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EXECUTIVE SUMMARY

Stock Identification and Distribution

For stock assessment purposes, North Pacific albacoreTtiimanus alalunggare assumed to

constitute a single stock distributed throughout the Pacific Ocean north of the equator from to

0°N to 55°N. The assessment incorporates all available fishery data from this area and uses a
fleets as areas mod e lamics@re pgsentecauader.the Bssumptibna t i o n
that there is instantaneous mixing of albacore across the modeled stock area on a quarterly time
step, i1 .e., a single, well mi xed popul ation w

Major changes from the 2023 assessment

There were four main changes to the base case model compared to the previous assessment in
2023. 1) The F10 JPLL index was recalculated with data from-2098 and an expanded area
that matched the spatial definitions in the stock assessment rathdrahdafined in the

historical Japanese longline data. 2) Two JPLL fleets for juvenile and adult fleets (i.e., F1 and
F2) in the 2023 assessment were combined into one fleet here (F1 in 2026 assessment) and
modeled with timevarying agebased selectivity lmause having two fleets in the 2023
assessment did not improve fits to the size data and did not remove the need-Varying
selectivity. 3) Timevarying agebased selectivity was estimated with tdionensional
autoregressive selectivity patterns matthan assuming arbitrary time blocks, due to improved

fits to length composition data and improved model stability. 4) Size composition data from
China longline (CNLL) and Vanuatu longline (VULL) were included and fitted in this
assessment. However, sgleity was only estimated for one CNLL fleet (CNLL Area 3 and 5),
while CNLL Area 2 and 4 and VULL selectivities were mirrored to Taiwan longline (TWLL)
selectivity. As a model sensitivity, the 2023 assessment model was updated with 2026 data (to
the extat possible) to illustrate the impact of these structural changes #8b)e

Catches

During the modeling period (1992D24), the total reported catch of north Pacific albacore
reached a peak of about 119,000 t in 1999 and then declined since the earlyCatf@s since
2021 have been about 45,000 t, although catches in 2020 were roughly 75,0@8X}-ig.
Surface gears (e.g., troll, pededline), which primarily harvest juvenile albacore, have
typically accounted for the majority of the albacore catch ERR).

Data and Assessment

All north Pacific albacore catch and size composition data from ISC member (Canada, China,
ChineseTaipei, Japan, Korea, Mexico, and the USA) andm@mber countries (e.g., Vanuatu,
Kiribati) were compiled for the assessment. The fleet structure wasustmthat of the 2020
assessment, which differs from the fleet structure in the 2023 assessment. Specifically, the 2023
assessment had JPLL fleets operating in Areas 1 and 3 (A13) during Quarter 1 (Q1) separated
into juvenile and adult fleets. The 2028@ssment reverts to the 2020 fleet structure with just

one fleet for JPLL A13 Q1. The fleet structure was revisited during the development process, as
the fits to the length composition data were not notably improved when juveniles and adults were
modeledseparately. Four relative abundance indices (standardized CPUE) were provided by



Japan, the USA, and ChineSaipei. Based on a thorough review of all fishery data and
preliminary model runs, the ALBWG fitted the base case model to one abundance index: the
standardized CPUE of the JPLL fleet operating in Area 2 during Quarter 2 (F10 indeX; 1996
2024). This index was chosen because it represented the best informatemdsrior adult age
classes of female albacore, had good contrast, anstiagtured production model (ASPM)
analyses indicated the index was informative on both population trends and scale. Previous
assessments have used an index from the JPLL flée same area but from Quarter 1, which

is the primary albacortargeting season. However, agxeamination of the data indicated that
trends in the adult aggasses of female albacore were likely better represented by the CPUE in
Quarter 2, which is atsthe primary spawning season.

The north Pacific albacore tuna stock was assessed using albasgth age and sexstructured
Stock Synthesis (SS; Version 3.30.24) model over the-2094 period. Biological parameters
like growth and natural mortality (M), were the same as for @& 22020, and 2023
assessments. Sspecific growth curves were used because of sexually dimorphic growth, with
adult males attaining a larger siaeage than females after maturity. Sspecific Mat-age

vectors were developed from a matzalysis, witha sexcombined M that scaled with size for
ages €2, and sesspecific M fixed at 0.48 and 0.38 for age3+ females and males,
respectively. The steepness of the BeveHoit stockrecruitment relationship was assumed to
be 0.9, based on two prior analyses. The base case model was fitted to the F10 index and all
representative size composition data likelihoodbased statistical framework.

All but one fleet (USA longline in Areas 2 and 4) were assumed to have sltaped length
selectivity patterns. Some fleets had high yteayear variability in the size composition data.

For these fleets, agmsed selectivity was estimated in additiofetggth-based selectivity. The

goal was to account for agpased changes in juvenile albacore availability and movement.
Time-varying agebased selectivities were estimated for four surface fleets (JPPL and EPO
surface) in order to further improve fitsttee size composition data. The base model converged
on a maximum likelihood estimate with a positive, definite Hessian matrix and had good ASPM
diagnostics.

Maximum likelihood estimates of model parameters, derived outputs, and their variances were
used to characterize stock status. Several sensitivity analyses were conducted to evaluate changes
in model performance or the range of uncertainty resulting fleanges in model parameters,

including growth, natural mortality, stogkcruitment steepness, selectivity patterns, and data
weighting.

An ASPM diagnostic analysis showed that the estimated-edtatpe and fixed productivity
parameters (growth, mortality and sta@cruitment relationships with and without annual
recruitment deviates) were able to explain trends in the primary indexd Bagkese findings,

the ALBWG concluded that the base case model was able to estimate the stock production
function and the effect of fishing on the abundance of the north Pacific albacore stock. Similar to
the 2020 and 2023 assessments, the link betesgtehat-age and the primary index adds
confidence to the data used and the results of the assessment. Due to the moderate exploitation
levels relative to the productivity, the production function was weakly informative about north
Pacific albacore stockze. It is important to note that the primary aim of estimating the female
SSB in this assessment was to determine if the estimated SSB was lower than the adopted limit
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and threshold reference points. Since the lower bound is better defined, it adds confidence to the
ALBWGOs evalwuation of stock condition relatiywv

Conservation and Management

The WCPFC and IATTC are the tuna RFMOs that manage the north Pacific albacore stock in the
WCPO and EPO, respectively, and have adopted similar harvest strategies and biological
reference points for this stock (WCPFC NC Harvest Strategy-Q02BATTC Resdution C-23-

02). These harvest strategies include target, threshold, and limit reference points. The target
reference points are F45%SPR, which is the fishing intensity that results in the stock producing a
SPR of approximately 45%. The threshold and Imgfierence points are 30%S&Rnt,F=0and
14%SSRBurrent,F=0 respectively, which are 30% and 14% of the current, dynamic SSB under zero
fishing, and hence fluctuates with changes in recruitment. Importantly, three of the management
objectives in the harvest strategies are to: 1) maintain SSB above the limitcefpognt, with a
probability of at least 80% over the next 10 years; 2) maintain depletion of total biomass around
historical (2006 2015) average depletion over the next 10 years; and 3) maintain fishing
intensity at or below the target reference puiith a probability of at least 50% over the next 10
years. In addition, both RFMOs have current management measures (WCPFC CM082019
IATTC Resolution G05-02) that maintain albacore fishing effort at or below the average effort
levels during 2002 2004

Stock Status

Estimated summary biomass (males and females &t-ggdeclined at the beginning of the time
series until 2004 (Fig=S3). Subsequently, the summary biomass fluctuated without a trend until
2018, after which the biomass increased to values higher than those at the beginning of the
model time period. It should be noted that the high summary biomass estimates since 2018 also
had increasing uncertainty (Fi§S3). These high summary biomass estimates were due to
historically high recruitment estimates in 2017 (~297 million fish; 95% CIi 383 million

fish), 2019 (~292 million fish; 95% CI. 187 to 396 million fish), and 2022 (~314 million fish;
95% CI: 93536 million fish) (Fig. ES3). However, it should be noted that the recruitment
estimates in the last 5 years (2€2@R4) were highly uncertain and should be treated with
caution. Estimated female SSB exhibited a similar population trend to the summary biomass,
albeit with a lag oteveral years, and showed an initial decline until 2007 followed by
fluctuations without a clear trend through 2020 (E§3).

The average fishing intensity during 2022023 was estimated to be b&Br(95% CIl: F74.spr

T F57spR, which was relatively moderate and resulted in a population with an SPR of
approximately 66%. Instantaneous fishing mortality at aegg-@€e) was similar in both sexes
through aged, peaking at agé and declining to a low at age after which malesxperienced

higher Fatage than females up to age 14 (FE§4). Juvenile albacore aged 2 to 4 years
comprised approximately 76% of the annual cateage in numbers between 1994 and 2024
(Fig. ESS) due to the larger fishery impact of surface fisheries (primarily troll;@atdine),

which remove juvenile fish, relative to longline fisheries, which primarily remove adult fish (Fig.
ESS).

Stock status is depicted in relation to the target 4543, threshold (30%S SBrrent,F=), and limit
(14%SSRBurrent,F=) reference points (FideS7; TableESL). The estimated female SSB has never
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fallen below the threshold and limit reference points since 1994, albeit with large uncertainty in
the terminal year (2024) estimates. The historical fishing intensity was estimated to have
exceeded the target reference point for most years betweet2@B®.7/However, the estimated
fishing intensity has been declining since 2019 and has been below the target reference point for
the last six years. Even when alternative hypotheses about key model uncertainties such as
growth were evaluated, the point estimate of female SSB in 20B2(028) did not fall below

the threshold and limit reference points (FE&7). Estimated average fishing intensity during
20212023 (F20212023) did not exceed the target reference point under the alternative
hypotheses. (Fig=S7; TableESL).

Average fishing intensity from 2022023 also did not exceed the average fishing intensity
during 20022004 (TableESL).

The SSB2024 was estimated to be approximately 60% (95% CI183%) of SSRBurrent,F=0and

2.01 (95% CI: 1.26 2.76) times greater than the estimated threshold reference point (Table
ESL). The estimated current fishing intensity (F2@2R3) was estimated to be b&er(95%

Cl: F744spri F57%spR and was lower than both the kébrtarget reference point and the
average fishing intensity during 2002004 (TableESL).

Based on these findings, the following information on the status of the north Pacific albacore
stock is provided:

1. The stock is virtually certain (>99% probability) not to be overfished relative to the
threshold (30%SSBcurrent,F=0) and limit (14%SSBcurrent,F=0) reference points
adopted by the WCPFC and IATT@nd

2. The stock is virtually certain (>99% probability) to not be experiencing overfishing
relative to the target reference point (F45%SPR).

Future Projections

A new version of the SSfuture C++software package (ssfepgon 2.0.4) was developed to
perform future projections for this assessment. Twiyrljrojection scenarios, constant F2021
2023 and randomly resampled F2E8BL9 scenarios, were used to evaluate the impacts of
fishing on the management objectivesATTC and WCPFC. Each projection scenario

consisted of 160,000 (400 x 400) runs, starting in 2025 and continuing for 10 years through
2034. For each scenario, 400 initial populations, together with theirstookitment

relationships, were simulated byngaling from the estimated-st-age distributions in 2021.

Each initial population was in turn projected using 400 runs with-atral§e and random
recruitment. Most of the uncertainties from the base case model, except for estimation
uncertainties of theetectivities and recruitment deviates, were incorporated into the projections.
The ALBWG considered these projections to be an improvement over projections from previous
assessments but more improvements will still be needed in the future. Depending on the
scenario, the fatage used was either based on the averaageage during 2021 2023, or

randomly resampled from 20052019. Both projection scenarios showed similar trends. The
constant fishing intensity scenario showed that the current fishingityt¢20212023) is

expected to result in female SSB increasing to 109,384 t (95% CI: 82,865%73 t) by 2034.

Over the next 10 years, there was: 1) a 100.0% probability of the female SSB remaining above
the 14%SSRBirrent,F=0LRP for all 10 years; 2) a 86.5% probability of the total biomasslafye
depletionbeing above the average of 2008015 for any year; and 3) a 95.3% probability of the

12



fishing intensity remaining at or below the F45%SPR TRP for any yearH88). Similarly, the
randomly resampled fishing intensity scenario showed that if future fishing intensity is similar to
the 2005 2019 period, it is expected to result in female SSB increasing to 67,340 t (95% CI:
47,0821 87,597 t) by 2034. Over the neMd years, there was: 1) a 99.1 % probability of the
female SSB remaining above the 14%&%8:r-0LRP for all 10 years; 2) a 79.9 % probability

of the total biomass (agfet) depletionbeing above the average of 2008015 for any year; and

3) a 48.8% probability of the fishing intensity remaining at or below the F45%SPR TRP for any
year (Fig.ES10).

Conservation Information

Two harvest scenarios were projected to evaluate impacts on the management objectives of
IATTC and WCPFC for this stock: 1) maintain SSB above the limit reference point, with a
probability of at least 80% over the next 10 years; 2) maintain depletiotabbtomass around
historical (2006 2015) average depletion over the next 10 years; and 3) maintain fishing
intensity at or below the target reference point with a probability of at least 50% over the next 10
years (WCPFC HS 20231; IATTC Resolution €3-02). As a larger cohort is estimated in the
latest period of the assessment, all projections show a steep increase of SSB in the first year.

The constant fishing intensity scenario showed that the current fishing intensity {E222)lis
expected to result in female SSB increasing to 109,384 t (95% CI: 8218{(573 t) and a
SSB/SSRBurrent,F=oratio of 0.83 by 2034. Over the next 10 years, there was: 1) a 100.0%
probability of the female SSB remaining above the 14%9%8Br=0LRP for all 10 years; 2) a
86.5% probability of the total biomass (atye) depletionbeing above the average of 2006

2015 for any year; and 3) a 95.3% probability of the fishing intensity remaining at or below the
F45,sprTRP for any year. The randomly resampled fishing intensity scenario showed that if
future fishing intensity is similar to the 20052019 period, it is expected to result in female SSB
increasing to 67,340 t (95% CI: 47,0887,597 t) and a SSB/SSBent,F-oratio of 0.52 by 2034.
Over the next 10 years, there was: 1) a 99.1 % probability of the female SSB remaining above
the 14%SSRBirent,F=0LRP for all 10 years; 2) a 79.9 % probability of the total biomass1aye
depletionbeing above the average of 2008015 for any year; and 3) a 48.8% probability of the
fishing intensity remaining at or below the E4brTRP for any year.

Based on these findings, the following conservation information is provided:

1. If fishing intensity over the next 10 years is maintained at the current fishing intensity
(F20212023), then female SSB is expected to increase to around 83% &fr&SEo
(109,384 t) by 2034, with a 100.0% probability that female SSB will remain above the
14%SSRBurrent,F=0LRP for all 10 years and the harvest strategy management objectives of
the IATTC and WCPFC (IATTC Resolution23-02; WCPFC Harvest Strategy 2023
01) will likely be met; and

2. If fishing intensity over the next 10 years is similar to the 208819 period, then
female SSB is expected to decrease to around 52% of89B-0(67,340 t), with a
99.1 % probability that female SSB will remain above the 14%%&B-=0LRP for all
10 years and the harvest strategy management objectives of the IATTC and WCPFC
(IATTC Resolution C23-02; WCPFC Harvest Strategy 2023) will likely be met.
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Key Uncertainties

The ALBWG notes that the uncertainty in growth and natural mortality and the simplified
treatment of the spatial structure of north Pacific albacore population dynamics are important
sources of uncertainty in the assessment.

Exceptional Circumstances

The adopted harvest strategies of the WCPFC and IATTC for North Pacific albacore tuna
include provisions for the identification and evaluation of exceptional circumstances that may
warrant suspension or modification of the current strategies. Consisterhisirequirement,

the ALBWG evaluated the adopted criteria for identifying exceptional circumstances for North
Pacific albacore tuna, including indicators related to stock and fleet dynamics, application of the
stock assessment, and implementation afagament measures. Based on the information
available and the evaluation criteria, the ALBWG found no evidence to indicate that exceptional
circumstances were present with respect to the conservation and management of the stock.
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Table ES1: Estimates of maximum sustainable yield (MSY), female spawning stock biomass
(SSB), fishing intensity (F), and reference point ratios for north Pacific albacore tuna for: 1) the
base case model; 2) one important sensitivity model due to uncertainty i granameters; 3)

a model representing an update of the 2023 base case model to 2026 data; and 4) a model
representing uncertainty in the specification of initial fishing mortality &S SBBurrent,F=¢ and

SSBusy are the expected female SSB of a population in the equilibrium, unfished state; in the
current, dynamic, unfished state; and at MSY, respectively. The Fs in this table are indicators of
fishing intensity based on spawning potential ratio (SPR) and calduda %SPR. SPR is the

ratio of the equilibrium SSB per recruit that would result from the estimastcge relative to

that of an unfished population. Depletion is calculated as the proportion of the dgemass

during the specified period relatit@ an unfished agé+ equilibrium biomass. The model
representing an update of the 2023 base case model is similar to but not identical to the 2026
base case model due to changes in data prepar
depletion rab indicates higher agé+ biomass in 2024 relative to the 200615 period.

8Higher %SPR values indicate lower fishing intensity levels. fValues of >1 for ratigsedté
Fesprbased reference points indicate fishing intensity levels lower than the reference points.

