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Foreward to the North Pacific Albacore Management Strategy Evaluation
Report

Management strategy evaluation (MSE) is a process used to evaluate the consequences of alternative
harveststrategies against poefined fishery and conservation objectives for a stock, taking into account
uncertainties in environmental, biological and management systems and the likelihood that harvest
strategies are able to achieve the chosen objectives.HdSEe advantage of revealing the traffe

among a range of possible management decisions to managers and stakeholders and delineate assessment
challenges to scientists. Conducting an MSE requires more activeipadidic by scientists, managers

and sakeholders than in a standard stock assessment process.

The Western and Central Pacific Fisheries Commission Northern Committee (W®)and the Inter
American Tropical Tuna Commission (IATTC) endorsed an MSE process by the Albacore Working
Group (ALBWG) of the International Scientific Committee for Tuna and Flikea Species in the North
Pacific (ISC) to refine the interim harvest strategy currently in place for North Pacific Albacore tuna and
adopt a target reference point (TRP). The MSE results dothNP acific Albacore Tuna presented in this
report, coupled with the results of runs from previous iterations in this process, represent a substantial
amount of information for WCPFRGBIC and IATTC member countries and managers on which to base
decisions cocerning harvest strategy for this stock.

The North Pacific Albacore Tuna MSE process was strongly supported by the United States, who
provided a scientist to develop and run the operating models and produce the results. This support is
greatly appreciad by the ISC. However, the capacity available to conduct MSE processes is limited in
most countries given the quantitative skills and simulation experience needed to be successful. Future
iterations of this MSE are not planned by the ISC because thentuesults need to be fully assimilated

by managers and stakeholders.
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1 Executive Summary

History and Goal of NPALB Management Strategy Evaluation

Management strategyvaluation (MSE) is a process that, given management objectives
conveyed by stakeholders and managers, uses computer simulations to assess the performance of
candidate harvest strategies under uncertainty (Fig. ES1). The Western and Central Pacific
Fisheres Commission (WCPFC) established a limit reference point (LRP) of 20008%8SB:
Female Spawning Stock Biomass) for North Pacific albacore (NPALB). The LRP is based on
dynamic unfished SSESSBO_d )and fluctuates depending on changes in recruitment. In

addition, the Inter American Tropical Tuna Commission (IATTC) and WCPFC also adopted
measures in 2005 that restricted NPALB fi shin
but assumed to be the average of 2@0®4) levels. However, no formal hastestrategy or

target reference point (TRP) has been established. The goal of this MSE was to examine the
performance of alternative harvest control rules and associated reference points for NPALB.
Performance was evaluated based on management objectvag@ed upon with managers

and stakeholders. Management objectives and performance metrics were finalized in October
2017, at the '31SC NPALB MSE Workshop in Vancouver, Canada, where candidate reference
points and harvest control rules for testing were also agreed upon (ISC 2017). The ALBWG then
started developing the MSE framework and running the first simulations, but due to limited
computing resources and long running timewas not feasible to run all the proposed harvest
control rules (HCRs) by theé™4SC NPALB MSE Workshop in February 2019 in Yokohama,

Japan (ISC 2019). Following presentation of the initial set of resultstfie first round othe

NPALB MSE, managers and stakeholders at theMSE Workshop recommended removing

two candidate harvest strategies and TR&® further consideratio@ndfocusing on the

assessment dfie performance of additional candidate hatveontrol rulewith the best

performing TRPs, F40 and F5Dhose are the simulatiopsesentechere Managers and

stakeholders also recommended changes to the MSE framework to improve the realism of the
simulations. Those changes are described belows.|atest round of simulations evaluated all

the HCRs and associated reference points proposed dt M8R Workshop and represents the

final set of MSE analyses in supporttiié development of a harvest strategy for NPALB.
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“Conditioning” process “Future” process
(1993 - 2015) (2016 - 2045)
Data EM (Estimation Model, every 3 years)
. . Management Model
Fisheries .| oOperating Data R
data v Model Generation » HCR
(om) candidate
Biological -~ oﬁgz':rg
Parameter v (OM)
Simulation of Simulation of A 4
Model sl “future” using .
© et_ > catch set by [ Harvesting
assumption HCR candidate
Incorporates the full “uncertainty” Performance indicators

Figure ES1.Overview ofthe North Pacific albacore management strategy evaluation
framework Details of the MSE framework and models can be found in Section 4.

Major changes from MSE Round 1 Report
Following recommendations from thé '5C ALB MSE Workshop, five major changes to the
MSE framework algorithm were undertaken for t##&Round of MSE.

1. The F'MSE framework put no limitations on the capacity of the NPALB fleets, with
fishing intensity (F, 1SPR) increasing to levels higher than what has historically been
observed to meet the target fishing intensity reference point (TRieh setting the Total
Allowable Catch (TAC) or Total Allowable effort (TAE). Thigas considered unrealistic
by managers and stakeholders, ara$ addressdd this MSE frameworlby, when SSB
was greater than S&Bshoig Setting a TAC or TAE based on & that wasandomly
sampled from the time series of historical (12915) Fsrather than setting the F equal
to the TRP. This approach was used for uncertainty scenarios 1 and 3, which estimated Fs
during the historical period as being on average lower than eitliee candidate TRPs.

2. A new management option of mixed control was implemented in the code. Managers and
stakeholders suggested that it may be impractical to managengeting longline fleets
by TAE, but still wanted to explore the option for theaadbre targeting surface fleets.
Under mixed control, longline fleets are subject to a TAC, whereas surface fleets are
managed with a TAE.

3. The new MSE framework also generates bidirectional implementation errors (i.e., fleets
can fish at, less anore tharthe TAE or TAC) rather than strictly positive ones as in the
15'round of MSE.

4. The MSE code was modified to enable use of stricter risk levels (80% for HCRs with an
LRP of 20%S80_d 90% for HCRs with an LRP of 14%B0_dor 7.7%5B0_d) in
evaluation of the risk of breaching candidate limit reference point (LRP) in the MSE
management module. This risk was calculated using the NPALB future projection
software developed for the 2017 NPALB stock assessment.
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5. The MSE management module wasdified to allow for examination of two additional
levels of minimum TAC or TAE when the LRP is breachacdaddition toclosure of the
fishery (i.e.,TAC or TAE = 0. For HCRs with LRPs of 20%B0_dor 14%S3380_d
these levels are 0.5 and 0.25 of théifig intensity or catch at the LRP. For HCRs with
an LRP of 7.7%53B0_dthese levels are 0.25 of the fishing intensity or catch at the LRP
or a fishery closure.

Management Objectives and Performance Indicators

The management objectives for this MSE were: 1) mairf$&B above the limit reference point
2) maintaindepletion oftotal biomassaround historical average depleti@) maintain historical
harvest ratios of each fishery; 4) maintain catches ahweeeaye historical catchb) change in

total allowable catch between years should be relatively gragingl6) maintain fishing

intensity athe target valuevith reasonable variabilitNote that management objectives were
not ranked according to importandeshould alsobe noted that management objective #3
(maintain historicak006-2015harvest ratios of each fishery) was not evaluated because there
were no allocation rules specific to each fishery. Instead, harvest ratios of each fishery were
assumed todmaintained at the average of 192915 according to the agreement at tH&ISC
NPALB MSE Workshop. Thus, performance relative to management objective #3 does not vary
between HCRs. The ALBWG represented these management objectives, except #3, as
guanitative performance indicators (Table ES1). These performance indicators were used to
guantitatively evaluate the performance of the harvest strategies tested relative to the
management objectives. In addition, other general metrics like the mean aruiliaaobSSB,
depletion, and catch were also provided for reference (Appé&iabiey.

Table ES1.List of management objectives, performance indicators, and corresponding labels for figures
and tables. Management objective #3 was not included because this management objective was not
evaluated in this MSE. SSB refers to female spawning stock biomR$std. limit reference poingnd

SSBO to unfished female spawning stock biomass. Unless specifiedaorium SSBO, the SSB is

dynamic (i.e., equal to SSBO_dnd fluctuates depending on changes in recruitment. Depletion refers to
the ratio of currentotal biomass to unfished equilibrium total biomass and is a measure of relative
biomassFor t he performance indicator |l abeled AOdds
refers to a reduction in fishing intensity from the fishing intensity astsmtiwith thearget reference

point (TRP). Management objectives are not ranked according to importance.

Management Objective Label Performance Indicator
1. Maintain SSB above the limitf OddsSSB >LRP Probability that SSB in any
reference point given year of the MSE forward

simulation is above the LRP

Odds SSB > 20%SSB0 Probability that SSB in any
given year of the MSE forward
simulation is above the 20% of
dynamic unfished SSB.

Odds SSB > 7.7%SSB0 Probability that SSB in any
given year of the MSE forward
simulation is above 7.7% of

of



FINAL

dynamic unfished SSB.

Odds SSB > equilibrium Probability that SSB in any

7.7%SSB0 given year of the MSE forward
simulation is above the 7.7% ol
equilibrium unfishedSSB.

2. Maintain depletion of total Odds depletion > minimum Probability that depletion in any
biomass around historical historical given year of the MSE forward
average depletion simulation is above minimum

historical (20062015) depletion.

4. Maintain catches above Odds catch >historical Probability that catch in any
average historical catch given year of the MSE forward
simulation is above average
historical (19812010) catch.

Odds medium term catch > Probability that catch averaged
historical overyears 713 of the simulation
is above average historical
(19812010) catch.

Odds long term catch > Probability that catch averaged
historical over years 2480 of the
simulation is above average
historical (19812010) catch.

5. Change in total allowable Catch stability Probability that a decrease in
catch between years should be TAC (or catch for mixed
relatively gradual control) is <30% between

consecutive assessment period
(once every 3 years), excluding
years where TAC=0.

Odds of namanagementharge | Probability of SSB > SSReshold

6. Maintain fishing intensity (F)| FrargelF Frargel F
at the target value with
reasonable variability

Harvest Control Rules

Each harvest control rule (HCR) specifies a management action to be taken (or notpnizthsed
estimated condition of the simulated albacore population relative to reference points. The
management action is implemented as either Total Allowable Catch (TAC) or Mixed Control.
Figure ER depicts how fishing intensity (F; calculated in termsmdwsning potential ratio)

varies according to changes in spawning stock biomass (SSB) relative to unfished SSB for each
of the 16 HCRs tested. For each HCR, if SSB is abovengsBs then the level of fishing

intensity is set to the TRP or is sampleainfrthe historical time series of fishing intensities

4
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(Fristorica), if the TRP is greater thamioricar If SSB is below SSBesnoidbut above the limit
reference point (LRP), the level of F is reduced to below the TRP. The reason for an HCR to
inittate management action at SS8noqrather than the LRP is to reduce the chances of ever
breaching the LRP and avoid severe management actions that could occur when the LRP is
breached. If SSB falls below the LRP, the F is maintained at a low level GBiisSrebuilt

above the LRP. This minimum F4{F) is a fraction of the Br catchassociated with the LRP
(TAEnin or TACwmin). Note that & is a function of the TRP, LRP, and S&&noq and as such it
varies between HCRs (Fig. ES2). We testedhd&@est control rules with different combinations
of TRPs, SSBreshoid and LRPYFig. ES2) These are listed in Table ES2 and detailed in Table 2
of the main report.

Figure ES2.Harvest control rules (HCRs) tested in the second round of MSE for NPydrHcal
dotted grey lines indicate the limit or threshold reference points listed in Table ES2.

HCR1 to HCR8 HCR9 to HCR16
0.6 0.6
HCR HCR
[ — HcR1 @ — HCR9
o o
0 — HCR2 O — HCRI10
=044 =044
g — HCR3 = — HCR1
@ — Hcra @ — HCR12
= =
£ HCRS E HCR13
2 HCR6 & HCR14
£ 021 £ 021
w — w —
B 1 HCR7 @ HCR15
/ HCRS HCR16
0.0 0.0
0.0 02 0.4 06 0.0 02 0.4 06
SSB/SSBO SSB/SSBO

Table ES2.List of harvest control rules (HCRs). TA&RPis an indicator of fishing intensity based on

SPR. SPRis the female spawning stock biam&SB) per recruit that would result from the current
yeards pattern and intensity of fTRPbofF50gvoulthesult al ity
in the SSB fluctuating around 50% of the unfished SSB.R¥ of F40 implies a higher fishinantensity

(i.e., LSPR of 0.6) and would result in a SSB of around 40% of the unfished SSB. The threshold and

limit reference pointsSSBhreshoi@Nd LRP,are SSBbased and refer to the specified percentage of

unfished SSB. The unfished SSB is dynamic funttuates depending on changes in recruitmé&hie

fraction used to calculate TACmin or TAEmin refers tofitection of the catch or Bssociated with

the LRP.
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HCR Target Threshold Limit Prob SSB > | Fraction used
reference reference point | reference LRP to calculate
point (TRP) (SSBhreshold) point (LRP) TAC 1in OF
TAE min
1 F50 30% 20% 0.8 0.25
2 F50 30% 14% 0.9 0.25
3 F50 30% 7.7% 0.9 0
4 F50 20% 14% 0.9 0.25
5 F50 20% 7.7% 0.9 0
6 F40 20% 14% 0.9 0.25
7 F40 20% 7.7% 0.9 0
8 F40 14% 7.7% 0.9 0
9 F50 30% 20% 0.8 0.5
10 F50 30% 14% 0.9 0.5
11 F50 30% 7.7% 0.9 0.25
12 F50 20% 14% 0.9 0.5
13 F50 20% 7.7% 0.9 0.25
14 F40 20% 14% 0.9 0.5
15 F40 20% 7.7% 0.9 0.25
16 F40 14% 7.7% 0.9 0.25

Uncertainties considered

The MSE computer simulatiors! | owed for testing candidate HC
scenarios for stock productivity, recruitment variability, availability to the Eastern Pacific Ocean
(EPO) fishery, observation error, assessment error, and management implementation error to

make sure that the proposed harvest strategies could meet management goals in the real world.
These fAwhat ifo scenarios were based on the A
specified by the managers and stakeholders. Four scenarios wergdedveloepresent the

range of uncertainty in stkgroductivity (Table ES3). These scenaniegquired different

operating model (OM) structures in terms of the paremaation of biological factors such as

growth or natural mortality. Other productivitgenarios were also evaluated during the first

round of the MSE but were found to overiajh and produce similar results to tHeur

scenarios included her&herefore, this round of the MSE only included these four scenarios to

save time and effort. NPA. recruitment can vary greatly between years due to unknown

environmental factors, even when SSB remains the same. To account for uncertainty in
recruitment, recrui tment devi ati onsg=0.5and he OM
an autocorrelatin of 0.42. The autocorrelation implies that a good recruitment year was more

likely to be followed by another good recruitment event, giving rise to good and bad recruitment
cycles. There is also uncertainty in the number of juveniles migrating to thee\E?@year. To

account for changes in the availability of specific age classes to the EPO fishery between years,

6
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the age selectivity for the EPO fleet in the OM was made-vianging using additive random
walk deviations for ages one to four. For each HE&ductivity scenario combination, 70
iterations with different random trajectories in recruitment and EPO age selectivity were run.
In addition to the four stock productivity scenarios, a potential future fishing effort scenario
prioritized during the ¥1SC ALB MSE Workshop was developed and consisted of a shift of

south Pacific fishing effort to the north Pacific modeled as a ramp in catch from a new entrant to

the fishery with catch not known to the assessment and not under HCR control.

Table ES3.List of the four operating models (OMs) representing different productivity scenarios and
their parameter specifications. H refers to steepness, G to growth, and M to natural mortality. The OMs
are ordered from the one simulating the most productive NPgdRilation to the least productive.

Model fit during the OM conditioning phase is provided as the negativikéddhood (NLL) of each

model (i.e., lower is better). Biological plausibility of each OM is also provided, based on the expert

opinion of the ABWG.
oM Age Recruitment O.M Mogel Biological
h G M . . Fit "
No. selectivity | autocorrelation Plausibility
(NLL)
3 high low medium | Time 0.42 358.12 Medium
varying
Base/1 | medium | medium | medium | Time 0.42 348.11 High
varying
4 high high medium | Time 0.42 363.05 Medium
varying
6 high high Low Time 0.42 364.25 Low
varying
Results

The results of the MSE analysis can be summarized in four main points:

1. Under both TAC and mixed control, all harvest control rules (HCRs) were able to

maintain the stock b o v e

t he

WCPFCOs

| iS80 0, the ATTEr enc e

limit reference point used for tropical tunas (7.7%85Rnd the LRP specified by each
HCR with high probability (>0.8), when simulation outcomes across all reference
scenarios where considered.

The NPALB stock is in good condition and even when considering the range of uncertainties in
stock productivity, ecruitment variability, availability to the EPO surface fleet, observation,
assessment, and implementation error, all HCRs had highly likely odds (>0.8) of SSB being
above the 209%8B0_dLRP,the 7.7%SB0_dLRP, and their respective LRP (Table ES4 and
ESH under both TAC and mixed control.

F
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Table ES4.Performance of indicators for each harvest control rule under mixed control across
all iterations and uncertainty scenarios. HCR refers to harvest control rule, LRP to limit reference
point, SSBheshoidto the threshold reference point, SSB to female spawning biomass, SSBO to
unfished female spawning stock biomass. The LRP and.ss&are SSBbased and refer to

the specified fraction of SSBOnless specified as equilibrium SSBO, the unfished SSB is

dynamic and fluctuates depending on changes in recruitment. See Table ES1 for a detailed
definition of performance indicators. Colors represent risk categanegtgssociated risk levels

as defined in the legend. Some HCRs hawgef of >1 because on aage, the Fs for those

HCRs are below the et

Mixed Control

Across Reference Scenarios

Management Objective 1 Nggj.:?j{::;t Management Objective 4 Mggj:?:;r\l;l:gt Mggj:gcfir\?:gt
Odds Odds Odds Odds 0Odds Mean Odds Mean
SSB SSB> OddsSSB> SSB>  Depletion> OddsMean  Medium Term Long Term Odds No
SSB > 20%  Equilibrium  7.7% Minimum  Annual Catch Catch > Historical Catch > Catch  Management

her TRP LRP threshold LRP  SSBo  7.7%SSBo  SSBo Historical > Historical Catch Historical Catch Stability Change Ftarget/F
WY o0 005 oo 100 R 039 B o ] o
2 F50 0.14 0.30 gikk] 0.97 0.96 1.00 0.74 0.60 0.59 0.68 1.00 0.92
smoon oo IEICICERE] o0 o os cos I oss L]
4 F50 0.14 (e} 0.99 0.98 0.96 1.00 0.74 0.60 0.59 0.68 1.00 0.98 0.92
s oo oo EICHCERE v o« 059 oos REETCIRE]
e roon oo [EENTTRNTREE  on oo o B 0 o» o
7 F40 0.08 0.20 k] 0.92 0.93 0.99 0.72 0.69 0.68 0.77 0.99 0.92 1.04
soroon o LI o2 oo " o IR
9 F50 0.20 [l 0.98 0.98 0.96 1.00 0.74 0.60 0.59 0.68 1.00 0.92
10 F50 0.14 0.30 0.74 0.60 0.58 0.68
11 F50 0.08 0.30 0.75 0.60 0.59 IJ.GB
12 F50 0.14 0.20 gikE] 0.98 0.96 1.00 0.75 0.60 0.59 0.69 1.00 0.98 0.92
13 F50 0.08 0.20 0.75 0.60 0.59 IJ.EB
14 F40 0.14 (e} 0.97 0.92 i 4 0.72 0.69 0.68 0.77 d 4 d
15 F40 0.08 0.20 pEE] 0.93 i b 0.72 0.69 0.68 0.77
16 F40 0.08 0.14 gkE] 0.93 i § 0.72 0.69 0.68 0.77
Odds

B Amost certain - 0.9-<1
- Highly Likely - 0.8-0.89
Likely - 0.7-0.79
Better than Even - 0.6-0.69
Even-0.4-059
Less than Even - 0.3-0.39
Unlikely - 0.2-0.29
B Hiohiy Uniikely - 0.1-0.19
. Almost Never - >0-0.09

Table ES5.Performance of indicators for each harvest control rule under TAC control across all
iterations and uncertainty scenarios. HCR refers to harvest control rule, LRP to limit reference
point, SBinreshoidto the threshold reference point, SSB to female spawning biomass, SSBO to
unfished female spawning stock biomass. The LRP and.sskiare SSBbased and refer to
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the specified fraction of SSBQnless specified as equilibrium SSBO, the Ui SSB is
dynamic and fluctuates depending on changes in recruitment. See Table ES1 for a detailed
definition of performance indicator€olors represent risk categories as defined in the caption
and legend for Table ES4. Some HCRs hawg.F- of >1 because on average, the Fs for those
HCRs are below thedryet

TAC Control
Across Reference Scenarios
— Management - Management Management
Management Objective 1 Objective 2 Management Objective 4 Objective 5 Objective 6

Odds Odds Mean  Qdds Mean

Odds Odds Odds Odds Mean Medium Long Term

SSB SSB> 0OddsSSB> SSB> Depletion>  Annual  Term Catch > Catch > 0Odds No

SSB > 20% Equilibrium 7.7%  Minimum Catch > Historical Historical Catch Management
hcr TRP LRP threshold LRP SSBo 7.7% SSBo SSBo  Historical  Historical Catch Catch Stability Change Ftarget/F

1 F50 0.20 0.30 0.70 0.63 0.64 0.68 0.70 0.77 -
2 F50 0.14 [l 096 092 092 0598 0.70 0.62 0.64 0.68 0.72 0.77 -
3 F50 0.08 LEly 098 091 092 098 0.70 0.62 0.64 0.67 h 0.76 -
4 F50 0.14 0.20 0.70 0.63 0.65 0.68 0.78 “
5 F50 0.08 0.20 0.69 0.65 0.67 0.71
6 F40 0.14 0.20 UEE] 0.90 097 0.68 0.64 0.61 0.73 n
7 F40 0.08 0.20 sy 0.90 057 0.68 0.66 0.63 0.75 1.05
8 F40 0.08 0.14 0.67 0.67 0.63 0.75 1.02
9 F50 0.20 [l 091 091 092 0598 0.70 0.63 0.66 0.68 -
10 F50 0.14 el 096 092 092 099 0.70 0.62 0.64 0.69 -
11 F50 0.08 0.30 0.70 0.63 0.67 0.69 ! b -
12 F50 0.14 0.20 0.70 0.64 0.66 0.70
13 F50 0.08 ¥l) 098 091 092 098 0.69 0.65 0.66 0.71 “
14 F40 0.14 0.20 E:F] 0.90 0.96 0.67 0.65 0.63 0.73 0.67 _
15 F40 0.08 0.20 0.67 0.66 0.64 0.74 0.67 _
16 F40 0.08 0.14 BURL 0.90 0.96 0.67 0.66 0.65 0.75 0.711

-

2. Under mixed control, there was a tradeoff between the odds of biomass being above the
20%SB0_dLRP and catch metrics.

Mixed control maintained higher and less variable stock biomass #arcéntrol as the

catches of surface fleets under effort control responded quickly to changes in biomass and their
catch levels were not impacted by assessment errors in biomass estimates. It was rare for SSB to
fall below SSBheshorand for a managemerstction to be triggered. For scenarios 1 and 3, there
was no difference in performance as F was largely the same across HCRs because SSB was
largely above SSResnoiand F was therefore sampled from historical F in that case. Thus, when
simulation outcomas across all reference scenarios were considered, the tradeoff was less
apparent than for the low productivity scenario (Fig. ES3 ant).EE®ross reference scenarios,
HCRs with a TRP of F40 maintained higher odds of catch being above average histdcital ¢
than F50 rules, and comparable catch stability and odds of relative biomass being above
minimum historical (Fig. ES3). While the odds of SSB being above the&s38% dLRP were

lower for F40 rules than for F50 rules, they remained above 0.8 (Fig. ES2). Under the low
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productivity scenario, there was more contrast in the performance of F50 and F40 with regards to
both biomass and catch metrics (Fig. ES4). The odds of 888 above the 20%380_dLRP

or theequilibrium7.7%SSB LRP, and of relative biomass being above minimum historical

were higher for F50 rules, but this came at the cost of a decrease in the odds of annual, medium
term, or long term catch being above histal (Fig. ES4).

Figure ES3 Cobweb plot depicting performance indicators for HCR& (eft) and HCRs 4.6 (right)

under mixed control (top) and TAC control (bottom) for all runs across reference sceRarkmsmance
indicators are unweighte@0%SSB0_dcorrespondso 20% of the unfished dynamic SSB and

corresponds to the current WCPFC limit reference point (LRP). 7.7%SSBO0 refers to 7.7% of unfished
equilibrium SSB and is the LRP used by IATTC for tropical tuNadues close to the outer web signa

more positive outcome for that performance indicator. See Table ES1 for a definition of the performance
indicators.See Table ES1 for a definition of the performance indicaoetail of each HCR are provided

for referenceln the table, TRP refersa target reference point, S&Bshodto threshold reference point,

and LRP to limit reference point.

