries, which have the weakest catch, effort anddsre There has been recent progress made
in the acquisition of a large amount of historical lengdguency data from the Philippines and
these data were incorporated in the assessment. Howeees,is an ongoing need to improve
estimates of recent and historical catch from thedeerfiss and maintain the current fishery
monitoring programme within the Philippines. While the vasi@nalyses have shown that the
current stock status is relatively insensitive to theuased level of catch from the Indonesian
fishery, yield estimates from the fishery vary in accaogawith the level of assumed Indonesian
catch. Therefore, improved estimates of historical amdent catch from these fisheries are
important in the determination of the underlying produgtieit the stock.
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The ratios B, /B, r, provide a time-series index of population depletion by the fisheri

Depletion has increased steadily over time, reachingeh ¢¢ about 60% of unexploited biomass
(a fishery impact of 40%) in 2062007. This represents a moderate level of stock-wide depletion
although it is considerably higher than the equivalent equihibased reference point (

§MSY/I§O of approximately 0.35-0.40). However, depletion is considerably higher in the

equatorial region 3 where recent depletion levels are appatedy 0.35 and 0.30 for total and
adult biomass, respectively (65% and 70% reductions from the loitexplevel). Impacts are
moderate in region 4 (30%), low (about-28%) in regions 1, 2, and 5 and minimal (5%) in
region 6. If stock-wide over-fishing criteria were appliedre level of our model regions, we
would conclude that region 3 is fully exploited and the iiaing regions are under-exploited.

The attribution of depletion to various fisheries or groupsfisfieries indicates that the
Philippines/Indonesian domestic fisheries and associated pumsefshery have the highest
impact, particularly in region 3, while the unassociated puise §shery has a moderate impact.
These fisheries are also contributing significantly to fisbery impact in all other regions.
Historically, the coastal Japanese pole-and-line and pense-fisheries have had a significant
impact on biomass levels in their home region (1). In allorey the longline fishery has a
relatively small impact, less than 5%.

The current assessment includes a number of changé® tmodel assumptions, particularly
related to the biological parameters (natural mortalitg reproductive capacity), the relative
influence of the longline CPUE and size frequency data,chadiges to the input data (most
notably the purse-seine catch). However, the most influectiahge from the previous
assessment relates to the assumptions regarding tpaedsef the spawner-recruit relationship.
Previous assessments have determined low values of ste@pties model estimation procedure,
while the current assessment has assumed a range ofvéikess for steepness (0-%595).
Assuming a moderate value of steepness (0.75) has resuleedonsiderably more optimistic
assessment of the stock status (compared to 2007 basewase)tide actual value of steepness
and the interaction between steepness and the other cliamgedel assumptions (especially the
revised biological parameters, lower penalty on the longlff@tedeviations, and increasing
longline catchability).

For a moderate value of steepness (0.75),ent/ IEMSY is estimated to be 0.58.68 indicating
that under equilibrium conditions the stock would remainl vadlove the level capable of

producing MSY (Br  /Bysy 1.39-159 and SBy _ /SBygy 1.50-1.79), while
Beurrent/ Busy and SBy,on / éMSY are estimated to be well above 1.0 (+:#867 and 1.461.88,

respectively). For lower values of steepness (Brf50.65),B.ent/ §MSY and SE’Eurrem/ éMSY
were estimated to be above 1.0 for all the seits#$vconsidered. Most of the model options with
lower values of steepness also yielded estimatés,gf, ../ IE,\,ISY below 1.0; however, thé~,sy
reference point was approached or slightly exceddedh subset of the model options that
included the lowest value of steepness (0.55) iml@nation with a number of other factors.

Sensitivity analyses were conducted to investitfageinfluence of a range of key model inputs,
principally those relating to steepness of the SRRe levels of catch from the
Indonesian/Philippines and purse-seine fishefiésit-age, and the region 6 CPUE index. The
interaction between each of these factors andttier &ey model assumptions (relative weighting
of longline CPUE and size frequency data and irsmem longline catchability) was also
examined. The uncertainty associated with the pestimates of the keMSY based reference
points was also determined using a likelihood peaipproach. Both analyses revealed that most

of the uncertainty in estimates Bf, on/Fusy Beurent/Busy and SByyen/Busy Was

attributable to the value of steepness for the SRRrall, the full range of model options yielded
estimates of current biomass that were well ab88gs, and, with the exception of a subset of
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11.

12.

13.

7

the model options that incorporated the lowest value @pstss (0.55), estimates of fishing
mortality were well belowF,,sy. The probability distributions derived from the likelihood
profiles were generally consistent with these observations

The estimates dMSY for the four principal models are 552,6@37,000 mt and considerably
higher than recent catches estimates for yellowfin (430,@08o0urce WCPFC Yearbook 2007).
The large difference between tiSY and recent catches is partly attributable to the stock
assessment model incorporating the higher (preliminary) pemse-satch estimates (representing
an additional catch of approximately 100,000 mt per annum @ntgears). The more optimistic
models suggest that the stock could potentially supporttlenmg average yields above the recent
levels of catch. However, it is important to note thetent (19982007) levels of estimated
recruitment are considerably lower (80%) than the long-teerege level of recruitment used to
calculate the estimates BISY. If recruitment remains at recent levels, then the dwaedd from

the fishery will be lower than tHdSY estimates.