Update of
' Growth 2023 In!tlal

Quantity Base Case CVold=0 06 base case Conditions

e model initF F20 F24

to 2026 data*

MSY (t) 106,578 86,675 113,793 100,322
SShisy(t) 19,360 15,878 20,524 18,316
SSB (1) 139,466 113,685 147,874 131,221
SSBo24 (1) 84,209 49,547 96,362 73,236
SSRBurrent, F=0 (2024 estimate) 139,777 107,072 151,193 129,224
SSBo024/SSBeurrent, F=0 0.60 0.46 0.64 0.57
SSBO24/30%SSB:urrent, F=0 2.01 1.54 2.12 1.89
SSBO24/14%SSB:urrent, F=0 430 331 455 405
ADepletionzoza/Depletion 20062015 1.45 1.40 1.61 1.45
§ FoesPR, 20212023 (0SPR) 65.6 51.9 68.0 62.2
§ FoesPRr, 2012023 (0SPR) 50.3 36.7 53.6 46.6
T FoesPR, 20212023/F %SPR, MsY 4.03 3.17 4.18 3.80
T FoesPR, 2012023/F45 wspr 1.12 0.82 1.19 1.04
1 FoesPR, 20212023/F45 %sPR 1.46 1.15 1.51 1.38
T FouspRr, 20212023/ F %SPR, 20022004 1.87 2.13 1.78 1.95
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Figure ESL: Estimated total annual catch of north Pacific albacbheiinus alalunggby all
countries harvesting the stock, 19949 2 4. Cat ches i n the fAOtherso ¢
amount of catch by other countries such as Kiribati, Belize, Panama, and Marshall Islands.
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Figure ES2: Estimated catches of north Pacific albacore by major gear types20984The
Other gear category includes catches with purse seine, gillnet, hand lines, and harpoons.
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Figure ESG: Fishery impact analysis on north Pacific albacore showing female spawning

biomass (SSB; red) estimated by the 2026 base case model as a percentage of dynamic, unfished
female SSB (SSB i ). Colored areas show the relative proportion of fishing impact

attributed to longline (green) and surface (blue) fisheries (primarily troll anebpdigne gear,

but including all other gears except longline).
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Figure ES7: (a) Stock status phase plot showing the status of the north Pacific albacore
(Thunnus alalungestock relative to the biomassmsed threshold (30%S&BentF=9 and limit
(14%SSRBurrent,F=) reference points, and fishing intensiigised target reference point

(F45%SPR) over the modeling period (1992024). Blue triangle indicates the start year (1994)
and black circle with 95% confidence intervals indicates the terminal year (2024)o¢R) St

status plot showing current stock status and 95% confidence intervals of the base case model
(black circle), a sensitivity run an important sensitivity run of CV = 0.06 for ibitthe growth

model (gray), an important sensitivity run with two initial fishing mortality parameters (red), and
a model representing an update of the 2023 base case model to 2026 data (purple). Red zones in
both panels indicate female SSBs falling betbw limit reference point while the orange zones
indicate female SSBs between the threshold and limit reference points. Green zones indicate
female SSBs above the threshold reference point and fishing intensity levels below the target
reference point. Y&w areas indicate female SSBs above the threshold reference point and
fishing intensity levels above the target reference point. The Fs in this figure are indicators of
fishing intensity based on spawning potential ratio (SPR) and calculated as %SHRII&PR

ratio of the equilibrium SSB per recruit that would result from the estimataddge relative to

that of an unfished population. A higher %SPR indicates lower fishing intensity. Current fishing
intensity values and SSB8RB.urrentF=datios in (B) were calculated as the average during-2021
2023 (F%SPR, 2022023) and 2024 (SSB2024/S@knt, F=), respectively. The model
representing an update of the 2023 base case model is similar to but not identical to the 2023
base case model due to changes in data preparation and model structure.
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Figure ES8: (A) Estimated dynamic biomass ratio (SSB/S&8, r=9 of north Pacific albacore
relative to biomasbased threshold (30%S&Bent, F=¢ dotted line) and limit (14%SSBrent, F=0

dashed line) reference points over the modeling period (12924). 95% confidence intervals

are indicated by the lighter gray bands and 60% confidence intervals are indicated by the darker
gray bands. (B) Estimated fishing intensity relative to tbleirfig intensitybased target reference

point (F45%SPR) over the modeling period (192D24). The gray area indicates the 95%
confidence intervals. The limit reference point is considered to be breached if the lower bound of
the 60% confidence intervalserlaps the limit reference point.
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1 INTRODUCTION

The ALBWG of the ISC is tasked with conducting regular stock assessments of north Pacific
albacore tunaTl(hunnus alalunggto estimate population parameters, summarize stock status,

and develop scientific advice on conservation and management needs for fisheries managers.
The origins of the ALBWG date to 2005 when therth Pacific Albacore Workshoghich was
established in 1974 to promote cooperative research and stock assessment analyses on north
Pacific albacore, was integrated into the ISC. The ALBWG includes members from coastal states
and fishing entities of the region (Canada, China, Chiiteggei, Japan, Korea, Mexico, USA)

and members from relevant regional fishery and marine science organizations (e.g., IATTC,
SPC).

The WCPFC and IATTC are the tuna RFMOs that manage the north Pacific albacore stock in the
WCPO and EPO, respectively. Both RFMOs have adopted similar harvest strategies and
biological reference points for this stock (currently WCPFC NC Harvest Strat@@020

IATTC Resolution C23-02). These harvest strategies include target, threshold, and limit
reference points. The target reference points aredpg5vhich is the fishing intensity that

results in the stock producing a SPR of approximately 45%. The threshold and limit reference
points are 30%SSBrent,F=0and 14%SSEBirent F=0 respectively, which are 30% and 14% of the
current, dynamic SSB under zero fishing, and hence fluctuates with changes in recruitment.
Importantly, the management objectives in the harvest strategies are to: 1) maintain SSB above
the limit reference poinwith a probability of at least 80% over the next 10 years; 2) maintain
depletion of total biomass around historical (200®&L5) average depletion over the next 10

years; and 3) maintain fishing intensity at or below the target reference point withaaiftpb

of at least 50% over the next 10 years. In addition, both RFMOs have current management
measures (WCPFC CMM 20438; IATTC Resolution @5-02) that maintain albacore fishing

effort at or below the average effort levels during 2QUD4.

The previous stock assessment in 2023 (ALBWG 2023a) used an integratedbbesegthand

age and sexstructured forwargsimulating statistical stock assessment model in the Stock
Synthesis (SS) modeling framework (Methot and Wetzel 2013) to assesstatosk Model
diagnostics indicated that the model was able to estimate the stock production function and the
effect of fishing on the abundance of the north Pacific albacore stock. The link betweeai-catch
age and the abundance index added confidente tata used, the results of the assessments,
and the estimated population scale. Female SSB in the terminal year of the assessment (i.e.,
2021) was estimated to be 54% of unfished SSB and fishing intensity on the stock was relatively
low (i.e., Ro1s2020= F59%spR. In 2023, the ALBWG concluded that the north Pacific albacore
stock was not likely in an overfished condition relative to the 30%&SEBr-othreshold and
14%SSRBurrent,F=olimit reference adopted by the WCPFC and IATTC. The ALBWG also
concluded the stock was likely not experiencing overfishing relative to the adopted target
reference point of F45spr

The adoption of the abovementioned biological reference points in 2@2@pieasized the
importance of estimating population scale from the assessment models. Therefore, during the
2026 assessment, the ALBWG focused on maintaining the ability of therasséssodel to

estimate the stock production function and the effect of fishing on the abundance of the north
Pacific albacore stock. The 2023 assessment had a similarly prioritized estimation of population
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scale. Based on analyses of the data and preliminary models, the ALBWG made four important
changes to the base case model in this assessment compared to the previous assessment in 2023
(see Section 2.4). However, these changes were relatively minor compared to those between
previous assessments e.g. (ALBWG 2017, 2020). 1) The F10 JPLL indezocab=zilated with

data from 1998024 and an expanded area that matched the spatial definitions in the stock
assessment rather than that defined in the historical Japanese longline data. 2) Two JPLL fleets
for juvenile and adult fleets (i.e., F1 and F2jhe 2023 assessment were combined into one

fleet here (F1 in 2026 assessment) and modelled withvamngng agebased selectivity because
having two fleets in the 2023 assessment did not improve fits to the size data and did not remove
the need for tim&arying selectivity. 3) Time&arying agebased selectivity was estimated with
two-dimensional autoregressive selectivity patterns rather than assuming arbitrary time blocks,
due to improved fits to length composition data and improved model stabilitized) S

composition data from China longline (CNLL) and Vanuatu longline (VULL) were included in

the assessment. Selectivity was estimated for data from one CNLL fleet (CNLL Areas 3 and 5),
while CNLL Areas 2 and 4 and VULL size composition data were modeatédselectivities

mirrored from the Taiwan longline (TWLL) selectivity.

This report presents the results of the 2026 assessment of north Pacific albacore tuna, and
provides scientific advice on stock status and conservation information to fisheries managers.
The assessment uses updated fishery data through 2024 in abasgthageand sex

structured integrated statistical stock assessment model fitted to an abundance index derived
from JPLL data that was considered to be representative of adult albacore abundance in the north
Pacific Ocean. The biological parameters usdtierbase case model were identical to the 2023
assessment. This assessment was conducted through a sergsrebmand online meetings

during 2025 2026, and supersedes the 2023 assessment (ALBWG 2023a). The objectives of
this assessment are to: Hiderstand the population dynamics of the north Pacific albacore tuna
stock by estimating population parameters such as time series of recruitment, biomass and
fishing intensity; 2) determine stock status by summarizing results relative to the suitetefladop
biological reference points; and 3) to provide conservation information for fisheries managers on
whether management objectives in the harvest strategies are likely to be met, based on
projections using two historical harvest scenarios.

2 BACKGROUND
2.1 Biology

2.1.1 Stock structure

Albacore tuna in the Pacific Ocean consist of the north Pacific stock (focus of this assessment)
and the south Pacific stock. The discreteness of these stocks is supported by fishery data. There
are lower catch rates in equatorial regions (Suetikl. 1977), there are no South Pacific Ocean
recoveries of fish tagged in the north Pacific Ocean (Ramon and Bailey 1996), albacore larvae
are rare in samples from equatorial waters (Ueyat@®®), and there is genetidferentiation

between north and south Pacific albacore (Takagi.2001). In addition, a recent study of

single nucleotide polymorphisms of north Pacific albacore from a wide range of locations
suggested that the north Pacific albacore stock is best thought of as a singlexeestock
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with limited amounts of mixture from the south Pacific albacore stock (¥aak2021). Thus,
north Pacific albacore is assumed to be a discrete, reproductively isolated stock, with no internal
subgroup structure within the stock.

2.1.2 Reproduction

Albacore are batch spawners, shedding hydrated oocytes, in separate spawning events, directly
into the sea where fertilization occurs. Spawning frequency is estimated to be 1.7 d in the
western Pacific Ocean (Chehal.2010), and batch fecundity ranges between 0.17 and 2.6

million eggs (Ueyanagi 1957; Otsu and Uchida 1959; Ghtexh 2010). Female albacore mature

at lengths ranging from 83 cm fork length (FL) in the western Pacific Ocean (CheBGtQG)l.

to 90 cm FL in the central Pacific Ocean (Ueyanagi 1957), and 93 cm FL in waters north of
Hawaii (Otsu and Uchida 1959).

Spawning occurs primarily in tropical and stbpical waters between Hawaii (155°W) and the

east coast of Taiwan and the Philippines (120°E) and between 10 and 25°N latitudes at depths
exceeding 90 m (Ueyanagi 1957, 1969; Otsu and Uchida 1959; YoshieiaClghet al.2010).
Although spawning probably occurs over an extended period from March through September in
the western and central Pacific Oceans, recent evidence based on a histological assessments of
gonadal status and maturity (Chetral. 2010) shows that spawning peaks in the Makphil

period in the western Pacific Ocean, which is consistent with evidence from larval sampling
surveys in the same region (Nishikagtaal. 1985). In contrast, studies of albacore reproductive
biology in the central Pacific Ocean have concluded that there was a probable peak spawning
period between June and August (Ueyanagi 1957; Otsu and Uchida 1959) but these studies were
based on indireaibservation methods, were more than 50 years old, and have not been updated
using modern histological techniques (e.g. Céieal. 2010).

2.1.3 Growth

Growth of albacore tuna is commonly modeled by a von Bertalgndiyth function, with rapid
growth in immature fish followed by a slowing of growth rates at maturity and through the adult
period. Growth in the first year of life is uncertain since these young fish are rarely captured in
any of the active fisheries the north Pacific Ocean. However, juvenile albacore recruit into
intensive surface fisheries in both the eastern and western Pacific Oceans at primaréyndge

as a result, much better siaeage and growth information is available. Early growth models
combined both sexes because-sp&cific fishery data were not collected, although it was known
that adult males attained a larger size than females (Otsu and Uchida 1959; Yoshida 1966; Otsu
and Sumida 1968). Chen et §2012) provided clear evidence s#xually dimorphic growth

functions for males and females after they reach sexual maturity and reported that males attained
a larger size and older age than females (114 cm FL and 14 yed®8¥scm FL and 10 years,
respectively).

A re-examination of the age and growth data compiled by Wells ¢2@l3), some of which

were used as conditional agelength data in the 2011 assessment, showed that for those
individuals in which sex was recorded, there was clear evidence of gedinadirphic growth
between males and females (&iual.2014). Given the clear evidence of sexual dimorphism in
the growth and longevity of north Pacific albacore, the ALBWG used the sarspaefic male

and female von Bertalanfiyrowth functions in this assessment as used in the assessments from
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2014 through 2023. These growth parameters were estimated external to the stock assessment
model by Xu et al. (2014), who combined the-specific datasets compiled by Chen et al.

(2012) and Wells et al(2013). James et al. (2020b) concurred that the currerspsexfic

growth parameters are the best available scientific information buswads@sted that the

ALBWG collect sexspecific agdength samples using a coordinated biological sampling plan
(Jameset al.2020a) to improve current growth curves, and examine regional and temporal
differences in lengtat-age.

2.1.4 Movements

North Pacific albacore are highly migratory and these movements are influenced by oceanic
conditions (e.g. Polovinet al.2001; Zainuddiret al. 2006, 2008). The majority of the migrating
population is believed to be composed of juvenile fisk.(iimmature animals that are less than

5 years old and 85 cm FL), which generally inhabit surface watéi8 (0) in the Pacific Ocean.
Some juvenile albacore undertake tr&aific movements and display seasonal movements
between the eastern or westand central Pacific Ocean (Ichinokaetaal.2008; Childerst al.
2011). The tran®acific movements track the position of the transition zone chlorophyll front
(Polovinaet al.2001; Zainuddiret al. 2006, 2008) and increase when large meanders in the
Kuroshio current occur, increasing albacore prey availability in the transition zone (Katralra
1997; Watanabet al.2004). Westward movements of juveniles tend to be more frequent than
eastward movements (Ichinokaetal.2008), corresponding to the recruitment of juvenile fish
into fisheries in the western and eastern Pacific Ocean and are followed by a gradual movement
of older juveniles and mature fish to low latitude spawning grounds in the western and central
PacificOcean. These general patterns may be complicated by seasonal movements of juvenile
and adult fish, as well as sepecific movements of large adult fish, which may be

predominately male, to areas south of 20°N. The significance edfgoific movements afne
population dynamics of this stock is uncertain at present.

2.2 Fisheries

Albacore tuna is a valuable species with a long history of exploitation in the north Pacific Ocean
by numerous nations and with a variety of gears (Clemens 1961). Over the assessment period
(19947 2024), the total reported catch of north Pacific albatmrall nations combined peaked

ata 119,121 tin 1999 and reached lows of 39,153 and 42,402 t in 2022 and 2024, respectively
(Fig. 11.1). Average catch over the model time frame (23324) was 74,551 t. Over the last

five years (202€2024), Japanese fishies accounted for 59.7% of the annual total harvest on
average, followed by fisheries from the USA (13.9%), Chilespei (13%), Canada (5.3%),

China (1.7%), Korea (0.5%), and Mexico (0%). During the sameyfeae period, noiSC

countries, primarily nuatu, harvested an average of 5.3% of the total annual catch (Fig. 11.1).

The main gears deployed to harvest albacore in the north Pacific Ocean are longline, and surface
gears like troll and polandline (Fig. 11.2). Surface fisheries capture smaller, juvenile fish, and
include the Canada and USA troll and patetline fishefes and JPPL fisheries. Over the
assessment time frame (192024), surface fisheries have harvested approximately 50.9% of

the north Pacific albacore catch. Longline fisheries, which fish deeper in the water column and
tend to capture a larger mix of agjasses, were responsible for harvesting about 45.2% of the
albacore during the same period, with major fleets from Japan, Cliiagss, the USA, and
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more recently China and Vanuatu. Raletline catches in the 2000s exhibited greater-year
year variability than other gear types due to target switching between skikgtskiyonus
pelamig and albacore by some vessels on the fishing grounds off the east coast of Japan
(Kiyofuji and Uosaki 2010).

An important fishery in previous assessments was the high seas drift gillnet fishery that began in
1978 and ceased operations in 1993 as a result of United Nations General Assembly Resolution
44/225, which put in place a moratorium on the use of highdsdaets (Uosaket al.2011).

The high seas drift gilinet fisheries consisted of two main gear types using: ljnespenets

primarily targeting tunas, billfishes, sharks (i.e., tuna gillnet); and 2) snmesh nets targeting

flying squid [i.e.squid gillnet; Itoet al.(1993)]. Previous assessments developed base case or
sensitivity models with a start year of 1966. However, the ALBWG continued not to do so for
this assessment because of previously identified problems with the data from this fishery
(ALBWG 2022). Most importantly, the ALBWG found that the records of Japanese drift gillnet
catches of north Pacific albacore consisted primarily of landings byitaegé gillnets but did

not include large amounts of removals by the squid gillnets. Estimates of these utetcoun
albacore removals by the Japanese squid gillnet fishery approximated 1.4 and 0.9 million fish for
1989 and 1990, respectivelydtsuet al. 1993). The squid gillnet fisheries of Korea and
ChineseTaipei were also substantial and on a similar scale to the Japanese squid gillnet fishery
but there have been no estimates of albacore bycatch for these fisheriegt{(&ohg93; Yeh

and Tung 1993). The ALBWG therefore recommended that research be performed to develop
timeseries of catch and size compositions from these fisheries in part from available observer
data (Fitzgeralet al. 1993; ALBWG 2022). Given the start year of 1994 and the initial

conditions used for this assessment, the problems with the data from the high seas drift gillnet
fisheries are not important for this assessment.

2.3 Conceptual Model

Based on numerous discussions on the biology and fisheries of north Pacific albacore tuna, the
ALBWG developed a conceptual model for the 2017 assessment (Fig. 11.3), and subsequently
developed a population dynamics model from the conceptual model (ALBW@G.2The use of

a conceptual model improved the population dynamics model, resulting in substantially
improved model diagnostics. Most importantly, an ASPM diagnostic analysis showed that the
estimated catclat-age and fixed productivity parameters (grownortality and stock

recruitment relationships with and without annual recruitment deviates) were able to explain
trends in the adult abundance index. Based on these findings, the ALBWG concluded that the
2017 base case model was able to estimate tble gtoduction function and the effect of fishing

on the abundance of the north Pacific albacore stock.

The basic components of the conceptual model were that: 1) movements of juvenile albacore
were highly variable and varied by season, year, and cohort but tended to stay in temperate
waters (north of 2530°N); 2) this variable movement and hence availghaitjuvenile albacore

to fisheries targeting them resulted in highly variable size composition data for these fisheries; 3)
after maturity, adult albacore exhibited movements into subtropical waters (souilB0fI2%

4) adult albacore tended to staysurbtropical waters but also exhibited relatively consistent
seasonal movements; 5) albacore exhibited &ea agespecific differences in mortality,

growth, and distribution; and 6) sex ratios of adult albacore in subtropical waters appeared to be

30



biased towards adult males but the degree of bias varied by longitude, with the highest
proportion of adult females in the area west of 160°E.

2.4 Important Changes from 2023 Assessment

There were four main changes to the base case model compared to the previous assessment in
2023.

2.4.1 Abundance index

The ALBWG evaluated a number of abundance indices for use in the assessment. The two
primary candidate indices were Japan longline Area 2, Quarter 2 (F10) and the Japan longline all
ISC areas, Quarter 2 (S36). The F10 index has been used in previousniastesthe S36 index
included data from all ISC areas, a much broader spatial area than that covered in F10. Model
estimates and diagnostics from models fitted to each index were similar, despite the potential of
the S36 index to be a better representatiahe total population. The age structured production
model diagnostic showed that the F10 index had information on population scale while the S36
index did not. Thus, the ALBWG agreed to use the F10 index as the primary index of abundance
similar to the2023 assessment. The 2026 F10 index had a slightly different trend relative to the
version used in 2023, particularly for the early years of the time series22084. These

differences are likely due to the addition of data from 2B224 as well as slight westward
expansion of the spatial extend of Area 2 data.

2.4.2 Japan longline fleet structure

In the 2023 assessment, JPLL Quarter 1, Areas 1 and 3 data were modeled as two separate fleets
representing juvenile and adult components to improve fits to the size composition data

(juveniles < 85cm; adults > 85cm). For the current assessment, the Aledi@ated

alternative model configurations that either retained this separation of the size composition data

or combined the data while estimating tiwaaying agebased selectivity. Results indicated that
separating the fleets did not improve the fitshi® size composition data nor eliminate the need

to estimate timevarying selectivity. As a result the ALBWG agreed to combine the juvenile and
adult components into one fleet in the model, consistent with the fleet structure used in the 2020
assessment.