Mixed Control Mixed Control
Reference Set Reference Set
Odds SSB > LRP Odds SSB > LRP
# HCR1-F50 ® HCR9-F50
Odds SSB > s Odds no HCR2-F50 Odds SSB > e Odds no HCRI0-F50
20%SSBO_d .. i == "8&...._ management change ﬂgﬁﬁﬁiﬂ

-..._Mmanagement change HCRA-F50 20%SSBO_d ..
HCRS-F50 HCR13-F50
X ® HCR14-F40
* HCR15-F40
® HCR16-F40

® HCR6-F40
# HCR7-F40
# HCR8-F40

Odds SSB> N ) Odds SSB> \ ”
7.7%SSBO ., \ Catch stability 7.7%SSB0 _'Calch stability
odds .- . odds L.
depletion > ™, " Ftarget/F depletion > " " Ftarget/F
historical i 4 historical R 3
odds Catch> L : Odds long term oOdds Catch> B " odds long term
historical e catch > historical historical catch > historical
Odds medium term Odds medium term
catch > historical catch > historical
TAC Control TAC Control
Reference Set Reference Set
Odds SSB > LRP Odds SSB > LRP
® HCRI-F50 ® HCRO-F50
Qdds SSB > Lo Qdds no :gggjgg QOdds SSB > Lo Odds no :gg}fﬁg
20%SsBo_d .. ... management change HCRA-F50 20%sSsB0_d .. “---... Mmanagement change HCR12.F50
e T, HCRS-F50 R HCR13F50
® HCRE-F40 ® HCRI4-F40
® HCR7-F40 ® HCRISF40
® HCRB-F40 ® HCRIGF40
Odds SSB > g Odds SSB> s ”
7.79%SSBO "-_‘_w 7,,:':f:amh stability 7 7%SSBO V:f:atch stability
odds .- odds Lo hY
depletion > ™. ' Ftarget/F depletion > ™ 7 Ftarget/F
historical historical
odds Catch> e R “" Odds long term Odds Catch > © 7 odds long term
historical catch > historical historical catch > historical
Qdds medium term Odds medium term
catch > historical catch > historical
HCR | TRP | SSBurestoid| LRP | Prob SSB| TAC min or TAEmin F50 30% 20% 0.8 0.25
> LRP Fraction 2 F50 30% 14% 0.9 0.25
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3 | F50 | 30% [7.7%] 0.9 0 M F0 [ 30% [20%] 08 05
4 [ F50 | 20% | 14%| 09 0.25 10 [ F50| 30% [ 14% | 0.9 05
5 | F50 | 20% | 7.7%| 09 0 11 | F50 | 30% | 7.7%| 0.9 0.25
| FA0 | 20% | 14% | 09 0.25 12 | F50| 20% [ 14% | 0.9 05
| FA0 | 20% | 7.7%| 09 0 138 | F50 | 20% | 7.7%| 0.9 0.25
FA0 | 14% | 7.7%| 09 0 | FA0 | 20% | 14% | 09 05
| FA0 | 20% | 7.7%| 09 0.25
FA0 | 14% | 7.7%| 09 0.25

HCR | TRP | SSBiwesroa| LRP | Prob SSB| TAC min or TAEmin

>LRP Fraction

3. Under TAC control, median catch is higher for F40 HCRs, but also more variable, than
F50 HCRs. Theradeoff between catch and catch variability leads to the odds of catch
being above historical being comparable between F50 and F40 HCRs.

Across all reference scenarios, the largest difference in performance between HCRs under TAC
control was for catch gtaity. F50 HCRs, particularly those with a S§&nod0f 20% SB0_d

(HCR4, HCR5, HCR12, and HCR13) have higher odds of decreases in catch between assessment
periods being less than 30% than F40 HCRs and comparable performance in terms of the odds of
different catch metrics being above historical, the odds of SSB being above different LRP

metrics, and of depletion (i.e., total biomass relative to unfished levels) being above historical
(Fig. ES3). Across reference scenarios, both F40 and F50 HCRsexthimparable results in

terms of biomass and catch metrics but the process for achieving the results was different. The
higher fishing intensity of F40 HCRs leads to higher catches but a faster reduction of biomass to
a lower level, and a more variabl&C. In contrast, for the same S&&nowand LRP €.g.,

compare HCR5 with HCR7 in Fig. ES3), an F50 TRP maintains biomass at a higher level and
catches are lower but more consistent, leading to lower management intervention and
comparable odds of catcleing above historical. The same tradeoff between catch and catch
variability is apparent for the low productivity scenario (Fig. ES4). Here the lower fishing

intensity is also associated with a lower risk of breaching the 2880 dLRP and higher

medium erm catch (Fig. ES4), even if F was lower, because less drastic management

intervention was required.

4. HCRs with the LRP and S§Bnoiqreference points closer to the SSB associated with
Frargetresulted in a higher frequency of management interventions.

Among the F50 HCRs, the HCRs with the higher $&Bo0of 30%SB0_d(i.e., HCRL1 to

HCR3 and HCR9 to HCR11) had higher odds of management intervention (Fig. ES2 and ES3).
Similarly, for F40 HCRs, the HCRs with the higher 28880 _d SSBheshoid(i.€., HCR6, HCR7,
HCR14, and HCR15) had higher odds of management intervention (Fig. ES2 and ES3). Higher
odds of management intervention, however, were not associated with improved performance in
biomass metrics either across reference scenarios thefdow productivity scenario (Fig. ES3

and ES4). Variability in performance in both biomass and catch metrics was instead largely
driven by the TRP.



Figure ES4 Cobweb plot depicting performance
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indicators for HCR& (eft) and HCRs 4.6 (right)

under mixed control (top) and TAC control (bottom) for all runs for the low productivity scenario.
Performance indicators are unweight@®%SSB0_d corresponds to 20% of the unfished dynamic SSB

and corresponds to the current WCPFC limit reference poRP). 7.7%SSBO0 refers to 7.7% of unfished
equilibrium SSB and is the LRP used by IATTC for tropical tunas. Values close to the outer web signify a
more positive outcome for that performance indicator. See Table ES1 for a definition of the performance

indicators. See Table ES1 for a definition of the

performance indicdbatsil of each HCR are provided

for reference. In the table, TRP refers to target reference pointar&RBto threshold reference point,

and LRP to limit reference point.

Mixed Control
Low Productivity Scenario

Odds SSB > LRP

® HCR1-F50
Odds SSB > L. Odds no i
20%SSBO_d .. “--...__management change HOR4-F50
R : HCR5-F50
* HCR6-F40
# HCR7-F40
® HCRg-F40
oddssse> /.
7.79%SSBO .'-'i, /. - Catch stability
Odds .
depletion > . " Ftarget/F
historical
Odds Catch> 7 odds long term
historical catch > historical
Odds medium term
catch > historical
TAC Control
Low Productivity Scenario
Odds SSB > LRP
® HCR1-FSO
Odds SSB > P P Odds no :Esg'ig
20%SSBO_d ...~ i ... management change o HCR4.F50
A HCRS-F50
® HCR6-F40
® HCR7-F40
® HCR8-F40
Odds SSB> i
7.7%SSBO 1 :,‘S:a(ch stability
Odds .-~
depletion > ™. " Ftarget/F
historical

7 odds long term
catch > historical

odds Catch>
historical

Odds medium term
catch > historical

Mixed Control
Low Productivity Scenario

Odds SSB > LRP

® HCRO-F50
Odds SSB > doge QOdds no HCR10-F50
- HCRI1-F50
20%SSB0_d Lt ---... management change HOR12F50
T HCR13-F50
B ® HCR14-F40
* HCRI5-F40
® HCR16-F40
Odds SSB > ; )
7.7%4SSB0 1 /o D . - Caich stability
Odds e
depletion > ™. . Ftarget/F
historical
Odds Catch> " odds long term
historical catch > historical
Odds medium term
catch > historical
TAC Control
Low Productivity Scenario
Odds SSB > LRP
® HCRO-F50
Odds SSB > e ST Odds no :gz:g‘:gg
20%SSBO_d ...~ 1 " management change o HORI12-F50
HCR13-F50
® HCR14-F40
® HCRI5-F40
® HCRI16.F40
Odds SSB> -
7.79%SSBO .'!:A A:,:(::atch stability
Odds  :.-
depletion > ™. . Ftarget/F
historical A

" odds long term
catch > historical

odds Catch>
historical

Odds medium term
catch > historical
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HCR | TRP | SSBhrestold| LRP | Prob SSB| TAC min or TAEmin HCR [ TRP | SSBtrestoid | LRP | Prob SSB| TAC min or TAEmin
> LRP Fraction > LRP Fraction
F50 30% 20% 0.8 0.25 F50 30% 20% 0.8 0.5
2 F50 30% 14% 0.9 0.25 10 F50 30% 14% 0.9 0.5
3 F50 30% 7.7% 0.9 0 11 F50 30% 7.7% 0.9 0.25
4 F50 20% 14% 0.9 0.25 12 F50 20% 14% 0.9 0.5
5 F50 20% 7.7% 0.9 0 13 F50 20% 7.7% 0.9 0.25
F40 20% 14% 0.9 0.25 F40 20% 14% 0.9 0.5
F40 20% 7.7% 0.9 0 F40 20% 7.7% 0.9 0.25
F40 14% 7.7% 0.9 0 F40 14% 7.7% 0.9 0.25

5 Both mixed and TAC contr ol are able to mai

reference point (2098 B0_d andthe IATTC limit reference point used for tropical
tunas (7.7%SSBQ@vith high probability (>0.8), even with increasing catches from an
unknown, unmanaged fleet. Howewuérs comes at the expense of reduced catches for
the managed fleets.

Results from the robustness scenario, where catches of an unknown, unmanageck efbess
overtime up to 50,000 mt, demonstrate that the current NPALB stock would be resilientto an
increase in unreported catches if under mixed or TAC coatrdlif the TRP is at or below F40
Indeed, the odds of SSB being above the LRP or other a@tgar limits are highly likely (>

0.8) (Table ES6 and ES7This is because the estimation model (i.e., simulated stock
assessment) correctitietects the decrease in biomass from the abundance indices and
composition data despite observation erAgrthe TAC and TAE of the managed fleets are
dependent ostockbiomass, they areeduced over timand catches of the managed fleets
diminish. Thusmaintenance of stock biomass comatshe cost of decreased catches for the
managed fleets (Table ES6 and ES7).
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Table ES6 Performance of indicators for each harvest control rule under mixed control for the
unknown fleet robustness scenario. Larger values indicate better performance. HCR refers to
harvest control rule, LRP to limit reference point, SSB to female spawningabsESBO to

unfished female spawning stock biomass. Unless specified as equilibrium SSBO, the SSBO is
dynamic (i.e., SSBO_d) and fluctuates depending on changes in recruitment. See table ES1 for a
detailed definition of performance indicators. Colors espnt risk categories as defined in the
caption and legend for Table ES4.

Mixed Control

Unknown Fleet Robustness Scenario

Management Objective 1 N&;}:&ET:;': Management Objective 4 hg&:%g?:gt Mg&:‘—iﬁ?:gt
Odds Odds Odds Odds 0Odds Mean 0Odds Mean
SSB  SSB> 0OddsSSB> SSB> Depletion> OddsMean  Medium Term Long Term 0dds No
SSB > 20%  Equilibrium  7.7% Minimum  Annual Catch Catch > Historical Catch > Catch  Management
her TRP LRP threshold LRP  SSBo  7.7%SSBo  SSBo Historical > Historical Catch Historical Catch Stability Change Ftarget/F
9 F50 0.20 0.30 piEE] 0.98 0.95 1 0.62 0.43 0.53 0.30 0.78 0.78
10 F50 0.14 0.30 0.62 0.44 0.54 0.31 0.79 0.77
11 F50 0.08 0.30 Rl 0.98 I 0.62 0.44 0.53
12 F50 0.14 0.20 Nl 0.97 i 0.61 0.45 0.55
13 F50 0.08 0.20 0.61 0.45 0.54
14 F40 0.14 [rled  1.00 0.97 0.95 1 0.61 0.45 0.53
15 F40 0.08 0.20 0.61 0.46 0.55
16 F40 0.08 0.14 K] 0.97 0.95 1 0.62 0.45 0.54

Table ES7. Performance of indicators for each harvest control rule under TAC control for the
unknown fleet robustness scenamiith no restrictions on the fleet capacity (i.e.,ffm@anaged

fleets could increase up to the TRBEJrger values indicate better performance. HCR refers to
harvest control rule, LRP to limit reference point, SSB to female spawning biomass, SSBO to
unfished female spawning stock biomass. Unless specifiequalsbrium SSBO, the SSBO is

dynamic (i.e., SSBO_d) and fluctuates depending on changes in recruitment. See table ES1 for a
detailed definition of performance indicators. Colors represent risk categories as defined in the
caption and legend for Table ES4

TAC Control
Unknown Fleet Robustness Scenario
Management Objective 1 Management Management Objective 4 Management Management
Objective 2 Objective 5 Objective 6
0dds 0Odds Odds Odds 0dds Mean 0dds Mean 0Odds Mean
SSB  SSB> 0OddsSSB> SSB>  Depletion > Annual Medium Term  Longterm Term Odds No
SSB > 20%  Equilibrium  7.7% Minimum Catch > Catch > Catch > Historical Catch Management

her TRP LRP threshold LRP  SSBo  7.7% SSBo  SSBo Historical Historical ~ Historical Catch Catch Stability Change Ftarget/F
9 F50 0.20 [EM) 095 095 0.93 1.00 0.61 0.36 0.37 0.21 0.54 0.70 0.78
12 F50 0.14 0.20 [EEREN AT 0.92 1.00 0.61 0.36 0.43 _ 0.66 0.94 0.77
14 F40 0.14 0.20 QUKL K A 0.56 0.52 0.48 0.41 047

16 F40 0.08 0.14 JEE] l i 0.56 0.53 0.54 0.42 0.59
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Key Limitations

The ALBWG examined the MSE models in detail and identified the following key limitations.

0

O«

The uncertainty in the relationship between the measure of effort in the MSE (i.e.,
exploitation rate that generates the F specified by the HCR) andvoelal effort in

number of fishing days for the EPO surface fleet increases at smaller effort levels.
Therefore, at very low annual exploitation rates, implementation error for the EPO fleet
under mixed control may be greater in the real world than the implementation error
assumed in the MSE simulation. However, impact of this underestimation of
implementaibn error for the EPO on MSE results is likely low as such low values
comprised only 5% of all the simulated exploitation rates.

It is assumed that catch control is implemented equally effectively across all fisheries,
including both NPALB targeting anabntargeting (e.g., surface fleets vs. longline). This
may not be true in the real world but there is no prior experience or information on
implementation error of catch control between albacore targeting aridngeting
fisheries.

It is assumed thahe fleets are able to meet, with some implementation error, the total
allowable catch (TAC) or total allowable effort (TAE) set by the HCR. However, other
unmodelled factors affecting fleet dynamics, such as market forces or availability of
albacore relatie to other target tuna species like bigeye, may affect the ability of the
fleets to reach the TAC or TAE in the real world. However, since the fleets have never
been under TAC or mixed control, there is lack of data to inform fleet behavior and its
drivers under such control types.

Allocation is assumed to be constant at the average 0f2998 levels throughout the
simulation. This formulation prevents an assessment of management objective 3,
maintain harvest ratios by fishergs the harvest ratios dpt constant by design.
Testing of different allocation schemes would require input from managers as to what
those allocation rules might be.

NPALB is a highly migratory species whose movement rates to given areas in the North
Pacific are highly varille. This affects availability to the fisheries operating in those
areas. However, the simulations do not explicitly model these movement processes and
instead only approximate the availabilityto various fleets. Further work could include the
developmenbf area specific operating models to better capture uncertainty in migration
rates, and their relationship to availability.

The simulations are conditioned on data from 1993 onwards, although available data
dates back to 1966. Thereforbe tsimulations may not include the full range of
uncertainty in the population dynamics of NPALB. Thus, the MSE results are most
applicable to recent conditions. Nevertheless, inclusion of the lowest productivity
scenario (Scenario 6) was an attempt tamatoodate some of this uncertainty.

14



FINAL

2 Introduction

Management strategy evaluatiMSE) is a process that usel®sed, feedbacloop computer
simulatiors to assess how effective a candidate harvest strategy is at achieving management
objectives put forward by managers and stakeholdeder a range of uncertainties. It serves as
a tool for managers and stakeholders to test the performance of and geleente set of
candidate harvest strategigsven specific management objectives.

Two Regional Fisheries Management Organizations (RFMOs) are tasked with managing the
North Pacific albacore tuna (NPALB) stock: the Northern Committee of the Western aindlCe
Pacific Fisheries Commission (WCPFC NC), and the Inter American Tropical Tuna Commission
(IATTC). To refine the interim harvest strategy currently in place for NPALB and adopt a target
reference point (TRP), the WCPFC NC and IATTC endorsed develoghan MSE by the
Albacore Working Group (ALBWG) of the International Scientific Committee for Tuna and
Tunalike Species inthe North Pacific (ISC) (WCPFC 2017). The goal of the MSE work was to
examine the performance of candidate harvest strategiessaadiated reference points for

NPALB under uncertainty. Performance was evaluated based on management objectives pre
agreed upon with managers and stakeholders.

Engagement with managers and stakeholders for this MSE process started in April 2015 during
the F'ISC NPALB MSE Workshop in Yokohama, Japan. Fishery managers, industry
representatives, NGOs, and scientists were introduced to the concept of MSE and discussed the
objectives, benefits, and requirements of a potential MSE (ISC 2015) "MIRC2NPALB MSE
Workshop was held in May 2016 in Yokohama, Japan. Stakeholders and scientists identified
management objectives and performance metrics to be evaluated in the MSE (ISC 2016). In
October 2017, the 3rd ISC MSE Workshop was held in Vancouver, Canadagdvaent

objectives and performance metrics were finalized and candidate reference points and harvest
control rules for testing were agreed upon (ISC 2017). In April 2017, the main MSE analyst for
this work was hired and started developing the MSE framewailowing initial runs it

became clear that, given the long run times required for the MSE analysis and limited computing
resources, not all the harvest control rules and uncertainty scenarios proposed at the Vancouver
workshop could be completed im for the 4 ISC NPALB MSE Workshop planned for

February 2019. Thus, at the ISC ALBWG Meeting in May 2018 in La Jolla, USA, areduced set
of harvest control rules and uncertainty scenarios for a first MSE round of analysis was agreed
upon.

Three harvesitrategies (HS1, HS2, and HS3) were evaluated in the first round of the NPALB
MSE. Within each harvest strategy, different levels of harvest were set by a harvest control rule
(HCR) that specifies a management action to be taken (or not), based orditiercan the

simulated albacore population relative to reference points. The management action was
implemented as either Total Allowable Catch (TAC) or Total Allowable Effort (TAE). Results
from this first MSE analysis for NPALB, which compared perfornean€the 39
HS/HCRs/management control combinations under different uncertainty scenarios, were
presented to managers and stakeholders attf8CGINPALB MSE Workshop. It was suggested
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that the two worst performing harvest strategldS1 and HS2, as wels the worst performing
reference points be removed from further consideration. Managers and stakeholders also
recommended further analysis of the performance of an additional set of HS3 HCRs focused on
candidate TRPs F40 and F50 and listed in Table E&2hermore, they suggested that an
evaluation of HCRs under a mixed control management setting, where surface fisheries (i.e.,
Japan poleandline and EPO surface) are managed by TAE and all other fisheries are managed
by TAC, be carried out. Managersdastakeholders also recommended that a stricter risk level of
90% be used when evaluating the risk of breaching the candidate LRPs &3380%d and
14%SBO_d(i.e., the LRP is breached if the probability®BBbeing above the limit reference
pointdrops below 90%), and of 80% for the 2@@0_d LRP, and that this risk level be
calculated by using the future projection software over a period of 10 yearsuasidly done

during the stock assessment. Finally, it was suggested that the levengf frgensity should

be limited by the historical (1992015) levels achieved by the NPALB fisheries. All
recommendations from thé"4SC NPALB MSE Workshop and how they were addressed are
listed in Table 1.

This report provides a detailed overviewtled NPALB MSE framework, including changes
undertaken to meet recommendations of théS€ NPALB MSE Workshop (Section 3), and
assesses performance of the HCRs listed in Table ES2 with respectto the NPALB management
objectives (Section 4). This latestund of simulations evaluated all the HCRs and associated
reference points proposed at thHeMSE Workshop and represents the final set of MSE analyses
in support of development of a harvest strategy for NPALB. Section 2 contains background
information on the biology, fisheries, and management of NPALB, as well as management
objectives and perfamance indicators, reference points, and candidate harvest control rules, and
uncertainties considered in this new set of MSE simulatiBnsliminary results from this latest
round of NPALB MSE simulations were also presented to managers and stakehizdaeev

virtual workshops helth Japan (Marcii7-18 202}, the USA and Canada (March-28 2021),

and Taiwan (April 78 2021) These workshops were organizechédp managers and

stakeholders understand the MSE results ambligit feedback fromthem a the presentation of
MSE results. Feedback from these workshops an&tB3WG response to that feedback is
attached to this report as Appendix The nortechnical summary of MSE results for managers
and stakeholders is also provided as Appelix

3 Backgound
3.1 Biology

Albacore tuna in the Pacific Ocean consist of the north Pacific stock (focus of this MSE) and the
south Pacific stock. The discreteness of these stocks is supported by fishery data [lower catch
rates in equatorial regions; Suzuki et al. (1977)], taggirtg [deere are no south Pacific Ocean
recoveries of fish tagged in the north Pacific Ocean; Ramon and Bailey (1996)], ecological data
[albacore larvae are rare in samples from equatorial waters; Ueyanagi (1969)], and genetic data
[showing differentiation b@veen north and south Pacific albacore; Takagi et al. (2001)]. Thus,

16



FINAL

north Pacific albacore is assumed to be a discrete, reproductively isolated stock, with no internal
subgroup structure within the stock.

Albacore are batch spawners, shedding hydrategites, 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 (Chen et al. 2010), and batch fecundity ranges between 0.17 and 2.6
million eggs (Ueyanagi 1950tsu and Uchida 1959, Chen et al. 2010). Female albacore mature
at lengths ranging from 83 cm fork length (FL) in the western Pacific Ocean (Chen et al. 2010)
to 90 cm FL in the central Pacific Ocean (Ueyanagi 1957), and 93 cm FL north of Hawaii (Otsu
andUchida 1959).

Spawning occurs in tropical and stibpical 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, Yodt88&, Chen et 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 (Chen et al. 3&Hows that spawning peaks in the Ma#gril

period in the western Pacific Ocean, which is consistent with evidence from larval sampling
surveys in the same region (Nishikawa et al. 1985). In contrast, studies of albacore reproductive
biology in the cemtl 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 are
based on indirect observation methods, are more than 50 years old, and have not begn update
using modern histological techniques (e.g., see Chen et al. 2010).

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

much better sizatage and growth information is available. Early growth models combined both
sexes because sepecific fishery data were not collected, although it was known that adult

males attained a largeres than females (Otsu and Uchida 1959, Yoshida 1966, Otsu and

Sumida 1968). Chen et al. (2012) provided clear evidence of sexually dimorphic growth
functions for males and females after they reach sexual maturity and reported that males attained
a largersize and older age than females (114 cm FL and 14 years vs. 103.5 cm FL and 10 years,
respectively).

A re-examination of the age and growth data compiled by Wells et al. (2013), some of which
were used as conditional agelength data in the 2011 assesstnshowed that for those

individuals in which sex was recorded, there was clear evidence of sexually dimorphic growth
between males and females (Xu et al. 2014). Given the clear evidence of sexual dimorphism in
the growth and longevity of north Pacifidoalcore, the ALBWG used se&ypecific male and

female von Bertalanffy growth functions, as in the 2017 assessment.

North Pacific albacore are highly migratory, and these movements are influenced by oceanic
conditions (e.g., Polovina et al. 2001, Zainuddin et al. 2006, 2008). The majority of the migrating
population is believed to be composed of juvenile fish (i.e.atwa animals that are less than 5
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years old and 85 cm FL), which generally inhabit surface wates® (@) in the Pacific Ocean.
Some juvenile albacore undertake tr&@cific movements from west to the east and display
seasonal movements between theerasir western and central Pacific Ocean (Ichinokawa et al.
2008, Childers et al. 2011). The traPacific movements track the position of the transition zone
chlorophyll front (Polovina et al. 2001, Zainuddin et al. 2006, 2008) and increase when large
meanders in the Kuroshio current occur, increasing albacore prey availability in the transition
zone (Kimura et al. 1997, Watanabe et al. 2004). Westward movements of juveniles tend to be
more frequent than eastward movements (Ichinokawa et al. 2008), cowlagpto 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 Pacific Ocean. Thisrpahay be complicated by sex

specific movements of large adult fish, which may be predominately male, to areas south of
20°N. The significance of senelated movements on the population dynamics of this stock is
uncertain at present.