While estimates of current fishing mortality are gengralell below Fygy,, any increase in

fishing mortality would most likely occur within region 3 -hetregion that accounts for most of
the catch). This would exacerbate the already high leveitemtion that are occurring within
that region. Further, the computationM® Y-based metrics assumes that the relationship between
spawning biomass and recruitment occurs at the global leviet sftock and, therefore, does not
consider the differential levels of impact on spawning bionb&$&een regions. The spawning
biomass in region 3 is estimated to have been reduced toxapately 30% of the unexploited
level; however, due to the lower overall depletion of the el O stock, the model assumes
that there has been no significant reduction in the spawrdpgcity of the stock. A more
conservative approach would be to consider the spawning tagathie regional level and define
reference points accordingly.

The current assessment has undertaken a more compretseraixgs of model uncertainty than
previous assessments. The analysis indicates that the assismmpgarding the spawner-recruit
relationship represent the most significant source of taiogy. For tuna species, there are no
strong empirical data available to inform the model rédigg the likely range of values of
steepness of the SRR that underpinMi&Y based stock indicators. On that basis, it may be more
appropriate to adopt alternative fishing mortality and bgsriaased reference points that are not
reliant on theMSY concept, although inevitably some assumption regarding the SR @ssary,
implicitly or explicitly, in the formulation of other &drnative stock indicators.

The structural uncertainty analysis investigated the itnplaa range of sources of uncertainty in
the current model and the interaction between these assumpgtiomstheless, there remains a
range of other assumptions in the model that should be igatsdi either internally or through

directed research. Further studies are required toerefir estimates of growth, natural mortality
and reproductive potential, incorporating consideration ofisp@mporal variation and sexual

dimorphism; to examine in detail the time-series of sigguiency data from the fisheries, which
may lead to refinement in the structure of the fisherielidiec! in the model; to consider size-
based selectivity processes in the assessment model; éotcafle frequency data from the
commercial catch in order to improve current estimateshef population age structure; to
continue to improve the accuracy of the catch estimat@® fa number of key fisheries,

particularly those catching large quantities of smalloyeiin; to refine the methodology and data
sets used to derive CPUE abundance indices from the longleegyfisand to refine approaches to
integrate the recent tag release/recapture datshetassessment model.
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Table 1. Definition of fisheries for the six-region MULTIFAN-Chnalysis of yellowfin tuna.

Fishery Nationality Gear Regior
1. LLALL1 Japan, Korea, Chinese Tai Longline 1
2.LLALL?2 Japan, Korea, Chinese Tai Longline 2
3.LL HW 2 United States (Hawa Longline 2
4. LLALL3 All excl. Chinese Taipei & Chir Longline 3
(excluding PNG waters)
5.LL TW-CH3 Chinese Taipei and Chi Longline 3
6.LL PG3 Papua New Guint Longline 4
7.LLALL4 Japan, Kore Longline 4
8.LL TW-CH 4 Chinese Taipei and Chi Longline 4
9.LL HW 4 United States (Hawa Longline 4
10.LL ALL 5 All excl. Australie Longline 5
11.LLAU 5 Australie Longline 5
12.LL ALL 6 Japan, Korea, Chinese Tai Longline 6
13.LL PI 6 Pacific Island Countries/Territori  Longline 6
14.PS ASS All Purse seine, log/FAD s 3
15.PS UNS: All Purse seine, school ¢ 3
16.PS ASS All Purse seine, log/FAD s 4
17.PS UNS. All Purse seine, school ¢ 4
18.PH MISC Philippine! Miscellaneous (small fis 3
19.PHHL3 Philippines, Indones Handline (large fist 3
20. PS JP Japa Purse seine, all s 1
21. PLJP Japa Pole-anc-line 1
22. PLALL : All, except Indonesi Pole-anc-line 3
23.LLBMK 3 All excl. PNG,Chinese Taipei ¢  Longline 3
China within PNG waters
24. ID MISC ¢ Indonesi Miscellaneous (small fis 3
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Table 4. Average assumed CV for the effort deviations for thegpal longline fishery in each region for eachtloé
principal model options.

Model option Regior

1 2 3 4 5 6
CPUE low, LL sample high, LL g in 0.71 0.8t 0.2¢ 0.4z 0.6z 1.2t
CPUE low, LL sample hic 0.6¢ 0.8¢ 0.3C 0.4(C 0.6( 1.2z
CPUE high, LL sample lo 0.2C 0.2C 0.2C 0.2C 0.2C 0.2C
CPUE high, LL sample low, LL g in 0.2C 0.2C 0.2 0.2C 0.2C 0.2C

Table 5. The number of length frequency samples and the averageweffeample size for the length frequency data for
the principal longline fishery in each region for eatthe principal model options.

Regior
1 2 3 4 5 6

Number of samplt 41 14 82 80 65 48
Model option

CPUE low, LL sample high, LL g in 39.4 18.¢ 48.& 42¢ 431 254
CPUE low, LL sample hic 39.4 18.¢ 48.¢ 42¢ 431 25.4
CPUE high, LL sample lo 4.€ 14 5.7 6.€ 5.€ 3.t
CPUE high, LL sample low, LL g in 4.€ 1.4 5.7 6.€ 5.¢ 3.t

Table 6. The number of weight frequency samples and the averaggivwdfeample size for the weight frequency data for
the principal longline fishery in each region for eatthe principal model options.