2.4.3 Time-varying Selectivity

The 2026 assessment estimated tiag/ing age based selectivity, as was done in the 2023
assessment. However, the ALBWG decided to estimate thevangeng selectivity with the two
dimensional autoregressive (2dAR) option (@wal.2019) for this assessment. In contrast, the
2023 assessment estimated twaeying selectivity with time blocks, which resulted in unstable
parameter estimates, particularly with parameters that varied year to year.

2.4.4 China and Vanuatu size composition data

The ALBWG investigated modeling selectivity of the CNLL and VULL fleets. For previous
assessments, size composition data were available for these fleets but were not fitted in the base
case models. Instead, the selectivities for these fleets were mimwavdeer fleets with similar
operations. Size composition data from these two fleets were submitted for the assessment, and
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the catch amounts for these fleets have been relatively high in the past. However, there was
uncertainty about the methods used to generate the size composition data. For this assessment, a
number of different options were evaluated and the ALBWG decaedtimate selectivity for

the CNLL Areas 3 and 5 fleet, which improved model fit, and mirror the selectivities for CNLL
Areas 2 and 4 and VULL to the TWLL fleet.

3 DATA

Three types of data were used in this assessment: fispecyfic catches, size compositions, and
abundance indices. Although data prior to 1994 were available, data for this assessment were
compiled from 1994 through 2024 because the ALBWG agreed twftitle decision made for
previous assessments (e.g. (ALBWG 2020, 2023a)) and start the base case model in 1994.
Therefore, only data from 1982024 are shown in this section. Data sources and temporal
coverage of the available datasets are summarized.lE4.

3.1 Spatial Stratification

The geographic area of this assessment is the Pacific Ocean north of the equator from 0° to 55°N
and from 120°E to 100°W (Fig. 11.4). This area includes all of the known catches of north

Pacific albacore from 1994 through 2021. The base case model matiatlg explicit but

instead used a fleetsareas approach (Hurtadkerroet al.2014a). Fisheries were defined

using multiple criteria, including fishing area, and therefore implicitly included spatial inferences
(Table 10.1). Analyses of fishing operations and size composition data from JPLL and USLL
vessels in the north Pacific shed that there were five areas with relatively consistent size
distributions of albacore (ALBWG 2016; Octti al.2016; Teo 2016). These five fishing areas

were used to define fisheries in the base case model (Fig. 11.5).

3.2 Temporal Stratification

The time frame of the 2026 assessment was 199
compiled into quarters (Ql: Jani Mar, Q2 ApriJd
time step was used in the base case model. Thé 2024 time frame for tkiassessment is an

extension of the 2017 (time frame 198315), 2020 (19942018), and 2023 (1992021)

assessments (ALBWG 2017, 2020, 2023a) but is substantially shorter than the time frames used

for earlier assessments, which had start years of 1966MeByVG 2014). Although the catch

time series extended back to at least 1952 for some fisheries, a start year of 1994 was used

because previous assessments had identified issues with the data and model parameters prior to
1994, especially during the 198ésd early 1990s (ALBWG 2014, 2017). These issues, still

unresolved, included: 1) unaccounted catch and bycatch of high seas driftnet vessels during the
1980s and early 1990s; 2) a large proportion of size samples from Japanese longline vessels
duringthe®80s and early 1990s consisted of | arge
with reasonable selectivity processes; 3) these observations of large albacore may be due to
differences in growth, especially the parameter, during the 1980s and early 1990s; and 4)

conflicts between poorly fit size composition data and the primary longline indices during the

1980s and early 1990s. Most importantly, starting the base case model in 1994 allowed the

ALBWG to estimatgoopulation scale from the adult albacore index, which was informative on
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population scale. In addition, starting the model in 1994 allowed the ALBWG to avoid modelling
potentially unrepresentative size composition data from the 1980s and early 1990s that may be
misinformative on population scale.

3.3 Fleet Definitions

Thirty-five fishing fleets were defined for the assessment on the basis of gear, fishing area,
season, and unit of catch (numbers or weight), and all catch and effort data were allocated to
these fleets (Table 10.1). The aim was to define relatively hameoge fisheries with greater
differences in selectivity and catchability between fisheries than temporal changes in these
parameters within fleets. This approach allowed the ALBWG to use differences in selectivity
between fleets as proxies for movementaen fishing areas (Hurtadeerroet al.2014a;
Waterhouset al.2014) since movement information is not available. These fleets consisted
primarily of 28 longline fleets from Japan {f18), USA (F24 & F25), ChinesEaipei (F26 &
F27), Korea (F28), China (F29 & F30), and Vanuatu (F31 & F32) and others (F33) (Tdble 10.
There were also five polandline fleets from Japan (F1B23), and the surface gears (primarily
troll and poleandline) from Canada, Mexico, and the USA, which were combined into a single
EPO surface fleet (F34). In addition, high seas drift neheatérom Japan, Korea, and Chinese
Taipei, which were important in the past but had zero catch during the modeling period, and
catch from all other miscellaneous gears (e.g., psegee) from Japan and ChineBaipei were
combined into a single miscellangs fleet (F35). The approximate fishing area of each fleet can
be deduced from Table 10.1 and Fig. 11.5.

3.4 Catch

Estimates of total catch in each fleet were compiled by calendar year and quarter fio20994
(Fig. 11.1). Catch was reported and compiled in original units consisting of weight in metric tons
(t) or 1000s of fish (Table 10.1).

3.5 Relative Abundance Indices

The ALBWG reviewed five abundance indices, three from JPLL (Igire. 2025; Matsubarat

al. 2025b,a), one from TWLL (Yeht al.2025), and one from EPO surface (Kuriyama and Teo
2025a) fisheries. Based on this review and experience from previous assessments, the ALBWG
decided to use the spatiotemporal abundance index from the JPLL fleet in Area 2 and Quarter 2
(F10; 19962024) aghe index of adult abundance (Matsubetral. 2025a) for the base case

model. This index was used in the 2023 assessment, although it has been recalculated with three
additional years of data. The F10 index used in this assessment is an appropriate index for adult
albacore in the north Pacific becauke majority of the adult female albacore population in the
north Pacific Ocean is thought be in the western Pacific, especially Area 2 during Quarter 2
(main spawning area and season). In addition, the F10 index had good contrast and ASPM
analysis rest$ showed that an ASPM was able to fit well to the index, which the ALBWG
interpreted as an indication that the F10 index was informative on both population trend and
scale.

Other candidate indices were used in sensitivity runs: 1) JPLL fleet in all ISC areas (S36; 1996
2024); 2) TWLL fleet in Quarters 1 and 4 (S37; 2D24); and 3) EPO surface fleet in Areas 3
and 5 and Quarter 3 (F34; 199024). Standardized annual val@esl input coefficients of
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variation (CVs) for the F10 index used in the base case model and indices used in sensitivity runs
are shown in Tables 10.2 and 10.3, and Figs. 11.8 and 11.9. The relative weighting of the indices
was controlled by adjusting the input CVs.

3.5.1 F10- Japanese longline index, Area 2 and Quarter 2 (1998024)

The only index that was fitted in the base case model was developed udigegsetatch

(number of albacore) and effort (1000s of hooks) data from logbooks of JPLL vessels operating
in Area 2 during 19962024 (ljima and Tsuda 2023; Matsubayasttal. 2023; Matsubarat al.

2025a). A Bayesian spatiotemporal zerffated negative binomial generalized linear mixed
effects model, with firsbrder autoregression (AR1), was developed using tH¢LR software
package (Ruet al.2009; Lindgreret al.2011; Martinset al.2013) and used to standardize the
catch and effort data. The model was described by:

6 ODODNE 6 QI XD A"QQa (56 950%0) QINQQQD @ ¢ QQINQQ
"V QI | BEQVONQQQWN £ QQO'Y € QQimd

wherew ‘Q dwias annual fixed explanatory factosswere the spatial random effects calculated
with a stochastic partial differential equation approach and had-affitst temporal

autoregression, arffh) @wQa QaMAL Qi | @erédahdom effects for hooks per basket, fleet,
and vessel respectively. The model was fit to data from all four quarters in 292@ but the
abundance index was calculated for Quarter 2 of all years. Quarter 2 was chosen for this index
because Quante is the primary spawning season and likely had a higher proportion of adult
females compared to other area and quarter combinations (Section 2.4.1). Quarter 2 size
composition data also appeared to have more consistent size compositions compa@tie¢o the
guarters. The ALBWG observed that the proportion of sets with zero albacore catch, species
composition, and Pearson residuals were biased in 1994 and 1995 (ALBWG 2019; étugibka
2020). Therefore, similar to previous assessments, the ALBWG decided to start the index in
1996 instead of 1994 (ALBWG 2019). In addition, the CVs of the F10 index values were
estimated to be very low, and the ALBWG assumed that those values less twane0022 on
average. Further details on the data and standardization model can be found in Matsubara et al.
(2025a) and Matsubayashi et al. (2023).

3.5.2 F34- EPO surface index, Areas 3 and 5 in Quarter 3 (1998024, sensitivity run)

The ALBWG also considered using the standardized CPUE of the US troll ardnubiee

fishery operating in Areas 3 and 5 to represent the population trends of juvenile albacore
(Kuriyama and Teo 2025a). The EPO surface fishery (F34) consists largeByaridJCanadian
vessels using troll and peéndline, and standardized CPUE of US and Canadian vessels were
highly similar (Teo 2016). After filtering the data with a suite of criteria, the CPUE of the US
surface fishery from quarters 2, 3 and 4 were statided with a lognormal generalized linear
model that had year, location, and quarter as fixed effects (Teo 2022). However, the ALBWG
found the index from this fishery to be inappropriate for use in the base case model of the
assessment. Most importanttiie EPO surface fishery is dependent on the seasonal migration of
juvenile albacore into the EPO and being available to the fishery. Given that this migration is
variable between years, the CPUE of this fishery also varies in part due to changes in
availability. The standardization model was not able to standardize for the changes in
availability. Therefore, the ALBWG only considered that this index was only suitable for a
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sensitivity analysis. It should be noted that in 2012 and 2023 there were no fishing regimes under
the USCanada bilateral albacore tuna treaty. This resulted in changes to the fishery operations of
the EPO surface fishery, particularly in 2012, and tloees2012 data were excluded from this

index.

3.5.3 S36- Japan longline index, all ISC Area in Quarter 3 (1992024; sensitivity run)

The ALBWG considered using the standardized CPUE from Japan longline data with data from
all ISC areas (Matsubagd al.2025b). This adult index for albacore was based on standardized
size composition and standardized CPUE estimated with the spatiotemporal modeling R package
sdmTMB. The index of abundance was standardized with a-dehiaralized linear mixed

effects model with vessel and location modeled as random effects and a spatiotemporal random
effect. The data had much greater spatial coverage than the F10 index, andettieoefyint to

be a better representation of the stockos pop
index and this S36 index had very similar model fits and estimates, but the S36 index did not
seem to have information on population scale. Thesetbe ALBWG only considered that this

index was only suitable for a sensitivity analysis. The ALBWG was not able to further

investigate the reasons the S36 index did not have information on population scale but will
further investigate this in the future.

3.5.4 S37- Taiwan juvenile longline index, Areas 3 and 5 in Quarter 3 (1992024,
sensitivity run)

The ALBWG considered a juvenile index of abundance from the Taiwan longline fishergt(Yeh
al. 2025). The index also fit a deltagnormal model in sdmTMBvith spatial random effects

and sizespecific spatiotemporal variation. The juvenile abundance increased after 2018,
reaching highs in 2022022. The TWLL data did not seem to cover the entire range of juvenile
albacore, particularly the juveniles distrtbd near the Japanese coast. These data are likely the
most representative juvenile data set available. This index was considered for the model in
addition to the F10 index in a sensitivity analysis. The idea was that there might be benefit to
fitting the model to both juvenile and adult indices of abundance. The ALBWG will further
investigate this index in the future.

3.6 Size Composition

Quarterly length composition data from 1994 through 2024 were used in this assessment. Length
data were available for 22 fleets in the base case model (Table 10.1 and Figd1111) @&nd

were compiled into 2m size bins, ranging from 26 to 142 cm Flheke the labels are the lower
boundary of each bin. Most of these fleets exhibited clear modes when lengths were aggregated
across quarters and years (Fig. 11.10). The length data for the JPPL fleét$-2R3)®xhibited
exceptionally high variability ithe number of modes and mean sizes between quarters and

years. The length frequency observations were the estimateebataizh (i.e., size compositions

were raised to the catch) for the fleets with size composition data and these size composition data
were fitted in the base case model (Table 10.1). The exceptions are the size composition data for
CNLL and VULL. The ALBWG did not receive details on the calculation of these size
composition data, although only the F29 (CNLL A35) are fitted in the motelFBO and F31

data were not fitted in the model (Fig. 11.11). Instead, it was assumed that the selectivity of these
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fleets were the same as other longline fleets with similar fishing operations and fishing area
(Section 4.3.1).

The majority of albacore length composition data were collected through port sampling or on
board sampling by vessel crews or observers. Length data for the JHIH4(FB F12; F17

F18) and JPPL fleets (FI923) were measured to the nearest cm at tidirig ports or

onboard fishing vessels from which cattsize data were derived (Tsuefal. 2025). Fork

lengths of albacore in the EPO surface fleet (F34) were compiled from port samples of the US
troll and poleandline fisheries (Kuriyama and Teo 2025b). Although length composition data
were available for the Canadian component of this fl@@&present), these data were not used
because the USA and Canada components of the fleet overlap greatly in their fishing areas and
size composition plots of both fisheries are very similar. The data from the USA component were
thus considered represetita of the entire fleet. Length compositions for the USLL fleet were
collected by observers (Kuriyama and Teo 2025c). Albacore lengths for the TWLL fleet (F26

and F27) were measured onboard fishing vessels and compiled fe2022%y the Overseas
Fisheres Development Council of Chinesaipei (Yeh and Chang 2025). Length composition

data prior to 2003 were not considered representative of catches by this fleet because they were
sampled from a restricted geographic area and shorter annual time pemitiietspatial and

temporal scope at which the fleet was operating (ALBWG 2014). Thus, only the22083%ize
composition data were fitted in the base case model.

3.7 Sex Composition

Sex ratio information for north Pacific albacore were collected with genetic methods €Cahig
2025). Sex composition data are not commonly collected by commercial fisheries and
Polymerase Chain Reaction and DNA sequencing were used to determine sex, which was
typically only possible through direct observation of gonads. These genetic methodse&ere

for 1255 individual samples and the sex ratios are shown in Fig. 11.12. The sex composition data
show that males reach larger sizes than females (Fig. 11.12), and that the sex ratio of males to
females becomes heavily biased towards males at sizgsmgiigan 100 cm Fork Length (Ashida

et al.2016; Aokiet al.2023). This bias towards males at large sizes has also been observed in
south Pacific albacore (Farley al.2013), and is likely due to the segecific differences in

growth (Cheret al.2012; Williamset al.2012) and/or natural mortality (Kinney and Teo 2016).
The sex composition data were fitted in a model sensitivity but not in the base model.

4  MODEL DESCRIPTION

The 2026 stock assessment of north Pacific albacore tuna was conducted using the SS modeling
platform (Methot 2000; Methot and Wetzel 2013). A-sercific, lengthbased, agstructured,
forward-simulating, fullyintegrated, statistical model was develop@dhe stock assessment.

The specification of the base case model for north Pacific albacore followed several steps. First,
the spatial and temporal extent of fleets in the assessment were defined based on analyses of the
biology and historical fishingperations of albacore fisheries (ALBWG 2016, 2019). Second,

the data sources and inputs for these fleets in the model, including total catch, indices of relative
abundance, and size compositions were identified, collated and reviewed for completeness,
trends, and outliers or unusuag¢haviour. Third, important biological parameters (e.g., growth,
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stockrecruitment relationship) were obtained from previous studies after review by the ALBWG
and included in the model as fixed parameters, or estimated within the assessment model (Table
10.4). Based on these inputs, preliminary models were developét@tidely refined through

an analysis of model fits (e.g., total and component negativikkeldhoods) and diagnostic

outputs (e.g., ASPMY profiles, Pearson residuals) (ALBWG 2023a), resulting in a base case
model with several differences from the base case model in the 2023 stock assessment (ALBWG
2023Db). These differences included: 1) F10 JPLL index was recalculated with data frem 1996
2024 and an expanded area that matched the spatial definitions in the stock assessment rather
than that defined from the historical Japanese longline data; 2) Fburfl@ets for juvenile and

adult fleets (i.e., F1 and F2 and F6 and F7) in Areas 1 and 3 and Quarter 1 in the 2023
assessment were combined into two fleets (F1 and F5 in 2026 assessment) and modeled with
time-varying agebased selectivity; 3) Timearyingagebased selectivity was estimated with
two-dimensional autoregressive selectivity patterns rather than assuming time blocks; and 4)
Size composition data from China longline (CNLL) and Vanuatu longline (VULL) were

included and one CNLL was fitted in ghassessment.

4.1 Stock Synthesis

Stock Synthesis is a highly flexible, statistical &fy@ictured population modeling platform that

can incorporate multiple data types and account for a variety of biological, fishery, and
environmental processes (Methot and Wetzel 2013). Importantlifoassessment, SS can

model sexspecific growth but fit to nosexspecific observations. Although SS was initially
developed for and used in US domestic stock assessments, particularly groundfish assessments
on the US west coast, its use has spreastk stssessments of large pelagic fish like tunas and
sharks because of the flexibility it provides for modelling multiple data types and processes.

The SS platform consists of three subcomponents: 1) a population dynamics subcomponent that
simulates the assessed population (i.e., population numbers and biomass at age) using processes
such as natural and fishing mortality, and the steckuitment redtionship; 2) an observational
subcomponent that relates the modeled population dynamics to observed quantities including
abundance indices and size composition data; 3) and 3) a statistical subcomponent that quantifies
the fit of the observations to themalated population using maximum likelihood methods. The

2026 north Pacific albacore assessment model was implemented using SS version 3.30.24, which
is publicly available (Methot 2000; Methot and Wetzel 2013).

4.2 Biological and Demographic Assumptions
4.2.1 Maximum age

The maximum age bin in the model was 15 years based on the maximum observed age (Wells
al. 2013). This bin served as the accumulator for all older dgeavoid potential biases
associated with the approximation of dynamics in the accumulator age, the maximum longevity

was set at an age sufficient to result in nea

cohort).
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4.2.2 Growth

The 2026 assessment used the samasesific growth curves as the base case model for the
previous assessments since 2014, which were based on the study by Xu et al (26spBciBex
growth curves were used because studies have found that north &aeifiore tuna exhibit sex
specific growth, with male albacore exhibiting larger size at age after maturing and growing to
larger size (Chept al.2012; Xuet al.2014). Xu et al. (2014) combined agelength data from

Chen et al. (2012), who primarily aged otolith samples from the northwestern Pacific, and Wells
et al. (2013), who primarily obtained samples from the central and eastern North Pacific, to
develop sx-specific growth curves covering the entire north Pacific Ocean.