3.2 Fisheries

Albacore tina is a valuable species with a long history of exploitation in the North Pacific Ocean
(e.g., Clemens 1961). The total reported catch of north Pacific albacore for all nations combined
peaked at a 126,175 metric $oft) in 1976 and then declined to avkst observed catch in the

time series (37,274 t) in 1991. Following this low point, total catch recovered to a second peak of
119,297 t by 1999. Total catch declined through the 2000s to a low of 63,654 t in 2005 and has
recovered slightly, fluctuating beeen 69,000 and 93,000 t in recent years (Z2015).

Average catch over the operating model conditioning period (2893) was 82,724 t. Over
20112015, Japanese fisheries accounted for 61.9% of the annual total harvest on average,
followed by fisheriesrom the United States (16.9%), Canada (5.4%), China (4.3%), Chinese
Taipei (3.9%), Korea (0.1%), and Mexico (<0.1%). During the same five year periet§@on
countries, primarily Vanuatu, harvested an average of 7.3% of the total annual catch.

The maingears deployed to harvest albacore in the North Pacific Ocean are longline, and troll
and poleandline. Surface fisheries capture smaller, juvenile fish, and include the USA and
Canada troll and polandline fisheries and Japanese paladline fisheries Over the operating
model conditioning period (19932015), surface fisheries have harvested approximately 53.6%
of the north Pacific albacore catch. The surface fleets generally target albacore, but some
Japanese polandline vessels operating off tleast coast of Japan switch targets between
skipjack Katsuwonus pelamjsand albacore (Kiyofuji and Uosaki 2010). Longline fisheries,
which fish deeper in the water column and tend to capture larger, mature albacore, were
responsible for harvesting about.4% of the albacore during the same period, with major fleets
from Japan, USA, ChinesEaipei, and recently China and Vanuatu. Most Japanese longline
vessels operate offshore, target bigeye and catch larger, adult albacore. However, there exists a
Japanes longline coastal fleet thaeasonallyargets juvenile albacore near southern coastal
Japan (ljima and Satoh 2014). By contrast, no longline vessel from the USA targets albacore
directly. The USA shallowset longline operates in the northern centratbgasPacific and

targets swordfish, but also catches juvenile and subadult albacore (Teo 2017). The USAtdeep
longline vessels target bigeye, and at times also catch adult albacore (Teo 2017)-Clipeise
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longline operations initially targeted albaeand were focused in subtropical waters (Chen and
Cheng 2016). Operations then expanded to tropical waters starting in 2000 and catches of
albacore decreased as yellowfin and bigeye became target species (Chen and Cheng 2016). High
gillnet catches of aliocore in the 1980s reflect data from high seas driftnet fisheries, which began

in 1978 and ceased operating in 1993 as a result of United Nations General Assembly Resolution
44/225, which put in place a moratorium on the use of high seas driftnets (dosak2011).

3.3 Management

Two RFMOs (WCPFGnd IATTC) are tasked with managing the NPALB stock. While there is

no formal harvest control rule or target reference point for NPALB, the WCPFC adopted an
Interim Harvest Strategy for North Pacific AlbacdreDecember 2017, as recommended by the
WCPFC NC (WCPFC 2017). Thaterim Harvest Strateggpecifies a broad, interim

management objective for the fishery, a limit reference point (LRP), and a decision rule when the
LRP is breached (WCPFC 2017). The interirmnaag e me n t otdmaiatainthev e i s N
biomass, with reasonable variability, around its current level in order to allow recent

exploitation levels to continue and with a low risk of breachingthed,LRF WCPFC 2017) .
LRP is established at 20%3B0_d(SB0_d dynamic unfished SSB) (WCPFC 2017). The

deci si on r inltheeventtlat ased dnlnfotmation from ISC, the spawning stock

size decreases below the LRP at any time, NC will, at its next regular session or intersessionally
if warranted,adopt a reasonable timeline, but no longer than 10 years, for rebuilding the

spawning stock to at least the LRP and recommend a Conservation and Management Measure
(CMM) that can be expected to achieve such rebuilding within that tingeline WCPFC 2017) .

In addition to thenterim Harvest Strategyhe IATTC and WCPFC also adopted conservation

and management measures in 2005 that restrict
(current is undefined but assumed to be the average ofiZ2024) levels (WCPC 2005

WCPFC CMM 200803, IATTC RESOLUTION G0502) . Each nattaken i1 s r eq
necessary measures to ensure that the level of fishing effort for NPALB is not increased beyond
currentlevel8, but no speci fic management actions ar

The IATTC adopted an interim harvest control rule for tropical tunas in 2016 (Resolutien C16
02), whichalthoughnot applicable for NPALB, was taken into account when chogsatgntial
candidate HCRs and performance metrics in this MSE.

According to the 2020 NBRLB stock assessment (ALBWG 2020), the NPALB stock is not likely

in an overfished condition relative to the LRP (289B0_d) adopted by the WCPFC NC, with
current SSB estimated to be at approximately 46%B0_d Although no Fbased reference

points havebeen adopted by the RFMOs, current fishing intensity (ZI%/), calculated as 1

SPR, was 0.50. This is the same fishing intensity as for the candidate TRP of F50 and lower than
the 0.60 fishing intensity associated with the candidate F40 TRP, the2R082Zishing

intensity, or Fsy. The Fooz2004 iS @ fishing intensity of 0.58 according to the base case NPALB
MSE operating model, while.kyis 0.86.
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3.4 Management Objectives and Performance Indicators

The overarching objective for NPALB managementoigiaintain the viability and sustainability

of the current NPALB stock and fisheries. However, more specific management objectives were
identified and agreed upon by managers and stakeholders in a series of MSE workshops
organized by ISC (see Introductioajd used to evaluate the performance of the different
candidate harvest control rules. The management objectives are outlined in Table ES1 and
summarized here: 1) maintain historical spawning biomass; 2) maintain historical total biomass;
3) maintain higdrical harvest ratios of each fishery; 4) maintain catches above historical average;
5) minimize changes in management over time; and 6) maintain fishing impact around the target
value Several objectives aim to maintain a quantity of interest, such &etidepr catch, at an
historical level. The historical period over which to average the management quantity of interest
was agreed upon during the workshops with managers and stakeholders. For objectives 2 and 3
the historical period was thast10 yeas of the 2017 NPALB assessme0062015, whereas

for objective 4 the period was 192D10.It should be noted that it was agreed at ST

NPALB MSE Workshop that harvest ratios of each fishery be maintained at the average-of 1999
2015 in the MSE sinulation and to not have allocation rules specific to each fishery. Thus,
management objective 3 (maintain historical harvest ratios of each fishery) did not differ among
the candidate HCRs and could not be evaludtbd.objectives were not ranked in ordé

importance during the MSE workshops.

To quantitatively evaluate the performance of the harvest strategies tested relative to the
management objectives, the ALBWG represented these management objectives into quantitative
performance metrics. The finast of performance metrics associated with each objective agreed
upon by the ALBWG are presented in Table ES1. Most of the figures and results are based on
this set.

3.5 Reference Points

Reference points are benchmarks with which estimates of bioméisking intensity are

compared to. Reference points are generally associated with a harvest control rule (HCR), which
specifies a management action given the state of the stock relative to the reference point.
Reference points are defined in this MSE #seeitarget reference points (TRPS), limit reference
points (LRPs), or threshold reference points.

A TRP refers to a desired state that management wants to achieve. The TRPs for all the HCRs
evaluated in this MSE are based on fishing intensity (F). Fishtagsity is defined as-$PR,

where SPR is the spawning potential ratio, or the SSB per recruit relative to the unfished
population. The TRPs are labeled as Fx, where x refers to an SPR value. For instance, F40
represents an F that leads to a SSB peuitgbat fluctuates around 40% of the unfished (i.e.,
removing about 60% of the SSB). In contrast, a TRP of F50 leads to a SSB that is around 50% of
unfished SSB per recruit (i.e., a fishing intensity of 0.5 removing about 50% of the SSB). A TRP
of F40 mans fishing harder than F50, so the average level of SSB desired is lower.

The TRPs used in this last round of MSE simulations were F40 and F50, as recommended by
managers and stakeholders at the SE Workshop in Yokohama, Japan, following results
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from the first round of NPALB MSE, which tested a wider range of TRPs (ISC 2019). According
to the 2017 stock assessment, the current F (2012) was 0.51, while the curren{ZF015
2017)from the 2020 stock assessment was 0.50. This is close to tleg@aweover the

conditioning period of 1992015 from the base case OM, which was 0.51 (Fig. 1). In the base
case MSE operating model, fishing intensity has only exceeded F40 imrt@2®D0AFig. 1).
However, note that the estimates of SPR and assodistted) intensity (defined as$PR)

change depending on the operating model (OM) used. For the same level of catch, a model
assuming a less productive stock would estimate a higher fishing intensity. Therefore, different
operating models have differenttiesates of historical fishing intensity levelor example,

OM4 and OMG6, which simulated less productive populations, had average historical fishing
intensities greater than either candidate TRP, at 0.63 and 0.69, respectively (Fig. 1). By contrast,
OM3, which simulated a more productive population had an average historical fishing intensity
lower than the base case model at 0.44 (Fig. 1).

LRPs are biomass or fishing intensity levels to be avoided. Generally, LRPs refer to a biomass or
fishing intensity €ading to a biomass level below which recruitment would be endangered.
Therefore, if biomass falls below an LRP, a harvest control rule would require drastic reductions
in harvest. Since steepness of NPALB is not well known, WCPFC treats NPALB as a Level 2
stock, which requires the LRP be based on an x% of the unfished spawning stock biomass (SSB).
To be consistent with the Annex Il of the UN Fish Stocks Agreement (UNFSA) and recent
WCPFC decisions on LRPs for the three tropical tuna species and Souib &heitore, the

LRP for NPALB was established in 2017 as 20% of the dynamic unfished SSBSERB4d,

WCPFC 2017). Dynamic unfished SSB fluctuates depending on changes in recruitment. For
Level 1 stocks with a reliable estimate of steepness, WCPFC cn8glg as the LRP. For

NPALB, Busy would correspond to approximately 14% of unfished SSB. By contrast, IATTC
defines the LRP of tropical tunas as S§8or Fuse This is the SSB or F corresponding to a
biomass that leads to a 50% reduction in thesbiefi recruitment level given a conservative
steepness value of 0.75. This corresponds to an SSB that is approximately 7.7% of the unfished
equilibrium biomass. In the HCRs under consideration three LRPs c638060d 14%SB0_d

and 7.79%B0_dwereexamined. For all LRPs, the percentage refers to the percentage of
dynamic unfished SSES@0_d). However, in terms of performance metrics we compare the

odds of SSB being greater than 7.7% of both dynamicO3B%SB0_d) and equilibrium

SSB) (7.7%SB0).

In addition to TRPs and LRPs, HCRs use a threshold reference point (Section 2.6). This
reference point is based on SSB as a fraction of unfished dynamic SSB and will be referred to as
SSBhreshodthroughout the report. SeBsnoliacts aghe control pant below which fishing

intensity starts to be reduced. The reason for an HCR to initiate management actiofahssSB
rather than the LRP is to reduce the chances of ever reaching the LRP and to avoid the severe
management actions that could occurewlhe LRP is breached. The HCRs considered three
different SSByesholevels: 309%6B0_d 20%SB0_d and 149680 _d
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3.6 Candidate Harvest Control Rules

Candidate harvest control rules (HCRs) were suggested by managers and stakeholders during the
4" 1SC NPALB MSE Workshop. The MSE for NPALB is moelehsed, meaning that the input

to the HCR (i.e. cuant SSB and reference points) degivedfrom a stock assessmenthich is

the sameas in thecurrent NPALB management systein the MSE, the stock asssment is
represented by an estimation model (EM). The HCR then translates the EM (i.e., assessment)
output into a management action. As is happening under the current management framework, a
stock assessment is conducted every three years in this M&Entate the status of the stock.

The HCR then specifies a management action to be taken (or not) based on the condition of the
albacore population as estimated by the EM (i.e., assessment) relative to reference points. The
management action is implemeshtas either mixed control or Total Allowable Catch (TAC).

Under mixed control, surface fisheriesR@troll and poleandline, and Japanese peéndline)

are managed via effort control while longline fisheries are managed via a TAC.

Figure ER depictsfor each of the HCRs under consideration, the management actions (i.e.
changes fishing intensity) associated with a specific estimate of stock status (SSB relative to
unfished SSB). Specific equations detailing how TAC and TAE change in relation to £hange
SSB are provided in Table 2, but we provide a synopsis here. If current SSBe(HBEat or
above the SSResnholq the level of fishing intensity is set to the TRRth implementation erroor

is sampled from the historical time series of fighintensities (Fitorica) if the TRP is greater

than Fistoricas The MSE management module (Sec#o®.3 then uses Stock Synthesis
benchmark calculations to find the exploitation rate¢H total catch as fraction of total
biomass at the beginningf the year) that would produce a fishing intensitySRR) equal to the
TRP or kistoricar The exploitation rate is the TAE in the MSE simulation. If S&B:is below
SSBhreshoiWith a 0.5 probability, but above the LRP with a probability of Or97/@%S B0 _d

and 149%53B0_d and a probability of 0.8 for 208@0_d the F (or H) is reduced to below the
TRP (or Hagey. In this case, the F (or H) is reduced proportionally based on the following
fraction: (SSBunentLRP)/(SSBhreshoii-LRP). If SSB fdls below the LRP, the F is drastically
reduced and maintained constant at a low level until SSB is rebuilt above the LRP. This
minimum F (Fn) IS a fraction (in) of the F associated with the LRP as defined in Table 2.
Note that R is a function of te TRP, LRP, and SSR:shoiq @and as such it varies between HCRs
(Fig. ES1). In the MSE framewarkhe R, is translated to a dh by using Huges rather than the
TRP, inthe computation offs. We tested 16 harvest control rules with different contlina

of TRP, SSByeshold LRP, and Tin, as describedin Table ES2.

For TAC control, the TAC associated with the specified fishing intensity is found by multiplying

the exploitation rate H by the current total biomass. Thus, while the exploitaticancateshing

intensity stay constant when SSB is above §&Rwor below the LRP, the TAC changes with

the biomass, eventually decreasing to 0 when the biomass is 0 (Fig. 2). We use Fig. 2 to
exemplify the relationship between stock status and TAC dsawhe different rate of change

in TAC between F40 and F50 HCRs, when SSB is abovenassés The F40 HCRs show a

steeper change in TAC as biomass changes, but a higher TAC for the same SSB/SSBO0. We note,
however, that the TAC levels are approximdtethe MSE simulationthe algorithm considers

the current age structure of the population (defined by selectivities and the relative impact of
different fleets) to find the current total stock biomass and define a TAC. For generating the
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figure, total bomass at each SSB/S@®&as obtained by multiplying the SSB/S$Eatio by the
unfished total biomass (B assuming that the population has a constant age structure that is the
same as that under unfished conditionswis that of the base case OM overdbaditioning

period.

3.7 Uncertainties Considered in MSE Process

MSE allows for testing the harvest stratege@gsl HCRsunder di fferent fAwhat
terms of biology, fishery dynamics, assessment error, observation error, or implementation error.
This is done to test the ability of each harvest stradéegyHCRunder consideration to meet
management objectives given uncertainty.

At the 39 ISC MSE WS in October 2017, the ALBWG put forward and prioritized a list of
uncertainties deemed most influahtto NPALB. Given the long run time to complete a single
MSE simulation and the limited time tomplete the work, thisISE considered uncertainties in
the factors agreed to be of highest priority by the ALBWG:

1) Recruitment- autocorrelation and varioushes of steepness parameter

2) Natural mortality- various values of natural mortality parameters

3) Growthvarious values of growth parameteasd

4) Juvenile movement (via timearying age selectivity), which was a medium priority.

Uncertainty in steepness, natural mortality and growth reflect uncertainty in stock productivity
and are referred to as parameter uncertainty. Implementation of these uncertainties in the MSE
framework required use of different operating model (OM) strastun terms of the

parametrization of the specified biological factors (See sedtign

NPALB recruitment can vary greatly between years due to unknown environmental factors, even
when SSB remains the same. To account for uncertainty in future rectyiteeruitment
deviations in the forward projectiop0f the
which was consistent with the historical recruitments estimated in the 2017 asse3$ment

ALBWG also determined that recruitment deviations ex@®M should be autocorrelated. The
autocorrelation implies that a good recruitment year was more likely to be followed by another
good recruitment event, giving rise to good and bad recruitment cycles. To select the amount of
autocorrelation, the autocotagion of recruitment deviates from the 2017 stock assessment

model starting in 1993 and the sensitivity run starting in 1966 from the 2017 stock assessment
was examined.

Recruitment estimates from 1993 were not significantly autocorrelated at any |ag)(By

contrast, estimates of recruitment deviations from 1966 showed a significant autocorrelation of
0.42 atlag 1 (Fig. 4). It is interesting that interannual variability appears to be higher, and hence
autocorrelation lower, in recent years. As thason for including autocorrelated recruitment

errors in the OM was to ensure that the proposed harvest control rules (HCRs) are robust to the
unknown effect of multiyear environmental trends on recruitment, future recruitment deviations
in the OM were gegrated assuming an autocorrelation of 0.42 as in the model that starts in
1966.
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Albacore movement and, in particular, juvenile migration rates to the eastern Pacific Ocean
(EPO) vary between years. To represent uncertainties in the availability of spgeifitasses to

the EPO fishery between years, the OM has a time varying selectivity for the EPO surface fleet,
which targets juveniles. As in the stock assessment, age selectivity for the three juvenile
targeting surface fisheries F16, F17, and F27 wieassa free parameter from age$§.1n

addition, the ageselectivity of the EPO fleet was made time varying in the OM using additive
random walk deviations for ages4l(Table 3).

Uncertainty in recruitment variability and tirwarying age selectivity fothe EPO fleet are

measures of process uncertainty. For each HCR/productivity scenario combination, 70 iterations
with different random trajectories in recruitment and EPO age selectivity were run. An analysis,
presented at the August 2020 ALBWG meetin§(J12020) was conductedo assess the impact

of the number ofteratiors on the rank order of HCRs for each performance metric (PM) and the
value of each PM. It was found that 45 iterations were adequate to distinguish the broad patterns
of HCR performancédighlighted in the report for the first round of MSE. Small differences in

the value of performance indicators (<0.001) were apparent and these could lead to different PM
rankings, but with >55 iterations even rankings are consistent. The ALB\@foreagreed

that 70 iterations were adequate (ISC 2020).

In addition to parameter and process uncertainty, a potential future fishing effort scenario
prioritized during the 41SC ALB MSE Workshopwas developedyhere an unmanaged new
fishery is removing an increasing amount of unreported cétcbnsisted of a shifbf fishing

effort from the south Pacifito the north Pacificand wasnodeled as a ramp in catch from an
unmanaged new entrant to the fisheryhwdatch not known to the assessment and not under
HCR control. To implement this scenario, the South Pacific albacore (SPALB) catch by country
based on WCPFC Yearbook 2016 was examined. Since @d@lcountries, namely Japan,
Chinese Taipei, China, Frdmé&olynesia, Fiji, Korea, New Zealand, United States, and Vanuatu
have fished SPALB. Average catch from 2001 to 2016 was approximately 72,000 mt. For the
future effort scenario, the NPALB catch is gradually increased every yeab®y @it until a
maximum catch of 50,000 mt per year is reached for the unknaytwsbtfleet. The new catch is
associated with a new longline fishery operating in area 4, whose selectivity is mirrored to that of
the F25 longline fleet. While the OM (i.e., true state of naturepated for these catches, the

EM (i.e. assessment model) that informed management did not.

4 MSE Framework Description

4.1 Operating Models

I n an MSE, the operating model (OM) is a mat h
the stock and the fishese oper ating on it. However, it is d
because of uncertainty in our understanding of biological processes, the effects of environmental
variability on stock productivity and distribution, and their interplay with fissedynamics.

Therefore, to capture the range of uncertainty in the system (see &¢jica set of OMs
representing potential versions of the Atruedod
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All the OMs consist of a population dynamics modENPALB with a fishery model component
relating the modeled dynamics to catch, CPUE, and size composition data. Like the stock
assessment, the OMs are developed using the Stock Synthesis modelling platform (Methot and
Wetzel 2013).

4.1.1 Conditioning process

To determine if the OMs are realistic representations of the stock, these models are
Aconditionedod on historical dat a. During the
estimated given observed fishespecific catches, size composition, and aburelandices and

itis determined if the OMs can reasonably represent past trends in catch, catch per unit effort
(CPUE), and size composition data. If an OM cannot reasonably represent these historical data,
the OM is discarded and not used for the MSE. ddwditioning phase also allows the OM to

have estimated model parameters that are consistent with historical observations, given the OM
structure. All OMs in this MSE were found to be able to represent historical observations of

catch, CPUE, and size congtoon. However, the OMs had different levels of biological

plausibility and model fit to the data (Table ES3).

During the forward simulation in the HAFuture
the values estimated during the conditionimggess, and trends in the population under a range

of different management models (i.e., different harvest control rules) are assessed. This closed
loop forward simulation is described in sectb?.

The conditioning process was carried out during the found of MSE (ISC 2020) and was not
repeated for this latest round of simulations. However, the overview of the conditioning data and
process and specifications of the base case model and the final set of operating models from the
first round of MSE rportis provided also here for context.

4.1.1.1 Data used for conditioning

As in the 2017 NPALB stock assessment, three types of data were used in the conditioning of the
OMs: fisheryspecific catches, size composition, and abundance indices. These data were

compied from 1993 through 2015. Catch and size composition data were compiled into quarters
(Jani Mar, ApriJdJun, Jul 1T Sep, Octi1 Dec) and a qu

The geographic area of the OMs is the Pacific Ocean from 0° to 55°N, and fromt@ 200& W

(Fig. 5). This area includes all of the known catches of north Pacific albacore from 1993 through
2015. The base case model is not spatially explicit, but fisheries were defined using multiple
criteria, including fishing area, and therefore imogly included spatial inferences (Table 3).

Analyses of fishing operations and size composition data from Japanese and US longline vessels
in the north Pacific showed that there were five areas with relatively consistent size distributions
of albacore (Oki et al. 2016, Teo 2016) (Fig 5). These five fishing areas were used to define
fisheries in OMs.

Fishery definitions were the same as in the 2017 stock assessment.-fwwent9) fisheries
were defined on the basis of gear, fishing area, season, armaf aatch (numbers or weight),
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and all catch and effort data were allocated to these fisheries (Table 3). The aim was to define
relatively homogeneous fisheries with greater differences in selectivity and catchability between
fisheries than temporal chasg in these parameters within fisheries. This approach allowed the
ALBWG to use differences in selectivity between fisheries as proxies for movement between
fishing areas (Hurtad&erro et al. 2014, Waterhouse et al. 2014) since movement information is
not available. These fisheries consisted primarily of 23 longline fisheries from Japar-(5),

USA (F19 & F20), Chinesd@aipei (F21 & F22), Korea (F23), China (F24 & F25), and Vanuatu
(F26) (Table 3). There were also three patetline fisheries from Jagn (F16 F18), and the
surface gears (primarily troll and peéandline) from Canada, Mexico, and the USA, which were
combined into a single surface gear fishery (F27). In addition, drift net catches from Japan,
Korea, and Chines&aipei were combined iata single fishery (F28), which was important in

the past but less so during the modeling period; and catch from all other miscellaneous gears
(e.g., purseseine) from Japan and ChineBaipei were combined into a single miscellaneous
fishery (F29). Estimas of total catch in each fishery were compiled by calendar quarter for
19932015. Catch was reported and compiled in original units consisting of vieigtor

1000s of fish (Table 3).

For the conditioning of the OM, the abundance index from the Japdmegline fishery in Area

2 and Quarter 1 (S1; 199&€015) was used as the index of adult albacore abundance (Ochi et al.
2017), as in the 2017 stock assessment. This index is an appropriate index for adult albacore in
the north Pacific because the mitp of the adult albacore population in the north Pacific Ocean

is thought be in the western Pacific, especially Area 2. In addition, the S1 index had good
contrast and ASPM analysis run for the 2017 stock assessment showed that an ASPM was able
to fit well to the index, which the ALBWG interpreted as an indication that the S1 index was
informative on both population trend and scale. The OMs were also conditioned to a new CPUE
based juvenile index not yet ready for the 2017 assessment. It was made elbgilablD. Ochi

in February 2018 and was based on the Japanese longline fishery that operates in Areas 1 and 3
in quarter 1, targeting juvenile/sub adult albacore (S2; 1294.5). Before inclusion in the OM,

the consistency of the new index with thegoral assessment was evaluated by comparing the fit

to the adult CPUE index and size composition data of a model with and without the new juvenile
CPUE index. The fit to the adult index was actually slightly improved, showing an RMSE of
0.158 with the juveile index and of 0.164 without. The fit to the size composition was only

slightly degraded with the minimumegative logikelihood increasing to 412.4 with the juvenile
index from 408.9 without. This suggested that the new juvenile index was consigtetitew

adult one, and it was therefore used in the conditioning process. Standardized annual values and
input coefficients of variation (CVs) for the S1 and S2 indices used for conditioning are shown in
Table 4.