Regior
1 2 3 4 5 6

Number of samplt 10z 10cC 154 12z 80 42
Model option

CPUE low, LL sarple high, LL g inc 41.% 32 49.7 48.¢ 40.: 31k
CPUE low, LL sample hic 41.t 32 497 48.¢ 40.: 31.¢
CPUE high, LL sample lo 6.€ 7.€ 12.0 16.¢€ 10.1 6.t
CPUE high, LL sample low, LL g in 6.€ 7.€ 12.0 16.€ 10.1 6.t

43



44

8EY0°0 1€G60°0 .8960°0 w6900 .G9€0°0 usipe.lb
0'¥S6'9€0°T- 0'60€'2€0'T- 00TS.E0°T- 0T.G'2€0°T- 0'6¢5'2€0°T- N[eA uolnounj [elo |
'8'080°E '€28L'C i6°08Y'C 8T.LV'C iZ’06v'cC aljjeusd
I8 VIT LTTT 59°68 )¥'68 '6'68 pooylaxi]-0] yared [elo L
IT'T09'C i£°99G'C '9'T€9'C iT'0T9'C '2'129'C poouyiex1|-6| Bel
T'€21'89¢- G'/21'89¢- 6 TOT'89¢- ¥'9T1'89¢- G'80T'89¢- al_ysly 1sylo
8'9¢v'cov- L Evv'eov- 0'cvv'cov- 8'0v¥'Ccov- G Evy'cov- auaysty 17 redound
6'6¥5'0,9- 2'T/5'0,9- 0'v¥5'0.9- 2'/S85'0/9- 0'2S5'0/9- pooyi@x1|-o| Aousnbaiiybropn
6'186'C8¢- 1'896'¢8¢- 8'/v6'C8¢- L'796'28¢- 1'9596'28¢- al_ysly 1sylo
'6°8T1¢'68- 9'62¢'68- G'022'68- 7'02¢'68- 1/’ T12C'68- auaysly 17 fedound
6'00C'c.E- €'86T'C/E- €'89T'C/¢- Zg'68r'ele- G'8/T'c/¢e- pooyi@x1|-o] Aouanbauy yibus
guoibal N

INdO ML 10180 Sd MO ybiy ‘yored Hdal  491ed Mo| HdAl N UBIH
’8000°0 60000 i82T0°0 68200 166200 .8000°0 usipelb
0'/9T'9ET'T- OV9T'9ET T~ T'17€6'0€6- 0°009°2€0°T- 1'626'0€6- 0'/6G'2€0°T- N[eA uolnounj [elo |
iL'6V6'S 9,'€G6'S NAVRAES 8'G8Y'C iT'IV9'E 2'e8v'e aljjeusd
7’98V 3T°98v 12T [9°68 )8°CLT 19°68 pooyliaxi]-0] yared [elo L
G'6€9'C 10°0¥9°C '8'009°C 197652 :2'809°C '9'86G'C pooyi@x1-io| Be
9'vIv'v6e- 6'vIv'v6e- L'€/1'89¢- 2'221'89¢- G'¥81'89¢- €'GeT'89¢- al_ysly 1sylo
6'Sv.'0vP- 6'Sv.'0vP- L'Sel'vee- 0'¢vy'covr- Z2'9gl'vee- T'Svv'cov- auaysly 17 fediound
¥'09T'GE.- 8'09T'GE.- ¥'606'265- T'1¥95'0/9- 1'026'26G- €'0/5'0/9- poouyi@x1|-0] Aousnbauy b
8'6¢v'cre- Loev'ere- 0°65¢‘€8¢- 8'G86'¢8¢- 0'€9z'c8e- 9'8/6'¢8¢- aL_ysly 1sylo
i€2599°'/6- '0'2S9°/6- G'GOT'T9- 12'02C'68- 19°'89T'T9- 'G'T2C'68- auaysly 17 redound
2'280'0Tv- 1'280'0TP- 6'ver'vre- 0'90¢'c/e- L'TEV'vye- zooc'ele- pooyax1-| Aousnbauly yibua

oulb oulb
G/ 0 ssaudaals mo| a|dwes ybiy ajdwes 17 ‘mo| ajdwes 77 ‘ybiy sdwes
L00Z 8seq 00z @seq TTubly3INdD 11 'MoIaNdD  11°ubiy INdD 17 ‘Mol INdD uauodwod uonoduny 8ARI3IqO

"SUoR@OYU SnoLeA o) sjusuodwod uonauny aAnaalqo Jo sjre1eq -/ ajgel



Table 8.Description of symbols used in the yield analysis.

Symbol Description

Feurrent Average fishing mortality-at-age for 20€2007
Fusy Fishing mortalit-at-age producing the maximum sustainable yiMSY)
Ve Equilibrium yield atF . ent

current
~FMSY (or MSY) Equilibrium yield atFy,5y, or maximum sustainable yield
éo Equilibrium unexploited total biome
|§Fmem Equilibrium total biomass aF et
B Equilibrium total biomass at M<

MSY
Sé’-o Equilibrium unexploited adult biome
S[:,’Fmem Equilibrium adult biomass & et

B Equilibrium adult biomass at M<
SBysy quilibriu ult bi
Beurrent Average current (206£2007) total biomass
SB.rrent Average current (206£2007) adult biomass
B Average total biomass in 18

1998
SBs Average adult biomass in 18
SB,,, Average adult biomass in 2(

Bcurrent, F=0

Average current (206£2007) total biomass in the absence of fishing.
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Table 9a.Estimates of management quantities for the four pringfmk assessment models and the models
comparable to the 2007 base case. The highlighted rowatargof comparable quantities at the same point in
time (black shading) and ratios of comparable equilibhuiantities (grey shading).

