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Summary

This rebuilding analysis is for the stock of yelloweye rockfish (Sebastes ruberrimus) in
waters off California, Oregon and Washington. The analysis is based the 2017 stock
assessment. The 2017 assessment model estimated the yelloweye rockfish resource to be
at 28.4% of the unexploited equilibrium spawning output at the beginning of 2017. This
rebuilding analysis compares the results of applying a suite of potential management
actions to the stock for 2019 and beyond, assuming Annual Catch Limits (ACLSs) of 20
mt (adopted by the Council) being removed in 2017 and 2018.

The results of the analysis show that the value for Tmin, the median year for rebuilding to
the target level in the absence of fishing since the year of declaration (2002) is 2025
(revised downward from 2037 in the 2011 rebuilding analysis). The estimated generation
time has decreased by one year to 45 years compared to the 2011 analysis. In conjunction
with Tmin, the mean generation time dictates the revised estimate of Tmax, to be 2070
(decreased from 2083 in the 2011 analysis). The NMFS preferred alternative harvest rate
from 2011 (SPRrARGET) IS 76%, and Ttarcer = 2074. The SPR = 76% harvest rate
generates a Pmax (probability of recovery by Tmax) of 100% in the current model, (in the
2011 analysis it was 72.9%).

Fishing at the 2011 NMFS preferred alternative SPR target (SPR = 76%) results in an
increase from the 20 mt ACL in 2018 to 29 mt in 2019. This harvest rate has a 50%
probability of recovery by the year 2027, a 100% probability of recovery by TtarceT =
2074 (the 2011 NMFS preferred alternative), and a 100% probability of recovery by
Tmax = 2070.

In general, rebuilding times are faster associated with the higher estimates of recruitment
compensation (i.e, steepness) and stock status in the 2017 assessment compared to the
2011 assessment.



Introduction

In 1998, the PFMC adopted Amendment 11 of the Groundfish Management Plan, which
established a minimum stock size threshold of 25% of unfished biomass. Based on the 2001
stock assessment (Wallace 2001), the yelloweye rockfish (Sebastes ruberrimus) stock
was determined to be “overfished” in 2002. The 2001 assessment included only the
California and Oregon portions of the stock. The next assessment included the entire U.S.
coastal population (Methot et al. 2002) and estimated that the stock was at 24% of
unexploited spawning biomass in 2002. An updated rebuilding analysis was conducted
(Methot and Piner 2002) and the estimated rebuilding parameters were adopted by the
Pacific Fishery Management Council (PFMC 2004). Subsequent rebuilding analyses
were conducted on the basis of the 2005 (Wallace et al. 2005), 2006 (Wallace et al.
2006), 2007 (Wallace 2008), and 2009 (Stewart et al. 2009) stock assessments.

The 2002 rebuilding analysis estimated that the mean generation time for yelloweye
rockfish was 44 years, and that if no fishing occurred beginning in 2003 there would be a
50% chance of rebuilding by 2027. The estimated value for steepness (h) from the 2002
assessment was 0.437, and the degree of recruitment variability (or) was assumed to be
0.4. Management alternatives with ACLs for 2003 between 22 and 27 mt were presented.

The 2005 rebuilding analysis (Tsou and Wallace 2005) was based on the updated stock
assessment and estimates of steepness, and recruitment variability that were unchanged
from 2002. Mean generation time was again estimated to be 44 years, but the year in
which a 50% chance of rebuilding was projected to be achieved was increased to 2036.
The maximum allowable rebuilding time (Tmax) was estimated to be 2071, and the
probability of achieving this target under the target F of 0.0153 was 80%.

A full stock assessment and subsequent rebuilding analysis (Tsou and Wallace 2006) was
conducted in 2006. The 2006 assessment included area-specific models and revised the
assumed values for natural mortality (from 0.045 to 0.036), steepness (from 0.437 to
0.45) and the degree of recruitment variability (from 0.4 to 0.5). The 2006 assessment
estimated the 2006 depletion level to be 17.7%, somewhat lower than previous analyses.
As a result of these changes, the rebuilding plan estimated that the mean generation time
was 50 years and that in the absence of fishing beginning in 2007 the coastwide
yelloweye stock would not rebuild to target levels with a 50% probability until 2046. The
selected target SPR rate was 71.9%, with further reductions in the 2007 and 2008 ACL
levels to 14.0 and 14.3 mt respectively if this rate were to be maintained. The results of
this rebuilding analysis were included in Amendment 16-4 of the 2006 Pacific Coast
Groundfish Fishery Management Plan (PFMC 2006) re-evaluating and revising the
yelloweye rockfish rebuilding plan so that the rebuilding periods are as short as possible,
taking into account the status and biology of the species, the socioeconomic needs of
West Coast fishing communities, and the interaction of the depleted species within the
marine ecosystem. The council ultimately adopted a ‘ramp-down’ from then status quo
catch levels to those consistent with the SPR target of 71.9%, which led to ACLs in 2007
and 2008 of 23 and 20 mt.



The 2007 updated yelloweye assessment included several changes which led to an overall
downward revision in the estimate of current spawning biomass and the level of relative
depletion, compared to the 2006 assessment. The 2007 rebuilding plan was consistent
with previous analyses in predicting an extremely long period need to achieve target
stock levels, and did not require a revision of the target reference points or strategy from
the previous analysis. The median year to rebuild with no fishing mortality beginning in
2009 was estimated to be 2049, and it was estimated that recovery would not be achieved
at an SPR rate consistent with OFL harvest levels (50.0%). The median year to rebuild
under the SPR target (71.9%) was estimated to be 2082. An SPR of 71.2% (slightly more
fishing mortality) was estimated to be possible and still achieve a 50% probability of
recovery by the target year in Amendment 16-4, 2084. Management alternatives were
presented that included the ‘ramp-down’ from status quo ACL levels to those consistent
with the SPR target of 71.9% by 2011, as well as immediate (2009) implementation of
this level. The ‘ramp-down’ alternative provided in the 2007 rebuilding analysis
consisted of 2009 and 2010 harvest of 17 and 14 mt respectively. Subsequent analysis
indicated no change in the estimated year for rebuilding with a 50% probability for the
option ultimately accepted by the council of 17 mt harvest in both years.

In the 2009 assessment (Stewart et al. 2009), all major structural and parameter
assumptions from previous stock assessments were revisited. Revised inputs included the
weight-length relationship, the maturity schedule, and the addition of a fecundity
relationship. Instead of fixed parameter values, natural mortality and steepness were
estimated, as well as all growth parameters. Structural changes included use of a two-sex
model, with explicit treatment of areas (California, Oregon and Washington) linked via a
common stock-recruit relationship and the removal of stochastic recruitment variability
over the limited period for which it had been estimated in previous assessments (1968-
1992). Because a fecundity relationship was used for yelloweye specifying that spawning
output per unit weight increases with fish weight, all reference to spawning output was in
terms of eggs produced, instead of spawning biomass.

The 2009 rebuilding analysis (Stewart 2009) had relatively similar results to the 2007
rebuilding analysis in spite of being based on a substantially revised assessment model,
and with the added complexity of integrating uncertainty over a matrix of 9 states of
nature. The SPRtarceT = 71.9% was retained, and the associated values of Mean
generation time, TrarceT, Tmin, and Tmax all remained within 3 years of the values
estimated in 2007. In 2010, a new SPRrarceT = 76% was chosen (the “NMFS preferred
alternative™). This was the SPR consistent with the status-quo catch of 17 mt and had an
associated Ttarcer = 1974.

The 2011 stock assessment (Taylor and Wetzel 2011) was an update, and no major
changes to the basic model framework, approach and major structural assumptions were
made. The assessment included updated Oregon historical catches based on Karnowski et
al. (2014). The update also converted the assessment to the newest version of Stock
Synthesis available at the time (SS version 3.21d). The 2011 relative spawning output
estimate was 21%. Basen on that update assessment, a new rebuilding analysis was
conducted (Taylor 2011). The SPRtarceT = 76% was retained. The values of Mean



generation time remained within within one year of the value estimated in 2009, while
Trarcer, Tmin, and Tmax were slightly lower than estimated in 2011.

Summary of 2017 stock assessment

In the 2017 assessment (Gertseva and Cope 2017), major structural assumptions from
previous stock assessments were revisited. The spatial structure of the assessment
changed from a three- to a two-area model. The model changed from a two-sex to a
single sex model. The 2017 assessment estimated recruitment deviations (instead of
taking recruits deterministically from the stock-recruit curve as in 2011), but uses fixed
values for stock-recruit steepness and natural mortalty obtained from the meta-analytic
stdies (in 2011 assessment htose values were estimated. 2017 assessment also updated
parameers for weight-length relationships as well as the maturity schedule and fecundity.
The estimated current (2017) status from the 2017 assessment was a depletion of 28.4%.
This represents a small increase from the 2011 stock assessment, which estimated
depletion in 2011 to be 21.4%.

Management performance under rebuilding

Yelloweye rockfish removals since 2002 represented a 95% reduction from average
catches observed in the 1980s and 1990s, and total catch of yelloweye rockfish has
remained below both the annual OFLs (referred to as the ABC prior to 2011) and ACLs
(referred to as the Optimum Yield (OY) prior to 2011). Recent trends in total catch and
commercial landings relative to the management guidelines are shown in Table 1.

Managers achieved this catch reduction by eliminating all retention of yelloweye rockfish
in recreational fisheries, reducing commercial retention of yelloweye rockfish in the trawl
fishery (to 200-300 pounds per bimonthly period), instituting broad spatial area closures,
and creating new gear restrictions that have reduced trawling in rocky shelf habitats and
the coincident catch of rockfish in shelf flatfish trawls.

Rebuilding calculations

This rebuilding analysis was conducted using software developed by A. Punt (version
3.12e, June 2012). Because the rebuilding software does not have the capability for
modeling area-based dynamics consistent with those in Stock Synthesis, there may be
some differences in the rebuilding trajectory estimated here and that from the stock
assessment. The steps followed were:

Define how virgin soawning output (SBo) will be calculated.

Define how future recruitment will be generated.

Define the fishery selectivity and allocation to be applied during rebuilding.

Decide how to include uncertainty in input parameters from the stock assessment in

the rebuilding analysis.

5. Recalculate rebuilding reference points from the most current assessment results

a) Calculate the projected year in which the stock would rebuild with a 50%
probability if all future fishing mortality was eliminated (Tr=o).

b) Calculate the projected year for a 50% probability of rebuilding from the year in
which the stock was first declared overfished (Tmin).

c) Calculate the mean generation time.

APwnh e



d) Calculate the maximum allowable rebuilding time (Tmax).
6. Identification and analysis of alternative harvest strategies for rebuilding.

The method of calculation was identical to that used in the 2011 rebuilding analysis
although the range of years considered was shifted to reflect the 2017 assessment.

1. Definition of SBo

The equilibrium spawning output level (SBo) used in this rebuilding analysis is calculated
via the stock-recruitment, growth, maturity and fecundity relationships in order to be
consistent with assessment model results. This level is estimated to be 1139 million eggs
in the assessment model, which dictates that the rebuilding target (SBso%) is 456 million

eggs.

2. Generation of future recruitment

The estimated parameters of the stock recruitment relationship (unexploited equilibrium
recruitment [natural log of Ro], and steepness [h]) are used to generate future recruitments
in the rebuilding analysis. These values in the rebuilding analysis were informed by the
2017 stock assessment. The degree of recruitment variability (or) of 0.5 was also
consistent with 2017 assessment assessment.