A von Bertalanffy growth function, as parameterized by Schnute (1981), was used to model the
relationship between fork length (cm) and age for north Pacific albacore:

b 0 0 0 zQ

whered and0 are the sizes associated with agesando , respectivelyp s the
asymptotic length, andl is the growth coefficient.

In this assessment, was fixed at 43.504 and 47.563 cm for females and males at age 1,
respectively (Table 10.4). TRe and0 parameters were also fixed at specific values from

Xu et al. (2014)§ - female: 106.570 cm, male: 119.150 cm #€male: 0.2976@> , male:
0.2077w ) (Fig. 11.13). The coefficients of variation (CVs) of sa@eage ath (CV1) andd

(CV2) were fixed at 0.06 and 0.04 for both female and male albacore in the base case model,
based on estimates of these CVs during preliminary runs of the 2017 assessment. The CV1
parameter was well estimated in the preliminary runs because of the olarstmucture in

juvenile size composition data and the model results were not highly sensitive to this parameter.
However, the CV2 parameter was highly influential in the preliminary model results because of
an interaction with thé  parameter. An analysis of conditional eagdength data found that

the variability of sizeat-age for older albacore was similar to juvenile albacore and that the CV
was approximately 0.04 (Xet al.2014).

Sensitivity analyses on the CV2 parameter and alternative growth models were performed
(Section 5.11.3).

4.2.3 Weight-at-length

Non sexspecific weightlength relationships are used to convert caielength to weighiat-

length data (Fig. 11.14). A previous study (Wataretbe. 2006) reported that there were

seasonal differences in the relationship between weight (kg) and fork length (cm) of north Pacific
albacore. These non sspecific seasonal weiglat-length relationships were used in this
assessment (Table 10.4) and pragiassessments since 2014 (ALBWG 2014) because there
were no previous studies documenting-sp&cific differences in the weighgngth relationships

of north Pacific albacore.
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4.2.4 Natural mortality

This assessment used the same age arspsexfic parameters fdfl as the base model for the
previous assessment in 2017, 2020, and 2023, which were based on study by Teo (2017) (Table
10.4). In assessments prior to 20Awvas assumed to be 8 for both sexes at all ages but

this assumption was not well supported (Kinney and Teo 2016). First, the ALBWG incorporated
results from studies that used matalytical methods on a range of empirical relationships
between M and life history parametera(mel 2015; Theet al.2015; Kinney and Teo 2016;

Teo 2017), which identified ad of 0.38 and 0.49 for adult male and female albacore tuna,
respectively. These results corresponded well to an independent study of tagging data, which
estimated a non sespecificM of 0.450.5w for north Pacific albacore (Ichinokaveaal.

2008). Based on these results, the ALBWG assumed thist tfiguvenile north Pacific albacore
tuna followed a Lorenzen (1996) relationship between sizé/eiod age0 to age2, with no
difference between the sexes until &g&Jpon reaching age, theM for male albacore is

assumed to be 0.38 and theM for female albacore is assumed to be higher, reaching 0.49

@ , which may reflect the cost of reproduction. Sensitivity analyses dvi ffleameters were
performed (Section 5.11.1).

4.2.5 Sex specificity

A sexspecific (two sex) model was used for this assessment becausespeséic differences

in growth (Cheret al.2012; Xuet al.2014) and natural mortality (Kinney and Teo 2016; Teo
2017) of north Pacific albacore. In addition, males predominate in longline catches of large,
mature albacore from Japanese research and training vessels, while juveniles <85 cm generally
have a sex t® of 1:1 (Ashidaet al.2016). As described above, sgxecific growth curves and
natural mortality were used in the base case model. However, the base case model did not
include sexspecific selectivity, and sex ratio at birth was assumed to be 1:1. Sex composition
data for nath Pacific albacore were collected with genetic methods (@taad 2025) and were

fitted in a model sensitivity but not in the base model 5.11.3.

4.2.6 Movement

This stock assessment did not have explicit spatial structure and did not explicitly model the
movements of north Pacific albacore. North Pacific albacore are known to exhibit seasonal and
ontogenetic movements (Ichinokae®al.2008; Childerst al.2011), but it is not currently

feasible to develop a spatially explicit assessment model due to the lack of well designed, and
consistent tagging data. Instead, selectivity patterns for fisheries were used as a proxy for spatial
structure, which helps ttompensate for potential biases caused by the lack of explicit spatial
structure in the assessment model (HurBdooet al.2014a). This fleetasareas approach

entailed the collection and ppgocessing of fishery data in this assessment in arspesafic

fashion, especially Japanese longline fisheries, and therefore contain spatial inference (Section
3.3).

4.2.7 Stock structure

The current stock assessment assumes a single stock of albacore in the north Pacific Ocean from
the equator to 55°N latitude and between 120°E and 100°W longitude (Fig. 11.5). This
assumption is supported by evidence from tagging, and seasonal fisharg patties (Suzuki
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et al.1977; Ichinokawaet al.2008; Childerst al.2011). Studies of albacore population genetics
(Chow and Ushiama 1995; Takagial.2001; Montest al.2012) support the hypothesis of two
stocks in the Pacific Ocean, but do not provide conclusive results on finer scale structure. More
recently, a study of single nucleotide polymorphisms of north Pacific albacore from a wide range
of locations suggestetdt the north Pacific albacore stock is best thought of as a single, well
mixed stock with limited amounts of mixture from the south Pacific albacore stock é¢aiix

2021).

4.2.8 Recruitment and reproduction

North Pacific albacore were assumed to have one spawning and recruitment period in the second
guarter of the year (Apiilune) based on histological assessments of gonadal status and maturity
from the western Pacific Ocean (Chatral.2010; Ashideet al.2016). Although historical
circumstantial evidence supported spawning in the central Pacific Ocean near Hawaii through the
third quarter of the year (Otsu and Uchida 1959), there is no recent confirmation of this

Sspawning segment so it was not considered in the assessment. Ashida et al. (2016) also recently
estimated the length at 50% maturity for female north Pacific albacore at 86 cm FL, which was
approximately the expected length at-&g@ased on this findinghe ALBWG assumed that

50% of the albacore at agewere mature and that all fish age were mature (Fig. 4.3). This

maturity ogive has been used in the previous assessments since 2006 (ALBWG 2014).

A standard Bevertehiolt stock recruitment relationship was used in this assessment. The
expected annual recruitment was a function of spawning biomass with steénesgi(

recruitment Y ), and unfished equilibrium spawning bioma¥s& ) corresponding t& , and

was assumed to follow a lognormal distribution with standard deviatigMethot 2000;

Methot and Wetzel 2013). Annual recruitment deviations were estimated based on the
information available in the data and the central tendency that penalizes the log (recruitment)
deviations. A logpbias adjustment factor was used to assiatttie estimated legormally

distributed recruitments were mean unbiased (Methot and Taylor 2011). Recruitment variability
(, ) was tuned and fixed at48 to approximate the expected variability of base case and
preliminary models, which had recruitment variability ranging from 0.4 to 0.5 depending on
model configuration. The log 6f , annual recruitment deviates, and the offset for the initial
recruitment relative to virgin recruitment, R1 , were estimated in the base case model. The choice
of estimating years with information on recruitment was based on a preliminary model run with
al recruitment deviations estimated (1992024). The first few years of size composition data
often contain some information on recruitment from early cohorts before 1994 and the variability
of recruitment deviations often increases as the informatiotenbdecreases the further back in
time prior to the starting year examined (Methot and Taylor 2011). The number of years for
which recruitments may be observed from the early cohorts was set at 10, and these initial
recruitment deviances were estimatedhe model. Ten annual deviations were estimated prior

to the start of the model in 1994 (i.e., 198203). The 16/ear period was chosen because early
model runs showed negligible information on deviates more than 10 years prior to the beginning
of the data. Bias adjustment was used to account for the reduction in information content from
the data on recruitment deviations during the early and late periods. This adjustment mostly
affects the estimation of uncertainty and not the population trajectory.
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Steepness of the stoc&cruitment relationshig@ was defined as the fraction of recruitment

from a virgin population’{ ) when the spawning stock biomass is 20% of its unfished level
("Y'? ). Recently, Lee et al. (2012) concluded that if the model is correctly specified, then
steepness is estimable for relatively low productivity stocks with good contrast in spawning
stock biomass. However, estimatiyithin the assessment model for north Pacific albacore is
likely to be imprecise and biased because contrast in the spawning biomass over the assessment
period is relatively poor. Two independent estimates of steepness for north Pacific albacore
(Brodziaket al.2011; Iwataet al.2011), based on the life history approach of Mangel et al.
(2010), reported values @ranging from 0.84 to 0.95. Therefore, the ALBWG assum€rhfa

0.9 in this assessment, which was the same as for previous assessments duiirkP28,14nd
performed sensitivity analyses within a plausible rang@adnd estimatindwith a prior

(Section 5.11.2). Nevertheless, the ALBWG notes that these steepness estimates are subject to
considerable uncertainty and further work is needed to evaluate steepness estimates.

4.2.9 |Initial conditions

A model must assume something about the period prior to the start of the main population
dynamics period. Typically, two approaches are used to achieve this assumption. The first
approach starts the model as far back as necessary to satisfy the notios pleaiod prior to the
estimation of dynamics was in an unfished or near unfished state. However, this approach is not
viable for this assessment because the base case model started in 19943 2gdtistead, a

second approach was used in which initial conditions were estimated (where possible) assuming
equilibrium catch. The equilibrium catch is the catch taken from a fish stock when it is in
equilibrium with fishery removals and natural mortaliglanced by stable recruitment and

growth. The initial fishing mortality rates in the assessment model that remove these equilibrium
catches were estimated to allow the model to start at an appropriate depletion level. Initial fishing
mortality rates werestimated for the F26 fleet (TWLL in Areas 3 & 5) because it captures a

wide size range of albacore, but the initial fishing mortality rates were not fitted to historical
catches prior to 1994. This approach allowed the model to start in 1994 at a ddeletiahat

was consistent with the adult abundance index and size composition data without being overly
constrained. In addition, the model included estimation of 10 recruitment deviations prior to

1994 to develop a neequilibrium age structure at theag of the model time frame.

4.3 Fishery Dynamics
4.3.1 Selectivity

The base case model has a-sp&cific structure, with sespecific growth curves. However, it

was assumed that female and male albacore have identical size selectivity for each fleet because
sexspecific size composition data were not fitted. Selectutywes were fleespecific and

assumed to be a function of only size for all but five fisheries (Table 10.1). Preliminary model
runs indicated that size composition data of the JPLL fleet in Areas 1 and 3, Quarter 1 (F1), JPPL
fleets in Areas 3 and 5 (F1B22) and the EPO surface fishery (F34) had very strong and

variable modes corresponding to juvenile age classes and could not be adequately fit using only
size selectivity curves. Therefore, the selectivity curves of these five fleets were assumed to be a
product of size and age, which improved model fits. Thebaged selectivity was intended to
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capture differences in the availability of juvenile fish to the fishing gear based on movement
patterns, which may vary between seasons and years.

Selectivity curves were estimated for all fisheries with representative size composition data while
selectivity curves for fisheries without representative size composition data were assumed to be
the same as fisheries with similar operating characteri@&ason, area, gear) and estimated
selectivity curves. If specific fisheries had changes in fishery operations or exhibited changes in
size composition data consistent with changes in movement patterns, then selectivity was
allowed to vary with time toaount for these changes.

Highlights of the parameterization of the selectivity curves are briefly described below but more
details can be found in Tables 141.6.8. Lengthkselectivity curves were assumed to be dome
shaped and modeled with douslermal functions for JPLL (FE4, P-F12, F18), JPPL (F19

F23), USLL (F24F25), TWLL (F26), CNLL (F29), and EPOSF (F34). One JPLL fleet (F17)

was modeled with a spline function lengiilectivity curve to improve model fits. The double

normal selectivity functions were configured to use foarameters: 1) peak, which is the initial
length at which albacore were fully selected; 2) width of the plateau at the top; 3) width of the
ascending limb of the curve; and 4) width of the descending limb of the curve. If the estimated
width of the plateau at the top was negligible and tended tbehlower bounds, then that

parameter was fixed at a small value. The spline selectivity functions were configured to be three
knot splines. The first and third knots were generally located near the edges of the respective size
compositions, while theesond knot was typically located near the midpoint between the first

and third knots. However, the locations of the knots were subject to some trial and error. The
values of two of the three knots were estimated relative to the value of the third kiobtywalsi

fixed at an arbitrary valud.he gradients before the first knot and after the third knot were also
estimated.

Selectivity curves of one JPLL (F1) fleet, four JPPL {FP2) fleets, and EPOSF (F34) fleet

were assumed to be a product of size and age selectivities because their size composition data
exhibited very strong modes corresponding to juvenile age classgle$1.0.7 and 10.8). The

size selectivity curves for these fleets were assumed to be sltaped and were modeled using
double normal functions, which were configured as described above. The age selectivity of the
juvenile ageclasses (agé through age) of these six fleets were assumed to represent
availability and were estimated as free parameters. Varying numbersspegic parameters

were estimated for each fleet (Table 10.8). If the age selectivity parameter of an age class hit the
upper or lover bound, that parameter was fixed at the upper or lower bound during the final
model run to stabilize the optimization of the model. The interactions between the age and size
selectivity functions for these fleets were difficult to visualize but resuitedbstantially

improved fits to their size composition data.

The selectivity curves for fleets lacking representative size composition daf8 (FA3F16,

F27, F28, F36F33, and F35) were assumed to be the same as (i.e., mirrored to) closely related
fleets or fleets operating in the same area (Table 10.1). For example, the selectivity of F5 was
assumed to be the same as F1 because F5 was identical to F1 except for theiitsdicblen
10.1).

Selectivity curves for most relative abundance indices were assumed to be the same as the fleet
from which each respective index was derived. For example, size selectivity for the F10 index
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was assumed to be the same as the F10 fleet. However, for S36 and S37 the selectivities reflected
the sizes of fish used in the index standardization process. S36 (JREC atea) was modeled

to be an index of adult abundance that uses a spatiotempmutel for catch and size

composition data. Adult fish were assumed to be betwed®B&m, and the S36 size selectivity

was fixed to span this size range (Fig. 11.6). S37 (TWLL) was a juvenile index of abundance,

and the length selectivity was fixed toese| 50% of 80cm fish with selectivity of 1 at 90cm (Fig.

11.7.

Time-varying age selectivity was estimated for four fleets (F1, F20, F21, and F34) to model the
high yearto-year variability in the size composition data. The JPPL fleets (F20 and F21)
variability was thought to be due to the variability in fishery openatand/or availability of

different age classes of albacore in different areas at different times. These fleets also caught
large amounts of albacore, and the complex selectivity patterns were added to fit the observed
catchatage accurately. The fishgroperations of the EPO surface fishery (F34) were found to
have changed after 1998, with the fishery moving closer to the US West Coast during and after
1999 (Xuet al.2013). The ALBWG adopted the 2dAR method @wal.2019) as a means of

fitting size composition data well and achieving model convergence and good diagnostics. The
ALBWG performed sensitivity analyses to evaluate the effect of changing this selectivity
assumption (Section 5.11.6).

4.3.2 Catchability

Catchability,j, was estimated (solved analytically) assuming the abundance index was
proportional to vulnerable biomass with a scaling factat.df was assumed thgtwas constant
over time for each index.

4.4 Data Observation Models

The current assessment model fitted three data components: 1) total catch, 2) relative abundance
indices, and 3) size composition data.

The observed total catches were assumed to be observed, measured with relatively small
observation error, and modeled using a lognormal error distribution with a fixed standard error
(SE) of 0.05.

The relative abundance indices were assumed to follow a lognormal error distribution, with SE
specified in log space, which corresponds approximately equivalent to CV (SE/estimate) in
natural space. The CVs of each index are reported in Tables 10.2 antiHOCVs derived

from the index standardization model reflect observation errors within the standardization model
and do not reflect additional process errors associated with the relationship between the
unobserved vulnerable population and observedddnae indices. Therefore, an additional
constant was added to the CVs of the indices, such that the average CV for any index was
equivalent to 0.2.

The size composition data were assumed to follow a multinomial error distribution, with the
error variance determined by the effective sample §Z@Q2(Bize measurements of fish are
typically not obtained as random samples of fish from the entire population, but are instead
highly correlated within each set or trip (Penningtbal. 2002). The effective sample size is
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usually substantially lower than the actual number of fish measured because the variance within
each set or trip is substantially lower than the variance within a population. The ALBWG
considered setting the initial effective sample size to the numbep®friom which fish were
measured to account for the lower variance and correlation within a trip relative to the
population. However, most albacore fisheries only record the number of fish sampled. Therefore,
an empirical analysis of the EPO surfacedish(F34) was used to relate the number of fish
sampled to the number of trips. Based on this analysis, we assumed that 100 fish sampled were
equivalent to a sampled trip. Size composition records with sample size of <0.1 were considered
unrepresentativenal removed. The input sample sizes for each fishery were further rescaled by a
multiplier (0.275) so that the average input sample size for fishery with the most fish sampled
(F26) was approximately 150. Therefore, the input sample sizes varied betve¢andever

time, depending on the sampling that occurred for that fleet and period.

4.5 Data Weighting

Integrated stock assessment models fit a variety of data components, including abundance
indices and size composition data. The results of these models can depend substantially on the
relative weighting between different data components (Francis 201fgtigtisal approach

using the maximum likelihood estimates of variances or effective sample sizes to weight each
data component by model fit (Derisbal.2007; Maunder 2011) tends to put too much weight

on size composition data because numerous important processes such as variability in
movements and selectivity are often not modeled orspegified. As a result, many assessments
now weight different comgnents based on expert knowledge of the data sampling, fishery
operations, and biology of the stock, in order to balance or prioritize information from various
data components.

Relative abundance indices were prioritized in this assessment based on the principle that
relative abundance indices should be fitted well and that other data components such as size
composition data should not induce poor fits to the abundance indamsskeabundance indices
are a direct measure of population trends and scale (Francis 2011).

In addition, the ALBWG used the Francis data weighting method (TA1.8 in Francis 2011) to
examine the weighting of each fleetds size co
to the data. Results from preliminary models indicated that fousf{€€, F20, F21, and F26)

had size composition data that were eweighted (i.e., Francis weighting multiplier of <1.0).

The weighting to the size composition data from the F2, F20, F21, and F26 fleets were down
weighted by reducing the size compositgample size multiplier from 0.275 (Section 4.4) to

0.220, 0.241, 0.248, and 0.123, respectively. These sample size multipliers correspond to down
weighting the size composition data of these fleets by 20, 12, 10, and 55%, respectively,

resulting in Francisveighting multipliers of these four fleets in the base case model of

approximately 1.

4.6 Model Diagnostics

Model diagnostics (Carvalhet al.2021) were used to assess issues associated with
convergence, model structure, parameterspeification, and data conflicts in the 2026 base
case model. The following diagnostic tools were employed in this assessment: 1) model
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convergence tests, 2) ASPM diagnostic, 3) RO likelihood profiles, 4) residual analysis, 5)
retrospective analysis, 6) catcbrve analysis, and 6) prediction skill.

4.6.1 Model convergence

Convergence to the global minima was examined by changing initial parameter values and the
order of phases used in the optimization procedure. Particular attention was placed on the initial
value and estimation phase of parameters, sudh,dkat influence population scale because

these changes force the model to search over a vastly expanded portion of the likelihood surface.
In addition, all initial parameter values were randomly jittered by sampling from a uniform
distribution centered amput parameter values with upper and lower bounds of 10%. The
optimized likelihoods)Y values, and important management quantities, were examined from 50
such model runs to ensure that these model runs did not find a solution with better likelihoods.

