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ONE-PAGE SUMMARY

» The stock assessment model for 2019 is similar in strud¢tutbe 2018 model. It is fit to
an acoustic survey index of abundance, annual commerda@l data, and age-composition
data from the survey and commercial fisheries.

* The only structural change from 2018 is the inclusion oftivarying (rather than constant)
fecundity. This is achieved by using a single maturity-g&-@urve multiplied by yearly
weight-at-age data to produce the fecundity-at-age fdn gaar.

» Updates to the data include: minor changes to historiaa-2018) catch, age composi-
tion, and weight-at-age data; addition of 2018 fishery catoth age-composition data; and
addition of 2018 weight-at-age data.

» Coastwide catch in 2018 was the second largest on recortiOad4i3 t [t represents metric
tons], out of a Total Allowable Catch (adjusted for carry@yeof 597,500 t. Attainment in
the U.S. was 71.4% of its quota (down 9% from last year); inadant was 61.1% (up 6%
from last year).

* The stock is estimated to have been at a minimum of 51®Byafince 2013 due to large
estimated 2010 and 2014 cohorts.

* The median estimate of the 2019 relative spawning bionfassale spawning biomass at
the start of 2019 divided by that at unfished equilibrilg), is 64.1% but is highly uncertain
(with 95% credible interval from 26.3% to 156.7%). The medistimate of female spawn-
ing biomass at the start of 2019 is 1.312 million t (with 95%cdsble interval from 0.471 to
3.601 million t). This is a decrease from the 2018 median &1@ million t (though its 95%
credible interval is 0.616—2.943 million t).

* The estimated joint probability of being both above th@e¢amrelative fishing intensity in
2018 and below thB409, (40% 0fBg) reference point at the start of 2019 is 10.3%.

» Based on the default harvest rule, the estimated mediah diatit for 2019 is 725,593 t
(with 95% credible interval from 214,763 to 2,106,509 t).

» Asinthe past, projections are highly uncertain due to tag®y in estimates of recruitment
for recent years. Projections were conducted across a m@ingatch levels. Projections
setting the 2019 and 2020 catch equal to the 2018 Total Aldsv@atch of 597,500 t show
the estimated median relative spawning biomass decre&sing64% in 2019 to 61% in
2020 and 53% in 2021. However, due to uncertainty there issamated 34% chance of
the spawning biomass falling beloBygo, in 2021. There is an estimated 68% chance of
the spawning biomass declining from 2019 to 2020, and an §#ae of it declining from
2020 to 2021 under this constant level of catch.
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EXECUTIVE SUMMARY
STOCK

This assessment reports the status of the coastal Pacifee (daRacific whitingMerluccius pro-
ductug resource off the west coast of the United States and Candlda start of 2019. This stock
exhibits seasonal migratory behavior, ranging from offshand generally southern waters dur-
ing the winter spawning season to coastal areas betwedmenoi€alifornia and northern British
Columbia during the spring, summer and fall when the fishegonducted. In years with warmer
water the stock tends to move farther to the north during timenser. Older hake tend to migrate
farther north than younger fish in all years, with catche©iew@anadian zone typically consisting
of fish greater than four years old. Separate, and much syadlpulations of hake occurring in
the major inlets of the northeast Pacific Ocean, includimgStrait of Georgia, Puget Sound, and
the Gulf of California, are not included in this analysis.

CATCHES

Coast-wide fishery Pacific Hake landings averaged 233,645 1966 to 2018, with a low of
89,930 t in 1980 and a peak of 440,942 t in 2017 (Figa)rePrior to 1966, total removals were
negligible compared to the modern fishery. Over the earlpdel 966—-1990, most removals were
from foreign or joint-venture fisheries. Over all years, tlagch in U.S. waters averaged 176,999,
or 75.8% of the average total catch, while catch from Camadiaters averaged 56,646 t. Over
the last 10 years, 2009-2018 (Takjethe average coastwide catch was 285,434 t with U.S. and
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Figure a. Total Pacific Hake catch used in the assessment by sectd@-2068. U.S. tribal catches are
included in the sectors where they are represented. CPcisesgirocessor and MS is mothership.
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Table a. Recent commercial fishery catch (t). Tribal catches araidezd in the sector totals. Research catch
includes landed catch associated with certain reseatatedeactivities. Catch associated with surveys and
discarded bycatch in fisheries not targeting hake are not¢wmily included in the model.

us us us Us Us CAN CAN CAN CAN
Year Mother-  Catcher- Shore- Joint- Shore-  Freezer Total
h Research Total ) Total
ship processor  based Venture side  Trawlers

2006 60,926 78,864 127,165
2007 52,977 73,263 91,441
2008 72,440 108,195 67,861

266,955 14,319 65,289 15,13674484 361,699
217,682 6,780 48,075 14,121 768,286,658
248,496 3,592 53,444 13,2142570, 318,746

ejeololoNe]

2009 37,550 34,552 49,222 121,324 0 44,136 13,223 57,359,687
2010 52,022 54,284 64,736 171,043 8,081 31,418 13,573 753,224,115
2011 56,394 71,678 102,146 1,042 231,261 9,717 26,827 34,591,137 282,398
2012 38,512 55,264 65,919 448 160,144 0 31,718 14,909 46,606,771
2013 52,470 77,950 102,143 1,018 233,581 0 33,665 18,58424%2, 285,830
2014 62,102 103,203 98,640 197 264,141 0 13,326 21,787 35,1299,254
2015 27,665 68,484 58,011 0 154,160 0 16,775 22,903 39,678,838
2016 65,036 108,786 87,760 745 262,327 0 35,012 34,729 ®9,73B2,067
2017 66,428 136,960 150,841 0 354,229 5,608 43,427 37,6797186 440,942
2018 67,129 116,073 131,829 0 315,031 2,724 54,447 38,241,415 410,443

Canadian catches averaging 226,724 t and 58,710 t, regggclihe coastwide catch in 2018 was
410,443 t, out of a total allowable catch (TAC, adjusted famrygovers) of 597,500 t. Attainment
in the U.S. was 71.4% of its quota; in Canada it was 61.1%.

In this stock assessment, the terms catch and landings adeinterchangeably. Estimates of
discard within the target fishery are included, but discagdif Pacific Hake in non-target fisheries
is not. Discard from all fisheries, including those that do taoget hake, is estimated to be less
than 1% of landings in recent years. During the last five yemtehes have been above the long-
term average catch (233,645 t) in 2014, 2016, 2017 and 20iBbelow it in 2015. Landings
between 2001 and 2008 were predominantly comprised of fasin the very large 1999 year
class, with the cumulative removal (through 2018) from ttattort estimated at approximately
1.29 million t. Through 2018, the total catch of the 2010 aAdfyear classes is estimated to be
about 1.00 million t and 0.37 million t, respectively.

DATA AND ASSESSMENT

This Joint Technical Committee (JTC) assessment depemdarnily on the fishery landings (1966—
2018), acoustic survey biomass indices (Figoyand age-compositions (1995-2017), as well as
fishery age-compositions (1975-2018). The 2011 surveyindkie was the lowest in the time
series, and was followed by the index increasing in 2012328&hd 2015, and then declining in
2017. Age-composition data from the aggregated fisheridsta acoustic survey contribute to
the assessment model’s ability to resolve strong and weladrt

The assessment uses a Bayesian estimation approachivégresitalyses, and retrospective in-
vestigations to evaluate the potential consequences afrer uncertainty, alternative structural
models, and historical performance of the assessment nredpkectively. The Bayesian approach
combines prior knowledge about natural mortality, stoe&ruitment steepness (a parameter for
stock productivity) and several other parameters, wittliifoods for acoustic survey biomass in-
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Figure b. Acoustic survey biomass index (millions of tons). Approate 95% confidence intervals (gray
bars) are based on sampling variability; black bar for 2008schot include additional uncertainty due to
squid/hake apportionment.

dices, acoustic survey age-composition data, and fishescamposition data. Integrating the
joint posterior distribution over model parameters (via larkov Chain Monte Carlo algorithm)
provides probabilistic inferences about uncertain modehmeters and forecasts derived from
those parameters. Sensitivity analyses are used to igafigfrnative model assumptions that may
also be consistent with the data. Retrospective analyssgifig possible poor performance of
the assessment model with respect to future predictiorst.aBaessments have conducted closed-
loop simulations which provide insights into how altermatcombinations of survey frequency,
assessment model selectivity assumptions, and harvetsbkares affect expected management
outcomes given repeated application of these procedussstiog long-term. The results of past
(and ongoing) closed-loop simulations influenced the datssmade for this assessment.

The 2019 assessment retains most of the structural formedsdbe assessment model from 2018
as well as many of the previous elements as configured in Spethesis. Analyses conducted in
2014 showed that allowing for time-varying (rather thandixselectivity reduced the magnitude
of extreme cohort strength estimates. In closed-loop straris, management based upon assess-
ment models allowing for time-varying fishery selectivigglto higher median average catch, lower
risk of falling below 10% of unfished biomasBg), smaller probability of fishery closures, and
lower inter-annual variability in catch compared to asses#® models which force time-invariant
fishery selectivity. Even a small degree of flexibility in tassessment model fishery selectivity
could reduce the effects of errors caused by assuming sgthect constant over time. Therefore,

Pacific Hake assessment 2019 8 Executive summary
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Figure c. Median of the posterior distribution for beginning of theaydemale spawning biomasB;(in
yeart) through 2019 (solid line) with 95% posterior credibilitytérvals (shaded area). The solid circle
with a 95% posterior credibility interval is the estimatadished equilibrium biomass.

we retain time-varying selectivity in this assessment.tiommg with the new parameterization

introduced in the 2018 assessment and retaining the egqoiMalvel of assumed variability. We

apply the Dirichlet-Multinomial approach to weighting cposition data again this year and pro-
vide sensitivities to alternative data-weighting applreesc For 2019, we incorporate time-varying
fecundity into the assessment model, whereas previousigdttime-invariant.

The 35-day 2018/2019 U.S. government shutdown considedabhyed delivery of U.S. age data
and reduced the JTC'’s time available to collectively corgpthe 2019 assessment. As a result,
many planned supplementary and exploratory analyses cmilde completed, including some
developed for response to 2018 SRG requests, although reasiisgity runs (including new ones
related to time-varying fecundity) were completed.

STOCK BIOMASS

The base stock assessment model indicates that since tBe, I2dcific Hake female spawning
biomass has ranged from well below to near (and above) udfisgeilibrium (Figurex andd).
The model estimates that it was below the unfished equihtiiiuthe 1960s, at the start of the
assessment model, due to lower than average recruitmeastdbk is estimated to have increased
rapidly to near unfished equilibrium in the mid-1970s andhthgain after two large recruitments

Pacific Hake assessment 2019 9 Executive summary
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Figure d. Median (solid line) of the posterior distribution for relet spawning biomas$(/By) through
2019 with 95% posterior credibility intervals (shaded qré&zashed horizontal lines show 10%, 40% and
100% levels.

in the early 1980s, and then declined steadily after a pedkarmid- to late-1980s to a low in
1999. This long period of decline was followed by a brief gase to a peak in 2002 as the very
large 1999 year class matured. The 1999 year class largehosied the fishery for several years
due to relatively small recruitments between 2000 and 200/th the aging 1999 year class,
median female spawning biomass declined throughout tee22®0s, reaching a time-series low
of 0.550 million t in 2010. The assessment model estimatasniedian spawning biomass then
peaked again in 2013 and 2014 due to a very large 2010 yearattdsan above-average 2008 year
class. The subsequent decline from 2014 to 2016 is primiaoig the 2010 year class surpassing
the age at which gains in weight from growth are greater tharidss in weight from mortality.
The 2014 year class is estimated to be large, though notgesdarthe 1999 and 2010 year classes,
which, combined with the fishing mortality on these cohortd an above-average estimate of the
2016 year class, has resulted in a relatively constant lEemsiace 2017.

The median estimate of the 2019 relative spawning biomassnvsng biomass at the start of
2019 divided by that at unfished equilibriufBg) is 64.1%. However, the uncertainty is large,
with a 95% posterior credibility interval from 26.3% to 1386 (Tableb). The median estimate
of the 2019 spawning biomass is 1.312 million t (with a 95%t@osr credibility interval from
0.471 to 3.601 million t). The estimate of the 2018 femalenspag biomass is 1.346 (0.616—
2.943) million t. This is a slightly lower median than the 373(0.610-3.161) million t estimated
in the 2018 assessment, though the credibility intervalwéhin that from the 2018 assessment.
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Table b. Recent trends in estimated beginning of the year female r@pgwbiomass (thousand t) and
spawning biomass level relative to estimated unfished ibguiin.

Spawning Biomass Relative spawning Biomass
Year : (thousand t) : : (Bt/Bg) :
2.8 . Median 97'5. 2.5 . Median 97'5.
percentile percentile percentile percentile
2010 420.1 549.6 839.5 21.1% 27.3% 36.0%
2011 503.9 673.9 1,054.0 255%  33.4% 45.2%
2012 594.6 850.0 1,419.5 30.3% 42.2% 61.2%

2013 1,029.1 1,511.1 2,577.6 52.7%  75.1% 113.9%
2014 1,027.6 1,568.9 2,739.6 53.8%  77.8% 119.7%

2015 731.4 1,153.8 2,093.2 38.4% 57.3% 90.2%
2016 629.9 1,040.1 1,940.7 33.2% 51.4% 83.4%
2017 743.7 1,350.9 2,766.3 38.8%  66.8% 117.7%
2018 615.8 1,345.7 2,942.6 32.9% 66.1% 124.8%
2019 470.6 1,311.7 3,601.2 26.3% 64.1% 156.7%

Table c. Estimates of recent recruitment (millions of age-0) anduiément deviations, where deviations
below (above) zero indicate recruitment below (above) éistitnated from the stock-recruit relationship.

Absolute recruitment Recruitment deviations

Year (millions)
h
2'5t. Median 97'5m. 2'5th. Median 97'5h.
percentile percentile percentile percentile
2009 735.3 1,297.3 2,543.2 -0.053 0.374 0.822
2010 8,605.8 13,583.1 25,331.8 2.453 2.730 3.076
2011 153.1 390.2 925.6 -1.659  -0.857 -0.176
2012 586.1 1,114.1 2,366.8 -0.329 0.152 0.678
2013 120.0 374.8 1,167.6 -2.088 -1.011 -0.054
2014 4,182.6 8,467.4  19,352.0 1.565 2.100 2.728
2015 14.2 85.4 463.0 -4.151  -2.440 -0.969
2016 746.1 3,895.2 26,085.3 -0.124 1.365 3.087
2017 2154 21774 21,0181 -1.470 0.764 2.917
2018 60.6 1,002.5 15,086.4 -2.759  -0.018 2.734

RECRUITMENT

The new data available for this assessment do not signifjcaeindnge the pattern of recruitment
estimated in recent assessments. Pacific Hake appear tiohaeeruitment with occasional large
year-classes (Tableand Figuree). Very large year classes in 1980, 1984, and 1999 supported
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Figure e. Medians (solid circles) and means)(of the posterior distribution for recruitment (billiong o
age-0) with 95% posterior credibility intervals (blue I&)e The median of the posterior distribution for
mean unfished equilibrium recruitmerRg] is shown as the horizontal dashed line with a 95% posterior
credibility interval shaded between the dotted lines.

much of the commercial catch from the 1980s to the mid-206@em 2000 to 2007, estimated

recruitment was at some of the lowest values in the time sdbvig this was followed by an above

average 2008 year class. The current assessment continassmate a very strong 2010 year
class comprising 64% of the coast-wide commercial catchOitd2 33% of the 2016 catch, and

24% of the catch in 2018. The smaller proportion of the 2014 yéass in the 2016 catch is due
to the large influx of the 2014 year class (50% of the 2016 cahage-2 fish from the 2014 year

class, which was similar to the proportion of age-2 fish, 4i@m the 2010 year class in 2012).

The median of the estimated size of the 2010 year class isettend highest in the time series

(after that for 1980). The model currently estimates smdlian-average 2011, 2012, 2013, and
2015 year classes (median recruitment below the mean ofglian recruitments). The 2014 year
class is likely larger than average yet has only a 3.0% chahbeing larger than the 2010 year

class. The 2016 year class is estimated to be above averagaains highly uncertain, and 2017

is highly uncertain. There is no information in the data ttneate the sizes of the 2018 and 2019
year classes. Retrospective analyses of year class stfengbung fish have shown the estimates
of recent recruitment to be unreliable prior to model aget&érved at age-2).

Pacific Hake assessment 2019 12 Executive summary



Table d. Recent estimates of relative fishing intensity, (1-SPR¥PRy04), and exploitation fraction (catch
divided by age-2+ biomass).

Relative fishing intensity Exploitation fraction

vear—agh L 97.8h 2.9" | 97.8h

. edian . . Median .

percentile percentile percentile percentile

2009 0.567 0.798 1.025 0.098 0.146 0.187
2010 0.703 0.966 1.246 0.086 0.131 0.171
2011 0.627 0.914 1.179 0.109 0.170 0.229
2012 0.469 0.725 0.987 0.038 0.066 0.095
2013 0.448 0.697 0.917 0.047 0.081 0.120
2014 0.416 0.671 0.921 0.048 0.086 0.131
2015 0.299 0.528 0.799 0.042 0.076 0.120
2016 0.487 0.799 1.111 0.054 0.105 0.176
2017 0.517 0.837 1.192 0.070 0.144 0.262
2018 0.459 0.818 1.310 0.043 0.116 0.270

DEFAULT HARVEST POLICY

The defaultFspr-400s—40:10 harvest policy prescribes the maximum rate of fisihnaogtality to
equalFspr-40%. This rate gives a spawning potential ratio (SPR) of 40%,mmggthat the spawn-
ing biomass per recruit witRspr_409 iS 40% of that without fishing. If spawning biomass is
belowB4o9, (40% 0fByp), the policy reduces the TAC linearly until it equals zerdBggo, (10% of
Bo). Relative fishing intensity for fishing rateis (1 - SPRF))/(1— SPRyw), where SPRoo iS
the target SPR of 40%; it is reported here interchangeabdy decimal proportion or a percent-
age.

EXPLOITATION STATUS

Median relative fishing intensity on the stock is estimatetidave been below the target of 1.0 for
all years (see Tablkfor recent years, and Figufe Median exploitation fraction (catch divided by
biomass of fish of age-2 and above) peaked in 1999, and thehe@&ven higher values in 2006
and 2008 (Figurey). Over the last five years, the exploitation fraction was hifghest in 2017
(Tabled). Note that in earlier assessments the exploitation fsacivas often defined in terms
of fish age-3 and above, but with the 2018 assessment thetibefiage was lowered to age-2
because these fish are often caught by the fishery. Mediativeelshing intensity is estimated
to have declined from 96.6% in 2010 to 52.8% in 2015 beforeliey off near 80% the past few
years (2016—-2018). The exploitation fraction has incredsam a recent low of 0.07 in 2012 to
0.14 in 2017 before decreasing to 0.12 in 2018. There is aiderdle amount of uncertainty
around estimates of relative fishing intensity, with the 988sterior credibility interval reaching
above the SPR management target (of 1.0) for 2016—2018rgHigu
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Figure f. Trend in median relative fishing intensity (relative to tHeéRSmanagement target) through 2018
with 95% posterior credibility intervals. The managememgyét defined in the Agreement is shown as a
horizontal line at 1.0.

Table e.Recent trends in Pacific Hake landings and management aegisi

UsS Canada Total

Coast-wide us Canada  proportion  proportion  proportion

Year Iandliéss ® | aﬁ;ﬂag% Iangicl)'}als ® catch catch catch of catch of catch of catch
9 9 9 target (t) target (t) target (t) target target target
removed removed removed

2009 121,324 57,359 178,683 184,000 135,939 48,061 89.2%  9.3%l 97.1%
2010 171,043 53,072 224,115 262,500 193,935 68,565 88.2% A%r7 85.4%
2011 231,261 51,137 282,398 393,751 290,903 102,848 79.5% 9.79%4 71.7%
2012 160,144 46,627 206,771 251,809 186,036 65,773 86.1% .9%70 82.1%
2013 233,581 52,249 285,830 365,112 269,745 95,367 86.6% .8%b4 78.3%
2014 264,141 35,113 299,254 428,000 316,206 111,794 83.5% 1.4%3 69.9%
2015 154,160 39,678 193,838 440,000 325,072 114,928 47.4%  4.5%3 44.1%
2016 262,327 69,740 332,067 497,500 367,553 129,947 71.4% 3.7%b 66.7%
2017 354,229 86,713 440,942 597,500 441,433 156,067 80.2% 5.6%b 73.8%
2018 315,031 95,412 410,443 597,500 441,433 156,067 71.4% 1.1%6 68.7%

MANAGEMENT PERFORMANCE

Over the last decade (2009-2018), the mean coast-wideatitln rate (proportion of catch target
removed) has been 73.8% (Talgle Over the last five years (2014 to 2018), the mean utilizatio
rates were 70.8% for the United States and 47.3% for Cananlal [&ndings last exceeded the
coast-wide quota in 2002 when utilization was 112%, thounghfishing intensity was relatively
low that year due to the appearance of the 1999 year class.

The median relative fishing intensity was below target iryalrs (Figurd). The median female

Pacific Hake assessment 2019 14 Executive summary
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Figure g. Trend in median exploitation fraction (catch divided by &gebiomass) through 2018 with 95%
posterior credibility intervals.

spawning biomass was above gy, reference point in all years except 1999-2000 and 2007-
2011 (Figured).

The joint history of the medians for relative spawning bi@siand relative fishing intensity shows
that the median relative fishing intensity has never beenabw target of 1.0 when the female
spawning biomass is below the reference poinBgiy, (Figure h). This highlights the highly
dynamic nature of the stock due to high variation in recreiirstrength. While the target fishing
mortality (Fspr-40%) and the target spawning bioma&sde) result in different population sizes
(see Tabld), this difference is not, by far, the major driver of the atveel dynamics. Between
2007 and 2011, median relative fishing intensity ranged f8@% to 97% and median relative
spawning biomass between 0.27 and 0.33. Biomass has rwarttie 2010 low with the 2008,
2010 and 2014 recruitments, and median relative spawnorgdss has been above the reference
point of 40% since 2012.

While there is large uncertainty in the estimates of reéafishing intensity and relative spawning
biomass, the model estimates a 10.3% joint probability ofdboth above the target relative fish-
ing intensity in 2018 and below th#go, relative spawning biomass level at the start of 2019.
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Figure h. Estimated historical path followed by medians of relatighifig intensity and relative spawning
biomass for Pacific Hake with labels on the start and end years1999). Gray bars span the 95% cred-
ibility intervals for 2018 relative fishing intensity (véral) and relative spawning biomass (horizontal).
The points for 2017 and 2018 are nearly on top of one another.

REFERENCE POINTS

Estimates of the 2019 base model reference points with pasteedibility intervals are in Table
The estimates are slightly different than those in the 2@58ssment, with lower sustainable yields
and reference points estimated in this assessment.

UNRESOLVED PROBLEMS AND MAJOR UNCERTAINTIES

Measures of uncertainty in the base model underestimatetdleuincertainty in the current stock
status and projections because they do not account forljp@sdternative structural models for
hake population dynamics and fishery processes (e.g. tisélg¢ the effects of data-weighting
schemes, and the scientific basis for prior probabilityritistions. To address such structural
uncertainties, including those related to the new timexwarfecundity, we performed sensitivity
analyses to investigate a range of alternative assumptamaspresent the key ones in the main
document.

The Pacific Hake stock displays a very high recruitment ‘alitg relative to other west coast
groundfish stocks, resulting in large and rapid biomass@éanThis leads to a dynamic fishery
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Table f. Summary of median and 95% credibility intervals of equilibn reference points for the Pacific
Hake base assessment model. Equilibrium reference poartssomputed using 1975-2018 averages for
mean weight-at-age and selectivity-at-age.

. 2.50 . 97.3"
Quantity percentile Median percentile
Unfished female spawning bioma(thousand t) 1,649 2,026 2,682
Unfished recruitmentRy, millions) 1,764 2,770 4,657
Reference points (equilibrium) based orFspr_40%

Female spawning biomasskipr-409 (thousand t) 533 722 945
SPR atFspr_409 - 40% -
Exploitation fraction corresponding #€spr-40% 16.1% 18.3% 20.8%
Yield associated witlrspr-409 (thousand t) 242 339 504
Reference points (equilibrium) based orBsgy, (40% of Bg)

Female spawning biomasBpy, thousand t) 660 810 1,073
SPR atBygv 40.7% 43.4% 51.6%
Exploitation fraction resulting 8409 12.5% 16.2% 19.4%
Yield at B4go, (thousand t) 241 329 493
Reference points (equilibrium) based on estimated MSY

Female spawning biomasBy(sy, thousand t) 373 514 828
SPR at MSY 22.4% 29.6% 46.9%
Exploitation fraction corresponding to SPR at MSY 146% 82%. 34.7%
MSY (thousand t) 249 355 548

that potentially targets strong cohorts resulting in tivaeying fishery selectivity. This volatility
results in a high level of uncertainty in estimates of currgiock status and stock projections
because, with limited data to estimate incoming recruitm#re cohorts are fished before the
assessment can accurately determine how big the cohos.isg@hort strength is not well known
until it is has been observed by the fishery and survey, tfipiaaminimum age-3).

In a 2015 Joint Management Committee (JMC) meeting, the JE€ented results from closed-
loop simulations to evaluate the effect of including potrage-1 indices on management out-
comes. It was found that fitting to an unbiased age-1 survaylteein lower catch, lower prob-
ability that spawning biomass falls below 10% B§, and a lower average annual variability in
catch. However, comparable results in terms of catch maglhieweed with a more precise age-2+
survey or alternative harvest control rules. The simutaiassumed an age-1 survey design with
consistent, effective, and numerous sampling, which mdybeahe case for the existing age-1
index. The age-1 index is not included in the base model batladed in a sensitivity run.
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Table g. Forecast quantiles of Pacific Hake relative spawning bisna&she beginning of the year before
fishing. Catch alternatives are based on: constant catelsl&éows a, b, c, d, e, ), including catch similar
to 2018 (row d) and the TAC from 2018 (row f), the catch values result in a median relative fishing
intensity of 100% (row g), the median values estimated \éadéfault harvest policy&pr-400—40:10) for
the base model (row h), and the fishing intensity that resubis50% probability that the median projected
catch will remain the same in 2019 and 2020 (row i). Catch 2126@oes not impact the beginning of the
year biomass in 2021.

Within model quantile 5% 25% 50% 75% 95%
Management Action _— . . .
Year Catch (0 Beginning of year relative spawning biomass

a 2019 0 31% 48% 64% 85% 133%
2020 0 35% 54% 73% 98% 163%
2021 0 37% 56% 75% 102% 173%
b: 2019 180,000 31% 48% 64% 85% 133%
2020 180,000 31% 50% 69% 94% 159%
2021 180,000 29% 48% 67% 94% 166%
c: 2019 350,000 31% 48% 64% 85% 133%
2020 350,000 27% 46% 65% 90% 155%
2021 350,000 20% 40% 60% 87% 159%
d: 2019 410,000 31% 48% 64% 85% 133%
2018 2020 410,000 25% 44% 63% 89% 154%
catch 2021 410,000 17% 37% 57% 84% 156%
e: 2019 500,000 31% 48% 64% 85% 133%
2020 500,000 23% 42% 61% 87% 152%
2021 500,000 13% 33% 53% 81% 153%
f: 2019 597,500 31% 48% 64% 85% 133%
2018 2020 597,500 20% 39% 59% 85% 150%
TAC 2021 597,500 9% 29% 49% 77% 151%
g: 2019 587,419 31% 48% 64% 85% 133%
Fl= 2020 556,709 21% 40% 59% 85% 150%
100% 2021 470,962 10% 30% 50% 78% 152%
h: 2019 725,593 31% 48% 64% 85% 133%
default 2020 643,698 17% 36% 56% 82% 147%
HR 2021 517,858 4% 25% 45% 73% 148%
i: 2019 660,812 31% 48% 64% 85% 133%
C2019= 2020 660,812 19% 38% 57% 83% 148%
C2020 2021 526,084 5% 26% 46% 74% 147%

FORECAST DECISION TABLES

The catch limit for 2019 based on the defab¥pr-400—40:10 harvest policy has a median of
725,593 t with a wide range of uncertainty, the 95% credipifiterval being 214,763—-2,106,5091t.

Decision tables give the projected population status tfuelapawning biomass) and the relative
fishing intensity under different catch alternatives foe thase model (Tableggandh). The ta-
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Table h. Forecast quantiles of Pacific Hake relative fishing intgngitSPR)/(1-SPEye), expressed as a
percentage, for the 2019-2021 catch alternatives prasaniableg. Values greater than 100% indicate
relative fishing intensities greater than thgr-409 harvest policy calculated using baseline selectivity.

Within model quantile 5% 25% 50% 75% 95%
Manag$21aernt é(;ttlc(:)r? 0) Relative fishing intensity
a 2019 0 0% 0% 0% 0% 0%
2020 0 0% 0% 0% 0% 0%
2021 0 0% 0% 0% 0% 0%
b: 2019 180,000 25% 39% 50% 64% 87%
2020 180,000 22% 35% 46% 61% 87%
2021 180,000 20% 34% 47% 63% 90%
c: 2019 350,000 43% 62% 7% 93% 117%
2020 350,000 38% 59% 75% 94% 123%
2021 350,000 37% 60% 79% 100% 134%
d: 2019 410,000 48% 69% 84% 100% 124%
2018 2020 410,000 44% 66% 83% 103% 132%
catch 2021 410,000 42% 68% 88% 110% 144%
e: 2019 500,000 56% 78% 93% 109% 132%
2020 500,000 51% 75% 94% 113% 142%
2021 500,000 50% 78% 100% 123% 159%
f: 2019 597,500 63% 85% 101% 116% 138%
2018 2020 597,500 58% 84% 103% 123% 151%
TAC 2021 597,500 56% 88% 112% 135% 167%
g: 2019 587,419 62% 85% 100% 115% 137%
Fl= 2020 556,709 55% 81% 100% 120% 148%
100% 2021 470,962 48% 77% 100% 125% 163%
h: 2019 725593 71% 94% 109% 124% 145%
default 2020 643,698 61% 89% 109% 129% 158%
HR 2021 517,858 52% 84% 109% 135% 167%
i: 2019 660,812 67% 90% 105% 120% 141%
C2019= 2020 660,812 62% 90% 109% 129% 156%
C2020 2021 526,084 52% 84% 108% 134% 167%

bles are organized such that the projected outcome for eateimtal catch level and year (each
row) can be evaluated across the quantiles (columns) ofdeepor distribution. Tablg shows
projected relative spawning biomass outcomes and Tableows projected fishing intensity out-
comes relative to the target fishing intensity (based on SB&e-table legend). Figureshows the
projected biomass for several catch alternatives.

A relative fishing intensity above 1 (or 100% when shown asregrgage) indicates fishing greater
than theFspr_409, default harvest rate catch target. This can happen for tlikameelative fishing

intensity in projected years because apr_409, default harvest-rate catch limitis calculated using
baseline selectivity from all years, whereas the forechstgches are removed using selectivity
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Figure i. Time series of estimated relative spawning biomass to 2aif the base model, and forecast
trajectories to 2021 (grey region) for several managemetitires defined in Tablg, with 95% posterior
credibility intervals.

averaged over the last five years. Recent changes in séleutill thus be reflected in the deter-
mination of fishing in excess of the default harvest policitemative catch levels where median
relative fishing intensity is 100% for three years of pragues$ are provided for comparison (sce-
nario f: FI=100%).

The addition of time-varying fecundity into the 2019 assesst resulted in the need to clarify
which set of fecundity values (defined as weight-at-age ipligtl by maturity) would be applied
to the forecast period. Ideally, these would be based onentewerage (e.g., a five-year period
similar to selectivity). However, Stock Synthesis doesauwtently have the desired settings to do
this appropriately; therefore, the long-term averageriddy-at-age was used.