Management Units CPUE CPUE CPUE CPUE Base 200 Base 2007
quantity low, LL  high, LL  low, LL  high, LL steepness
sample sample sample sample 0.75
high, LL g Iovx_/, LLq high low
Incr Incr

Ve mtper year 555600 648,400 496,400 571,200 369,000 445,600
Ye, ., (or MSY Mt peryear 636,800 704,000 552,000 614,800 370,520 509,600
B, mt 5,283,000 5,976,000 4,499,000 5,103,000 4,523,000 4,385,000
Br mt 2,991,000 3,120,000 2,452,000 2,633,000 2,106,000 2,531,000
Buisy mt 1,979,000 2,233,000 1,695,000 1,920,000 1,962,000 1,704,000
SB, mt 2,850,000 3,200,000 2,441,000 2,732,000 2,654,000 2,573,000
B mt 1,437,000 1,466,000 1,174,000 1,230,000 1,052,000 1,263,000
Bysy mt 855,300 965,200 736900 827,000 967,200 750,300
Beurrent mt 3,099,135 2,883,346 2,826518 2,731,251 2,415,538 2,402,778
SBurrent mt 1,522,039 1,415684 1,386,464 1,334,711 1,239,312 1,231,167
SByor 1526249 1,324,075 1,378534 1,241,625 1,205386 1,198,091
Beurrent F =0 mt 5,246,194 4,993,169 4,955395 4,806,548 4,628,455 3,989,080
Beurrent/ Bo 0.587 0.482 0.628 0.535 0.534 0.548
Beurrent/ B, 103 0924 1153 1037 1147  0.949
Beurrent/ Busy 1.568 1.288 1.669 1.419 1.231 1.410

Bcurrent/ Bcurrent,F:O
SByrrent/ SBo 0.534 0.442 0.568 0.489 0.467 0.478
SByyr/ B, 0.536 0.414 0.565 0.454 0.454 0.466
SBurren/ SBr,, 1059 0966  1.181 1085 1178 0975
SBuyrrent/ Busy 1.784 1.464 1.885 1.611 1.281 1.641
Br. /By 0.566 0.522 0.545 0.516 0.466 0.577
B /B, 0.504 0.458 0.481 0.450 0.396 0.491
Busy/ Bo 0.375 0.374 0.377 0.376 0.434 0.389
SByysy/ By 0.300 0.302 0.302 0.303 0.364 0.292
Feurrent/ Frsy 0.584 0.666 0.625 0.682 0.928 0.588
Br. _/Busy 1.511 1.397 1.447 1.371 1.073 1.485
B/ Bysy 1.680 1.519 1.593 1.487 1.088 1.683
e /MSY 0.872 0.921 0.899 0.92¢ 0.996 0.874
B.uirent/ Bioss 0.838 0.678 0.840 0.693 0.747 0.748
SByy;/SBogs 0.752 0.557 0.754 0.570 0.637 0.638

46



Table 9b. Estimates of management quantities for the “CPUE lowsa&mple high, LL q incr” model with the

five assumed values of steepness for the SRR.

Management Units
quantity h055 h0.65 h075 h085 h0.95

Ve Mt per year 485200 529,200 555,600 572,400 584,000
~FMSY (or MSY) mt per year 493,600 569,200 636,800 701,200 767,200
B, mt  5431,000 5347,000 5,283,000 5,231,000 5,191,000
Br, mt 2,618,000 2,852,000 2,991,000 3,081,000 3,145,000
Bysy mt 2,263,000 2,118,000 1,979,000 1,831,000 1,649,000
SB, mt 2,929,000 2,884,000 2,850,000 2,822,000 2,801,000
B mt 1,259,000 1,371,000 1,437,000 1,481,000 1,511,000
SBysy mt 1,062,000 956,100 855,300 750,500 626,300
Beurrent mt 3,107,639 3,101,552 3,099,135 3,097,367 3,097,439
SBurrent mt 1,527,743 1,523,819 1,522,039 1,520,788 1,520,557
SByyo; 1,529,487 1,526,860 1,526,249 1,525,890 1,526,350
Beurrent F =0 Mt 5905599 5504,164 5,246,194 5,066,349 4,935 454
Beurrent/ Bo 0572 0580 0587 0592 0597
Beurrent/ B, 1187 1088 1036  1.005  0.985
Beurrent/ Busy 1375 1466 1568 1694  1.880
Bcurrent/ Bcurrent,F:O

SB.yrrent/ SBo 0522 0528 0534 0539 0543
SByyr/ B, 0522 0529 0536 0541 0545
SBurren/ B, 1213 1111 1059  1.027  1.006
SBuyrrent/ Busy 1442 1598 1784 2032  2.434
Br. /By 0482 0533 0566 0589  0.606
B /B, 0430 0475 0504 0525  0.539
Busy/ Bo 0417 039 0375 0350  0.318
SByysy/ By 0363 0332 0300 0266  0.224
Feurrent/ Fuisy 0.853 0696 0584 0493  0.407
Br. _/Busy 1157 1347 1511 1683  1.907
SB[/ Bysy 1185 1434 1680 1973 2413
Ye. /MSY 0983 0930 0872 0816  0.761
B.urent/ Bioss 0.835 0.836 0.838 0.839 0.840
SByy;/ SBogs 0.748 0750 0752  0.753  0.754
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Table 9c.Estimates of management quantities for the main sdtisgito the “CPUE low, LL sample high, LL
g incr” model.