Quarterly length composition data from 138Bugh 2015 were used in the conditioning
process. Length data for 15 of the 29 fisheries in the base case model were compilaxinnto 2
size bins, ranging from 26 to 142 cm fork length. The length frequency observations were the
estimated catchtsize(i.e., size compositions were raised to the catch) for the 15 fisheries with
size composition data and these size composition data were fitted during the conditioning
process. The majority of albacore length composition data were collected through pdirigsam

or onboard sampling by vessel crews or observers. Length data for the Japanese longline (F1
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F4; F9i F10; F13; & F15) and polandline fisheries (F16 F18) were measured to the nearest
cm at the landing ports or onboard fishing vessels fromhwtetchat size data were derived

(ljima et al. 2017). Fork lengths of albacore in the EPO surface fishery (F27) were compiled
from port samples of the USA troll and padadline fisheries (Teo 2017b). Although length
composition data were available fbetCanadian component of this fishery (2@08sent),

these data were not used because the USA and Canada components of the fishery overlap greatly
in their fishing areas and size composition plots of both fisheries are very similar so the data
from the UK component were thus considered representative of the entire fishery. Length
compositions for the US longline fishery were collected by observers (Teo 2017c). Albacore
lengths for the Taiwanese longline fishery (F21) were measured onboard fishing aadsels
compiled for 1995 to 2015 by the Overseas Fisheries Development Council (OFDC) of Chinese
Taipei (Chen and Cheng 2017). Length composition data prior to 2003 were not considered
representative of catches by this fishery because they were sampledrisimncied geographic

area and a shorter annual period than the spatial and temporal scope at which the fishery was
operating (ALBWG 2014). Thus, only the 20@815 length data were considered representative
of the catch and used in the conditioning pesce

Conditional ageatlength data were available from the growth studies of Chen et al. (2012) and
Wells et al. (2013), for a total of 759 samples. All data for the Chen et al. (2012) study were sex
specific and sampled from the catches of Chifles@eilongline vessels (F21 and F22)

operating in the Western and Central Pacific over 20006 and Japanese paadline vessels

(F17) operating in the Western and Central Pacific over-2008. Samples from the Wells et

al. (2013) study were from Japanesadline vesselseperating in the Western Pacific (Fdyer
19972012 US longline vessels operating in the Central Pacific (F20) over-2090, and the

US surface fleet operating in the Eastern Pacific Ocean (F27) over2Z2Q@7 Only 26% of the

Wells etal. data were segpecific. Conditional agatlength data were not fitted during the final
conditioning of the OMs but were used during the estimation of the growth parameters.

4.1.1.2 Base Case Operating Model Structure

The base case OM structure was similah&é 2017 stock assessment model (SAM) for NPALB
and uses the Stock Synthesis software version 3.24ab (Methot and Wetzel 2013). Differences
consisted in the addition of a new S2 juvenile index (section 3.1.11), methods for estimation of
growth parameters ¢stion 3.1.1.2.1.2), autocorrelation in recruitment deviations (section 2.7),
and time varying age selectivity for the EPO surface fleet (F27) (section2.7).

The following model structural features are common to both the 2017 NPALB SAM, the base
case OM, adhthe alternative OMs:

One area model

29 fisheries

Spawning season is quarter 2

Spawneirecruit relationship is Bevertedolt

Model start year is 1993

Length composition data from the Japanese longline Area 2 fisheriesiapanese
longline area 4 fishiges, and the US longline fishery are down weighted by multiplying
the likelihood of these data by 0.1.

O¢ O¢ O¢ O¢ O¢ O«
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Key parameters for the base case OM are outlined in Table 5.

4.1.1.2.1 Biological and Demographic Assumptions

Growth parameters are the only fixed {Hestory mrameters that vary in the base case OM as
compared to the 2017 stock assessment model (Table 5).

4.1.1.2.2 Maximum Age

The maximum age bin in the model was 15 years based on the maximum observed age (Wells et

al. 2013). This bin served as the accumulator fooldBr ages. To avoid 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).

4.1.1.2.3 Growth

As with the 2017 stock assessment, growth in the base case OM follows the von Bertalanffy
growth function and growth curves are specific. However, the specific growth parameters
differed between the base case OM and the 2017 assessment. The assesdntiemtgigevth
parameters to values obtained by Xu et al. (2014). Xu et al. (2014) collated age at length data
from the Chen at al. 2012 and Wells et al. 2013 studies, and growth parameter estimates were
computed by assuming that each length observatiomwasdom sample for a given age.

However, given gear selectivity and fish movement, this may not have been the case. Hence, for
the OM, growth parameters were first estimated within the stock assessment model by fitting to
agelength data in addition to hgth composition data from the catch. Note that while the model
estimates growth parameters for females, the model estimates exponential offset parameters for
males. For instance, the asymptotic length, for males is calculated as: femalg*exp(Lins

offset parameter). During estimation of the growth parameters, a range of different likelihood
weights for the agéength data were tested, and a 0.6 weight was chosen as the besfftrade
between a good fit to the CPUE index, as compared to the 8Ad/information from the age

length data.

However, fitting to aget length data not only informs growth parameter estimates but also stock
status estimates. Therefore, during the final conditioning of the base case OM, the growth
parameters were fixed #iose estimated when fitting to the age at length data, and the model
was not fit to the age at length data. To summarize, growth parameters were estimated following
these steps:

1. Estimate growth data given the age at length data with a weight of 0.6

2. Run the OM model with no age at length data and with the gratiameters fixed at
what was estimated in step 1.

4.1.1.2.4 Weight at length

Non sexspecific weighlength relationships are used to convert catelength to weighiat
length data. A previous study (Watanabe et al. 2006) reported that there were seasonal
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differences in the relationship between weight (kg) and fork length (cngrdf Pacific
albacore. As in the 2017 stock assessment, these napseific seasonal weight-length
relationships were used in the OMs.

4.1.1.2.5 Natural Mortality

Following the 2017 stock assessment and-beatlable biological knowledge for this stock, the

OMs have an agspecific natural mortality (M) for ages 0 to 2, and a-sp&cific, constant M

for ages 3+. The base case OM set M to the median of the M distribution derived from the meta
analyses of empirical relationships between adult M and liferkip@arameters described in Teo
(2017a) and Kinney and Teo (2016), as was done for the 2017 stock assessment. See Table 5 for
actual natural mortality values.

4.1.1.2.6 Sex specificity

A sexspecific (two sex) model was used for the OMs because of known ditsr@ngrowth
(Chen et al. 2012, Xu et al. 2014) and natural mortality (Kinney and Teo 2016, Teo @D17a)
female and male albacore addition, males predominate in longline catches of large, mature
albacore sampled scientifically, while juveniles <85 generally have a sex ratio of 1:1 (Ashida
et al. 2016). However, there are currently no data on the sex of individual fish caught by
commercial fisheries. As described above;sgecific growth curves and natural mortality were
used in the base case maddbwever, the OMs did not include sspecific selectivity, and sex
ratio at birth was assumed to be 1:1.

4.1.1.2.7 Recruitment and reproduction

As in the 2017 stock assessments, spawning and recruitment was assumed in all OMs to occur in
the second quarter of thyear (Q2) based on recent histological assessments of gonadal status
and maturity from the western Pacific Ocean (Chen et al. 2010, Ashida et al. 2016). Although
historical circumstantial evidence supported spawning in the central Pacific Ocean near Hawalii
through the third quarter of the year (e.g., Otsu and Uchida 1959), there is no recent confirmation
of this spawning segment, and so the ALBWG did not consider spawning season as a high
priority uncertainty to be tested at this stage. Ashida et al. (2046)ecently estimated the

length at 50% maturity for female north Pacific albacore at 86 cm, which was approximately the
expected length at age Based on this finding, the ALBWG assumed that 50% of the albacore

at ageb were mature and that all fisgea6+ were mature. This maturity ogive has been used in
NPALB assessments since 2006.

A standard Bevertohlolt stock recruitment relationship was used in the OMs. The expected

annual recruitment was a function of spawning biomass with steegnessdin recruitment

(Ro), and unfished equilibrium spawning biomassBg§orresponding t&o, and was assumed

to foll ow a | ognor mal d i s(Methotl2@0D,Methot andi Wetzel st a nd
2013). Annual recruitment deviations were estimated based on the information available in the

data and the central tendency that penalizes the log (recruitment) deviationsiadog

adjustment factor was used to assuat the estimated legormally distributed recruitments

were mean unbiased (Methot and Taylor 2011).

29



FINAL

Recr ui t me ntg) wasfiked ® bpprbximate the expected variability of 0.5. The log of
Ro, In(Ro), annual recruitment deviates, and the offsetHe initial recruitment relative to virgin
recruitment,Ry, were estimated during the conditioning phase. During the forward simulation
In(Ro) andRy in the OMs were fixed to the values estimated during the conditioning process,
while future recruitmentleviates (d) were sampled from a normal distribution with mean 0 and
standard dcand adan oaubg of@42rSectioalt?) aocording fo:

dy= rRpya+tsart(t)d 30 wher (8, 0GR

Steepness of the stoc&cruitmentrelationship i) was defined as the fraction of recruitment

from a virgin population (B, when the spawning stock biomass is 20% of its unfished level

(SBy). For the base case OM, the ALBWG assumed a steepness value of 0.9, which is
intermediate betweethe range of values reported by two independent estimates of steepness for
north Pacific albacore (Brodziak et al. 2011, lwata et al. 2011), based on the life history approach
of Mangel et al. (2010).

4.1.1.3 Initial conditions

The operating model must assume sibimg about the period prior to the start of the
conditioning period. 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 removalsind natural mortality balanced by stable recruitment and growth. The initial
fishing mortality rates in the operating model that remove these equilibrium catches were
estimated to allow the model to start at an appropriate depletion level. Initial frebinaglity

rates were estimated for the F21 (Taiwanese longline 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 1993. This approach allowed the modestart in 1993 at a depletion level that 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
1993 to develop a neequilibrium age structure at the start of the model time frame.

4.1.1.3.1 Fishery Dynamics

4.1.1.3.1.1Selectivity

Selectivity curves were fisheigpecific and assumed to be a function of only size for all but

three fisheries. Preliminary model runs for the 2017 stock assessmmeateddhat size

composition data of the Japanese paretline fisheries in Area 3 (F16 and F17) and the EPO
surface fishery (F27) had very strong modes corresponding to juvenile age classes and could not
be adequately fit using only size selectivity @svTherefore, the selectivity curves of F16, F17,

and F27 were assumed to be a product of size and age. Fhasagkselectivity was applied to
surface fisheries operating north of 30°N and is intended to 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 charactesiédieason, area, gear) and estimated
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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 Table 6.

Like inthe 2017 stock assessment, selectivity curves for longline fisheries and the Japarese pole
andline fishery in Area 2 (F18) were assumed to be dehaped and were modeled using either
doublenormal functions (F2, F4, F9, F10, F15, F18, F19, F20, and F21) or spline functions (F1,
F3, and F13) (Table 6). The doublermal selectivity functions we configured to use four
parameters: 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 esdited width of the plateau at the top was negligible and
tended to hit the lower 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 loated near the edges of the respective size compositions, while the second knot was
typically located near the midpoint between the first and third knot. The values of two of the
three knots were estimated relative to the value of the third knot, whicfixe@st an arbitrary
value. The gradients before the first knot and after the third knot were also estimated.

Selectivity curves of the Japanese patetline fisheries in Area 3 (F16 and F17) and the EPO
surface fishery (F27) were assumed to be a prazfigize and age because the 2017 stock
assessment found that their size composition data exhibited very strong modes corresponding to
juvenile age classes. Indeed, in the 2017 stock assessment, the interactions between the age and
size selectivity resultbin substantially improved fits to their size composition data. The size
selectivity curves for these fisheries were assumed to be-doaped and were modeled using
double normal functions, which were configured as described above. The age seledheity of
juvenile ageclasses (agé through age) of these three fisheries were estimated as free
parameters. Albacore movement and, in particular, juvenile migration rates to the eastern Pacific
Ocean (EPO) vary between years. To represent uncertainji@gemle migration rates over

time and variability in the availabilityto the EPO fishery between years, the OMs have a time
varying selectivity for the EPO surface fleet, which targets juveniles. Theagetivity of the

EPO fleet was made time varyingthe OM using additive random walk deviations for agds 1
(Table 5).

The selectivity curves for fisheries lacking representative size composition data (F5, F6, F7, F8,
F11, F12, F14, F22, F23, F24, F25, F26, F28, and F29) were assumed to be the(same as
mirrored to) closely related fisheries or fisheries operating in the same area (Table 6). For
example, the selectivity of F5 was assumed to be the same as F1 because F5 was identical to F1
except for their catch units.

Selectivity curves for relatevabundance indices were assumed to be the same as the fishery
from which each respective index was derived. Size selectivity for the S1 index was assumed to
be the same as the F9 longline fishery. Selectivity for the juvenile S2 index was similarly
assumd to be the same as the F1 longline fishery.

4.1.1.3.1.2Catchability

Catchability,q, was assumed to be constant over time for each index. It was estimated (solved
analytically) during the conditioning process, assuming the abundance index was proportional to
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vulnerable biomass with a scaling factorgoft was then kept constant at the value estimated
during conditioning for the forward simulation.

4.1.1.3.1.3Data Observation Models

During conditioning, the OMs fitted three data components: 1) total catch, 2) relativesace
indices, and 3) size composition data. The observed total catches were assumed to be unbiased
and relatively precise and were fitted assuming a lognormal error distribution with standard error
(SE) of 0.05. An unacceptably poor fit to catch ocedrif a model removed <99% of the

observed total catch from any fishery.

The relative abundance indices were assumed to have lognormally distributed errors with SE in
log space, which is approximately equivalent to CV (SE/estimate) in natural space. The
edimated CVs of each index are in Table 5. However, the reported CVs for the abundance
indices only capture observation errors within the standardization model and do not reflect
process errors that are inherent in the link between the unobserved vulpeiéion and

observed abundance indices. Similar to the stock assessment, the ALBWG initially assumed
during the conditioning process that the minimum average CV for any index was 0.2 and indices
with average CV <0.2 were scaled to CV=0.2 by addingnataat while indices with CV >0.2

were left unmodified. Therefore, a constant of 0.101854 was added to the CVs of the S1 index in
the base case model, and 0.075 to the CV of the juvenile S2 index.

The size composition data were assumed to have multin@miaf distributions with the error
variance determined by the effective sample sE\j.

4.1.1.3.1.4Data Weighting

Statistical stock assessment models used as OMs fit a variety of data components, including
abundance indices and size composition data. The re$tiftsse models can depend

substantially on the relative weighting between different data components (Francis 2011). In the
OMs, different components were weighted in the same way as the 2017 stock assessment.

Relative abundance indices were prioritizedt@ 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 indices because abundance indices are a direct measure of
population trends anctcale (Francis 2011). Preliminary models for the 2017 stock assessment
indicated that the size composition data from several of the longline fisheries (F9, F10, F13, F19
and F20) degraded the fit of the S1 abundance index. The weightings to the size ttmmposi

data from these five fisheries were dewrighted by multiplying the likelihoods of these data

by 0.1 (i.e., lambda = 0.1).

4.1.1.4 Model Structure of alternative Operating Models

Alternative OM structures were developed to consider uncertainties in natuntality,

steepness, and growth (Section 2.7). As the base case OM, alternative OMs have autocorrelated
recruitment deviations and time varying age selectivity for the EPO fishery. The only differences
in model structure from the base case OM are in theesaf natural mortality, steepness, and
growth. We provide below a description of how these alternative parameter values were selected.
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4.1.1.4.1 Natural Mortality

Similar to the base case, the alternative OMs have aspggfic natural mortality (M) for ages

0to 2, and a segpecifig constant M for ages 3+. The assessment naattlbase case OM set

M to the median of the M distribution derived from the retalyses of empirical relationships
between adult M and life history parameters described in Teo (R@hde&Kinney and Teo

(2016). To capture the uncertainty in M, thé"p@&rcentile and 75percentile of that same
distribution were taken as alternative values of age 3+ M: 0.29 and 0.53 for males, and 0.36 to
0.66 for females. Following Teo (2017a) and Kinney and Teo (2016), thar2b7%’

percentiles for M for ages 0 to 2 were calculdigcassuming M for younger ages to be size
dependent and using the Lorenzen method to calculatepegéfic M for ages 0 to 2 from the

25" or 78" percentiles of the male age 3+ M distribution.

4.1.1.4.2 Recruitment Steepness

The base case uses a steepness of Al@0Onative values of steepness were derived from
Brodziak et al. (2011), which used Mangel 6s
probable values of steepness given information on growth, maturity, weight at age, natural
mortality, and repsductive ecology. Alternative values of steepness that were considered were
the 3" percentile of the lowest Brodziak et al. (2011) estimate of mean steepness, 0.70, and the
95" of the highest estimate, 0.97.

4.1.1.4.3 Growth

The combination of three different spawess values and three different sets of M parameters,
produces nine potential OMs, including the base case model. Similar to the base case, growth
parameters for each of these alternative OMs were estimated using age at length data.

The asymptotic length,in;, was considered the most uncertain growth parameter by the
ALBWG. Therefore, to consider uncertainty in growth, 18 additional OMs were developed that
used the Yor 95" percentiles of the femalenLparameter estimated for each of the nine

potental OMs. In these additional 18 OMs, the other growth parameters were estimated while
keeping the femaleid. parameter fixed at thé"®r 95" percentiles values. The modelling
workflow to estimate the growth parameters of the alternative OMs is outhrmadre detail

below:

1. Estimate growth data given the age at length data with a weight of Odafdr steepness
and mortality combination

2. Run the model with no age at length data and with thevth parameters fixedt avhat
was estimated in step 1. Heeare the gl values used in the base case.

3. Compute the Bor 95" percentile of the femalek given the standard deviation of the
Lins parameter estimated in step 1

33



FINAL

4. Run the model again with the femalg ffixed at the value in step 3 to estimate the other
growth parameters using the age at length data

5. Run the model with no age at length data and with the growth paranfetedsat what
was estimated in step 4. These are the §&bcentile) or g3 (8" percentile) cases.

4.1.1.5 Results of Conditioning Process and Final Set of Operating Models

27 OMs were conditioned on observations from 19035 by fitting the simulated historical

data to observed catch, CPUE, and length composition data using makikalihnod. Nine out

of the 27 OM s failed to converge and were therefore not considered further. Others produced
unrealistic spawning biomass (SSB) estimates and were also excluded from the final set of OMs.
Finally, given the long run times and time coasits on MSE development, the ALBWG

decided in May 2018 to refine the set of OMs further by discarding OMs that produced similar
trends in spawning potential ratio (SPR), SSB, and depléfiua resulted ira final, reference

set of 40OMs, referred to agncertainty scenarios 1 (Base case), 3 (OM3), 4 (OM4), and 6

(OMG6) (Fig. 1, Table ES3, Table 7) that was used in this latest round of simulations. These final
scenarios do not include the full set of growth, natural mortality, and steepndssatmns ot

do reflect therange of uncertainty in stock productivity. To assess HCR performance across a
broad range of uncertainties, results (Section 4ganerallypresented across the four reference
scenarios. However, to highlight differences in performasidee HCRsresults are also

highlighted separately for the low productivity scenario (OM6), which had more instances of
SSB breaching the reference points. Results from the robustness fishing effort scenario (Section
5.8) are also examined separately.

42AFutureo Process

Once the fAconditioningo process was compl eted
closed loop simulation with feedback between the population dynamics and management actions.

For each candidatelCR, each of the four OMs was projed forward in timefrom 2016 to 2045

(i.e.,30 years, which corresponds to 2 lifespans of NPAlBr 70 different iterations to account

for process uncertainty in recruitment and the EPO fleet age selectivity (S&a)ion

An MSE aims to simulate a resiic management process, which includes data collection, an
estimation of stock status given the observed data using a stock assessment, and a management
decision given the stock status estimate. At each time step of-@aB@imulation, the

operatingmo d e | (OM) simul ated the fitrueo popul atio
operating on it given the catch or effort set by a candidate HCR. Catch, CPUE, and size
composition data with error are sampled from the OM every three years (based amehe3

year stock assessment frequency, Seeti@rl) and input into a simulated stock assessment

model (i.e., the estimation model or EM, Sec#o?.2) (Fig. ES4). As in the real world, the

stock assessment model estimates the current populatios éwkfishing intensity as well as
reference points. Estimates of stock status and reference points are then supplied to a
management module, which is comprised of a HCR with specific reference points (Table ES2).
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Fleetspecific catches derived from a totdlowable catch (TAC) or total allowable effort (TAE)
are set in the management module (Secti@r8) and input into the OM with some
implementation error (Sectiogh2.4) for simulation of population dynamics in the next time step.
We describe below imore detail, components of the forward closed loop simulation.

4.2.1 Data Generation

Catch, CPUE, and size composition data are generated using the Stock Synthesis data generation
routine (Methot and Wetzel 2013). First, the new catch data given the TAC orsTadgied to

the operating model data files and dummy data is put in for the two CPUE indices and the size
composition data. The data generation routine then creates a new data set of random observations
using the same variance properties (standard erfl@etfspecific catch, standard error of the

CPUE indices, and effective sample size of the size composition data), error structure (lognormal
for catch and CPUE, multinomial for the size composition data) assumed during the conditioning
phase and the expted value for each datum. The new data with observation error is then

inputted into the EM, while data without error is added to the OM data file. Figures 6, 7, and 8
show examples of CPUE time series and size composition data generated for a model run.

4.2.2 Egimation Modeland Simulated Assessment Error

The estimation model has the same model structure of the 2017 stock assessment model; it does
not assume recruitment deviations are autocorrelated and does not employ time varying age
selectivity for the EPO $hery. However, as the base case OM, it employs the new juvenile
abundance index and the growth parameters are the same as the base case OM. Estimates of
terminal year female SSB (S&B:) and reference points are produced by the EM and input into

the H(R being evaluated to set a TAC or TAE (Section 4.2.3). The biomass basgedsH%B

and LRP reference points are based on dynamic unfished SBB (d), while the TRP is based

on fishing intensity defined as3PR.

Integration of the complete stock assment model into the MSE framework allows the MSE to
test a harvest strategy that closely mimics the management system that is currently in place,
which relies on stock assessment output. It also enables for an estimation of the full assessment
error given errors in the input data, potential misspecification in the assessment model, and
complex feedback between the state of the stock and the assessment error (Wiedenmann et al.
2015). However, as the stock assessment has to estimate 80+ parameterssaesaanteat time

step, including the full assessment significantly increases the run times of the MSE simulation.

Table 8 shows the median and standard deviation of the relative error between the OM and EM
estimates of the quantities informing the HCR acedkthe runs for TAC control. Relative error
was computed as:

(Valueom-Valuezu)/Valueom

The relative error was computed on the-taansformed values for SEBstandSB0_d A
negative value implies that the EM is overestimating the quantity of intdiestmedian relative
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error is a reflection of the bias in the errors, while the standard deviation reflects the error
variability. We examine assessment error for each of the reference scenarios and between HCRs.

For all scenarios, errors 8380_dand TRP were the most precise and least biased (Table 8).
Given the SSRestlog-transformation, F, for all scenarios, consistently had the largest and most
variable relative error. Scenario 1 had a relative mean error for all management inputs that was
lessthan 10%, the lowest of all scenarios. There was no bias irTB8B0_d Errors in

SSBaesi SBO_d and the TRP were consistent across HCRs, while errors in F were the most
variable with the EM estimating a&26 lower terminal F than the OM on averatgpending on

the HCR (Table 8). SSRsiwas overestimated by 1% on the degple. By contrast, scenario 3
underestimated SSBs:by 1% and overestimated F byl3% (Table 8). There was no bias in
SBO0_d but the TRP was underestimated by 6%. Like steda scenario 4 overestimated
SSRBatess Which was 4% higher than the OM. Under scenario 4, the EM underestimated ¥ by 12
19%. BothSB0_dand the TRP were overestimated, by 1 and 5% respectively. Scenario 6 had
the largest relative errors, with F beimgderestimated by 221% depending on the HCR.
SSBaestand the TRP were overestimated by 5%, wBiE80_dwas underestimated by 2%

(Table 8).

Assessment error varied by scenario, but in some cases also by HCR. Clearly there were
feedbacks between the HERstatus of the stock, data quality, and the assessment error of
various quantities important to managemehtereforethe WG considered it necessary to
integratethe full stock assessmentarthe MSE to account for this pattern and ensure candidate
HCRs would be rbust to assessment error

4.2.3 Management Module

The management module consists of the HCR, which defines the management actiokeio be ta
given current SSBSSRBates) estimates fronthe EM relative to the SSBesnhowand LRP
reference pointsReference points are also estimated by the EM. The management module
algorithm follows the following steps:

1. The TRP, based on F8PR), is determined by the HCR.

2. For scenarios 1 and 3, which estimate historical Fs lower than the TRRqigulSs
sanpled at random from the time series of historical Fs.

3. The Stock Sythesis benchmark calculations aeed to find the exploitation rate (H,
total catch per yeabiomass at the beginning of the ygdiat would produce&gerand
Fhistorical (1.€., Htargetand Hhistorica) -

4. Assess if SSRestiS above SSBresnoiaWith a probability of 0.50 by comparing SSB
current to the mean estimate of S&BnoiaBoth are input from the EM.