Management metrics that were identified as important toth@ and the Advisory Panel (AP) in
2012 are presented for projections to 2020 and 2021 (Takhledj and Figureg andk).

These metrics summarize the probability of various outfmem the base model given each
potential management action. Although not linear, proliggs can be interpolated from these
results for intermediate catch values. Figurghows the predicted relative spawning biomass
trajectory through 2021 for several of these managemeiarectWith zero catch for the next two
years, the biomass has a 17% probability of decreasing fi@t® 2o 2020 (Table), and a 53%
probability of decreasing from 2020 to 2021 (Tale
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Figure j. Graphical representation of the probabilities relategpavmsing biomass, relative fishing intensity,
and the 2020 default harvest policy catch for alternativé92€atch options (catch options explained in
Tableg) as listed in Tableé. The symbols indicate points that were computed directiynfmodel output
and lines interpolate between the points.

Table i. Probabilities related to spawning biomass, relative fighimensity, and the 2020 default harvest
policy catch for alternative 2019 catch options (catchapiexplained in Tablg).

Probability  Probability
2019 relative 2020 default

Catch Probability Probability Probability Probability fishing  harvest policy

in 2019 B2020<B2019 B2020<Bagw B2020<B25% B2020<B10%

intensity catch

>100% <2019 catch
a:0 17% 8% 1% 0% 0% 0%
b: 180,000 40% 13% 2% 0% 2% 2%
c: 350,000 57% 17% 4% 0% 17% 12%
d: 410,000 61% 19% 5% 0% 25% 18%
e: 500,000 68% 22% 6% 1% 38% 30%
f: 597,500 72% 26% 9% 1% 51% 44%
g: 587,419 71% 25% 9% 1% 50% 43%
h: 725,593 77% 29% 12% 2% 65% 57%
i: 660,812 75% 27% 10% 2% 58% 50%

Pacific Hake assessment 2019 21 Executive summary



1.0

—e— P(B2021<B2020): Stock declines in 2021

—4— P(B2021<B40%)

—+— P(B2021<B25%) °

P(B2021<B10%) o - o---0-—-©
0.8 _|—=— P(2020 relative fishing intensity > 100%) o---""
. P(2021 default harvest policy catch < 2020 catch) __e-—"""
- .—————‘

e n
> 0.6 - -7 /.
= - -
i<} [ e .-
®© =
fe] -7
g .’/ _ A A

0.4 T A4
. AT
—’—’ ‘/’—’
- A- I A,
0.2 : -a--A
- AT =" AT
———————— - =T - A-"TTT
A--"" et A
00 /\--—:::::::::::::::Zej o
. T | I I I I I (L
o o o o o N <] < —
®© 0 — =] ['9) [} < ©
- ™ < 5} [Te] e} © ©

Catch in 2020 ('000 t)

Figure k. Graphical representation of the probabilities relatedpmasing biomass, relative fishing inten-
sity, and the 2021 default harvest policy catch for alteweaR020 catch options (including associated
2019 catch; catch options explained in Tag)es listed in Tablg. The symbols indicate points that were
computed directly from model output and lines interpolageateen the points.

Table j. Probabilities related to spawning biomass, relative fighimensity, and the 2021 default harvest
policy catch for alternative 2020 catch options, given tB&®catch level shown in Tabl€catch options
explained in Tablg).

Probability  Probability
2020 relative 2021 default

Catch Probability Probability Probability Probability fishing  harvest policy
in 2020 B2021<B2020 B2021<Ba0% B2021<B2s% B2021<B10% intensity catch
>100% <2020 catch

a:0 53% 7% 0% 0% 0% 0%

b: 180,000 69% 15% 3% 0% 2% 2%

c: 350,000 7% 25% 9% 1% 19% 17%

d: 410,000 80% 29% 11% 2% 28% 26%

e: 500,000 84% 34% 15% 4% 43% 40%

f: 597,500 86% 40% 20% 6% 55% 53%

g: 556,709 85% 38% 19% 5% 50% 48%

h: 643,698 87% 44% 25% 9% 61% 60%

i: 660,812 87% 44% 24% 8% 62% 60%
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The probability of the spawning biomass decreasing fron®202020 is 50% for some catch level
between 180,000 t and 350,000 t (Tab#émd Figurg). The highest probability of decrease is 77%,
which is for the default harvest policy (row g in Tab)e For all explored catches, the predicted
probability of the spawning biomass dropping beByyo, at the start of 2020 is 2% or less and the
maximum probability of dropping beloByqo, is 29% (Tableé and Figurg). The model estimated
below-average recruitment for the 2011, 2012, 2013, an® 20horts, but above-average 2014
and 2016 cohorts that may result in increases to the spawiongass as they mature and increase
in weight.

RESEARCH AND DATA NEEDS

There are many research projects that could improve thé& stegessment for Pacific Hake and
lead to improved biological understanding and decisiokinta The top three are:

1. Continue investigation of links between hake biomassitnspatial distribution, and how
these vary with ocean conditions and ecosystem variabidsagtemperature and prey avail-
ability. These investigations have the potential to imgrthe scenarios considered in future
management strategy evaluation (MSE) work as well as proyia better basic understand-
ing of drivers of hake population dynamics and availabiidyisheries and surveys.

2. Continue development of the MSE to evaluate major sowtescertainty relating to data,
model structure and the harvest policy for this fishery, amchgare potential methods to
address them. Incorporate the feedback from JIMC/AP/SR&/M&visory Panels into op-
erating model development.

3. Conduct research to improve the acoustic survey estaratage and abundance. This
includes, but is not limited to, species identificationgtdrverification, target strength, di-
rectionality of survey and alternative technologies tasisas the survey, as well as im-
proved and more efficient analysis methods. Apply bootgirapmethods to the acoustic
survey time-series to incorporate more of the relevant iaiceies into the survey variance
calculations. These factors include the target strend#tioaship, subjective scoring of
echograms, thresholding methods, the species-mix and grapluic estimates used to in-
terpret the acoustic backscatter, and others. Continu®tk with acousticians and survey
personnel from the NWFSC and DFO to determine an optimabdesncluding designs
that incorporate ecosystem-based factors and other paitéanget species (e.g., rockfish,
euphausiids, and mesopelagics) for the Joint U.S./Caramestc survey. Develop automa-
tion and methods to allow for the availability of biomass ag#g composition estimates to
the JTC in a timely manner after a survey is completed.
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1 INTRODUCTION

The Joint U.S.-Canada Agreement for Pacific Hake (calledAtreement) was signed in 2003,
went into force in 2008 and was implemented in 2010. The cdtees defined by the Agreement
were first formed in 2011, and 2012 was the first year for whiehgrocess defined by the Agree-
ment was followed. This is the eighth annual stock assessooelucted under the Agreement
process.

Under the Agreement, Pacific Hak®l€rluccius productusalso referred to as Pacific whiting)
stock assessments are to be prepared by the Joint Techwicahiftee (JTC) comprised of both
U.S. and Canadian scientists, and reviewed by the ScieR&iew Group (SRG), consisting of
representatives from both nations. Additionally, the Asgnent calls for both of these bodies to
include scientists nominated by an Advisory Panel (AP) dieig stakeholders.

The data sources for this assessment include an acousteysannual fishery catch, as well as sur-
vey and fishery age-composition data. The assessment depemdvrily upon the acoustic survey
biomass index time-series for information on the scale etlrrent hake stock. Age-composition
data from the aggregated fishery and the acoustic surveyderadditional information allowing
the model to resolve strong and weak cohorts. The catch immportant source of information
in contributing to changes in abundance and providing addeend on the available population
biomass in each year.

This assessment is fully Bayesian, with the base model rozating prior information on several
key parameters (including natural mortaliby, and steepness of the stock-recruit relationshjp,
and integrating over parameter uncertainty to providelteshat can be probabilistically inter-
preted. From a range of alternate models investigated by Tle a subset of sensitivity analyses
are also reported in order to provide a broad qualitativepganmson of structural uncertainty with
respect to the base case. These sensitivity analyses avadgdy described in this assessment doc-
ument. The structural assumptions of this 2019 base madplemented using version 3.30.10 of
the Stock Synthesis softwarkléthot and Wetzel2013, are effectively the same as the 2018 base
model Edwards et a).2018&), though we incorporate time-varying fecundity.

The 35-day 2018/2019 U.S. government shutdown considedabhyed delivery of U.S. age data
and reduced the JTC's time available to collectively corgpthe 2019 assessment. As a result,
many planned supplementary and exploratory analyses cmilde completed, including some
developed for response to 2018 SRG requests (see S&8pralthough most sensitivity runs
(including new ones related to time-varying fecundity) &ge@ompleted. A Glossary of terms
appears in AppendiB.

1.1 STOCK STRUCTURE AND LIFE HISTORY

Pacific Hake is a semi-pelagic schooling species distribalieng the west coast of North America,
generally ranging in latitude from 2B to 55°N (see Figurd for an overview map). Itis among 18
species of hake from four genera (being the majority of tha@lfaMerluccidae), which are found
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in both hemispheres of the Atlantic and Pacific Ocedlb€it and Pitcher1995 Lloris et al,
2005. The coastal stock of Pacific Hake is currently the most dbah groundfish population
in the California Current system. Smaller populations @ #pecies occur in the major inlets of
the Northeast Pacific Ocean, including the Strait of Georjia Puget Sound, and the Gulf of
California. Genetic studies indicate that the Strait of eoand the Puget Sound populations are
genetically distinct from the coastal populatidw@moto et al. 2004 King et al, 2012. Genetic
differences have also been found between the coastal gapuénd hake off the west coast of
Baja California ¥rooman and Palomd977. The coastal stock is also distinguished from the
inshore populations by larger size-at-age and seasonghtoig behavior.

The coastal stock of Pacific Hake typically ranges from theevgeoff southern California to north-
ern British Columbia and rarely into southern Alaska, wtik horthern boundary related to fluc-
tuations in annual migration. In spring, adult Pacific Hakgnate onshore and northward to feed
along the continental shelf and slope from northern Calitoto Vancouver Island. In summer,
Pacific Hake often form extensive mid-water aggregatior@ssociation with the continental shelf
break, with highest densities located over bottom deptlZ6f300 m Dorn and Methqt199],
1992.

Older Pacific Hake exhibit the greatest northern migratiacheseason, with two- and three-year
old fish rarely observed in Canadian waters north of soutantouver Island. During El Nifio
events (warm ocean conditions, such as 1998 and to some 2fE%), a larger proportion of the
stock migrates into Canadian waters (FigByeapparently due to intensified northward transport
during the period of active migratiobfrn, 1995 Agostini et al, 2006. In contrast, La Nifia
conditions (colder water, such as in 2001) result in a soatbwhift in the stock’s distribution, with

a much smaller proportion of the population found in Canadvaters, as seen in the 2001 survey
(Figure2). The distribution of age-1 fish also changes between y&agsie3). The research on
links between migration of different age classes and enwental variables is anticipated to be
updated in the years ahead to take advantage of the datatleabben collected in the years since
the previous analyses were conducted.

Additional information on the stock structure for Pacifickdas available in the 2013 Pacific Hake
stock assessment documeldigks et al, 2013.

1.2 ECOSYSTEM CONSIDERATIONS

Pacific Hake are important to ecosystem dynamics in the EeB#eific due to their relatively large
total biomass and potentially large role as both prey andaioe in the Eastern Pacific Ocean. A
more detailed description of ecosystem considerations&ngn the 2013 Pacific Hake stock as-
sessmentHicks et al, 2013. Recent research has developed an index of abundance rolo didt
Squid and suggested hake abundance decreased with ingregsiid abundancé&tewart et al.
2014 and has evaluated hake distribution, recruitment and @jrgatterns in relation to oceano-
graphic conditions for assessment and managerRass{er et al 2007 Hamel et al, 2015. The
2015 Pacific Hake stock assessment document presentedtavggrasalysis where hake mortal-
ity was linked to the Humboldt Squid indeXdylor et al, 2015. This sensitivity was not repeated

Pacific Hake assessment 2019 25 Sectierintroduction



in this assessment, although further research on this tepieeded. Ongoing research investi-
gating abiotic (environmental conditions) and biotic (eegiphausiid distribution and abundance)
drivers of hake distribution and recruitment could proviaght into how the hake population is
linked with broader ecosystem considerations.

1.3 MANAGEMENT OF PACIFIC HAKE

Since implementation of the Magnuson-Stevens Fishery €wgagon and Management Act in the
U.S. and the declaration of a 200 mile fishery conservatiorezn the U.S. and Canada in the
late 1970s, annual quotas (or catch targets) have been aidiedttthe catch of Pacific Hake in
both country’s zones. Scientists from both countries hisadly collaborated through the Tech-
nical Subcommittee of the Canada-U.S. Groundfish Comm{ii&), and there were informal
agreements on the adoption of annual fishing policies. @Qute 1990s, however, disagreements
between the U.S. and Canada on the allotment of the catcts loeiween U.S. and Canadian fish-
eries led to quota overruns; 1991-1992 national quotas ®drim128% of the coast-wide limit,
while the 1993-1999 combined quotas were an average of 1GA%edimit. The Agreement
between the U.S. and Canada establishes U.S. and Canadias shthe coast-wide allowable bi-
ological catch at 73.88% and 26.12%, respectively, anddisisibution has been adhered to since
ratification of the Agreement.

Throughout the last decade, the total coast-wide catchraalsetd harvest targets reasonably well.
Since 1999, catch targets have been determined usirgy@8409 default harvest rate with a
40:10 adjustment. This decreases the catch linearly frenc#tch target at a relative spawning
biomass of 40% and above, to zero catch at relative spawiongass values of 10% or less (called
the default harvest policy in the Agreement). Further adasitions have often resulted in catch
targets being set lower than the recommended catch limihditast decade, total catch has never
exceeded the quota, although retrospectively, as estinratkis assessment, harvest rates in some
of those years approached therr-400, target. Overall, management appears to be effective at
maintaining a sustainable stock size, in spite of uncegtok assessments and a highly dynamic
population. However, management has been precautiongeairs when very large quotas were
determined using the aforementioned harvest control ndeséock assessment outputs.

1.3.1 Management of Pacific Hake in the United States

In the U.S. zone, participants in the directed fishery areired to use pelagic trawls with a co-
dend mesh of at least 7.5 cm (3 inches). Regulations alsactesie area and season of fishing
to reduce the bycatch of Chinook salmon and several depletidish stocks (though some rock-
fish stocks have rebuilt in recent years). The at-sea fishbagin on May 15, but processing and
night fishing (midnight to one hour after official sunrise¢ @rohibited south of &N latitude (the
Oregon-California border). Shore-based fishing is alloafésr April 15 south of 4680°'N latitude,
but only a small amount of the shore-based allocation isselé prior to the opening of the main
shore-based fishery (May 15). The current allocation agee¢neffective since 1997, divides the
U.S. harvest into tribal (17.5%) and non-tribal (82.5% hsdatsmall set aside for research) compo-
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nents. The non-tribal harvest allocation is divided amoaigteer-processors (34%), motherships
(24%), and the shore-based fleet (42%). Since 2011, theri@-U.S. fishery has been fully
rationalized with allocations in the form of Individual Risg Quotas (IFQs) to the shore-based
sector and group shares to cooperatives in the at-sea rabijpemd catcher-processor sectors.
Starting in 1996, the Makah Indian Tribe has also conductigshary with a specified allocation
in its “usual and accustomed fishing area”. The At-Sea halkembr program has been moni-
toring fishing vessel activity since 1975, originally mamibg foreign and joint venture vessels.
Observer coverage has been 100% on all domestic vessedsi€ad.

Shortly after the 1997 allocation agreement was approvetth&dyacific Marine Fisheries Com-
mission (PMFC), fishing companies owning catcher-proae@3B) vessels with U.S. west coast
groundfish permits established the Pacific Whiting Congema&Cooperative (PWCC). The pri-
mary role of the PWCC is to distribute the CP allocation amisgnembers to achieve greater
efficiency and product quality, as well as promoting redudiin waste and bycatch rates relative
to the former “derby” fishery in which all vessels competedddleet-wide quota. The mothership
fleet (MS) has also formed a co-operative where bycatchatilmts are pooled and shared among
the vessels. The individual cooperatives have internaésys of in-season monitoring and spatial
closures to avoid and reduce bycatch of salmon and rockfisé.shore-based fishery is managed
with IFQs.

1.3.2 Management of Pacific Hake in Canada

Canadian groundfish managers distribute their portion1@) of the Total Allowable Catch
(TAC) as quota to individual license holders. In 2018, Camadake fishermen were allocated
a TAC of 156,067 t, including 21,197 t of uncaught carryoveh firom 2017. Canadian prior-
ity lies with the domestic fishery, but when there is deteedito be an excess of fish for which
there is not enough domestic processing capacity, fisher@@sgers give consideration to a Joint
Venture fishery in which foreign processor vessels are &tbto accept codends from Canadian
catcher vessels while at sea. There was a Joint Ventureyfisbeducted in 2018.

In 2018, all Canadian Pacific Hake trips remained subjecOf@d observer coverage, by either
electronic monitoring for the shoreside component of theelstic fishery or on-board observer for
the freezer trawler component. All shoreside hake landivgye also subject to 100% verification
by the groundfish Dockside Monitoring Program (DMP). Reatamof all catch, with the exception
of prohibited species, was mandatory. The retention ofguiish other than Sablefish, Mackerel,
Walleye Pollock, and Pacific Halibut on non-observed buttetmically monitored, dedicated Pa-
cific Hake trips, was not allowed to exceed 10% of the landéchoaeight. The bycatch allowance
for Walleye Pollock was 30% of the total landed weight.

1.4 FISHERIES

The fishery for the coastal population of Pacific Hake occlosgthe coasts of northern Califor-
nia, Oregon, Washington, and British Columbia primarilyidg May-November. The fishery is

Pacific Hake assessment 2019 27 Sectierintroduction



conducted with mid-water trawls. Foreign fleets dominakedfishery until 1991, when domestic
fleets began taking the majority of the catch. Catches wetasi@nally greater than 200,000 t
prior to 1986, and since then they have been greater tha®@D® for all except four years. A
more detailed description of the history of the fishery isymted byHicks et al.(2013.

1.4.1 Overview of the fisheries in 2018

The Joint Management Committee (JMC) determined an adj(fstecarryovers) coast-wide catch
target of 597,500 t for 2018, with a U.S. allocation of 44B4873.88%) and a Canadian allocation
of 156,067 t (26.12%). The historical catch of Pacific Hakelf®66—2018 by nation and fishery
sector is shown in Figur¢and Tabled, 2 and3. Table4 shows recent catches in relation to targets
(see Sectiord.4.2. A review of the 2018 fishery now follows by nation.

United States

The U.S. adjusted allocation (i.e., adjusted for carrysyef 441,433 t was further divided among
the research, tribal, catcher-processor, mothershipslamce-based sectors. After the tribal alloca-
tion of 17.5% (77,251 t), and a 1,500 t allocation for reskeaatch and bycatch in non-groundfish
fisheries, the 2018 non-tribal U.S. catch limit of 362,682asvallocated to the catcher-processor
(34%), mothership (24%), and shore-based (42%) commes@tabrs. Reallocation of 40,000 t of
tribal quota to non-tribal sectors on September 15 resuitédal quotas for the catcher-processor
(CP), mothership (MS), and shore-based (Shore) sector8&BP12 t, 96,644 t, and 169,127 t,
respectively.

The midwater fishery for Pacific Hake began on May 15 for theatbased and at-sea fisheries. In
earlier years, the shore-based midwater fishery began @anlknorth of 42N latitude, but could
fish for hake between 480'N and 42N latitudes starting on April 1. Beginning in 2015, the
shorebased fishery has been allowed to fish north @G0 latitude starting May 15, and could
fish south of 4030’'N latitude starting on April 15. Regulations do not allai+sea processing
south of 42N latitude at any time during the year.

The overall catch of Pacific Hake in U.S. waters was slighgsslthan in 2017, but was the second
highest value ever recorded (Taldle Catch rates were considerably lower in 2018 compared to
2017, despite similar overall catch levels (Fig&)e Tribal landings available at the time of the
assessment were 2,423 t. As in recent years, careful coasaewas needed to accurately ac-
count for tribal landings. The catcher-processor, mottiprand shore-based fleets caught 84.8%,
69.5%, and 77.9% of their final reallocated quotas, respegtiOverall, 126,402 t (28.6%) of the
total U.S. adjusted TAC was not caught. For further detaésthe report from the U.S. Advisory
Panel (AppendiD).

In both U.S. at-sea sectors (CP and MS) the most common &dhdlte spring fishery were age-8
and age-4 fish associated with the 2010 and 2014 year-cldagdsy the fall, both sectors were
catching a majority of age-2 and age-4 fish. Sampling by se@toed with 492 and 357 hauls
from each sector, respectively (Taldle In total, 33% of the CP catch was age-2, 27% was age-4,
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and 20% was age-8 (proportions by numbers here and belovie BabFor the MS sector, the
total for the year was 25% age-2, 28% age-4 and 18% age-8e(TablAge-samples from 80
shoreside trips showed a similar proportion of age-8 fislhhaat-sea sectors, at 22%, with 35% of
the shoreside samples coming from the 2014 year class and@%fiag from the 2016 year class
(Table8).

The at-sea fishery maintained moderately high catch ratesghout the year (Figuf®), averaging
around 20 t/hr in the spring (May—June) and 15 t/hr in the(fdptember—November). Relative to
last year, both the spring and fall fisheries saw a declinaiahcrates. The median fishing depth
for the at-sea fleets was shallower again this year than wvique years (Figur®). During July
and August, operators in the at-sea fishery moved to the gsuainer fishing grounds in search
of opportunities in Alaskan waters. The shorebased fishadythe largest monthly catches during
June, July, and August. Due to moderately high catch-raresighout the year for all U.S. fleets,
as compared to recent years, the U.S. utilization rate rwoati to increase from recent years from
47% in 2015 to 71% in 2016 to 80% in 2017, before dropping backl®s in 2018.

Canada

The 2018 Canadian Pacific Hake domestic fishery removed 25 f#idm Canadian waters, which
was 61.1% of the Canadian TAC of 156,067 t.

The shoreside component, made up of vessels landing fraad pyoduct onshore, landed 54,447 t.
The freezer trawler component, which freezes headed ariddgptoduct while at sea, landed
38,241 t. As for 2017 (which was the first time since 2011)reh&as a Joint Venture fishery
(running from August 21 to September 15), delivering 2,4&0the Dutch vesséVargiris.

Fishing started in April and ended in late November. A mayoof the Canadian production was
HGT (headed, gutted and tail off), by both shoreside and&eeessels, with a very small amount
of mince and whole round produced shoreside. The Canadlkendireside TAC was harvested
by freezer vessels and vessels that delivered fresh fisloteside plants.

Aggregations of hake appeared smaller this year than lagt,nene found in Queen Charlotte
Sound. Avoidance of juvenile Sablefish was an ongoing issitie thve fishery this year. For
further details see the report from the Canadian AdvisoneP@ppendixC).

The most abundant year classes (by numbers) in the Canadiandr trawler catch were age 8
at 45.5%, age 4 at 17.7%, age 9 at 9.4%, and age 10 at 5.4%. Tiamdant year classes in
the Canadian Shoreside catch were age 8 at 35.7%, age 4 &&,2832 9 at 12.4%, and age 7 at
5.9%.

For an overview of Canadian catch by year and fleet, see Pabl®r some years there was no
Joint Venture fishery operating in Canada, as reflected byeteeant zeros in Tabl2.
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2 DATA

Fishery-dependent and fishery-independent data souredsiushis 2019 assessment (Figie
include:

 Total catch from all U.S. and Canadian target fisheries §12618; Tabled-3).

» Age compositions composed of data from the U.S. fishery%32@18) and the Canadian
fishery (1990-2018). The last 10 years of these data are shoWwables6-10, and the
aggregated data for all years are shown in Taldle

» Biomass indices and age compositions from the Joint U.&Camadian integrated acoustic
and trawl survey (1995, 1998, 2001, 2003, 2005, 2007, 20091,22012, 2013, 2015 and
2017; Tabled2and13).

* Mean observed weight-at-age from fishery and survey cat(t®/5-2018; Figuré2) and
thus derived fecundity-at-age as well.

The assessment model also used biological relationshipgeddrom external analysis of auxiliary
data. These include:

» Ageing-error matrices based on cross-read and doubie-oéiad otoliths.

» Proportion of female hake mature by age, as developed fistalbgical analyses of ovary
samples collected in recent years (Tablleand Figurell).

Some data sources were not included in the base model, beitdegn explored or used for sen-
sitivity analyses or were included in previous stock agsesgs but not in this one. Data sources
not discussed here have either been discussed at past Paicassessment review meetings or
are discussed in more detail in the 2013 stock assessmamne@ot Hicks et al, 2013. Some of
these additional data sources are:

 Fishery and acoustic survey length composition infororati
» Fishery and acoustic survey age-at-length compositifmmnmation.

» Biomass indices and age compositions from the Joint U &Camadian integrated acoustic
and trawl survey (1977, 1980, 1983, 1986, 1989 and 1992).

» Bottom trawl surveys in the U.S. and Canada (various yeaispatial coverage from 1977—
2018).

* NWFSC/SWFSC/PWCC coast-wide juvenile hake and rockfisteys (2001-2018).

» Bycatch of Pacific Hake in the trawl fishery for Pink Shrimp thie coast of Oregon, 2004,
2005, 2007 and 2008.
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* Historical biological samples collected in Canada prafi990, but currently not available
in electronic form.

* Historical biological samples collected in the U.S. pti@rl975, but currently not available
in electronic form or too incomplete to allow analysis witletinods consistent with more
current sampling programs.

» CalCOFl larval hake production index, 1951-2006. The datace was previously explored
and rejected as a potential index of hake spawning stockdsenand has not been revisited
since the 2008 stock assessment.

» Joint U.S. and Canada acoustic survey index of age-1 Pétake.

* NWFSC winter 2016 and 2017 acoustic research surveys ofrspg Pacific Hake.

2.1 FISHERY-DEPENDENT DATA
2.1.1 Total catch

The catch of Pacific Hake for 1966—2018 by nation and fishecyosés shown in Figurel and
Tablesl, 2 and3. Catches in U.S. waters prior to 1978 are available only lay jremBailey et al.
(1982 and historical assessment documents. Canadian catdbesopt989 are also unavailable
in disaggregated form. For more recent catches, haul otavigl information was available to
partition the removals by month during the hake fishing seaand estimate bycatch rates from
observer information at this temporal resolution. This Abewed a more detailed investigation
of shifts in fishery timing (see Figure 5 ifaylor et al. 201% The U.S. shore-based landings
are from the Pacific Fishery Information Network (PacFINJrétgn and joint-venture catches for
1981-1990 and domestic at-sea catches for 1991-2018 ardatatl from the AFSC North Pa-
cific Groundfish and Halibut Observer (NORPAC) databaseclwhlso stores the NWFSC at-sea
hake observer program data. Canadian Joint-Venture cafabra 1989 are from the Groundfish
Biological (GFBIio) database, the shore-based landings 889 to 1995 are from the Groundfish
Catch (GFCatch) database, from 1996 to March 31, 2007 frerR#cific Harvest Trawl (PacHarv-
Trawl) database, and from April 1, 2007 to present from theh&iies Operations System (FOS)
database. Discards are negligible relative to the tota¢fisbatch. The vessels in the U.S. shore-
based fishery carry observers and are required to retaiatah @nd bycatch for sampling by plant
observers. All catches from U.S. at-sea vessels, Canadiati\lenture vessels, and Canadian
freezer trawlers are monitored by at-sea observers. Ofrsange volume/density methods to esti-
mate total catch. Canadian shoreside landings are recbydédckside monitors using total catch
weights provided by processing plants.

The three independent issues in the calculation of totahcidiat were identified late in the 2018
assessment procedsdwards et a).201&) have been rectified here. Minor updates to catches for
years pre-2018 have also been made.
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2.1.2 Fishery biological data

Biological information from the U.S. at-sea commercial iRa¢iake fishery was extracted from
the NORPAC database. This included length, weight, and @fgemation from the foreign and
joint-venture fisheries from 1975-1990, and from the doioesdtsea fishery from 1991-2018.
Specifically, these data include sex-specific length anddatewhich observers collect by select-
ing fish randomly from each haul for biological data collentand otolith extraction. Biological
samples from the U.S. shore-based fishery from 1991-2018 eadlected by port samplers lo-
cated where there are substantial landings of Pacific Haletaply Eureka, Newport, Astoria,
and Westport. Port samplers routinely take one sample fleadf(or trip) consisting of 100 ran-
domly selected fish for individual length and weight, andvirtihese 20 are randomly subsampled
for otolith extraction.

The Canadian domestic fishery is subject to 100% observearage on the five freezer trawler
vesselsviking Enterprise Osprey #1 Northern Alliance Raw Spirit andViking Alliance which
together make up a large portion of the Canadian catch (4h2%18). The Joint-Venture fishery
has 100% observer coverage on their processing vesselsh wh2018 made up 2.9% of the
Canadian catch. On observed freezer trawler trips, o®(fibr ageing) and lengths are sampled
from each haul of the trip. The sampled weight from which djptal information is collected
must be inferred from length-weight relationships. Focetenically observed shoreside trips, port
samplers obtain biological data from the landed catch. @bsedomestic haul-level information
is then aggregated to the trip level to be consistent withuth@bserved trips that are sampled in
ports.

For the Canadian Joint-Venture fishery, an observer abbaréattory ship estimates the codend
weight by measuring the diameter of the codend and doingerigaihvolume calculation for each
delivery from a companion catcher boat. Length samplesakhected every second day of fishing
operations, and otoliths are collected once a week. Lenuyihage samples are taken randomly
from a given codend. Since the weight of the sample from whiological information is taken
is not recorded, sample weight must be inferred from a lemggight relationship applied to all
lengths taken and summed over each haul.

The sampling unit for the shore-based fisheries is the tiifilevthe haul is the primary unit for the
at-sea fisheries. Since detailed haul-level informatiamoisrecorded on trip landings documen-
tation in the shore-based fishery, and hauls sampled in theaatishery cannot be aggregated to
a comparable trip level, there is no least common denomiriat@ggregating at-sea and shore-
based fishery samples. As a result, initial sample sizesrag@ysthe summed hauls and trips for
fishery biological data. The magnitude of this sampling agnegctors and over time is presented
in Table5.

Biological data were analyzed based on the sampling prtd#ased to collect them, and expanded
to estimate the corresponding statistic from the entirddarcatch by fishery and year when sam-
pling occurred. A description of the analytical steps fopaxding the age compositions can be
found in recent stock assessment documetitsks et al, 2013 Taylor et al, 2014).
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The aggregate fishery age-composition data (1975-2018)ymmathe well-known pattern of very
large cohorts born in 1980, 1984 and 1999 (Fig8rand Tablell). The more recent age-
composition data consisted of high proportions of 2008 a@D3/ear classes in the 2012 fishery,
and since then, the proportional representation of the @40 class has continued to be high in
the fishery (Figure8 and Tablell). In 2016 and 2017, the 2010 and 2014 cohorts showed up as
significant proportions (Figur® and Table$-11). In 2016, the 2014 cohort was the largest in all
three U.S. fleets (Tablés-8) while the 2010 cohort was largest in both Canadian fleets|€¢58
and10). Table11 shows the combined age proportions of all fleets, U.S. anédan. For the
combined data in 2017, the 2014 cohort was the largest (F8%owed by the 2010 cohort (37%),
followed by the 2009 cohort (4%). In 2018, the 2014 cohort teslargest (29%), followed by
the 2010 cohort (24%), followed by the 2016 cohort (23%).