3. Fishery selectivity and allocation

The selectivity and weight at age estimated used in the rebuilding analysis were obtained
from the 2017 assessment. Folloiwng approach used in the previous rebuilding analsysis,
the relative allocation of catch among fleets in this rebuilding analysis was informed
using allocation averaged over recent years (2012-2016). This choice provides some
consistency between assessment model results and short term-forecasts from the
rebuilding analysis.

4. Inclusion of uncertainty

Uncertainty is included in this rebuilding analysis via 1,000 random simulations of
stochastic future recruitment strengths. The choice of 1,000 simulations was selected
since it was shown that there was no appreciable change in results between 1,000
simulations and above.

5. Recalculate reference points

The value for Tmin, the median year for rebuilding to the target level in the absence of
fishing since the year of declaration (2002) is 2025 (revised downward from 2037 in the
2011 rebuilding analysis). The median year of recovery in the absence of fishing from
2019 forward (Tr=0) was calculated by setting fishing mortality to zero from 2019
forward, and is equal to 2026.

The estimated generation time has decreased by one year to 45 years compared to the
2011 analysis. In conjunction with Tmin, the mean generation time dictates the revised
estimate of Tmax, 2070 (decreased from 2083 in the 2011 analysis). The NMFS preferred
alternative harvest rate from 2011 (SPRtarceT) IS 76%, and Ttarcer = 2074. The SPR =



76% harvest rate generates a Pmax (probability of recovery by Tmax) of 100% in the
current model, (in the 2011 analysis it was 72.9%).

All reference points from Amendment 16-4, the 2009 and 2011 rebuilding analyses, and
those recalculated here are summarized in Table 2.

6. Alternate rebuilding strategies

This rebuilding analysis considered a range of policy alternatives utline in rebuilding
analysis Terms of Reference. The result of each of these alternatives is contingent on the
actual ACL removed in 2017 and 2018, which are assumed to be 20 mt. The alternatives
anaysed included:

1) Eliminate all harvest beginning in the next management cycle (i.e., estimate Tr=0),

2) Apply the harvest rate that would generate the ACL specified for the current year
(i.e., the latest year specified in regulations),

3) Apply the spawning potential ratio or relevant harvest control rule in the current
rebuilding plan,

4) Apply the harvest rate that is estimated to lead to a 50% probability of recovery by
the current TTARGET,

5) Apply the harvest rate that is estimated to lead to a 50% probability of recovery by
the Tmax from the current cycle,

6) Apply the harvest rate that is estimated to lead to a 50% probability of recovery by
the Tmax from the previous cycle,

7) Apply the default (e.g. 40-10 or 25-5) harvest policy, and

8) Apply the ABC harvest rate (i.e., Fmsy less the uncertainty buffer).

We also explored a range of spawning potential ratios and ran the analysis, when we:

9) Apply the spawning potential ratio of 55%;
10) Apply the spawning potential ratio of 60%;
11) Apply the spawning potential ratio of 65%;
12) Apply the spawning potential ratio of 70%.

In addition, we explored the rebuilding projections while applying different SPR values
under two catch scenarios:

a) Assuming that fisheries remove full ACLs;
b) Assuming that fisheries remove 65% of ACLSs.

Finally, we explored an effect of lower values of stock-recruit steepness (h) on the yelloweye
rebuilding projections, by running the rebuilding analyses using outputs of the alternative
assessment models that assume steepness of 0.4 and 0.509. These analyses were also run
assuming that either full ACLs are taken by the fiheries or only 65% of the ACLs are
removed.

Results
Summary results for alternatives requested by the Terms of Reference are presented in



Table 3a. Detailed results are presented in Table 4 to Table 7 and Figure 1 to Figure 3. In
the absence of any future fishing mortality, the yelloweye rockfish stock is projected to
have a 50% probability of recovery to the rebuilding target (SBaow) by 2026 (alternative
1).

Fishing at the 2011 NMFS preferred alternative SPR target (alternative 3, SPR = 76%)
results in an increase from the 20 mt ACL in 2018 to 29 mt in 2019. This harvest rate has
a 50% probability of recovery by the year 2027, a 100% probability of recovery by
Trarcer = 2074 (the 2011 NMFS preferred alternative), and a 100% probability of
recovery by Tmax = 2070. The SPR that best matches the 20 mt ACL for 2017 and 2018
IS 74.8%, indicating that under the updated estimates of stock dynamics, the current
harvest rates are, by definition, close to the 2011 NMFS preferred alternative SPR target.

The detailed results from additional runs, that explore rebuilding alternatives under a
range of SPR avlues, assuming either full or 65% of ACLs removed, are provided in
Tables 8 through 11. Probablity of recovery, depletion and OFLs for rebuilding
alternatives under different values of stock-recruit steepness (h), assuming that full ACLs
from the assessment model (with h=0,718) removed are gibem in Table 12. Finally,
results from rebuilding alternatives under different values of stock-recruit steepness (h),
assuming either full or 65% of ACLs removed are provided in Tables 13 through 16.

In general, rebuilding times are faster associated with the higher estimates of recruitment
compensation (i.e, steepness) and stock status in the 2017 assessment compared to the
2011 assessment.
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Tables

Table 1. Recent yelloweye rockfish Overfishing Limits (OFLs), Allowable Biological Catch (ABCs)
and Annual Catch Limits (ACLSs) relative to recent total landings and total dead catch*.

Years OFL ABC ACL Landings Total Dead
2007 47 NA 23 12.84 12.84
2008 47 NA 20 9.3 9.3
2009 31 NA 17 11.7 11.7
2010 32 NA 17 6.72 6.72
2011 48 46 17 8.35 8.35
2012 48 46 17 11.17 11.17
2013 51 43 18 10.4 104
2014 51 43 18 8.82 8.82
2015 52 43 18 12.02 12.02
2016 52 43 19 9.59 9.59
2017 57 47 20 NA NA

*The current OFL was called the ABC prior to 2011. The ABCs provided in this table for 2011-2017 refer
to the new definition of ABC implemented with FMP Amendment 23. The current ACL was called the OY
prior to 2011.
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Table 2. Summary of rebuilding reference points for yelloweye rockfish from Amendment 16-4, the
2009 and 2011 rebuilding analyses, and recalculated values based on the 2017 assessment results.

Source
2009 2011 2017

Parameter Amendment 16-4  Rebuilding Rebuilding Rebuilding

analysis analysis analysis
SBy 3322° 994 10282 1139°
Rebuilding target (SB 490, ) 1329 1 308 2 4112 4562
SB 5917 (Millions eggs) NA NA NA 646
Tvin 2046 2044 2037 2025
Mean generation time 50 45 46 45
Tmax 2096 2089 2083 2070
Te=o (begin in 2007) 2048 - - -
Tr=o (begin in 2011) - 2047 - -
Tr=o (begin in 2013) - - 2045 -
Tr=o (begin in 2017) - - 2025
Tr=o (begin in 2019) - - - 2026
TrARGET 2084 2087 2074 2074
SPRT ARGET 71.90% 71.90% 76% 76%
Pmax for SPR target 80.00% 52.30% 72.90% 100%

1Spawning biomass

2Millions of eggs

Trareer and SPRrareer in 2017 are carryovers from the 2011 rebuilding analysis
TBD: To be determined at SSC meeting
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Table 3a. Results of rebuilding alternatives based on selection of an SPR target or year for 50% probability of recovery, assuming that in 2017-2018 full
ACLs of 20 mt were removed.

Run 1 2 3 4 5 6 7 8 9 10 11 12
SPRthat SPRthat SPRthat
achieves achieves achieves
Fin 2019 SPRACL 0% 0% 0% 4010 ABC
SPR=  prob. prob. prob. SPR= SPR= SPR= SPR=
and after of 20 mt = 76%  TecOVery recovery recovery Har\{est harvest 5506 60%  65%  70%
=0 0.748 by by 2017 by 2011 policy  rate
Trarcer  Tmax  Tmax
Basis (2074)  (2071)  (2083)
2019 ACL (mt) 0.0 30.9 29.1 92.2 915 94.3 69.9 77.6 685 573 474 386
2019 OFL (mt) 81.2 81.2 81.2 812 81.2 81.2 81.2 81.2 8L2 812 812 812
2020 ACL (mt) 0.0 319 30.1 93.7 93.0 95.8 724 79.2 700 588 488 397
2020 OFL (mt) 84.5 83.9 83.9 82.5 82.6 82.5 83.1 82.8 831 833 835 837
50% prob. recovery by: 2026 2027 2027 2074 2071 2083 2041 2043 2035 2031 2029 2028
SPRTARGET 100.0% 748% 76.0% 46.2%  464%  455% 54.4% 51.3% 55.0% 60.0% 65.0% 70.0%
Probability of recovery by recalculated 2011 reference points:
2037 (Tamin) 100.0% 100.0% 100.0% 0.6% 0.9% 01% 269% 16.3% 66.4% 100.0% 100.0% 100.0%
2045 (Tg=o from 2013) 100.0% 100.0% 100.0% 12.7%  13.7% 92%  64.4% 555% 90.3% 100.0% 100.0% 100.0%
2067 (Tspr TARGET) 100.0% 100.0% 100.0% 43.0%  46.0% 36.8% 923% 90.0% 99.2% 100.0% 100.0% 100.0%
2074 (T1ARGET) 100.0% 100.0% 100.0% 50.0%  52.9%  427% 95.1% 92.6% 100.0% 100.0% 100.0% 100.0%
2083 (Tmax) 100.0% 100.0% 100.0% 56.8%  59.9%  50.0% 975% 96.0% 100.0% 100.0% 100.0% 100.0%
Probability of recovery by recalculated 2017 reference points:
2026 (TmiN from2019) 100.0%  0.0% 0.0% 0.0% 0.0% 0.0% 00% 00% 00% 00% 00% 0.0%
2027 (TsprTARGETfom2011) 100.0%  100.0% 100.0%  0.0% 0.0% 0.0% 00% 00% 00% 00% 00% 0.0%
2074 (TTARGET from2011) 100.0% 100.0% 100.0% 50.0%  52.9%  427% 95.1% 92.6% 99.5% 100.0% 100.0% 100.0%
2071 (Tpmax) 100.0% 100.0% 100.0% 46.3%  50.0%  403% 939% 91.8% 99.7% 100.0% 100.0% 100.0%
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Tabl 3b. Results of additional rebuilding alternatives requested by the GMT that assume that in 2017-2018 only 13 mt (65% of ACLs) were removed.
The run numbers are the same as described in Sction 6 for Table 3a.