4.6.2 ASPM diagnostic

Following the proposal by Maunder and Piner (2015), the base case model was modified into an
ASPM and ASPMR (ASPM with recruitment deviates) to identify whether the catch and F10
abundance index were consistent with the estimated scale and trendsapula¢ign. Maunder

and Piner (2015) stated that AWhen catch does
and increasing trends), it suggests that a production function is apparent in the data, therefore
providing evidence that the index is a reasonable proxyafs k trendo. I n this
base case model was modified into an ASPM by fixing the staakiitment relationship, sex

specific growth curves, and selectivities of all fleets to those estimated in the base case model,

not estimating annual rectoient deviates so that recruitment follows the stock recruitment

curve, and not fitting to the size composition data. The ASPM was subsequently modified into an
ASPM-R by estimating annual recruitment deviates.

4.6.3 Likelihood profile on virgin recruitment (=| )

Likelihood profiling over virgin recruitmentY ) was used to examine the influence of each data
component on the overall population scale (eal.2014). The unfished level of recruitment is

a global scaling parameter in an SS model because it is proportional to unfished biomass. This
process is used to assess whether the relative data weightings are appropriate and/or whether the
model is misspecfied. The likelihood profile consisted of running a series of models with the

a €Y parameter fixed at a range of values above and below that estimated within the model,

and examining the likelihoods of the various data components. The estimated annual recruitment
deviates were also changed from random deviates to a vector of devaamstimed to zero,

which minimized the ability of the model to compensate for a lower fikeoly raising the

recruitment deviates, and vice versa.

4.6.4 Residual analysis

Model residuals (i.e., differences between observed data and expected values) were examined to
evaluate model fit and performance. The residuals were first visually examined for patterns. The
variances of residuals were also compared to evaluate théchssumptions of the

observation model. If the variance of the residuals differs substantially from the assumed
variance, then the relative data weightings likely were not appropriate. However, a lack of
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residual patterns does not ensure that the model is n&p@dcsfied because parameter estimates
can change to compensate for the-amscification (Maunder and Punt 2013).

4.6.5 Retrospective Analysis

Retrospective analysis was used to identify systemic inconsistencies in population estimates
given increasing or decreasing data periods. In this assessment, we performedmodtiin
retrospective analysis by systematically removing the terminal yemtaffrom successive
models (1 to 5 years), while maintaining the same model structure between models.

4.6.6 Catch Curve Analysis

Catch curve analyses are used to determine if the information from the size composition data on
the population scale and trends are consistent with that from the other data in the model (Minte
Veraet al.2021). Catch curve analyses are set up by fitting the model only to the size
composition data and estimating all parameters except those associated with the index (i.e.,
catchability).

4.6.7 Prediction Skill

The prediction skill of the 2026 base case model was evaluated by hindcasting the model and
calculating the MASE of the F10 index. Following Kell et al. (2021), the MASE of a model with
time 1 to”Yfor a prediction horizon 6fXtime steps and  p predictions from replicate models
with 0 to€ time steps removed from the terminal end (i.e., a retrospective peéhoé steps),

was calculated as:

P

06 Yot :
E P QB W08

where, the mean absolute prediction error (i.e., the numerator) was calculated as the mean of the
absolute differences between the observatioattimeo (w) and the predictions of the

observations mad@steps previouslysgs ) for all the predictions madé ( p); and scaled by

the mean absolute naive prediction error (i.e., the denominator) calculated as the mean of the
absolute differences between the observatioattimeod (w) and the naive predictions of the
observations made h steps previously () for all the observationg( p "Q between the

first time step usedY ¢ "Q and time stepY

A series of SS models was developed from the 2026 base case model, with a retrospective peel
of 0 to 5 years and a prediction horizon of 1 to 5 years. The prediction horizons of 2 and 5 years
are of special importance to this study because the terminal gledata are typically 2 years

prior to the year when the assessments are performed, and the assessments are currently
conducted on a-$ear cycle. For example, the terminal year for the 2026 base case model was
2024, and the next NPALB assessment ieetgd to be conducted in 2029040 "Y@ <1

indicates that the model is able to predict the SSB trends better than a naive prediction. For the
2023 assessment, the MASE values ranged fromlL36over horizons of-b years (ALBWG
2023b).
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4.7 Sensitivity to Model Assumptions

A series of sensitivity runs were performed to examine the effects of plausible alternative model
assumptions on the assessment results, and to help identify the major axes of uncertainty in this
assessment. The sensitivity analyses conducted in thisesseg Table 10.9) can be

categorized into three main themes: 1) biology (e.g., natural mortality, steepness); 2) data (e.qg.,
data weighting, alternative indices); and 3) model structure (e.g., selectivity, equilibrium catch).
For each sensitivity run, feaiie spawning stock biomass (SSB), fishing intensi$PR)

trajectories, and where appropriate, model fits to the data, were compared.

The model structure of the base case model for this assessment had several important changes
from the 2023 base case model (Section 5.11.8). A sensitivity model was developed to represent
the model structure of the 2023 base case model and used asrgtaitigysis. This sensitivity

model is similar to but not identical to the 2023 base case model due to changes in data
preparation and model structure.

4.8 Fishery Impact Analysis

The impact of the surface and longline fisheries on SSB was evaluated. The fishery impact
analysis was conducted using the parameterization and assumptions of the base case model and
dropping the annual catches (198@3R24) from the SS base case data file-loy-one and

calculating the SSB time series for each scenario. The magnitude of differences in the simulated
SSB trajectories with and without fishing indicates the impact of the major fishery types on the
female SSB. Due to the assumed selectivity efgitinet and miscellaneous fleet (F35), it was
included as part of the surface fisheries.

4.9 Future Projections

Stock projections were used to assess the impact of current and historical fishing intensity on the
management objectives of IATTC and WCPFC for this stock. The software package (SSfuture
C++; ssfcpp v2.0.4) was used to perform the future projectionsa@iral. 2026). The ssfcpp

software package is similar in principle to the SS base case model and is highly similar to the
ssfcpp package used in the 2023 assessment @jiada2023). In general, ssfcpysed the

estimated sespecific Natage and biological parameters from the base case model and

projected the population forward using either a fixesl-&ge (constant F scenario) or randomly
resampled fatage from 20062019 (randomly resampled F scanogrand a recruitment deviate
vector sampled from a distribution consistent with,thén the base case model. It should be

noted that ssfcpp incorporated three main sources of uncertainty in the projections: 1) uncertainty
of N-atage estimates in the terminal year of the base case model 2024; 2) uncertainty in the F
multipliers; and 3) ucertainty in the average virgin recruitment. Thus, ssfcpp incorporates most

of the estimated uncertainty from the base case model into projections and is an improvement
over the projections from previous assessments. However, it should also be natsft pipadlid

not incorporate estimation uncertainties of the selectivity and recruitment deviate estimates. The
ALBWG considered these projections to be an improvement over projections from

assessments before 2023 but more improvements will still be needed in the future.

Two 10yr projection scenarios, constanbfroo2zand randomly resampled F scenarios, were
used to evaluate the impacts of fishing on the management objectives of IATTC and WCPFC.
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The randomly resampled F scenarios hat-&ge that were randomly sampled from 2Q08.9.
This 200% 2019 period was chosen as representative of the variabilibatage on north

Pacific albacore, after both IATTC and WCPFC put in place current managemasures
(WCPFC CMM 201903; IATTC Resolution €5-02) that maintain albacore fishing effort at or
below the average effort levels during 20RQ04 but before recent declines in F after 2020.

Future recruitment was sampled from a distribution consistent with the expected recruitment
variability (, = 0.48) of the recruitment time series (182d24) in the base case model. The
sexspecific Fatage time series was estimated from the base case model and used to remove
albacore from the appropriate age and sex in the projected populations. Progtatieasin

2025 and continued for 10 years through 2034. The projected female SSB, fishing intensity, SSB
| 14%SSBurrent F=oratios, and total biomass (ade) depletionwere calculated for each

projection. 400 initial populations were simulated by sampling from a multivariate normal
distribution consistent with the estimateealNage in 2024 and its variancevariance matrix.

Each initial population was subsequently pot¢d using 400 runs for 10 years. Each run used a
random 1@year recruitment vector that was resampled from the distribution of expected future
recruitment, which incorporated uncertainty in the stagcuitment relationship, and expected
recruitment variability. Depending on scenario, that-Bige used was either based on the
average Fatage during 20212023, or randomly resampled from 20@519. A total of 160,000
(400 x 400) runs were performed for each projection scenario.

5 MODEL RESULTS

5.1 Model Convergence

All estimated parameters in the base case model were within the set bounds and the final gradient
of the model was 2.72384, which is consistent with a model that converged onto a local or

global minimum. Preliminary models results showed that the ligetirsurface around the

model convergence zone was bumpy and prone to converging onto local minima. The base case
model was therefore run from the SS 6pard fil
Based on the results of 50 model runs wiffecentinitial values, the base case model likely

converged to a global minimum (i.e., there was no evidence of a lack of convergence to a global
minimum).

5.2 Model Diagnostics

5.2.1 Model fit of abundance indices

The base case model fitted the F10 adult abundance index adequately (Fig. 11.15 and Table
10.10). The root mean squared error (RMSE) between observed and predicted abundance indices
for the F12 index were 0.238, which was approximately the sum of theGhpahd variance
adjustment for these indices (Table 10.10). This was important because the F10 index was the
primary data source that provided information on the spawning stock biomass trends. The
catchability coefficientrf) was solved analytically in the base case model as a single value for

each index (Table 10.10).
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5.2.2 Model fit of size composition data

Base case model fits to the size composition data were adequate. Overall, the model predicted
size compositions matched the observations (Fig. 11.16). Examination of the input sample size
(input N) and model estimated effective sample size (effN) also adeguate model fits (Table
10.11). A higher effN is consistent with better model fit and a meancfff80 is a sign of good

overall model fit. In addition, the ratios of the harmonic mean of effN to the mean of input N

were mostly >1, which is interpreted to mean that the base case input N did not assume less error
than is evident in the model fits. &imodel fits to the size composition data of several fleets (F1,

F2, F20, F21, F22, F26, F34), although adequate, had a ratio of the harmonic meancofireffN

mean of input N that was <2 and could be improved upon in the next assessment. Francis
weighting multipliers for nearly all fisherie
fisheries were not greater than suggested by model fits (Tablk) 10ttee fleets (F2, F20, F26)

had Francis weighting multipliers that were nearly 1. Pearson residual plots of the model fit to

the size composition data did not reveal substantial patterns in residuals (Figsl 112007

Where patterns were evidentwaly, the scale of the residuals was generally small, mostly lying
within + 2 standard deviations.

5.3 Age-structured production model (ASPM) diagnostic

The ASPMR model had very similar scale and population trends to the base case model, while
the ASPM had a slightly larger scale (Fig. 11.21).

Fits to the F10 index were similar across all three models (Fig. 11.22). RMSE values for these
fits for 0.238 for the base model, 0.235 for ASPM, and 0.180 for ABRFig. 11.22). These
results showed that the estimated catthge and fixed productivitgarameters (i.e., growth,
natural mortality, and spawnegcruit relationship) were able to explain overall trends in the F10
index but the addition of process error in the form of annual recruitment deviates improves the
model fit. This finding in turn m@ans that the base case model was able to estimate the stock
production function and the effect of fishing on the abundance of the north Pacific albacore
stock. Similar to the previous 2017, 2020, and 2023 assessments,

the connection between catahage and the F10 index adds confidence to the model and data
used.

5.4 Likelihood Profiles on Virgin Recruitment (=| )

Results of the likelihood profiling on virgin recruitmeit,, for the abundance indices and size
composition data components of the model are shown in Fig. 11.23. Changes in the likelihood of
each data component across fixed value¥ akflect the relative information content of that
component with respect to population scale. The length composition data seemed to have the
most information on population scale, as indicated by larger changes in likelihood values across
the range ofY values evaluated. In contrast, fits tot he F10 index were relatively sensittve to

with similar likelihood values observed over a range of fixeglY values ranging from 11 to

13 (Fig. 11.23).

The information from the length composition data appeared to be relatively consistent with the
index data. Importantly, the minima of the likelihood profile of the length composition data
occurred around the same rangéyofas the minima of the likelihood profile of the index data,
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which suggests that estimated population scales from both data sources were relatively
consistent. In addition, the range of changes in the negatinikéditpood of the size
composition data were only slightly larger than the range of the F10 indeX suggests that
the size composition data are appropriately weighted.

The interpretation of th&y likelihood profile is complicated by the presence of estimated
recruitment deviates in the model, which can partially compensate for the fixed chaiyges in
When'Y is fixed at lower values, the estimated recruitment deviates tend to increase to maintain
consistency with observed data. As a result, the influence of fixiran model fit is decreased,

and the likelihood profile should be interpreted with caution.

Across the range of values considered, the ratio of estimated female SSB relative to unfished
SSB remained higher than the 14%%S&BF-0LRP and slightly lower than the 30%SSRnt,F=o

ThRP (Fig. 11.25). Thus, the results of this assessment with respect to the status of the stock, are
relatively robust.

5.5 Retrospective Analysis

Successive elimination of terminal year data resulted in retrospective patterns in the estimates of
spawning biomass and recruitment. Removing one to five years of terminal data resulted in

changes in the results of the model (Fig. 11.26). The annualiged M6 s r ho ( Mohn 19¢
female SSB, recruitment, and SSB depletion of the retrospective models were calculated using

the method described by HurtaBerro et al. (2014b) and found to be 01414, and 0.06

respectively. Analysis of preliminary models indicated that the cause of this retrospective pattern

was likely the data from 2022024. Importantly, the estimated female SSB from all the models

from this analysis remained above the 30%&%8:.F=0ThRP, which is consistent with the

conclusion that the results of this assessment are relatively robust.

5.6 Catch Curve Analysis

The catch curve model resulted in similar estimated female SSB scale and temporal trends to the
base case model (Fig. 11.27). However, the model fit to the F10 index was degraded in the catch
curve analysis relative to the base case model (Fig. 11.28p&izon with the ASM and

ASPMR analyses (Fig. 11.22) indicated that the catch curve analysis resulted in a highly similar
estimated population scale to the ASIRVnodel but was slightly lower than the ASPM model.

The catch curve model also had inferids fio the F10 index compared to both the ASPM and
ASPM-R models. Overall, the catch curve analysis indicated that the information on population
scale derived from the size composition data was broadly consistent with that from the
abundance index, and adomnfidence to the results of this assessment. However, the result also
indicates that the estimated population trends are also strongly influenced by the size
composition data and may be in conflict with the faoale temporal trends in the adult index.

Future work is needed to better understand and reconcile this conflict with the adult index.

5.7 Prediction Skill

Importantly, the prediction skill of the 2026 base case model was improved compared to that
from the 2023 base case model. The 2026 model had some predictive skill for F10 indices of
abundance over horizons o#lyears evidenced by MASE values rangingnfr@®.7490.971;
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Table 10.12). The prediction skill of the 2023 base case model was not significant over horizons
of 17 5 years, with MASE of 1.16 1.56 (ALBWG 2023a). MASE values <1 indicate that the
model has predictive skill compared to a naive forecast.

5.8 Model Parameter Estimates
5.8.1 Selectivity

Lengthbased selectivities are shown in Fig. 11.29. F17 had a spline form, and the rest of the
fleets had domshaped forms (Table 10.4). F26 selected the widest size range of fish and other
fleets had comparatively narrower ranges of size selectivities.

Products of age and length selectivities are shown in Fig. 11.30. Fleets F1, F20, F21, and F34
had timevarying age selectivities estimated. The tivagying age selectivities were estimated
for a few ages.

5.8.2 Catch at age

Juvenile albacore aged 2, 3, and 4 were the largest components of north Pacific albacore catch
(Figure 11.31) due to the importance of surface fisheries (primarily trolkgmuléne, and
including other miscellaneous gears).

5.8.3 Sex Ratio

The fraction of females in the population changes by age (Fig.)ldnd84ength (Figl11.33).

Sex ratio is approximately 1:1 until albacore reachZgeafter which males becomes more
common due to the high&t in females at age3+. This change in sex ratio is further

accentuated by the differences in growth such that the sex ratio is heavily biased for albacore
>100 cm FL. The heavy bias towards males at large sizes (>100 cm) has been observed in this
stock andn the south Pacific albacore stock (Faral.2013). Although the heavily biased

sex ratio of large albacore may have consequences in the estimated population dynamics of this
stock, the implications of this bias on estimates of management quantities, stock status
determinations or the developmentcohservation advice, are not known.

5.9 Stock Assessment Results

5.9.1 Biomass

Estimated summary biomass (males and females &t-ggdeclined at the beginning of the time
series until 2004 (Fig. 11.34 and Table 10.13). Subsequently, the summary biomass fluctuated
without a trend until 2018, after which the biomass increased tesraigher than those at the
beginning of the model time period. It should be noted that the high summary biomass estimates
since 2018 also had increasing uncertainty (Fig. 11.34). Estimated female SSB exhibited a
similar population trend to the summary tiass, albeit with a lag of several years, and showed

an initial decline until 2007 followed by fluctuations without a clear trend through 2020 (Fig.
11.34).
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5.9.2 Recruitment

Estimated recruitment was generally consistent with thénigtory characteristics of the stock

and assumptions in the base case model. Recruitment estimates did not show a clear relationship
to female SSB (Fig. 11.34), which was expected given the asshigh steepness value (0.9)

and the relatively weak stogkcruitment relationship typical of albacore and other tunas, where
recruitment variability is largely driven by environmental conditions, and a steepness of 0.9 was
assumed in this assessment.

The estimated recruitments were consistent with the expected distribution of recruitment
deviations ( = 0.48), where all recruitment estimates were within the expected distribution
There were historically high recruitment estimates in 2017 (~297 million fish; 95% Gl: 215
381million fish), 2019 (~292 million fish; 95% CI: 187 to 396 million fish), and 2022 (~314
million fish; 95% CI: 93536 million fish) (Fig. 11.34). The average m@itment during the 1994

T 2021 period was about 177.7 million fish, which was slightly below virgin recruitment (193.6
million fish). Uncertainty in the recruitment estimates was relatively large because uncertainty
estimated for the virgin recruitmentrpaneter, which largely determines the population scale,
was relatively large. Uncertainty in the recruitment estimates also increase towards the end of the
time series because the amount of information on recruitment declines towards the end of a
model. It is important to note that the recruitment estimates in the last 5 year(Z3DQvere
highly uncertain and should be treated with caution.

5.9.3 Fishing Intensity

Fishing intensity in this assessment is based on SPR and calculaiegraSPR is the ratio of

the equilibrium female SSB per recruit that would result from the estimaag¢dde relative to

that of an unfished populatioBpawning potential ratio (SPR) was used to describe the fishing
intensity on this stock. Thereforeyxéprcan be used to describe the overall fishing intensity on a
fish stock, with a lower dsprindicating a higher fishing intensity (Goodyear 1993).