We caution that proportion-at-age data contains inforomedibout the relative numbers-at-age, and
these can be affected by changing recruitment, selectivifishing mortality, making these data
difficult to interpret on their own. For example, the aboverage 2005 and 2006 year classes de-
clined in proportion in the 2011 fishery samples, but havsiptad in small proportions since that
time in the fishery catch, although are much reduced recda#gyto mortality and the overwhelm-
ing 2008 and 2010 cohorts. The assessment model is fit to da¢m¢o estimate the absolute sizes
of incoming cohorts, which become more precise after theg baen observed several times (i.e.,
encountered by the fishery and survey over several years).

Both the weight- and length-at-age information suggesdthhke growth has fluctuated markedly
over time (see Figure 7 iBtewart et al. 2011 This is particularly evident in the frequency of
larger fish & 55 cm) before 1990 and a shift to much more average-sizedrfishore recent
years. The treatment of weight- and length-at-age are itbescim more detail in sectiorn.3.3
and2.3.4below. Although length-composition data are not fit explycin the base assessment
models presented here, the presence of the 2008 and 201€la&ses have been clearly observed
in length data from both of the U.S. fishery sectors, and tHel3@ar class was apparent in 2017
and 2018.

2.1.3 Catch per unit effort

Calculation of a reliable fishery catch-per-unit-effortRl@E) metric is particularly problematic
for Pacific Hake and it has never been used as a tuning indeasgmssment of this stock. There
are many reasons that fishery CPUE would not index the abeedainPacific Hake, which are
discussed in the 2013 stock assessmiditks et al, 2013.

2.2 FISHERY-INDEPENDENT DATA

An acoustic survey of age2hake was included in this assessment, while bottom trawpaed
recruit sources were not used. An age-1 index derived frausic survey data was explored as a
sensitivity to the base model. Sklcks et al.(2013 for a more thorough description and history
of these fishery-independent data sources.
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2.2.1 Acoustic survey

The joint biennial U.S. and Canadian integrated acousticteawl survey has been the primary
fishery-independent tool used to assess the distributtamdance and biology of coastal Pacific
Hake along the west coasts of the United States and Canadatafled history of the acoustic
survey is given bystewart et al(2011). The acoustic surveys performed in 1995, 1998, 2001, 2003,
2005, 2007, 2009, 2011, 2012, 2013, 2015 and 2017 were uiad assessment (Tall&). There
was no acoustic survey in 2018. The acoustic survey samplesects representing all waters off
the coasts of the U.S. and Canada thought to contain allgpsrof the Pacific Hake stock age-2
and older. Age-0 and age-1 hake have been historically dgdlfrom the survey efforts, due to
largely different schooling behavior relative to older Bagoncerns about different catchability by
the trawl gear, and differences in expected location duttregsummer months when the survey
takes place. Observations of age-1 hake are recorded dilmengurvey, and an age-1 index is
estimated (described below), but is only included in a $@tgianalysis.

Distributions of hake backscatter plotted for each acowsstivey since 1995 illustrate the variable
spatial patterns of age-2+ hake across years (Figuréhis variability is due in part to changes in
the composition of the (age-2+) population (older Pacifikélend to migrate farther north), and
partly due to environmental and/or climatic factors. Th@88coustic survey is notable because it
shows an extremely northward distribution that is thoughid related to the strong 1997-1998 El
Nifio. In contrast, the distribution of hake during the 200ivey was compressed into the lower
latitudes off the coast of Oregon and Northern Californm2003, 2005 and 2007 the distribution
of Pacific Hake did not show an unusual coast-wide pattetinf009, 2011, 2012, and 2013 the
majority of the hake distribution was again found in U.S.evat which is more likely due to age-
composition than the environment, although 2013 showedessarmer than average sea-surface
temperatures. In 2015, sea-surface temperatures wereewagain, resulting in a northern shift
in the overall hake distribution. The distribution of Pacifiake in 2017 was more latitudinally
uniform than observed in years just prior. This is likely auk of having large proportions of two
cohorts (2010 and 2014 year-classes) in 2017 as opposedtoatieer years when a single cohort
is dominant in the observed samples (Fig2an addition to prevailing environmental conditions.
Ongoing research is looking into relationships betweelirenmental conditions and Pacific Hake
distribution, which will help to inform the mechanisms bedhiobservations.

During the acoustic surveys, mid-water trawls are made dppistically to determine the species
composition of observed acoustic sign and to obtain thettedgta necessary to scale the acoustic
backscatter into biomass (see Tab&for the number of trawls in each survey year). Biological
samples collected from these trawls were post-stratifiagdeth on similarity in size composition,
and the composite length frequency was used to charactbeZsake size distribution along each
transect and to predict the expected backscattering cexs®s for hake based on the fish size-
target strength (TS) relationship. Any potential biases thight be caused by factors such as
alternative TS relationships are partially accounted focatchability, but variability in the esti-
mated survey biomass due to uncertainty in target stresgtioti explicitly accounted for in the
assessment.

Acoustic survey data from 1995 onward have been analyzedj tise kriging geostatistical tech-
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nique, which accounts for spatial correlation to provideeatimate of total biomass as well as an
estimate of the year-specific sampling variability due ttchimess of hake schools and irregular
transectsRetitgas 1993 Rivoirard et al, 2000 Mello and Rose2005 Simmonds and MacLen-
nan 2006. Advantages to the kriging approach are discussed in tha &@ck assessmemiicks

et al, 2013.

For the 2016 assessme@randin et al.2016, the data from all surveys since 1998 were scrulti-
nized and reanalyzed using consistent assumptions. Theaaatytical procedure was carried out
during the reanalysis of 1995 survey daBeiger et al.2017) and during the preparation of 2017
survey dataEdwards et a.2018). These include:

* fixing the minimum and maximum number of points used to dateuthe value in a cell at

 standardizing the search radius to be three times theHesugtle that is estimated from the
variogram;

» when extrapolating biomass beyond the end of a transdogy asunction that decays with
distance from the end of the transect;

* correcting spurious off-transect zeros that were erroslgogenerated in previous exporta-
tion of data; and

* re-analyzing data using an updated version of the Echofftavare with consistent data
input files.

Thus, a full time-series of consistently analyzed surveyrass (Tabld3 and Figured) and age
compositions (Figur8 and Tablel?2) are being input into the assessment model.

Results from research done in 2010 and 2014 on represeantasig of the biological data (i.e.,

repeated trawls at different depths and spatial locationshe same aggregation of hake) and
sensitivity analyses of stratified data showed that trawigang and post-stratification is only a

small source of variability among all of the sources of Vaitity inherent to the acoustic analysis

(seeStewart et al. 2011

Estimated age-2+ biomass in the survey increased steasihfloe four surveys conducted in 2011-
2013 and 2015. The 2017 survey biomass index declined fren2@15 index to 1.42 million
metric tons, which is 0.66 times the 2015 index (TabBand Figure9). The 2017 survey age
composition was made up of 26.0% age-7 fish from the 2010¢laas and 52.7% age-3 fish from
the 2014 year-class.

The acoustic survey biomass index included in the base nf@dkle13) includes an estimate of
biomass outside the survey area that is expected to be pihseno the occurrence of fish at or
near the western end of some survey transects. The methodrapelation was refined for the
2016 assessmerfBfandin et al.2016 and supported by the SRG.
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The acoustic survey data in this assessment do not inclugld &igh, although a separate age-1
index has been explored in the past. The age-1 index is usleid stock assessment as a sensitivity
because more time is needed to develop and investigatedbe, ithe uncertainty of each estimate
is unknown, and the survey is not specifically designed toessmtatively survey age-1 hake.
Given the design changes that have occurred over time, thexiwas not included in the base
model. However, the estimates that have been provided seérack the estimated recruitment
reasonably well (Figur&Q). The 2013 stock assessment provides a more detailed plsscrof
the age-1 indexHicks et al, 2013.

2.2.2 Other fishery-independent data

Fishery-independent data from the Alaska Fisheries Sei@snter (AFSC) bottom trawl survey,
the Northwest Fishery Science Center (NWFSC) bottom tramtey, the NWFSC and Pacific
Whiting Conservation Cooperative (PWCC) pre-recruit synand DFO surveys not already men-
tioned were not used in this assessment. More informatiothese data sources is given in the
2013 stock assessmehti¢ks et al, 2013.

2.3 EXTERNALLY ANALYZED DATA
2.3.1 Maturity and fecundity

The maturity and fecundity relationships were updated lier2018 assessmetiidwards et a.
2018&). Previously, fecundity was based on the product of the nitgtat-length reported biporn
and Saunder§l997 and the weight-at-length estimated in 2011. These valwes wonverted to
fecundity-at-age using a parametric growth curve estichate2011 from a model that included
length data.

In 2018, a new age-based maturity ogive (Tabdeand Figurell) was developed using histolog-
ical estimates of functional maturity from 1,947 ovarieattivere associated with age estimates.
These samples were collected from the acoustic surveyemanid summer acoustic research trips,
from the U.S. At-Sea Hake Observer Program (A-SHOP) obseal@oard commercial Catcher-
Processor vessels, and from the U.S. West Coast bottomduawdy (Tablel5).

An additional 87 samples with age and maturity estimate® fsouth of Point Conception, Cali-
fornia (34.44N) were examined and found to exhibit the same differencésdrage dimension
that were previously reported for length-based relatigpss{Figure 11 irBerger et al. 201)7 with

the fish from South of Point Conception maturing at earliersaand smaller sizes. These fish were
excluded from the maturity estimates.

In the 2018 assessment, the age-based maturity ogive waiplied| by the mean weight-at-age
averaged across all years to get a new estimate of timetamidecundity-at-age. The 2019 as-
sessment extends this approach to include time-varyingntiity-at-age by using year-specific
weight-at-age values (rather than the time-series meatheircalculation of fecundity. Samples
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from ages 15 and above were pooled for both the maturity anghtvat-age estimation due to
limited sample sizes, and the age 15+ estimates were applagges 15-20 for purposes of model-
ing the population dynamics (Figuid). The maturity ogive was the same as that usdedwards

et al. (201&) because the U.S. government shutdown delayed delivertyeo®18 histological
samples, though note that the ogive used for previous assess was not updated annually and
was that developed Hyorn and Saunderd.997).

Some fish at almost every age were found to be functionallyatmne based on the histological
criteria, which is a combination of “skip spawners” thatlwibt be spawning in the upcoming year
and senescent fish that appear to no longer have viable svarie

Tissue samples for genetic analyses have been collectednfrany of the same fish from which
ovaries were sampled — this may help determine whether thesdigth of 34.42N are from the
same stock as the rest of the population.

2.3.2 Ageing error

The large inventory of Pacific Hake age determinations ohetumany duplicate reads of the same
otolith, either by more than one laboratory, or by more thae age-reader within a lab. Recent
stock assessments have utilized the cross- and doubls-agadoach to generate an ageing error
vector describing the imprecision and bias in the obsesaairocess as a function of fish age. New
data and analysis were used in the 2009 assessment to addradditional process influencing
the ageing of hake: cohort-specific ageing error relatecdhé¢orélative strength of a year-class.
This process reflects a tendency for uncertain age detetionisao be assigned to predominant
year classes. The result is that the presence of strong kesaes is inflated in the age data while
neighboring year-classes are under-represented retatwhat would be observed if ageing error
were consistent at age across cohorts.

To account for these observation errors in the model, ygaciic ageing-error matrices (defined
via vectors of standard deviations of observed age at tre¢ @@ applied, where the standard
deviations of strong year classes are reduced by a cons@pontion. For the 2009 and 2010
assessments this proportion was determined empiricalobyparing double-read error rates for
strong year classes with rates for other year classes. 10, 208lind double-read study was con-
ducted using otoliths collected across the years 2003-200@ read was conducted by a reader
who was aware of the year of collection, and therefore of teedd the strong year classes in each
sample, while the other read was performed by a reader wikmawledge of the year of collec-
tion, and therefore with little or no information to indieatvhich ages would be more prevalent.
The resulting data were analyzed via an optimization reutsmestimate both ageing error and
the cohort effect. The resultant ageing error was similéinéoageing error derived from the 2008
analysis. The application of the cohort-specific ageingremas similar between assessments since
2011, with the ageing-error standard deviation reduced fagtar of 0.55 for the largest cohorts:
1980, 1984, 1999, 2010, and 2014. In the 2014 base mddglqr et al, 2014, the 2008 cohort
was also included in this set, but current estimates shawtmr-class to be enough less than the
four largest that a reduction in ageing was not includedtier2008 year class in the 2015-2018
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assessments or this 2019 assessment. Also, the modelteckbene does not include the reduc-
tion in ageing error for age-1 fish under the assumption th&t hever represent a large enough
proportion of the samples to cause the cohort-effect.

2.3.3 Weight-at-age

A matrix of empirically derived population weight-at-aggyear (Figurel?) is used in the current
assessment model to translate numbers-at-age directliptoabs-at-age. Mean weight-at-age
was calculated from samples pooled from all fisheries anddtoestic survey for the years 1975
to 2018 (Figurel2). Additional historic weight-at-age data from Canadiamdiy and surveys
(intermittent years from 1992 onwards) were added in the92fdsessment, resulting in a 3%
increase in total samples from the 2018 assessment. PEeyi@ight-at-age data available in
the PacFIN database was confirmed to be samples collectathwitiget Sound and were not
included in this assessment. Past investigations intalzding weight-at-age for the fishery and
survey independently showed little impact on model resuges 15 and above for each year
were pooled and assumed to have the same weight. The combmaf age and year with no
observations were assumed to change linearly over timedegtwbservations at any given age.
Mean weights were assumed to remain constant prior to theofaservation and after the last
observation within the range of years in the matrix (seei&es8.3and3.8.1for further details on
these assumptions). The number of samples (Fijgyres generally proportional to the amount of
catch, so the combinations of year and age with no samplegdhave relatively little importance
in the overall estimates of the population dynamics.

The use of empirical weight-at-age is a convenient methozhfiure the variability in both the

weight-at-length relationship within and among years, a#i as the variability in length-at-age,

without requiring parametric models to represent thes#ticglships. However, this method re-
quires the assumption that observed values are not biasgtidng selectivity at length or weight
and that the spatial and temporal patterns of the data soprogide a representative view of the
underlying population. Simulations performed iKyriyama et al(2016 showed that, in general,

using empirical weight-at-age when many observations eadadle resulted in more accurate
estimates of spawning biomass.

2.3.4 Length-at-age

In the 2011 assessment mod8tgwart et al.2011) and in models used for management prior
to the 2006 stock assessment, temporal variability in leadtage was included in stock assess-
ments via the calculation of empirical weight-at-age. lea 2006 and subsequent assessments that
attempted to estimate the parameters describing a paiargeiwth curve, strong patterns have
been identified in the observed data indicating sexuallyodahic and temporally variable growth.

In aggregate, these patterns result in a greater amounboégs error for length-at-age than is
easily accommodated with parametric growth models, ardrgits to explicitly model size-at-age
dynamics (including use of both year-specific and cohoggjr growth) have not been very suc-
cessful for hake. Models have had great difficulty in makingdgctions that mimic the observed
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data. This was particularly evident in the residuals to émgth-frequency data from models prior
to 2011. We have not revisited the potential avenues fori@dglmodeling variability in length-
and weight-at-age in this model, but retain the empiricparapch to weight-at-age used since 2011
and described above, which models this variability imgici

2.4 ESTIMATED PARAMETERS AND PRIOR PROBABILITY DISTRIBUTI ONS

The estimated parameters and prior probability distrdmgiused in this stock assessment are
reported in Table46-17. Several important distributions are discussed in detdw.

2.4.1 Natural Mortality

Since the 2011 assessment, and again this year, a comhinétioe informative prior for natural
mortality used in previous Canadian assessments andgésutt analyses usingoenigs (1983
method support the use of a log-normal distribution with alize of 0.2 and a logarithmic stan-
dard deviation of 0.1. Historical treatment of natural rabty, M, is discussed in the 2013 stock
assessmentiicks et al, 2013. Sensitivity to this prior has been evaluated extensivelynany
previous hake assessments (&-icks et al. 2013and is repeated here (see Sectid. Alter-
native prior distributions foM typically have a significant impact on the model results,ibuihe
absence of new information W, there has been little option to update the prior.

2.4.2 Steepness

The prior for the steepness parameter of the stock-receuitrfunction is based on the median
(0.79) and the 20th (0.67) and 80th (0.87) percentiles fiyers et al's (1999 meta-analysis
of the family Gadidae, and has been used in U.S. assessniecgs2€07. This prior has a beta
distribution with parameters 9.76 and 2.80, which traesiata mean of 0.777 and a log-standard
deviation of 0.113. Sensitivities to the variance on th@mpon steepness were evaluated in the
2012 and 2013 assessmersefvart et al.2012 Hicks et al, 2013. Sensitivities to the mean of
the prior are explored in this assessment (see Se8t&)n

2.4.3 Variability on fishery selectivity deviations

Time-varying fishery selectivity was introduced in the 2@k4essmenTaylor et al, 2014 and is
modeled with yearly deviations applied to the selectiatyage parameters. A penalty function in
the form of a normal distribution is applied to each deviatmkeep the deviation from straying far
from zero, unless the data are overwhelming. The amountwétien from zero is controlled by
a fixed standard deviatio®. Further details on the time-varying selectivity functime provided
below, as described ydwards et al(2018&) in detalil.

For each aga > Anmin, WwhereAnin is the minimum age for which selectivity is allowed to be non-
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zero, there is an incremental selectivity paramegigrfor the fishery (for whictAnin = 1). There

is also an equivaleri, for the survey (for whictAnin = 2), but to keep the notation simple we do
not distinguish them here because the following calcutatiare the same for the survey and the
fishery. The selectivity at ageis computed as

Sa = exp(S; — Snax); 1)
where
&= i—%n pi (2)
and
Shax = Max{S,}. (3)

Selectivity is fixed ag; = 0 for a < Amin.

This formulation has the properties that the maximum swiécequals 1, positive values @, are
associated with increasing selectivity between aged anda, and negative values are associated
with decreasing selectivity between those ages. Beyonththeémum age for which selectivity is
estimated (6 in the base model for both the fishery and theg)m, = 0 gives constant selectivity
beyond the last estimated value. The condition that maxireel@ctivity equals 1 results in one
fewer degree of freedom than the number of estimatedrherefore pa,, = 0 can be set for the
fishery and for the survey.

The implementation of time-varying selectivity uses a setaviations to control annual changes
to the selectivity parameters. The standard deviationceessal with these deviations is calléd
The value for paramet&p (in standard parameter space) was selected to corresptimtheievel

of variability (in logistic transformed parameter space¢d in the 2017 assessment (previously re-
ferred to as parameterunder the logistic configuration; s&erger et al. 2017or further details).

In Stock Synthesis 3.30, the logistic transformation wadamger available, sob was applied
directly to the base parameter. The resulting valu® ef 1.40 used in 2018 and 2019 assessment
approximates the previous valug £ 0.20) and is calculated by:

Pay = Pa+ €ay 4)
where theg,y are the parameter deviations estimated in the model. Thesatibns are included
in an additional likelihood component with negative lokelihood proportional to

6 2018 2

1 ay
—log(L) O = —, (5)
2 a—;min y= 91CD2

where® is the standard deviation of the normal penalty functionteNbat there is such a log-
likelihood component for both the fishery and the surveycwiigies.

A new parameterization for the selectivity deviations wgglered in 2018, based on the work of
Xu et al.(2019, in an effort to produce a more objective way to determimedibgree of flexibility.
However, further testing of this approach was believed s&ag before making the change so itis
only used for a sensitivity analysis (see Sec308).
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2.4.4 Age composition likelihood

Like the 2018 assessment, this assessment used a Dildhlethomial (D-M) likelihood (Thor-
son et al. 2017 to fit the age-composition data. The primary benefit of thm@pproach over
the historically used McAllister-lanelli approacNi¢Allister and lanellj 1997 is that instead of
manually iterating the sample size multiplier, an estirdgiarameterf, serves to automatically
adjust the weight given to the fishery-composition datan@sksy) and the survey-composition
data (usingBsun). Integration of the data weighting increases the effigiasfdthe assessment pro-
cess, removes the subjective choice of how many iteratieneeguired, and also ensures that the
results of model sensitivities, retrospective analysed,l&elihood profiles will all be automati-
cally tuned, rather than having the age compositions bengive same weight as the base model.
Note that the following description holds for both the syrdata and the fishery data, wihequal

to Bsyry OF Bsish, respectively.

The likelihood function is given by Equation (10) ©horson et al(2017), and is

M(n+1) F(6n) Amax[(nf+ OnTR)

Frruna o0 L rom

a=1

L(m, 6|7T,n) =

(6)

whereTt, is the observed proportion at agert, is the corresponding expected proportion atage
estimated by the modeft and ir designate the vectors of these proportiodhgax is the maximum
age in the model, and is the input sample size. The paramefeis defined as a linear scaling
parameter such th&n is the variance-inflation parameter of the D-M distribution

The effective sample size associated with this likeliheogiven by

1 no
et =116 150 (7)

The input sample sizes used in this assessment, which ard bashe number of trips or hauls, are
large enough that the first term is insignificant comparetécstcond term. Consequently,(1+

8) can be compared to the sample size multipliers used in thellidt-lanelli data-weighting
method McAllister and lanellj 1997 that was used for assessments prior to 2018 (Ta8)leln
short, the McAllister-lanelli method involves iterativeddjusting multipliers of the input sample
sizes passed to the multinomial likelihoods until they areghly equal to the harmonic mean
of the effective sample sizes. The effective sample sizeepeddent on how well the model
expectation matches the observed values. Typically, tioisgss involves no more than four to five
iterations.

Composition data can also be weighted using the Francisad€1t2.6 in Table 2 oFrancis 201J),
which is based on variability in the observed ages by yeas miethod, like the McAllister-lanelli
method, is also iterative, where the sample sizes are adjssich that the fit of the expected com-
positions should fit within the estimated uncertainty atta that is consistent with the variability
expected given the effective sample sizes. This methodasviarto be sensitive to outliers and
prone to convergence issues when selectivity is time-agryi

Pacific Hake assessment 2019 41 Sec8enAssessment



Sensitivity to the D-M method as compared to the McAllidanelli and the Francis methods are
presented in SecticB.8.

3 ASSESSMENT
3.1 MODELING HISTORY

In spite of the relatively short history of fishing, Pacifickéshave surely been subject to a larger
number of stock assessments than any marine species ofeteceast of the U.S. and Canada.
These assessments have included a large variety of agéuséd models. Initially, a cohort anal-
ysis tuned to fishery CPUE was usdetgdncis et a].1982. Later, the cohort analysis was tuned
to NMFS triennial acoustic survey estimates of absolutedance at ageHollowed et al, 1988.
Since 1989, stock-synthesis models using fishery categatdata and acoustic survey estimates
of population biomass and age composition have been thepriassessment methdddwards

et al, 201&).

While the general form of the age-structured assessmeneha@ned similar since 1991, man-
agement procedures have been modified in a variety of waysreTiave been alternative data
choices, post-data collection processing routines, rdiffedata-weighting schemes, many struc-
tural assumptions for the stock assessment model, andhatitex control rules. Tabl&é8 sum-
marises the major changes to the model structure in assetssirece 2011.

Data processing, choices, and weighting have been mod#iesta times in historical hake as-
sessments. For example, acoustic data processing has béédrethover the years through mod-
ifications to target strength calculatiori3drn and Saunderd 997 or the introduction of kriging
(Stewart and HamePR010. While survey data have been the key index for abundance 4i888,
surveys that have been used have varied considerably. TBEMARWFSC triennial bottom trawl
survey was used from 1988 before being discarded from th@ 28€essment (yamel and Stew-
art 2009. Acoustic surveys from the years prior to 1995 were used$sessments in the early
1990s, butStewart et al(2011) reviewed these early surveys and deemed that samplingdead b
insufficient to be comparable with more recent data. Vari@asuitment indices have also been
considered, but subsequently rejectelelger et al.2002 2005 Stewart and HameR010. Even
where data have been consistently used, the weighting eéttlata in the statistical likelihood
has changed through the use of various emphasis factors e 1994 Dorn et al. 1999 a
multinomial sample size on age compositions (eprn et al. 1999 Helser et al. 20022005
Stewart et al. 200)] internal estimations of effective sample size using tivecblet-Multinomial
distribution Edwards et a).201&), and assumptions regarding year-specific survey varidrtoe
list of changes discussed above is for illustrative purpasdy; it is only a small fraction of the
different data choices analysts have made and that re\advase required.

The structure of assessment models has perhaps had thst latgeber of changes. In terms
of spatial models, analysts have considered spatiallyi@kfirms (Dorn, 1994 1997, spatially
implicit forms (Helser et al.2006 and single-area modelStewart et al.2012. Predicted recruit-
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ment has been modeled by sampling historical recruitmegt, @orn 1994 Helser et al. 2006
using a stock-recruitment relationship parameterizedggusiaximum sustainable yield (MSY) and
the fishing mortality rate estimated to produce the M&ydy; Martell 2010, and using several
alternative steepness prio&téwart et al.2012 Hicks et al, 2013. Selectivity has also been mod-
eled in several ways, invariarSfewart et al.2012 Hicks et al, 2013, time-varying with Helser
et al, 2002 and without Dorn, 1994 Dorn and Saunderd 997 Stewart et al.2012 Hicks et al,
2013 arandom walk and alternative levels of allowable deviatfoough time Kicks et al, 2013
Berger et al.2017), age-baseddorn, 1994 Dorn and Saunder4997 Stewart et a].2012 Hicks
et al, 2013, and length-basedglser and Marte)l2007).

Several harvest control rules have been explored for proyidatch limits from these stock as-
sessments. Pacific Hake stock assessments have presensgohd@akers with constai, vari-
ableF, and the foIIowing hybl’ld control rulezspr_35%, Fspro40% Fspro40%—40:10,Fspr_45%,
Fspro450—40:10, and~spr-509 (€.9.,Dorn 1996 Hicks et al. 2013 The above is only a small
fraction of the number of management procedures that havalcbeen investigated. There have
been many other combinations of data, assessment modelsaarest control rules. In addition to
the cases examined in the assessment documents, therecleavebny more requested at review
panel meetings.

While there have been many changes to Pacific Hake managenoeetures, each one has been
considered carefully. Available data have changed oveydlaes, and there have been many ad-
vances in the discipline of fisheries science. In some wénes|dtter has evolved considerably
over the course of the historical hake fishery: new statistechniques and software have evolved
(e.g., Bayesian vs. maximum likelihood methods), and thensi€ic literature has suggested poten-
tially important biological dynamics to consider (e.g.pbgit modeling of length-at-age). Policies
requiring the application of specific control rules have@alsanged such as the United States’ Na-
tional Standards Guidelines in 2002 and Bapr-400—40:10 harvest control rule in the Agreement
(see Glossary in AppendR). Analysts making changes to Pacific Hake management puoegd
have been trying to improve the caliber and relevance of #sessments by responding to new
scientific developments, policy requirements, and difieoe new insights during the peer review
process. Until the process for a MSE began, initiated in 2Bii8ks et al, 2013 and currently
being revisited, none of these management procedure chaveye evaluated by simulation and
guantitatively compared with performance measures.

3.2 DESCRIPTION OF BASE MODEL

The 2019 base model is predominantly an update of the baselimmdatie 2018 stock assessment.
The statistical-catch-at-age model assumes that the ®Bieikie population is a single coast-wide
stock subject to one aggregated fleet with combined maleemédl& population dynamics. Stock
Synthesis Methot and Wetzel2013 version 3.30.10 is again used, having been introducedein th
previous assessmeidwards et a)201&). The largest changes between the 2018 and 2019 stock
assessments are the addition of another year of fishery ddtthe switch from time-invariant to
year-specific values for fecundity.
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The 2019 base model includes an acoustic data time series 895 to 2017. The updated
maturity ogive from 2018 was retained (see Sec8dh]). The Dirichlet-Multinomial (D-M) like-
lihood approachThorson et al.2017 was again used to estimate the weights associated with
age-composition data, rather than iteratively tuning ra@e size multiplier as in 2017 and ear-
lier assessments (see Sectibi.4. Time-varying fishery selectivity is retained in the 201856
model with the magnitude of the allowable deviations ungea@from the 2018 base model (see
Section2.4.3. The general parameterization of selectivity was rethiméthough additional pa-
rameters were required to estimate an additional year oatlens. The acoustic survey selectivity
is assumed to not change over time. Selectivity curves wexeled as non-parametric functions
estimating age-specific values for each age beginning a2 &gethe acoustic survey (because age-
1 fish are mainly excluded from the sampling design) and afpe-the fishery until a maximum
age of 6 (all fish 6 and older have the same selectivity).

Prior probability distributions remained unchanged frddi& and fixed values are used for several
parameters. For the base model, the instantaneous ratéucdlmaortality (M) is estimated with

a lognormal prior having a median of 0.20 and a standard tiewidin log-space) of 0.1 (see
Section2.4.]). The stock-recruitment function is a Beverton-Holt pagdenization, with the log of
the mean unexploited recruitment freely estimated. Thisssmment uses the same Beta-distributed
prior for stock-recruit steepneds)( based oiMyers et al (1999, that has been applied since 2011
(Stewart et al.2011 2012 Hicks et al, 2013 Taylor et al, 2014 2015 Grandin et al.2016 Berger

et al, 2017 Edwards et a).2018&). Year-specific recruitment deviations were estimatedhfro
1966-2018 as well as the years 2019, 2020, and 2021 for ppsmddorecasting. The standard
deviation,o;, of recruitment variability, serving as both a recruitmeéeviation constraint and bias-
correction term, is fixed at a value of 1.4 in this assessmEhis value is based on consistency
with the observed variability in the time series of recrietmthdeviation estimates, and is the same
as assumed in assessments from 2013 to 2018 (T8pl&urvey catchability was set at the median
unbiased estimate calculated analytically aslpgtwig and Walterg1981). Maturity is assumed
to be time-invariant. Fecundity is defined as weight-ataggtiplied by the maturity ogive and
is time-varying across years with empirical weight-at-adgéa (1975— 2018). For years without
data, prior to 1975 and during the forecast period, fecynslitalculated using the long-term mean
weight-at-age (see Secti@?3 for more details). Alternative fecundity assumptions aiespnted
through sensitivity analyses (Secti8r).

Statistical likelihood functions used for data fitting aypital of many stock assessments. The
acoustic survey index of abundance was fit via a log-nornkaliiood function, using the ob-
served (and extra 2009) sampling variability, estimatedckviging, as year-specific weighting. An
additional constant and additive standard deviation onatpescale component is included, which
was freely estimated to accommodate unaccounted-for eeofgrocess and observation error. A
Dirichlet-Multinomial (D-M) likelihood was applied to aggomposition data, with input sample
sizes equal to the sum of the number of trips or hauls actsalhypled across all fishing fleets or
the number of trawl sets in the research surveys (see Setdof). A weighting parameter for
the fishery and the survey age compositions was specifiechandestimated in the model fitting
procedure to allow for additional sources of process an@mbsion error. This process resulted
in automatically tuned input sample sizes. Tuning quaditlid not change in assessments from
2012 to 2015, however additional tuning was required in 28i&2017 given the updated acous-
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tic survey index composition data and refinements to fishemyposition data. Tuning quantities
changed again in 2018 with the addition of the new D-M datayivéng (tuning) approach. Tuning
guantities remained relatively consistent from 2018 to201

Uncertainty of estimated quantities was calculated viakdaiChain Monte Carlo (MCMC) sim-
ulations. The bounds of 95% credibility intervals were aodted as the 2.5% quantile and the
97.5% quantile of posterior distributions from the MCMC siations, to give equal-tailed inter-
vals. The Stock Synthesis input files for the based modeligemgn Appendices$i-L.

Calculations and figures from Stock Synthesis output wer®peed using R version 3.5.1 (2018-
07-02) R Core Team2018 and many R packages (in particular r4ss and xtable). ThetRe
knitr, IATEX and GitHub immensely facilitated the collaborative wrg@iof this document. In par-
ticular, having most of the code automatically shared sthee2016 assessmer@randin et al.
2016 allowed the Canadian JTC members to conduct a prelimiresgssment (without the 2018
age data) during the U.S. government shutdown, and ensweeld C could complete a full assess-
ment in the limited time available. A recent DFO worksh&olyards et a).20183) shared such a
‘transparent, traceable and transferable’ workflow withidewaudience, partly motivated by our
ongoing Pacific Hake assessments.