Run 1 2 3 4 5 6 7 8 10 11 12

SPRthat SPRthat SPRthat
achieves achieves achieves

Fin2019 SPRACL 50% prob. 50% prob. 50% prob.  40:10 ABC
and after= of20mt= SPR=76% recovery recovery recovery Harvest harvest SPR=60% SPR=65% SPR=70%
0 0.748 by by 2017 by 2011 policy rate
T1ARGET Tmax Tmax
Basis (2074) (2071) (2083)
2019 ACL (mt) 0.0 31.0 29.2 92.8 91.9 94.7 70.3 779 57.5 47.6 38.7
2019 OFL (mt) 815 81.5 815 815 81.5 81.5 81.5 815 815 81.5 81.5
2020 ACL (mt) 0.0 32.0 30.2 94.3 935 96.2 72.8 79.5 59.0 48.9 39.9
2020 OFL (mt) 84.8 84.2 84.2 82.8 82.9 82.8 83.4 83.2 83.6 83.8 84.0
50% prob. recovery by: 2025 2027 2027 2074 2071 2083 2041 2043 2031 2029 2028
SPRARGET 100.0% 74.8% 76.0% 46.1% 46.4% 45.5% 54.3% 51.3% 60.0% 65.0% 70.0%
Probability of recovery by recalculated 2011 reference points:
2037 (Tpmin) 100.0% 100.0% 100.0% 0.8% 0.9% 0.3% 29.5% 18.2% 100.0% 100.0% 100.0%
2045 (Tg=q from 2013) 100.0% 100.0% 100.0% 12.8% 13.9% 9.5% 65.3% 56.8% 100.0% 100.0% 100.0%
2067 (Tspr TARGET) 100.0% 100.0% 100.0% 42.8% 46.1% 37.0% 92.5% 90.4% 100.0% 100.0% 100.0%
2074 (TtaRGET) 100.0% 100.0% 100.0% 50.0% 53.0% 42.8% 95.3% 92.7% 100.0% 100.0% 100.0%
2083 (Tmax) 100.0% 100.0% 100.0% 56.7% 59.7% 50.0% 97.5% 96.1% 100.0% 100.0% 100.0%
Probability of recovery by recalculated 2017 reference points:
2026 (Tmin from2019) 100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
2027 (Tspr TARGET from2011) 100.0% 100.0% 100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
2074 (TTARGET from2011) 100.0% 100.0% 100.0% 50.0% 53.0% 42.8% 95.3% 92.7% 100.0% 100.0% 100.0%
2071 (Tpmax) 100.0% 100.0% 100.0% 46.4% 50.0% 40.4% 94.1% 91.9% 100.0% 100.0% 100.0%
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Table 4. Probability of recovery for rebuilding alternatives for the years 2017-2036.

Run 1 2 3 4 5 6 7 8 9 10 11 12
SPRthat SPRthat SPRthat
achieves achieves achieves
_ Fin 2019_ SPRACI: SPR= 50% prob. 50% prob. 50% prob. 40:10 ABC SPR= SPR= SPR= SPR=
Basis and after= of 20 mt = 76% recovery recovery recovery Harvest harvest 5506 60% 65%  70%
0 0.748 by by 2017 by 2011 policy rate
TrarRGET Tmax Tmax
(2074) (2071) (2083)
2017 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% 00% 0% 0% 0% 0%
2018 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% 00% 0% 0% 0% 0%
2019 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% 00% 0% 0% 0% 0%
2020 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% 00% 0% 0% 0% 0%
2021 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% 00% 0% 0% 0% 0%
2022 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% 00% 0% 0% 0% 0%
2023 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% 00% 0% 0% 0% 0%
2024 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% 00% 0% 0% 0% 0%
2025 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% 00% 0% 0% 0% 0%
2026  100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 00% 00% 0% 0% 0% 0%
2027  100.0% 100.0% 100.0% 0.0% 0.0% 0.0% 00% 00% 0% 0% 0% 0%
2028  100.0% 100.0% 100.0% 0.0% 0.0% 0.0% 00% 00% 0% 0% 0% 100%
2029  100.0% 100.0% 100.0% 0.0% 0.0% 0.0% 00% 00% 0% 0% 87% 100%
2030  100.0% 100.0% 100.0% 0.0% 0.0% 0.0% 00% 00% 0% 1% 100% 100%
2031  100.0% 100.0% 100.0% 0.0% 0.0% 0.0% 00% 00% 0% 56% 100% 100%
2032 100.0% 100.0% 100.0% 0.0% 0.0% 0.0% 02% 0.0% 1% 97% 100% 100%
2033  100.0% 100.0% 100.0% 0.0% 0.0% 0.0% 08% 02% 9% 100% 100% 100%
2034  100.0% 100.0% 100.0% 0.0% 0.0% 0.0% 39% 1.2% 27% 100% 100% 100%
2035  100.0% 100.0% 100.0% 0.0% 0.0% 0.0% 98% 51% 45% 100% 100% 100%
2036  100.0% 100.0% 100.0% 0.1% 0.1% 0.0% 180% 9.7% 56% 100% 100% 100%
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Table 4 (continued). Probability of recovery for rebuilding alternatives for the years 2037-2096.

Run 1 2 3 4 5 6 7 8 9 10 11 12

SPRthat SPRthat SPRthat

achieves achieves achieves
_ Fin 2019_ SPRACI: 50% prob. 50% prob. 50% prob. 40:10 ABC SPR= SPR= SPR= SPR=
Basis and after= of20mt = 76% recovery recovery recovery Harvest harvest 5506 60% 65%  70%

0 0.748 by by 2017 by 2011 policy rate

TrarRGET Tmax Tmax

(2074) (2071) (2083)
2037  100% 100% 100% 1% 1% 0% 27% 16% 66% 100% 100% 100%
2040  100% 100% 100% 1% 4% 2% 46% 36% 81% 100% 100% 100%
2044  100% 100% 100% 11% 12% 8% 61% 52%  89% 100% 100% 100%
2045  100% 100% 100% 13% 14% 9% 64% 56%  90% 100% 100% 100%
2046  100% 100% 100% 14% 15% 11% 67% 59%  92% 100% 100% 100%
2050  100% 100% 100% 21% 23% 16% 74% 68% 95% 100% 100% 100%
2055  100% 100% 100% 28% 30% 23% 82% 7%  97% 100% 100% 100%
2060  100% 100% 100% 34% 37% 28% 88% 84%  98% 100% 100% 100%
2067  100% 100% 100% 43% 46% 37% 92% 90%  99% 100% 100% 100%
2071  100% 100% 100% 46% 50% 40% 94% 92% 100% 100% 100% 100%
2074 100% 100% 100% 50% 53% 43% 95% 93% 100% 100% 100% 100%
2080  100% 100% 100% 55% 57% 48% 97% 95% 100% 100% 100% 100%
2083  100% 100% 100% 57% 60% 50% 98% 96% 100% 100% 100% 100%
2084  100% 100% 100% 58% 60% 51% 98% 96% 100% 100% 100% 100%
2087  100% 100% 100% 60% 64% 52% 98% 97% 100% 100% 100% 100%
2089  100% 100% 100% 62% 65% 54% 98% 98% 100% 100% 100% 100%
2096  100% 100% 100% 67% 70% 59% 99% 98% 100% 100% 100% 100%
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Table 5. Median catches (mt) for rebuilding alternatives for the years 2017-2036.

Run 1 2 3 4 5 6 7 8 9 10 11 12

SPRthat SPRthat SPRthat

achieves achieves achieves

Fin2019 SPRACL 50% prob. 50% prob. 50% prob. 40:10 ABC
Basis and after= of 20 mt = = recoi\)/ery recof)/ery recoF\)/ery Harvest harvest SPR=SPR= SPR= SPR=
0 0.748 6% by by 2017 by 2011 policy rate 5% 60%  65%  70%
Trarcer  Twmax Tmax
(2074) (2071) (2083)

2017 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 200 200 200 200
2018 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 200 200 200 200
2019 0.0 309 291 922 915 94.3 69.9 77.6 685 573 474 386
2020 0.0 319 301 937 93.0 95.8 724 79.2 700 588 488 397
2021 0.0 329 310 95.1 94.3 97.1 74.8 80.6 715 602 500 409
2022 0.0 338 319 96.2 95.5 98.2 76.9 819 728 614 512 419
2023 0.0 34.7 327 97.1 9.4 99.0 78.8 83.0 739 626 523 429
2024 0.0 355 335 97.8 97.1 99.7 80.4 839 749 636 533 438
2025 0.0 36.2 34.2 98.4 97.8 100.3 81.9 84.7 75.8 64.5 54.2 447
2026 0.0 36.9 349 98.9 98.3 100.7 83.1 854 766 654 550 455
2027 0.0 376 355 99.3 98.7 101.1 84.2 86.1 773 662 558  46.2
2028 0.0 383 36.2 99.7 99.0 101.4 85.2 86.7 780 669 566  46.9
2029 0.0 389 36.8 99.9 99.3 101.6 86.1 87.2 787 676 573 476
2030 0.0 395 374 100.2 99.6 101.9 86.9 87.7 793 683 580 483
2031 0.0 40.1 379 100.4 99.8 102.1 87.6 88.2 799 690 587  49.0
2032 0.0 40.7 385 100.7 100.1 102.3 88.3 88.7 804 696 593 496
2033 0.0 41.2 39.0 100.9 100.4 102.5 88.9 89.0 809 702 599 502
2034 0.0 41.8 39.6 101.2 100.6 102.7 89.5 89.5 8l5 708 606 508
2035 0.0 42.3 40.1 101.4 100.9 102.9 90.0 89.9 82.0 71.4 61.2 51.3
2036 0.0 42.8 40.6 101.8 101.2 103.2 90.6 90.3 824 719 617 519
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Table 5 (continues). Median catches (mt) for rebuilding alternatives for the years 2037-2096.

Run 1 2 3 4 5 6 7 8 9 10 11 12

SPRthat SPRthat SPRthat
achieves achieves achieves

Fin 2019 SPRACL 50% prob. 50% prob. 50% prob.  40:10 ABC

Basis and after= of 20 mt = SPR= recoE)/ery recoi)/ery recoE)/ery Harvest harvest SPR=SPR= SPR= SPR=

0 0748 0 by by2017 by201l policy rae oo 0% 6% 0%

Trarcer  Tmax Tmax
(2074)  (2071)  (2083)

2037 0.0 434 41.1 102.1 101.6 103.5 91.1 90.8 83.0 725 62.4 525
2040 0.0 449 42.6 102.9 102.4 104.3 92.6 92.0 84.4 74.1 64.0 54.1
2044 0.0 46.7 4.4 104.1 103.6 105.3 94.1 93.4 86.1 76.1 66.0 56.1
2045 0.0 47.1 448 104.4 104.0 105.7 94.4 93.7 86.5 76.5 66.5 56.6
2046 0.0 475 45.2 104.6 104.1 105.8 94.8 94.1 86.9 77.0 67.0 57.0
2050 0.0 49.3 46.9 105.5 105.1 106.7 96.4 95.7 88.7 78.9 69.0 59.0
2055 0.0 51.3 48.8 106.3 105.9 107.3 97.9 97.3 90.5 81.0 711 61.1
2060 0.0 53.0 50.5 107.1 106.7 108.1 99.2 98.8 92.2 82.8 73.0 62.9
2067 0.0 54.9 52.4 107.8 107.5 108.7 100.7 100.2 94.0 84.8 75.1 65.0
2071 0.0 55.8 53.2 108.2 107.9 109.1 101.0 100.6 94.5 85.6 76.0 65.9
2074 0.0 56.3 53.7 108.5 108.2 109.3 101.2 100.9 94.9 86.0 76.5 66.4
2080 0.0 57.4 54.9 109.0 108.7 109.9 102.0 101.8 95.9 87.2 7.7 67.6
2083 0.0 58.0 55.4 109.2 108.9 110.0 102.5 102.2 96.5 87.7 78.3 68.2
2084 0.0 58.1 55.5 109.2 108.9 110.0 102.8 102.6 96.7 88.0 78.4 68.3
2087 0.0 58.6 56.0 109.6 109.3 110.4 103.2 103.0 97.2 88.4 79.0 68.8
2089 0.0 58.9 56.3 109.5 109.2 110.2 103.3 103.1 97.4 88.8 79.2 69.1
2096 0.0 59.6 57.0 110.0 109.7 110.7 103.7 103.5 97.9 89.4 80.0 69.9
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Table 6. Median spawning output (millions eggs) for rebuilding alternatives for the years 2017-2036.