5. If SSB is greater than S&RBshoid F IS set to Rstorical (SCeNariod and 3) or Rrget
(scenarios 4 and 6), and H tadmricai (SCenarios 1 and 3) ordier(scenarios 4 and 6).

6. If SSB is less than SSRsnodbut higher than the LRP with a probability of >0.8 (for
20%SB0_d) or >0.9 (149%B0_d, 7.7%5B0_d), where pobabilities are calculated
with the projection software (Sectidi2.4), the F and H are reduced relative tgs&and
Hiargetaccording to equations in Table 2.

7. If SSBis less than the LRFhe R, and Hyin are calculated from the reference points
according to Table 2.
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8. Under TAC control, the TAC is calculated from multiplying the exploitation rate H with
the total biomass estimated from the EM.

9. The TAC is split across fleets using the allocation (mean-P89% catch ratios) agreed
upon by managers and stakeholders during theISE workshop. The fleet specific
TAC is kept constant for three years until the next simulated assessment.

10. Under TAE control, the exploitation rate H is split among the fleets using thegpeed
upon allocation (mean 1998015 catch ratios). Catch is derived from multiplying the
exploitation rate H with the total biomass estimated from the OM. The fleetispe&iE
is kept constant for three years until the next simulated assessment.

11. Under mixed control, the fleetpecific TAC of longline fleets is kept constant for three
years, while for the surface fleets, the H remains constant between assessment periods.
Therefore, unlike for the longline fleets, the catch of the surface fleets varies between
years depending on the biomass from the OM.

To exemplify how the MSE management module works, we contrast two runs for HCR7 under

mixed control in Fig. 9 and FigO1HCRY7 is characterized by a TRP of F40, a &SRiqof
20%SB0_danda LRP of 7.79%3B0_d.The two runs share the same iteration {#60 they

experience the same recruitment variability (Fig. 11). However, they are taken from two different
potenti al 60states of natured. Fi gyear ISEs hows tr
simulation under scenario 1 (base case), while Rigghbws the same under scenario 4, a less
productive al bacore popul ati on. Trends in bot
SSB from the EM (i.e., what a manager would see as estimated by the simulated assessment) are
shown. As explained abojeSecti on 4. 2.2), the O6estimatedo6 S
di fferent from the o6trued SSB due to assessme
parameters in the assessment are incorrect (Fig. 9 & 10). The exploitation rate and fishing

intensty shown are also from the EM. The fishing intensity and ratio of SSB to dynamic

unfished SSB from each run are plotted over the HCR to exenggilifyequired change in
managemen(Fig. 9 and 10).

Under scenario When SSB is above S&RBshold duringevery assessment time step, F is
sampled at random from historical fishing intensities and translated into an exploitation rate
since averagenktoricalis 0.51, lower than the 0.60 fishimgtensity set by the F40 TRPuring

the simulation fishing inensity remains below the F40 target &%B remains above the

reference points (Fig. 9) despite the large drop in recruitment (FigTdy,no management
change from the F associated with the W& requiredi(e., all dots on the bottom right panel

of Fig. 9 are above SSR:shoid. Stock assessment error was small for scenario 1 and thus trends
in estimated SSB closely match those from the OM (Fig. 9, top panels).

Under scenario 4, the population is less productive and starts off at a lower bfoorapare

top-left panel in Fig. &and Fig. 10). Howevethe SSB is overestimated by the HEécause of
assessmenterra,nd managers assume that the popul atio
population from the OM (Fig. 10QAlso, under scenarid, Fistoricaiaverages at 0.63, which is

higher than the 0.60 fishing intensigsociated with the F40 TR8b when SSB is greater than

SSBhreshold F IS set at &ges rather than fsiworicaiand fishing intensity fluctuates around F40 (Fig.

10) ratler than Fistoricai@S under scenario 1 (Fig. ®uring the simulationfollowing the decline

in recruitment, SSB from the EM is estimated to fall below §&Boia(Fig.10).Therefore, a
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managementhangefrom the F associated with the TR$triggeredas determined by the HCR
resulting in a decline in exploitation rate, catch, and fishing intefBity 10) SSB recovers
quickly following management intervention. Also note that SSB does not decline as early as
catches. This is because catch of thdéaser fleets, which target juvenile albacore, respond first
to drops in recruitment than SSB, which only includes biomass of mature fish (age 5+).

4.2.4 Calculation of probabilities of SSB being above the limit reference point

The updated MSE framework usedthis latest round of analyses integrates the NPALB
projection software (ljima et al. 2016) within the MSE framework to calculate the probability of
SSB being greater than the LRP. In the first round of MSE, this probability was assessed using
the asymptot uncertainty estimate of terminal year SSB. Howesiacethe projection

software is used in NPALB assessments to provide conservation inforyratiie 4' NPALB

MSE workshop managers and stakeholders recommended the use of the NPALB projection
software (SC 2019.

The projection software projects the simulation forwiartime over a 10 year pericafter the

terminal year of assessmamderrandom recrament variability and a constant fishing

mortality corresponding to the average fishing mortality over the three years prior to the terminal
year of the assessmeRior an assessment ending in 2015, the constant F used in the projection
would bethe averag fishing mortality from 2012 to 201Zhe projectiorusesterminal year

biology and selectivitieShe version of the projection software used in the MSE is that used in
the 2017 NPALB stock assessment (ljima et al. 2016).

In the MSE framework, at eacksessment time step, the algorithm runs the projection software

as part of the management module immediately after the estimation modigk(siequlated
assessment model) to calculate the probability of SSB being greater than the LRP. The projection
software first generates 500 potential initial populations by multiplying the estimated proportions
at age and sex from the EM widlrange of 500 potentigdtal biomass sampled from the

estimated distribution of totddiomassfrom the EM. This accounts famncertainty in initial

population size in the projection. Each of these 500 initial populations are subsequently projected
forward in time 1000 different times under different random recruitment deviations. Thus, the
projection also takes into considerationcertainty in future recruitment. A total of 500x1000 =
500,000 projections are therefore run at each assessment time step within the MSE framework.

The projection software was updated for the 2020 NPALB assessment and is expected to evolve
over time.Therefore it was of interest to asse$she results of the MSE are robust to the

changes in projection software as well as projection method (asymptotic uncertainty estimate vs.
projection software). To do so, we took an exan{eR and scenario comi@tionand for a

total of 550 events (55 iterations and 10 assessment times in each simullagigarpbability of

SSB being greater than the LRP was calculated using: 1) the asymptotic uncertainty estimate of
terminal year SSB from the EB in the firstound of MSE 2) the projection software used

with the 2017 assessment as is currently done in the MSE, and 3) the projection software used
with the 2020 assessment. For the latter method, the 2020 version of the projection software had
to be modified taead in SS3.24 input files rather than the SS3.30 files it was developd&tidor.

2020 projection software versiomlike the 2017 versioralculates uncertainty in initial
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numbers at age not from the uncertainty in the ternyi@attotal biomass estint@, but using a
multivariate normal distribution consistent with the estimated terminal yestralye and its
variancecovariance matrix (ljima et al. 2020)herefore, for each of these 56M had to be re
run with a new SS control file that specifitndt variance estimates for numbers at age edéal
be generated

Output showed thathe MSEresults were relatively robust to using either version of the
projection software or thasymptotic uncertainty estimatéem the EM.The 2017 and 2020
projectionsoftware detected a similar number of events when SSBomees than the LRP with
a 10% probability32 and36, respectivelyAll the 17 events when SSB was leban the LRP
with 10% probability detected by the asymptotic uncertainty method were atsdediebythe
projection methosl The projection methods likelyetected additional eventghen the LRP was
breached compared &symptotic uncertaintynethod because the projection softwemesiders
uncertainty irbothinitial abundance and recruitmerfthe asymptotic uncertainty methaahly
considers uncertainty in terminal SSB8is also important tstress that output from the
projection and asymptotic uncertainty method assess different metnatsvould therefore be
expected to differ somewhathefirst assesses future stock status (i.e., probability of future SSB
being above the LRP) given current fishing intensity, while the latter assesses current stock
status (i.e., probability of current SSB being above the LRP).

4.2.5 Implementation Error

Before tle catch determined by the HCR is introduced into the OM, each fispenyific catch is
modified by a bidirectional implementation error. The catch set by the HCR is multiplied by a
random implementation error ranging from 5% to 20% and setto 1.05 €IN(G 0. 0 5) .

The implementation error accounts for errorsin reporting, problems with compliance, errors in
management (e.g., deviation of actual management regulation from HCR recommendation), or
unforeseen changes in fisher behavior. Errors and uncertainties iatirgnghe modebased

effort metric to realworld effort metrics (Section 4.2.6), such as number of fishing days, would
also be accounted for in the implementation error.

4.2.6 Relationship between realorld effort measures and simulated effort for the
surfae fleets

TAE inthe MSE simulation was modeled as the exploitation rate (H) for the overall NPALB
fleet derived from the SRBased fishing intensity (F) specified by each HCR. Under mixed
control, TAE for the surface fleets (EPO troll and paletline andJapanese polandline) was
derived from this overall TAE using the agregubn allocation based on average historical
(19992015) catch ratios. In the realorld TAE would be enforced by regulating the number of
vessels or number of fishing days spedifi@ach country and gesype. Realism of the
effectiveness of the simulated effort control relies on an ability to scale a specified decline in
TAE to a decline in effort in terms, for instance, of fishing days. To aid managers and
stakeholders in interpting results of the mixed control simulations, we derive a statistical
relationship between annual exploitation rate over the OM conditioning period-209%3 and
annual effort in number of fishing days for the surface fleets. This analysis senagarpose.

It is used to1) determine the error associated with translating TAE to an actual effort measure
that would be regulated to assess if the implementation error in the MSE is adequate to account
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for this uncertainty, and 2) showcase a potemtiedhod for translating the modeésed TAE to
reatworld effort. We note, however, that this methodology could be refined further outside the
MSE process in collaboration with managers.

According to the CobiDouglas equatignrC=aE’B¢ where C is catch, & effort, and B is

biomass. If we assume that b and c are equal to 1 and set the exploitation rate H=C/B, H=aE or
E=1/aH. This relationship can be linearized to loge=logl/a+logH. For the EPO fleet, a linear
model of annually averaged lagnsformed effdrwith log-transformed H from 1992015 was
developed. As in the MSE management module, H was calculated as the ovéotl ebfch

per year/totabiomass at the beginning of the year) multiplied by the EPO catch ratio. As this
was an historical analysiinstead of using the agregpon allocation as the catch ratio, the year
specific observed catch ratio was used. Changes in H were able to account for some of the
variability in effort, and the model had ai & 0.52. However, model residuals were not
homogenous and decreased with fitted values (Fig. 12). Therefore, a second generalized linear
model was developed (Fig. 13) that allowed for a decrease in residual spread with log
transformed H by setting va]=" %€* logH; where i is year. Spread of stamdized residuals was
less heterogeneous and AIC decreased from 39.7 to 9.8. Error around the fit averaged 12% of
fitted values and ranged from 10 to 29%. The 29% error was associated with the lowest fitted
value. In Figure 14, we exemplify how this methoolld be used to relate the exploitation rate
from the estimation model to a measure of+walld effort data for the EPO fleet using the

same HCR.

The same model was fit to the JPPL annual effort and H over2@83. However, for the JPPL

fleet, which switches targets between skipjack and albacore tuna, overall effort was scaled by the
proportion of albacore in the catch (ratio of albacore to skipjack and albacore catches) prior to
analysis to generate a measurethadahRd@76andc or e 6
showed no pattern in residuals against the fitted values (Fig. 15 and Fig. 16). Standard errors
around the fitted value ranged from 5 to 13% with a mean of 7%.

This analysis demonstrates that effort scales with exploitation rate for the surface fleets and
suggests that an implementation error between 5 and 20% is a reasonable approximation.
Implementation error for the EPO fleet might be higher (~30%) at veryl Rivvalues (<

0.015, Fig. 13), but those were rarely simulated, accounting for only 5% of all the simulated H
for the EPO. It also should be noted that while error for the JPPL fleet was relatively small, the
actual precision of TAE control for the JPRédt would depend on the variability of target

switching and the ability of managers to determine the proportion of albacore in the catch.

5 Results

Results were voluminous, and some synopsis was required to convey the important findings
clearly. Resultsdr each performance metric were summarized across the 70 iterations and the
four reference scenarios under mixed and TAC control. Results for the low productivity scenario,
OM®6, are also highlighted here to further underscore differences in performancg EIGRS.
However, results for all performance metrics by scenario can be found in the Appendix Tables.
Tommasi and Teo (2020) assessed the relationship between the fishing mortality for each fleet
and effort as the number of hooks (longline fleets) or munds fishing days (surface fleet). The
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analysis found no strong correlation betw®ETALB fishing mortality and effort for most of the
longline fleets. Thus, MSE runs where all fleets are under TAE control would show overly
optimistic results as the MSEsumes that fishing mortality can be effectively managed by
changes in effort. This assumption does not appear realistic for most of the longline fleets, likely
as albacore is not their main target species. In light of these results, results for TAEazentro

not highlighted here, but can be found in the Appendix Tgblaisle A7) Note that the EM did

not converge for some iterations, and the simulation could not be completed for those iterations
(Table 9). In those cases, to ensure HCRs were comparessdice same recruitment patterns,
performance was assessed over the same set of converged iterations.

The changes to the MSE framework recommended by'th8@ NPALB MSE workshop and

carried out for this last round of simulations to simulate a moréestiedishery, namely ensuring

that fishing intensity is not set over historical levels achieved by the NPALB fisheries and TAE
control for the surface fleets, resulted in reduced contrast between HCRs as compared to results
from the first round of MSE. Ais is because, for all HCRs irrespective of their TRP, fishing
intensity was set equal taoricai for scenarios 1 and 3 when SSB was greater thameh&

which was the most common state for all runs. Also, mixed control maintains a higher sbiomas
than TAC control as catch of the surface fleets responds quickly to changes in available biomass
and is not impacted by assessment errors in biomass and this further reduces the need for
management intervention.

It shouldalsobe noted thain the MSEthe fleets are assumed to fish, with some implementation

error, to the TAC or the level of effort set by the HCR. However, other unmodelled factors

affecting fleet dynamics, such as market foraesavailability of albacore relative to other target

tuna spcies like bigeye, may play a bigger role in determining actual catches than the HCRs.
However, since the fleets have never been under TAC or mixed control, there is lack of data on

fleet behavior under such control typ&sfferences in performance betwe@&@AC and mixed
control, in particular with respect to catche:
conditionalon the assumptions made in the M&&outfleet responses to TAC or mixed control.

Due to limited knowledge on some aspects of albaamwi®gy, like migration patternsr fleet

behaviofrs ome di screpancies between the Areal 06 wor
However, the range of scenarios and process dastethereprovide valuable insights about

the relative performance ttie different HCRs with respect to the management objectives of
interestunder a range of key uncertainties for the NPALB stock.

All the performance metrics are based on output of the OM. While the EM is used in the

simulation to inform management actiperformance is based on the effects of such
management on the Atrued popul ation and fishe
performance metric separately are highlighted first. Then, tradeoffs across performance metrics

and HCRs are illustrated.

5.1 Management Objective 1

Performance of the different HCRs with respect to management objeatharitain spawning
biomass above the limit reference pdihdble ES1), was measured using four performance
metrics. All these metrics are based on the ratio of SSB for each projected year over a LRP and
compute the probability that SSB in any given year of the MSE forward simulation is above the
specified LRP. Tie LRP used in the comparison differs with each performance metric. PM1a,
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the odds 065SB >LRP, uses the LRP specific to the HCR under consideration and thus its LRP
varies by HCR according to Table ES2. PM1la is a measure of the probability of drastic
maragement intervention. By contrast, all other metrics use a LRP that remains consistent across
HCRs notwithstanding the actual LRP associated with each specific rule. PM1b is defined as the
probability that SSB in any given year of the MSE forward simutaisoabove the LRP adopted

by the WCPFC, 20%30_d PMl1c compares SSB to | ATTCG6s LF
7.7% of equilibrium unfished SSB (7.7%S3Bwhile PM1d uses 7.7% of dynamic SEB
(7.7%SB0_d). For PM1la, changes in performance between HC&dependent on both the

value of SSB as well as the LR#ut for the other measures variability across HCRs is largely
dependent on changes in SSB. We first provide an overview of changes in SSB across HCRs and
management control types and then comparagesin the performance metrics themselves.

When looking at the individual trajectories in SSB across thged® simulation (i.e., individual

lines in Fig. 17), we see a lot of variability in SSB over time between trajectories due to
recruitment variabity, and between different reference scenarios due to different assumptions
about the productivity of the population and associated initial conditions. Under mixed control,
only a few lines, largely associated with the low productivity scenario, fall biaw
20%SB0_dLRP (Fig. 17). HCRs with the higher TRP fishing intensity of F40 (HCR6 to HCR8
and HCR14 to HCR16) have relatively more lines below this threshold (Fig. 17). Indeed, the
proportion of years with SSB below the 28%30_dLRP was higher for the F40 HCRs (Fig.
18).ForTAC control there was alsa pattern of a higher proportion of years with SSB below

the 20%SB0_dLRP for FA0TRPs(Fig. 19), and a higher number of runs below the
20%SB0_dLRP than mixed control (Fig. 18d 19). For both control types, HCRs with F40
TRPs (HCR6 to HCR8 and HCR14 to HCR16) resulted in lower and more variable SSB than
HCRs with F50 TRPs (Fig. 21). A TRP of F40 aims to produce, on average and over the long
term, SSB levels that are 40% of whied SSB (SSB, while F50 is associated with a long term
average of 50% S3B Indeed, trends in the mean and 5th and 95th quantiles of SSB over time
across all the runs and scenarios demonstrate that F50 rules built SSB to a higher level than F40
rules ad hadlowervariability (Fig. 22 and 23). This was associated with higher odds oSSB
20%SB0_dand 7.79% B0 LRPs (Fig. 24). This pattern was consistent across control types, but
TAC control built SSB to a target level more slowly than mixed control (Fig.22 and 23) and had
overall lower PM1b and PM1c performance metrics (Fig. 24).

The MSE simulation started #016 followingthe 2015 initial conditions defined by the end of

the conditioning period. When averaged across all reference scenarios, SSB at the start of the
simulation was 36% of SSBGiven these initial conditions, on average, all HCRs were able to
maintain a high enough biomass so that, even with high recruitment variability, all HCRs showed
at least highly likely (probability >0.80) odds of SSR0%SB0_d, 7.7%SSB, 7.7%53B0_d

or their specified LRP in any given year of the simulation (Fig. 2&6jolRwas particularly rare

for SSB to breach the 7.788B0_dLRP and differences in performance between HCRs were

less pronounced for PM1d (Fig. 25).

Differences in performance of PMladds of SSB LRP specified in each HCRerelargely

due to differences in the TRP, werealso influenced by the LRP. For the same LRP, PMla

was lower for F40 rules (Fig. 25). While for the same TRP, HCRs with the highest LRP had
relatively poorer performance for PM1a (Fig. 25). Nevertheless, @d8SB being greater than

the LRP were almost certain (>0.9) for all HCRs and control types (Fig. 25). Examination of the
proportion of years below the LRP specific to each HCR (Fig. 26 and 27) also demonstrates that
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HCRs were largely effective at maimiaig biomass above their respective LRP. For both

control types, HCR1 and HCR9, which had the highest LRP &% d), also had the highest
proportion of years below the LRP, followed by HCR6 and HCR14, which had the highest LRP,
14%SB0_d of the F40 ruls.

Results for the low productivity scenario (OM6), which starts at a lower initial biomass and
simulates a less productive population, can be used to further contrast the effectiveness of
different HCRs in meeting Management Objective 1. All HCRs welestalincrease biomass

from the low initial conditions. However, the biomass increase was to a lower level under F40
rules given the highefishing intensity of thiSTRP, and the biomass increase was slower for

TAC control (Fig. 28 and 29). Also note thathe o6t r ued6 SSB (i .e., from
level than across the set of reference scenarios because the EM in the low productivity scenario
has larger assessment errors and tends to overestimate the SSB (compare Fig. 28 and Fig. 22).
This in tun leads to higher TACs and TAEs being set than should be the case and increases the
odds of SSB being below LRPs across all HCRs. Under the low productivity scenario, HCRs
with F40 TRPs have poorer performances for PM1b (i.e., odds o8BS B0 _dLRP ae

lower) and PM1c (i.e., odds 8SB >7.7%SSB LRP are lower) compared with the HCRs with

F50 TRPs (Fig. 30). Nevertheless, under mixed control, HCRs were able to maintain high odds
(>0.8) of SSB> LRP even under the low productivity scenario (Fig. 31). Urtdetow

productivity scenario and TAC control, the best performing HCRs for PM1a were those with a
F50 TRP and the lowest LRP (i.e., HCR4, HCR5, HCR12, and HCR13).

5.2 Management Objective 2

Managerant objective 2maintain total biomass, with reasonable variability, around the
historical average depletion of total biomasss measured by PMthe odds of depletion in

any given year of the MSE forward simulation being above minimum historical 220
depletion(Table ES1). Depletion is defined as the total biomass as a fraction of unfished total
biomass. Therefore, a higher depletion implies a higher relative total biomass. The level of
minimum historical depletion varied by OM. It was 0.59 faM D 0.63 for OM3, 0.55 for OM4,
and 0.40 for OM6.

As with variability in SSB, the largest differences in total depletion were due to variation in the
TRP. HCRs with the highest target fishing intensity, TRP F40, show lower depletion relative to
the minimum historical (Fig. 32). This pattern was consistentoioth mixed and TAC control,

but as with SSB, depletion was on average lower under TAC control (Fig. 32). All HCRs

reached a median depletion level higher than minimum historical under both corésolBrg.

32). The odds of depletion being above the historical minimum (i.e., PM2) were better than even
(odds >60%) under TAC control, and likely (odds >70%) under mixed control (Fig. 33). The
pattern of HCRs with the F50 TRP being associated with a2, was also evident in the
results for the low productivity scenario (Table 10 and Table 11).

5.3 Management Objective 3

This MSE was not designed to test different allocation schemes for the fleets involved. Instead, it
was decided at the Vancouver MSEB&kshop (ISC 2017) to maintain the fleet allocation for the
entire simulation at a constant level set at the average historical allocation fe2AB®9
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Differences in management objectiven@&intain harvest ratio by fishe(yable ES1), across

harvest grategies and HCRs were therefore minimal because the same average allocation is
maintained throughout the 3@ar simulation. Rather, the value of Performance Metric 3 (PM3),
measured as the average harvest ratio over the 30 years simulation over thestogaal

(20062015) harvest ratio, was a reflection of the difference in harvest ratio from the20299

value used to set the allocation in the simulation versus the-200®level used in defining

PM3 (Fig.34). For fleets whosaverageharvestratios werehigherin 20062015 compared to

19992015 like theEPO surface fleethe PM3 wasmaller (Figure34, Table 12)In contrast,

the fleets that saw a decrease in their share of total catches, IlU8 tbagline fleet, the PM3

was larger (Tabl&2). Also note that under mixed control, the catch of the TAE controlled fleets

(i .e., surface fleets) are dependent on the 0
fleets (i.e., longline) are depeendssessimenon t he
model). Thereforeynder mixed controwhen t he EM overesti mates the
scenarios 1, 4, and 6, the harvest ratios of surface fleets are lower than that of longline fleets.

This results in the PM3 being lower for surfdlmets under mixed control relative to TAC

control, whereas the reverse is true for longline fleets. (Table 12).

5.4 Management Objective 4

Management objective 4 wasrmintain catches above average historical cqftable ES1).

Three performance metriegere developed to assess management objective 4. Performance

Metric 4a (PM4a), was defined as theds that catch in any given year of the MSE forward

simulation was above average historical (198110) catch Average historical catch for 1981

20010was 7950 mt , whi ch includes the-epperliyod 9®f0 6lso W
35). Average catch over the conditioning period of 22035 was actually higher at 83,067 mt.

PM4b was theodds that medium term catch (catch averaged over yedBofeach simulation

run) was over average historical catcihile PM4c was thedds that long term catch (catch

averaged over the last 10 years of each simulation run) was higher than average historical

catch

Unlike SSB or depletion, median catch was higliesHCRs with TRPs of F40 under both TAC

and mixed control (Fig. 36). In the MSE simulation, initial catches were set at 95,000 mt, which

Is greater than the historical average, and catches decreased initially as the simulation started for
both control tyes but built up over the course of the simulation (Fig. 37 and 38). Therefore, for
both control types, catch was highest over the long term (Fig. 37 and 38) and long term catch
(i.e., PM4c) had the highest odds of being above the historical average w@atbigher, but

more variable under TAC control (Fig. 36).