3.3 RESPONSE TO 2018 SCIENTIFIC REVIEW GROUP (SRG) REVIEW

The Scientific Review Group (SRG) meeting was held from Faiy@26 to March 2, 2018 at the
Lynnwood Convention Center, Lynnwood, WA, USA.

The following are the ‘Assessment Recommendations andlGsinas’ from the 2018 SRG report,
and associated responses from the JTC:

1. The stock assessment results and stock status are hegisiyige to two aspects of the model:

(i) Weights-at-ageMaturity-at-age was recalculated in the 2018 assessnaseibon an analysis
of ovaries collected during the fishery and survey in receatyto produce an empirical vector of
the proportion mature (i.e., that will likely spawn) at eage. Spawning biomass in the base-case
model is calculated as the product of numbers-at-age, iaatrage, and mean weight-at-age
(averaged over all years 1975-2017). The SRG noted thaapfusoach ignores the conspicuous
pattern of weights-at-age being much higher in the late 49fan in recent years. Although the
base-case model accounts for this pattern by using annughtseat-age when calculating total
biomass and catches, the variability and pattern in weidfatge are not included in the calculation
of fecundity-at-age and spawning biomass. The SRG corssitlertore appropriate to calculate
spawning biomass using annual weights-at-age for yeafs d@ta, especially given the higher
weights-at-age in the 1970s, and requested a sensitiviyptore the influence of this decision.
To conduct this sensitivity an assumption was made thatdlmutating spawning biomass in 2018
and future projections, average weight-at-age in the nexsint 3 years of data be used; and for
calculating spawning biomass in the unfished state and yedose 1975, the average weight-at-
age in the first 5 years of data (1975-1979) be used. [Thenaliege model maintained the base
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model’s approach for estimating total biomass prior to 18@A8 also in projections (using the
weights-at-age averaged over 1975 to 2017). The SRG hasstqgluthat the JTC apply calcu-
lations for these periods consistent with decisions takehisa meeting when it reports back at
the 2019 SRG meeting.] Three hypotheses that might exgiainlbserved changes in weights-at-
age: density-dependent growth, environmental driverd,feshing-induced evolutionThe SRG
requests that the JTC examine the historical weights-at-agdata, evaluate approaches for pa-
rameterizing fecundity-at-age for years without data (pre1975), and evaluate other methods
of deriving biological reference points such a$.

Response — The JTC agreed with the SRG recommendation tdatalspawning biomass and
fecundity using annual weight-at-age for years with dataj accordingly included time-varying
fecundity in the 2019 base model. Thus, fecundity (caledlas weight-at-age multiplied by matu-
rity) changed from being defined by a single catch-weightedage of weight-at-age applied to all
years to being defined by year-specific weight-at-ages oayéne time period with data (1975—
2018). For periods without data (pre-1975 and post-2018)clk-weighted average weight-at-age
was used in the base model. This configuration was based alig&®m several investigations
outlined in the following paragraphs. Alternative fecutydconfigurations (and thus weight-at-
age) for the pre-1975 and forecast period were also used msigeity runs (see Sectior&8.1
and3.8.2.

Historical weight-at-age data was re-examined to ensuag #il relevant data were available to
the assessment. Samples from the 1960s in PacFIN that wedteruanalyses by Christine Stawitz
were found to be from Puget Sound, and were therefore ctyrextluded from previous (and the
current) hake assessments. Weight data from early yearsdsasfied as possibly suspect due to
inaccurate scales used at that time, especially on foreggsels. However, a comparison of mean
weight-at-age with mean length-at-age showed that thosfagr bins with high mean weight also
had high mean length, and the method of length measurenkeit hasn’t changed considerably
over time. Ages from the earlier years were likely solelyeolasn surface reads, whereas protocol
since the early 2000s has been to use the break and burn methitgh older than about age-2. A
comparison between ageing methods was done recently i@ &&ole, indicating increased bias
as fish age when using surface reads, although no such asdhesti we are aware of has been
done for Pacific Hake. If otoliths from the early years wereparly preserved and stored, there
may be a chance to conduct research to enumerate any pdteiatses. Other than standard data
updates and the addition of historic weight-at-age datarfrGanadian fishery and surveys (see
Section2.3.3, no changes were made to weight-at-age data based on tbasalerations.

Regarding the assumption of pre-1975 weight-at-ages, i@ donducted an analysis to see
whether there was any indication that weights-at-age v@luere trending through time. A weighted
least squares approach was used to fit log weight (kg) datasacyears 1975-2018, where a sep-
arate analysis was done for each age group (age-2 throughlajeand weights were defined
as the inverse of the annual sample variance. The resultogesparameter was used to better
understand age-specific long-term trends in weight-at-aljee results of this analysis showed a
near zero slope for all ages, with age-13, 14, and 15 beinghtliy positive and all others being
slightly negative (Figurel4), which was not unexpected given the large amount of imt@wual
variability in the data. However, estimated slope paramsteere sensitive to excluding data from
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1975-1980. This, together with the lack of a clear trend abms-at-age through time, led us to
use in the base model the long-term mean (1975-2018) weagaige (rather than the short term

from 1975-1979) for the pre-1975 time period. Overall iefezes were similar when using length
instead of weight.

Furthermore, there were small numbers of age samples foedky years (especially 1975) as
shown in Figurel3. The few heavy fish in the 15-year-old and older accumulatoug from
1976-1979 influence the short-term average for 1975-198 feriod, further justifying use of
the long-term mean (1975-2018) for the pre-1975 time perdele Section3.8.1and 3.8.2for
further details. and sensitivity runs that explore thesguasptions.

Regarding forecast year weight-at-ages, the JTC used tightesl least squares analysis to also
suggest that the assumption of using the long-term meanefighivat-age in 2019-2021 was rea-
sonable. As documented last year (page 2&aivards et al. 20118, the current configuration
of Stock Synthesis (version 3.30.10 as used for this aseagspnecludes properly testing other
assumptions while using the final year of empirical weigh&@e data. The software required fore-
cast year weights-at-age values to be either (i) set to timeesas that for equilibrium conditions,
or (ii) set equivalent to the final year of data (2018). For eyae, we were unable to set future
weight-at-age values to be the mean of 2016-2018 withowot sg#ting the 2018 weights-at-age
to that mean (thereby averaging out the 2018 data). Thezefwe retained the 2018 base model
assumption of using the overall 1975-2018 mean for the &steperiod. See Sectidh8.1 for
further details.

During the 2018 SRG meeting it was further realized that (p2&dwards et al. 2018 “An
inconsistency in this alternative run is that the mean weaghage across all years is still used
for the calculation ofstock biomassn the years outside the range with empirical data (1975-
2017), rather than the short-term averages (1975-1979 dr52P017). A brief examination of
the sensitivity of the alternative run to removing this insistency showed relatively little change
in results” This inconsistency has been resolved and da¢safiect the 2019 base model or
sensitivity runs.

Several alternative weight-at-age (and time-varying fetity) data configurations were examined
through sensitivity analyses. These include (i) time imrgrfecundity, (ii) alternative pre-1975
settings, and (iii) alternative forecast period settin@®e SectioB.8for further description and
results from sensitivity runs.

Regarding evaluating other methods of deriving biologiedérence points such agpBthe JTC
expresses interest in using the developing Managemene§yr&valuation to test the impact of
making different assumptions about calculating &1d other reference points, in the presence of
variability in weight-at-age. For example, what if thereshibeen a long-term decline in weight-
at-age but it is ignored when setting reference points, oatwhweight-at-age varies randomly
through time but reference points are set using a non-reprgive subset of the long-term trend?
Recent simulation work bBerger (in presg, using Pacific Hake as one example, provided ev-
idence that static reference points, such as those baseadhiishad equilibrium conditions ¢

can be misleading when there are directional trends or regémift changes in the underlying stock
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productivity.

(i) Variance in recruitment deviationgg): The SRG notes the high sensitivity of the model to
the variance parameter assumed for recruitment deviafmgsa parameter that is not directly
observable). While the spawning biomass trajectoriessacvalues obr were very close to one
another, the corresponding estimateRgfed to widely different estimates of stock status (relative
spawning biomass). The JTC presented evidence that sedbe value used in the assessment.
The SRG encourages the JTC to explore methods for parametering recruitment and/or
estimating or that would reduce model sensitivity to the value of this consaint .

Response — Developing best practices for modeling recemtmariability (0r) remains a broad
topic of contemporary research. The JTC has outlined séadternative approaches for advanc-
ing this research as it applies to Pacific Hake. These areefimatingor in MCMC runs while
testing semi-parametric selectivity; (b) estimating rgtment autocorrelation to examine the im-
pact it has on the model and whether it reduces sensitivitiyed@hoice obg; (C) use the Template
Model Builder (TMB) code developed by Nis Jacobsen for thedgament Strategy Evaluation
to explore random effects treatment of recruitment vatigb{Thorson in presg. The JTC plans

to continue to work towards evaluating and testing best ficas for modeling recruitment vari-
ability. Progression on these research topics was haltethduhe 2019 assessment season due to
unforeseen time constraints imposed on the JTC.

2. The SRG notes that when setting values for other parasiiiar cannot be estimated directly
with confidence, the choice of values should be made usinpadstthat are objective, repeat-
able, and depend on fits to the observed data rather than ondtlel's subsequent estimates of
biomass or recruitment. One clear example is setting thenpatier controlling time-varying fish-
ery selectivity (), with a goal of establishing repeatable steps for set®rgpch year. The SRG
recommends that the JTC provide a review of how time-vargelgctivity is parameterized and
estimated in other assessments.

Response — Although some progress has been made identityiegassessments that specify
the variability associated with time-varying selectiVi®), a thorough review and comparison of
alternative approaches could not be completed in time fera@19 assessment due to unforeseen
time constraints this assessment season.

3. After reviewing the sensitivity analysis for minor cartiens to the catch series, the SRG agrees
that the assessment results were not significantly affedtienvever, the coding and database
errors should be rectified as soon as possible.

Response — These issues were largely rectified during th& @@®ting, while remaining issues
have since been permanently fixed.

4. The new histological analysis of ovaries for maturitgelprevious analyses, showed a distinct
difference in the percent of hake that are mature at age 2 ga@ detween areas, with a greater
proportion mature south of Point Conception (34M). These data suggest that there may be two
populations of hake, north and south of this boundary. Th& &Ro notes that ovaries collected
in Canada were not used to update the maturity ogive. The foakel in Canada are generally
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older age fish and including samples of these fish in the ntgtanalysis should improve the
robustness of the maturity ogivdhe SRG strongly supports the planned genetic analyses to
determine whether there are also genetic differences betwa these two southern regions and

other regions as well. In addition, the SRG notes that Canadin samples should be included

in the maturity analysis.

Response — Regarding genetic difference between regioissa lichols (NWFSC, NOAA) and
her staff have started working on this. She says “NWFSClsta# begun a genetic analysis using
hake samples collected along the Pacific coast during sunfiati€British Columbia to California)
and winter (Oregon and California) and within the Strait oé&gia (British Columbia) during the
spring. Prior genetic analyses in Pacific Hake have focused smaller geographic range, over
a limited seasonal time scale, and used a limited set of generkers (wamoto et al. 2004
2015. To improve the power to evaluate genetic stock structneassociations with life history
characters important for assessment, thousands of geneti&ers in hake are being surveyed
using genomic technologieBdird et al, 2008 Ali et al., 2016. Initial genetics data have been
generated for 400 individuals, with planned genetic analyd close to 2,000 individuals total.
This study will examine genetic connectivity between ggagc and temporal collections, and
evaluate the hypothesis that offshore hake migrate sedgao®8aja and California for spawning
in the winter. This work began in December 2018 and is exgddotbe completed in 2020.

Regarding including the Canadian samples in the maturitglygsis, DFO is continuing to assess
workload logistics, including the possibility of gettingihed by Melissa Head (NWFSC) on the
histological methods she used in the recent maturity armsatysalternatively getting samples sent
from Canada to Seattle, if appropriate. Presumably, the®8drvey or fishery would be the
earliest time to get any additional Canadian samples.

5. The 2018 assessment diverged from past practice in iteagipto determining the data weights
applied to the age-composition data. Past assessmentansenative approach (sometimes re-
ferred to as the McAllister-lanelli approach) to arrive la¢$e weightings. The 2018 assessment
incorporates the weightings as estimable parametershiherliminating the need for iterative
reweighting. This streamlines the assessment processharn8RG considers it to be a sensible
and useful improvementHowever, the SRG requests that the JTC provide thorough docu
mentation of all changes in methods of data weighting.

Response — Sectidh4.4 includes information on all methods, current and histoljaased to
weight composition data. Additionally, Tabl8 includes a time series of weights used for the
fishery and survey age compositions as well as a comparahle darived from the current model
that uses the Dirichlet-Multinomial likelihood to estireateights.

6. The issue of data weighting remains a significant techalalenge for stock assessments (such
as the Pacific hake assessment) that integrate informdtutifferent forms (e.g., biomass indices
and age compositions) from different sources (e.g., diffefishing sectors). The SRG notes that
the JTC has considered alternative schemes for data waggsuich as the Francis (2011) method.
The SRG notes that it would be useful for such explorations tdoe documented in future
assessment reports, and requests that JTC perform a sensitly analysis for this method in
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future assessments.

Response — Sensitivity analyses were included to comparasth of the Dirichlet-Multinomial
likelihood to the McAllister-lanelli and Francis weighifmethods (see Secti@8). All three
methods are described in Secti@d.4and historical weightings used in previous assessments can
be compared to values estimated in this assessment (I8ble

A potential issue related to data weighting that should @cerd in the next assessment is the
JTC’s approach to deriving the initial set of data weighsiagsociated with the fishery and survey
age-composition observations. Table 5 in the assessmentraamt shows the annual number of
at-sea hauls and shore-based trips from which fish ages megorated into the age-composition
series and the document states that “initial sample sizesiaply the summed hauls and trips”.
If there are changes in the number of fish associated with saetple unit (haul or trip) over
time, one would expect a corresponding change in the infoaomaontent of an age-composition
sample. For example, there may have been more fish per samgéely years than later years,
implying that the assessment model should provide a better darly samples than to later sam-
ples. The approach taken to deriving the initial data waigittuld account for changes in the
number of fish per sampling unit. Alternatively, the Diriehimultinomial parameter that accounts
for variability in the age- composition observations coiidlude a time-varying component to
account for changes in the number of fish per sampling urtie SRG recommends that the
JTC include information in the next assessment on the annuahumbers of fish underlying
each annual age-composition observation and present an ayais of the potential influence

of changes in sampling.

Response — The number of age (and weight) samples used toplage compositions over time
(1975-2018) are shown in Figufe3. A formal evaluation of the influence temporal fluctuations i
the number of fish sampled and aged has on model performanteroat be completed in time for
the 2019 assessment due to unforeseen time constraintggdiie assessment season. The JTC
plans to complete such an evaluation in preparation for tB2@stock assessment.

7. The SRG requests that the estimates of total age+2biomass be included in Table 18 of
the assessment report in the future.

Response — This was done for the published version of theg&&Hssment, and will be the stan-
dard for the 2019 assessment and beyond.

8. The SRG recommends that the JTC produce a table showing chaeg in model struc-
ture and parameterization that have been implemented sinc2011 as a standard table to be
included in the assessment document.

Response — The 2019 assessment includes T8ltleat summarizes major changes to the model
structure and parameterization since 2011. Future asseasswill include an updated version of
the table as well.

Finally, we note that we have complied with the followinguegt from the 2017 SRG concerning
the sensitivity tests to perform in all future assessments:

Pacific Hake assessment 2019 50 Sec8enAssessment



The SRG requests that future assessments, beginning with 28, include the following key
sensitivity tests: natural mortality, stock-recruit steepness ), oy, inclusion of the age-1 in-
dex, and exploring the degree of flexibility in time-varyingselectivity or the ¢ parameter, as
well as any others the JTC deems appropriate.

3.4 MODELING RESULTS
3.4.1 Changes from 2018

A set of ‘bridging’ models was constructed to evaluate thajgonent-specific effects of all changes
from the 2018 base model to the 2019 base model.

In short, these included the following
» Update catch data from years prior to 2018.
» Update age composition data from years prior to 2018.
» Update weight-at-age data from years prior to 2018
» Add 2018 total catch.
» Add 2018 fishery age composition and weight-at-age data.

» Change fecundity (calculated as weight-at-age muldpbg maturity) from being time-
invariant (using a single catch-weighted average of weagfage over all years) to time-
varying (using year-specific weight-at-age).

In general, these changes mimic the steps routinely appiétl a single exception requiring
additional explanation.

The first set of bridging steps were conducted to “Updateagator to 2018. This primarily
included minor adjustments in catch, fishery age compasiaad weight-at-age values, where a
few additional samples from previous years, especialiypftioe end of 2017 that were not available
in time for the 2018 assessment were included. These chaveyessmall enough that they had
little impact on the model results (Figui®).

The addition of 2018 catch allowed the model to be extendéutstart of 2019, but the estimates
for 2019 remained highly uncertain (Figui®) in the absence of additional information about
recent recruitment. The addition of 2018 fishery age contiposinformation had relatively little
additional impact on the biomass estimates, indicatingttfeaobserved 2018 ages were consistent
with the model estimates without those data (Figl@g However, the addition of these data did
alter recent recruitment estimates, including an increagee estimated size of the 2016 year class
and a reduction in the uncertainty associated with theivela¢cruitment strength of the 2016 and
2017 year classes.
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In addition to fishery ages, this bridging step also includdding 2018 weight-at-age data and
updating other associated settings related to recruitreentbining multiple elements that should
be associated with each other. The assessment model ssphatnain vector of recruitment de-
viations from those applied in the forecast, because thiatiens in the ‘main’ period are modeled
as summing to zero to ensure that they are equally balanoed@the stock-recruit relationship.
If forecast deviations were included in this vector, thisozeum constraint would have the poten-
tial to cause those forecast deviations to differ from zex@n in the absence of any data for the
forecast years. The addition of the 2018 fishery composdaia, which included a relatively high
proportion of age-1 fish from the 2017 cohort and age-2 fismftioe 2016 cohort, meant that it
was necessary to shift the endpoint of the main vector otirgoent deviations to include 2017.
The settings related to avoiding bias in recruitment egdionabased on the method proposed by
Methot and Taylof2011), were also shifted by 1 year as part of this same bridging steaccount
for the addition of information about recruitment for thelZOcohort. Finally, this bridging step
also shifted the ending year of the deviations in the sefiégtharameters from 2017 to 2018 since
there was now fishery data in 2018.

The final bridging step involved changing the structurabiagstions about fecundity (discussed
further in Section®.3.1and3.8) and resulted in the 2019 base model (Tab8. The switch
from time-invariant to time-varying fecundity resultedtime biggest bridging change to current
biomass. Fecundity (calculated as weight-at-age mutighy maturity) changed from being de-
fined by a single catch-weighted average of weight-at-agéeapto all years to being defined by
year-specific weight-at-ages covering the time period déta (1975-2018). For periods without
data (pre-1975 and post-2018), catch-weighted averagghtvai-age was used (however see Sec-
tion 3.8.1for discussion on alternatives). The results of this bridgtep caused a visible change
in the time series of spawning biomass (Figt& as the fecundity of all cohorts were different
leading to variability in the time series of spawning biosiasn spite of these changes to the
estimated spawning biomass, this bridging step had littlgaict on recruitment, since the stock-
recruit relationship indicates a relatively weak link beem spawning biomass and recruitment
(see below).

3.4.2 Assessment model results

Model Fit

For the base model, the MCMC chain length was 24 million asg m the 2018 assessmeBtf
wards et al.201&). The first 4,000,000 values were discarded to eliminatentwr’ effects and
each 10,000th value thereafter was retained, resultin@@® Zamples from the posterior distri-
butions for model parameters and derived quantities. BusMMCMC explorations indicated that
log6sury, the log of thed parameter associated with the survey data in the DiridWlgtinomial
(D-M) weighting, was not being sampled efficiently due to pmaamples occurring in a part of the
parameter space where the effective sample size multipligt/ (1 + Bsurv), is between 0.99 and
1.0. In this area, the input sample sizes are given full weaglad the likelihood surface is almost
completely flat with respect to this parameter. Therefareanprove MCMC convergence, @y
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was fixed at the MLE estimate of 2.44, corresponding to a wei§Bsyry/(1+ Osyrv) = 0.92. The
D-M parameter for the fishery weights was well sampled by t&WMC, with a median estimate
of log B4sp = —0.551 and an associated median weigh6gf,/ (1 + Bxsn) = 0.366.

Stationarity of the posterior distribution for model paeters was re-assessed via a suite of stan-
dard single-chain and multi-chain diagnostic tests. THeative function, as well as all estimated
parameters and derived quantities, showed good mixingnguiie chain, no evidence for lack of
convergence, and low autocorrelation (results for somepeggmeters are shown in Figures
and18). Correlation-corrected effective sample sizes were @afft to summarize the posterior
distributions and neither the Geweke nor the Heidelbergdrn\aelch statistics for these parame-
ters exceeded critical values more frequently than exdedgeerandom chance (Figud®). The
Gelman-Rubin multi-chain diagnostic test, which compavisin-chain variance to among-chain
variance, further indicated that convergence was adelguatbieved (Figure20). Correlations
among key parameters were generally low, with the excemfamatural mortality,M, and the
logarithm of the unexploited equilibrium recruitment leveg Ry, (Figure21). Derived quantities
for recruitment in 2008 and 2010 as well as the relationskigvben relative spawning biomass
in 2019 with the catch from default harvest rule in 2019 waghly correlated, as to be expected
given the dependencies among these quantities (FRDreAn examination of deviations in re-
cruitment (log-scale differences between estimated apdagd recruitment values) from recent
years (Figure?) indicates the highest correlation (0.68) between the 201D2012 recruitment
deviations. This continues to be likely caused by the nadagiroportion of these two cohorts
being better informed by recent age-composition data thaalbsolute magnitude of these recruit-
ments.

The base model fit to the acoustic survey biomass index (Esuand23) remains similar to the
2018 base model. The 2017 survey biomass estimate resaoledlownward shift in the fit to
the 2015 survey data point and a leveling off of the bioma=msdirover recent years (Figud).
The addition of 2018 fishery data had negligible effect onfiht survey biomass (Figurk6).
The 2001 data point continues to be well below any model ptiedis that were evaluated, and
no direct cause for this is known. The survey did begin eathat year than all other surveys
between 1995 and 2009 (Tal8&), which may explain some portion of the anomaly, along with
El Nifio conditions and age structure. The 2009 index is mughdr than any predicted value
observed during model evaluation. The uncertainty of tbiaf(both modeled and actual) is also
higher than in other years, due to the presence of large msnubeHumboldt Squid during the
survey. Humboldt Squid have similar Target Strength to hekieh could introduce bias in the
biomass estimate for that year, and which also likely infigehhake population dynamics through
predation in that year.

The MLE and median posterior density estimate underfit ti&20rvey index and overfit the 2017
survey index. This is likely due to fishery data suggestimghsly different population dynamics

than the survey in recent years. This phenomenon can ariea Wie fishery gets a prominent
signal about age-1 fish, as it did in 2015, whereas the sureetams information on age-2 and
older fish.

Fits to the age-composition data continue to show closeespandence to the dominant cohorts
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observed in the data and also the identification of small dshwhere the data give a consistent
signal (Figure24). Because of the time-varying fishery selectivity, the fittmmmercial age-
composition data is particularly good, although model$ihe-invariant selectivity used in pre-
vious years also fit the age compositions well. The 2018 aggosition was dominated by age-2
fish from the 2016 year-class (23% of the catch in the fishagg;4 fish from the 2014 year-class
(29% of the catch in the fishery), and age-8 fish from the 20H3-gkass (24% of the catch in the
fishery). Age composition from the 2017 acoustic survey aisiiccated that the 2014 year-class
(53% of that catch that year) and the 2010 year-class (26%eofatch for that year) were large.
The pattern for the 2010 year-class was expected givenriregsh of that cohort from the fishery
composition data from 2012 onward, and thus are fit well byribeel. Combined, the 2015-2018
fishery age composition data and the 2017 acoustic survegagposition data suggest that 2014
was likely a strong recruitment year, and the model was aldeléquately fit to these observations
(Figure24). The 2016 year-class has yet to be exposed to the acousteysgo the strength of
this cohort is reliant solely on two years of fishery data dntremains highly uncertain. Residual
patterns to the fishery and survey age data do not show pattextwould indicate systematic bias
in model predictions (Figur2b). The MLEs for numbers, biomass, exploitation rate andrcétc
numbers and in biomass) for each age class in each year areigifablesl9-23. For the major
cohorts, the resulting age-specific catch, natural meytald surviving biomasses are given in
Table24.

Posterior distributions for both steepness and naturatatityrare strongly influenced by priors
(Figure 26). The posterior for steepness was not updated much by tlae d@atexpected given
the low sensitivity to steepness values found in previolke lEssessments. The natural mortality
parameter, on the other hand, is shifted to the right of tier plistribution and the prior may be
constraining the posterior distribution from shifting theer. Broadening the prior distribution by
increasing the prior standard deviation for the naturaltality parameter is examined in sensi-
tivity runs (see Sectio.8). Other parameters showed updating from non-informatie e to
stationary posterior distributions.

The 2019 base model specified the same level of variationdatd deviation ofp = 1.4) associ-
ated with time-varying fishery selectivity as the 2018 baseleh, effectively allowing the model
flexibility (i.e., a lower penalty on the overall likelihopdo fit to data that suggests high vari-
ability among years for each age. This level of variationtiedesults that were consistent with
the 2017 acoustic survey biomass estimate and gave redsditaio the fishery age composition
data, while maintaining that there is considerable ungegtassociated with spatial changes in
fish availability (due to movement) and recent variabilityoceanographic conditions. Estimated
selectivity deviations from 2010 to 2012 are the largeserent years (Figured7 and28). The
median selectivity peaks at age 4 in 2010 and 2012 and at ag2( 1L suggesting targeting of the
younger cohorts in those years. This pattern is consistéhtthe 2008 cohort appearing strong
in the fishery age compositions initially, but decreasingiominence from 2013 onward (Fig-
ures24 and29). Fishery selectivity on age-2 fish was at its highest in 20@Bowed by 2018.
The selectivity of age-3 fish by the fishery in 2017 (2014 ctheas similar to that for the 1999
and 2010 large cohorts (age-3 in 2002 and 2013, respectivigiyre28). Even though the survey
selectivity is time invariant, the posterior shows a broaddof uncertainty between ages 2 and
5 (Figure30). The decline in survey selectivity between ages 3 and 4 neagrbartifact of the
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interaction between large cohorts and the biennial timiinggoent surveys, with the 1999 cohort
occurring in the survey at ages 2 and 4 but not 3 while the 2002814 cohorts occurred at
ages 3 and 5 but not age 4. Fishery selectivity is likewisg uacertain (Figure28 and30), but

in spite of this uncertainty, changes in year-to-year pastén the estimates are still evident, par-
ticularly for age-3 and age-4 fish, though these patterndinaityo reflect time-varying mortality
processes.

Stock biomass

The base stock assessment model indicates that since tBe, I2dcific Hake female spawning
biomass has ranged from well below to near unfished equihib(Figures31and32and Table25
and26). The model estimates that it was below the unfished eqiuifibin the 1960s and 1970s due
to lower than average recruitment. The stock is estimatadve increased rapidly to near unfished
equilibrium after two or more large recruitments in the $d880s, and then declined steadily after
a peak in the mid- to late-1980s to a low in 2000. This longquknf decline was followed by a
brief increase to a peak in 2002 as the large 1999 year clagssaeda The 1999 year class largely
supported the fishery for several years due to relativeljlse@uitments between 2000 and 2007.
With the aging 1999 year class, median female spawning 8srdaclined throughout the late
2000s, reaching a time-series low of 0.550 million t in 20IBe assessment model estimates that
spawning biomass declined slightly from 2014 to 2015 after fyears of increases from 2010
to 2014. These estimated increases were the result of a2@df® cohort and an above-average
2008 cohort, and the decline in 2015 and 2016 is from the 20h0rt surpassing the age at which
gains in weight from growth are greater than the loss in wieigim natural mortality. The model
estimates an increase from 2016 to 2017 due to the large 28H4iass, which is estimated to be
the fifth highest recruitment in the time series, followedabgeriod of relatively steady biomass
from 2017 to 2019.

The median estimate of the 2019 relative spawning biomassalie spawning biomass at the start
of 2019 divided by that at unfished equilibriuBy) is 64.1% but is highly uncertain (with a 95%
posterior credibility interval from 26.3% to 156.7%; sed®dlEs25and26). The median estimate of
the female spawning biomass at the start of 2019 is 1.31mtl(with a 95% posterior credibility
interval from 0.471 to 3.601 million t).

The estimated 2018 female spawning biomass is 1.346 (&) million t. In the 2018 assess-
ment, the equivalent estimate of 2018 female spawning sswas 1.357 (0.610-3.161) million t.
The 2019-estimated median is very similar to the 2018-eggchmedian, while the credible inter-
val has decreased with the addition of another year of fistiaty.

Recruitment

The new data available for this assessment do not signifycanange the estimated patterns of
recruitment. Pacific Hake appear to have low average recenit with occasional large year-
classes (Figure83 and 34, Tables25 and26). Very large year classes in 1980, 1984, and 1999
supported much of the commercial catch from the 1980s to flde2@00s. From 2000 to 2007,
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estimated recruitment was at some of the lowest values itirtteeseries followed by a moderately
large 2008 year class. The current assessment continussrate a very strong 2010 year class
(Figure35) comprising 70% of the coast-wide commercial catch in 28435 of the 2014 catch,
70% of the 2015 catch, 33% of the 2016 catch, 37% of the 20Thcahd 24% of the 2018 catch.
The current assessment also estimates a strong 2014 yesi(figure35) comprising 50% of the
2016 catch, 39% of the 2017 catch, and 29% of the 2018 catoh 2Uh6 cohort also appears to
be strong at 23% of the 2018 catch. Although the absolutedfiziee 2014 year class remains
highly uncertain, at least more so than cohorts that have blegerved for more years, three years
of fishery data and one year of survey data suggest that iei@btie higher estimates in the time
series. The 2016 year class is estimated to be above averagk(in size to the 2008 year class)
from two years of fishery data. The 2016 year class will notieeoved in the survey until 2019
as age-3 fish.

The additional data in the 2019 assessment has reduced themaestimate of the 2014 year class
to 8.467 billion fish (Table5), from the 8.583 billion estimated in the 2018 assessmeatilér8

of Edwards et al. 201§. Yet the 2014 year class remains the fifth largest estimaeditment,
albeit with large uncertainty (Tabl26 and Figure33). The median estimate for the 2016 year
class is 3.895 billion fish (with a 95% posterior credibilitgerval from 0.746—26.085 billion fish;
Tables25and26).

The model currently estimates small 2011, 2013, and 2015cjasses (median recruitment below
the mean of all median recruitments) and a slightly abovesa@2012 and 2017 year class. The
proportion of the age-1 catch (in numbers and biomass) 820017 year class) was slightly
larger than the age-1 catch in 2017 (2016 year class). Thdit#a or no information in the data to
estimate the sizes of the 2018 and 2019 year classes. Rsttvgpanalyses of year class strength
for young fish have shown the estimates of recent recruittodye unreliable prior to at least age-3
(Hicks et al, 2013.