Run 1 2 3 4 5 6 7 8 9 10 11 12

SPRthat SPRthat SPRthat

achieves achieves achieves

Fin2019 SPRACL 50% prob. 50% prob. 50% prob. 40:10 ABC

Basis and after= of20mt = = recovery recovery recovery Harvest harvest SPR= SPR= SPR= SPR=
0 0.748 76% by by 2017 by 2011  policy rate 55% 60% 6% 70%

TrARGET Tmax Tmax

(2074) (2071) (2083)
2017 3231 3231 3231 3231 3231 3231 3231 3231 3231 3231 3231 3231
2018 337.1 337.1 337.1 337.1 337.1 337.1 3371 3371 3371 3371 3371 3371
2019 3515 3515 351.5 3515 3515 351.5 3515 3615 3Bl5 3515 3515 3BL5
2020 365.4 3652 3654  359.0 359.0 358.8 3612 3604 3614 3625 3635 3644
2021 379.5 379.1 379.5 366.4 366.5 366.0 3709 3694 3713 3736 3756 3775
2022 393.7 3931 3937 3736 3738 3729 380.3 3781 3810 384.6 387.8 390.6
2023 407.7 4069 4077  380.3 380.6 3795 389.2 3865 3905 3953 399.6 4035
2024 421.3 420.3 421.3 386.5 386.9 385.4 397.6 3943 399.3 4054 4110 4159
2025 434.3 4331 4343 3919 392.3 390.5 4050 4014 407.4 4149 4216 42717
2026 446.6 4451 4466 3964 397.0 394.9 4116 4076 4147 4235 4315 43838
2027 458.1 456.4 458.1 400.1 400.8 398.4 4173 4129 4211 4313 440.6 449.0
2028 468.9 466.9 468.9 403.1 403.8 401.1 4221 4175 4268 4384 4489 4584
2029 479.0 476.7 479.0 405.5 406.3 403.3 426.3 4215 4318 4447 4565 467.2
2030 488.5 486.0 4885 4074 408.3 405.0 4299 4250 436.3 450.6 463.5 475.4
2031 497.6 4948  497.6  408.9 409.9 406.3 4331 4281 4404 456.0 4702 4832
2032 506.3 503.3 506.3 410.2 411.2 407.4 436.1 4309 4442 461.1 4765 490.7
2033 514.7 5115 514.7 411.3 412.4 408.4 4387 4335 4478 4659 4825 4978
2034 522.9 519.4 522.9 412.3 4135 409.2 4412  436.0 451.2 4705 488.2 504.7
2035 530.9 527.1 530.9 413.3 4145 409.9 4435 4384 4545 4749 4938 5114
2036 538.5 5345 5385 4143 415.6 410.8 4457 4405 4575 4792 499.2 5178
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Table 6 (continues). Median spawning output (millions eggs) for rebuilding alternatives for the years

2037-2096.
Run 1 2 3 4 5 6 7 8 9 10 11 12
SPRthat SPRthat SPRthat
achieves achieves achieves
Fin 2019 SPRACL 50% prob. 50% prob. 50% prob. 40:10 ABC
Basis and after= of 20mt= o - recoEJ/ery reco?/ery recoEJ/ery Harvest harvest o R - SPR= SPR= SPR=
0 0.748 76% by by 2017 by 2011 policy rate 5% 60% 6% T0%
TrARGET Tmax Tmax
(074)  (2071)  (2083)
2037 545.8 541.6 545.8 415.2 416.5 411.5 4475 4424 4602 4830 504.2 5239
2040 5674 562.5 567.4 418.8 420.3 414.7 4536 4488 469.0 4949 519.2 5419
2044 595.1 589.2 595.1 423.4 425.1 418.8 461.0 456.7 480.0 510.0 538.3 565.0
2045 601.2 595.0 601.2 425.0 426.8 420.3 4628 4585 4822 5131 5424 569.9
2046 607.7 601.4 607.7 426.5 428.3 421.7 464.2 460.0 4848 516.5 546.7 575.3
2050 6311 624.0 631.1 430.2 432.2 425.0 4713 4673 4944 529.6 563.0 594.7
2055 661.6 653.6 661.6 4347 436.9 429.1 480.0 4770 507.0 546.4 584.3 620.6
2060 686.5 677.6 686.5 437.6 439.9 431.4 4874  484.6 5174 560.0 601.3 640.8
2067 716.1 706.0 716.1 4425 444.9 435.9 4958 4935 5286 5752 620.8 664.8
2071 7316 720.9 731.6 4435 446.1 436.7 4999 498.1 5343 5832 630.8 677.4
2074 741.6 730.6 741.6 444.8 4474 437.7 501.0 499.3 536.9 587.7 636.8 685.2
2080  755.6 743.8 755.6 446.7 449.4 439.4 503.7 5023 5419 5944 6456 696.2
2083 763.7 751.6 763.7 447.6 450.4 440.2 506.1 5045 544.1 598.0 6509 702.7
2084 765.8 753.6 765.8 4485 451.2 441.1 506.5 5054 5453 599.3 6524 7045
2087  773.2 760.7 773.2 449.1 451.9 441.6 508.9 507.6 5485 6028 657.1 710.7
2089 7775 765.0 7775 449.7 452.4 4421 510.9 510.0 551.0 606.2 6609 714.2
2096  790.8 777.6 790.8 450.8 453.6 4429 5132 5125 5550 6124 6684 724.0
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Table 7. OFLs for rebuilding alternatives for the years 2017-2036.

Run 1 2 3 4 5 6 7 8 9 10 11 12
SPRthat SPRthat SPRthat
achieves achieves achieves
Fin 2019 SPRACL 50% prob. 50% prob. 50% prob. 40:10 ABC
Basis and after= of20mt = SPR= reco?/ery reco?/ery reco?/ery Harvest harvest SPR= SPR= SPR= SPR=
0 0.748 6% by by 2017 by 2011 policy rate 5% 60% 6% 0%
TTARGET TMAX TMAX
(2074) (2071) (2083)
2017 75.2 75.2 75.2 78.7 78.7 78.7 75.2 75.2 752 752 752 752
2018 78.2 78.2 78.2 81.8 81.8 81.8 78.2 78.2 782 782 782 782
2019 81.2 81.2 81.2 84.9 84.9 84.9 81.2 81.2 812 812 812 812
2020 83.9 83.9 839 86.3 86.4 86.3 83.0 828 830 833 835 837
2021 86.5 86.4 86.5 87.6 87.6 87.5 84.7 843 847 852 87 861
2022 89.0 88.8 89.0 88.6 88.6 88.5 86.1 857 863 870 877 883
2023 91.3 91.1 91.3 89.4 89.5 89.2 87.4 868 876 886 896 904
2024 934 93.2 934 90.1 90.2 89.9 88.4 878 888 901 912 923
2025 95.4 95.2 95.4 90.7 90.8 90.4 89.4 886 899 914 928 941
2026 97.3 97.0 97.3 91.1 91.2 90.8 90.2 894 908 926 943 957
2027 99.2 98.8 99.2 91.5 91.6 91.1 90.9 900 917 938 956 973
2028 100.9 1005 1009 91.8 91.9 91.4 91.6 90.7 925 948 969 988
2029 102.6 1022 1026 92.0 92.2 91.6 922 912 933 958 982 1003
2030 104.3 1038  104.3 92.3 925 91.8 927 918 940 968 994 1017
2031 105.9 105.3 105.9 92.5 92.7 92.0 93.2 923 947 97.7 1005 1031
2032 107.4 106.8 107.4 92.7 92.9 92.2 93.7 92.7 953 986 101.6 1044
2033 108.9 1083 1089 93.0 93.2 92.4 94.2 931 959 994 1026 105.6
2034 1104 109.7 1104 93.2 93.4 92,5 94.6 936 966 1003 1037 106.9
2035 111.8 1111 111.8 934 93.7 92.8 95.1 941 972 1011 1047 108.1
2036 1132 1125 1132 93.7 94.0 93.0 95.5 945 977 1019 1057 1093

23



Table 7 (continues). OFLs for rebuilding alternatives for the years 2037-2096.

Run 1 2 3 4 5 6 7 8 9 10 11 12
SPRthat SPRthat SPRthat
achieves achieves achieves
Fin 2019 SPRACL 50% prob. 50% prob. 50% prob. 40:10 ABC
Basis and after= of 20 mt = SPR= recoEJ/ery reco?/ery recoE)/ery Harvest harvest SPR= SPR= SPR= SPR=
0 0.748 6% by by 2017 by 2011 policy rate 5% 60% 6%  70%
TTARGET TMAX TMAX
(2074) (2071) (2083)
2037 1147 1139 1147 94.0 94.3 93.3 95.9 950 984 1027 1068 1106
2040 1188 117.9 118.8 94.8 9.1 94.0 97.1 96.2 100.1 105.0 109.7 114.0
2044 1238 122.7 123.8 95.9 96.2 94.9 98.5 97.7 1021 1078 1131 1182
2045 1250 1238 1250 96.2 96.5 95.3 98.8 980 1025 1084 1139 1191
2046 1260 1249 1260 96.3 96.7 95.3 99.2 984 1031 109.1 1147 120.0
2050 1309 1296 1309 97.2 97.6 96.2 1008 1001 1052 111.8 1181 1242
2055  136.2 1347  136.2 97.9 98.3 96.7 1024 1018 1074 1147 1218 1285
2060 1408 139.2 1408 98.7 99.1 97.4 1038 1034 1094 1173 1250 1324
2067  146.2 1443  146.2 99.3 99.8 98.0 1053 1048 1114 1202 1286 136.8
2071 1486 146.6 148.6 99.7 100.2 98.3 105.6 1052 1121 121.3 130.1 1387
2074 1499 147.9 149.9 100.0 100.5 98.5 1059 1055 1125 1219 1310 139.7
2080 1531 1510 1531 1004 100.9 99.0 106.7 1065 1138 1235 133.0 1423
2083 1545 152.4 1545 100.5 1011 99.1 107.2 1070 1144 1242 1341 1435
2084  155.0 1528 1550  100.6 101.1 99.1 1075 1073 1147 1246 1343 1439
2087  156.2 1540 1562 1009 1015 99.5 1079 1077 1152 1253 1352 1449
2089  157.1 154.8 157.1 100.8 1014 99.3 1081 1078 1155 1258 1356 1455
2096  159.0 156.7 1590 1013 101.9 99.8 1085 1083 1160 1266 137.0 147.1
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Table 8. Probability of recovery for rebuilding alternatives under different SPR avlues for the years
2017-2047, assuming either full or 65% of ACLs removed. For 65% ACL removal scenario, we selected
SPR rates (listed on the top right panel) that produce approximately 65% of the full ACLs under different
SPRs listed on the top left panel.