Management Units base HighM IDPHlow IDPHlow LowPS TWw CPUE
quantity catch  catch, high  catch region 6
M

l

mt per year 555,600 549,200 504,800 501,600 426,000 554,000

n

current

l

Fusy (OF MSY mtperyear 636,800 632,800 583,600 582,400 504400 622,000
B, mt 5,283,000 4,940,000 4,716,000 4,470,000 4,195,000 5,151,000
Br, mt 2,991,000 2,828,000 2,689,000 2,579,000 2,493,000 2,836,000
Byisy mt 1,979,000 1,880,000 1,762,000 1,701,000 1,596,000 1,930,000
SB, mt 2,850,000 2,585,000 2,541,000 2,336,000 2,266,000 2,781,000
B mt 1,437,000 1,288,000 1,283,000 1,166,000 1,222,000 1,355,000
SBysy mt 855300 749,600 749,600 666,700 702,800 834,900
Beurrent mt 3,099,135 2,950,267 2,787,749 2,680,869 2,416,182 2,948,762
SBurrent mt 1,522,039 1,377,734 1,357,737 1,242,197 1,179,653 1,449,870
SByyo; 1,526,249 1,389,136 1365777 1,252,896 1,235024 1,444,089
Beurrent F =0 mt 5,246,194 4974744 4,595,379 4,404,451 4,024,443 5098,263
Beurrent/ Bo 0587 0597 0591 0600 0576 0572
Beurrent/ B, 1.036 1.043 1.037 1040 0.969 1.040
Beurrent/ Buisy 1.568 1.573 1.584 1.580 1.519 1.528
Bcurrent/ Bcurrent,F:O
SB.yrrent/ SBo 0534 0533 0534 0532 0521 0521
SByyr/ B, 053 0537 0537 0536 0545 0519
SBurren/ B, 1.059 1.070 1.058 1065  0.965 1.070
SB.yrent/ Buisy 1.784 1.844 1.817 1.869 1.687 1.739
Br. /By 0.566 0.572 0.570 0.577 0.594 0.551
B /B, 0.504 0.498 0.505 0.49¢ 0.53¢ 0.487
Busy/ Bo 0.375 0.381 0.374 0.381 0.380 0.375
SByysy/ By 0.300 0.29 0.295 0.285 0.310 0.300
Feurrent/ Fuisy 0.584 0.577 0.575 0.569 0.541 0.613
Br. _/Busy 1.511 1.504 1.526 1.516 1.562 1.469
B[/ Bysy 1.680 1.718 1.712 1.749 1.739 1.623
Ye. /MSY 0.872 0.868 0.865 0.861 0.845 0.891
B.uirent/ Bioss 0.838 0.848 0.839 0.846 0.870 0.806
SByy,/ SBogs 0.752 0.759 0.749 0.752 0.806 0.719
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Figure 1. Long-distance (greater than 1,000 nmi) movements of taggjkmvfin tuna.
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Figure 2. A comparison of yellowfin growth estimated from WCP@I£007 region 3 MFCL models and the
results from ageing studies using otolith daily increments.

o
o
N
o
LO —
—
e
o
Z g-
= —
jS)
o
— 2006 MFCL
3 Region 3 MFCL
— |ID/PH tags
— PNG tags
other tags
O —
[ [ [ [ [
0 5 10 15 20 25

Age class

Figure 3. A comparison of yellowfin growth estimated from WCP@aegion 3 (2007) MFCL models with
growth increments from tagged fish released in Indonesidip{fihes waters, PNG waters, and other areas.
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Figure 4. Total annual catches (1000s mt) of yellowfin from the W@RQishing method from 1952 to 2008.
The “Other” category represents catches from the dboatiésheries of Indonesia and the Philippines. Datenfr
2008 are incomplete. The purple line represents thedotalal catch estimates for the WCPFC, including some
reported catch that could not be reliably ascribed tsheefiy defined in the model.
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Figure 5. Distribution of cumulative yellowfin tuna catch from 192807 by 5 degree squares of latitude and
longitude and fishing gear; longline (L, blue), purse-sé®, green), pole-and-line (P, grey) and other (Z, dark
orange). The grey lines indicate the spatial stratifio.
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The “Other” category represents catches from the dbenisheries of Indonesia and the Philippines. Daimnfr
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Figure 7. A comparison of the quarterly purse-seine catch by rfistierived from observer sampling (red bars)
and from the previous methodology (black line). The fcdicstory derived from observer sampling was
included in the principal model runs, while the alteratatch history was included in a range of sensitivity
analyses.
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Figure 9. Catch-per-unit-effort (CPUE) by fishery. Units astah number per GLM-standardised effort (with
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Figure 12. Prior for the steepness parameter of the relationsttiween spawning biomass and recruitment
(SSR) (mode = 0.85, standard deviation = 0.16).
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2007 stock assessment is also presented.
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Figure 20(continued).
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Figure 25.Number of observed (points) and predicted (line) tagmethy recapture period (quarter).
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Figure 26. Number of observed (points) and predicted (line) tagmstby periods at liberty (quarters).
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represents the estimated mean length (FL, cm) atradjéhe grey area represents the estimated distribution of
length at age.