While median catch of F40 rules was higher on average than F50 rules, the catch of F40 HCRs
was more variable than F50 rules with the samenasSBwand LRP (e.g., compare HCR4 vs.
HCR6, HCR5 vs HCR7, HCR12 vs. HCR14, HCR13 vs. HCR15) (Fig. 36). Overall, catch
variability was highest for F50 rules with the highest 8S8.d(HCR 1 to HCR3, and HCR9 to
HCR11) and for F40 rules (Fig. 36). Indeed,iwdual trajectories of catch over time show a

larger number of steep drops in catch for HCR1 to HCR3 and HCR9 to HCR11 and F40 HCRs
(HCR6 to HCR8 and HCR14 to HCR16) (Fig. 39 and 40). Amongst these HCRs, catch with a
higher TAG.» had lower catch variabty (e.g., compare HCR6 vs. HCR14, Fig. 39 and 40).

Thus, unlike for biomass based metrics, TaGad an impact on catch variability, with a higher
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TACin resulting in a lower catch variability as the change in TRP, and hence catch, required by
a drop inbiomass was more gradual than for the same rules with a lowe¥ T@&®). 1). For

F50 rules, SSBeshoalso had an impact on catch variability, wathigher SSBireshoidbeing
associated witligher catch variability (e.g., compare HCR3 vs. HCR5, Beand 40) because

of more frequent management intervention.

The performance of a candidate HCR with respect to the catch performance metrics (PM4a to
PM4c) was dependent on both median catch and catch variability. A higher median catch leads
to a higherprobability of catch being above historical, but higher variability in catch can
decrease the odds of catch being above historical. Under mixed codtielofSSBfalling

belowthe SSBhreshoid0r LRP werelow across reference scenar{dsible ES4) andhence, the
probability of management action was low. The largest differences in catch performance metrics
(PM4a to PM4c) were due to differences in median cattich were largely due to differerxe

in the TRP. Therefore, under mixed contr¢iCRs with tle lower TRP of F50 had lower catch
metricscompared to the HCRs with F40 as the TRRI4c) (Fig. 41).

Under TAC contral howeverdifferences in PM4a and PM4dxrossvere comparable across
HCRsand reference scenari@f§g. 41). The higher variability inatch of the F40 rules offset

their higher average catch and led to relatively comparable odds of catch being above historical
in any given year of the simulatiqi®M4a)(Fig. 41) or over the medium ter(@M4b) (Fig. 41).

Initial catch was reduced more drally under F40 rules and given recruitment variability, more
drastic reductions in catch were required over the medium term to bring SSB above reference
points (Fig. 38). Thus, for TAC control, improved performance of F40 rules over F50 rules for
catch netrics was only evident when looking at long term catch (Fig. 41).

Similarly, under the low productivity scenario and TAC control, there was ne maedof
improvedPM4a and PM4lperformanceor HCRs with a F40 TRP. For TAC rules, median

catch was higher ith a TRP of F40 relative to F50 (Fig. 43owever this was not enough to

offset the increase in catch variability, leadindg-&80 HCRshaving better performance for PM4b
thanF40 HCRgFig. 43). Changes in median catch over tiimethe low productivityscenario

show that catches under FBCRswere gradually reduced over time to meet the TRB. 44).

In contrast, medianatches for F40 ruldsitially increasednly before startingo decline later

into the simulation, and the rate of reduction washmsteeper than for F50 rules (Fig. 44).

Thus, under the low productivity scenario, the odds of catch being higher than average historical
over the medium term were actually higher for F50 rules (Fig. 42). Nevertheless, the odds of
long term catch being afse theaverage historical cataliPM4c) remained higher for F40 rules

(Fig. 43). Thus, for TAC rules, catches were higher on average, but this came at the cost of
higher catch variability, and a steeper reduction in catch over the medium term. Under mixed
control, biomass rebuilt faster (Fig. 28 and 29) as catches of the surface fleets varied in between
assessmesgt responding to changes in available biomass and wesaibfct to assessment

errors Thus, even for F40 rules, no drastic agement action warequired midiay through the
simulation (Fig. 45), leading to the odds of catch in any year of the simu(&id#a) over the

medium term(PM4b), and over the long ter(®M4c)being higher than average historical

catches (Table 11).
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5.5 Management Objectivg

Management objective Bhange in total allowable catch between years should be relatively
gradualwas assessed using performance metric 5a (PMag) stability To compute PM5a,

the percentage change in TAC between consecutive assessment [@cedsvery 3 years),
excluding years where TAC=0 was first assessed.e&RNs then calculated &lse probability of

a decrease in TAC being <30% between consecutive assessment (moedsvery 3 years),
excluding years where TAC=0. Note that for miazhtrol, the catch was used rather than the
TAC. Here, we focus the results on the decreases in TAC (or catch) between years as a drop in
TAC is more concerning to stakeholders.

PMba levels depend on both the frequency of management intervention as thelbegree of
change in fishing intensity from the TRP, and hence TAC or catch, required when SSB falls
below SSB reference pointsnportantly, wealsomeasurd the frequency of management
intervention with PM5bthe odds of no managemeitange whichwas calculated as the
probability of biomass falling below the S&Bshoia For this performance indicator, management
change reflects a reduction in fishing intensity triggered by the HCR relative to the fishing
intensity associated with the TR®dds of no managememhangewere higher for mixed

control rulesHowever, for both control typeperformance oPM5b was lowest for those HCRs
with the highest SSReshold(30%), HCR1 to HCR3 and HCR9 to HCR1IMhe highest PM5b
performance differed forifferent TRPs, wittHCR4, HCR5, HCR12, and HCRX®#rforming
best for F50 rules, whilelCR8 and HCR1performed best for F40 rul€Big. 46).Although
someF40rules(HCR6, HCR7, HCR14 and HCR)L6ad the same SSRsnosand LRP as the
best performing F56ICRS their PM5b performancewvasonly intermediatebecauseheir lower
TRP led to lower average biomass andreased odds of falling below t8SBnhreshold(Fig. 46).

Under TAC control, the F50 HCRs with thgest performing PM5BHCR4, HCR5, HCR12, and
HCR13 also had the lowest median decrease in TAC (Fig. 47) and higk@rstability (Fig.

48). However, the relative performanicecatch and TAC stabilitgf the other HCRs was
reversed as compared Rd/5b performance with all F40 HCRs performing poorar terms of
catch stability than F50 HCRs (Fig. 48). F40 rules had the highest median decrease in TAC
between assessments (Fig. 47) and the most variable decreases in TAC (see interquartile range in
Fig. 47). Thus, while management was more frequent unites with a SSB threshold of 30%,
the TRP level had a stronger effect on determining catch stability. Uree® &8RP, the change
in TAC was more gradual, resulting in higher catch stability. The same pattern of lower
performance in terms of catch statyifor F40 rules was apparent for the low productivity
scenario (Table 11).

Under mixed control, biomass was maintained at a higher levé?siath performance was

betterthan for TAC control (Fig. 46). Median decrease in catch between assessments was
comprable across HCRs and TRPs (Fig. 46), albeit HCR4, HCR5, HCR12, and HCR13 showed
the lowest variability in decreases in catch (see interquartile range in Fig. 46). All HCRs showed
almost certain (>90%) odds of a decrease in catch between assessmesthEngtess than

30% (Fig. 47), even under the low productivity scenario (Table 10 and 11). Differences among
HCRs start to become more evident when considering the odds of a decrease in catch being less
than 20%, wittHCR4, HCR5, HCR12, and HCR13 perfongn best, which were the same best
performing HCRs under TAC contr@Fig. 49).
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5.6 Management Objective 6

Management objective 6 wasrmintain F at the target value with reasonable variability
Performance Metric PM6) was used to measure the performaotelCRs with respect to this
management objective and was calculatethasatio of the TRP to the F in each year of the
simulation where the F and TRP are based €8PR. SPR is the SSB per recruit that would
result from the c oensiteahfishing enatality selativeatd theeaumfisheda n d
stock. Trends in PM6 are due to a combination of implementation and estimation (i.e.
assessment) error. A PM6 less than 1 impliestii®aF was higher than the TRP (i.e. a higher
fishing intensity tha that set by the TRP).

Across all reference scenarios and for both control types, PM6 was highest for F40 rules (Fig.
50). For scenarios 1 andrBost runs had SB greater than SSRshog@andthe fishing intensity
wasthereforerandomly selected from tHastorical fishing intensity which averaged 0.51 for
scenario 1 and 0.44 for scenaridolBese fishing intensitieseresmaller than the fishing

intensity of 0.60 associated with an F40 target, leading teg@/F greater than 1. This is
exemplified byFig. 51 showing individual run trajectories of F over time for scenario 1 under
mixed control being clustered around the historieaddrof 0.51 for all HCRs irrespective of

Ftarget-

For both control types, PM6 for F40 rules was higher tfmr-50ruleseven under the low
productivity scenario (Table 11). While F was higher on average for F40 rules, F40 HCRs had
more drastic management interventions, as shown for TAC control in Fig. 52 by the large drops
in F apparent for F40 HCRs (HCR6 to HCR8 andR1€ to HCR 16). These drastic reductions

in F led to PM6ébeinghigher for F40 ruleseven ifF was higher on averag&\Vith mixed

control, reductions in F were less frequent and less drastic than under TAC control, but F40
HCRs showed more instances ofuetibns in F away from the average as compared to F50 rules
(Fig. 53).

5.7 Tradeoffs between Performance Metrics

Under mixed control, there was no single bestforming HCR for all management objectives.
Tradeoffs were evident between performance metricg. ES2 shows performance of all HCRs
across all reference scenarios for all metrics under mixed control. Lines closer to the outer
margin (value of 1) indicate better performance. HCRs with a TRP of F40 performed better in
terms of catch metrics (PM4a td/RBc) but poorer in terms of biomass metrics (PM2, PM1b,
PM1c). Nevertheless, odds of not breaching the 2830 _dor 7.7%SSB LRPs remained

highly likely (>80%) even for F40 HCRVhile the odds of no managemecttangewere lowest
(i.e. poorest PM5b performanciey F40 andF50 rules with thie respectivehighest SSBeshoid
(209%SBO_d for F40 rules30%SB0_d, for F50 rules)the odds oSSB >LRP (PM1la) or

catch stability (PM5a) wrecomparable among HCRs.

The same tradeoffsetween catch and biomass metrics were evident for the low productivity
scenariaunder mixed contro{Fig. ES3). However, differences in performance between HCRs
with regards to the oddsf SSB > LRPbecamemore distinct. HCR1 and HCR9, the only ones
with a 20%6B0_dLRP, and HCR6 and HCR14, the only F40 HCRs with a B980_ dLRP,
showed lower odds @SB >LRPs and therefore resulted in more occurrences of drastic
management interventions (i.e. poorer performance in PkFig) ES3). The increase in
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management intervention, however, was not associated with improvement in biomass metrics
relative to other HCRs that had the same TRP (Fig. ES3).

By contrast, under TAC control, the tradeoff between lower TRP (F50), higher biomass and
lower catch metrics as not as evident. F50 HCRs performed better in terms of the o&&Bof

> 20%SB0_dand had a comparable performance to the F40 HCRs for two out of the three
catch metrics (Fig.ES). F50 HCRs also had higher catch stability. Under TAC control, the higher
catch variability of F40 rules led to the odds in annual cé@®a)or medium term catch
(PM4b)being comparable to F50 rules despite the higher fishing intensity. Among F50 rules
HCR1 and HCR9 had lower odds 6B >LRP (poorer PM1a)lower odds of nananagement
change(poorer PM5b) and also lower catch stabilifgoorer PM5a)HCR2, HCR3, HCR10, and
HCR11 showed lower odds of no managemetminge(poorer PM5b}and lower catch stability
(poorer PM5a}han other F50 HCRs. F50 HCRs with a 28980 _dthreshold(HCR4, HCR5,
HCR12, and HCR13performed best among the F50 HOQR&ler TAC controby having
comparable biomass metrigBMl1ad, PM2) higher catch stabilit¢better PM5a)and higher
catch(better PM4ec). The same HCRs were also the best parfay F50 HCRs in the low
productivity scenario (Fig. E3. Due to their higher catch stability, they also performed as well
as F40 HCRs in terms of the odds of catch in any year of the simu(&i$a)and medium

term catch{PM4b)being above historicatiespite better performance in terms of biomass
metrics(PMlad, PM2)(Fig. ES2, Table 11).

5.8 Unknown fleet robustness scenario

Results from tis robustness scenario demonstrate that given current biomass estimates and
fishing intensities as estimated by these caseeferencescenario, the NPALB stock is quite
resilientto a gradual increase in catches up to 50,000 mt over a period of 20 years from an
unknown fleet that is not subject to management. Under mixed control, catches of the unknown
fleet increasentil 2035when the 50,000 mt are reached (Fig. 54). By contrast, catches of the
managed fleets remain relatively constant on average until 2035 when they start decreasing (Fig.
55). Trends in total median fishing intensity peak in 2035, just below adishiensity of 070,

and then start decreasing as the catches of the managed fleets start to decline (Fig. 56). The latter
ten years of the simulation are characterized by increased management intervention as illustrated
by the increased variability in tdoes during that period, particularly for the F50 HCRs, HCR9

to HCR13 (larger quantile spread in Fig. 55). By contrast, median SSB declines earlier in the
simulation with the unchecked increase in catches and then stabrizesl2035 at a lower

level than for the reference scenarios (compare Fig. 57 and Fig. 22). Notaghabtistness

scenario was run on the base case, scenaaiadiherefore, if SSB was above S&Bnou

fishing intensity was sampled from the historical fishing intensity, wawdraged at 0.51.

Because of the relatively high status of the NPALB population and the assumption of no
increases in the fleet capacity/effort of the managed fleet (i.e., F is sampled from historical), the
increase in unknown fleet catch is not enougbring the population below management

thresholds, even SSRshoiq and differences in performance between F50 and F40 rules are not
apparent (Table ES1). Biomass and catch metrics are comparable between HCRs, and
differences in performance in terms @ftch stability and the odds of meanagementhangecan

be ascribed to the higher S&RBnho(30%SB0_d) of HCR9 to HCR11 rather than differences in

the TRP. Improved performance of F40 rules in terms of PM6, Ftarget/F is due to F being set at
Fristorica Over most of the simulations, even for F40 rules, leading to a higher Ftarget/F ratio than
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F50 HCRs. Both the odds of depletion being above historical and the odds of various catch
metrics being above historical were lower than for the reference scgnaiilo the largest
change for the catch metrics (Tab®.IThe drop in performance relative to the catch metrics
under the robustness scenario as compared to the refeioss largely due to a drop in
catches associated with the decline in biesnand, in the latter years of the simulation,
management intervention.

The EM (i.e., simulated stock assessment), even withatat fromthe unmanaged fleet, was

able to correctly detect the decrease in biomass despite observation error. However, in the
absence of increases in reported catches, it ascribed the change to a drop in recruitment, with
mean recruitment across all runs being 1.99%40the OM( fit r ue r édut t.6Vk1® ment 0)
forthe EM( iesti matedo recr ui t menitThu$, caicmdetlihedoveri mul a't
time for both longline and surface fleets. Longleceches declined becauseir catches were

subject to a TAC whicldeclined as thestimated biomasisom the simulated assessmenhe

catches of thesurface fleetsleclined lecauseheir catches were a function of TAE and declining
availablefi t r hioena@ss. These results appear to suggest that, assiimatrihere arao

increases in fleet capacity effort of the managed fleets (i.e., F of managed fleets does not

increase oer historical levels) and no hyperstability of the abundance indices, management via
mixed control using any of the HCRs here considered would aid in reducing the impact of the
increased fishing pressure on the stock. This is in contrast to an unmantagéidnsivhere fleets

might maintain their current catch levels (e.g., by increasing effort), despite decreasing biomass
as they are not subject to a TAC or TAE.

To better assess the impact of the different TRPs, some additional runs were carried for the
robustness scenario for some HCRs (HCR9, HCR12, HCR14, HCR16) under TAC control, with
no restrictions on the fleet capacite(,F of managed fleets could increase up to the TRP) and a
faster increase in the catches of the unknown fleet (50,000 mt irat€)ykn this simulation the
fisheries are able to meet the F40 TRP if SSB is greater tha@sB Having TAC control

implies thatbetween assessment pericsigface fleets aralsoassumed to meet their TAC
notwithstanding changes in availablefass. This is different from mixed control where the

catch of surface fleets is dependent on the available biomass (i.e., biomass from the OM). In this
scenario, the catch of the unknown fleet increases sharply until ~2027 (Fig. 58). Median catch of
the managed fleets decreases sharply over the same period and then stabilizes at a lower level
(Fig. 59). Median SSHBor this robustness scenadeclines initially with increased unreported
catches and then stabilizes to a lower level than for the refeseawrios(Fig. 60 vs. Fig. 23).

Note that catches for the F50 rules (HCR9 and HCR12) start off at a lower level because of their
lower fishing intensity and thus biomass decline more moderately (Fig. 60) and there is no
drastic decline in catch later in tsemulation (Fig. 59). HCR9 and HCR14 have the highest

catch variability (interquartile spread in Fig. 59) as management action is required in some runs
once biomass declines. Indedite odds oho management acticare lowesfor HCR9 and

HCR14 (Table 4). HCR9 has the highest S&&nowat 30%6B0_d and thusmanagement

changeis triggered more often. The higher rate of management intervention for HCR9, however,
does not lead to better performance as compared to HCR12, which has the same TRP but a lower
SSBhreshoid0f 20%6SB0_d Biomass metrics perform similarly but catch over the medium term

and catch stability are lower for HCR9 because of increased management intervention (Table
14). Similarly, the two F40 HCRs, HCR14 and HCR16, perform similarkeoh other in terms

of biomass and most catch metrics, despite the higher management intervention of HCR14,
which leads to lower catch stability and lower medium term catch (Tdhl@tie largest
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differences in performance are associated with the TRPloWer fishing intensity TRP, F50,
leads to higher odds of depletidre(,relative total biomass) being above historical and of SSB
being above 209%6B0_d, but this comes at the cost of catch metricksergthe odds of catch
over the longerm being abovhistoricalaretwice as high for F40 rules. Furthermore, odds of
SSB being above the LRP, or 28%30_d or 7.7%SSB are greater than 0.8 for both F50 and
F40 HCRs. For the same S&Bnowand LRP (compare HCR12 with HCR1440 rules have
lower catch stabilitypecause the F40 TRP results in higher fishing intensity, which leads to a
lower biomass and higher probability of breaching the reference pGetish stabilityof

HCR16is also lower than HCR1goth with F40 TRPs)depite low management intervention.
These additional analyses support the results above, namely that, given the good current
condition of the stock and maintenance of fishing intensitedewF40, the population can be
resilientto an increase in unreporieatch under TAC managemenihis is becausthe

estimation model is able to detect the decline in biop@smn without data from the unmanaged
fleet, andthe TAC of managed fleettherefore alsdeclines. Because the catahthe

unmanaged fleas unreprted, however, management actions cannot increase biomass back to
historical levels and catch for the managed fleets remains lower than in the refesagos.

6 Key Limitations and Metaules

The ALBWG examined the MSE models in detail and identiftedfollowing key limitations.

0 The uncertainty in the relationship between the measure of effort in the MSE (i.e.,
exploitation rate that generates the F specified by the HCR) andvoekal effort in
number of fishing days for the EPO surface fleet increases at smaller effort levels.
Therefore, at very low annual exploitation rates, implementation error for the EPO fleet
under mixed control may be greater in the real world than the implementation error
assumed in the MSE simulation. However, impact of this underestimation of
implementaibn error for the EPO on MSE results is likely low as such low values
comprised only 5% of all the simulated exploitation rates.

O«

It is assumed that catch control is implemented equally effectively across all fisheries,
including both NPALB targeting anadbntargeting (e.g., surface fleets vs. longline). This
may not be true in the real world but there is no prior experience or information on
implementation error of catch control between albacore targeting aridngeting
fisheries.

0 Itis assumed thahe fleets are able to meet, with some implementation error, the total
allowable catch (TAC) or total allowable effort (TAE) set by the HCR. However, other
unmodelled factors affecting fleet dynamics, such as market forces or availability of
albacore relatie to other target tuna species like bigeye, may affect the ability of the
fleets to reach the TAC or TAE in the real world. However, since the fleets have never
been under TAC or mixed control, there is lack of dateform fleet behaviorand its
driversunder such control types.
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0 Allocation is assumed to be constant at the average 0f2998 levels throughout the
simulation. This formulation prevents an assessment of management objective 3,
maintain harvest ratios by fishergs the harvest ratios deept constant by design.
Testing of different allocation schemes would require input from managers as to what
those allocation rules might be.

0 NPALB is a highly migratory species whose movement rates to given areas in the North
Pacific are highly varille. This affects availability to the fisheries operating in those
areas. However, the simulations do not explicitly model these movement processes and
instead only approximate the availabilityto various fleets. Further work could include the
developmenbf area specific operating models to better capture uncertainty in migration
rates, and their relationship to availability.

0 The simulations are conditioned on data from 1993 onwards, although available data
dates back to 1966. Therefore, the simuraionay not include the full range of
uncertainty in the population dynamics of NPALB. Thus, the MSE results are most
applicable to recent conditions. Nevertheless, inclusion of the lowest productivity
scenario (Scenario 6) was an attempt to accommodate sbiinis uncertaigt

If one of the HCRs presentbédre were tde adopted as part of a management procedure for
NPALB, metarules may be put in place (e.g., Preece et al. 2015 for Pacific southern bluefin
tuna) to define situations outside the rangewfbich robustness of the HCRs was evaluated and
for which a different management action than specified by the adopted HCR may be taken.

Definition of such exceptional circumstances should consider the limitations above and could
consider: 1) if the popation dynamics are significantly different from those specified in the
range of OMs used in evaluating the HCRs, 2) if the fleets or fishing operations have changed
substantially, 3) if input data to the estimation model have been altered, and 4) &, DACeor

TAE is place, total removals or effort differ significantly (i.e. more than what was specified by
the implementation error) from what is recommended by the HCR. While the results presented
here in support of the development of a harvest stratggRPALB are considered final under
current conditions, should the above circumstances arise, the MSE framework should be
reviewed and revised.
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8 Glossary

Depletion- can be defined as spawning biomass depletion or total biomass depletion. It
shows what fraction of unfished biomass (spawning or total) the current biomass is. It is
calculated as the ratio of the current to unfished biomass (spawning or total).

Estimation Model (EM) i An analytical model that takes data generated with error by the
operating model (e.g. catch, abundance index) and produces an estimate of stock status. This
often mirrors a stock assessment model.

Fishing intensity T a harvest rate based on SPR. SPR is the SSB per recruit that would
result from the current yearod6s pattern and
unfished stock. A fishing intensity of F30 would result in 30% of the SSB per recruit

relative tothe unfished state. This is approximately equivalent to a harvest rate of 70%.

Harvest control rule (HCR) - Preagreed upon set of rules that specify a management
action (e.g. setting the total allowable catch or location/timing of closures) based on a
comparison of the status of the system to specific reference points.

Harvest strategy (or management strategy)ja framework for deciding which fisheries
management actions (such as setting a TAC) will achieve stated management objectives. It
specifies (1what harvest control rule will be applied, (2) how stock status estimates will be
calculated (e.g. via a stock assessment), and (3) how catch or effort will be monitored.

Limit reference point (LRP) i A benchmark current stock status is compared to lzatd t
should not be exceeded with a high probability. It can be bichassd (e.g. SSBLIMIT) or
fishing intensitybased (e.g. FLIMIT).

Management Objectived High-level goals of a management plan (e.g. prevent
overfishing or promote profitability of thashery).

Management Strategy Evaluation (MSE)i a simulatiorbased analysis to evaluate trade
offs achieved by alternative harvest (or management) strategies and to asses the
consequences of uncertainty in achieving management objectives

Operating Model (OM) T Mathematical representation of plausible versions of the true
dynamics of the system under consideration. These are conditioned on historical data.
Generally, multiple OMs are required to represent the range of uncertainty in different
factors. OMscan range in complexity (e.g. from single species to ecosystems models)
depending on the management objectives and management strategies being evaluated.

Performance metrics- Quantitative indicators that are used to evaluate each HCR and
serve as a quatdtive representation of the management objectives.

Spawning potential ratio (SPR)i the ratio of female spawning stock biomass per recruit
under fishing to female spawning stock biomass per recruit under unfished conditions.

SSBi female spawning stodkiomass.

SSB)_di unfished spawning stock biomass that fluctuates with changes in recruitment.
Also referred to as dynamic unfished spawning stock biomass.
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Target reference point (TRP)- A benchmark which a current stock levelsis compared to.
It repre®nts a desired state that management intends to achieve. It can be {naseass
(e.g. SSBarcer) or fishing intensitybased (e.g. farcer).

Threshold reference pointi A benchmark current stock status is compared to. Its value is
between that of atget and limit reference point. It represents a control point below which a
management action is undertaken to bring the stock back to a target state.
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9 Tables

TablelL Managers and stakehol de rSsoand of¢SE dIPiME MIE and ihawrhey were dddiressed. ng t h
Note that colors in left column are categorized as presentation of results (blue), Management objective (orange), aareltiate h
strategies, reference points and harvest control rules (green), wo(gplple) and others (yellow), respectively. Table was from (ISC

2020).