The estimated recruitments with uncertainty for each ptedi point and the overall stock re-
cruit relationship are provided in FiguBs. Extremely large variability about the expectation and
about the joint uncertainty of individual recruitment apa&ning biomass pairs are evident in this
plot. High and low recruitments have been produced througtie range of observed spawning
biomass (Figur&6). The standard deviation of the time series of median reoent deviation es-
timates for the years 1970-2017, which are informed by tleecgnpositions, is 1.67. This value
is consistent with the base model value of 1.4.

Exploitation status

Median relative fishing intensity on the stock is estimatetidve been below the SBfg, target
for all years (Figure37 and Table25 and 26). It should be noted, however, that the median
relative fishing intensity was close to the target in 20081l®@and 2011, but harvest in those
years did not exceed the catch limits that were specifiecdedban the best available science and
harvest control rules in place at the time. Exploitatiorctien (catch divided by biomass of fish
of age-2 and above) has shown relatively similar patterigu(E 38 and and Table25 and 26).
Although displaying similar patterns, the exploitatioadtion does not necessarily correspond to
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fishing intensity because fishing intensity more directlycamts for the age-structure of both the
population and the catch. Median relative fishing intenstgstimated to have declined from
96.6% in 2010 to 52.8% in 2015, after which it increased tB®iin 2018. The exploitation
fraction has decreased from 0.17 in 2011 to 0.08 in 2015 aediticreased to 0.14 in 2017 before
ending at 0.12in 2018. Although there is a considerable atrmfumprecision around these recent
estimates due to uncertainty in recruitment and spawniamass, the 95% posterior credibility
interval of relative fishing intensity was below the SPR ngemaent target from 2012 through
2015 (Figure37). The median estimates for 2016, 2017, and 2018 are belown#rmagement
target, however the 95% posterior credibility intervalsmdude the target level.

Management performance

Over the last decade (2009-2018), the mean coast-wideatin rate (i.e., landings/quota) has
been 73.8% and catches have been below coast-wide targéte 4J. From 2014 to 2018, the
mean utilization rates differed between the United Stat®@s8%0) and Canada (47.3%). In 2015,
the utilization rate for the fishery was the lowest in the pyes decade (44.1%) due, in part, to
difficulties locating aggregations of fish and possibly exaic reasons. In years previous to 2015,
the underutilization in the United States was mostly a tesfulnrealized catch in the tribal appor-
tionment, while reports from stakeholders in Canada sugddbat hake were less aggregated in
Canada and availability had declined. In 2016, the utildratate increased but remained below
pre-2015 levels, despite the total 2016 catch being oneeohitphest in recent years. This is in
large part due to increasing catch targets as biomass cestio increase. The utilization rates
in 2017 and 2018 continued to increase from the 2015 low ih bo# United States and Canada.
Total landings last exceeded the coast-wide quota in 20@hwililization was 112%.

The median relative fishing intensity was below target iryadrs throughout the time series (Fig-
ure37). The female spawning biomass was above target all yeaepeftom 1999-2000 and from
2007-2011 (Figur&9).

The joint history of biomass anfd-based target reference points shows that before 2007 amedi
relative fishing intensity was below target and female spagvbiomass was mostly abo@ago,
(Figure39). Between 2007 and 2011, however, median relative fishitegsity ranged from 80%
to 97% and median relative spawning biomass between 0.20.88d Biomass has risen recently
with the 2008, 2010, and 2014 recruitments and, correspghgdielative fishing intensity fell well
below targets. Relative spawning biomass has been abovartiet since 2012. While there is
large uncertainty in the 2018 estimates of relative fishiiigrisity and relative spawning biomass,
the model estimates a 10.3% joint probability of being bditbve the target relative fishing inten-
sity in 2018 and below thB4q9, relative spawning biomass level at the start of 2019.

3.5 MODEL UNCERTAINTY

The base assessment model integrates over the substaicgaiainty associated with several im-
portant model parameters including: acoustic survey editity (), the magnitude of the stock
(via the Ry parameter for equilibrium recruitment), productivity dfet stock (via the steepness
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parametem, of the stock-recruitment relationship), the rate of nalturortality (M), annual selec-
tivity for key ages, and recruitment deviations. The uraiaty portrayed by the posterior distri-
bution is a better representation of the uncertainty whenpared to asymptotic approximations
about the maximum likelihood estimates (MLE) because dvedl for asymmetry (Figur6; also
seeStewart et al. 201%or further discussion and examples). Note that we use tine M_E even
though the priors are involved in the likelihood calculatend so the more accurate term would
be the mode of the posterior density. TaBléshows that most key derived quantities from the
posterior distribution are larger than their respectiveBdL(e.g., median biomass, recruitment,
and relative spawning biomass), however some parameteragss (e.g., steepness and catchabil-
ity) are smaller. Figurd0 shows the MLE and Bayesian (from MCMC) estimates as well as th
skewed uncertainty in the posterior distributions for speng biomass and recruitment for each
year. Median estimates of spawning biomass and recruitinemt the posterior distribution are
slightly larger than their respective MLESs, but the 95% dvéitly (posterior median) and confi-
dence (MLE) intervals overlap considerably.

Uncertainty measures in the base model underestimate tleuttcertainty in the current stock
status and projections because they do not account fonattee structural models for hake pop-
ulation dynamics and fishery processes (e.g., recruitrsetdctivity, or spatial fleet or population
structure), the effects of alternative data-weightingice®, and the scientific basis for prior prob-
ability distributions. To address structural uncertastithe JTC investigated a range of alternative
models, and we present the key sensitivity analyses alotigansuite of other informative sensi-
tivity analyses.

The Pacific Hake stock displays a very high degree of recaritraariability, perhaps the largest
of any west coast groundfish stock, resulting in large an@tirajpmass changes. This volatility,
coupled with a dynamic fishery that potentially targetsmsgraohorts (resulting in time-varying
selectivity), and little data to inform incoming recruitnteuntil the cohort is at least age-2, will
in most circumstances continue to result in highly uncerestimates of current stock status and
even less-certain projections of the stock trajectory.

The JTC continues to be committed to advancing MSE analysespordinating research with
the Pacific Hake MSE Working Group and other scientists inréggon engaging in similar re-
search. Incorporating feedback from JTC/IJMC/AP/SRG/MS&rkiig Group will ensure that
constructed operating models will be able to provide insigto the important questions defined
by these groups. Specifically, the development of MSE tamksv/aluate major sources of uncer-
tainty relating to data, model structure and the harvestyp&r this fishery and compare potential
methods to address them remains an important goal.

3.6 REFERENCE POINTS

We report estimates of the base reference points (e.gliyvesta Fspr-40%, Bao%, Busy, and MSY)
with posterior credibility intervals in Tabl28. Only those based dRspr-409 explicitly relate to
target reference points per the treaty Agreement (seeddelc and AppendixB). The estimates
are only very slightly different than the estimates in th&é2@ssessment (see also Tablg
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As part of the DFO Sustainable Fisheries FramewbdkD (2009 suggested a provisional limit
reference point (below which serious harm is believed todeeioing to the stock) of @Bysy and

an upper stock reference point (above which the stock isderes] to be healthy) of.8Bysy. The
probabilities of the female spawning biomass at the sta20dP being above each of these points
are RByp19> 0.4Bysy) = 100% and PByo19 > 0.8Bysy) = 99% such that the stock is estimated
to be in the provisional ‘*healthy zone'.

Reference levels of stock status that are used by the U.HicPaisheries Management Coun-
cil (PFMC) includeBsgy and Minimum Stock Size Threshold (MSST)Bsse,. For 2019, the
estimated posterior median stock size for Pacific Hake iv@Bagy, and well aboveB,sy, at
64.1%.

3.7 MODEL PROJECTIONS

The median catch limit for 2019 based on the def&ygHr_400—40:10 harvest policy is 725,593 t,
but has a wide range of uncertainty (Fig@®, with the 2.5% to 97.5% range being 214,763—
2,106,509 t.

Decision tables give projected population status (retasipawning biomass) and relative fishing
intensity under different catch alternatives for the baseleh (Table29 and30). The tables are
organized such that the projected outcome for each poteatieh level and year (each row) can
be evaluated across the quantiles (columns) of the posthsimibution. Table29 shows projected
relative spawning biomass outcomes, and Tafleshows projected fishing intensity outcomes
relative to the 100% target (based on SPR; see table legend).

Relative fishing intensity exceeding 1 (or 100% when showa psrcentage) indicates fishing in
excess of théspr_409, default harvest rate catch limit. This can happen for theiarecklative
fishing intensity in 2019, 2020 and 2021 becauseRdg: 409, default harvest-rate catch limit is
calculated using baseline selectivity from all years, whsrthe forecasted catches are removed
using selectivity averaged over the last five years. Redesmges in selectivity will thus be re-
flected in the determination of overfishing. An alternatis&ct level where median relative fishing
intensity is 100% is provided for comparison (catch altéwese: FI=100%).

Management metrics that were first identified as importahéoJoint Management Committee
(JMC) and the Advisory Panel (AP) in 2012 are presented foyegtions to 2020 and 2021 (Ta-
bles31 and 32). These metrics summarize the probability of various outes from the base
model given each potential management action. Althougimedr, probabilities can be interpo-
lated from this table for intermediate catch values. Figishows the predicted relative spawning
biomass trajectory through 2021 for several of these manageactions. With zero catch for the
next two years, the biomass has a probability of 17% of deargdrom 2019 to 2020 (Tablgl
and Figure43), and a probability of 53% of decreasing from 2020 to 202Dbl@82 and Fig-
ure4d).

The probability of the spawning biomass decreasing from92012020 is 50% for some catch
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level between 180,000 t and 350,000 t (Ta®leand Figure43). The model predicts high biomass

levels and the predicted probability of the spawning biosrdaspping belovB g, (0.1Bp) in 2019

is 2% or less and the probability of dropping belBayy, is 29% or less for all catches explored
(Table31). It should be noted that the change in abundance of the 28410cjass is affected more

by decreases due to natural mortality than increases fromasogrowth and the model estimated
below average recruitment for the 2011 and 2013 cohortstheuabove average predicted 2014
and 2016 year classes will result in an increase to the spatmomass as they enter maturity. The
probability that the 2020 spawning biomass will be less 2019 spawning biomass ranges
from 17% to 77% depending on the catch level (Té@land Figuret3).

The age composition (in numbers) of the catch in 2019 is ptegeto be (using MCMC medians)
22% age-3 fish from the 2016 year-class, 33% age-5 fish frordQthé year-class and 14% age-
9 fish from the 2010 year-class (Figut6). However, those estimates are highly uncertain with
the 95% credibility interval for the age-5 fraction sparmnitii%—-59%. Due to the lower average
weight at age 3 vs. 9, the expected proportion of the 201 d¢nteveight is expected to be reversed
between the 2016 and 2010 cohorts, at 6% and 22%, respgctivel

With respect to the DFO provisional reference points, evigh thie largest 2019 catch of 725,593 t
given in Table31, at the start of 2020 the stock is expected to be above théooauwone with a
probability of RB2p20> 0.4Bysy) = 98%, and in the healthy zone with a probability §BRyz0 >
0.8Bumsy) = 92%.

With respect to PFMC stock size reference points, a levedD@BzZatch consistent with the Treaty
default harvest control rule (725,593 t) has a 29% estimatelolability of the biomass going below

Baoos in 2020 (12% probability of going belo®»s5e,; Table31). That probabality decreases to 19%
and 5%, respectively, if the catch level stays the same i® 281n 2018.

3.8 SENSITIVITY ANALYSES

Sensitivity analyses were conducted to investigate inflaesf data inputs and structural uncer-
tainty of the base model by investigating how changes to tbdeaiaffected the estimated values
and derived quantities. For expediency, almost all sefityithnalyses compared MLE estimates
rather than MCMC posteriors. Therefore, the values reddsetow are not directly comparable
to the base model MCMC values reported elsewhere. For a aisopaf the base model MCMC
and MLE estimates, see Tablg@3and34. The sensitivities include the following:

1. Consideration of a higher standard deviation on the pligiribution for natural mortality;
2. Consideration of alternative values for steepness;

3. Assume higher/lower variation about the stock-recraithturve 6;);

4. Include the age-1 survey index as an additional souraef@fmation;

5. Use of the McAllister-lanelli method for data-weightjng
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6. Use of the Francis method for data-weighting;

7. Consideration of alternative standard deviations foetvarying selectivity;

8. Consideration of an alternative parameterization faetivarying selectivity; and
9. Consideration of alternative assumptions concerninghtet-age and fecundity.

In general, none of the sensitivities resulted in any sigaift departure from the main population
dynamics of the base model; all models showed large estihiateeases in spawning biomass in
the early- to mid-2010s that continues to be driven by thgel@®010 cohort and the 2014 cohort.
The overall scale of the population was impacted by varittesraative assumptions, and the highly
uncertain size of the recent large cohorts were more varetross sensitivity analyses than earlier
cohorts which have been observed in more years.

Several key underlying structural model assumptions weeatified that have persisted across
many previous hake assessments, and thus warrant rayipginodically as a set of reference
sensitivity examinations to new base models. Those idedtliere (as noted above) include the
specification of natural mortality, the level of variatiossamed about the stock-recruitment rela-
tionship (@;), and the resiliency of the stock in terms of recruitmerg€pness).

The standard deviation of the prior distribution on natunalrtality was increased from the base
model value of 0.1 to 0.2 and 0.3. Maximum likelihood estiesabf natural mortality increased
from 0.214 for the base model (prior standard deviation df ta 0.253 for the sensitivity run with
the prior standard deviation set to 0.3 (TaB®. In addition to allowing a higher estimated value
for natural mortality, the broader prior on M also increatezloverall scale of the population, the
estimated stock status relativeBg, and the uncertainty in spawning biomass on both absolate an
relative scales (Tablg3 and Figuregl6 and47).

The mean of the prior distribution on steepness was deatdes® 0.777 (base) to 0.5 and, sepa-
rately, steepness was fixed at 1.0. The decrease in the mdanmfor resulted in a change in the
maximum likelihood estimate of steepness from 0.865 to®(&@ble33). However, neither steep-
ness sensitivity analysis had a strong impact on the oveiadle! results (Figure46 and47). The
small influence of steepness on model results is relatectetatively larges; value which allows
the recruitments to deviate far from the underlying stoegruit relationship (Figur86).

The value ofg; was changed from a value of 1.4 (base) to alternative higd) @nd low (1.0)
states. The low values, = 1.0, resulted in a model where the standard deviation of the gt
mates of recruitment deviations in the period with the miokirmative data was 1.46, suggesting
that the data were inconsistent with the lower value,ofThe high valueg, = 1.8, resulted in a
model with a more consistent standard deviation for theredgd recruitment deviations, at 1.75.
However, the higho; model had a larger difference between the spawning biontassfished
equilibrium and the spawning biomass at the initial yeahefmodel than the low; model (Ta-
ble 33 and Figure46 and47). The method oMethot and Taylof2011) considers a combination
of the variability among the estimated deviations and theedainty around the estimates using
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the formula
07 = Var(f) + SE(fy) ®)

where Vaff) is the variance among deviations andGfis the standard error of each estimate. It
produced a suggester of 1.53, which was similar to the base-model value of 1.4.

The sensitivity of the base model to the inclusion of the agairvey index provides an addi-
tional source of information about the recruitment of diffiet year classes (see discussion in Sec-
tion 2.2.1), which can be particularly useful for the most recent yaenen little information on
cohort strength is otherwise available. Compared to the ivalel, estimates of spawning biomass
throughout most of the time series are similar, but do dizergar the end of the time series (Ta-
ble 34; Figures48 and49; 2019 estimates are 55.2% of unfished biomass for the basel raod
66.9% for the age-1 index model). This change is likely dutheobase model underfitting the
age-1 index estimates of the size of the 2012, 2014, and 28id@ts (Figurel0). These changes
are subtle because the base model generally tracks thestiretile age-1 index well. Including
the age-1 index led to worse fits to the last year of the acoastivey compared to the base model
(Figure50).

The sensitivity of the use of the Dirichlet-Multinomial 8khood, implemented in 2018, which
uses two estimated parameters to automatically weight eftie fishery and survey age compo-
sitions, was assessed by comparing the weightings to thdlMdie4-lanelli and Francis methods.
Both alternative methods require manual iterative adjestsito the input sample sizes using a
derived multiplier. The McAllister-lanelli method, whickias used in assessments prior to 2018,
attempts to make the arithmetic mean of the input sampleapgeximately equal to the harmonic
mean of the effective sample size. The Francis method atsetapnake the fit of the expected
mean age lie within the uncertainty intervals at a rate wigadonsistent with variability expected
based on the adjusted sample sizes. The Dirichlet-Multiabmethod estimated higher weights
on the age compositions but generally very similar resolthé McAllister-lanelli method. The
McAllister-lanelli method led to increased uncertaintestimates of early recruitments compared
to other weighting methods (Figubd). The Francis method increased the weighting of the fish-
ery composition data resulting in a similar time series ohiass, though slightly reduced in scale.
As noted in Section2.4.4 the Francis method is known to be sensitive to outliers andegto
convergence issues when selectivity is time-varying, esiit this assessment.

The following two types of alternative setups for seletyiviere explored in sensitivity analyses:
alternative values of thé parameter controlling the degree of flexibility of annuafigion in
the fishery selectivity and an alternative “semi-paramégarameterization of the time-varying
selectivity (Figure$2-55). The methods and results of each will be described in turn.

The consideration of alternative standard deviatiaPsfOr time-varying selectivity is discussed
earlier in Sectior2.4.3 In short, low values of the paramet@rcontrolling the flexibility in time-
varying selectivity resulted in potentially implausibligh estimates for recent recruitments. The
base model value i® = 1.40, and alternatives explored as sensitivity analyses @&®, 0.70,
and 2.10. The addition of the 2017 fishery age compositiods$la2017 survey biomass estimate
and age compositions led to more precise estimates of ther2@iuitment, regardless of the value
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of ®@. However, the 2016 recruitment, which is only informed bg 2017 and 2018 fishery age
compositions, is strongly linked to the choice®f where the model with the smallestat 0.21
estimates the 2016 and 2017 recruitment deviations as tjiresti in the time series (Figubs)
and provides the worst fit to the recent survey biomass estgr{giguresb).

The alternative “semi-parametric” setup for selectiviiaggbd on the work ofu et al.(2019 differs
from the status-quo approach in that the deviations areeapial the resulting selectivity estimates,
not to the original parameters, and the resulting selégtogive is no longer constrained between
0 and 1 (Figuré6). That is, the deviations are no longer applied as shownuatan (4), but as
exponential multipliers on the baseline selectivity

Sy = S expl€ay) 9)

where theS,y are derived as described in equations (1)-(3),&fyeare the selectivity deviations,
Os is the parameter which controls the variability in the déwias (equivalent tap in the base
model parameterization), and the likelihood contribufiarthe £,y parameters is from treating the
deviations as normal random variables with standard deviat, N(O, 05).

This alternative parameterization was expected to redoigelation among the deviation parame-
ters, because a positive deviation at a younger age no léeags to a rescaling of the selectivity
pattern at all ages. Indeed, there are only 7 pairs of pammeith correlations above 0.7 or below
-0.7 in the semi-parametric model that most closely matthedase modeM and logRy were
positively correlated and the deviations for selectivityages 1 and 3 in 2017 and 1, 2, and 4 in
2018 were correlated with each other or 2016 or 2017 recaunitin This is in contrast to the base
model, which had 38 parameter pairs with correlations albover below -0.7, of which 35 of the
pairs were between two of the selectivity deviations.

However, the model witlos = 0.695 had higher estimates of 2016 and 2017 recruits and worse
fits to the recent survey biomass estimates (Figb55). Increasingos to 1.0 provided the
additional flexibility required to give more plausible estites of this cohort that has only been
observed as age-1 and age-2 fish in the fishery. Howeverngebym the subjective choice of

o0s = 1.0 removed one of the potential benefits of the semi-paramapproach. Given that an
MCMC chain of 24-million samples has been adequate to oveedbe inefficient sampling caused
by high parameter correlations in the status-quo appraaehparameter selectivity was kept as
before for this assessment, with the hopes that the serai@ric setup could be further explored

in the year ahead for potential inclusion in a future assesssn

Sensitivity runs concerning weight-at-age and fecundigydiscussed in Sectioi®s8.1and3.8.2
(Table35). Any additional sensitivity runs arising from the ScidiatiReview Group meeting to
be held from 19th February to 22nd February 2019 will be dcented in AppendiA and briefly
summarized here.

3.8.1 Recap of alternative 2018 model run with time-varyingecundity

In 2018 the SRG requested an alternative model run that isedviarying fecundity Edwards
etal, 201&). We have used time-varying fecundity in the 2019 base maaelin three sensitivity
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runs with alternative assumptions about the weights-atfagthe years without data. For a given
year, fecundity is the (element-wise) product of the m&twpive and the weight-at-age vector
for that year. Thus, the alternative weight-at-age assiampaffect the fecundity. We also tested
these four alternative assumptions when using non-tinmgngfecundity. The eight combinations
are summarised in Tab6, and the four weight-at-age assumptions are shown in thienlags

in Figures57-60. The eight runs are first explained in the context of the 2Gk2ssment, with
justification of our base model; results are then gived.812

There were four components to the SRG-requested alteenauddel run that used time-varying
fecundity (see p23 dEtdwards et al. 2018:

a) “Add time-varying fecundity by multiplying the weight-age matrix (rather than an overall
mean weight-at-age vector as in the base model) and the nawitpagive to get annual estimates
of fecundity from 1975-2017.

We have done this in the 2019 base model (for the updated teried01975-2018) because it
is more consistent with time-varying weight-at-age tham rilon-time varying fecundity used in
the 2018 base model. The fecundity for the 2018 base moded &@m multiplying the maturity
ogive by an average weight-at-age vector to give age-degpefecundity that was constant in time.
Sensitivity runs 54, 55 and 58 retain the time-varying fetitynof the base model. Sensitivity runs
52, 53, 56 and 57 use non-time-varying fecundity, as per 18 »ase model (Tabkb).

b) “Set equilibrium and 1966-1974 fecundity (where empiritata are not available) to the product
of maturity and the mean weight-at-age averaged over 1975-1

We have not done this in the 2019 base model, as describediioi$8.3, but are using the long-
term average (1975-2018) for the equilibrium and 1966-18Zdndity, as for the 2018 base model.
Using the fecundity based on 1975-1979 is examined in sehgituns 55, 56, 57 and 58.

c) “Set forecast-year fecundity (including 2017 due to entrconfigurations in Stock Synthesis)
weight-at-age to the product of maturity and mean weigfaeg over 2015-2017.”

We found no compelling evidence to use the short-term me@h62018) for the forecasts, as
described in Sectio8.3,

Also, the ‘current configuration of Stock Synthesis’ isssithie requirement that the forecast years’
weights-at-age be either (i) the same as the pre-data @#8)Jears, or (ii) the same as the final
year of data (2018). Thus, we cannot set the forecast yeaghis-at-age to be the mean of
2016-2018 without setting the 2018 weights-at-age to k& thinich seems inappropriate for the
base model (but is tested in runs 52, 54, 56 and 58). So, f@ah®é base model we retained the
2018 base model’s assumption of using the mean from 1978-20Jrojections (which satisfies
the requirement (i) of Stock Synthesis just described).

Similarly, we cannot set the forecast year’s weights-a&-tagoe the mean of 1975-2018 when the
pre-1975 weight-at-age is 1975-1979, without setting ®EB2Aveights-at-age to also be the mean
from 2016-2018 (as noted in Secti@3). This setting is done for model runs 55 and 57, but
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precludes run 55 from being a sensible base model becau2®1l8eweights-at-age are not the
true 2018 data (and run 57 does not use time-varying feggndiun 53 uses the same weight-at-
assumptions as the base model but does not use time-vaeguagdity.

d) The inconsistency regarding still using the mean wegkdge for calculatingtock biomasss
discussed in SectioB.3, and is fully resolved for all runs in 2019.

3.8.2 Fecundity and weight-at-age sensitivities

In 2018, the aforementioned alternative model run was tig&ted using a full MCMC compu-
tation to allow for the presentation of decision tables arajgetions. For 2019, all eight combi-
nations in Table&86 underwent full MCMC computations. The runs are labeled witthh numbers
which were used internally by the JTC and are not relevargrdgtitan to refer to each run uniquely.
The extrapolation of pre-1975 weights-at-age is requirthhbse there is catch in the model from
1966 onward but age and weight data were not collected Wb 1

The 2018 base model had the same assumptions as run 53, witessnyear of data (Tabgs€).
These assumptions are non-time-varying fecundity, l@mgt(1975-2018) mean weights-at-age
applied for the years 1966-1974, and long-term (1975-202n weights-at-age applied for the
years 2019-2021 (Figuge).

The 2018 alternate model was similarly analogous to run 8BIEB6), which had time-varying fe-
cundity, short-term (1975-1979) mean weights-at-ageiegpbr the years 1966-1974, and short
term (2016-2018) mean weights-at-age applied for the y2@t3—2021. Recall the aforemen-
tioned configuration issue, that when models use a diffesendf weights-at-age for the forecast
years than for the 1966—-1974 period, the last year of datB8)2€annot be included. Instead, the
current configuration of Stock Synthesis requires 2018 todeel as a placeholder for the forecast-
ing weights-at-age vector.

This year’s base model is a hybrid of the 2018 models, base¢ldeo?018 base model but with the
inclusion of time-varying fecundity.

There were five further runs done, overall covering all ddescombinations of long- or short-
term mean pre-1975 weights-at-age, long- or short-terrmmeat-2017 weights-at-age, and time-
varying fecundity being included or not.

Weights-at-age for runs which use the long-term (1975-20@i€an for both the pre-1975 and
post-2018 periods can be seen in Figbire This figure includes run 53 and the base model.

Weights-at-age for runs which use the short-term (19759)L8%an for the pre-1975 period and
the long-term (1975-2018) mean for the post-2017 periodbeaseen in Figur&8. This figure
includes runs 55 and 57.

Weights-at-age for runs which use the long-term (1975-p@igan for the pre-1975 period and
the short-term (2016—2018) mean for the post-2017 periadoeaseen in Figurg9. This figure
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includes runs 52 and 57.

Weights-at-age for runs which use the short-term (19759)L8%an for the pre-1975 period and
the short-term (2016—2018) mean for the post-2017 periadoeaseen in Figurg9. This figure
includes runs 56 and 58.

MCMC runs with a chain length of 12,000,000 were done forérsesitivities. The first 2,000,000
values were discarded to eliminate ‘burn-in’ effects anthéga000th value thereafter was retained,
resulting in 2,000 samples from the posterior distribugitor model parameters and derived quan-
tities. Comparisons of both the MLE and median posteriomaiss and relative biomass trajecto-
ries with 95% credible intervals follow.

The base model and runs 52, 53, and 54 are compared in Figll#@4 These are the runs which
have the pre-1975 weights-at-age being set to the long+tezan from 1975-2018. Runs 52 and
53 show little difference from one another, implying thaaobing the post-2017 weights-at-age
does not have much effect on model outcome. However, they shooticeable decrease in the
estimated spawning biomass (compared to the base modetdiaraund the 1975 time period
(Figures61 and62). The peak in biomass for the base model is caused by the tgeadage in
the early part of the time series being significantly higleeroider fish and having the fecundity in
that time period change accordingly when using time-vayyacundity.

Run 54 also includes time-varying fecundity and exhibits iomass peak around 1975. Note
that it is difficult to see the difference between the baseehadd run 54 using the MLE plots
(because their only difference is in the weight-at-age fi¥®onwards). The MCMC plots allow
us to see that the blue and red lines (base model and run &y fimilar trajectories (Figure&2
and64).

The base model, and runs 55, 56, 57, and 58 are compared ireE668. These are the runs
which have the pre-1975 weights-at-age being set to theé sron mean (1975-2018). Runs 55
and 58 appear to have similar trajectories to one anothetpasns 56 and 57. The difference
between these two groups is the inclusion of time-varyingmelity.

Having non-time-varying fecundity and using short-terra-f875 mean weights-at-age (runs 56
and 57) give an inflated 2019 stock size (Figus8sand66), but due to the inflation of the initial
biomass give a similar stock status to the base model (@irrand68).

Runs 55-58 produce an inflated initial biomass, due to theotiaeshort-term (1975-1979) mean
weight-at-age being used for the pre-1975 time period. Téghis-at-age for older fish in those
early years is significantly higher than the long-term mesaoam be seen in Figurés8-60.

MCMC results for runs 53 and 54 including decision tableslwamfound in AppendiceB andG,
because these are the closest runs to the 2019 base model.
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3.9 RETROSPECTIVE ANALYSES

Retrospective analyses were performed by iteratively xémgothe terminal years’ data and esti-
mating the parameters under the assumptions of the basd.moldels with 3, 4, or 5 years of
data removed had information available regarding the hftD2/ear class, but did not yet have
information on the 2014 year class (Fig@®. Models with 1 and 2 years of data removed were
just beginning to receive data on age-3 and age-2, respgtindividuals to to predict the size of
the 2014 year class. The base model now has four years ofalasitnate the size of the 2014
cohort, and the uncertainty around this estimate has bessiderably reduced compared to one
year ago (Figur&9).

Overall, there is little retrospective change to the re@aspawning biomass trajectory up to the
mid-2010s, and most retrospective change occurs in the ygwsais of the retrospective model.

Retrospective estimates over the last five years have bedompinantly positively biased. In the

last four years, the stock assessment has retrospectivetggiimated the status in the terminal
year, which is likely related to the dynamics introduced g karge 2010 and 2014 cohorts and
the high observed survey biomass index in 2009.

Figure29 shows the retrospective patterns of estimated recruitd@nations for various cohorts.
The magnitude of the deviation is not well estimated untiksal (~4-9) years of fishery catch-at-
age data and survey age-composition data have been cdltatthe cohort. Very strong and weak
cohorts tend to be identified in the model at a younger ageitttarmediate cohorts. For example,
the strong 2010 cohort has been fairly well determined imtloelel by age-4 and the weak 2007
cohort by age-6. Estimated recruitment deviations for ®4Zohort appear to be similar to other
large cohorts (1999, 2008, and 2010), though with the ex¢easy/of data in this and last year’s
assessment the 2014 cohort appears to maybe be more sortiter 2008 cohort rather than the
1999 and 2010 cohorts (which are the largest). The varglaitnong cohort estimates relative to
their estimated size in the base model (Figu@g further indicates that the estimates can start to
improve as early as age-3, but some may not stabilize uetddfort approaches an age upward of
7 years old. This illustrates that multiple observationsath cohort are needed in order to more
accurately determine their recruitment strength.

A comparison of the actual assessment models used in eackigea 1991 is shown in Figuiél.
There have been substantial differences in model strd@ssamptions and thus results submitted
each year, which can clearly be seen by looking at the spawromass trajectories. The vari-
ability between models, especially early on in the timeesgns larger than the uncertainty (95%
credibility interval) reported in any single model in retgears. One important avenue that was
investigated between 2004 and 2007 was the inclusion of@ledifferent, but fixed, survey catch-
ability (g) values followed by a span of years (2008 to present) whevastfreely estimated by the
model. In all years prior to 2004, survey catchability wagdiat 1.0. The fixing of survey catch-
ability had the effect of driving the estimate of initial Ibi@ss upward, which in turn scaled the
entire biomass trajectory up, leading to higher estimateslative spawning biomass than in more
recent assessments. The median estimates of spawningdsidonaecent years have declined in
the 2019 assessment relative to recent assessments. dlitiloel model structure has remained
relatively consistent in recent years, the 2017 acoustizceyubiomass estimate was lower than
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what previous models would have predicted. The uncertamgrval associated with the 2019
assessment brackets the majority of the historical estignat

4 RESEARCH AND DATA NEEDS

There are many research projects that could improve thé& stsgessment for Pacific Hake. The
following prioritized list of topics will lead to improvediblogical understanding and decision-
making:

1. Continue investigation of links between hake biomassitnspatial distribution, and how
these vary with ocean conditions and ecosystem variabidsagtemperature and prey avail-
ability. These investigations have the potential to imgrthe scenarios considered in future
management strategy evaluation (MSE) work as well as proyia better basic understand-
ing of drivers of hake population dynamics and availabiidyisheries and surveys.