80



100 150

Length

50

Tagging data

150

Length
100

50

100 150

Length

50

T T T T T
0 5 10 15 20 25

Age class

Figure 31. Estimated mean lengths-at-age (heavy line) and thebilayiaof length-at-age (shaded area
represents + 2 SD). Age is in quarters and length isirftap figure). For comparison, length at age estimates
are presented from tag release and recapture data (migiaie)fand empirical age determination from otolith
readings (bottom figure). The tagging data is presented iasa rowth vector (depicted as an arrow) from
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Figure 32. Estimated quarterly movement coefficients at age (1, 723 Buarters) from the base-case model.
The movement coefficient is proportional to the lengththe arrow and increased weight of the arrow
represents increasing age. The maximum movement (qdantegion 1 to region 3) represents movement of
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Figure 37.Estimated annual recruitment (millions of fish) by regand for the WCPO.
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Figure 38a.Estimated annual recruitment (millions of fish) foe WCPO obtained from the different model
options.
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Figure 38b.Estimated annual recruitment (millions of fish) for WEPO obtained from the different model
options.
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Figure 39. Estimated annual average total biomass and adult biofthessand mt) by region and for the
WCPO for the base-case analysis.
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Figure 42a.Estimated annual average total biomass (thousands ntt)ddVCPO obtained from a range of
different model options.
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Figure 42b. Estimated annual average total biomass (thousands ntt)ed/CPO obtained from a range of
different model options.
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Figure 46. Comparison of the estimated biomass trajectoriesefldveavy lines) with biomass trajectories that
would have occurred in the absence of fishing (upper dastes) for the base-case model for each region and
for the WCPO.

98



Region 1 o (Region 2

o
- - \
m‘_*‘\%’\ o |
o o
© | © |
o o
< <
o o
N N
o o
o _| o _|
© T T T T T T © T T T T T T
_Reg|0n3 ° _Reg|0n4
- -

@ _] @ _]
o o

B o | o |

G oS =

IS
< <

L2 S S

o]

N N

3 S S

o

§O_ o _|

%O T T T T T T © T T T T T T

(]

c

] . .

= Region 5 o ,Region 6

= o S 4

o \_\/ ——_

— o _| @

O o (=]

S‘Q_ © _]

.EO o

o

o 3 3

EN N

o S+ S
o _] o _
© T T T T T T © T T T T T T

1950 1960 1970 1980 1990 2000 2010

. WcPo
o

Q _

o

© _]

o

<

o

N

o

o _]

o

1950 1960 1970 1980 1990 2000 2010

Figure 47.Ratios of exploited to unexploited total biomaBgR, ) for each region and the WCPO.

99



o _|
—
m —
o
w —
o
= CPUEIlow, LL size high, LL g incr
< — CPUEIlow, LL size high
o T = CPUE high, LL size low
= CPUE high, LL size low, LL g incr
2007
(q\]
2 S
©
e
O © _
= O
o I I I I I I
S
ﬁ 1950 1960 1970 1980 1990 2000 2010
=
cC
>
(-
o
c o _]
o =
©
o
o o _|
O o
S
o
©
S 4
= CPUElow, LL size high, LL g incr
— HighM
<
o T = ID/PH catch
= PScatch
« TW CPUE R6
S
o —
o
[ [ [ [ [ [
1950 1960 1970 1980 1990 2000 2010
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Figure 58. Likelihood profile for Bcurrent/gMSY from the “CPUE low, LL sample high, LL g incr” model tit
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Figure 59. Likelihood profile for S&urrent/éMSY from the “CPUE low, LL sample high, LL g incr” model

with the five different values of steepness (0.55, 006%5, 0.85, 0.95) and a composite distribution derived
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with the five different values of steepness (0.55, 0.65, 0.85, 0.95) and a composite distribution derived
from the five separate profiles.
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Appendix 1 doitall.yft

#
# PHASE 0 - create initial par file
#
#
if [ ! -f 00.par ]; then

mfclo32 yft.frq yft.ini 00.par -makepar
fi
#
# PHASE 1 - initial par
#
#
if [!-fOLl.par ]; then

mfclo32 yft.frq 00.par O1.par -file - <<PHASE1

1149 100 # recruitment penalties

21131 # estimate initpop/totpop scaling paramet

21771 # use old totpop scaling method

2321 # and estimate the totpop parameter

-99949 20  #divide LL LF sample sizes by 20 (default)

-99950 20 #divide LL WF sample sizes by 20 (defaQl=

-20 50 20 # except for PS in area 1 - lower con@idén these weight data

1322 # sets control

11114 # sets likelihood function for tags tgatiee binomial

11413 # sets likelihood function for LF datadomal

11738 # 1st n lengths are independent pars

2574 # sets no. of recruitments per {@dr
2691 # sets generic movement option (ndautte
2934 # sets no. of recruitments per y@dr(is this used?)