Recommendation Progress

The ALBWG should be more explicit in the labelling of
performance indicators andspecify if an indicator is based on
a probability. For example, forManagement Objective #2, the | Performance Indicators for Management Objectives #2 was

1 |DAOA&E OF ATAA ET AEAAOI O 1 AAATT|OAPI AARAA O O/ AAOG AADPI AGET T ¢
actually the probability of the depletion of total biomass being | OAB1T AAAA O1 O/ AAO AAOAE € EE|
over the minimum historical depletion and could instead be

I AAAT T AA ODPOi AAAE]I EBUOT £AEEGDQ

Performance indicators using relative total or spawning
biomass arelikely to be better understood than indicators
using probabilities. Separate plots of the mean or median of
2 | the relative biomasses coupled with plots of the variability of
those relative biomasses may be preferable to a single plot of
probabilities. Compaiison with historical levels could be done
by including indications of the historical levels to be compared

50A 1T &£ Ox1 0i 86 PITOO O OEI x |
various time series plots, in addition to violin plots with the
median and 95% confidencedntervals with pie charts to show
proportions of different outcomes.

The ALBWG should provide guidance on how to interpret
fishing intensity in terms of implications to fleet managemaet.

3 | For example, it would be useful for managers to be shown the
changes in fishing intensity relative to current fishing

intensity.

Additional analyses were conducted and presented by the MSE
specialist. (See

http://isc.fra.go.jp/pdf/ALB/ISC20_ALB_1/ISC20 -
ALBWGO01-05.pdf).
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Managers and stakeholders should prioritize, rank, or weight
the management objectives to assist decision making and hely
resolve trade-offs in management objectives.

It was recommended that this be discussed during the MSE W
in early 2021 for managers ad stakeholders.

Management Objective #6 was considered of relatively low
priority by managers and stakeholders in evaluating candidate
reference points and harvest control rules.

Results relevant to management objective 6 are still be
presented in thisround of MSE report.

The ALBWG should try to obtain the necessary expertise to
AOGAT OAOA OEA - AT ACAIT AT O / AEA
AATTTI EA OAOOOT O 1T &£ AGEOOET ¢
a longerterm goal beyond the 2xd round of MSE.

The WG need that CPUE could be as an economic proxy,
however, in the current OMs and EMs, there are only
standardized CPUE and there may be some work necessary to
project the nominal CPUE for various fleets. No clear decision
was made by the WG on whether to incile CPUE to evaluate
this objective as a performance indicator at this stage.

As the MSE process continues, it should be emphasized that
the overarching objective running through all the management
objectives of the MSE is to miatain the viability and
sustainability of the current NPALB stock and fisheries.

Now emphasized in the final report for the 2d round of MSE.

The 2nd round of MSE should focus on Harvest Strategy 3
using the specific reference points and harvestontrol rules
listed in Table 4(in summary report:
http://isc.fra.go.jp/pdf/ISC19/1ISC19_ANNEX12_ Report_First_
North_Pacific_Albacore_MSE.pdf).

Harvest Strategy 1 should be removed from further
consideration because it performed poorer in terms of
Management Objective #1 relative to Harvest Strategy 3, and
was considered undesirable to have a discontinuity in fishing
intensity once thelimit reference point was breached. In
addition, participants of the 3rd MSE Workshop intended to

evaluate Harvest Strategy 3 rather than Harvest Strategy 1.

These recommendations were reflected in the developmen
of the modeling framework for the 2dround of MSE.

MSE specialist has been working on BSand TRPs of F40
and F50 with different combinations of LRPs and threshold
reference points (See Table ES2.

Three LRPs 20%SSB® _d 14%SB0_d and7.7%SB0_J
requested by the managers and stakeholders were also
evaluated for further consideration of LRPS.
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10

Harvest Strategy 2 should be removed from further
consideration because the absence oftareshold reference
point required a large drop in fishing intensity one the limit
reference point was breached and it performed poorer than
Harvest Strategy 3 with F50 or F40 in terms of Management
Objective #2.

11

The candidate target reference poinbf F30 should be
removed from further consideration because it was the orst
performing in terms of Management Objectives #1, 2, and 5,
and had a similar performance to F40 for Management
Objective #4.

12

The candidate target reference point of FO204hould be
removed from further consideration because the actual fishing
intensity of this reference point varied substantially between
productivity scenarios. It also performed poorer than TRP40
and TRP50 for Management Objectives #1, 2, and 5.

13

A stricter risk level of 90% (rather than 50%) should be used
when evaluating therisk of breaching the candidate limit
reference points of SSB7.7% and SSB14% (i.e., the LRP is
breached if the probability of being above the limit reference
point drops below 90%). Given that the candidate limit
reference point of SSB20% is relatively conservative, a risk
level of 80% was considered appropriate for that reference
point. This risk level should be calculated in the same way as
currently done in NPALB stock assessemts, by using future
projection software over a period of 10 years and calculating
the probability of breaching the limit reference point.

New HCRs tested in '® round of MSE use a 90% or 80%
risk level of breaching candidate LRP.

Code was modified tacalculate the probability of breaching
the LRP using the projection software (2017 SA version)
rather than the MLE estimate from EM output as in thesl
round of MSE.

The projection software is run for 10 years with 1,000
iterations within the MSE loop. The uncertainties in the
projection software are derived from recruitment
variability and initial N at age based on the CV of SSB.

14

In addition to harvest control rules where all fisheries are
managed by total allowable effort (TAE) or total allowable
catch (TAC), there should be an evaluation of harvest control

Code was modified to include a mixed TAC/TAE option as
follows.
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rules where surfacefisheries (i.e., Japan polkand-line and EPO
surface) are managed by TAE and all other fisheries are
managed by TAC.

N Compute the overall TAC using the fishing intensity (1
SPR) according the status of the SSB relative to the
reference points (as per TAC rule).

N The TAC is split across fleets according to the piagreed
upon allocation (1999-2015 catch ratios) and iskept
constant between assessments for the n@surface fleets.

N For the EPO surface fleet and the Japanese paled-line
fleets the exploitation rate is kept constant between
assessments, but the catch varies given the biomass from
the OM.

The levels of fishing intensity should be limited by the
historical (1997 z 2015) levels (ordistributions of historical
fishing intensity levels) achieved by the NPALB fisheries.
However, if these levels of fishing intensity are not high

Code was modified to set F as a random F sampled from

15 enough to compareperformance of threshold and limit historical Fs rather than F
reference points, low productivity scenario should be used in
the operating models to evaluate these reference points, wher
appropriate.
A future fishing effort scenario where an unmanaged new
fishery is removing an increasingamount of unreported catch | Codewas developed to include this as a robustness scenario.
16 | should be evaluated to understand how large amounts of The new fishery has the characteristics of the F25 fleet
unreported catch may affect the performance of the harvest | operating in area 2 and 4.
control rules.
17 Implementation error distribution should include both Both positive and negative eors were included as 1.05 + N(O,
positive and negative errors. AEm8muds
The ISC ALBWG should continue working on the MSE proces Three LRPs 20%SSB0_d14%SSB0_d, and 7.7%SSB( _d

ALB MSE Workshop were useful for understanding the trade

offs and potential performance of candidate reference points

evaluated for further consideration of LRPS.
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and harvest controlrules. However, some candidate reference
points and harvest control rules developed at the 8 MSE
Workshop were not evaluated in time due to computer
resource limitations. Therefore, the workshop participants
developed a focused list of candidate referemcpoints and
harvest control rules to be examined for the 2nd round of MSH

This will be discussed at the ™ round of MSE WS.

Pending approval by thelSC Plenary and resolving potential
conflicts with the workload of the ALBWG, results of the 2nd

It may be a good idea to distribute the preliminary report to the
WS participants prior to the WS even though the ISC Plenary
has not reviewed it. The WG thought it was a good idea and

e round of MSE should be presented at thet6|SC ALB MSE recommended doing so as long as the ISC Plenary agrees.
Workshop as soon as possible, and no later than late 2020. The WG Chair agreed to ask the ISC Chair about this matter
in the near future.
_Gl\{en_the t'.m.e“.ne and previous computer resource Some additional resources at NOAA were available until early
20 | limitations, it is important that improved computer resources 2020. Results were completed by late 2020 as planned
be available for the 2nd round of ISC ALB MSE. ' '
The WG recommended using br oader risk classes based
on the Table 4 from the 2nd ISC NPALB MSE workshop
(attachment5in
http://isc.fra.go.jp/pdfISC16/ISC16_Annex 08 Report_of
R PPN . R s o4 _the_ALBWG(Apr2016).pdf) to group performance
4 E A A AANOAAU I. £ TU O'Bf b I EMRA O A metrics based on probabilites. For metrics not based on
combination) should be examined taa) determine if the rank e . .
order of each run for each performance indicator was stable a prgbab|I|t|e§, itis suggested that the metric be splitin classes
2 prior to ranking.

more replicates are added; and b) determine if and how the
value of each performance indicator varied with increasing
numbers of replicates.

The WG also agreed with the presenter that the 70
iterations for the 2 nd round of MSE was adequate. If
certain iterations of the runs did not converge, the same se
of convergdl iterations should be used to compare the
candidate HCRs , noting which HCRs failed to complete thq
70 iterations.
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The relationship between how effort is modelled in the MSE
operating models (i.e., fishing intensity) and effort in the real

22 | world should be examined by the ALBWG and included in the| MSE fishing intensity was compared to real world effort.
future round of MSE to help managers and stakeholders, if
possible.
Economic expertise, even though now is not available for the

23 ALBWG, may baeeded for future round of MSE since This is related to Rec. #6.

economic aspects are important incentives for the fishery
industry.
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Table 2.Details of candidate harvest controls at specific SSB relative to SSB reference points to
be evaluated for the"2round of NPALB MSE. This Table was modified from Table 3 in the
Report of the # ISC ALB MSE workshop (ISC 2019).

Stock Status

Candidate Harvest Control Rules

SSB OmrS®B

If FTarGET > FHisTORICAL,

TAE = HuistoricaL= H to produce FistoricaL,
TAC = Biatest * HuistoricaL else

TAE = Hrarcer=H to produce Farcer

TAC = Biatest * HrarGET

SSBmt <SSB <
SSBrHRESHOLD

TAE = TAEmIN + [HrarcerT TAEmIN] * (SSB -SSBumit) /
(SSBrHresHoLpl SSBumiT), or TAEwin, whichever is greater

TAC = TACwIN + [(BraTesT* HTarGET) T TACMIN] * (SSBi
SSBimiT) / (SSBrHresHoLpi SSBumit), or TACuin, whichever is
greater

TAEwwn and TAGinaretheT AEs and TACs wre |
without the rebuildingplan (see below)

SSB OwmiSSB

For LRPs (Bimit) with 20%SSBuURRENT, F=q OF 14%SSBURRENT, F=0
TAE=0.25 * Essum

TAE=0.5 * Esseuim

TAC=0.25 * GssBLim

TAC=0.5 * CsssLim

For LRPs (Bimi) with 7.7%SSBuURRENT, F=0
TAE=0

TAE=0.25 * Essum

TAC=0

TAC=0.25 * GssBLm

EsssLim = HrarceT* SSBumiT / SSBrHrESHOLD

CsseuM = Bratest* Hrarcer* SSBumiT / SSBrHresHoLD
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Prob(SSB > SSBwit )

For LRPs (Bimi) with 20%SSBuURRENT, F=0
Prob(SSB > SSBwit) =80%

For LRPs (Bimit) with 14%SSBuURRENT, F=q OF 7.7%SSBURRENT, F=0
Prob(SSB>SSBwit) = 90%

Prob(SSB >
SSBrHRESHOLD )

50%

Additional Assumptions

Assessment periodicity

Once every 3 years

Allocation

Average of 19922015
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Table 3. Fishery definitions for the operating and estimation models of the NPALB MSE.
Availability of size and abundance index data is indicated in the notes. Notes indicate the size or
index data fitted during conditioning. Two letter country codes are ugkd frshery name: JP =
Japan; US = United States of America; TW = Chin€ampei; KR = KoreaCN = China;and VU

= Vanuatu.

ID Fishery name Area Primary Quarter  Catch Notes
gear unit

F1 F1 JPLL A13 Q1 wt 1&3 Longline 1 Tonnes | Size, Index

F2 F2 JPLL A13 Q2 wt 1&3 Longline 2 Tonnes | Size

F3 F3 JPLL A13 Q3 wt 1&3 Longline 3 Tonnes | Size

F4 F4 JPLL A13 Q4 wt 1&3 Longline 4 Tonnes | Size

F5 F5 JPLL_A13_Q1 num 1&3 Longline 1 1000s

F6 F6_JPLL_A13 Q2 num 1&3 Longline 2 1000s

F7 F7_JPLL_A13 Q3 num 1&3 Longline 3 1000s

F8 F8 JPLL_A13 Q4 num 1&3 Longline 4 1000s

F9 FO JPLL A2 Q1 wt 2 Longline 1 Tonnes | Size, Index

F10 | F10_JPLL_A2_ Q234 wt 2 Longline 2,3&4 | Tonnes | Size

F11 | F11 JPLL_A2 Q1 num 2 Longline 1 1000s

F12 | F12_JPLL_A2 Q234 num |2 Longline 2,3&4 | 1000s

F13 | F13_JPLL_A4 wt 4 Longline All Tonnes | Size

F14 | F14_JPLL_A4 num 4 Longline All 1000s

F15 | F15_JPLL_A5 num 5 Longline All 1000s | Size

F16 | F16_JPPL_A3_Q12 3 Pole &line | 1&2 Tonnes | Size

F17 | F17_JPPL_A3 Q34 3 Pole &line | 3&4 Tonnes | Size

F18 | F18 JPPL_A2 2 Pole & line | All Tonnes | Size

F19 | F19 USLL_A35 3&5 Longline All Tonnes | Size

F20 | F20_USLL_A24 2&4 Longline All Tonnes | Size

F21 | F21_ TWLL_A35 3&5 Longline All Tonnes | Size

F22 | F22_ TWLL_A24 2&4 Longline All Tonnes
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F23 | F23_KRLL All Longline All Tonnes
F24 | F24_CNLL_A35 3&5 Longline All Tonnes
F25 | F25_CNLL_A24 2&4 Longline All Tonnes
F26 | F26_VULL All Longline All Tonnes
F27 | F27_EPOSF 3&5 | Surface All Tonnes
F28 | F28 JPKRTW_DN All Drift net All Tonnes
F29 | F29 JPTW_MISC All Misc All Tonnes
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Table 4. Standardized values and input coefficients of variation (CVs) of north Pacific albacore
annual abundance indices used for conditioning the operating nf{@Mt. Units are number

of fish. Quarter refers to annual quarters in which the majority of catch was made in the
underlying fishery, where 1 = Javar.

S1- Japanese longline in S2 - Japanese longline in
Area 2, Quarter 1 Area 1 and 3, Quarter 1

Year CPUE Ccv CPUE Cv

1996 36.91 0.10 51.22 0.12
1997 41.25 0.10 76.52 0.12
1998 43.41 0.10 65.06 0.13
1999 33.32 0.10 47.03 0.12
2000 45.08 0.10 47.92 0.13
2001 40.53 0.10 30.25 0.13
2002 26.93 0.10 49.30 0.13
2003 29.67 0.09 56.74 0.12
2004 21.45 0.10 27.98 0.13
2005 28.82 0.10 28.05 0.13
2006 30.95 0.09 32.27 0.13
2007 27.43 0.09 42.54 0.13
2008 28.62 0.10 26.87 0.12
2009 28.86 0.10 29.50 0.12
2010 34.11 0.09 30.64 0.13
2011 26.40 0.10 27.34 0.13
2012 27.20 0.10 45.04 0.12
2013 25.97 0.11 30.21 0.12
2014 19.47 0.10 31.48 0.12
2015 33.74 0.10 45.01 0.12
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Table 5.Key life history parameters and model structures for the base case OM. Fixed

parameters different from the 2017 stock assessment are highlighted in italics. Parameters

estimated during the conditioning process are highlighted in bold. These also diffehé&o

2017 stock assessment. Note that in the
OM parameters are fixed.
Parameter
Female asymptotic lengthigh 108.91 cm
Female growth rate (k) 0.2836y?
Female length at agé (L1) 45.06 cm
Male Ly Offset 0.1187
Male Ly Offset 0.0393
Male k Offset -0.4179
CV of Ly 0.06
CV of Lins 0.04

Weight at length in kg for Q1
Weight at length in kg for Q2
Weight at length in kg for Q3
Weight at length in kg for Q4
Maturity

Steepness (h)

Log of recruitment at virgin biomass In(Ry)
Recruitment variability

Natural mortality ageéd (MO)

Natural mortalityagel (M1)

Natural mortality age (M2)

Female natural mortality aget (Mf3+)
Male natural mortality ag8+ (Mm3+)
Selectivity parameters

Standard deviation of age 1 age selectivity deviations
for F27

Standard deviation of age 2 age selectivity deviations
for F27

70

8.7*10°L(cm)?%" kg
3.9*10°L(cm)?># kg
2.1*10°L(cm)**° kg
2.8*10°L(cm)*% kg

50% at age 5, 100% at
age 6

0.9

12.25

0.5

1.36 y*

0.56 y*

0.45 y*

0.48 y*

0.39 y*

See Table 6

0.60

0.90

for wa



Standard deviation of age 3 age selectivity deviations

for F27

Standard deviation of age 4 age selectivity deviations

for F27
Catchability for S1 index
Catchability for S2 index

FINAL

0.90

0.80

0.005
0.001
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Table 6. Selectivity parameters used in the base case OM. The optional initial and final
parameters for all doubleormal selectivity curves were fixed-899 and ignored by the model.

The value for the first kndfor all spline selectivity curves were fixed at 0 and values for the
second and third knot were estimated relative to that. Knot locations in cm are indicated in
parentheses in the years column. Fisheries without an estimated selectivity were assuned to ha
size selectivity identical to other fisheries (mirrored selectivity). Age selectivity was modeled as
estimated free parameters for adet® 5, with all other ages fixed at a negligible low vah®).(

Note that for F27 yearly deviations in the age stldy parameters for ages4were also

estimated. The standard deviations for those age selectivity deviations are shown in Table 5.

Size selectivity onlyi double normal

Fisher | Years Parm 1 Parm 2 Parm 3 Parm 4
y Size at peak| Plateau Ascending | Descending
width slope slope
F2 19932015 79.94 -9 3.82 4.56
F4 19932015 106.84 -1.12 5.63 2.87
F9 19932015 110.67 -9 5.63 3.24
F10 19932015 106.44 -9 4.67 3.60
F15 19932015 102.32 0.08 5.94 -0.47
F18 19932015 92.12 -9 4.12 2.31
F19 19932004 101.93 -0.53 6.12 1.19
20052015 99.51 -6.81 5.92 6.10
F20 19932004 122.98 -6.20 5.42 -0.51
20052015 124.08 0.09 5.60 4.29
F21 19932015 90.98 1.06 5.32 4.07
Size selectivity onlyi 3-knot spline
Fisher | Years Gradient Gradient Value at2¢ | Value at 3
y (knot locations Low High knot knot
in cm)
F1 19932015 1.25 -1.60 8.11 -7.17
(60, 90, 130)
F3 19932015 0.69 -0.54 4.82 3.79
(70, 95, 120)
F13 19932015 0.17 -1.16 6.50 -3.93
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Size selectivity only- mirrored

Fishery Fisherymirrored to
F5 F1

F6 F2

F7 F3

F8 F4

F11 F9

F12 F10

F14, F22, F23, F25 F13

F24, F26 F26

F28, F29 F16

Size and age selectivity

Size selectivityi double normal

Fisher | Years Parm 1 Parm 2 Parm 3 Parm 4
y Size at peak| Plateau Ascending | Descending
width slope slope
F16 19932015 70.42 -9 4.42 4.70
F17 19932015 75.18 -9 4.98 4.04
F27 19932015 65.53 495 3.38 4.00
Age selectivityi free parameters forages1to5
Fisher | Years Age 1 Age 2 Age 3 Age 4 Age 5
y
F16 19932015 4.04 -7.81 -8.95 -4.76 -4.59
F17 19932015 -0.16 -3.94 -4.63 -3.60 7.22
F27 19932015 9.28 -2.17 -0.93 -3.34 -2.82
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Table 7.Steepness, growth and natural mortality parameter specifications for the operating
models (OMs). See Table 5 for definitions of paramsyenbols.

OM h Linf k L1 Linf k L1 MO M1 M2 Mf Mm
No. offset offset offset 3+ 3+
1 0.90 108.91 0.2836 45.06 0.1187 6.4179 0.0393 1.36 0.56 0.45 0.48 0.39
3 0.97 100.38 0.3826 43.03 0.2013 6_7283 0.0848 1.36 0.56 0.45 0.48 0.39
4 0.97 117.38 0.2238 45.67 0.0691 6_2458 0.0137 1.36 0.56 0.45 0.48 0.39
6 0.97 119.53 0.2055 47.10 0.0220 6_0670 0.0110 1.01 0.42 0.33 0.36 0.29
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Table 88Medi an and standard deviation (0) in the
estimated by thestimation model (EM, the simulated stock assessment) for different uncertainty
scenarios and harvest control rules (HCRs) for harvest strategy 3. Spawning stock biomass (SSB)
refers to the terminal year female SSB. The limit reference point (LRP) is taminps a fraction

of dynamic unfished SSB, where the unfished SSB fluctuates depending on changes in

recruitment. The target reference point (TRP) is an indicator of fishing intensity based on SPR.

SPR is the SSB per recruit that would result from theecart year 6 s pattern and
fishing mortality relative to the unfished stock. F is the terminal year fishing intensity, computed

as ISPR. Relative error was computed as: (Vali®aluezv)/Valueom. The relative error was

computed on the legansfamed values for SS&stand SSBurentF=0 A negative value implies

that the EM is overestimating the quantity of interest.

SSBhatest F SSBurentF=0 TRP
Scenario| HCR
Mean sd Mean sd Mean sd Mean sd
1 -0.01 | 0.01 0.04 0.07 000 | 0005 0.00 0.02
2 -0.01 0.01 0.05 0.07 0.00 0.004 0.00 0.02
3 -0.01 0.01 0.05 0.08 0.00 0.005 0.00 0.02
4 -0.01 0.01 0.04 0.07 0.00 0.005 0.00 0.02
5 -0.01 | 0.01 0.04 0.08 000 | 0005 0.00 0.02
1 6 -0.01 0.01 0.04 0.07 0.00 0.004 0.00 0.02
7 -0.01 0.01 0.02 0.07 0.00 0.004 0.00 0.02
8 -0.01 0.01 0.04 0.07 0.00 0.005 0.00 0.02
9 -0.01 | 0.01 0.04 0.07 000 | 0005 0.00 0.02
10 -0.01 0.01 0.05 0.08 0.00 0.005 0.00 0.02
11 -0.01 0.01 0.06 0.07 0.00 0.005 0.00 0.02
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12 -0.01 0.01 0.04 0.07 0.00 0.004 0.00 0.02
13 -0.01 | 0.01 0.04 0.08 000 | 0005 0.00 0.02
14 -0.01 | 0.01 0.04 0.07 000 | 00024 0.00 0.03
15 -0.01 0.01 0.04 0.07 0.00 0.004 0.00 0.02
16 -0.01 0.01 0.03 0.07 0.00 0.004 0.00 0.02
SSBuest F SSBrurentF=0 TRP
Scenario| HCR
Mean sd Mean sd Mean sd Mean sd
1 0.01 0.01 -0.12 0.10 0.00 0.005 | 0.06 0.01
2 0.01 0.01 -0.12 0.12 0.00 0.006 | 0.06 0.01
€ 0.01 0.01 -0.12 0.11 0.00 0.006 | 0.06 0.01
4 0.01 0.01 | -0.12 0.11 0.00 | 0.006 | 0.06 0.01
5 > 0.01 0.01 -0.10 0.10 0.00 0.006 | 0.06 0.01
2 0.01 0.01 -0.09 0.10 -0.01 | 0.005 | 0.06 0.01
v 0.01 0.01 | -0.10 | 0.10 0.00 | 0.005 | 0.06 0.02
e 0.01 0.01 -0.10 0.09 0.00 0.005 | 0.06 0.01
9 0.01 0.01 -0.11 0.10 0.00 0.005 | 0.06 0.01
1 0.01 0.01 -0.11 0.12 0.00 0.006 | 0.06 0.01
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11 001 | 001 | -012| 011 | 000 | 0.005| 006 | 0.01
121 001 | 001 | -013| 011 | 000 | 0.006| 006 | 0.01
131 001 | 001 | -011| 011 | 0.00 | 0.006| 006 | 0.01
141 001 | 001 | -010| 010 | 0.00 | 0.005| 006 | 0.02
151 001 | 001 | -010| 011 | -001 | 0.006 | 006 | 0.01
16 | 901 | 001 | -010| 010 | -001 | 0.005| 006 | 0.01
SSBhtest F SSBurent =0 TRP
Scenario| HCR
Mean sd Mean sd Mean sd Mean sd
1| 004 | 002 | 018 | 007 | -001 | 0.006| -0.05 | 0.02
2 | 004 | 002 | 018 | 007 | -0.01 | 0.005| -0.05 | 0.02
3 | 2004 | 002 | 017 | 007 | -0.01 | 0.006 | -0.05 | 0.02
4 | 004 002 | 017 | 007 | -0.01 | 0.006 | -0.05 | 0.02
4 > | .004| 002 | 018 | 007 | -0.01 | 0.005| -0.05 | 0.02
6 | 003 | 002 | 013 | 007 | -0.01 | 0.006| -0.05 | 0.02
"1 003 | 002 | 012 | 007 | -0.01 | 0.006 | -0.06 | 0.02
8 | 003 | 002 | 012 | 007 | -0.01 | 0.006 | -0.06 | 0.02
9 | -0.04 | 002 | 018 | 006 | -0.01 | 0.005| -0.05 | 0.02
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10 004 | 002 | 018 | 007 | -001 | 0.006 | -0.05 | 0.01
11 004 | 002 | 017 | 007 | -0.01 | 0.005| -0.05 | 0.02
121 004 | 002 | 018 | 007 | -0.01 | 0.006 | -0.05 | 0.02
131 004 | 002 | 019 | 007 | -001 | 0.006| -0.05 | 0.02
41 003| 002 | 013 | 007 | -001 | 0.005| -0.06 | 0.02
151 003 | 002 | 013 | 007 | -0.01 | 0.005| -0.06 | 0.02
161 003 | 002 | 013 | 008 | -001 | 0.006| -0.06 | 0.02
SSBhtest F SSBurent =0 TRP
Scenario| HCR
Mean sd Mean sd Mean sd Mean sd
1| 05| 003 | 030 | 008 | 001 | 0011| -0.05 | 0.02
2 | .005| 003 | 030 | 008 | 001 | 0.011| -005 | 0.02
3 | .005| 003 | 030 | 007 | 001 | 0.010]| -005 | 0.02
) 4 | 005| 004 | 020 | 008 | 001 | 0011 -0.05 | 0.02
> | 005 | 003 | 030 | 008 | 001 | 0010| -0.04 | 0.02
6 | 004 | 007 | 023 | 010 | 002 | 0.012| -002 | 0.02
"1 004 | 003 | 022 | 009 | 002 | 0011| -003 | 0.02
8 | 004 | 003 | 022 | 009 | 002 | 0011| -0.02 | 0.02
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9 | -005 | 003 | 031 | 007 | 001 | 0010| -0.05 | 0.02
10| 05| 003 | 030 | 008 | 001 | 0.011| -0.05 | 0.02
111 05| 003 | 030 | 007 | 001 | 0.010| -0.05 | 0.02
121 005 | 003 | 029 | 007 | 001 | 0.010| -0.05 | 0.02
13| 005| 003 | 030 | 008 | 001 | 0.011| -0.05 | 0.02
141 004 | 005 | 022 | 012 | 002 | 0.012| -0.02 | 0.02
151 004 | 004 | 023 | 010 | 002 | 0.012| -0.02 | 0.02
16 1 004 | 005 | 022 | 010 | 002 | 0.012| -0.02 | 0.02
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Table 9.List of completed 3§/ear iterations for each HCR, scenario, and management control
combination.