2. Continue development of the MSE to evaluate major sowteacertainty relating to data,
model structure and the harvest policy for this fishery, amthgare potential methods to
address them. Incorporate the feedback from JMC/AP/SR&/WM&isory Panels into op-
erating model development.

3. Conduct research to improve the acoustic survey estinatage and abundance. This
includes, but is not limited to, species identificationg#drverification, target strength, di-
rectionality of survey and alternative technologies tasisas the survey, as well as im-
proved and more efficient analysis methods. Apply bootpirapmethods to the acoustic
survey time-series to incorporate more of the relevant taiceies into the survey variance
calculations. These factors include the target strend#tioaship, subjective scoring of
echograms, thresholding methods, the species-mix and gtapluc estimates used to in-
terpret the acoustic backscatter, and others. Continuetk with acousticians and survey
personnel from the NWFSC and DFO to determine an optimalgdesncluding designs
that incorporate ecosystem-based factors and other paitéarget species (e.g., rockfish,
euphausiids, and mesopelagics) for the Joint U.S./Car@estc survey. Develop automa-
tion and methods to allow for the availability of biomass ag@ composition estimates to
the JTC in a timely manner after a survey is completed.

4. Continue to explore and develop statistical methods tamaterize time-varying fishery
selectivity in the assessment and with regard to foreaggsfiinis should include the semi-
parametric selectivity approach explored in the 2018 assest but for which was not ex-
plored further this year due to time constraints.

5. Continue to investigate fecundity and maturity, inchglirying to understand links between
fecundity and size, age, weight, and batch spawning.

6. Continue genetic analyses to explore potential stodkréifices north and south of Point
Conception that may be related to the observed differemcesturity.
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7. Continue to explore alternative indices for juvenile ougg (0 and/or 1 year old) Pacific
Hake, including investigations into the winter acoustio/sys.

8. Continue to investigate alternative ways to model anedast recruitment, given the uncer-
tainty present.

9. Update ageing error calculations given new informatromfrecent double reads. Conduct
further exploration of ageing imprecision and the effedtuge cohorts via simulation and
blind source age-reading of samples with differing undegyage distributions — with and
without dominant year classes.

10. Conduct further exploration into potential biases tuatld arise by aggregating age compo-
sition information across fishing sectors using an annua step when less than 100% of
sampled otoliths are aged. As needed, develop protocosyiing laboratories to subsam-
ple the otoliths available for a given year to ensure theltieguage composition accounts
for seasonal differences in catch-at-age and is reprdasentd the annual catch.

11. Continue to collect and analyze life-history data, udahg weight, maturity and fecundity
for Pacific Hake. Explore possible relationships amongeHis history traits including
time-varying changes as well as with body growth and popratensity. Currently avail-
able information is limited and outdated. Continue to erplihe possibility of using addi-
tional data types (such as length data) within the stocksassent.

12. Maintain the flexibility to undertake additional acaasturveys for Pacific Hake in non-
survey years when uncertainty in the hake stock assessmes@nis a potential risk to or
underutilization of the stock.

13. Consider alternative methods for refining existing ipdstributions for natural mortality
(M), including the use of meta-analytic methods.

14. Explore the potential to use acoustic data collected rommercial fishing vessels to study
hake distributions, schooling patterns, and other questad interest. This could be simi-
lar to the “acoustic vessels of opportunity” program on figiwessels targeting Pollock in
Alaska.
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7 TABLES

Table 1. Annual catches of Pacific Hake (t) in U.S. waters by sectd@612018. Tribal catches are included
in the sector totals. Research catch includes landed csscitiated with research-related activities. Catch

associated with surveys and discarded bycatch in fisheoiegrgeting hake is not currently included in
the model.

Year Foreign JV  Mothership Catcher-Processor Shore-based Research Total
1966 137,000 0 0 0 0 0 137,000
1967 168,700 0 0 0 8,960 0 177,660
1968 60,660 0 0 0 160 0 60,820
1969 86,190 0 0 0 90 0 86,280
1970 159,510 0 0 0 70 0 159,580
1971 126,490 0 0 0 1,430 0 127,920
1972 74,090 0 0 0 40 0 74,130
1973 147,440 0 0 0 70 0 147,510
1974 194,110 0 0 0 0 0 194,110
1975 205,650 0 0 0 0 0 205,650
1976 231,330 0 0 0 220 0 231,550
1977 127,010 0 0 0 490 0 127,500
1978 96,827 860 0 0 690 0 98,377
1979 114,910 8,830 0 0 940 0 124,680
1980 44,023 27,537 0 0 790 0 72,350
1981 70,365 43,557 0 0 838 0 114,760
1982 7,089 67,465 0 0 1,027 0 75,581
1983 0 72,100 0 0 1,051 0 73,151
1984 14,772 78,889 0 0 2,721 0 96,382
1985 49,853 31,692 0 0 3,894 0 85,439
1986 69,861 81,640 0 0 3,465 0 154,966
1987 49,656 105,997 0 0 4,795 0 160,448
1988 18,041 135,781 0 0 6,867 0 160,690
1989 0 195,636 0 0 7,414 0 203,050
1990 0 170,972 0 4,537 9,632 0 185,142
1991 0 0 86,408 119,411 23,970 0 229,789
1992 0 0 36,721 117,981 56,127 0 210,829
1993 0 0 14,558 83,466 42,108 0 140,132
1994 0 0 93,610 86,251 73,616 0 253,477
1995 0 0 40,805 61,357 74,962 0 177,124
1996 0 0 62,098 65,933 85,128 0 213,159
1997 0 0 75,128 70,832 87,416 0 233,376
1998 0 0 74,686 70,377 87,856 0 232,920
1999 0 0 73,440 67,655 83,470 0 224,565
2000 0 0 53,110 67,805 85,854 0 206,770
2001 0 0 41,901 58,628 73,412 0 173,940
2002 0 0 48,404 36,342 45,708 0 130,453
2003 0 0 45,396 41,214 55,335 0 141,945
2004 0 0 47,561 73,176 96,503 0 217,240
2005 0 0 72,178 78,890 109,052 0 260,120
2006 0 0 60,926 78,864 127,165 0 266,955
2007 0 0 52,977 73,263 91,441 0 217,682
2008 0 0 72,440 108,195 67,861 0 248,496
2009 0 0 37,550 34,552 49,222 0 121,324
2010 0 0 52,022 54,284 64,736 0 171,043
2011 0 0 56,394 71,678 102,146 1,042 231,261
2012 0 0 38,512 55,264 65,919 448 160,144
2013 0 0 52,470 77,950 102,143 1,018 233,581
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2014
2015
2016
2017
2018

[cNoNoNoNe]

[cNoNoNoNe]

62,102
27,665
65,036
66,428
67,129

103,203

68,484
108,786
136,960
116,073

98,640
58,011
87,760
150,841
131,829

197 264,141
0 154,160
745 262,327
0 354,229
0 315,031

Table 2. Annual catches of Pacific Hake (t) in Canadian waters by set®66-2018.

Year Foreign JV Shoreside Freezer-trawl Total
1966 700 0 0 0 700
1967 36,710 0 0 0 36,710
1968 61,360 0 0 0 61,360
1969 93,850 0 0 0 93,850
1970 75,010 0 0 0 75,010
1971 26,700 0 0 0 26,700
1972 43,410 0 0 0 43,410
1973 15,130 0 0 0 15,130
1974 17,150 0 0 0 17,150
1975 15,700 0 0 0 15,700
1976 5,970 0 0 0 5,970
1977 5,190 0 0 0 5,190
1978 3,450 1,810 0 0 5,260
1979 7,900 4,230 300 0 12,430
1980 5,270 12,210 100 0 17,580
1981 3,920 17,160 3,280 0 24,360
1982 12,480 19,680 0 0 32,160
1983 13,120 27,660 0 0 40,780
1984 13,200 28,910 0 0 42,110
1985 10,530 13,240 1,190 0 24,960
1986 23,740 30,140 1,770 0 55,650
1987 21,450 48,080 4,170 0 73,700
1988 38,080 49,240 830 0 88,150
1989 29,750 62,718 2,562 0 95,029
1990 3,810 68,314 4,021 0 76,144
1991 5,610 68,133 16,174 0 89,917
1992 0 68,779 20,043 0 88,822
1993 0 46,422 12,352 0 58,773
1994 0 85,154 23,776 0 108,930
1995 0 26,191 46,181 0 72372
1996 0 66,779 26,360 0 93,139
1997 0 42,544 49,227 0 91,771
1998 0 39,728 48,074 0 87,802
1999 0 17,201 70,121 0 87,322
2000 0 15,625 6,382 0 22,007
2001 0 21,650 31,935 0 53,585
2002 0 0 50,244 0 50,244
2003 0 0 63,217 0 63,217
2004 0 58,892 66,175 0 125,067
2005 0 15,695 77,335 9,985 103,014
2006 0 14,319 65,289 15,136 94,744
2007 0 6,780 48,075 14,121 68,976
2008 0 3,592 53,444 13,214 70,251
2009 0 0 44,136 13,223 57,359
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2010 0 8,081 31,418 13,573 53,072
2011 0 9,717 26,827 14,593 51,137
2012 0 0 31,718 14,909 46,627
2013 0 0 33,665 18,584 52,249
2014 0 0 13,326 21,787 35,113
2015 0 0 16,775 22,903 39,678
2016 0 0 35,012 34,729 69,740
2017 0 5,608 43,427 37,679 86,713
2018 0 2,724 54,447 38,241 95,412

Table 3. Total U.S., Canadian and coastwide catches of Pacific Haeo(h 1966-2018. The percentage
of the total catch from each country’s waters is also given.

Year Total U.S. Total Canada Total coastwide PercentU.S. Peent Canada

1966 137,000 700 137,700 99.5 0.5
1967 177,660 36,710 214,370 82.9 17.1
1968 60,820 61,360 122,180 49.8 50.2
1969 86,280 93,850 180,130 47.9 52.1
1970 159,580 75,010 234,590 68.0 32.0
1971 127,920 26,700 154,620 82.7 17.3
1972 74,130 43,410 117,540 63.1 36.9
1973 147,510 15,130 162,640 90.7 9.3
1974 194,110 17,150 211,260 91.9 8.1
1975 205,650 15,700 221,350 92.9 7.1
1976 231,550 5,970 237,520 97.5 2.5
1977 127,500 5,190 132,690 96.1 3.9
1978 98,377 5,260 103,637 94.9 5.1
1979 124,680 12,430 137,110 90.9 9.1
1980 72,350 17,580 89,930 80.5 19.5
1981 114,760 24,360 139,120 82.5 17.5
1982 75,581 32,160 107,741 70.2 29.8
1983 73,151 40,780 113,931 64.2 35.8
1984 96,382 42,110 138,492 69.6 30.4
1985 85,439 24,960 110,399 77.4 22.6
1986 154,966 55,650 210,616 73.6 26.4
1987 160,448 73,700 234,148 68.5 31.5
1988 160,690 88,150 248,840 64.6 35.4
1989 203,050 95,029 298,079 68.1 31.9
1990 185,142 76,144 261,286 70.9 29.1
1991 229,789 89,917 319,705 71.9 28.1
1992 210,829 88,822 299,650 70.4 29.6
1993 140,132 58,773 198,905 70.5 29.5
1994 253,477 108,930 362,407 69.9 30.1
1995 177,124 72,372 249,495 71.0 29.0
1996 213,159 93,139 306,299 69.6 30.4
1997 233,376 91,771 325,147 71.8 28.2
1998 232,920 87,802 320,722 72.6 27.4
1999 224,565 87,322 311,887 72.0 28.0
2000 206,770 22,007 228,777 90.4 9.6
2001 173,940 53,585 227,525 76.4 23.6
2002 130,453 50,244 180,697 72.2 27.8
2003 141,945 63,217 205,162 69.2 30.8
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2004 217,240 125,067 342,307 63.5 36.5

2005 260,120 103,014 363,135 71.6 28.4
2006 266,955 94,744 361,699 73.8 26.2
2007 217,682 68,976 286,658 75.9 241
2008 248,496 70,251 318,746 78.0 22.0
2009 121,324 57,359 178,683 67.9 32.1
2010 171,043 53,072 224,115 76.3 23.7
2011 231,261 51,137 282,398 81.9 18.1
2012 160,144 46,627 206,771 77.5 22.5
2013 233,581 52,249 285,830 81.7 18.3
2014 264,141 35,113 299,254 88.3 11.7
2015 154,160 39,678 193,838 79.5 20.5
2016 262,327 69,740 332,067 79.0 21.0
2017 354,229 86,713 440,942 80.3 19.7
2018 315,031 95,412 410,443 76.8 23.2

Table 4. Recent trends in Pacific Hake landings and management alesisi

us Canada Total
us Canada Total Coast-wide us Canada  proportion  proportion  proportion
Year landings (t) landings () landings (0 catch catch catch of catch of catch of catch
target (t) target (t)  target (t) target target target
removed removed removed
2009 121,324 57,359 178,683 184,000 135,939 48,061 89.2%  9.3%l 97.1%
2010 171,043 53,072 224,115 262,500 193,935 68,565 88.2% 4%77 85.4%
2011 231,261 51,137 282,398 393,751 290,903 102,848 79.5%  9.7%4 71.7%
2012 160,144 46,627 206,771 251,809 186,036 65,773 86.1% .9%70 82.1%
2013 233,581 52,249 285,830 365,112 269,745 95,367 86.6% .8%b4 78.3%
2014 264,141 35,113 299,254 428,000 316,206 111,794 83.5% 1.493 69.9%
2015 154,160 39,678 193,838 440,000 325,072 114,928 47.4%  4.59%3 44.1%
2016 262,327 69,740 332,067 497,500 367,553 129,947 71.4% 3.7%b 66.7%
2017 354,229 86,713 440,942 597,500 441,433 156,067 80.2% 5.6%b 73.8%
2018 315,031 95,412 410,443 597,500 441,433 156,067 71.4% 1.19%6 68.7%
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Table 5. Annual summary of U.S. and Canadian fishery sampling includehis stock assessment. Cana-
dian, foreign, joint-venture and at-sea sectors are in murnbhauls sampled for age-composition, the
shore-based sector is in number of trips. A dash (-) indictitere was no sampled catch. A number
indicates how many samples from the catch were taken. Théeuof fish with otoliths sampled per
haul has varied over time but is typically small (currenttpools for the U.S. At-Sea sectors is 2 fish per
haul).

u.s. Canada
Combined
. Mother- .
. Joint- Mother- . Catcher- Shore- . Joint- . Freezer
Year Foreign . ship Foreign Shoreside
Venture ship processor  based Venture ) Trawlers
(hauls) Catcher- . (hauls) (trips)
(hauls) (hauls) (hauls) (trips) (hauls) (hauls)
processor
(hauls)
1975 13 - - - - 0 0 - - -
1976 142 - - - - 0 0 - - -
1977 320 - - - - 0 0 - - -
1978 336 5 - - - 0 0 0 - -
1979 99 17 - - - 0 0 0 0 -
1980 191 30 - - - 0 0 0 0 -
1981 113 41 - - - 0 0 0 0 -
1982 52 118 - - - 0 0 0 - -
1983 - 117 - - - 0 0 0 - -
1984 49 74 - - - 0 0 0 - -
1985 37 19 - - - 0 0 0 0 -
1986 88 32 - - - 0 0 0 0 -
1987 22 34 - - - 0 0 0 0 -
1988 39 42 - - - 0 0 3 0 -
1989 - 77 - - - 0 0 3 0 -
1990 - 143 - 0 - 15 0 5 0 -
1991 - - - 116 - 26 0 18 0 -
1992 - - - 164 - 46 - 33 0 -
1993 - - - 108 - 36 - 25 3 -
1994 - - - 143 - 50 - 41 1 -
1995 - — - 61 - 51 — 35 3 -
1996 - - - 123 - 35 - 28 1 -
1997 - — - 127 - 65 — 27 1 -
1998 - - - 149 - 64 - 21 9 -
1999 - - - 389 - 80 - 14 26 -
2000 - - - 413 - 91 - 25 1 -
2001 - - - 429 - 82 - 28 1 -
2002 - - - 342 - 71 - - 36 -
2003 - - - 358 - 78 - - 20 -
2004 - - - 381 - 72 - 20 28 -
2005 - — - 499 - 58 — 11 31 14
2006 - - - 549 - 83 - 21 21 46
2007 - - - 524 - 68 - 1 7 29
2008 - - 324 - 356 63 - 0 20 31
2009 - - 316 - 278 66 - - 7 19
2010 - - 443 - 331 75 - 0 8 17
2011 - — 481 — 506 81 — 2 4 7
2012 - - 299 - 332 76 - - 43 101
2013 - - 409 - 474 96 - - 10 105
2014 - - 400 - 557 68 - - 26 79
2015 - - 203 - 431 84 - - 6 74
2016 - - 502 - 671 76 - - 75 116
2017 - — 353 — 684 112 — — 75 76
2018 - - 357 - 492 80 - - 47 83
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Table 6. Recent age proportion data used in the assessment for theCdt&her-processor fleet. Proportions are calculated frambers of
individuals in each age group. Age 15 is an accumulator group

Year N(;Jfrﬁgﬁ ' I(\)Ifu rrngsr Age (% of total for each year)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
2009 1,323 278 096 0.86 33.18 4288 196 804 091 128 0583 71.09 0.07 0.13 0.22 0.00
2010 976 331 0.00 1391 830 4194 2931 127 142 0.06 0.3W8 .81 0.32 0.00 0.09 0.05
2011 1,185 506 6.92 16.79 53.03 183 912 7.22 147 069 0383 @0.04 1.79 0.23 0.09 0.09
2012 981 332 0.00 5041 994 2382 295 530 272 164 078 @47 0.49 056 033 0.31
2013 1,402 474 0.10 0.51 7204 712 1380 150 119 144 0.86b 0.24 0.10 0.07 0.44 0.24
2014 1,652 557 0.00 4.13 517 7141 598 889 0.89 203 0.8 (00.09 0.00 0.00 0.09 0.00
2015 1,263 431 349 166 755 345 7645 320 216 0.33 0.2 00.00 0.12 0.12 0.00 0.15
2016 1,995 671 040 5287 237 557 223 3131 156 2.06 0.7%0 (.44 0.20 0.00 0.04 0.00
2017 2,026 684 1.75 0.87 50.75 236 499 3.08 28.79 3.01 2117 10.25 0.58 0.17 0.00 0.12
2018 976 492 549 33.30 118 2739 239 254 256 20.14 2.Fl 10.25 0.48 0.32 0.11 0.00
Table 7. Recent age proportion data used in the assessment for thdlotership fleet. Proportions are calculated from numbémsdividuals in
each age group. Age 15 is an accumulator group.
Year N(;ﬂ}gﬁ ' '(\)‘]E‘ H;%Tsr Age (% of total for each year)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
2009 1,187 316 2.03 0.69 30.42 2369 394 10.17 087 3.04 20481 190 0.27 0.63 0.27 0.19
2010 1,305 443 0.00 4159 135 36.69 1281 132 1.89 0.38 0.2©5 227 0.39 0.04 0.12 0.00
2011 1,153 481 4.12 1525 7204 268 356 160 020 0.11 0.1®mM3 ®©0.11 0.11 0.03 0.03 0.02
2012 884 299 0.70 7644 588 1309 134 084 0.87 0.32 0.070 GO9 0.04 0.10 0.07 0.12
2013 1,215 409 0.00 1.19 8316 452 751 025 09 118 0.139 00.15 0.05 0.23 0.35 0.14
2014 1,252 423 0.00 501 350 7463 475 751 101 128 1.002 .11 0.08 0.00 0.14 0.47
2015 601 203 181 0.65 1041 477 7142 400 413 1.07 0.633 &9 0.00 0.00 0.00 0.00
2016 1,495 502 053 59.25 145 510 244 26.82 154 192 0.382 .09 0.15 0.00 0.00 0.00
2017 1,054 353 7.78 0.77 5120 221 341 128 27.73 188 19419 (0.08 0.81 0.19 0.16 0.06
2018 683 357 16.12 2499 2.00 2840 0.72 212 192 18.20 3.2@B6 ®M.62 0.38 0.00 0.41 0.07
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Table 8. Recent age proportion data used in the assessment for th&hb&side fleet. Proportions are calculated from numbarglividuals in
each age group. Age 15 is an accumulator group.

Year Nolfjmggr Age (% of total for each year)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
2009 65 0.00 0.30 42.16 27.19 252 993 063 225 184 9.8% 10477 0.68 0.10 0.34
2010 75 0.09 3290 193 37.37 1630 164 296 0.14 0.66 1.087 0.70 0.14 0.00 0.31
2011 8l 0.05 270 8698 342 300 168 041 054 036 0.16 006 0.09 0.00 0.05
2012 76 0.00 2291 1892 51.10 152 239 118 0.66 0.29 0.000 00.33 0.23 0.20 0.22
2013 96 0.00 0.37 7928 593 978 067 138 102 0.36 0.37 0013 0.09 031 0.27
2014 68 0.00 2.18 3.00 63.95 841 1520 132 244 1.70 0.643 0000 0.20 0.20 0.51
2015 84 598 133 743 492 6734 406 508 0.78 1.06 1.28 (0247 0.00 0.00 0.32
2016 76 0.11 6535 141 327 156 22.09 160 270 0.72 0.291 06 0.14 0.10 0.08
2017 112 341 0.73 3578 258 3.67 248 4346 253 203 157 055 0.28 0.12 0.21
2018 80 233 2455 199 3532 150 288 285 2192 291 1494 0.62 0.51 0.19 0.06

82



Table 9. Recent age proportion data used in the assessment for tlaeli@arshoreside fleet. Proportions are calculated from eusrdf individuals
in each age group. Age 15 is an accumulator group.

Year No??iggr Age (% of total for each year)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
2009 7 000 043 895 18.12 571 16.42 332 3.10 537 28737 5251 0.66 0.62 0.79
2010 8 0.00 0.07 093 10.17 3759 752 865 160 091 1.7662530D7 190 0.15 0.14
2011 4 0.00 0.00 63.81 288 12.62 9.00 283 311 023 191 283 025 0.47 0.01
2012 43 0.00 0.84 11.29 54.02 530 13.07 541 221 156 0.8109 10.21 252 0.29 1.38
2013 10 0.00 0.00 136 470 433 226 26.17 799 457 14151 (200 4.36 24.83 1.87
2014 26 0.00 0.00 0.19 1491 12.60 2394 897 1468 890 1880 40.56 046 0.90 7.62
2015 6 279 000 112 264 6349 813 1152 131 561 185 (O3 0.00 0.34 0.68
2016 75 0.00 500 025 277 254 6991 918 857 0.72 0.44 (20 0.14 0.02 0.14
2017 75 693 033 781 172 300 7.30 48.05 13.30 6.94 1335 1219 0.14 0.15 0.55
2018 47 048 512 194 2224 120 450 594 3573 1237 4453 2.17 092 117 0.26

Table 10. Recent age proportion data used in the assessment for tlali@arF-reezer-Trawler fleet. Proportions are calculatech fnumbers of
individuals in each age group. Age 15 is an accumulator group

Year l(\)lfu E;%?sr Age (% of total for each year)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
2009 19 0.00 0.19 2225 1381 4.23 1184 156 258 210 30437 6169 191 048 0.36
2010 17 0.00 425 424 31.07 2560 6.09 411 202 259 3.24111.3.43 0.63 0.67 0.70
2011 7 0.00 0.00 529 135 23.76 28.49 1097 4.07 103 1777 21352 190 1.19 2.39
2012 101 0.00 0.05 290 25.18 6.26 29.03 13.78 3.49 385 1031 1180 824 195 1.09
2013 105 0.00 0.00 2.77 584 18.09 589 18.86 13.11 548 5506 22.73 4.15 11.67 3.77
2014 79 0.00 0.00 0.97 1325 10.05 2460 536 14.17 7.62 4.7718 31.44 193 2.08 10.56
2015 74 0.00 0.28 259 267 58.75 1233 1162 3.20 3.84 2.281 0.064 0.15 0.25 0.62
2016 116 0.16 484 196 429 6.93 5754 9.06 825 207 2379 153 0.14 0.12 0.44
2017 76 0.00 058 7.30 242 547 507 4997 12.28 9.77 2370 2837 0.21 0.19 0.50
2018 83 0.10 467 054 1773 261 391 5.07 4554 942 5372 2897 071 0.61 0.23
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Table 11. Aggregated fishery age proportion data used in the base mBadgdortions are calculated from numbers of individualeaoh age group
where the contributions from each sector are weighted bygdheh in that sector. Sample sizes are sum of hauls and topsindividual sectors
(shown in preceding tables) as described in Se@idr2 Age 15 is an accumulator group for comparing observed apdat&d proportions.

Year olf\ls ;nn?rig s Age (% of total for each year)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1975 13 461 33.85 7.43 1.25 25.40 5.55 8.03 10.54 0.95 0.6087 0. 0.45 0.00 0.48 0.00
1976 142 0.08 1.34 14.47 6.74 4,10 24.58 9.77 8.90 12.10 5.43.30 4 4.08 1.07 236 0.69
1977 320 0.00 8.45 3.68 27.47 3.59 9.11 22.68 7.60 6.54 40255 3. 2.31 0.57 031 0.12
1978 341 0.47 1.11 6.51 6.31 26.42 6.09 8.87 21.50 9.78 47168 4. 2.34 052 035 0.34
1979 116 0.00 6.49 10.24 9.38 572 17.67 1026 17.37 12.76 8 4.12.88 0.96 1.65 0.00 0.45
1980 221 0.15 0.54 30.09 1.86 4.49 8.16 11.23 5.01 8.94 11.08.46 9 2.63 3.79 152 107
1981 154  19.49 4.03 1.40 26.73 3.90 5.55 3.38 14.67 3.77 3.10.181 231 0.50 0.16 0.72
1982 170 0.00 32.05 3.52 0.49 27.35 1.53 3.68 3.89 11.76 3.27.61 3 7.65 0.24 0.30 0.66
1983 117 0.00 0.00 34.14 4.00 1.82 23.46 5.13 5.65 5.30 9.3891 3. 3.13 226 113 0.69
1984 123 0.00 0.00 1.39 61.90 3.62 3.85 16.78 2.85 1.51 1.24 34 3. 0.92 059 144 0.56
1985 57 0.92 0.11 0.35 7.24  66.75 8.41 5.60 7.11 2.04 0.53 0.68.25 0.00 0.00 0.03
1986 120 0.00 15.34 5.38 0.53 0.76  43.63 6.90 8.15 8.26 21982 2. 1.83 3.13 046 061
1987 56 0.00 0.00 29.58 2.90 0.14 1.01 53.26 0.40 1.25 7.09 0 0.00.74 1.86 1.76 0.00
1988 84 0.00 0.65 0.07 32.28 0.98 1.45 0.66  46.05 1.35 0.84 4810. 0.79 0.05 0.07 4.28
1989 80 0.00 5.62 2.43 0.29 50.21 1.26 0.29 0.08 35.19 1.80 0 0.42.32 0.08 0.00 0.04
1990 163 0.00 5.19 20.56 1.88 0.59 31.35 0.51 0.20 0.04 31.90.30 0 0.07 6.41 0.00 0.99
1991 160 0.00 3.46 20.37 19.63 2.52 0.79 28.26 1.18 0.14 0.18.691 0.42 0.00 361 0.74
1992 243 0.46 4.24 430 13.05 18.59 2.27 1.04 33.93 0.77 0.08.34 0 18.05 0.41 0.04 243
1993 172 0.00 1.05 23.24 3.26 1298 15.67 1.50 0.81 27.42 0.60.09 0.12 12,00 0.05 1.13
1994 235 0.00 0.04 2.83 21.39 1.27 12.63 18.69 157 0.57 29.90.26 0.28 0.02 9.63 091
1995 147 0.62 1.28 0.47 6.31 28.97 1.15 8.05 20.27 1.58 0.22.4222 0.44 0.45 0.04 7.74
1996 186 0.00 18.28 16.24 1.51 7.74 18.14 1.00 491 10.98 0.58.35 15.72 0.01 0.11 4.44
1997 220 0.00 0.74 29.47 24.95 1.47 7.84 1249 1.80 3.98 6.67.28 1 0.22 6.08 0.73 228
1998 243 0.02 478 20.34 20.29 26.60 2.87 5.41 9.31 0.92 1.56.90 3 0.35 0.09 294 0.63
1999 509 0.06 10.24 20.36 17.98 20.06 13.20 2.69 3.93 4.01 9 0.91.54 2.14 0.39 0.33 207
2000 530 1.00 422 1094 1429 1288 21.06 13.12 6.55 465 1 2.52.07 231 129 072 241
2001 540 0.00 17.34 16.25 1425 15.68 856 12.10 5.99 1.78 3 2.21.81 0.70 142 068 1.21
2002 449 0.00 0.03 50.64 1493 9.69 5.72 4.44 6.58 3.55 0.8784 0. 1.04 0.24 0.47 0.95
2003 456 0.00 0.10 1.39 67.79 11.66 3.35 5.01 3.20 3.15 2.1288 0. 0.44 0.54 0.13 0.23
2004 501 0.00 0.02 5.34 6.13 68.29 8.11 2.18 4.13 2.51 1.27 7 1.00.35 0.27 0.16 0.17
2005 613 0.02 0.57 0.46 6.56 5.38 68.72 7.95 2.36 291 221 8 1.11.09 0.25 0.09 0.25
2006 720 0.33 2.81 10.44 1.67 8.57 4.88 59.04 5.28 1.72 2.3813 1. 1.01 043 0.14 0.19
2007 629 0.78 11.52 3.81 15.70 1.59 6.89 3.81 43.95 5.08 1.71.20 2 1.66 0.48 0.19 0.64
2008 794 0.76 9.89 30.84 241 1447 1.03 3.63 3.17 27.78 29812 1 0.72 0.48 0.31 041
2009 685 0.64 0.53 29.68 27.19 346 11.01 1.35 2.40 2.35 16.62.57 0.92 0.62 0.29 0.33
2010 874 0.03 25.92 341 3541 21.16 2.24 2.87 0.42 0.57 0.96.61 5 0.88 0.27 0.10 0.16
2011 1,081 2.71 8.74 71.02 2.64 6.25 4.33 1.10 0.76 0.30 0.35.12 0 1.32 0.17 0.10 0.11
2012 851 0.18 40.95 1156 32.99 2.49 5.08 2.52 1.13 0.66 0.23.33 0 0.35 0.87 0.28 0.38
2013 1,094 0.03 0.55 70.31 5.90 10.47 1.12 341 2.06 0.91 1.30.26 0.33 0.53 228 0.46
2014 1,153 0.00 3.30 3.68 64.42 6.98 12.08 1.59 3.12 1.83 0.80.46 0.12 0.19 0.28 1.13
2015 798 3.59 1.14 6.88 3.95 70.02 4.94 5.09 0.96 1.55 1.09 0 0.20.21 0.06 0.05 0.27
2016 1,440 0.29 50.19 1.69 4.47 248 32.87 2.77 3.23 0.76 0.40.37 0.23 0.06 0.05 0.07
2017 1,300 3.66 0.73 38.55 2.36 4.13 3.10 36.98 4.28 3.07 1.28.62 0.72 0.21 0.09 0.21
2018 1,059 542 23.44 1.62 28.77 1.68 291 3.12 24.17 4.40 1 2.00.98 0.62 0.42 0.35 0.08

84



Table 12. Survey age proportion data used in the base model. Propsrie calculated from numbers of individuals in each agemréage 15 is
an accumulator group.