Rebuilding cases under removals of 65% of

Run |Rebuilding cases under full ACL removals ACL
Year SPR = SPR = SPR= SPR= SPR = SPR = SPR = SPR =
60% 65% 70% 76% 72% 76% 795% 84%
2017 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
2018 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
2019 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
2020 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
2021 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
2022 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
2023 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
2024 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
2025 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
2026 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0%
2027 0.0% 0.0% 0.0%  100.0% 0.0% 100.0%  100.0%  100.0%
2028 0.0% 0.0% 100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2029 0.0% 874%  100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2030 1.4% 100.0% 100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2031 | 55.5% 100.0%  100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2032 | 96.7% 100.0% 100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2033 | 99.5% 100.0% 100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2034 | 100.0%  100.0% 100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2035 | 100.0%  100.0% 100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2036 | 100.0%  100.0% 100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2037 | 100.0%  100.0% 100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2038 | 100.0%  100.0% 100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2039 | 100.0%  100.0% 100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2040 | 100.0%  100.0% 100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2041 | 100.0%  100.0% 100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2042 | 100.0%  100.0% 100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2043 | 100.0%  100.0% 100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2044 | 100.0%  100.0% 100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2045 | 100.0%  100.0% 100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2046 | 100.0%  100.0% 100.0% 100.09% | 100.0%  100.0%  100.0%  100.0%
2047 | 100.0%  100.0% 100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
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Table 8 (continues). Probability of recovery for rebuilding alternatives under different SPR avlues
for the years 2048-2074, assuming either full or 65% of ACLs removed. For 65% ACL removal
scenario, we selected SPR rates (listed on the top right panel) that produce approximately 65% of the full
ACLs under different SPRs listed on the top left panel.

Rebuilding cases under removals of 65% of
ACL

SPR= SPR= SPR=  SPR= SPR= SPR= SPR= SPR=
60% 65% 70% 76% 2% 76% 795% 84%
2048 | 100.0%  100.0%  100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2049 | 100.0%  100.0%  100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2050 | 100.0%  100.0%  100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2051 [ 100.0%  100.0%  100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2052 [ 100.0%  100.0% 100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2053 | 100.0%  100.0% 100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2054 | 100.0%  100.0% 100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2055 | 100.0%  100.0% 100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2056 | 100.0%  100.0% 100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2057 | 100.0%  100.0%  100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2058 | 100.0%  100.0% 100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2059 | 100.0%  100.0%  100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2060 | 100.0%  100.0%  100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2061 | 100.0%  100.0% 100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2062 | 100.0%  100.0%  100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2063 | 100.0%  100.0%  100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2064 | 100.0%  100.0% 100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2065 | 100.0%  100.0%  100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2066 | 100.0%  100.0%  100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2067 | 100.0%  100.0% 100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2068 | 100.0%  100.0%  100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2069 | 100.0%  100.0%  100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2070 | 100.0%  100.0%  100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2071 | 100.0%  100.0%  100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2072 | 100.0%  100.0%  100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2073 | 100.0%  100.0% 100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%
2074 | 100.0%  100.0% 100.0% 100.0% | 100.0%  100.0%  100.0%  100.0%

Run [Rebuilding cases under full ACL removals

Year




Table 9. Median catches (mt) for rebuilding alternatives under different SPR avlues for the years

2017-2047, assuming either full or 65% of ACLs removed. For 65% ACL removal scenario, we selected
SPR rates (listed on the top right panel) that produce approximately 65% of the full ACLs under different

SPRs listed on the top left panel.

Rebuilding cases under removals of 65% of

Run |Rebuilding cases under full ACL removals ACL
Year SPR = SPR = SPR= SPR= SPR = SPR = SPR = SPR =
60% 65% 70% 76% 72% 76% 79.5% 84%
2017 20.0 20.0 20.0 20.0 13.0 13.0 13.0 13.0
2018 20.0 20.0 20.0 20.0 13.0 13.0 13.0 13.0
2019 57.3 474 38.6 29.1 354 29.2 24.1 18.1
2020 58.8 48.8 39.7 30.1 36.5 30.2 25.0 18.8
2021 60.2 50.0 40.9 310 37.6 311 25.8 19.4
2022 61.4 51.2 41.9 319 38.6 320 26.5 20.0
2023 62.6 52.3 42.9 32.7 39.5 328 273 20.6
2024 63.6 53.3 43.8 335 40.4 336 279 21.1
2025 64.5 54.2 447 34.2 41.2 34.3 28.6 21.6
2026 65.4 55.0 455 34.9 42.0 35.0 29.2 221
2027 66.2 55.8 46.2 355 42.7 35.6 29.8 22.6
2028 66.9 56.6 46.9 36.2 43.4 36.3 30.3 23.0
2029 67.6 57.3 47.6 36.8 44.1 36.9 30.9 235
2030 68.3 58.0 48.3 374 44.7 375 314 23.9
2031 69.0 58.7 49.0 37.9 453 38.0 319 24.3
2032 69.6 59.3 49.6 385 45.9 38.6 324 24.7
2033 70.2 59.9 50.2 39.0 46.5 39.1 329 251
2034 70.8 60.6 50.8 39.6 47.1 39.7 334 255
2035 714 61.2 51.3 40.1 47.6 40.2 33.8 259
2036 719 61.7 51.9 40.6 48.2 40.7 34.3 26.3
2037 725 62.4 52.5 41.1 48.8 41.2 34.7 26.7
2038 73.1 62.9 53.1 41.6 49.3 41.7 352 27.1
2039 73.6 63.5 53.6 42.1 49.8 42.2 35.6 274
2040 74.1 64.0 54.1 426 50.3 427 36.1 27.8
2041 74.6 64.5 54.6 43.0 50.8 431 36.5 28.1
2042 75.1 65.0 55.1 435 51.3 43.6 36.9 284
2043 75.6 65.5 55.6 43.9 51.8 440 373 28.8
2044 76.1 66.0 56.1 44.4 52.3 44.4 377 29.1
2045 76.5 66.5 56.6 44.8 52.7 44.9 38.1 294
2046 77.0 67.0 57.0 45.2 53.1 45.2 384 29.7
2047 775 67.5 575 45.6 53.6 45.7 38.8 30.0
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Table 9 (continues). Median catches (mt) for rebuilding alternatives under different SPR avlues for
the years 2048-2074, assuming either full or 65% of ACLs removed. For 65% ACL removal scenario,

we selected SPR rates (listed on the top right panel) that produce approximately 65% of the full ACLs
under different SPRs listed on the top left panel.

Rebuilding cases under removals of 65% of

Run |Rebuilding cases under full ACL removals ACL
Year SPR= SPR=  SPR= SPR= SPR= SPR= SPR= SPR=
60% 65% 70% 76% 72% 76% 795% 84%
2048| 78.0 68.0 58.0 46.0 54.1 46.1 39.2 30.4
2049 785 68.5 58.5 46.5 54.6 46.6 39.6 30.7
2050 789 69.0 59.0 46.9 55.0 47.0 40.0 31.0
2051 795 69.5 59.5 47.3 55.5 474 40.3 313
2052 79.9 69.9 59.9 47.7 55.9 47.8 40.7 316
2053 80.4 704 60.3 43.1 56.3 482 41.1 319
2054| 80.7 70.9 60.8 485 56.8 48.6 414 322
2055 81.0 71.1 61.1 48.8 57.0 48.9 417 325
2056 814 715 61.4 49.1 574 49.2 42.0 327
2057| 817 718 61.8 49.5 57.8 49.5 423 33.0
2058 821 722 62.1 49.8 58.1 49.8 425 332
2059| 825 72.6 62.5 50.1 58.4 50.2 429 334
2060| 82.8 73.0 62.9 50.5 58.8 50.5 431 337
2061| 83.2 733 63.2 50.8 59.1 50.8 435 339
2062| 834 73.7 63.5 51.0 59.4 51.1 437 34.1
2063| 83.6 739 63.7 51.3 59.7 51.3 43.9 34.3
2064| 84.0 74.2 64.0 515 59.9 51.6 44.2 345
2065| 84.3 74.6 64.4 519 60.3 51.9 44.4 34.8
2066( 84.6 74.9 64.7 52.2 60.6 52.2 44.7 35.0
2067| 84.8 75.1 65.0 52.4 60.9 52.4 449 35.2
2068| 85.2 755 65.3 52.6 61.2 52.7 45.2 354
2069 853 75.6 65.6 52.9 61.5 53.0 455 35.6
2070 855 75.8 65.7 53.1 61.6 53.1 45.6 35.7
2071 85.6 76.0 65.9 532 61.8 53.3 45.7 359
2072 85.7 76.1 66.0 534 61.9 53.4 459 36.0
2073| 858 76.3 66.2 53.6 62.1 53.6 46.0 36.1
2074 86.0 76.5 66.4 53.7 62.2 53.7 46.2 36.3
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Table 10. Median spawning output (millions eggs) for rebuilding alternatives under different SPR

avlues for the years 2017-2047, assuming either full or 65% of ACLs removed. For 65% ACL removal

scenario, we selected SPR rates (listed on the top right panel) that produce approximately 65% of the full

ACLs under different SPRs listed on the top left panel.

Rebuilding cases under removals of 65% of

Run [Rebuilding cases under full ACL removals ACL
Vear SPR = SPR= SPR=  SPR= SPR = SPR = SPR = SPR=
60% 65% 70% 76% 72% 76% 79.5% 84%

2017 3231 3231 3231 3231 3231 3231 3231 3231
2018 337.1 3371 337.1 337.1 337.8 337.8 337.8 337.8
2019 3515 3515 3515 3515 352.9 3529 3529 3529
2020 362.5 363.5 364.4 365.4 366.2 366.8 367.3 368.0
2021 373.6 375.6 3775 379.5 379.7 381.0 382.0 3833
2022 384.6 387.8 390.6 393.7 393.2 395.2 396.8 398.8
2023 395.3 399.6 4035 407.7 406.5 409.2 4115 414.2
2024 405.4 411.0 415.9 421.3 419.4 4229 425.8 429.3
2025 414.9 421.6 427.7 434.3 431.6 4359 4395 4438
2026 4235 4315 438.8 446.6 4430 4482 4525 457.6
2027 431.3 440.6 449.0 458.1 453.7 459.7 464.7 470.7
2028 438.4 4489 458.4 468.9 463.6 470.5 476.1 433.0
2029 444.7 456.5 467.2 479.0 472.8 480.5 486.9 494.7
2030 450.6 463.5 4754 488.5 4815 490.1 497.2 505.8
2031 456.0 470.2 483.2 497.6 489.7 499.1 506.9 516.4
2032 461.1 476.5 490.7 506.3 4975 507.8 516.4 526.8
2033 465.9 482.5 497.8 514.7 505.0 516.2 5255 536.7
2034 470.5 488.2 504.7 522.9 5124 524.4 534.3 546.5
2035 474.9 493.8 5114 530.9 5194 532.3 543.0 556.0
2036 479.2 499.2 517.8 538.5 526.3 539.9 551.3 565.1
2037 483.0 504.2 523.9 545.8 532.7 547.2 559.3 574.0
2038 487.2 509.4 530.1 553.2 539.3 554.5 567.3 582.9
2039 491.0 514.2 536.0 560.3 545.6 561.6 575.0 591.5
2040 494.9 519.2 541.9 567.4 551.8 568.7 582.8 600.1
2041 499.1 524.3 548.1 574.7 558.4 576.0 590.7 608.9
2042 502.9 529.2 553.9 581.8 564.6 583.0 598.4 617.4
2043 506.4 533.6 559.3 588.4 570.3 589.6 605.7 625.5
2044 510.0 538.3 565.0 595.1 576.4 596.3 612.9 633.5
2045 513.1 542.4 569.9 601.2 581.7 602.3 619.7 641.3
2046 516.5 546.7 575.3 607.7 587.5 608.9 626.7 648.9
2047 520.1 550.8 580.2 613.7 592.7 614.8 633.3 656.4
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Table 10 (continues). Median spawning output (millions eggs) for rebuilding alternatives under

different SPR avlues for the years 2048-2074, assuming either full or 65% of ACLs removed. For 65%

ACL removal scenario, we selected SPR rates (listed on the top right panel) that produce approximately

65% of the full ACLs under different SPRs listed on the top left panel.