294 2295 20 # initial age structure based on Z faed periods
-999 26 2 # sets length-dependent selectivity option
-99991 2 # sets no. mixing periods for all tdgase groups to 2
# sets non-decreasing selectivity for longline figkger
-99957 3 # uses cubic spline selectivity
-99961 3 # with 3 nodes for cubic spline
5571 # logistic selectivity for 3 TWCH fesfies
-8571
# grouping of fisheries with common selectivity
-1241 # Longline fisheries have commoncsieigy in reg. 1, 2, 7
2241
-3242 # Longline fisheries have commoncsieigy in reg. 3, 4, 5, 6, 8
-4243
5244 # TW/CH longliners use night sets egally bigger fish
-6245
-7243
-824 4
9246
-1024 3
-11247
-1224 3
-1324 8
-14 249
-1524 10
-16 249
-17 24 10
-1824 11
-1924 12
-20 24 13
-2124 14
-22 24 15
-2324 16 # separate LL selectivity for smaller fisfPNG waters
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-24 24 17
# grouping of fisheries with common catchability
-1291 # Longline fisheries grouped

2291

-3292 # HI LL fishery different
-4291

-5293 # TW/CH LL fishery different
-6294

-7291 # AU LL fishery different
-8295 # JP LL in Aust. region 5 are targetiBd $ the south
-9296 # AU LL fishery different
-1029 1
-11297
-12291
-1329 8
-14299
-1529 10
-16 29 11
-17 29 12
-18 29 13
-1929 14
-2029 15
-2129 16
-22 29 17
-2329 18
-24 29 19
-1601 # Longline fisheries grouped
-2601
-3602 # HI LL fishery different
-4 601
-5603 # TW/CH LL fishery different
-6 60 4
-7601 # AU LL fishery different
-8605 # JP LL in Aust. region 5 are targetiBd $ the south
-9606 # AU LL fishery different
-1060 1
-11607
-1260 1
-1360 8
-14 609
-15 60 10
-16 60 11
-17 60 12
-18 60 13
-19 60 14
-20 60 15
-21 60 16
-22 60 17
-23 60 18
-24 60 19
# grouping of fisheries for tag return data
1321
2322
-3323
4324
5325
-6326
-71327
-8328
9329
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-1032 10
-113211
-123212
-133213
-14 32 14 # PS assoc. and unassoc. returgscanged
-1532 14
-16 32 15
-17 32 15
-1832 16 # PH/ID returns returns are grouped
-1932 17
-2032 18
-21 3219
-2232 20
-23324
-243221
# grouping of fisheries with common tag-reporting ratas for tag grouping
1341
2342
-3343
4344
-5345
-6 346
-7347
-8348
9349
-1034 10
-113411
-1234 12
-1334 13
-14 34 14 # PS assoc. and unassoc. returgscanged
-1534 14
-16 34 15
-17 34 15
-1834 16 # PH/ID returns returns are grouped
-1934 17
-2034 18
-2134 19
-2234 20
-2334 4
-2434 21
# sets penalties on tag-reporting rate priors
-1351 # The penalties are set to be dordllL fisheries
2351
-33550 # HI LL fishery thought to be higp.reate
4351
5351
6351
7351
-8351
-93550
-10351
-11 3550 # AU LL region 4 thought to be high rage
-12351
-13351
-14 35 50 # WTP PS based on tag seeding
-15 3550
-16 3550
-17 3550
-18 35 50 # PH/ID based on high recovery rate
-19 3550
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20351
21351
22351
23351
-24 3550
# sets prior means for tag-reporting rates
-1 36 50 # Mean of 0.5 and penalty of 1 -> uninfaxaagrior
-2 36 50
-336 80 #HI LL
-4 36 50
-536 50
-6 36 50
-7 36 50
-8 36 50
-9 36 80
-10 36 50
-11 36 80 # AU LL region 4
-12 36 50
-13 36 50
-14 36 45 # WTP PS based on tag seeding aralidied for unable returns
-15 36 45
-16 36 45
-17 36 45
-18 36 60 # PH/ID
-19 36 60 # PH HL
-20 36 50
-21 36 50
-22 36 50
-23 36 50
-24 36 60
# effort dev bpoundary
23510
# sets penalties for effort deviations (negative persafitice effort devs
# to be zero when catch is unknown)
-999 13 -10
-1131
2131
-4131
-7131
-10131
-12131
-18 13 10
-999 66 0
-1661
-2661
-4 66 1
-7661
-1066 1
-1266 1
# sets penalties for catchability deviations
-18151 # low penalty for PH.ID MISC.
24151
-999 331 # estimate tag-reporting rates
13390 # maximum tag reporting rate for afidiges is 0.9
PHASE1
fi

if [ -f 02.par ]; then
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mfclo32 yft.frq 01.par 02.par -file - <<PHASE2
-999 3 25 # all selectivities equal for age clsand older
-999 4 4 # possibly not needed
-99921 4 # possibly not needed
11891 # write graph.frgq (obs. and pred. aad
11901 # write plot.rep
11200 # set max. number of function evaluatp@r phase to 100
150-2 # set convergence criterion to 1E+01
-999 14 10  # Penalties to stop F blowing out
-999 62 2 # add more nodes to cubic spline
PHASE2
fi

if [ ! -f 03.par ]; then
mfclo32 yft.frq 02.par 03.par -file - <<PHASES3

2701 # activate parameters and turn on
2711 # estimation of temporal changes iruiteeent distribution
PHASE3
fi
-
# PHASE 4
-