Year ol;ls;nrr?p?lres Age (% of total for each year)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1995 69 0.00 20.48 326 1.06 19.33 1.03 4.03 16.37 144 0.786240.24 1.67 0.21 5.32
1998 105 0.00 6.83 8.03 17.03 17.25 1.77 11.37 10.79 1.73 4.I%0 1.27 0.34 9.74 2.06
2001 57 0.00 50.61 10.95 15.12 786 3.64 384 260 130 1.3%65 0.68 0.87 0.15 0.39
2003 71 0.00 23.06 1.63 4340 13.07 2.71 514 343 1.82 2444 1049 0.43 0.42 0.52
2005 47 0.00 19.07 123 510 4.78 5066 6.99 250 399 2451 10774 0.48 0.14 0.16
2007 69 0.00 28.29 216 1164 138 501 325 38.64 3.92 1940 10.83 0.77 0.34 0.12
2009 72 0.00 055 29.34 4022 229 822 125 179 193 8.323 3644 0.28 0.48 0.26
2011 46 0.00 27.62 56.32 371 264 294 070 0.78 0.38 0.66 7 (910 0.76 0.31 0.11
2012 94 0.00 62.12 9.78 16.70 226 292 194 101 050 0.237 066 0.98 0.51 0.12
2013 67 0.00 217 7498 563 868 095 220 259 071 035 (013 0.36 0.77 0.38
2015 78 0.00 745 919 438 5899 488 753 169 168 164 (00986 0.29 0.24 0.92
2017 50 0.00 049 5272 280 370 331 26.02 413 291 1.141 0087 0.42 0.33 0.25
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Table 13. Summary of the acoustic surveys from 1995 to 2017.

Biomass

Number of

Year Start End Vessels index Sampling hauls with bio.
date date - CVv
(million t) samples
1995 01-Jul 01-Sep MlerFreeman - o,g 0.089 69
Ricker
1098 06-Jul 27-Aug MilerFreeman - o4 0.048 105
Ricker
2001 15-Jun  18-Aug “HIerFreeman -, oo, 0.106 57
Ricker
2003 29-Jun 01-Sep  Ricker 2.138 0.064 71
2005 20-Jun 19-Aug Miller Freeman 1.376 0.064 47
2007 20-Jun 21-Aug Miller Freeman 0.943 0.077 69
2009 30-Jun  07-Sep Miller Freeman - o, 0.010 72
Ricker
2011 26-Jun  10-Sep CelShimada ) qop 0.118 46
Ricker
Bell Shimada
2012 23-Jun 07-Sep  Ricker 1.279 0.067 94
F/V Forum Star
2013 13-Jun  11-Sep DelShimada 454 0.065 67
Ricker
2015 15-Jun  14-Sep Dol Shimada -, qq 0.083 78
Ricker
2017 22-Jun  13-Sep Dol Shimada g 0.063 70
Nordic Pearl
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Table 14. Information on maturity and fecundity used in this assesdgnas shown in Figurdl The
sample sizes refer to the subset of samples in Tabler which age readings and histological estimates
of maturity have been completed. The mean weight (kg) isbasea much larger set of samples. Mean
fecundity is the product of maturity and mean weight, buertbiat year-specific fecundities from 1975-
2018 were used in the stock assessment. The values reportagels 15 and above represent the average
across all samples in this range.

Ade Number of Maturity = Mean Mean
9 samples ogive weight fecundity
0 0 0.000 0.017 0.000
1 122 0.000 0.092 0.000
2 276 0.261 0.249 0.065
3 348 0.839 0.379 0.318
4 333 0.961 0.484 0.465
5 299 0.920 0.533 0.490
6 221 0.928 0.581 0.539
7 81 0.926 0.647 0.599
8 70 0.957 0.718 0.688
9 36 0.944 0.788 0.744
10 51 0.980 0.859 0.843
11 26 0.962 0.931 0.895
12 18 1.000 0.970 0.970
13 24 0.958 1.066 1.021
14 22 0.955 1.009 0.963
15 8 0.900 1.034 0.930
16 9 0.900 1.034 0.930
17 2 0.900 1.034 0.930
18 1 0.900 1.034 0.930
19 0 0.900 1.034 0.930
20 0 0.900 1.034 0.930

Table 15. Number of Pacific Hake ovaries collected for histologicahlgsis. The maturity ogive was
determined from a subset of these samples (up to and ing@dih7) — se&dwards et al(201&).

NWFSC Acoustic Acoustic U.S. At-Sea Hake U.S. At-Sea Hake
Year  Trawl survey/Research survey/Research Observer Observer Total
Survey (Summer) (Winter) Program (Spring)  Program (Fall)
2009 263 0 0 0 0 263
2012 71 199 0 0 0 270
2013 70 254 0 104 103 531
2014 276 0 0 105 142 523
2015 293 193 0 98 112 696
2016 277 26 309 100 162 874
2017 109 65 134 93 113 514
2018 147 64 0 0 0 211
Total 1,506 801 443 500 632 3,882

Pacific Hake assessment 2019 87 SecTienlables



Table 16. Summary of estimated model parameters and priors in therbadel. The Beta prior is param-

eterized with a mean and standard deviation. The Lognornial is parameterized with the median and

standard deviation in log space.

Parameter

Number Bounds
estimated (low, high)

Prior (Mean, SD)
single value = fixed

Stock Dynamics

Log(Ro) 1 (13,17) Uniform

Steepnesdj 1 (0.2,2) Beta(0.78,0.11)

Recruitment variability §;) - - 1.4

Log recruitment deviations: 1946—2018 73 (-6,6) LognoKthat)

Natural mortality 1) 1 (0.05,0.4) Lognormal(0.20,1.11)

Catchability and selectivity

Acoustic Survey

Catchability @) 1 - Analytic solution

Additional value for survey log(SE) - (0.05,1.2) Uniform

Non-parametric age-based selectivity: ages 3-6 4 (-5,9) ifobin

Fishery

Non-parametric age-based selectivity: ages 2—6 5 (-5,9) ifotin

Selectivity deviations (1991-2018, ages 2—6) 140 - Noionhlg)

Data weighting

Dirichlet-Multinomial likelihood (log 6)) 2 (-5,20) Uniform
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Table 17. Select parameters, derived quantities, reference pdintaes, and negative log likelihoods for
retrospective analyses using the MLE estimates from the beglel. Some values are implied since they
occur after the ending year of the respective retrospeatnadysis.

2019

-1 -2 -3 -4 -5

Base

mode| YE&r years years years  years
Parameters
Natural mortality W) 0.214 0.213 0.214 0.214 0.212 0.212
Ry (millions) 2,070 2,063 2,185 2,188 2,024 2,035
Steepnesdj 0.865 0.865 0.867 0.867 0.865 0.866
Additional acoustic survey SD 0.260 0.262 0.256 0.255 0.2640.290
Derived Quantities
2008 recruitment (millions) 4,162 4,101 4,327 4,379 4,307 ,058
2010 recruitment (millions) 10,500 10,263 11,571 11,374 ,528 10,941
2014 recruitment (millions) 6,380 6,593 9,108 3,612 634 859
Bo (thousand t) 1,718 1,716 1,800 1,812 1,706 1,704
2009 relative spawning biomass 28.4% 28.2% 28.1% 28.7% 9%29.526.0%
2019 relative spawning biomass 48.6% 47.4% 57.7% 34.7% 9%7.320.4%

Reference Points based oRspr-40%
2018 rel. fishing intensity: (1-SPR)/(1-SRj®) 93.3% 90.1% 78.9% 93.6% 113.7% 109.6%

Female spawning biomasépgo%; thousand t) 645 644 677 681 641 641
SPRusY-proxy 40.0% 40.0% 40.0% 40.0% 40.0% 40.0%
Exploitation fraction corresponding to SPR 17.3% 17.3% 4%. 17.3% 17.2% 17.3%
Yield at Bry,, (thousand t) 284 284 299 300 280 281
Negative log likelihoods

Total 713.05 702.48 693.56 685.43 673.86 662.16
Survey -6.73  -6.67 -6.26 -6.31 -5.46 -4.76
Survey age compositions 83.79 83.07 82.01 81.67 78.69 75.84
Fishery age compositions 525.14 516.79 510.43 503.90 496.487.07
Recruitment 48.79 4799 47.03 45.79 45.10 45.20
Parameter priors 0.19 0.19 0.23 0.21 0.14 0.17
Parameter deviations 61.87 61.10 60.11 60.17 58.95 58.64
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Table 18. Annual changes in the modeling framework used to asses$idPBieike since 2011. The

bias adjustment is reported as the maximum used for eaclssassaet.

Methods used to weight the

age-composition data (Comp Method), i.e., McAllisterdin(MI) and Dirichlet-Multinomial (DM) ap-

proaches, are explained in the main text.

Bias Comp

Year Framework Survey Adjust Method MCMC Change

2011 SS3.20, TINSS yes 0.85 MI(0.10, 0.89) 999 Increasedpethility of SS and
TINSS, except for age-composition
likelihood

2012 SS 3.23b yes 0.86 MI(0.12,0.94) 999 One framework fasebmodel;
TINSS changed to CCAM

2013 SS 3.24j no 0.86 MI(0.12,0.94) 999 Developed MSE

2014 SS 3.24s yes 0.86 MI(0.12,0.94) 999 Time-varying fiskelectivity

2015 SS 3.24u no 0.87 MI(0.12,0.94) 999 No major changes

2016 SS 3.24u yes 0.87 MI(0.11,0.51) 999 Re-analyzed 1998-2acoustic-
survey data; Removed 1995 survey
data

2017 SS 3.24u no 0.87 MI(0.14,0.41) 999 Added 1995 survey;, diatreased
allowable selectivity variation to
0.20

2018 SS 3.30.10.00 yes 0.87 DM (0.45,0.92) 2,000 Used DM tgiweage composi-
tions; Updated maturity and fecun-
dity; Stopped transforming selec-
tivity parameters

2019 SS 3.30.10.00 no 0.87 DM (0.46, 0.92) 2,000 Change ®vianying fecundity
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Table 19. Estimated numbers-at-age at the beginning of the year fnenbase model (MLE; million).

Year Age
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15+
1966 1,567 1,389 788 495 339 245 193 161 139 121 106 93 82 72 621 28
1967 3,320 1,266 1,121 626 384 258 184 138 115 99 87 76 67 59 516 24
1968 2,280 2,681 1,020 880 471 279 183 120 90 75 65 57 50 44 38 195
1969 745 1,842 2,163 810 680 357 208 130 85 64 54 46 40 35 31 165
1970 6,183 602 1,484 1,703 614 500 256 139 87 57 43 36 31 27 24 132
1971 712 4,994 485 1,162 1,272 442 350 164 89 56 37 28 23 20 17 100
1972 412 575 4,027 384 894 957 326 245 115 63 39 26 19 16 14 82
1973 4,133 333 464 3,210 300 688 728 239 180 84 46 29 19 14 12 70
1974 301 3,338 268 369 2,497 229 519 526 173 130 61 33 21 14 10 59
1975 1,285 243 2,692 213 285 1,883 170 365 370 122 91 43 23 15 109 4
1976 173 1,038 196 2,141 165 217 1,417 123 263 267 88 66 31 17 12 4
1977 4,844 139 837 156 1,675 127 165 1,041 90 193 196 64 48 23 129 3
1978 109 3,913 113 671 124 1,311 99 126 790 68 147 149 49 37 17 39
1979 1,011 88 3,158 90 532 97 1,023 76 96 604 52 112 114 37 28 43
1980 13,741 816 71 2,529 71 416 75 775 57 73 457 40 85 86 28 54
1981 202 11,099 659 57 2,009 56 326 58 596 44 56 351 30 65 66 63
1982 216 163 8,956 526 45 1,558 43 243 43 444 33 42 262 23 49 96
1983 399 174 131 7,172 416 35 1,209 33 184 33 336 25 32 198 17 110
1984 11,079 322 141 105 5,690 327 28 926 25 141 25 258 19 24 152 97
1985 105 8,949 260 113 83 4,464 255 21 706 19 107 19 196 15 18 190
1986 150 85 7,224 209 90 66 3,506 197 16 545 15 83 15 152 11 161
1987 5,220 121 69 5,779 165 70 51 2,638 148 12 410 11 62 11 114 129
1988 1,788 4,216 98 55 4,535 127 53 38 1,955 110 9 304 8 46 8 180
1989 119 1,444 3,402 78 43 3,495 97 39 28 1,439 81 7 224 6 34 139
1990 3,500 96 1,165 2,699 60 32 2,604 69 28 20 1,020 57 5 159 4 123
1991 1,095 2,827 78 928 2,109 46 25 1,906 50 20 14 747 42 3 116 93
1992 126 884 2,280 60 637 1,581 34 18 1,374 36 15 10 539 30 2 151
1993 2,666 101 713 1,814 43 449 1,175 24 12 955 25 10 7 374 21 106
1994 2,814 2,153 82 571 1,370 32 320 851 17 9 691 18 7 5 271 92
1995 1,100 2,273 1,738 65 449 968 22 199 530 11 6 430 11 5 3 226
1996 1,562 889 1,835 1,394 52 346 671 15 131 348 7 4 283 7 3 151
1997 870 1,261 716 1,390 1,029 38 253 414 9 81 215 4 2 174 5 95
1998 1,629 703 1,018 572 967 692 27 156 255 6 50 132 3 1 107 61
1999 10,766 1,315 567 799 357 664 401 17 96 157 3 31 82 2 1 104
2000 316 8,695 1,060 411 523 200 413 239 10 57 94 2 18 49 1 63
2001 1,007 255 7,020 845 299 376 134 254 147 6 35 58 1 11 30 39
2002 28 814 206 5,619 627 199 251 87 165 96 4 23 37 1 7 45
2003 1,392 23 657 166 4,412 462 139 179 62 118 68 3 16 27 1 37
2004 76 1,125 19 529 132 3,350 333 99 128 44 84 49 2 12 19 27
2005 2,158 62 907 15 396 79 2,341 221 66 85 29 56 32 1 8 30
2006 1,634 1,743 50 728 11 277 47 1,497 141 42 54 19 36 21 1 24
2007 21 1,320 1,404 36 516 7 163 28 884 84 25 32 11 21 12 15
2008 4,162 17 1,064 1,077 23 335 5 94 16 509 48 14 18 6 12 16
2009 1,057 3,362 14 815 697 16 192 3 50 8 268 25 8 10 3 15
2010 10,500 854 2,713 11 574 474 11 117 2 30 5 163 15 5 6 11
2011 339 8,481 689 2,077 7 296 285 7 76 1 20 3 106 10 3 11
2012 809 274 6,831 537 1,138 5 196 196 5 52 1 14 2 73 7 10
2013 337 653 220 5,314 387 729 3 137 136 4 36 0 9 2 51 11
2014 6,380 272 527 176 3,876 281 516 2 87 87 2 23 0 6 1 40
2015 87 5,153 219 409 125 2,798 199 336 1 57 57 1 15 0 4 27
2016 2,704 70 4,149 174 303 91 1,999 146 246 1 42 42 1 11 0 22
2017 1,469 2,184 56 2,938 128 202 61 1,342 98 165 1 28 28 1 7 15
2018 2,006 1,186 1,733 42 2,058 87 123 35 769 56 95 0 16 16 0 13
2019 1,988 1,620 932 1,208 30 1,450 61 68 19 424 31 52 0 9 9 7
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Table 20. Estimated biomass-at-age at the beginning of the year fnrerbase model (MLE; thousand t).

Year Age

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1966 25 126 198 188 164 131 112 104 98 95 91 86 79 76 62 56 48 41 35 29
1967 52 115 282 238 187 138 107 89 82 78 74 70 64 62 51 46 40 34 29 28 7
1968 36 243 257 334 229 149 107 78 64 59 56 52 48 46 38 35 30 26 22 18 6
1969 12 167 545 307 330 190 121 84 60 50 46 43 39 37 31 28 25 21 19 18 6
1970 97 54 374 646 298 267 150 90 62 45 37 33 30 29 24 21 19 16 14 12 52
1971 11 452 122 441 618 236 204 106 63 44 31 25 22 21 17 16 14 12 11 V] 4
1972 6 52 1,014 146 434 511 190 159 82 49 33 24 19 17 14 12 11 10 8 7 35
1973 65 30 117 1,219 146 367 425 155 127 66 39 26 18 15 12 10 9 8 7 6 31
1974 5 302 68 140 1,213 122 303 340 123 102 52 31 20 14 10 9 8 7 6 5 27
1975 71 38 804 78 175 1,187 134 319 358 110 89 73 35 28 19 20 16 14 12 60
1976 9 102 46 1,068 86 151 1,139 112 318 356 127 109 56 31 20 19 12 10 9 51
1977 266 12 337 76 988 85 124 861 88 214 242 85 68 40 26 17 11 8 7 6 36
1978 6 284 14 315 66 790 63 93 666 67 161 185 65 54 30 22 14 9 7 6 34
1979 49 7 761 23 310 67 785 67 88 626 63 140 174 58 50 26 14 9 6 4 25
1980 621 65 15 1,145 28 204 39 508 41 64 486 46 110 112 36 30 14 8 5 8 1
1981 8 1,192 141 20 1,057 22 171 32 445 32 46 366 33 88 99 26 20 9 5 3 1
1982 8 19 2,208 176 14 856 17 128 24 337 22 36 279 20 50 58 19 14 7 4 11
1983 14 22 18 2,446 154 12 629 16 114 23 296 23 33 205 23 55 55 18 14 18
1984 356 42 23 26 2,495 135 12 544 15 95 18 245 22 25 195 25 53 54 18 20
1985 3 1,557 60 30 37 2,453 140 13 526 13 78 16 171 14 12 130 11 24 28 15
1986 4 13 2,008 61 27 25 1,902 113 10 447 14 98 18 208 19 23 144 12 27 26
1987 116 18 10 2,190 46 20 18 1,524 89 8 313 11 58 14 137 12 15 95 8 B8
1988 34 590 18 17 2,126 47 19 18 1,225 73 6 279 8 47 8 132 10 12 78 7 43
1989 2 201 931 24 13 1,795 43 16 14 901 53 4 196 4 28 7 70 5 7 41 26
1990 55 13 284 944 24 17 1,424 43 19 10 781 48 10 189 4 35 6 65 5 6 63
1991 17 386 21 343 970 24 13 1,126 36 17 16 537 27 4 140 7 42 777 6 82
1992 2 120 528 21 304 851 20 11 885 24 9 8 397 26 2 86 2 13 2 24 27
1993 41 13 177 614 17 204 580 12 6 524 13 13 7 230 13 1 40 1 6 1 24
1994 42 256 25 207 612 14 168 485 11 5 438 9 5 4 190 11 1 31 1 5 19
1995 17 252 466 22 217 519 14 124 348 8 4 319 9 4 2 134 8 1 21 1 16
1996 23 91 528 555 24 184 379 9 78 221 4 3 191 6 5 2 83 5 0 13 10
1997 13 117 254 601 507 21 138 242 5 49 136 4 1 124 3 2 1 59 3 0o 17
1998 24 59 214 206 488 358 15 99 155 4 39 94 2 1 80 2 1 1 33 2 10
1999 157 180 142 276 152 350 223 9 59 111 2 24 62 1 1 54 1 1 0 21 7
2000 5 1,651 341 194 301 132 297 174 7 48 7 2 16 46 1 0 37 1 0 0 19
2001 15 13 2,013 409 195 250 100 219 126 5 34 57 1 12 30 1 0 24 1 0 13
2002 0 62 74 2,571 380 162 190 74 161 89 4 23 37 1 8 21 0 o 17 0 9
2003 20 2 168 72 2,305 272 104 123 45 93 52 2 13 21 0 5 13 0 0 10 6
2004 1 122 4 231 64 1,807 224 71 86 32 67 41 2 11 16 0 3 9 0 0 11
2005 30 7 236 6 202 44 1,352 142 44 60 23 45 26 1 8 12 0 2 6 0 8
2006 23 231 19 333 6 159 28 895 93 29 39 14 28 14 1 5 8 0 2 4 5
2007 0 57 306 14 275 4 100 18 580 59 19 24 9 18 10 0 2 4 0 1 5
2008 60 2 260 439 13 213 3 64 11 367 36 12 16 5 11 6 0 1 2 0 3
2009 16 224 3 280 328 10 129 2 37 7 206 21 8 8 3 7 4 0 1 1 2
2010 167 93 631 3 249 251 7 97 2 31 5 143 13 5 4 2 3 2 0 0 2
2011 6 716 169 672 3 152 170 5 65 1 19 4 113 10 3 4 1 2 1 0 2
2012 14 35 1,465 190 466 2 129 135 4 47 1 13 2 72 7 2 2 1 2 1 1
2013 6 85 63 1,910 182 372 2 98 100 3 36 1 12 2 54 5 2 2 1 1 2
2014 121 58 196 81 1,865 152 297 1 58 64 2 26 0 6 1 34 3 1 1 0 2
2015 1 391 54 160 56 1,317 110 200 1 39 41 1 14 0 4 1 26 3 1 1 2
2016 32 12 1,012 67 126 40 931 75 128 1 28 30 1 11 0 4 1 23 2 1 2
2017 12 297 16 1,160 62 105 34 741 57 108 0 20 22 1 6 0 2 0 10 1 1
2018 17 212 618 20 1,049 48 70 22 467 35 64 0 11 14 0 5 0 1 0 7 1
2019 31 147 235 459 15 774 36 44 14 333 26 48 0 9 9 0 2 0 1 0 4
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Table 21. Estimated exploitation-rate-at-age (catch-at-age dividy biomass-at-age at the beginning of the year) for eaghfy@m the base model
(MLE; percentage of age class removed by fishing). Annudboégpion rates for ages6 are equivalent because those fish are fully selected.

Year Age

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1966 0.00 0.12 1.45 3.55 5.24 6.45 10.15 10.15 10.15 10.15 1510. 10.15 10.15 10.15 10.15 10.15 10.15 10.15 10.15 10.15 510.1
1967 0.00  0.22 2.54 6.17 9.05 11.09 17.17 17.17 17.17 17.17 1717 17.17 17.17 17.17 17.17 17.17 17.17 17.17 17.17 17.17 1717.
1968 0.00 0.13 1.56 3.83 5.65 6.95 10.92 10.92 10.92 10.92 9210. 10.92 10.92 10.92 10.92 10.92 10.92 10.92 10.92 10.92 2109
1969 0.00  0.19 2.26 5.49 8.07 9.90 15.40 15.40 15.40 15.40 4015. 15.40 15.40 15.40 15.40 15.40 15.40 15.40 15.40 1540 0154
1970 0.00 0.24 2.79 6.76 9.89 12.11 18.69 18.69 18.69 18.69 .6918 18.69 18.69 18.69 18.69 18.69 18.69 18.69 18.69 18.69 6918.
1971 0.00 0.15 1.73 4.23 6.23 7.67 12.01 12.01 12.01 12.01 0112. 12.01 12.01 12.01 12.01 12.01 12.01 12.01 12.01 12.01 1120
1972 0.00 0.10 1.18 2.89 4.28 5.27 8.33 8.33 8.33 8.33 8.33 3 8.3 8.33 8.33 8.33 8.33 8.33 8.33 8.33 8.33 8.33
1973 0.00 0.12 1.35 3.32 491 6.05 9.53 9.53 9.53 9.53 9.53 3 9.5 9.53 9.53 9.53 9.53 9.53 9.53 9.53 9.53 9.53
1974 0.00 0.14 1.66 4.07 6.00 7.38 11.58 11.58 11.58 11.58 5811. 11.58 11.58 11.58 11.58 11.58 11.58 11.58 11.58 1158 8115
1975 0.00 0.12 1.38 3.38 4.99 6.15 9.69 9.69 9.69 9.69 9.69 9.6 9.69 9.69 9.69 9.69 9.69 9.69 9.69 9.69 9.69
1976 0.00 0.10 1.16 2.84 4.20 5.18 8.19 8.19 8.19 8.19 8.19 8.1 8.19 8.19 8.19 8.19 8.19 8.19 8.19 8.19 8.19
1977 0.00 0.06 0.75 1.85 2.74 3.39 5.39 5.39 5.39 5.39 5.39 5.3 5.39 5.39 5.39 5.39 5.39 5.39 5.39 5.39 5.39
1978 0.00 0.06 0.68 1.68 2.49 3.07 4.89 4.89 4.89 4.89 4.89 4.8 4.89 4.89 4.89 4.89 4.89 4.89 4.89 4.89 4.89
1979 0.00 0.07 0.78 1.92 2.85 3.52 5.60 5.60 5.60 5.60 5.60 5.6 5.60 5.60 5.60 5.60 5.60 5.60 5.60 5.60 5.60
1980 0.00 0.05 0.61 1.50 2.22 2.75 4.38 4.38 4.38 4.38 4.38 4.3 4.38 4.38 4.38 4.38 4.38 4.38 4.38 4.38 4.38
1981 0.00  0.08 0.98 2.42 3.59 4.43 7.02 7.02 7.02 7.02 7.02 7.0 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02 7.02
1982 0.00  0.07 0.77 1.91 2.83 3.50 5.55 5.55 5.55 5.55 5.55 55 5.55 5.55 5.55 5.55 5.55 5.55 5.55 5.55 5.55
1983  0.00 0.05 0.65 1.59 2.36 2.92 4.65 4.65 4.65 4.65 4.65 4.6 4.65 4.65 4.65 4.65 4.65 4.65 4.65 4.65 4.65
1984  0.00 0.06 0.71 1.75 2.59 3.20 5.09 5.09 5.09 5.09 5.09 5.0 5.09 5.09 5.09 5.09 5.09 5.09 5.09 5.09 5.09
1985  0.00 0.05 0.55 1.35 2.01 2.48 3.96 3.96 3.96 3.96 3.96 3.9 3.96 3.96 3.96 3.96 3.96 3.96 3.96 3.96 3.96
1986  0.00 0.07 0.86 212 3.14 3.88 6.16 6.16 6.16 6.16 6.16 6.1 6.16 6.16 6.16 6.16 6.16 6.16 6.16 6.16 6.16
1987 0.00  0.09 1.05 257 3.81 4.70 7.43 7.43 7.43 7.43 7.43 7.4 7.43 7.43 7.43 7.43 7.43 7.43 7.43 7.43 7.43
1988  0.00 0.10 1.13 278 411 5.07 8.02 8.02 8.02 8.02 8.02 8.0 8.02 8.02 8.02 8.02 8.02 8.02 8.02 8.02 8.02
1989 0.00 0.13 1.57 3.86 5.69 7.01 11.00 11.00 11.00 11.00 0011. 11.00 11.00 11.00 11.00 11.00 11.00 11.00 11.00 11.00 011.0
1990 0.00 0.10 1.19 2.93 4.33 5.34 8.44 8.44 8.44 8.44 8.44 4 84 844 8.44 8.44 8.44 8.44 8.44 8.44 8.44 8.44
1991 0.00 0.13 3.56 13.55 6.48 7.59 9.69 9.69 9.69 9.69 9.69 69 9. 9.69 9.69 9.69 9.69 9.69 9.69 9.69 9.69 9.69
1992 0.00 0.12 1.35 9.71 11.51 7.19 12.64 12.64 12.64 12.64 6412 12.64 12.64 12.64 12.64 12.64 12.64 12.64 12.64 12.64 6412.
1993 0.00 0.07 0.79 5.85 9.28 10.74 9.39 9.39 9.39 9.39 9.39 39 9. 9.39 9.39 9.39 9.39 9.39 9.39 9.39 9.39 9.39
1994 0.00 0.06 0.85 242 11.27 11.73 20.71 20.71 20.71 20.710.712 20.71 20.71 20.71 20.71 20.71 20.71 20.71 20.71 20.71 .7120
1995 0.00 0.07 0.59 1.95 4.03 12.83 16.87 16.87 16.87 16.87 .8716 16.87 16.87 16.87 16.87 16.87 16.87 16.87 16.87 16.87 8716.
1996 0.00 0.24 5.57 7.80 7.99 8.72 21.33 21.33 21.33 21.33 3321. 21.33 21.33 21.33 21.33 21.33 21.33 21.33 21.33 21.33 3213
1997 0.00 0.07 0.90 12.54 15.14 11.37 21.45 21.45 21.45 21.481.45 21.45 21.45 21.45 21.45 21.45 21.45 21.45 21.45 21.451.452
1998  0.00 0.16 2.50 20.60 13.48 25.59 21.49 2149 2149 21.491.49 21.49 21.49 21.49 21.49 21.49 21.49 21.49 21.49 21.491.492
1999 0.00 0.17 9.23 17.22 27.76 20.77 23.58 2358 2358 23.583.58 23.58 23.58 23.58 23.58 23.58 23.58 23.58 23.58 23.583.582
2000 0.00  0.04 1.24 8.83 9.90 15.46 21.57 21.57 21.57 2157 5721 2157 21.57 21.57 21.57 21.57 21.57 21.57 21.57 21.57 5721.
2001 0.00  0.07 0.81 7.31 16.14 15.57 17.82 17.82 17.82 17.827.821 17.82 17.82 17.82 17.82 17.82 17.82 17.82 17.82 17.82 .8217
2002 0.00  0.03 0.39 2.51 7.85 12.12 10.49 10.49 10.49 10.49 4910 10.49 10.49 10.49 10.49 10.49 10.49 10.49 10.49 10.49 4910.
2003  0.00  0.02 0.26 1.59 5.40 9.71 10.77 10.77 10.77 10.77 7710. 10.77 10.77 10.77 10.77 10.77 10.77 10.77 10.77 10.77 7107
2004  0.00  0.09 1.61 6.62 22.93 12.18 16.13 16.13 16.13 16.136.131  16.13 16.13 16.13 16.13 16.13 16.13 16.13 16.13 16.13 .1316
2005 0.00 0.05 0.62 3.50 12.19 24.59 18.83 18.83 18.83 18.838.831 18.83 18.83 18.83 18.83 18.83 18.83 18.83 18.83 18.83 .8318
2006  0.00 0.22 10.56 11.00 16.96 24.34 24.33 24.33 24.33 324.324.33 24.33 24.33 24.33 24.33 24.33 24.33 24.33 24.33 24.324.33
2007 0.00 0.16 4.55 17.39 17.73 17.28 25.98 25.98 25.98 25.985.98 25.98 25.98 25.98 25.98 25.98 25.98 25.98 25.98 25.985.982
2008 0.00 0.42 4.64 17.98 13.10 26.34 31.57 31.57 31.57 31.531.57 31.57 31.57 31.57 31.57 31.57 31.57 31.57 31.57 31.571.573
2009 0.00 0.08 1.85 11.56 14.33 11.48 22.50 22.50 22.50 22.502.50 22.50 22.50 22.50 22.50 22.50 22.50 22.50 22.50 22.502.502
2010 0.00 0.09 4.71 13.03 32.79 23.03 17.18 17.19 17.19 17.187.18 17.19 17.18 17.18 17.19 17.19 17.19 17.19 17.18 17.197.191
2011 0.00 0.25 3.17 29.13 17.39 16.26 13.54 13.54 13.54 13.543.54 13.54 13.54 13.54 13.54 13.54 13.54 13.54 13.54 13.543.541
2012 0.00 0.25 3.32 9.72 18.75 12.47 12.37 12.37 12.37 12.372.371 12.37 12.37 12.37 12.37 12.37 12.37 12.37 12.37 12.37 .3712
2013 0.00 0.09 1.19 8.74 8.95 11.09 18.93 18.93 18.93 18.93 .9318 18.93 18.93 18.93 18.93 18.93 18.93 18.93 18.93 18.93 9318.
2014 0.00 0.16 3.53 10.80 9.61 11.28 17.51 17.51 17.51 17.517.511 17.51 17.51 17.51 17.51 17.51 17.51 17.51 17.51 17.51 5117
2015  0.00 0.29 1.62 7.60 9.15 10.40 8.47 8.47 8.47 8.47 8.47 47 8. 847 8.47 8.47 8.47 8.47 8.47 8.47 8.47 8.47
2016  0.00 1.11 11.11 7.71 15.81 14.86 15.26 15.26 15.26 15.265.26 15.26 15.26 15.26 15.26 15.26 15.26 15.26 15.26 15.265.261
2017 0.00 1.58 7.51 12.00 14.45 22.04  26.28 26.28 26.28 26.286.28 26.28 26.28 26.28 26.28 26.28 26.28 26.28 26.28 26.286.282
2018  0.00 2.48 12.38 8.43 11.51 11.49 28.77 28.77 28.77 28.728.77 28.77 28.77 28.77 28.77 28.77 28.77 28.77 28.77 28.778.772
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Table 22. Estimated catch-at-age in numbers for each year from treerbaslel (MLE; thousands).