The average fishing intensity during 2022023 was estimated to be b&Br(95% CIl: F74:spr

T F57%spR, which was relatively moderate and resulted in a population with an SPR of
approximately 66%. Instantaneous fishing mortality at agat-@€e) was similar in both sexes
through aged, peaking at agé and declining to a low at age after which malesxperienced

higher Fat-age than females up to age 14 (Fig. 11.35). Juvenile albacore aged 2 to 4 years
comprised approximately 76% of the annual cateage in numbers between 1994 and 2024
(Fig. 11.31) due to the larger fishery impact of surface fisk€pemarily troll, poleandline),

which remove juvenile fish, relative to longline fisheries, which primarily remove adult fish (Fig.
11.36).

5.10 Biological Reference Points

The WCPFC and IATTC are the tuna RFMOs responsible for managing the north Pacific
albacore stock in the WCPO and EPO, respectively, atidhawe adopted similar harvest

strategies and biological reference points for this stock (WCPFC HSM®Q2BTTC Resolution
C-23-02). These harvest strategies include target, threshold, and limit reference points. The target
reference points are definesl B45%SPR, which is the fishing intensity that results in the stock
producing a SPR of approximately 45%. The threshold and limit reference points are defined as
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30%S SBurrent,F=0and 14%SSBirent,F=¢ respectively, which are 30% and 14% of the current,
dynamic SSB under zero fishing, and hence fluctuates with changes in recruitment.

Three key management objectives in the harvest strategies are to: 1) maintain SSB above the
limit reference point, with a probability of at least 80% over the next 10 years; 2) maintain
depletion of total biomass around historical (20@®15) average dégtion over the next 10

years; and 3) maintain fishing intensity at or below the target reference point with a probability
of at least 50% over the next 10 years. In addition, both RFMOs have current management
measures (WCPFC CMM 2043B; IATTC ResolutiorC-05-02) that maintain albacore fishing
effort at or below the average effort levels during 20@D04.

Stock status was evaluated relative to the targeid$efb threshold (30%SSBrent,F=), and

limit (14%SSRBurent,F=) reference points (Fig. 11.37; Table 10.14). The estimated female SSB
has never fallen below the threshold and limit reference points since 1994, albeit with large
uncertainty in the terminal year (2024) estimates. The historical fishing intensity wastedt

to have exceeded the target reference point for most years betwee20189However, the
estimated fishing intensity has been declining since 2019 and has been below the target reference
point for the last six years. Even when alternative hypethabout key model uncertainties such
as growth were evaluated, the point estimate of female SSB in 2024 (SSB2024) did not fall
below the threshold and limit reference points (Fig. 11.37). Estimated average fishing intensity
during 20212023 (F20212023) did not exceed the target reference point under the alternative
hypotheses. (Fig. 11.37; Table 10.1&yerage fishing intensity from 2022023 also did not
exceed the average fishing intensity during 20004 (Table 10.14).

The SSBo2sawas estimated to be approximately 60% (95% CIi 88%) of SSBurent,F=oand

2.01 (95% CI: 1.26 2.76) times greater than the estimated threshold reference point and greater
than the limit reference point (Table 10.14). The estimated current fishing intensity {F2021
2023) was estimated to be B&Br(95% Cl: F74,spri F57%spR and was lower than both the
F45sprtarget reference point and the average fishing intensity during 2002 (Table 10.14).

5.11 Sensitivity to Model Assumptions

The following sensitivity analyses were performed to examine the effects of plausible alternative
model assumptions on the assessment results, and help identify the major axes of uncertainty in
this assessment (see Table 10.9 for details).

5.11.1 A: Natural mortality

Natural mortality is typically considered to be a major axis of uncertainty in most stock
assessments. Sensitivity model runs were performed using: 1) a fixed and ddratan w
for both sexes and all ages (as in the 2014 assessment); 2) a fixed and bbosaBO and
0.48w for males and females, respectively, of all ages; and 3) an estimateghemifec
(Lorenzen), femal for all ages, with the prior from Teo (2019), D

1T 1 ¢ o v xand a constant logscale offs€1.21258) between male and femkile

Changing thév from the sexspecific Mrat-age vector in the base case model to the constant 0.3
w inthe 2014 assessment or estimabhwith a prior resulted in major differences in the
estimated dynamic SSB depletion, and fishing intensity of the assessment (Fig. 11.39).
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The estimated femald was 0.5990 with a corresponding maM of 0.484w , although the

model did not seem to converge (gradient=245.532). The results of the model estimating female
M with a prior suggests that there may be information on M in the data but the estimated
population dynamics appear to be unreasonable and substantial work needs to be done before
estimatingM in the base case model. The other fixed male and fdvhaknsitivity resulted in

similar estimated population dynamics to those of the base case model.

5.11.2 B: Stock-recruitment steepness

Steepness of the Bevertbtolt stockrecruitment relationship is also often considered a major

axis of uncertainty in most stock assessments. Sensitivity model runs were performed using: 1)
alternative steepness values (h = 0.75; 0.80; and 0.85) to the base case model (lard0290);

an estimated M with the prior used in tesensitivity and estimated h using a priof@D

" 141 . Changing the steepness values had very limited effect on the estimated scale or
trends in female SSB, dynamic SSB depletion, and fishing intensity (Fig. 11.40). A similar result
was reported in previous assessments. The estimated h was 0.486, alteougtehdid not

seem to converge (gradient=181.619). This was not surprising because the north Pacific albacore
stock is on the relatively flat part of the ste@cruitment curve and h is generally not well

estimated in such cases (Letenl.2012).

5.11.3 C: Growth

Growth was considered an important axis of uncertainty in previous assessments because of
uncertainty in the age and growth of this stock, as well as conflicts in the size composition data.
The same segpecific growth model from the 202023 assessmeniss used in this

assessment. The model fits to the size composition data were adequate but there remained
uncertainty in the growth model, especially the CV ofithe parameter. Two sensitivity runs

were performed with the CVs of tlie parameter (CV = 0.06; and 0.08) that were larger than
those parameter values in the base case model (CV = 0.04). In addition, two sensitivity models
were developed that estimated growth (with and without estimating CVs) and fitted to the
conditional agest-length data from Xet al.(2014) and Snodgrass$ al. (2025). Changing the
CVsonthe) parameter had major effects on the scale of estimated female SSB, dynamic
SSB depletion, and fishing intensity, with larger CVs leading to lower estimated SSB (Fig.
11.41). Similarly, estimating growth with CVs also resulted in major effects on the &stima
population dynamics (Fig. 11.41).

5.11.4 D: Size composition weighting

In the base case model of this assessment, the size composition data of four fleets (F2, F20, F21,
and F26) were downweightesuch that the size composition data weightings for these fisheries
were consistent with their model fit (i.e., Francis multiplier of ~1). A series of sensitivity models
were developed where the size composition data for each fleet were downweightedtby 0.
understand the effect of data weighting on the size composition data. Downweighting each
individual fleet did not substantially affect either population trends or scale (Fig. 11.42). The
ALBWG concluded that the results of the assessment were robust to the weighting of the size
composition data.
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5.11.5 E: Index standardization models

The base case model fit to the F10 adult index of abundance. Fitting the model to only the S36
index of abundance resulted in very similar model estimates, although the ASPM andRASPM
diagnostics showed that the S36 index did not seem have informatompolation scale (Fig.

11.45. Conceptually, the ALBWG expected the S36 to be the preferred index of abundance given
the much broader spatial coverage of the data. It was surprising that the ASPM for this

sensitivity resulted in an estimate"df at the upper bound. The ALBWG will conduct further
investigation into the factors that led to this result.

Two additional sensitivities fitted the assessment model to the F10 adult index and either the F34
EPOSF juvenile index and the S37 TWLL juvenile index. Generally, the SSB estimates were
relatively similar between these sensitivities, with the greatdsteiifces from roughly 2015

2024 (Fig. 11.43). Biomasses were above the TaRPLRP for these model runs (Fig. 11.43).

The ASPM results were similar to those from the base model for the F34 sensitivity (Fig. 11.44)
and the S36 sensitivity (Fig. 11.46).

5.11.6 F: Selectivity

Sensitivities modified the values that were fixed in the 2DAR selectivity estimation (increased
by 0.25 or decreased by 0.25; the higher,thalue, the higher the variability in selectivity
estimates), turned off 2DAR selectivity estimation, estimated only ldvaghd selectivities

(without any time variation), and assumed that the USLL A24 (F24) fleet had an estimated
descending limb parameter, while in the base model this parameter was fixed. The results were
similar for the sensitivities (Fig. 11.47), showing that the model wasstdo selectivity

modeling decisions.

5.11.7 G: Initial conditions

Initial conditions of the model in this assessment were relatively freely estimated from the data
in the main model period (1992024). Although the initial fishing mortality of a fishery (F26)

was estimated to represent the equilibrium catches, the affdius initial equilibrium fleet was
somewhat arbitrary. Four sensitivity models were developed with different combinations of
initial equilibrium fleets: 1) F1 and F20; 2) F20 and F24; 3) F20 and F26; and 4) F26 and F34.
These sensitivity models resudten either slightly larger or highly similar estimated population
scales and trends (Fig. 11.48). The ALBWG concluded that the results of the assessment were
robust to the choice of initial equilibrium fleet.

5.11.8 H: 2026 data with 2023 model structure

The model structure of the base case model for this assessment had several important changes
from the 2023 base case model (Section 2.4). A sensitivity model was developed that followed
the model structure of the 2023 base case model to the prtsible. Importantly, this

sensitivity model had the 2023 model data weightings, estimated/éingang selectivities with

larger time blocks (and without 2DAR). Following the model structure of the 2023 base case
model resulted in a slightly higher fele&SB and dynamic SSB depletion (Fig. 11.49). This
comparison is difficult because the change in estimates may be more due to the change in the
F10 index values (F12 in the 2023 model) rather than changes to the model configuration.
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Nevertheless, the ALBWG decided that information from this model would be useful for
comparative purposes with the base case model.

5.12 Fishery Impact Analysis

Surface fisheries (primarily troll, and pedadline, but including gilinet and other miscellaneous
gears), which tend to catch juvenile fish, have generally had a larger impact (approximately 2:1
ratio) on the north Pacific albacore stock than longlisteekries, which tend to remove adult fish
(Fig. 5.28).

5.13 Future Projections

Stock projections were used to assess the impact of current and historical fishing intensity on the
management objectives of IATTC and WCPFC for this stock. The software package (SSfuture
C++; ssfcpp v2.0.4) was used to perform the future projectionsa(@iral. 2026). Two 16yr

projection scenarios, constant F2€023 and randomly resampled F2@8E19 scenarios, were

used to evaluate the impacts of fishing on the management objectives of IATTC and WCPFC.
Each projection scenario consisted of 160,000 (400 xdd@) starting in 2025 and continuing

for 10 years through 2034. For each scenario, 400 initial populations, together with their stock
recruitment relationships, were simulated by sampling from the estimaaedd¢ distributions

in 2024. Each initial ppulation was in turn projected using 400 runs with at&ge and

random recruitment. Most of the uncertainties from the base case model, except for estimation
uncertainties of the selectivities and recruitment deviates, were incorporated into théopoject
The ALBWG considered these projections to be an improvement over projections from previous
assessments but more improvements will still be needed in the future. Depending on the
scenario, the fatage used was either based on the averaaeage during 2017 2023, or

randomly resampled from 20052019. Both projection scenarios showed similar trends. The
constant fishing intensity scenario showed that the current fishing intensity (EQ@2)is

expected to result in female SSB increasing to 109,3838% (CI: 82,915 136,573 t) by 2034.

Over the next 10 years, there was: 1) a 100.0% probability of the female SSB remaining above
the 14%SSBirent,F=0LRP for all 10 years; 2) a 86.5% probability of the total biomassIage
depletionbeing above the average of 2008015 for any year; and 3) a 95.3% probability of the
fishing intensity remaining at or below the F45%SPR TRP for any year (Fig. 11.50). Similarly,
the randomly resampled fishing intensity scenario showed that if futbredistensity is

similar to the 200% 2019 period, it is expected to result in female SSB increasing to 67,340 t
(95% CI: 47,082 87,597 t) by 2034. Over the next 10 years, there was: 1) a 99.1 % probability
of the female SSB remaining above the 14%Q%R F-oLRP for all 10 years; 2) a 79.9 %
probability of the total biomass (age) depletionbeing above the average of 2008015 for

any year; and 3) a 48.8% probability of the fishing intensity remaining at or below the F45%SPR
TRP for any year (Fig. 11.51).

Two harvest scenarios were projected to evaluate impacts on the management objectives of
IATTC and WCPFC for this stock: 1) maintain SSB above the limit reference point, with a
probability of at least 80% over the next 10 years; 2) maintain depletiotabbtomass around
historical (2006 2015) average depletion over the next 10 years; and 3) maintain fishing
intensity at or below the target reference point with a probability of at least 50% over the next 10
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years (WCPFC HS 20231; IATTC Resolution €3-02). As a larger cohort is estimated in the
latest period of the assessment, all projections show a steep increase of SSB in the first year.

6 STOCK STATUS

Estimated summary biomass (males and females dt-ggieclined at the beginning of the time
series until 2004 (Fig. 11.34). Subsequently, the summary biomass fluctuated without a clear
trend until 2018, after which the biomass increased to values higirethose at the beginning

of the model time period. It should be noted that the high summary biomass estimates since 2018
also had increasing uncertainty (Fig. 11.34). These high summary biomass estimates can be
largely attributed to several strong ratment estimates in 2017 (~297 million fish; 95% CI:

215 381million fish), 2019 (~292 million fish; 95% CI: 187 to 396 million fish), and 2022
(=314 million fish; 95% CI: 9536 million fish) (Fig. 11.34). However, it should be noted that
the recruitmenéstimates in the last 5 years (2621R4) were highly uncertain and should be
treated with caution. Estimated female SSB exhibited a similar trend to the summary biomass,
albeit with a lag of several years, and showed an initial decline until 2007 follmwed
fluctuations without a clear trend through 2020 (Fig. 11.34).

The average fishing intensity during 2022023 was estimated to be b&6r(95% CIl: F74.spr

T F57%spR, which was relatively moderate and resulted in a population with an SPR of
approximately 66%. Instantaneous fishing mortality at agmt-@¢e) was similar in both sexes
through aged, peaking at agé and declining to a low at age after which malesxperienced
higher Fat-age than females up to age 14 (Fig. 11.35). Juvenile albacore aged 2 to 4 years
comprised approximately 76% of the annual cateage in numbers between 1994 and 2024
(Fig. 11.31) due to the larger fishery impact of surface fisheries (primarily troltapoline),
which remove juvenile fish, relative to longline fisheries, whidmprily remove adult fish (Fig.
11.36).

Stock status is depicted in relation to the target 4sé%, threshold (30%S SBrentF=), and limit
(14%SSRBurrent,F=9 reference points (Fid.1.34 Table10.14. The estimated female SSB has

never fallen below the threshold and limit reference points since 1994, albeit with large
uncertainty in the terminal year (2024) estimates. The historical fishing intensity was estimated

to have exceeded the target refeeepoint for most years between 198718. However, the

estimated fishing intensity has been declining since 2019 and has been below the target reference
point for the last six years. Even when alternative hypotheses about key model uncertainties such
as gowth were evaluated, the point estimate of female SSB in 2024 (SSB2024) did not fall

below the threshold and limit reference points (Fig. 11.37). Estimated average fishing intensity
during 20212023 (F20242023) did not exceed the target reference poideuthe alternative
hypotheses. (Fig. 11.37; Table 10.1&yerage fishing intensity from 2022023 also did not

exceed the average fishing intensity during 20004 (Table 10.14).

The SSB2024 was estimated to be approximately 60% (95% C183%) of SSRurrent,F=0and
2.01 (95% CI: 1.26 2.76) times greater than the estimated threshold reference point (Table
10.14). The estimated current fishing intensity (F22023) was estimated to be b&6r(95%
Cl: F744spri F57%spR and was lower than both the kbgbrtarget reference point and the
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average fishing intensity during 2002004 (Tabl€l0.14. Based on these findings, the
following information on the status of the north Pacific albacore stock is provided:

1. The stock is virtually certain (>99% probability) not to be overfished relative to the
threshold (30%SS&rent,F=9 and limit (14%SSRBurent,F=) reference points adopted by the
WCPFC and IATTCand

2. The stock is virtually certain (>99% probability) to not be experiencing overfishing
relative to the target reference point (F45%SPR)

6.1 Conservation Information

The constant fishing intensity scenario showed that the current fishing intensity {(ZF222)1is
expected to result in female SSB increasing to 109,384 t (95% CI: 828573 t) and a
SSB/SSRBurrent,F=oratio of 0.83 by 2034. Over the next 10 years, there was: 1) a 100.0%
probability of the female SSB remaining above the 14%9%98F-0LRP for all 10 years; 2) a
86.5% probability of the total biomass (atye) depletionbeing above the average of 2006

2015 for any year; and 3) a 95.3% probability of the fishing intensity remaining at or below the
F45,sprTRP for any year. The randomly resampled fishing intensity scenario showed that if
future fishing intensity is similar to the 2002019 period, it is expected to result in female SSB
increasing to 67,340 t (95% CI: 47,0887,597 t) and a SSB/S&Rentr=oratio of 0.52 by 2034.
Over the next 10 years, there was: 1) a 99.1 % probability of the female SSB remaining above
the 14%SSRBirrent,F=0LRP for all 10 years; 2) a 79.9 % probability of the total biomasslaye
depletionbeing above the average of 2008015 for any year; and 3) a 48.8% probability of the
fishing intensity remaining at or below the k#BrTRP for any year.

Based on these findings, the following conservation information is provided:

1. If fishing intensity over the next 10 years is maintained at the current fishing intensity
(F202%2023), then female SSB is expected to increase to around 83% &f&SEo
(109,384 t) by 2034, with a 100.0% probability that female SSB will remain above the
14%SSBurrent,F=0LRP for all 10 years and the harvest strategy management objectives of
the IATTC and WCPFC (IATTC Resolution23-02; WCPFC Harvest Strategy 2023
01) will likely be met; and

2. If fishing intensity over the next 10 years is similar to the 200819 period, then
female SSB is expected to decrease to around 52% afr2RB-0(67,340 t), with a
99.1 % probability that female SSB will remain above the 14%$&Br-0LRP for all
10 years and the harvest strategy management objectives of the IATTC and WCPFC
(IATTC Resolution C23-02; WCPFC Harvest Strategy 2023) will likely be met.

7/ EXCEPTIONAL CIRCUMSTANCES

The adopted harvest strategies of the WCPFC and IATTC for North Pacific albacore tuna
include provisions for the identification and evaluation of exceptional circumstances that may
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warrant suspension or modification of the current strategies. Consistent with this requirement,
the ALBWG evaluated the adopted criteria for identifying exceptional circumstances for North
Pacific albacore tuna, including indicators related to stock aed diynamics, application of the
stock assessment, and implementation of management measures. Based on the information
available and the evaluation criteria, the ALBWG found no evidence to indicate that exceptional
circumstances were present with resped¢he conservation and management of the stock.