if [ -f O4.par ]; then
mfclo32 yft.frq 03.par 04.par -file - <<PHASE4
2681 # estimate movement coefficients
PHASE4
fi

if [ ! -f 05.par ]; then
mfclo32 yft.frq 04.par 05.par -file - <<PHASES
1161 # estimate length dependent SD
PHASES
fi

if [ ! -f 06.par ]; then
mfclo32 yft.frq 05.par 06.par -file - <<PHASE6
11738 # estimate independent mean lengths f8rats classes
118210
11841
PHASE6
fi

if [!1-f O7.par ]; then
mfclo32 yft.frq 06.par 07.par -file - <<PHASE7
-999 27 1 # estimate seasonal catchability fdisheries
-1827 0 # except those where
-19270 # only annual catches
-24270
PHASE7
fi

# PHASE 8



if [ ! -f 08.par ]; then
mfclo32 yft.frq 07.par 08.par -file - <<PHASES8
-3101 # estimate
5101 # catchability
-6101 # time-series
-8101 # for alll
9101 # non-longline
-11101 # fisheries
-13101
-14101
-15101
-16101
-17101
-18101
-19101
20101
21101
22101
23101
24101
-999 23 23  # and do a random-walk step every 23+1 months
PHASES
fi

if [ !-f 09.par ]; then
mfclo32 yft.frq 08.par 09.par -file - <<PHASE9

1141 # estimate von Bertalanffy K
1121 # and mean length of age 1
PHASE9
fi
-
# PHASE 10
-

if [ ! -f 10.par ]; then
mfclo32 yft.frq 09.par 10.par -file - <<PHASE10
# grouping of fisheries for estimation of negativedomal parameter a
-1441
2441
-3441
-4441
5441
-6441
-7441
-8441
9441
-1044 1
-11441
-1244 1
-1344 1
-14 44 2
-1544 2
-16 44 2
-17 44 2
-18 44 3
-1944 3
-2044 1
21441

11€



-22 44 2

-2344 1

-24 44 3

-999431 # estimate a for all fisheries
PHASE10
fi

if [!-f 11.par ]; then
mfclo32 yft.frq 10.par 11.par -file - <<PHASE11
-10000011 # estimate
-1000002 1 # time-invariant
-100000 31 # distribution
-1000004 1 #of
-10000051 #recruitment
-100000 6 1
PHASE11
fi

if [!1-f12.par ]; then
mfclo32 yft.frq 11.par 12.par -file - <<PHASE12
21451
11490
21461
21620
21630
21471
2148 20 # Current is defined as 2004-2007
21554
215331
2154 16
112000
150-3
-999 14 0
-999 55 1 # fishery impact
21931 #initial impact for depletion
PHASE12
fi



Appendix 2 yft.ini

# number of age classes
28
# MATURITY AT AGE
0.000000000000 0.000000000000 0.000000000000 0.003112633000 0.031087873000 0.112437021000
0.423024369000 0.585775860000 0.844926311000 0.934591096000 0.975401043000 0.995264883000
1.000000000000 0.981462405000 0.890010382000 0.771445490000 0.617121988000 0.472944161000
0.352073537000 0.256720297000 0.184325598000 0.130839012000 0.092100132000 0.064441996000
0.044896017000 0.031182966000 0.021611419000 0.014954788000
# natural mortality
0.250298600000
# movemap
1234
# diffusion coffs
0.10.10.10.10.1010.1010.10.1010.1010.1
0.10.10.10.10.1010.1010.10.1010.1010.1
0.10.10.10.10.1010.1010.10.1010.1010.1
0.10.10.10.10.1010.1010.10.1010.1010.1
# age_pars
00000000000000000O0O0OO0OOOOOOOO
0.691953490000 0.564120120000 0.417516650000 0.245666390000 0.038027030000 -0.224337240000 -
0.224337240000 -0.224168900000 -0.223805020000 -0.221483170000 -0.210353690000 -0.171575700000 -
0.088868250000 0.154243450000 0.199631840000 0.259333920000 0.199468890000 0.118825250000
0.041481990000 -0.024338360000 -0.077188400000 -0.117954550000 -0.148447860000 -0.170734480000 -
0.186748780000 -0.198114760000 -0.206111030000 -0.211701590000
00000000000000000O0O0OO0OOOOOOOO
000000000000000000O00O0O0OO0O0OOOO0O
00000000000000000O00O0OO0OO0OOOOOO
00000000000000000O00O0OO0OO0OOOOOO
000000000000000000O00OO0OO0OOOOOO
00000000000000000O00O00OO0OO0OOOOOO
00000000000000000O00O00OO0OO0OOOOOO
00000000000000000O00O00OO0OO0OOOOO0O
# recruitment distribution among regions
0.05 0.06 0.40 0.35 0.05 0.09
# The von Bertalanffy parameters (mean length 1, meagthenage, K)
# Initial value Lower bound  Upper bound

25.0 20.0 40.0
150.0 140.0 200.0
0.15 0.0 0.3

# Weight-length parameters
# FAR Seas values
2.512e-05 2.9396
# Variance parameters (Average SD by age class, SD depsnon mean length)
# Initial value Lower bound  Upper bound

6.0 3.0 15.0
0.40 -1.00 1.00
# The number of mean constraints

0

120
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