Rebuilding cases under removals of 65% of

Run [Rebuilding cases under full ACL removals ACL
Year SPR = SPR=  SPR= SPR= SPR = SPR = SPR = SPR =
60% 65% 70% 76% 72% 76% 79.5% 84%

2048 5235 555.3 585.6 620.0 598.4 621.1 640.2 664.1
2049 526.2 559.1 590.3 625.8 603.3 626.8 646.7 671.2
2050 529.6 563.0 594.7 631.1 608.1 632.1 652.4 677.9
2051 5329 567.3 600.0 637.4 613.7 638.4 659.2 685.0
2052 536.6 571.7 605.3 643.5 619.2 644.5 666.1 692.9
2053 539.6 5754 610.0 649.7 624.2 650.6 672.9 700.3
2054 543.0 579.7 615.2 655.5 629.8 656.5 679.0 707.3
2055 546.4 584.3 620.6 661.6 635.4 662.5 685.7 714.3
2056 549.5 588.0 624.8 666.9 639.9 667.7 691.6 7215
2057 552.8 591.8 629.1 672.4 644.7 673.3 697.8 728.5
2058 555.4 595.1 634.1 678.2 649.8 679.0 703.9 734.8
2059 556.8 597.5 636.8 681.6 652.9 682.5 708.3 740.5
2060 560.0 601.3 640.8 686.5 657.2 687.3 7135 745.4
2061 5619 603.8 644.2 691.3 660.7 692.1 718.7 7514
2062 564.5 606.9 647.7 695.3 664.5 696.0 722.8 756.3
2063 567.0 610.1 651.6 700.0 668.6 700.7 728.1 762.0
2064 569.4 613.0 655.6 705.0 673.0 705.7 733.2 767.5
2065 5719 616.1 658.8 708.9 676.4 709.6 738.1 7735
2066 5738 619.1 662.6 713.0 680.2 7137 742.1 777.6
2067 575.2 620.8 664.8 716.1 682.9 716.8 746.1 782.8
2068 578.0 623.8 668.0 719.8 685.9 7204 750.0 787.3
2069 579.9 626.5 671.7 724.6 690.1 725.2 755.0 792.6
2070( 5814 628.8 674.9 728.5 693.4 729.1 759.4 797.7
2071 5832 630.8 677.4 731.6 696.3 732.2 762.9 801.8
2072 5853 633.8 681.1 735.3 700.1 735.8 767.1 806.1
2073 586.6 635.5 683.4 739.2 702.7 739.7 7715 811.8
2074 587.7 636.8 685.2 741.6 704.8 742.2 774.2 814.7
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Table 11. OFLs for rebuilding alternatives under different SPR values for the years 2017-2047,

assuming either full or 65% of ACLs removed. For 65% ACL removal scenario, we selected SPR rates
(listed on the top right panel) that produce approximately 65% of the full ACLs under different SPRs listed

on the top left panel.

Rebuilding cases under removals of 65% of

Run [Rebuilding cases under full ACL removals ACL
Vear SPR = SPR= SPR=  SPR= SPR = SPR = SPR = SPR=
60% 65% 70% 76% 72% 76% 79.5% 84%
2017 75.2 75.2 75.2 75.2 75.2 75.2 75.2 75.2
2018 78.2 78.2 78.2 78.2 784 784 784 784
2019 81.2 81.2 81.2 81.2 815 815 815 815
2020 83.3 835 83.7 83.9 84.1 84.2 84.3 84.5
2021 85.2 85.7 86.1 86.5 86.5 86.8 87.1 87.3
2022 87.0 87.7 88.3 89.0 88.8 89.3 89.6 90.0
2023 88.6 89.6 90.4 91.3 91.0 91.6 92.0 92.6
2024 90.1 91.2 92.3 934 93.0 93.7 94.3 95.0
2025 914 92.8 9.1 954 94.8 95.7 96.5 974
2026 92.6 94.3 95.7 97.3 96.6 97.6 98.5 99.6
2027 93.8 95.6 97.3 99.2 98.3 99.5 100.5 101.7
2028 94.8 96.9 98.8 100.9 99.9 101.2 1024 103.7
2029 95.8 98.2 100.3 102.6 101.4 102.9 104.2 105.7
2030 96.8 994 101.7 104.3 102.9 104.6 106.0 107.7
2031 97.7 100.5 103.1 105.9 104.3 106.2 107.7 109.6
2032 98.6 101.6 104.4 107.4 105.7 107.7 109.4 111.4
2033 99.4 102.6 105.6 108.9 107.0 109.2 1110 1132
2034 100.3 103.7 106.9 1104 108.4 110.7 112.6 114.9
2035 101.1 104.7 108.1 1118 109.6 112.1 114.1 116.6
2036 101.9 105.7 109.3 1132 1109 1135 115.7 118.3
2037 102.7 106.8 110.6 114.7 112.3 115.0 117.3 120.1
2038 103.6 107.8 1117 116.1 1135 116.4 118.8 121.8
2039 104.3 108.7 112.8 1175 114.7 117.7 120.3 123.4
2040 105.0 109.7 114.0 118.8 1159 119.1 121.7 125.0
2041 105.7 110.5 115.0 120.0 116.9 120.3 123.0 126.5
2042 106.4 111.4 116.1 1214 118.1 121.6 1245 128.0
2043 107.1 112.3 1171 122.6 119.2 122.8 125.8 129.5
2044 107.8 1131 118.2 1238 120.3 124.0 127.2 131.0
2045 108.4 1139 1191 125.0 121.3 125.2 128.5 1325
2046 109.1 114.7 120.0 126.0 122.3 126.2 129.6 1338
2047 109.8 115.6 121.1 127.3 123.4 1275 130.9 135.1
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Table 11 (continues). OFLs for rebuilding alternatives under different SPR values for the years 2048-
2074, assuming either full or 65% of ACLs removed. For 65% ACL removal scenario, we selected SPR
rates (listed on the top right panel) that produce approximately 65% of the full ACLs under different SPRs
listed on the top left panel.

Rebuilding cases under removals of 65% of

Run [Rebuilding cases under full ACL removals ACL
Year SPR = SPR=  SPR= SPR= SPR = SPR = SPR = SPR =
60% 65% 70% 76% 72% 76% 79.5% 84%

2048 1105 116.5 122.1 128.5 1245 128.7 132.3 136.7
2049 1112 117.3 123.1 129.8 125.6 130.0 133.7 138.2
2050 1118 118.1 124.2 130.9 126.6 1311 134.9 139.6
2051 1126 119.1 125.2 132.1 127.7 132.3 136.2 1410
2052 1132 119.8 126.0 133.2 128.6 1334 137.4 142.4
2053 1139 120.6 127.0 134.4 129.6 1345 138.7 1438
2054 1144 121.3 128.0 1355 130.7 135.6 139.8 145.0
2055 1147 121.8 128.5 136.2 1313 136.4 140.8 146.2
2056( 1154 1225 129.4 137.2 132.2 137.3 1417 147.2
2057 1158 1231 130.0 138.1 133.0 138.3 142.7 148.3
2058 1163 1237 130.8 138.9 133.7 139.0 143.6 149.3
2059 116.8 124.3 1315 139.9 1345 140.0 1447 150.4
2060 117.3 125.0 132.4 140.8 1354 141.0 145.7 151.4
2061 117.8 125.6 133.1 1417 136.1 141.8 146.7 152.7
2062 1182 126.1 133.7 1425 136.8 142.6 1474 1535
2063 1185 126.6 134.2 1431 1374 1433 148.3 1545
2064 119.0 1271 134.8 143.9 138.0 144.0 149.0 155.4
2065 1195 127.7 135.6 144.8 138.8 144.9 150.0 156.5
2066 119.8 128.2 136.3 145.6 139.5 145.7 150.9 157.6
2067 1202 128.6 136.8 146.2 140.1 146.3 151.6 158.3
2068 120.7 129.2 137.5 147.0 140.8 1471 152.4 159.2
2069 1209 129.6 138.0 147.8 1415 147.9 153.4 160.2
2070 1211 129.9 138.4 148.2 1418 148.3 153.9 160.9
2071 1213 130.1 138.7 148.6 142.2 148.7 154.4 161.5
2072 1214 130.3 139.0 149.0 1425 149.1 154.8 162.1
2073 1216 130.6 139.4 1495 142.9 149.6 155.4 162.7
2074 1219 131.0 139.7 149.9 1433 150.0 155.9 163.2
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Table 12. Probablity of recovery, depletion and OFLs for rebuilding alternatives under different
values of stock-recruit steepness (h) for the years 2017-2047, assuming that full ACLs from the
assessment model (with h=0,718) removed.

assessment model, h=0.718 h=0.509 h=0.4

Catch (mt) set to ACL in

20120?”2% fg%g@::;hes Probability | Probability | Probability |
Year ) of Depletion OFL of Depletion OFL of Depletion OFL

calcul_at(_ed using current recovery recovery recovery

rebuilding SPR of 76%

applied to the base model
2017 20 0.0% 284% 75 0% 19.3% 49.36 0% 144% 36.73
2018 20 0.0% 296% 78 0% 20.0% 50.79 0% 14.8%  37.46
2019 29 0.0% 30.9% 81 0% 20.6% 52.15 0% 152% 38.14
2020 30 0.0% 321% 84 0% 21.2% 5322 0% 155% 3854
2021 31 0.0% 33% 87 0% 21.8% 54.16 0% 15.7% 38.84
2022 32 0.0% 34.6% 89 0% 22.3% 54.98 0% 159% 39.05
2023 33 0.0% 35.8% 91 0% 22.8% 55.72 0% 16.1% 39.16
2024 33 0.0% 37.0% 93 0% 233% 56.40 0% 16.3% 39.21
2025 34 0.0% 38.1% 95 0% 23.7% 57.03 0% 16.4% 39.21
2026 35 0.0% 39.2% 97 0% 241% 57.64 0% 16.4%  39.17
2027 36 100.0% 402% 99 0% 245% 58.23 0% 16.5%  39.12
2028 36 100.0% 412% 101 0% 24.8%  58.82 0% 16.4%  39.06
2029 37 100.0% 421% 103 0% 25.0%  59.40 0% 16.4%  39.00
2030 37 100.0% 429% 104 0% 25.3% 59.98 0% 164% 38.94
2031 38 100.0% 43.7% 106 0% 255% 60.57 0% 16.3% 38.90
2032 38 100.0% 445% 107 0% 257% 6111 0% 16.3% 38.84
2033 39 100.0% 452% 109 0% 26.0% 6172 0% 16.2%  38.77
2034 40 100.0% 459% 110 0% 26.2% 62.31 0% 16.2% 38.75
2035 40 100.0% 46.6% 112 0% 26.4%  62.90 0% 16.1% 3871
2036 41 100.0% 473% 113 0% 26.7% 6351 0% 16.1% 38.68
2037 411 100.0% 479% 115 0% 26.9% 64.19 0% 16.0% 38.68
2038 42 100.0% 486% 116 0% 271.2% 64.78 0% 16.0% 38.67
2039 42 100.0% 49.2% 117 0% 27.4%  65.40 0% 16.0% 38.62
2040 43 100.0% 498% 119 0% 271.7% 66.01 0% 159% 38.61
2041 43 100.0% 50.5% 120 0% 28.0% 66.64 0% 15.9% 3855
2042 43 100.0% 511% 121 0% 282% 67.28 0% 15.9% 3852
2043 14 100.0% 51.7% 123 0% 285% 67.94 0% 158% 38.48
2044 44 100.0% 522% 124 0% 28.8% 68.56 0% 15.8% 3843
2045 45 100.0% 52.8% 125 0% 29.0% 69.14 0% 15.8% 38.36
2046 45 100.0% 53.4% 126 0% 29.3% 69.81 0% 15.7% 38.30
2047 46 100.0% 53.9% 127 0% 29.6% 70.45 0% 15.7% 38.20
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Table 12 (continues). Probablity of recovery, depletion and OFLs for rebuilding alternatives under
different values of stock-recruit steepness (h) for the years 2048-2074, assuming that full ACLs from
the assessment model (with h=0,718) removed.