8 KEY UNCERTAINTIES AND RESEARCH
RECOMMENDATIONS

Recent research by the ALBWG have included exploring CPUE standardization methods,
improvements to abundance indices, understanding growth, selectivity, and sex ratio, expanding
bi ol ogical sampling programs, and exploring

The ALBWG identified the following recommendations to improve the stock assessment model:

1. Further investigation of appropriate adult abundance index for the NPALB stock especially
with respect to expanding the spatial domain of the CPUE standardization model to reduce the
effect of timevarying availability on the standardized abundancexnasich in the model is
assumed to be proportionally influenced solely by population abundance;

2. Investigate factors that preclude estimation of population scale from the JPLL all ISC area
(S36);

3. Reexamine fleet structure for the NPALB stock;

4. Evaluate potential juvenile indices from the Taiwan longline fisheries in (Areas 3/5), the
Japanese polandline and/or EPO surface fisheries;

5. Investigate why model estimates are very sensitive to the variability in Linf, improve growth
curves, and examine regional and temporal differences in latgtie from collected data;

6. Investigate how to better model variability in availability in size and/or age to the juvenile
fisheries;

7. Investigate alternative modeling options for spawning seasonality and maturity;

8. Investigate the conflict in size composition data between fleets;

9. Investigate how to model and integrate the fleet specific sex ratio data that has been collected;
10. Estimate historical high seas drift gillnet removals by member countries;

11. Explore ocean productivity as drivers of albacore trends and dynamics.
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9 Climate Change Considerations

Environmental variability and lonagerm climate change are recognized as important sources of
uncertainty for the assessment and management of North Pacific albacore. As a highly migratory
pelagic species, North Pacific albacore inhabit temperate transdiee waters shaped by
oceanographic conditions, such as sea surface temperature, ocean productivity, frontal systems,
and mixedlayer depth. These environmental drivers vary over seasonal, interannual, and decadal
time scales and strongly influence albgcspatial distribution, migration patterns, habitat use,

and availability to fisheries (Laurs and Lynn 1977; Polownal.2001; Childerst al.2011;

Christian and Holmes 2016).

A major implication for the stock assessment is that changes in fishery Catch Per Unit Effort
(CPUE) may reflect shifts in distribution and catchability, rather than just changes in abundance.
Studies have demonstrated that North Pacific albacore dignibelosely follows preferred

thermal habitats and productive frontal regions (Poloeirel. 2001; Bograckt al.2004; Xuet

al. 2017). Shifts in sea surface temperature and the position of the Transition Zone Chlorophyll
Front (TZCF) alter the spatial overlap between fish and fishing fleets, which weakens the
assumption that CPUE is directly proportional to abundance (Polevala2001; Bogracet al.

2004; Xuet al.2017).

Long-term warming and marine heatwaves are expected to further shift habitats, likely causing
poleward or seasonal redistribution that affects catch patterns more than underlying biomass
estimates (Kitagawet al.2004; Xuet al.2013; Christian and Holmes 2016). Uncertainty also
surrounds climate effects on recruitment, growth, and natural mortality. Whileseatge

climate processes may influence recruitment through ecosystem productivity, empirical
relationships have been masistent and uncertain (Kiyofuji 2013; Singthal.2016, 2018;

Zhang 2018).

Current assessment models treat climate influences as implicit through recruitment variability
and process error rather than explicitly including environmental variables. Climate can also
affect vertical habitat structure, altering fish availability tdifig) gear and challenging
assumptions of constant catchability (Lehodegl. 2008; Williamset al.2015). While the
inclusion of timevarying selectivity in the stock assessment partially accounts for changing
availability, climatedriven variability in habitat use remains a potentially important source of
residual uncertainty.

Biological reference points used to evaluate stock status are derived from historical estimates of
productivity. If climatedriven changes persist, reference points estimated under historical
conditions may become less representative of future stock dgmahhis uncertainty should be
considered when interpreting stock status and evaluating harvest strategy performance under
nonstationary environmental conditions.

At present, available information does not support modifying the assessment model structure to
explicitly include climate variables. Instead, climate change considerations are best applied to
contextualize results, interpret CPUE trends, and identify kegrtainties. Monitoring

environmental indicators, spatial patterns of catch and effort, and fleet behavior will be important
to ensure future stock assessments remain robust under changing ocean conditions.
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10 Tables

Table 10.1 Fleet definitions for the 2026 assessment of north Pacific albacore tuna. Availability of size
and abundance index data is indicated in the notes. * indicates that size or index data were available but
were not fitted in the base case model. Two lettentry codes are used in the fishery name: JP = Japan;
US = United States of America; TW = Chine€kaipei; KR = Korea; and VU = Vanuatu. Two letter gear
codes are used in the fishery name: LL = longline; PL = pole and line; SF = surface (troll, pahe)nd li
DNmisc = drift net and miscellaneous

ID  Fishery name Fishery Area Quarter Unit Notes Selectivity

F1 F1_JPLL_A13 Q1 wt JPLL 1&3 1 Tonnes Size Length & Age
F2 F2_JPLL_A13 Q2 wt JPLL 1&3 2 Tonnes Size Length

F3 F3_JPLL_A13 Q3 wt JPLL 1&3 3 Tonnes Size Length

F4 F4 JPLL_A13 Q4 wt JPLL 1&3 4 Tonnes Size Length

F5 F5 JPLL_A13 Q1 num JPLL 1&3 1 1000s Mirrorl

F6 F6_JPLL_A13 Q2 _num JPLL 1&3 2 1000s Mirror2

F7 F7_JPLL_A13 Q3 num JPLL 1&3 3 1000s Mirror3

F8 F8 JPLL_A13 Q4 num JPLL 1&3 4 1000s Mirror4

FO F9 JPLL_A2 Q1 wt JPLL 2 1 Tonnes Size Length

F10 F10 _JPLL_A2 Q2 wt 96: JPLL 2 2 Tonnes Size, Index Length

F11 F11_JPLL_A2_Q3 wt JPLL 2 3 Tonnes Size Length

F12 F12_JPLL_A2_Q4 wt JPLL 2 4 Tonnes Size Length

F13 F13_JPLL_A2_Q1 num JPLL 2 1 1000s Mirror9

F14 F14 JPLL_A2_Q2 _num JPLL 2 2 1000s Mirror10

F15 F15 JPLL_A2_Q3 num JPLL 2 3 1000s Mirrorll

F16 F16_JPLL A2 Q4 num JPLL 2 4 1000s Mirrorl2

F17 F17_JPLL_A4 num JPLL 4 All 1000s Size Length

F18 F18 JPLL_A5 num JPLL 5 All 1000s Size Length

F19 F19 JPPL_A35 Q1 JPPL 3&5 1 Tonnes Size Length & Age
F20 F20 _JPPL_A35 Q2 JPPL 3&5 2 Tonnes Size Length & Age”
F21 F21_JPPL_A35_Q3 JPPL 3&5 3 Tonnes Size Length & Age”
F22 F22_JPPL_A35 Q4 JPPL 3&5 4 Tonnes Size Length & Age
F23 F23_JPPL_A24 JPPL 2&4 Al Tonnes Size Length

F24 F24 USLL_A35 USLL 3&5 Al Tonnes Size Length

F25 F25 _USLL_A24 USLL 2&4 Al Tonnes Size Length

F26 F26_TWLL_A35 TWLL 3&5 Al Tonnes Size Length

F27 F27_TWLL_A24 TWLL 2&4 Al Tonnes Mirrorl7

F28 F28 KRLL KRLL All All Tonnes Mirrorl7

F29 F29 CNLL_A35 CNLL 3&5 Al Tonnes Size

F30 F30_CNLL_A24 CNLL 2&4 Al Tonnes Size* Mirrorl7

F31 F31_VULL _mt VULL All All Tonnes Size* Mirror26

F32 F32_VULL_num VULL All All 1000s Mirror26

F33 F33_OTHLL OTHLL  All All Tonnes Mirror26

F34 F34_EPOSF_xx24 EPOSF All All Tonnes Size, Index* Length & Age®
F35 F35 JPTWKR_DNMisc JPTWKR All All Tonnes Size* Mirrorl9

S36 S36_JPLL_idx_adult JPLL All All Tonnes Index*

S37 S37_TWLL_idx_juv_AR1 TWLL 1&4 Tonnes Index*

S38 S38 JPLL_idx 85 JPLL All All Tonnes Index*

S39 S39 JPLL idx 90 JPLL All All Tonnes Index*

S40 S40 JPLL_idx 95 JPLL All All Tonnes Index*

S41 S41 JPLL_idx_100 JPLL All All Tonnes Index*
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Table 10.2 Standardized values and input coefficients of variation (CVs) of north Pacific albacore annual
abundance indices developed for the 2026 base case model for the F1-QJaqukax longline in Area 2,
Quarter 2. Units are number of fish per unit effort. @erarefers to annual quarters in which the majority

of catch was made in the underlying fishery, where 1 =\an 2 = AprJune, 3 = JuhSept, and 4 =

OctDec. CVs were estimated in the standardization model and then adjusted by 0.189 for all years.

Year CPUE CV

1996 9.010 0.011
1997 11.698 0.011
1998 10.822 0.011
1999 7.755 0.011
2000 11.504 0.010
2001 7.706 0.011
2002 5.095 0.012
2003 5.169 0.012
2004 3.524 0.012
2005 5.521 0.011
2006 6.891 0.012
2007 4.246 0.011
2008 6.506 0.011
2009 4577 0.011
2010 6.045 0.011
2011 4.778 0.011
2012 5.174 0.011
2013 5.715 0.010
2014 5.959 0.009
2015 7.121 0.011
2016 5.353 0.012
2017 4502 0.010
2018 5.433 0.010
2019 4.290 0.010
2020 3.082 0.010
2021 7.785 0.011
2022 5.766 0.011
2023 6.647 0.010
2024 8.680 0.013
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Table 10.3 Standardized values and input coefficients of variation (CVs) of north Pacific albacore annual
abundance indices developed for sensitivity model runs. Quarter refers to annual quarters in which the
majority of catch was made in the underlying fisheryermehl = JaiMar, 2 = AprJune, 3 = JuhSept,

and 4 = OcDec. Constant additional CVs of 0.017 and 0.077 were added to the CVs of the F34 and S37
indices in sensitivity model runs, to raise the average CV to 0.2. CV values shown here do not include
theseadditional CVs.

Year | F34 CPUE F34 CV| S36 CPUE S36 CV| S37 CPUE S37 CV

1996 218.478  0.200
1997 210.056  0.200
1998 208.002  0.200

1999 | 54.261 0.189 | 160.509 0.200
2000 | 66.684 0.191 | 241.316  0.200
2001 | 89.426 0.189 | 185.705 0.200
2002 | 105.815 0.197 | 126.001 0.200
2003 | 112.194 0.205 | 142.818 0.200
2004 | 138.715 0.207 | 135.248 0.200 | 1.012 0.162
2005 | 56.791 0.194 | 176.930 0.200 | 0.373 0.117
2006 | 118.259 0.197 | 158.146 0.200 | 0.843 0.143
2007 | 73.964 0.202 | 107.472 0.200 | 1.933 0.242
2008 | 75.407 0.204 | 119.186 0.200 | 0.971 0.189
2009 | 86.892 0.198 | 107.015 0.200 | 0.529 0.195
2010 | 61.557 0.192 | 149.153 0.200 | 1.339 0.284
2011 | 54.117 0.197 | 155.328 0.200 | 0.238 0.119
2012 138.551 0.200 | 0.741 0.192
2013 | 68.790 0.196 | 122.592 0.200 | 1.304 0.328
2014 | 64.027 0.210 | 127.078 0.200 | 0.901 0.281
2015 | 68.735 0.204 | 139.215 0.200 | 0.309 0.158
2016 | 65.654 0.203 | 84.371 0.200 | 2.286 0.392
2017 | 47.431 0.199 | 85.367 0.200 | 0.794 0.261
2018 | 65.596 0.202 | 95.556 0.200 | 0.345 0.122
2019 | 82.862 0.201 | 82.264 0.200 | 0.505 0.134
2020 | 78.967 0.204 | 43.607 0.200 | 2.025 0.219
2021 | 75.845 0.201 | 120.379 0.200 | 1.036 0.152
2022 | 95.542 0.196 | 109.439 0.200 | 1.075 0.163
2023 | 43.974 0.204 | 122.349 0.200 | 1.501 0.191
2024 | 94.910 0.213 | 170.754 0.200 | 0.941 0.156
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Table 10.4 Key life history parameters and model structures used in the base case model.

Parameter

Value

Comments

Source

Natural mortality (M)

Length at agel (L_1)

Asymptotic length
(L_inf)

Growth rate (k)

CVofL_1

CV of L_inf

Weight-at-lengthi Q1
Weight-at-length i Q2
Weight-at-lengthT Q3

Weight-at-length i Q4

Maturity
Fecundity

Spawning season

Spawnerrecruit
relationship

Spawnerrecruit
steepness (h)

Log of Recruitment at

virgin biomass
In(R_O)
Recruitment
variability (UR)

Initial age structure

Main recruitment
deviations

Selectivity

Female age0: 1.36 y*
Female agel: 0.56 y*!
Female age2: 0.45 y!
Female age3+: 0.48 yt!
Male age0: 1.36 y!
Male agel: 0.56 y!
Male age2: 0.45 y?
Male age3+: 0.39 y!
Female: 43.504 cm
Male: 47.563 cm

Female: 106.57 cm

Male: 119.15 cm
Female: 0.29763 y
Male: 0.20769 y*

0.06
0.04
WL (kg) = 8.7 * 105 L (cm) 2.67
WL (kg) =3.9* 105 L (cm) 2.84
WL (kg) =2.1 * 165 L (cm) 2.99
WL (kg) =2.8* 105 L (cm) 2.92

50% at age5, 100% age6+

Proportional to spawning biomass

2

Beverton-Holt

12.12

0.48
10y
1994-2024

Size selectivity only (spline): F17
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Fixed parameter

Fixed parameter

Fixed parameter

Fixed parameter

Non sexspecific,
fixed parameter

Non sexspecific,
fixed parameter

Non sexspecific,
fixed parameters
Non sexspecific,
fixed parameters
Non sexspecific,
fixed parameters
Non sexspecific,
fixed parameters

Fixed parameters

Fixed parameters

Model structure

Model structure

Fixed parameter

Maximum
likelihood
estimate

Fixed parameter
Estimated
Estimated

Estimated (see
Table 4.2i 4.5)

Teo (2017)

Xu et al. (2014)

Xu et al. (2014)

Xu et al. (2014)

ALBWG (2014)
ALBWG (2014)
Watanable et al. (2006)
Watanable et al. (2006)
Watanable et al. (2006)

Watanable et al. (2006)

Ueyanagi (1957); Chen
et al. (2016);

Ueyanagi (1957)
Ueyanagi (1957); Chen
et al. (2010); Ashida et
al. (2016)

Brodziak et al. (2011);
Iwata et al.(2011);
ALBWG (2014)



Parameter

Value Comments

Source

Catchability

Size selectivity only (dome): F2,

F3, F4, F9, F10, F11, F12, F18, F2

F24, F25, F26, F29

Size and age selectivity: F1, F19,

F20, F21, F22, F34
Solved
analytically

66



Table 10.5 Double normal length selectivity parameter estimates (standard deviations in parentheses) in
the base case model. Fleets shown had |dmaghd selectivity only. Fixed parameters have NA values
for the standard deviations.

Fleet Size at peak Plateau width Ascending slope Descending slope
F2 79.63 (0.63) -9.00 ( NA) 3.80 (0.18) 4.75 (0.17)
F3 84.69 (2.90) 0.25 (2.47) 3.65 (0.81) 1.92 (78.03)
F4 105.71 (2.15) -2.18(7.74) 5.45 (0.14) 5.25 (8.31)
F9 115.47 (0.14) -8.47 (13.60) 5.83 (0.06) -8.55 (13.26)
F10 106.02 (1.70) -3.06 (1.96) 4.41(0.20) 3.22 (1.24)
F11 108.70(1.29) -8.64(9.79) 4.98(0.11) 3.25 (0.79)
F12 110.48(1.80) -8.19(19.16) 5.13(0.14) 2.87 (1.21)
F18 111.29 (35.15) -0.35(36.43) 6.26 (1.42) 1.97 (157.13)
F23 92.55 (4.51) -7.83 (25.63) 4.81(0.61) 4.95 (1.54)
F24 9527 (7.87) 0.61(44.11) 5.88(0.51) 2.02 (156.28)
F25 140.70 (17.74) 99.00 ( NA) 5.89 (0.48) 99.00 ( NA)
F26 87.64 (1.25) 0.85(59.25) 4.96 (0.14) 4.02 (111.92)
F29 84.68(27.32) -5.06(61.37) 3.38(8.38) 5.22 (8.54)

Table 10.6 Spline length selectivity parameter estimates (standard deviations in parentheses) in the base
case model. Knot locations were at 60, 90, and 140 cm.

Fleet Parameter Value

F17 Gradient Low 0.29 (0.28)
F17 Gradient High -0.80 (0.63)
F17 Value at 1st knot -4.82 (79.88)
F17 Value at 2nd knot 5.06 (79.79)
F17 Value at 3rd knot -0.66 (80.19)
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Table 10.7 Double normal length selectivity parameter estimates (standard deviations in parentheses) in
the base case model. Fleets shown here had both length and age selectivity selectivities estimated. Fixed
parameters have NA values for the standard deviations.

Fleet Size at peak

Plateau width

Ascending slope

Descending slope

F1  78.43(1.10) 0.19(1.47)  3.72(0.20) 1.91 (38.37)
F19 87.29(2.67) -7.17(35.19) 4.81 (0.29) -3.79 (29.93)
F20 75.47 (1.48) -8.61(10.53) 5.46 (0.17) 3.76 (0.36)
F21 54.62(1.10) -1.89(0.27)  2.36 (0.62) 4.99 (0.31)
F22 54.64(1.41) -1.84(0.17) 2.61 (1.00) 2.35 (0.67)
F34 67.84(0.39) -9.00 (NA)  3.80 (0.10) 4.63 (0.09)

Table 10.8 Age selectivity parameter estimates (standard deviations in parentheses) in the base case
model. Fleets shown here had both length and age selectivity selectivities estimated. Each fleet had
different numbers of age parameters estimated.

Fleet 1 2 3 4 5 6 7 8 9
o 1046 000 076  -0.07 970 050 886 142
(38.94) (38.95) (38.95) (38.95)  (49.04) (38.95) (58.84) (38.96)
1o 838  -178 500  -4.79 _ _ _ _
(75.02) (75.03) (75.04) (75.05)
0.85
F20 - ] - 0.40) ] ] ] ]
1133 -0.46
Fol - - 044)  (0.19) - - - - -
c, 421 824 685 696 026 _ _ _ _
(78.16) (78.19) (95.87) (78.16) (297.54)
1071 -1.31
F3d - ) - (051)  (0.15) ) ) )
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Table 10.9 Sensitivity analyses conducted on the@base case model for north Pacific albacore.

Type Name Number Description
B|olog|ca}I Natural Mortality A1 Fixed constant M of 0.3 across sexes and
assumptions ages

AD Constant M of 0.48 and 0.39 for female and

male of all ages, respectively
Estimated M with Lorenzen based on prior

A3 from Kinney and Teo (2017)
Stockrecruitment B.1 Steepness values = 0.75, 0.80, 0.85
steepness
B.2 Adding prior based on Brodziak et al.
' (2011)
Growth c1 C\_/ of Linf is fixed higher (at 0.06 or 0.08
(higher than base case)
C.2 Estimate growth parameters
Data inputs S|z'e cgmp03|t|on D.1 Down weighting each individual fleet
weighting
D2 Down weighting all fleets so input sample
' size is maximum 50 (currently 150)
Index standardization E.1 Fit to S36, with ASPM/ASPMR
models
E o Fit to F10 and S36 (TWLL juvenile) with
) ASPM/ASPMR
E3 Fit to F10 and F34 (EPOSF juvenile) with
) ASPM/ASPMR
Model st_ructure Selectivity F.1 Different sigmas (up/down 0.25)
assumptions
F.2 Turn off 2DARSs
F.3 No age selectivities
Assuming USLL A24 has an estimated
F.4 e =
descending limb in size selectivity
Initial Conditions G.1 InitF on F1 and F20
G.2 InitF F20 and F24
G.3 InitF F20 and F26
G.4 InitF F26 and F34
Same model structure H1 Updated data

2023 assessment
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Table 10.10 Analytical estimates of catchability, mean input variance, variance adjustment, and model
fit (root-meansquareerror; RMSE of predictions to observations) for the F10 abundance index in the
2026 base case model.