HCR Scenario 1| Scenario 3| Scenario 4| Scenario 6
Mixed Control
1 70 70 70 70
2 67 70 70 70
3 70 70 70 70
4 70 70 70 70
5 70 70 70 70
6 70 70 70 70
7 70 70 70 70
8 70 70 70 70
9 70 70 70 70
10 70 70 70 70
11 70 70 70 70
12 70 68 70 70
13 70 70 70 70
14 70 70 69 70
15 70 70 70 69
16 70 70 70 70
TAC Control
1 70 70 70 70
2 70 70 70 69
3 70 70 70 70
4 70 70 70 70
5 70 70 70 70
6 60 70 66 62
7 59 70 70 56
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8 59 70 69 60
9 70 70 70 69
10 70 70 70 69
11 70 70 70 69
12 70 70 69 69
13 70 70 70 69
14 52 70 69 64
15 56 70 69 58
16 60 70 67 61
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Table 10.Performance of indicators for each harvest control rule under mixed control for the
low productivity scenario, OM6@Larger values indicate better performangl€R refers to

harvest control rule, LRP to limit reference point, $2B.id0 the thresholdeference point,

SSB to female spawning biomass, SSBO to unfished female spawning stock biomass. The LRP
and SSBeshoqare SSBbased and refer to the specified fraction of SSBless specified as
equilibrium SSBO, the unfished SSB is dynamic and dluets depending on changes in
recruitment. See Table ES1 for a detailed definition of performance indic@tss represent

risk categories as defined in the caption and legend for Table ESA4.

her scn TRP
1 6 F50
2 6 F50
3 6 F50
4 6 F50
5 6 F50
6 6 F40
7 6 F40
8 6 F40
9 6 F50
10 6 F50
1 6 F50
12 6 F50
13 6 F50
14 6 F40
15 6 F40
16 6 F40

Mixed Control

Low Productivity Scenario

Management Objective 1 Muabnjzgc:‘il;,n,fgt Management Objective 4 Ngﬁz’iﬁi?:gt Ngﬁz’iﬁi?:gt
Odds Mean  Odds Mean
Odds Odds QOdds Odds Odds Mean Medium Term  Long Term
SSB SSB> OddsSSB> SSB> Depletion> Annual Catch > Catch > 0Odds No
> 20% Equilibrium 7.7%  Minimum Catch > Historical Historical Catch  Management

LRP SSBthreshold LRP SSBo 7.7% SSBo SSBo  Historical Historical Catch Stability Change Ftarget/F
0.200 0.30 0.47 0.43 0.55 0.58 0.77
0.140 0.30 gikNg 092 099 0.48 0.43 0.57 0.57 0.77
0.077 0.30 giEE] 093 099 0.47 0.42 0.56 0.77
0.140 0.20 0.48 0.42 0.56 0.77
0.077 0.20 QEE] 092 099 0.49 0.43 0.57 0.77
0.140 0.20 mUeRAR  0.74 m 0.77 0.67 0.61 0.76
0.077 0.20 m 0.74 m 0.77 0.67 0.62 0.76
0.077 0.14 m 0.74 m 0.77 0.68 0.63 0.77
0.200 0.30 0.48 0.45 0.57
0.140 [kl 0.97 0.0 093 099 0.48 0.42 0.57
0.077 0.30 0.48 0.44 0.58
0.140 WL} 0.97 0.0 093 1.00 0.47 0.43 0.56
0.077 ] 1.00 0.90 093 1.00 0.48 0.44 0.57
0.140 0.20 kRN 0.74 m 0.67 0.63 0.75
0.077 0.20 m 0.74 m 0.77 0.67 0.63 0.76
0.077 0.14 m 0.74 m 0.77 0.67 0.62 0.77
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Table 11.Performance of indicators for each harvest control rule under TAC control for the low
productivity scenario, OM6Larger values indicate better performang€R refers to harvest

control rule, LRP to limit reference point, S&Bnoiito the threshold ference point, SSB to

female spawning biomass, SSBO to unfished female spawning stock biomass. The LRP and
SSBheshoare SSBbased and refer to the specified fraction of SSBfess specified as
equilibrium SSBO, the unfished SSB is dynamic and fhtetsl depending on changes in
recruitment. See Table ES1 for a detailed definition of performance indicators.Colors represent
risk categories as defined in the caption and legend for Table ESA4.

TAC Control
Low Productivity Scenario
Management Objective 1 Nggj:%:';":gt Management Objective 4 Mg&i%fir\?:gt Mg&zﬂ?{\?:gt
Odds Mean ~ Odds Mean
Odds Odds 0Odds Odds Odds Mean MediumTerm Long Term
SSB SSB> 0ddsSSB> SSB> Depletion > Annual Catch > Catch > 0Odds No
> 20% Equilibrium 7.7%  Minimum Cakch > Historical Historical Catch  Management

her scn TRP LRP  SSBthreshold LRP  SSBo 7.7%SSBo  SSBo  Historical Historical Catch Catch Stability Change Ftarget/F
1 6 F50 0.200 0.30 0.66 U.Eﬁm 0.71 0.59 0.58 0.63 0.54 0.31 0.67
2 6 F50 0.140 0.66 0.94 0.7 0.59 0.57 0.63 0.55 0.31 0.67
3 6 F50 0.077 0.64 0.94 0.70 0.61 0.64 0.64 0.59 0.27 0.66
4 6 F50 0.140 0.65 0.70 0.60 0.59 0.63 0.62 0.65 0.66
5 6 F50 0.077 0.62 0.93 0.69 0.63 0.62 0.69 0.63 0.62 0.65
6 6 F40 0.140 0.54_ 0.66 0.61 049 0.71 0.45 0.54 0.75
7 6 F40 0.077 0.53_ 0.66 0.63 0.48 0.73 0.43 0.53 0.76
8 6 F40 0.077 0.49 D.79- 0.64 0.63 0.54 0.72 0.48 0.70 0.74
9 6 F50 0.200 0.30 0.64 0.64 0.70 0.61 0.64 0.64 0.60 0.28 0.66
10 6 F50 0.140 3.30- 0.66 0.94 0.71 0.59 0.55 0.65 0.57 0.30 0.67
11 6 F50 0.077 0.30 JEH U.EE 0.71 0.61 0.62 0.66 0.66 0.28 0.67
12 6 F50 0.140 U.ESm 0.71 0.62 0.59 0.67 0.66 0.65 0.66
13 6 F50 0.077 U.ESm 0.70 0.62 0.60 0.66 0.66 0.63 0.66
14 6 F40 0.140 0.52_ 0.64 0.62 0.51 0.7 0.47 0.52 0.75
15 6 F40 0.077 0.52_ 0.65 0.62 0.48 0.71 0.45 0.52 0.76
16 6 F40 0.077 0.49_ 0.64 0.63 0.54 0.71 0.49 0.71 0.75
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Table 12.Results for performance metric 3, the average harvest ratio over the 30 years
simulation over the mean historical (20R615) harvest ratio by harvest control rule, fleet, and
management control type.

Mixed control

HCR | EPO | JPPL| JPLL | USLL | TWLL | KRLL | CHLL | VNLL

1 0.77 | 0.8 1.4 2.2 1.9 1.4 1.6 11

2 0.77 | 0.8 1.4 2.2 1.9 1.4 1.6 11

3 0.77 | 0.8 1.4 2.2 1.9 1.4 1.6 11

4 0.77 | 0.8 1.4 2.2 1.9 14 1.6 11

5 0.77 | 0.8 14 2.2 1.9 1.4 1.6 11

6 0.77 | 0.8 1.4 2.2 1.9 1.4 1.6 11

7 0.77 | 0.8 1.4 2.2 1.9 1.4 1.6 11

8 0.77 | 0.8 1.4 2.2 1.9 1.4 1.6 11

9 0.77 | 0.8 1.4 2.2 1.9 1.4 1.6 11

10 0.77 | 0.8 14 2.2 1.9 1.4 1.6 11

11 0.77 | 0.8 1.4 2.2 1.9 1.4 1.6 11

12 0.77 | 0.8 1.4 2.2 1.9 1.4 1.6 11

13 0.77 | 0.8 1.4 2.2 1.9 1.4 1.6 11

14 0.77 | 0.8 1.4 2.2 1.9 1.4 1.6 11

15 0.77 | 0.8 1.4 2.2 1.9 1.4 1.6 11

16 0.77 | 0.8 1.4 2.2 1.9 1.4 1.6 11
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TAC control
HCR | EPO | JPPL| JPLL | USLL | TWLL | KRLL | CHLL | VNLL
1 0.87 | 091 1.2 2.0 1.7 1.3 1.4 1.0
2 0.87 | 0.91 1.2 2.0 1.7 1.3 1.4 1.0
3 0.87 | 091 1.2 2.0 1.7 1.3 1.4 1.0
4 0.87 | 0.91 1.2 2.0 1.7 1.3 14 1.0
5 0.87 | 091 1.2 2.0 1.7 1.3 1.4 1.0
6 0.87 | 0.91 1.2 2.0 1.7 1.3 1.4 1.0
7 0.87 | 091 1.2 2.0 1.7 1.3 1.4 1.0
8 0.87 | 0.91 1.2 2.0 1.7 1.3 1.4 1.0
9 0.87 | 0.91 1.2 2.0 1.7 1.3 1.4 1.0
10 0.87 | 0.91 1.2 2.0 1.7 1.3 1.4 1.0
11 0.87 | 0.91 1.2 2.0 1.7 1.3 1.4 1.0
12 0.87 | 0.91 1.2 2.0 1.7 1.3 14 1.0
13 0.87 | 0.91 1.2 2.0 1.7 1.3 14 1.0
14 0.87 | 0.91 1.2 2.0 1.7 1.3 14 1.0
15 0.87 | 0.91 1.2 2.0 1.7 1.3 14 1.0
16 0.87 | 0.91 1.2 2.0 1.7 1.3 14 1.0
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Table 13.Performance of indicators for each harvest control rule under mixed control for the
unknown fleet robustness scenatiarger values indicate better performanel€R refers to

harvest control rule, LRP to limit reference point, SSB to female spawningabsESBO to
unfished female spawning stock biomass. Unless specified as equilibrium SSBSBDEs

dynamic (i.e., SSBO_dand fluctuates depending on changes in recruitment. See table ES1 for a
detailed definition of performance indicators. Colopresent risk categories as defined in the
caption and legend for Table ES4.

Mixed Control

Unknown Fleet Robustness Scenario

Management Objective 1 hrgtr’}:g?ir\l;l:;t Management Objective 4 Ngtr’}:%?ir\l:gt Moatr’}:%?iT:Et
Odds Odds Odds Odds 0Odds Mean 0Odds Mean
SSB  SSB> 0OddsSSB> SSB> Depletion> OddsMean  Medium Term Long Term 0dds No
SSB > 20%  Equilibrium  7.7% Minimum  Annual Catch Catch > Historical Catch > Catch  Management
her TRP LRP threshold LRP  SSBo  7.7%SSBo  SSBo Historical > Historical Catch Historical Catch Stability Change Ftarget/F
9 F50 0.20 0.30 piEE] 0.98 0.95 1 0.62 0.43 0.53 0.30 0.78 0.78
10 F50 0.14 0.30 0.62 0.44 0.54 0.31 0.79 0.77
11 F50 0.08 0.30 Rl 0.98 I 0.62 0.44 0.53
12 F50 0.14 0.20 Nl 0.97 i 0.61 0.45 0.55
13 F50 0.08 0.20 0.61 0.45 0.54
14 F40 0.14 [rled  1.00 0.97 0.95 1 0.61 0.45 0.53
15 F40 0.08 0.20 0.61 0.46 0.55
16 F40 0.08 0.14 K] 0.97 0.95 1 0.62 0.45 0.54

Table 14.Performance of indicators for each harvest control rule under TAC control for the
unknown fleet robustness scenario. Larger values indicate better performanceefeiGRor

harvest control rule, LRP to limit reference point, SSB to female spawning biomass, SSBO to
unfished female spawning stock biomass. Unless specified as equilibrium SSBO, the SSBO is
dynamic (i.e., SSBO_d) and fluctuates depending on changesriuitment. See table ES1 for a
detailed definition of performance indicators. Colors represent risk categories as defined in the
caption and legend for Table ES4.

TAC Control
Unknown Fleet Robustness Scenario
Management Objective 1 Management Management Objective 4 Management Management
Objective 2 Objective 5 Objective 6
0dds Odds Odds 0Odds 0Odds Mean 0Odds Mean Odds Mean
SSB  SSB> 0OddsSSB> SSB>  Depletion > Annual Medium Term  Longterm Term 0Odds No
SSB > 20%  Equilibrium 7.7% Minimum Catch > Catch > Catch > Historical Catch Management

her TRP LRP threshold LRP  SSBo  7.7%SSBo  SSBo Historical Historical  Historical Catch Catch Stability Change Ftarget/F
9 F50 0.20 0.30 UEETEL] 0.93 1.00 0.61 0.36 0.37 0.21 0.54 0.70 0.78
12 F50 0.14 0.20 JUEEREE:T] 0.92 1.00 0.61 0.36 0.43 _ 0.66 0.77

14 F40 0.14 0.20 gkl g .9 0.56 0.52 0.48 0.41 0.47

16 F40 0.08 0.14 gkl 0.90 0.99 0.56 0.53 0.54 0.42 0.59
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10 Figures

Scenano

Fishing Intensity (1-SPR)

Lo o o e e e e - -

Figure 1.Trends in fishing intensity (5PR) for the four operating models used in the reference
set. 2SPR is the reduction in female SSB per recruit due to fishing and is used to describe the
overall fishing intensity on the stock. The dotted lines represeffistiiag intensity associated

with each of the target reference points (TRP) under consideration, 0.6 for the F40 TRP and 0.5
for the F50 TRP.
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Figure 2.Changes in TAC associated with thevest control rules (HCRs) tested in the second

round of MSE for NPALB and represented in Fig. ENbte that the TAC levels are approximate

and will depend on the age structure of the population, selectivities and relative fishing intensity
between fleet of the simulation run under consideration. Note that catches in the MSE
simulation were capped to 120,000 mt, the maximum over the historical period.

Autocorrelation of Recruitment Deviates (1903-2015)
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06
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ACF
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Lag

Figure 3.Autocorrelation from lag O to lag 13 of recruitment deviates from the 2015 stock
assessmeriiase model starting in 1993.
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Autocorrelation of Recruitment Deviates (1066-2015)

ACF
04 04 04 14

02

4.2

Figure 4. Autocorrelation from lag 0 to lag 16 of recruitment deviates from the 2015 stock
assessment sensitivity model run starting in 1966.
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Latitude

T : T — T T
180 160 W 140W 120 W 100w

Longitude
Figure 5. Spatial domain (red box) of the north Pacific albacore stdbkirfrus alalunga in the
2017 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 6.True S1 (Japanese longline operating in Area 2, quarter 1) @RigEseries from the
operating model (OM, black line) and CPUE with error input into the estimation model (EM,
blue line) taken from a random MSE simulation.
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Figue 7An exampl e from a r anrdeoS8 (Jdpariesebonginel ati on o
operating in Areas 1 and 3, quarter 1) CPUE time series from the operating model (OM, black

line) andthe correspondin@PUEtime seriesvith errorthat were used as datguts in the

estimation model (EM, blue line).
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Figure 8.An example from a random MSE simulation @escomposition data with errased
as datanputs in the estimation model (EM, left) and thiet r size @omposition data from the
operating model (OM, right) for the F1 fisheries (Japanese longline operatngas 1 and 3 in
quarterl.
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(OM), estimated SSB from the estimation model (EM), catch, exploitation rate from the EM, and
fishing intensity from the EM from the MSE forward simulation of iteration #6@nario 1, and
HCR7.Red dots are every three years and denote values of the specified quantity when a
simulated assessment (i.e., estimation model, EM) was run. In the SSB from the OM panel, black
dots represent SSB values for the interim years betassgssments.h8wnin the bottom right
panel isthe HCR with the fishing intensitiF) and relative biomag$SSB/SSB0_das estimated
by the EM overlaidis dotsStock status (F and SSB/SSBO0_d) dots are connected
chronologically by arrows and the year loé tsimulated assessment is also shown. A darker
shade of red implies a stock status from a later simulated assesEnaegtey line in the top

panels refers to the S&Bshoreference point and the black line to the limit reference point. The

dotted Ine in the catch panel is the average historical catch and the dotted line in the HCR plot is
the average historical fishing intensity for scenario 1.
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the O0trued fema
(OM), estimated SSB from the estimation model (EM), catch, exploitation rate from the EM, and
fishing intensity from the EM from the MSE forward simulation of iteration #6@nario4, and
HCR7.Red dots are every three years and denote values of the specified quantity when a
simulated assessment (i.e., estimation model, EM) was run. In top left panel, black dots represent
SSB values from the OM for the interim years betwassessments. Shown in the bottom right
panel is the HCR with the fishing intensity (F) and relative biomass (SSB/SSBO0_d) as estimated
by the EM overlaid as dots. Stock status (F and SSB/SSBO0_d) dots are connected
chronologically by arrows and the yeartloé simulated assessment is also shown. A darker
shade of red implies a stock status from a later simulated assesEnaegtey line in the top
panels refers to the S&Bshoireference point and the black line to the limit reference point. The
dotted Ine in the catch panel is the average historical catch and the dotted line in the HCR plot is
the average historical fishing intensity for scenario 4.
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Recruits

Figure 11.Trends in recruitment from the operating model (OM) for iteration #60.
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Figure 12.Standadized residuals against fitted values for the linear model efrlogformed
effort and logtransformed exploitation rate for the Eastern Pacific Ocean surface fleet.
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Exploitaiton Rate

Figure 13.0bserved logransformed effort (number of fishing days) against exgtion rate
for the Eastern Pacific Ocean surface fleet (circles) and fitted relationship.
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Figure 14.Trends in exploitation rate for the Eastern Pacific Ocean from HCR7, iteration #60,
scenario 4, translated into a measure of effort in number of fishing days.
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Figure 15.Standardized residuals against fitted values for the linear model-tlugformel
effort and logtransformed exploitation rate for the Japanese-patHine fishery.
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Figure 16.0bserved logransformed effort (number of fishing days) against exploitation rate
for the Japanese petndline fishery (circles) and fitted relatiship.
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Figure 17.Worm plots of female spawning stock biomass (SSB) for individual runs for the
mixed control simulation and for each harvest control rule (HCR)dtbreference scenarios

Each panel presents the results for the labeled HCR. Eacleddloe represents a separate
iteration differing in simulated random recruitment deviates, EP€baged selectivity deviates,
and implementation error. Note that runs for each of the four different scenarios have different
starting conditions due to déffent parameterizations of mortality and growth. The dotted line
represents the 2086B)_d limit reference point.
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Figure 18.Pie charts showing, for each harvest control rule (HCR) umidexd control and
across reference scenarigghe % of years acrosdl iterations above or below the 20%35H
limit reference point (LRP).
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Figure 19.Pie charts showing, for each harvest control rule (HCR) uhé€r control and
across reference scenarigghe % of years across all iterations above or below the 2B% 315
limit reference point (LRP).
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Figure 20.Worm plots of female spawning stock biomass (SSB) for individual runs farAtie
control simulation and for each harvest control rule (HCR)afbreference scenariosEach

panel presents the results for tabeled HCR. Trajectories represent separate iterations differing
in simulated random recruitment deviates, EPOlzaged selectivity deviates, and
implementation error. Note that runs for each of the four different scenarios have different
startingconditions due to different parameterizations of mortality and growth. The dotted line
represents the 20%S8Bd limit reference point.
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Figure 21.Violin plot showing the probability density of female spawning stock biomass (SSB)
for each harvest controlle (HCR) for the 36/ear simulation across all iterations and reference
scenarios. The marker inside each violin plots is the median SSB and vertical bars represent the
5" to 95" quantile range. Results on the left are for mixed control and on thiefaigT AC

control.
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Figure 22.Trends in median female spawning stock biomass (SSB, black line) across all
iterations andall reference scenariodor each harvest control rule (HCR) undeixed control.

The green shading represents trends in the 83" quantiles of SSB. The median limit

reference point (LRP) associated with each HCR across all iterations and reference scenarios is
also shown (red line). The red shading represents trends iff tbe95"quantiles of the LRP.
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Figure 23.Trends in median female spawning stock biomass (SSB, black line) across all
iterations andall reference scenariogor each harvest control rule (HCR) undekC control.

The green shading represents trends in the 83" quantiles of SSB. The median limit

reference point (LRP) associated with each HCR across all iterations and reference scenarios is
also shown (red line). The red shading represents trends iff tbe95" quantiles of the LRP.
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Figure 24.Plot of performance metric PM1b (left panel), the odds in any given year of the
simulation of spawning stock biomass (SSB) being greater than the 2@/o&I8HEt reference
point (LRP), and PM1c (right panel), the odds in any given year of the simuldt®®Bobeing
greater than the 7.7%S8&BRP, for each harvest control rule (HCR) across all reference
scenarios. The top panels show results for mixed control, while the bottom panels for TAC
control.
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Figure 25.For each harvest control rule (HCR)daacross all reference scenarios, plot of
performance metric PM1d (left panel), the odds in any given year of the simulation of spawning
stock biomass (SSB) being greater than the 7.7%S&kBmit reference point (LRP), and PM1a
(right panel), the odds iany given year of the simulation of SSB being greater than the LRP as
specified in each HCR, The top panels show results for mixed control, while the bottom panels
for TAC control.
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Figure 26.Pie charts showing, for each harvest control rule (HCR) umidexd control and
across reference scenarigghe % of years across all iterations above or below the limit
reference point (LRP) associated with each HCR.
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Figure 27.Pie charts showing, for each harvest control rule (HCR) uhé€r control and
across eference scenariosthe % of years across all iterations above or below the limit
reference point (LRP) associated with each HCR.
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Figure 28.Trends in median female spawning stock biomass (SSB, black line) across all
iterations for thdow productivity scenario(OM6) and for each harvest control rule (HCR)
undermixed control. The green shading represents trends in thie 83" quantiles of SSB. The
median limit reference point (LRP) associated with each HCR across all iterations and OM6 is
also showr(red line). The red shading represents trends in'the 95" quantiles of the LRP.
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