assessment model, h=0.718 h=0.509 h=0.4
Catch (mt) set to ACL in
201:;2% fgﬁ@:ﬁ;hes Probability | Probability | Probability |

Year . of Depletion OFL of Depletion OFL of Depletion OFL

calcul_ate_zd using current recovery recovery recovery

rebuilding SPR of 76%

applied to the base model
2048 46 100.0% 544% 128 0% 29.9% 7116 0% 15.7% 38.17
2049 46 100.0% 54.9% 130 0% 301% 7186 0% 15.6% 38.13
2050 47 100.0% 55.4% 131 0% 304% 72.53 0% 15.6% 38.09
2051 47 100.0% 56.0% 132 0% 30.7% 7328 0% 15.5%  38.03
2052 48 100.0% 56.5% 133 0% 310% 7394 0% 15.5% 37.93
2053 48 100.0% 57.0% 134 0% 31.3% 7457 0% 155% 37.83
2054 49 100.0% 57.6% 135 0% 31.6% 75.26 0% 154% 37.74
2055 49 100.0% 58.1% 136 0% 31.9% 75.77 0% 15.4% 37.61
2056 49 100.0% 585% 137 1% 322% 76.33 0% 153% 37.39
2057 49 100.0% 59.0% 138 1% 325% 76.84 0% 153% 37.22
2058 50 100.0% 59.5% 139 2% 328% 7744 0% 15.2%  37.00
2059 50 100.0% 59.8% 140 2% 331% 77.96 0% 151% 36.81
2060 50 100.0% 60.3% 141 2% 333% 7861 0% 15.0% 36.65
2061 51 100.0% 60.7% 142 3% 335% 79.23 0% 14.9% 36.49
2062 51 100.0% 61.0% 142 1% 33.8% 79.82 0% 148% 36.34
2063 51 100.0% 61.5% 143 5% 34.0% 80.38 0% 14.7%  36.10
2064 52 100.0% 619% 144 5% 343% 8103 0% 14.6% 3588
2065 52 100.0% 62.2% 145 7% 346% 8158 0% 14.6%  35.65
2066 52 100.0% 62.6% 146 8% 34.8% 8213 0% 145%  35.40
2067 52 100.0% 62.9% 146 10% 35.1% 82.61 0% 14.4% 35.22
2068 53 100.0% 63.2% 147 11% 353% 8314 0% 143% 34.96
2069 53 100.0% 63.6% 148 13% 35.6% 83.86 0% 141% 34.64
2070 53 100.0% 64.0% 148 15% 35.8% 8431 0% 14.0% 34.38
2071 53 100.0% 64.2% 149 17% 36.1% 8494 0% 13.9% 34.04
2072 53 100.0% 64.5% 149 18% 36.3% 8545 0% 13.8% 33.76
2073 54 100.0% 64.9% 150 20% 36.6% 85.92 0% 13.7% 3351
2074 54 100.0% 65.1% 150 22% 36.8% 86.44 0% 135% 33.24

34



Table 13. Probability of recovery for rebuilding alternatives under different values of stock-recruit
steepness (h) for the years 2048-2074, assuming either full or 65% of ACLs removed.

RuN Rebuilding cases under full ACL Rebuilding cases under
removals removals of 65% ACLs
assessment assessment
Year model, h=0.509 h=0.4 model, h=0.509 h=0.4
h=0.718 h=0.718

2017 0.0% 0% 0.0% 0.0% 0.0% 0.0%
2018 0.0% 0% 0.0% 0.0% 0.0% 0.0%
2019 0.0% 0% 0.0% 0.0% 0.0% 0.0%
2020 0.0% 0% 0.0% 0.0% 0.0% 0.0%
2021 0.0% 0% 0.0% 0.0% 0.0% 0.0%
2022 0.0% 0% 0.0% 0.0% 0.0% 0.0%
2023 0.0% 0% 0.0% 0.0% 0.0% 0.0%
2024 0.0% 0% 0.0% 0.0% 0.0% 0.0%
2025 0.0% 0% 0.0% 0.0% 0.0% 0.0%
2026 0.0% 0% 0.0% 100.0% 0.0% 0.0%
2027 | 100.0% 0% 0.0% 100.0% 0.0% 0.0%
2028 | 100.0% 0% 0.0% 100.0% 0.0% 0.0%
2029 | 100.0% 0% 0.0% 100.0% 0.0% 0.0%
2030 | 100.0% 0% 0.0% 100.0% 0.0% 0.0%
2031 | 100.0% 0% 0.0% 100.0% 0.0% 0.0%
2032 | 100.0% 0% 0.0% 100.0% 0.0% 0.0%
2033 | 100.0% 0% 0.0% 100.0% 0.0% 0.0%
2034 | 100.0% 0% 0.0% 100.0% 0.0% 0.0%
2035 | 100.0% 0% 0.0% 100.0% 0.0% 0.0%
2036 | 100.0% 0% 0.0% 100.0% 0.0% 0.0%
2037 | 100.0% 0% 0.0% 100.0% 0.0% 0.0%
2038 | 100.0% 0% 0.0% 100.0% 0.0% 0.0%
2039 | 100.0% 0% 0.0% 100.0% 0.0% 0.0%
2040 | 100.0% 0% 0.0% 100.0% 0.0% 0.0%
2041 | 100.0% 0% 0.0% 100.0% 0.0% 0.0%
2042 | 100.0% 0% 0.0% 100.0% 0.0% 0.0%
2043 | 100.0% 0% 0.0% 100.0% 0.1% 0.0%
2044 | 100.0% 0% 0.0% 100.0% 0.4% 0.0%
2045 | 100.0% 0% 0.0% 100.0% 1.1% 0.0%
2046 | 100.0% 0% 0.0% 100.0% 2.0% 0.0%
2047 | 100.0% 0% 0.0% 100.0% 5.1% 0.0%




Table 13 (continues). Probability of recovery for rebuilding alternatives under different values of
stock-recruit steepness (h) for the years 2048-2074, assuming either full or 65% of ACLs removed.

RuN Rebuilding cases under full ACL Rebuilding cases under
removals removals of 65% ACLS
assessment assessment
Year model, h=0.509 h=0.4 model, h=0.509 h=0.4
h=0.718 h=0.718

2048 | 100.0% 1% 0% 100.0% 9.4% 0.0%
2049 | 100.0% 1% 0% 100.0% 13.5% 0.0%
2050 | 100.0% 2% 0% 100.0% 19.9% 0.0%
2051 | 100.0% 4% 0% 100.0% 27.1% 0.0%
2052 | 100.0% 6% 0% 100.0% 34.4% 0.0%
2053 | 100.0% 9% 0% 100.0% 42.5% 0.0%
2054 | 100.0% 13% 0% 100.0% 50.5% 0.0%
2055 | 100.0% 17% 0% 100.0% 57.8% 0.0%
2056 | 100.0% 22% 0% 100.0% 65.9% 0.0%
2057 | 100.0% 27% 0% 100.0% 72.1% 0.0%
2058 | 100.0% 32% 0% 100.0% 77.5% 0.0%
2059 | 100.0% 39% 0% 100.0% 83.1% 0.0%
2060 | 100.0% 45% 0% 100.0% 87.4% 0.0%
2061 | 100.0% 50% 0% 100.0% 90.5% 0.0%
2062 | 100.0% 55% 0% 100.0% 92.9% 0.0%
2063 | 100.0% 61% 0% 100.0% 94.7% 0.0%
2064 | 100.0% 66% 0% 100.0% 96.2% 0.0%
2065 | 100.0% 71% 0% 100.0% 97.1% 0.0%
2066 | 100.0% 76% 0% 100.0% 97.9% 0.0%
2067 | 100.0% 79% 0% 100.0% 98.3% 0.0%
2068 | 100.0% 82% 0% 100.0% 99.0% 0.0%
2069 | 100.0% 85% 0% 100.0% 99.4% 0.1%
2070 | 100.0% 87% 0% 100.0% 99.5% 0.2%
2071 | 100.0% 89% 0% 100.0% 99.5% 0.4%
2072 | 100.0% 90% 0% 100.0% 99.6% 0.4%
2073 | 100.0% 92% 0% 100.0% 99.9% 0.4%
2074 | 100.0% 94% 0% 100.0% 99.9% 0.8%




Table 14. Median catches (mt) for rebuilding alternatives under different values of stock-recruit
steepness (h) for the years 2048-2074, assuming either full or 65% of ACLs removed.

RuN Rebuilding cases under full ACL Rebuilding cases under
removals removals of 65% ACLs
assessment assessment
Year model, h=0.509 h=0.4 model, h=0.509 h=0.4
h=0.718 h=0.718

2017 20.0 20.0 20.0 13.0 13.0 13.0
2018 20.0 20.0 20.0 13.0 13.0 13.0
2019 29.1 18.8 13.7 18.1 11.7 8.6
2020 30.1 19.3 14.0 18.8 12.1 8.8
2021 31.0 19.7 14.2 19.4 12.4 8.9
2022 31.9 20.1 14.4 20.0 12.6 9.1
2023 32.7 20.4 14.6 20.6 12.9 9.2
2024 335 20.8 14.8 21.1 13.2 9.4
2025 34.2 21.1 14.9 21.6 13.4 9.5
2026 34.9 214 15.0 22.1 13.6 9.6
2027 35.5 21.8 15.2 22.6 13.9 9.7
2028 36.2 22.1 15.3 23.0 14.1 9.8
2029 36.8 22.4 15.5 235 14.4 9.9
2030 374 22.7 15.6 23.9 14.6 10.0
2031 37.9 23.0 15.8 24.3 14.8 10.2
2032 38.5 234 15.9 24.7 15.1 10.3
2033 39.0 23.7 16.0 25.1 15.3 10.4
2034 39.6 24.0 16.2 255 15.6 10.5
2035 40.1 24.3 16.4 25.9 15.8 10.7
2036 40.6 24.7 16.6 26.3 16.1 10.8
2037 41.1 25.1 16.7 26.7 16.3 10.9
2038 41.6 25.4 16.9 27.1 16.6 11.1
2039 42.1 25.8 17.1 27.4 16.8 11.2
2040 42.6 26.1 17.3 27.8 17.1 11.4
2041 43.0 26.4 175 28.1 17.3 115
2042 435 26.8 17.7 28.4 17.6 11.6
2043 43.9 27.2 17.9 28.8 17.9 11.8
2044 44.4 275 18.1 29.1 18.1 12.0
2045 44.8 27.8 18.2 29.4 18.4 12.1
2046 45.2 28.2 18.4 29.7 18.7 12.3
2047 45.6 28.6 18.6 30.0 18.9 12.4




Table 14 (continues). Median catches (mt) for rebuilding alternatives under different values of stock-
recruit steepness (h) for the years 2048-2074, assuming either full or 65% of ACLs removed.