Index Years Catchability Input CV Var. Adj. InputCV + Var.Adj. RMSE
F10  1996-2024 8.487e-03 0.011 0.189 0.200 0.238

Table 10.11 Mean input variances (input N after variance adjustment) and model estimated mean
variance (effN of the size composition data components. Harmonic means of effN and ratio of input N to
effN are also provided. A higher effN indicates a better model fit. Number of observations corresponds to
the number of quarters in which size composition data veangled in a fishery. There were no Francis
weighting calculations for F29 because the data were input as superyears.

Number Var. Mean input Mean_ Harmonic Harm. effN / F“”F”C'?’
Fleet . N after effective N . weighting
of obs. ad. . mean of effN mean inputN -
var.adj. (effN) multiplier

1 31 0.275 51.576 165.830 48.599 0.942 1.808
2 27 0.220 22.539 59.730 28.263 1.254 0.997
3 25 0.275 1.595 23.979 18.148 11.377 3.741
4 27 0.275 28.851 111.985 62.197 2.156 1.062
9 29 0.275 16.182 146.819 80.942 5.002 1.364
10 25 0.275 16.762 158.783 75.253 4.489 2.748
11 24 0.275 20.644 181.381 69.974 3.390 1.051
12 28 0.275 12.084 116.107 75.992 6.289 3.078
17 73 0.275 2.002 75.168 21.034 10.508 8.120
18 12 0.275 0.894 45.938 32.339 36.182 9.552
19 6 0.275 1.947 19.028 13.461 6.915 6.494
20 31 0.241 10.905 34.182 10.732 0.984 0.979
21 29 0.248 6.857 18.029 10.914 1.592 1.000
22 9 0.275 6.919 10.423 4.755 0.687 2.310
23 25 0.275 0.860 13.388 8.993 10.458 4.907

24 72 0.275 0.600 36.581 16.356 27.280 12.701

25 116 0.275 1.068 63.198 32.752 30.666 33.596
26 64 0.123 12.720 63.064 21.911 1.723 0.982

29 5 0.275 0.275 307.993 307.993 superyear NA

34 69 0.275 25.892 70.062 30.951 1.195 1.699
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Table 10.12 Prediction skill of the 2026 North Pacific albacore base case model on the F10 abundance
index over a horizon of 1 to 5 years and a retrospective peel of 0 to 5 years, using mean absolute scaled
error (MASE) as the metric of skill.

Horizon Mean absolute Mean absolue naive Mean absolute Mean absolute
(year) prediction error prediction error fit error scaled error
1 1524 1.845 1171 0.826
2 1.450 1.937 1.178 0.749
3 1.403 1.586 1.178 0.885
4 2.032 2.093 1.169 0.971
5 1.903 1.727 1.187 1.102
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Table 10.13 Total biomass (Q1, agkt), female spawning biomass (Q2), Threshold reference point
adopted by the NC of the WCPFC (30%SSB~current,F=0~), recruitment, and fishing inte@sty)(1
estimated in the base case model.

Year Age-1+ biomass SSB (1 Threshold reference Recruitment Fishing intensity
(1) point (t) (x1000fish) (F%SPR)
1994 840,190 75,125 50,149 251,376 54.9
1995 854,344 81,704 48,225 124,419 58.1
1996 845,715 93,022 49,858 251,881 50.6
1997 839,683 83,944 46,397 142,027 41.6
1998 806,652 69,345 41,850 133,618 47.0
1999 753,314 72,937 44,787 261,770 290.8
2000 723,246 63,250 43,815 163,737 46.6
2001 746,263 64,140 44,481 137,326 43.1
2002 722,516 62,148 44,297 107,313 37.5
2003 645,412 55,988 40,288 158,135 38.2
2004 589,465 61,116 42,856 232,588 29.6
2005 598,488 58,102 44,658 142,029 44.0
2006 638,459 49,798 41,574 136,126 43.6
2007 643,576 42,606 37,172 154,999 35.3
2008 616,569 40,563 35,418 187,646 48.9
2009 638,441 52,410 39,253 162,067 38.0
2010 647,458 54,896 40,463 209,520 44.1
2011 685,064 49,361 38,102 147,808 42.6
2012 700,817 47,510 37,157 100,529 38.7
2013 653,168 50,896 38,702 140,312 39.6
2014 603,623 53,342 39,645 85,268 40.4
2015 546,578 55,549 41,434 90,763 39.9
2016 489,443 54,714 41,513 188,239 43.7
2017 497,907 48,017 37,398 297,780 41.3
2018 601,307 43,185 34,682 56,436 42.5
2019 652,423 38,595 31,672 291,914 58.5
2020 731,605 36,612 28,031 152,108 50.4
2021 771,350 45,807 30,093 128,823 61.3
2022 780,866 71,590 39,857 314,422 68.3
2023 857,262 73,973 39,596 186,741 67.1
2024 924,157 84,209 41,933 180,291 72.0

72



Table 10.14 Estimates of maximum sustainable yield (MSY), female spawning stock biomass (SSB),
fishing intensity (F), and reference point ratios for north Pacific albacore tuna for: 1) the base case model;
2) one important sensitivity model due to uncertainty in gnqeerameters; 3) a model representing an
update of the 2023 base case model to 2026 data; and 4) a model representing uncertainty in the
specification of initial fishing mortality. SSBSSBurentr=¢ and SSBsy are the expected female SSB of a
population in the equilibrium, unfished state; in the current, dynamic, unfished state; and at MSY,
respectively. The Fs in this table are indicators of fishing intensity based on spawning potential ratio
(SPR) and calcutad as %SPR. SPR is the ratio of the equilibrium SSB per recruit that would result from
the estimated fat-age relative to that of an unfished population. Depletion is calculated as the proportion
of the agel+ biomass during the specified period relativan unfished agé+ equilibrium biomass.

The model representing an update of the 2023 base case model is similar to but not identical to the 2026
base case model due to changes in data preparatio
ratio indicates higher agé+ biomass in 2024 relative to the 202615 period. §Higher %SPR values

indicate lower fishing intensity levels. fValues of >1 for ratios«kto Fssprbased reference points

indicate fishing intensity levels lower than the reference points.

_ Growth Update of 2023 I_n?tial

Quantity Base Case CVold=0.06 base case model Conditions

' to 2026 data* initF F20 F24
MSY (t) 106,578 86,675 113,793 100,322
SShsy(t) 19,360 15,878 20,524 18,316
SSB (1) 139,466 113,685 147,874 131,221
SSBo24 (1) 84,209 49,547 96,362 73,236
SSRBurrent, F=0 (2024 estimate) 139,777 107,072 151,193 129,224
SSBOZ4/SS&urrent, F=0 060 046 064 057
SSBo24/30%SSBeurrent, F=0 2.01 1.54 2.12 1.89
SSBo24/14%SSBeurrent, F=0 4.30 3.31 455 4.05
A Depletionzoza/Depletion 2006-2015 1.45 1.40 1.61 1.45
8 Foespr, 20212023 (Y0SPR) 65.6 51.9 68.0 62.2
§ FossPR, 2012023 (Y0SPR) 50.3 36.7 53.6 46.6
T FoespRr, 20212023/ F %spPR, MsY 4.03 3.17 4.18 3.80
T Foespr, 2012023/ F45 %spr 1.12 0.82 1.19 1.04
T FoesPR, 20212023/F45 wspr 1.46 1.15 1.51 1.38
T FotspRr, 20212023/ F %sPR, 20022004 1.87 2.13 1.78 1.95
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Figure 11.1 Estimated total annual catch of north Pacific albacbheiinus alalunggby all countries
harvesting the stock, 19902 4. Catches in the AOtherso categori
other countries such as Kiribati, Belize, Panama, and Marshall Islands.
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Figure 11.2 Estimated catches of north Pacific albacore by major gear types20984The Other gear
category includes catches with purse seine, gillnet, hand lines, and harpoons.
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Figure 11.3 Conceptual model of north Pacific albacore biology and population dynamics.

76



Catches

F1

F3

F5

F7

F9

F11
F13
F15
F17
F19
F21
F23
F25
F27
F29
F31
F33
F35

Abundance indices

F34
s37
539
S41

Length compositions

F2
F4

F10
F12
F18
F20
F22
F24
F26
F30
F34
S36

Conditional age-at-length compositions
- [ ]

O
_ y;

F1
F6

F8

F14
F16
F19
F21
F25
F27
F35

1995 2000 2005 2010 2015 2020

N
o
N
(4]

Year

Figure 11.4 Temporal coverage and sources of catch, abundance indices, length composition and
conditional age at length data by fleet used in the 2026 assessment of north Pacific albacore tuna.
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Figure 11.5 Spatial domain (red box) of the north Pacific albacore stbelr{nus alalunggin the 2026
stock assessment. Fishery definitions were based on five fishing areas (black boxes and numbers) defined

from cluster analyses of size composition data.
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Figure 11.8 Trends and 95% confidence intervals of the adult index (F10) used in the base case model.
Note that the 95% confidence intervals are based on the model assumption of lognormal error, and
include both input and additional coefficients of variation (CVs).
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Figure 11.9 Trends and 95% confidence intervals of the indices-(B4S36middle; S37bottom) used
in sensitivity model runs. Note that the 95% confidence intervals are based on the model assumption of
lognormal error, and include both input and additional caiefits of variation (CVs).
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Figure 11.10 Aggregated size composition data fitted in the base case model for the 2026 north Pacific
albacore stock assessment. Sum of N adj indicate the total sample size of the size composition data for
each fishery after data reweighting.
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Figure 11.11 Aggregated size composition data fitted in the base case model for the 2026 north Pacific
albacore stock assessment. Sum of N adj indicate the total sample size of the size composition data for
each fishery after data reweighting.

84



0.4
0.3
0.2
0.1
0.0
0.1
0.2
0.3
0.4
0.4
0.3
0.2
0.1
0.0
0.1
0.2
0.3

0.4
0.4

0.3
0.2
0.1
0.0
0.1
0.2
0.3

0.4
0.4

0.3
0.2
0.1
0.0
0.1
0.2
0.3

0.4
0.4

0.3
0.2
0.1
0.0
0.1
0.2
0.3
0.4

Proportion
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base case model for the 2026 north Pacific albacore stock assessment.
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Figure 11.13 Growth model of north Pacific albacore used in the628&essment. Dashed lines indicate
95% confidence intervals. Based on-sgecific growth model by Xu et 4R014). See Table 10.4 for
detailed parameters.
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Figure 11.14 Seasonal weigkdt-length relationships of north Pacific albacore used in thé 202

assessment. Based on Watanabe é2@06). Male and female weight-length relationships were
assumed to be identical. See Table 10.4 for detailed parameters.

87



9]

N I I
> O | ' O (|
5 o o 4 7 5
£ O S
o S ® T h) 0
o O Q v,
| 0 | Q ? @)

o ®

I I I I I I
2000 2005 2010 2015 2020 2025
Year

Figure 11.15 Log-scale observed (open circles) and predicted (blue line) relative abundance from the
F10 adult abundance index in the 2026 base case model. Error bars show the 95% confidence intervals
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Figure 11.16 Observed (grey) and model predicted (green line) aggregated size compositions for the
fleets in the 2026 base case model. Only fleets with fitted size compositions are shown. See Table 10.1
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Figure 11.17 Pearson residuals of model fit to size composition data from fisheries in the 2026 base case
model. Filled and open circles represent observations (i.e., proportions at size) that are larger and smaller
than model predictions, respectively. Area of tiele is proportional to absolute values of residuals.
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Figure 11.18 Pearson residuals of model fit to size composition data from fisheries in the 2026 base case
model. Filled and open circles represent observations (i.e., proportions at size) that are larger and smaller
than model predictions, respectively. Area of tiele is proportional to absolute values of residuals.
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Figure 11.19 Pearson residuals of model fit to size composition data from fisheries in the 2026 base case
model. Filled and open circles represent observations (i.e., proportions at size) that are larger and smaller
than model predictions, respectively. Area of tiele is proportional to absolute values of residuals.
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Figure 11.20 Pearson residuals of model fit to size composition data from fisheries in the 2026 base case
model. Filled and open circles represent observations (i.e., proportions at size) that are larger and smaller
than model predictions, respectively. Area of tiele is proportional to absolute values of residuals.
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Figure 11.21 Estimated female spawning stock biomass from the base case (blue), ASPM (gray), and
ASPM-R (orange) models.
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Figure 11.22 Fits to the F10 index of abundance from the base case (blue), ASPM (gray), aneRASPM
(orange) models with RMSE.
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Figure 11.23 Likelihood profiles across fixed values™¥f. Likelihood components shown are total
likelihood (gray), recruitment (orange), length composition data (blue), and survey index of abundance
(green). Values within 1.92 units of the MLE (dashed horizontal line) are within the 95% confidence
interval. Thebase model estimatéd value was 12.120.
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Figure 11.25 Estimated dynamic biomass ratios (i.e., ratios of female spawning stock biomass (SSB)
relative to dynamic, unfished SSB) of the base case model (black line) and models with virgin recruitment
a €Y fixed at various values. Horizontal lines indicate the threshold (dashed black line;

30%SSRBurent,r=9 and limit (solid red line; 14%SSBentF=9 reference points.
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Figure 11.26 Estimated female spawning biomass (SSB) (top), and recruitment (bottom) of the base case
model and models with one to five terminal years of data removed. Legend indicates terminal year of the
model.
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Figure 11.27 Estimated female spawning biomass (top) and recruitment (bottom) of the base case model
(gray) and catch curve analysis (orange).
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Figure 11.28 Fits to the F10 index of abundance from the base case model (gray) and catch curve
analysis (orange).
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Figure 11.29 Estimated lengtibased selectivity, arranged by fleet. Male selectivity is identical to female
selectivity in the base case model. Only fisheries with size composition data fitted in the base case model
are shown. Vertical dashed line is at 100cm to tisipalize differences between the fleet selectivities.
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Figure 11.30 Estimated age multiplied by length selectivity, arranged by fleet. Fleets shown are those
that had both age and length selectivity estimated. Male selectivity is identical to female selectivity in the
base case model. Only fisheries with size compositita fitted in the base case model are shown.
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Figure 11.31 Historical catch at age of north Pacific albacore estimated by the 2026 base case model.
Panels are arranged for the total catch and age@dp), 610 (middle), and 115 (bottom). Note the
difference in yaxis scale between the top panel and middtelmottom panels.
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Figure 11.32 Estimated fraction of females in the population by age.
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Figure 11.33 Estimated fraction of females in the population by fork length (cm).
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Figure 11.34 Maximum likelihood estimates of (a) age biomass, (b) female spawning biomass (SSB),
and (c) agé® recruitment of north Pacific albacore tufi@dnnus alalunga Dashed lines indicate 95%
confidence intervals.
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Figure 11.35 Estimated sespecific instantaneous fishing mortality at ageatiage) for the 2026 base
case model, averaged across 20023.
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Figure 11.36 Fishery impact analysis on north Pacific albacore showing female spawning biomass (SSB;
red) estimated by the 2026 base case model as a percentage of dynamic, unfished female SSB

(SSB i ). Colored areas show the relative proportion of fishing impact attributed to longline
(green) and surface (blue) fisheries (primarily troll and {amiéline gear, but including all other gears

except longline).
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Figure 11.37 (a) Stock status phase plot showing the status of the north Pacific albEuanays

alalungg stock relative to the biomatased threshold (30%S&Rntr=9 and limit (14%SSRirent,F=)

reference points, and fishing intenskigised target reference point (F45%SPR) over the modeling period
(19947 2024). Blue triangle indicates the start year (1994) and black circle with 95% confidence intervals
indicates the terminal year (2024). (Bp&t status plot showing current stock status and 95% confidence
intervals of the base case model (black circle), a sensitivity run an important sensitivity run of CV = 0.06
for Linf in the growth model (gray), an important sensitivity run with two initial fishing mortality

parameters (red), and a model representing an update of the 2023 base case model to 2026 data (purple).
Red zones in both panels indicate female SSBs falling bevimit reference point while the orange

zones indicate female SSBs between the threshold and limit reference points. Green zones indicate female
SSBs above the threshold reference point and fishing intensity levels below the target reference point.
Yellow areas indicate female SSBs above the threshold reference point and fishing intensity levels above
the target reference point. The Fs in this figure are indicators of fishing intensity based on spawning
potential ratio (SPR) and calculated as %SPR. ISR ratio of the equilibrium SSB per recruit that

would result from the estimateddtage relative to that of an unfished population. A higher %SPR

indicates lower fishing intensity. Current fishing intensity values and SSBZurrent,F=0 ratios in (B)

were calculated as the average during 28223 (F%SPR, 2022023) and 2024 (SSB2024/SSBcurrent,

F=0), respectively. The model representing an update of the 2023 base case model is similar to but not
identical to the 2023 basase model due to changes in data preparation and model structure.
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Figure 11.38 (A) Estimated dynamic biomass ratio (SSB/SSBcurifer0) of north Pacific albacore

relative to biomasbased threshold (30%SSBcurrent, F=0; dotted line) and limit (14%SSBcurrent, F=0;
dashed line) reference points over the modeling period (L2824). 95% confidence intervals are

indicated by the lightegray bands and 60% confidence intervals are indicated by the darker gray bands.
(B) Estimated fishing intensity relative to the fishing intenbifiged target reference point (F45%SPR)

over the modeling period (19942024). The gray area indicates tf@®confidence intervals. The limit
reference point is considered to be breached if the lower bound of the 60% confidence intervals overlaps
the limit reference point.
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Figure 11.39 Estimated female spawning biomass (a), dynamic spawning biomass depletion (b), and
fishing intensity (kxses €) for the 2026 base case model (gray), sensitivity run with fixed constant M of
0.3 across sexes and ages (M=0.3; blue), constant M of 0.39 for males and 0.48 for females
(M=consM_consF; green), and estimated M with a prior (estM; orange).
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Figure 11.40 Estimated female spawning biomass (a), dynamic spawning biomass depletion (b), and
fishing intensity (kxspr C) for the 2026 base case model (gray), sensitivity run with steepness values fixed
at 0.75 (blue), 0.8 (green), and 0.85 (yellow), and estimated with a prior (orange).
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Figure 11.41 Estimated female spawning biomass (a), dynamic spawning biomass depletion (b), and
fishing intensity (kxspr C) for the 2026 base case model (gray), sensitivity runs with @V ofandd =
0.08 (orange), CVdd =0.06 (blue), CVob =0.08 (green), and all growth parameters estimated
for each sex.
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Figure 11.42 Estimated female spawning biomass with downweighting of each individual fleet. Panels
are arranged by fishery type.
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