RuN Rebuilding cases under full ACL Rebuilding cases under
removals removals of 65% ACLS
assessment assessment
Year model, h=0.509 h=0.4 model, h=0.509 h=0.4
h=0.718 h=0.718

2048 46.0 29.0 18.9 30.4 19.2 12.6
2049 46.5 29.3 19.1 30.7 195 12.8
2050 46.9 29.7 19.3 31.0 19.8 12.9
2051 47.3 30.1 19.5 31.3 20.1 13.1
2052 47.7 30.5 19.7 31.6 20.4 13.3
2053 48.1 30.9 20.0 31.9 20.6 13.4
2054 48.5 31.2 20.2 32.2 20.9 13.6
2055 48.8 315 20.4 325 21.1 13.8
2056 49.1 31.9 20.6 32.7 214 13.9
2057 49.5 32.2 20.8 33.0 21.7 14.1
2058 49.8 325 21.0 33.2 21.9 14.2
2059 50.1 329 21.2 33.4 22.2 14.4
2060 50.5 33.3 21.4 33.7 22.4 14.6
2061 50.8 33.6 21.6 33.9 22.7 14.7
2062 51.0 33.9 21.8 34.1 22.9 14.9
2063 51.3 34.3 22.0 34.3 23.2 15.1
2064 51.5 34.6 22.2 34.5 23.5 15.3
2065 51.9 35.0 22.4 34.8 23.7 15.4
2066 52.2 35.3 22.6 35.0 24.0 15.6
2067 52.4 35.6 22.9 35.2 24.2 15.8
2068 52.6 35.9 23.1 35.4 24.5 16.0
2069 52.9 36.3 23.3 35.6 24.7 16.1
2070 53.1 36.6 235 35.7 25.0 16.3
2071 53.2 36.8 23.7 35.9 25.2 16.5
2072 53.4 37.1 23.9 36.0 25.4 16.6
2073 53.6 37.4 24.1 36.1 25.6 16.8
2074 53.7 37.7 24.3 36.3 25.8 16.9
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Table 15. Median spawning output (millions eggs) for rebuilding alternatives under different values
of stock-recruit steepness (h) for the years 2017-2047, assuming either full or 65% of ACLs removed.

Rebuilding cases under full ACL

Rebuilding cases under

Run removals removals of 65% ACLs
assessment assessment
Year model, h=0.509 h=0.4 model, h=0.509 h=0.4
h=0.718 h=0.718

2017 323.1 219.9 165.5 323.1 219.9 165.5
2018 337.1 227.3 169.8 337.8 228.0 170.6
2019 351.5 234.8 174.1 352.9 236.3 175.6
2020 365.4 2425 179.0 368.0 244.7 181.0
2021 379.5 250.1 183.6 383.3 253.2 186.3
2022 393.7 257.6 188.1 398.8 261.5 1914
2023 407.7 264.9 192.3 414.2 269.7 196.2
2024 421.3 271.8 196.1 429.3 277.4 200.7
2025 434.3 278.2 199.5 443.8 284.8 204.7
2026 446.6 284.1 202.5 457.6 291.6 208.4
2027 458.1 289.5 205.1 470.7 298.0 211.6
2028 468.9 294.6 207.4 483.0 304.1 214.6
2029 479.0 299.3 209.5 494.7 309.7 217.4
2030 488.5 303.9 2115 505.8 315.2 220.0
2031 497.6 308.3 2134 516.4 320.6 2225
2032 506.3 312.7 215.3 526.8 325.9 225.0
2033 514.7 317.1 217.2 536.7 331.3 2275
2034 522.9 321.4 219.1 546.5 336.6 230.1
2035 530.9 325.9 221.1 556.0 342.0 232.7
2036 538.5 330.3 223.2 565.1 347.4 2354
2037 545.8 334.7 225.2 574.0 352.7 238.1
2038 553.2 339.4 2275 582.9 358.4 241.0
2039 560.3 344.1 229.8 591.5 364.0 243.9
2040 567.4 348.9 232.2 600.1 369.8 247.0
2041 574.7 353.9 234.7 608.9 375.8 250.2
2042 581.8 358.9 237.3 617.4 381.8 253.4
2043 588.4 363.8 239.9 625.5 387.7 256.7
2044 595.1 368.8 2425 633.5 393.8 260.0
2045 601.2 3735 245.0 641.3 399.5 263.1
2046 607.7 378.5 247.7 648.9 405.6 266.6
2047 613.7 383.8 250.5 656.4 411.7 270.0
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Table 15 (continues). Median spawning output (millions eggs) for rebuilding alternatives under

different values of stock-recruit steepness (h) for the years 2048-2074, assuming either full or 65% of
ACLs removed.

Rebuilding cases under full ACL

Rebuilding cases under

Run removals removals of 65% ACLs
assessment assessment
Year model, h=0.509 h=0.4 model, h=0.509 h=0.4
h=0.718 h=0.718

2048 620.0 389.0 253.3 664.1 418.0 273.7
2049 625.8 393.7 255.9 671.2 423.9 277.0
2050 631.1 398.7 258.7 677.9 430.0 280.5
2051 637.4 404.1 261.7 685.0 436.5 284.2
2052 643.5 409.6 264.8 692.9 443.1 288.2
2053 649.7 414.7 267.6 700.3 449.3 291.9
2054 655.5 420.4 270.8 707.3 456.3 295.9
2055 661.6 426.1 274.0 714.3 463.0 299.9
2056 666.9 431.0 277.1 721.5 469.1 303.8
2057 672.4 436.5 280.0 728.5 475.7 307.7
2058 678.2 441.7 283.3 734.8 482.4 311.8
2059 681.6 446.1 285.9 740.5 487.7 315.2
2060 686.5 451.2 288.7 745.4 493.8 318.8
2061 691.3 455.8 291.6 751.4 499.7 322.6
2062 695.3 460.6 294.4 756.3 505.6 326.4
2063 700.0 465.9 297.2 762.0 511.8 330.0
2064 705.0 470.9 300.4 767.5 518.1 334.1
2065 708.9 475.1 302.9 773.5 523.7 337.6
2066 713.0 480.1 306.1 777.6 529.7 341.7
2067 716.1 485.1 308.8 782.8 535.5 345.1
2068 719.8 489.3 311.8 787.3 540.9 349.2
2069 724.6 495.0 314.7 792.6 547.7 353.1
2070 728.5 499.0 317.7 797.7 553.1 356.8
2071 731.6 503.5 320.6 801.8 558.9 360.6
2072 735.3 508.2 324.4 806.1 564.2 365.3
2073 739.2 513.3 327.3 811.8 570.5 369.3
2074 741.6 517.8 330.0 814.7 576.1 373.0
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Table 16. OFLs for rebuilding alternatives under different values of stock-recruit steepness (h) for
the years 2017-2047, assuming either full or 65% of ACLs removed.

RuN Rebuilding cases under full ACL Rebuilding cases under
removals removals of 65% ACLs
assessment assessment
Year model, h=0.509 h=0.4 model, h=0.509 h=0.4
h=0.718 h=0.718

2017 75.2 49.4 36.7 75.2 49.4 36.7
2018 78.2 50.8 37.5 78.4 50.9 37.6
2019 81.2 52.2 38.1 81.5 52.5 38.4
2020 83.9 53.4 38.9 84.5 53.9 39.3
2021 86.5 54.6 39.5 87.3 55.2 40.1
2022 89.0 55.7 40.1 90.0 56.5 40.8
2023 91.3 56.7 40.6 92.6 57.7 41.4
2024 93.4 57.7 41.1 95.0 58.8 42.0
2025 95.4 58.6 415 97.4 59.9 425
2026 97.3 59.5 41.9 99.6 60.9 43.0
2027 99.2 60.4 42.3 101.7 62.0 43.6
2028 100.9 61.2 42.7 103.7 63.1 44.1
2029 102.6 62.1 43.1 105.7 64.1 44.6
2030 104.3 63.0 435 107.7 65.2 45.1
2031 105.9 63.9 43.9 109.6 66.3 45.6
2032 107.4 64.8 44.3 111.4 67.3 46.1
2033 108.9 65.7 44.7 113.2 68.4 46.7
2034 110.4 66.6 45.2 114.9 69.5 47.2
2035 111.8 67.6 45.6 116.6 70.6 47.8
2036 113.2 68.5 46.1 118.3 717 48.4
2037 114.7 69.5 46.6 120.1 729 49.1
2038 116.1 70.4 47.1 121.8 74.0 49.7
2039 1175 714 47.6 1234 75.2 50.3
2040 118.8 72.3 48.1 125.0 76.3 51.0
2041 120.0 73.4 48.6 126.5 775 51.6
2042 121.4 74.4 49.2 128.0 78.7 52.3
2043 122.6 75.3 49.7 129.5 79.8 53.0
2044 123.8 76.3 50.3 131.0 81.0 53.7
2045 125.0 77.3 50.8 1325 82.2 54.3
2046 126.0 78.3 51.3 133.8 83.4 55.0
2047 127.3 79.3 51.9 135.1 84.6 55.7




Table 16 (continues). OFLs for rebuilding alternatives under different values of stock-recruit
steepness (h) for the years 2048-2074, assuming either full or 65% of ACLs removed.

RuN Rebuilding cases under full ACL Rebuilding cases under
removals removals of 65% ACLs
assessment assessment
Year model, h=0.509 h=0.4 model, h=0.509 h=0.4
h=0.718 h=0.718

2048 128.5 38.4 52.6 136.7 85.9 56.5
2049 129.8 38.9 53.1 138.2 87.1 57.2
2050 130.9 39.4 53.8 139.6 88.4 58.0
2051 132.1 39.9 54.4 141.0 89.7 58.8
2052 133.2 40.4 55.0 142.4 90.9 59.6
2053 134.4 40.9 55.6 143.8 92.2 60.3
2054 135.5 41.4 56.2 145.0 93.4 61.1
2055 136.2 41.8 56.7 146.2 94.4 61.8
2056 137.2 42.3 57.3 147.2 95.6 62.5
2057 138.1 42.7 57.9 148.3 96.8 63.2
2058 138.9 43.2 58.4 149.3 97.9 63.9
2059 139.9 43.6 59.0 150.4 99.1 64.7
2060 140.8 44.1 59.6 151.4 100.3 65.5
2061 141.7 44.6 60.1 152.7 101.4 66.2
2062 1425 45.0 60.7 153.5 102.5 67.0
2063 143.1 45.4 61.3 154.5 103.7 67.7
2064 143.9 45.9 61.9 155.4 104.9 68.5
2065 144.8 46.4 62.5 156.5 106.0 69.2
2066 145.6 46.8 63.1 157.6 107.0 69.9
2067 146.2 47.2 63.7 158.3 108.2 70.7
2068 147.0 47.6 64.3 159.2 109.3 71.6
2069 147.8 48.1 64.9 160.2 1104 72.3
2070 148.2 48.5 65.5 160.9 1115 73.1
2071 148.6 48.8 66.0 161.5 1125 73.8
2072 149.0 49.2 66.7 162.1 113.4 74.6
2073 149.5 49.5 67.2 162.7 114.3 75.3
2074 149.9 49.9 67.7 163.2 115.2 76.0
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Figure 1. Probability of recovery for all rebuilding alternatives (SPR-based and year-based

alternatives combined).
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and year-based alternatives combined).
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