Year Age

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1966 0 1,708 11,388 17,558 17,735 15,779 19,537 16,326 04,0712,281 10,776 9,480 8,307 7,271 6,339 5,479 4,709 4,021 123,4 2,877 7,993
1967 O 2,749 28,449 38,630 34,780 28,574 31,510 23,704 89,8017,072 14,900 13,075 11,502 10,079 8,822 7,691 6,647 57879 4,139 13,188
1968 O 3,565 15,934 33,656 26,599 19,412 19,932 13,108 9,8618,240 7,102 6,199 5,439 4,785 4,193 3,670 3,199 2,765  2,3770302 7,208
1969 0 3,547 48,770 44,483 54,909 35,313 32,055 19,959 33,12 9,874 8,251 7,111 6,207 5,446 4,791 4,198 3,675 3,204 2,7689380 9,250
1970 0 1,435 41,353 115,092 60,765 60,578 47,910 26,062 286,2 10,672 8,028 6,709 5,782 5,046 4,428 3,895 3,413 2,988 052,6 2,251 9,456
1971 0 7,353 8,378 49,134 79,328 33,861 42,032 19,738 10,7386,686 4,397 3,307 2,764 2,382 2,079 1,824 1,605 1,406 1,2310731 4,823
1972 O 575 47,353 11,094 38,237 50,432 27,176 20,398 9,579 2115, 3,245 2,134 1,605 1,341 1,156 1,009 885 779 682 597 2,862
1973 O 383 6,287 106,682 14,742 41,638 69,352 22,809 17,120 ,0408 4,374 2,723 1,791 1,347 1,126 970 847 743 654 573 2,903
1974 0 4,723 4,459 15,024 149,837 16,922 60,029 60,840 20,0015,019 7,053 3,837 2,389 1,571 1,182 988 851 743 652 573 93,04
1975 0 285 37,087 7,191 14,227 115,858 16,475 35,380 35,8581,793 8,852 4,157 2,261 1,408 926 697 582 502 438 384 2,135
1976 O 1,018 2,263 60,782 6,948 11,259 116,003 10,034 21,5421,839 7,182 5,391 2,532 1,377 858 564 424 355 306 267 1,534
1977 O 89 6,283 2,890 45,966 4,319 8,918 56,097 4,852 10,4200,561 3,473 2,607 1,224 666 415 273 205 171 148 871
1978 O 2,252 764 11,239 3,073 40,314 4,842 6,145 38,654 3,3437,180 7,277 2,393 1,796 844 459 286 188 141 118 702
1979 0 58 24,625 1,734 15,160 3,419 57,259 4,232 5,371 33,7832,922 6,275 6,360 2,092 1,570 737 401 250 164 124 717
1980 0 420 433 37,888 1,587 11,441 3,301 33,964 2,510 3,186 ,0320 1,733 3,722 3,773 1,241 931 437 238 148 97 498
1981 O 9,272 6,487 1,387 72,090 2,488 22,851 4,062 41,792 893,0 3,920 24,657 2,133 4,580 4,642 1,527 1,146 538 293 182 733
1982 O 107 69,292 10,041 1,273 54,451 2,396 13,473 2,395 4Q@4,6 1,821 2,311 14,538 1,257 2,700 2,737 900 676 317 173 540
1983 O 95 848 114,204 9,840 1,029 56,271 1,521 8,554 1,520 6445, 1,156 1,467 9,230 798 1,715 1,738 572 429 201 452
1984 0 193 995 1,840 147,479 10,485 1,402 47,194 1,276 7,174 2751 13,121 970 1,231 7,742 670 1,438 1,457 479 360 548
1985 0 4,145 1,422 1,522 1,675 110,804 10,092 830 27,938 755 2474 755 7,767 574 729 4,583 396 851 863 284 538
1986 O 62 62,149 4,422 2,816 2,558 215,904 12,126 997 33,570 08 9 5,103 907 9,333 690 875 5,507 476 1,023 1,037 987
1987 O 108 717 148,569 6,265 3,282 3,787 196,135 11,016 906 ,4960 824 4,636 824 8,479 627 795 5,002 433 929 1,838
1988 0 4,049 1,107 1,522 186,559 6,460 4,290 3,028 156,828 8088, 724 24,385 659 3,707 659 6,779 501 636 4,000 346 2,213
1989 0 1,936 53,564 3,013 2,439 244,883 10,676 4,331 3,057 8,303 8,891 731 24,614 665 3,742 665 6,843 506 642 4,038 2,583
1990 0 98 13,884 79,057 2,616 1,732 219,679 5,806 2,355 1,6686,095 4,836 398 13,387 362 2,035 362 3,722 275 349 3,601
1991 O 3,714 2,771 125,832 136,781 3,522 2,388 184,798 4,8841,981 1,398 72,424 4,068 334 11,261 304 1,712 304 3,131 231 32383,
1992 O 1,040 30,726 5,862 73,345 113,716 4,341 2,245 173,7124,591 1,863 1,315 68,080 3,824 314 10,586 286 1,609 286 2,943,341
1993 0 69 5,623 106,185 4,038 48,241 110,358 2,240 1,158 389,6 2,369 961 678 35,131 1,973 162 5,462 148 830 148 3,243
1994 0 1,393 692 13,816 154,454 3,695 66,172 176,117 3,575 8491, 143,051 3,781 1,534 1,083 56,064 3,149 259 8,717 236 51,325,410
1995 O 1,701 10,209 1,279 18,089 124,215 3,737 33,580 89,3741,814 938 72,594 1,919 778 549 28,451 1,598 131 4,424 120 8341
1996 O 2,134 102,257 108,748 4,134 30,210 143,168 3,104 9@7,8 74,229 1,507 779 60,292 1,594 646 456 23,629 1,327 109 43,672,938
1997 O 883 6,440 174,337 155,809 4,330 54,211 88,878 1,927 ,3147 46,081 935 484 37,430 989 401 283 14,669 824 68 4,105
1998 0 1,101 25,432 117,931 130,322 177,053 5,781 33,462 8664, 1,189 10,687 28,444 577 299 23,104 611 248 175 9,055 509 576 2,
1999 0 2,200 52,332 137,698 99,122 137,995 94,511 3,905 0@&2,6 37,063 803 7,220 19,216 390 202 15,608 413 167 118 6,117 842,0
2000 O 3,765 13,119 36,278 51,722 30,926 89,154 51,641 2,1342,352 20,251 439 3,945 10,500 213 110 8,528 225 91 65 4,481
2001 O 167 56,949 61,727 48,322 58,514 23,860 45,306 26,242 ,0841 6,277 10,291 223 2,005 5,336 108 56 4,334 115 46 2,310
2002 O 259 803 140,782 49,227 24,080 26,355 9,109 17,296 180,0 414 2,396 3,929 85 765 2,037 41 21 1,654 44 900
2003 0 5 1,703 2,645 238,311 44,915 14,958 19,317 6,676 12,67 7,343 303 1,756 2,880 62 561 1,493 30 16 1,213 691
2004 0 1,049 299 35,038 30,160 407,909 53,761 15,939 20,583 ,1147 13,508 7,824 323 1,871 3,068 67 598 1,591 32 17 2,029
2005 O 33 5,670 514 48,255 19,506 440,752 41,631 12,342 95,93 5509 10,460 6,059 250 1,449 2,376 52 463 1,232 25 1,584
2006 O 3,876 5,268 80,050 1,935 67,328 11,360 364,269 34,4060,201 13,173 4,553 8,645 5,007 207 1,198 1,964 43 383 1,018,3301
2007 0 2,110 63,860 6,184 91,541 1,293 42,446 7,165 229,7461,70Q 6,434 8,308 2,872 5,452 3,158 131 755 1,238 27 241 1,481
2008 0 70 49,351 193,665 3,039 88,283 1,544 29,708 5,014 7980, 15,188 4,503 5,815 2,010 3,816 2,210 91 529 867 19 1,205
2009 0 2,739 251 94,259 99,893 1,839 43,195 579 11,150 1,8820,353 5,700 1,690 2,182 754 1,432 830 34 198 325 459
2010 O 779 127,856 1,404 188,249 109,085 1,941 20,022 269 685,1 872 27,974 2,642 783 1,012 350 664 385 16 92 364
2011 0 21,075 21,845 604,858 1,295 48,159 38,619 1,000 00,32 138 2,664 450 14,419 1,362 404 521 180 342 198 8 235
2012 0 688 226,733 52,185 213,454 606 24,268 24,220 627 6,472 87 1,671 282 9,043 854 253 327 113 215 124 152
2013 0 559 2,612 464,435 34,636 80,829 640 25,889 25,838 669 ,9056 93 1,782 301 9,647 911 270 349 121 229 295
2014 0 429 18,611 18,957 372,426 31,754 90,384 378 15,288 2515, 395 4,077 55 1,052 178 5,697 538 160 206 71 310
2015 0 14,908 3,561 31,075 11,422 290,931 16,854 28,493 119 ,8194 4,810 125 1,285 17 332 56 1,796 170 50 65 120
2016 O 780 461,080 13,393 47,833 13,470 305,069 22,211 B7,55 157 6,351 6,339 164 1,694 23 437 74 2,367 224 66 244
2017 0 34,533 4,216 352,508 18,548 44,439 16,075 352,717 68@5, 43,416 182 7,343 7,329 190 1,958 26 506 85 2,736 258 358
2018 0 29,420 214,579 3,502 236,844 10,014 35,448 10,088 ,3221 16,116 27,247 114 4,609 4,599 119 1,229 16 317 54 1,717 7 38
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Table 23. Estimated catch-at-age in biomass for each year from therbaslel (MLE; metric tons).

Year Age

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1966 0 155 2,869 6,665 8,612 8,426 11,402 10,574 9,986 9,631,2219 8,758 7,985 7,703 6,337 5,649 4,856 4,146 3,518 2,967 2418,
1967 O 249 7,166 14,664 16,889 15,258 18,389 15,353 14,058 ,3883 12,750 12,080 11,056 10,676 8,820 7,930 6,854 5,891 305,04,268 13,599
1968 O 323 4,014 12,776 12,916 10,366 11,632 8,490 6,998 26,466,077 5,727 5,229 5,068 4,191 3,784 3,299 2,851 2,451 2,093,433
1969 0 321 12,285 16,886 26,664 18,857 18,707 12,927 9,315 7437, 7,060 6,570 5,967 5,769 4,790 4,329 3,789 3,303 2,855 542,4 9,538
1970 0 130 10,417 43,689 29,507 32,349 27,960 16,881 11,517 ,3698 6,869 6,198 5,558 5,346 4,427 4,016 3,520 3,081 2,6863212, 9,750
1971 0 665 2,110 18,651 38,522 18,082 24,530 12,785 7,620 435,2 3,762 3,056 2,657 2,523 2,078 1,881 1,655 1,450 1,269 71,104,973
1972 O 52 11,928 4,211 18,568 26,930 15,860 13,212 6,798 64,082,776 1,971 1,543 1,421 1,156 1,040 913 803 704 616 2,951
1973 O 35 1,584 40,496 7,159 22,235 40,474 14,773 12,150 56,303,742 2,516 1,721 1,427 1,125 1,000 873 766 674 591 2,993
1974 0 427 1,123 5,703 72,761 9,036 35,033 39,406 14,201 781,7 6,035 3,545 2,296 1,664 1,181 1,018 878 766 672 591 3,144
1975 0 45 11,078 2,630 8,739 73,060 12,971 30,915 34,704 020,7 8,586 7,039 3,392 2,675 1,811 1,912 1,598 1,377 1,202 41,055,860
1976 O 100 534 30,330 3,605 7,809 93,243 9,196 25,993 29,122,411 8,899 4,574 2,560 1,677 1,548 1,164 973 839 732 4,211
1977 O 8 2,526 1,411 27,129 2,872 6,679 46,404 4,745 11,516,0333 4,567 3,657 2,144 1,399 916 603 453 379 326 1,924
1978 O 163 97 5,281 1,629 24,293 3,095 4,545 32,554 3,280 67,899,066 3,182 2,661 1,469 1,072 667 439 330 276 1,639
1979 0 4 5,935 449 8,825 2,348 43,958 3,770 4,902 35,030 3,503,833 9,747 3,246 2,818 1,461 795 495 325 245 1,420
1980 0 34 92 17,159 622 5,611 1,705 22,260 1,791 2,784 21,294,0152 4,801 4,905 1,576 1,300 611 332 207 136 696
1981 O 996 1,386 475 37,948 979 12,006 2,218 31,193 2,225 63,225,676 2,344 6,160 6,929 1,852 1,390 653 355 221 889
1982 O 13 17,080 3,350 394 29,926 948 7,107 1,348 18,741 1,243,973 15,512 1,106 2,751 3,200 1,053 790 371 202 631
1983 O 12 115 38,944 3,635 337 29,261 765 5,286 1,073 13,767 0751, 1,520 9,517 1,055 2,541 2,576 847 636 299 670
1984 0 25 163 459 64,655 4,313 610 27,712 740 4,848 894 12,482,1021 1,262 9,915 1,259 2,703 2,740 901 676 1,031
1985 0 721 327 408 739 60,898 5,524 499 20,819 524 3,071 648 566,7 543 492 5,141 445 955 968 318 603
1986 O 10 17,277 1,285 852 955 117,150 6,936 640 27,558 853 526,0 1,079 12,821 1,159 1,413 8,889 769 1,651 1,673 1,593
1987 O 16 99 56,308 1,745 942 1,371 113,268 6,582 577 23,293 0 814,288 1,022 10,201 887 1,126 7,082 613 1,315 2,602
1988 0 567 207 459 87,478 2,368 1,529 1,477 98,253 5,883 486,3922 619 3,800 669 10,610 784 995 6,260 541 3,463
1989 0 269 14,660 918 715 125,723 4,683 1,760 1,579 99,145 785,8 441 21,557 445 3,099 749 7,708 570 723 4,548 2,909
1990 0 13 3,381 27,638 1,021 885 120,099 3,586 1,572 881 B5,874,019 875 15,905 368 2,985 531 5,459 403 512 5,282
1991 O 508 763 46,520 62,892 1,810 1,298 109,160 3,522 1,684,5381 52,037 2,605 341 13,571 725 4,079 725 7,460 551 7,917
1992 O 141 7,116 2,036 34,978 61,179 2,552 1,394 111,871 82,991,189 949 50,182 3,251 307 10,840 293 1,648 293 3,014 3,421
1993 0 9 1,398 35,933 1,599 21,897 54,462 1,124 565 49,221 081,2 1,214 695 21,553 1,183 111 3,742 101 569 101 2,221
1994 0 166 208 5,010 69,025 1,653 34,819 100,387 2,223 1,039,709 1,834 996 790 39,317 2,347 193 6,499 176 988 4,033
1995 O 188 2,738 427 8,746 66,604 2,412 20,873 58,737 1,373 4 5%3,821 1,542 708 374 22,644 1,272 105 3,521 95 2,720
1996 O 217 29,409 43,303 1,932 16,063 80,904 2,020 16,614 2247, 911 584 40,734 1,292 960 343 17,743 997 82 2,759 2,206
1997 O 82 2,289 75,348 76,829 2,371 29,561 51,843 1,128 10,529,100 807 288 26,642 655 349 246 12,752 716 59 3,568
1998 0 92 5,336 42,361 65,813 91,643 3,129 21,228 33,350 798,3678 20,275 456 231 17,182 485 197 139 7,191 404 2,045
1999 0 301 13,093 47,575 42,137 72,654 52,633 2,237 13,828 ,0526 534 5,768 14,516 343 148 12,779 338 137 97 5,008 1,706
2000 O 715 4,219 17,156 29,823 20,405 63,977 37,589 1,609 3490, 16,523 387 3,375 9,860 186 103 7,962 210 85 60 4,183
2001 O 9 16,327 29,894 31,540 38,882 17,821 39,094 22,450 954,045 10,075 224 2,104 5,297 106 55 4,233 112 45 2,256
2002 O 20 288 64,408 29,822 19,650 19,979 7,731 16,900 9,339 80 3 2,390 3,885 79 861 2,154 44 23 1,749 46 951
2003 0 1 434 1,152 124,517 26,433 11,228 13,226 4,900 10,026,6435 229 1,428 2,273 53 507 1,350 27 14 1,096 625
2004 0 113 61 15,291 14,588 219,985 36,100 11,473 13,867 65,110,732 6,644 262 1,755 2,544 58 521 1,386 28 15 1,768
2005 O 4 1,476 224 24,658 10,730 254,578 26,789 8,315 11,374,3554 8,380 4,918 193 1,555 2,316 50 451 1,201 24 1,544
2006 O 513 2,018 36,623 1,034 38,647 6,714 217,796 22,571 377,1 9,562 3,287 6,702 3,295 132 1,144 1,875 41 365 972 1,270
2007 0 91 13,934 2,365 48,801 722 26,041 4,605 150,621 15,442,994 6,224 2,360 4,665 2,477 112 647 1,061 23 207 1,268
2008 0 9 12,042 78,996 1,711 56,192 1,060 20,255 3,559 115,991,373 3,635 4,933 1,559 3,371 1,842 76 441 722 16 1,004
2009 0 183 62 32,340 47,070 1,172 28,949 402 8,321 1,548 46,314,640 1,715 1,856 723 1,480 857 35 205 336 475
2010 O 85 29,739 410 81,549 57,837 1,278 16,716 291 5,311 838,512 2,252 882 728 315 599 347 14 83 328
2011 O 1,779 5,367 195,853 502 24,763 22,978 673 8,803 129 022,6 483 15,271 1,400 426 480 166 315 183 8 216
2012 0 89 48,634 18,453 87,409 296 15,925 16,727 488 5,873 84,6111 272 8,946 848 239 308 107 202 117 144
2013 0 72 751 166,964 16,269 41,255 401 18,549 18,888 556 76,89 100 2,193 337 10,305 961 285 368 127 241 311
2014 0 91 6,925 8,735 179,211 17,201 52,034 234 10,181 11,223 277 4,617 50 999 191 5,944 561 166 215 74 323
2015 0 1,132 880 12,135 5,077 136,970 9,322 16,948 80 3,315 4533, 104 1,224 18 361 70 2,244 212 63 81 150
2016 O 129 112,457 5,131 19,918 5,940 142,071 11,405 19,459 1 84,203 4,563 97 1,620 33 636 107 3,441 325 96 354
2017 0 4,703 1,195 139,135 8,981 23,197 8,986 194,735 14,87@8,394 110 5,277 5,839 147 1,595 25 480 81 2,599 245 340
2018 0 5,251 76,476 1,644 120,743 5,530 20,280 6,427 134,2979,966 18,354 76 3,257 3,915 107 1,361 18 351 59 1,901 429
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Table 24. For the strong cohorts, calculations of what happens toithradss at each age. Start Biomass is the biomass at the lmegafrihe year,
Catch Weight is the catch for the cohort for the year, M is tioentass attributed to natural mortality, and Surviving Bass is what survives to the
end of the year. Surviving Biomass does not equal the StarhBss in the following year because the empirical weigtitsga change between
years (for 2019 the mean weights-at-age are used as peeRiguEstimated quantities are MLEs.

1999 cohort 2010 cohort 2014 cohort

Start Catch Surviving Start Catch Surviving Start Catch Surviving
Age Biomass Weight Biomass Biomass Weight Biomass Biomass Weight Biomass
O T 00st 0005t 0005t “000et. 0o0st 0005t °90St 0oost.  000st. 0005t 905t 0oost
0 157.2 0.0 30.2 127.0 166.9 0.0 32.1 134.8 120.6 0.0 23.2 97.4
1 1,651.3 0.7 3175 1,333.1 715.8 1.8 1375 576.5 391.1 1.1 .1 75 3149
2 2,012.6 16.3 385.3 1,610.9 1,465.2 48.6 276.7 1,139.9 11801 1125 182.8 716.6
3 2,570.6 64.4 487.7 2,018.6 1,910.4 167.0 349.9 1,393.5 59171 139.1 2084 812.2
4 2,305.3 1245 430.4 1,750.5 1,865.3 179.2 339.9 1,346.204910 120.7 189.0 739.3
5 1,806.7 220.0 324.3 1,262.5 1,317.1 137.0 238.9 941.2 3774.
6 1,352.1 254.6 232.9 864.7 931.0 142.1 164.0 624.9
7 895.1 217.8 148.6 528.7 740.9 194.7 1214 424.8
8 579.7 150.6 95.2 333.9 466.8 134.3 75.1 257.4
9 367.3 116.0 57.9 193.4 332.7
10 205.8 46.3 34.6 124.9
11 142.6 24.5 24.8 93.3
12 112.8 15.3 20.1 77.4
13 72.3 8.9 13.0 50.4
14 54.4 10.3 9.4 34.8
15 34.0 5.9 5.9 22.1
16 26.5 2.2 4.9 19.4
17 22.6 3.4 4.0 15.1
18 9.9 2.6 1.6 5.7
19 6.6 1.9 0.2 45
20 4.2
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Table 25. Time-series of median posterior population estimates filmenbase model. Relative spawning
biomass is spawning biomass relative to the unfished equilib(By). Total biomass includes females and
males of ages 0 and above. Age-2+ biomass includes femalesiales ages 2 and above. Exploitation
fraction is total catch divided by total age-2+ biomass.aftet fishing intensity is (1-SPR)/(1-Skds,)-

ngwr?ilr? Relative Total Age-2+ Age-0 Relative Exoloitation
Year t?iomassg spawning biomass biomass recruits fishing f?action
(thousand 1) biomass (thousandt) (thousandt) (millions) intensity

1966 874 43.0% 2,284 2,089 1,608 49.1% 6.6%
1967 864 42.7% 2,348 2,125 4,320 67.2% 10.1%
1968 853 42.2% 2,465 2,094 2,754 48.8% 5.8%
1969 939 46.5% 2,772 2,544 736 60.3% 7.1%
1970 1,105 54.7% 2,965 2,759 8,446 67.1% 8.5%
1971 1,132 56.1% 3,175 2,570 794 50.4% 6.0%
1972 1,191 59.1% 3,601 3,538 506 38.5% 3.3%
1973 1,537 76.1% 3,675 3,548 5,692 42.4% 4.6%
1974 1,518 75.2% 3,692 3,281 357 48.6% 6.4%
1975 1,755 87.0% 4,688 4,539 1,704 53.5% 4.9%
1976 2,165 107.4% 4,950 4,800 207 46.6% 4.9%
1977 1,867 92.4% 4,614 4,251 6,261 31.1% 3.1%
1978 1,572 78.1% 3,751 3,389 138 30.7% 3.1%
1979 1,639 81.5% 4,236 4,156 1,300 33.2% 3.3%
1980 1,641 81.3% 4,491 3,639 16,569 25.8% 2.5%
1981 1,494 74.1% 4,721 3,274 260 37.4% 4.2%
1982 1,530 75.9% 5,218 5,169 298 31.4% 2.1%
1983 2,176 107.5% 4,988 4,940 493 30.0% 2.3%
1984 2,238 110.4% 5,235 4,730 13,535 34.8% 2.9%
1985 2,013 99.2% 6,247 4,387 137 23.5% 2.5%
1986 2,025 100.1% 6,071 6,043 179 41.0% 3.5%
1987 2,350 116.6% 5,465 5,294 6,287 46.1% 4.4%
1988 2,255 111.9% 5,504 4,749 2,035 47.3% 5.2%
1989 1,849 91.7% 5,004 4,769 120 53.9% 6.3%
1990 1,965 97.2% 4,595 4,512 4,232 48.4% 5.8%
1991 1,831 90.7% 4,426 3,943 1,164 71.9% 8.1%
1992 1,519 75.1% 3,790 3,657 134 61.4% 8.2%
1993 1,207 59.7% 2,849 2,786 3,091 53.0% 7.1%
1994 1,165 57.6% 2,838 2,495 3,259 63.5% 14.5%
1995 994 49.1% 2,807 2,497 1,205 55.8% 10.0%
1996 973 48.3% 2,687 2,560 1,788 70.4% 12.0%
1997 1,007 50.0% 2,547 2,398 1,043 72.3% 13.6%
1998 851 42.2% 2,097 1,998 1,920 87.1% 16.1%
1999 714 35.3% 2,070 1,677 12,633 97.1% 18.6%
2000 759 37.6% 3,823 1,921 318 68.9% 11.9%
2001 1,064 52.7% 3,985 3,956 1,203 69.1% 5.8%
2002 1,843 91.5% 4,350 4,274 32 48.3% 4.2%
2003 1,674 83.1% 3,690 3,662 1,655 43.9% 5.6%
2004 1,349 66.9% 3,088 2,942 61 72.3% 11.6%
2005 1,049 52.1% 2,484 2,440 2,622 70.0% 14.9%
2006 839 41.6% 2,153 1,851 1,886 83.9% 19.5%
2007 651 32.4% 1,693 1,630 25 87.5% 17.6%
2008 657 32.7% 1,742 1,665 5,063 90.9% 19.1%
2009 565 28.1% 1,512 1,220 1,297 79.8% 14.6%
2010 550 27.3% 2,036 1,706 13,583 96.6% 13.1%
2011 674 33.4% 2,580 1,660 390 91.4% 17.0%
2012 850 42.2% 3,213 3,154 1,114 72.5% 6.6%
2013 1,511 75.1% 3,660 3,529 375 69.7% 8.1%
2014 1,569 77.8% 3,719 3,494 8,467 67.1% 8.6%
2015 1,154 57.3% 3,089 2,561 85 52.8% 7.6%
2016 1,040 51.4% 3,267 3,176 3,895 79.9% 10.5%
2017 1,351 66.8% 3,676 3,069 2,177 83.7% 14.4%
2018 1,346 66.1% 4,042 3,551 1,003 81.8% 11.6%
2019 1,312 64.1% 3,493 3,232 983 - -
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Table 26. Time-series of 95% posterior credibility intervals for tipeantities shown in Tabl25.

Female Relative Total Age-2+ Age-0 (1-SPR) .
spawning . . . recruits Exploitation
Year biomass spawning biomass biomass / fraction
(thousand 1) biomass  (thousandt) (thousandt) (millions) (1-SPRyo%)
1966 537-1,531  26.7-70.5%  1,489- 3,955 1,292-3,679 7%28,1 29.0- 72.7% 3.7-10.7%
1967 536-1,524  26.7-69.7%  1,551- 4,092 1,336-3,660 343582 42.1-92.9% 5.9-16.0%
1968 529-1,512  26.3-67.9%  1,614- 4,565 1,309-3,930 22918, 28.0-72.6% 3.1-9.3%
1969 605-1,723  30.2-76.4%  1,809- 5,076 1,646-4,724 6873,6 35.5- 85.5% 3.8-10.9%
1970 715-2,054  35.3-89.8%  1,911-5,617 1,797-5,112 4187391  40.4- 92.6% 4.6-13.1%
1971 719-2,111  35.9-93.1%  2,007- 6,214 1,621-4,848 16682, 26.9-76.1% 3.2-9.5%
1972 757-2,295 37.8-100.1%  2,227- 6,989 2,183-6,896 BBIL, 19.4-61.7% 1.7-5.4%
1973 956-2,939 47.8-127.8%  2,282- 7,058 2,221-6,790 2120933  21.8-66.1% 2.4-7.3%
1974 948-2,891  47.4-125.6%  2,272-7,117 2,041-6,238 2071, 25.7-74.6% 3.4-10.3%
1975 1,078-3,324 54.5-143.5%  2,842- 8,942 2,758-8,695 -BB63  27.7-81.9% 2.5-8.0%
1976 1,306-4,131 66.1-178.7%  2,968- 9,388 2,887-9,149 838- 23.9-74.0% 2.6-8.2%
1977 1,120-3,498 57.1-152.4%  2,774- 8,614 2,549-8,011 463]2,368  15.4- 53.5% 1.7-5.2%
1978 957-2,898 48.9-126.3%  2,288- 6,887 2,062-6,255 21- 5815.2- 53.0% 1.7-5.0%
1979 1,017-2,922 51.4-128.6%  2,647- 7,462 2,596-7,336  -3887 17.2-55.2% 1.9-5.3%
1980 1,035-2,816  52.2-126.0%  2,820- 7,791 2,289-6,221 7693®,908  13.3-43.9% 1.4-3.9%
1981 952-2,477 48.5-111.6%  3,041- 7,932 2,089-5,435 3B- 9820.7- 59.6% 2.6-6.7%
1982 1,006-2,503 50.3-112.0%  3,413- 8,573 3,390-8,495 95p- 17.1-51.2% 1.3-3.2%
1983 1,464-3,504 72.5-157.3%  3,374- 8,049 3,329-7,962 168  16.5-48.3% 1.4-3.4%
1984 1,545-3,507 76.4-157.9%  3,623- 8,177 3,271-7,420 73822,954  20.1- 54.7% 1.9-4.2%
1985 1,423-3,058 70.1-139.1%  4,457-9,671 3,105-6,632 520- 13.5-37.4% 1.7-3.6%
1986 1,479-2,973 72.4-135.3%  4,435- 9,105 4,416-9,034 684- 25.6-59.6% 2.3-4.8%
1987 1,758-3,432 84.8-157.3%  4,077- 7,999 3,956-7,730 274]1D,443  29.2- 65.2% 3.0-5.9%
1988 1,721-3,204 82.6-149.1%  4,167- 7,909 3,623-6,748 9618704  30.2- 66.7% 3.7-6.9%
1989 1,429-2,579 68.2-120.4%  3,847-7,014 3,667-6,696 438- 36.2-73.4% 4.5-8.1%
1990 1,530-2,706  73.1-126.5%  3,565- 6,318 3,509-6,206 0928684  32.3-65.7% 4.2-7.4%
1991 1,448-2,460 69.3-116.2%  3,495- 5,994 3,118-5,289 -3286 48.8-101.4% 6.0-10.3%
1992 1,218-2,015  57.7-95.2%  3,040- 5,052 2,935-4,852 20-4 41.5-91.5% 6.2-10.2%
1993 979-1,578  46.1-75.3%  2,308- 3,760 2,266-3,683 24266  34.8-81.3% 5.4-8.8%
1994 963-1,509  44.7-71.9%  2,322- 3,725 2,064-3,224  223B3  45.3-85.5% 11.2-17.6%
1995 821-1,291  38.3-61.5%  2,291- 3,720 2,043-3,278 73641, 40.3-74.2% 7.6-12.2%
1996 806-1,272  37.4-59.9%  2,214- 3,534 2,118-3,365 12BD6  52.1-92.5% 9.1-14.5%
1997 839-1,317  38.5-62.6%  2,102- 3,356 1,990-3,136 58441, 53.6-90.7% 10.4-16.3%
1998 707-1,118  32.7-52.7%  1,728- 2,760 1,658-2,619 12889 67.3-104.5% 12.2-19.3%
1999 585-944  27.4-44.1%  1,664- 2,811 1,372-2,221  8,92B8B9 76.8-114.4% 14.0-22.7%
2000 607-1,031  29.0-47.5%  2,955-5,434 1,527-2,647 118- 6650.2- 86.9% 8.6-15.0%
2001 842-1,450  40.2-66.5%  3,129- 5,589 3,105-5,545 8Pa21, 50.2-87.3% 4.1-7.3%
2002 1,471-2,522 70.3-115.2%  3,481- 5,983 3,419-5,880 1Z-1 33.0- 64.3% 3.1-5.3%
2003 1,372-2,237 64.9-103.2%  3,026- 4,935 3,007-4,896 6312,639  29.8-59.6% 4.2-6.8%
2004 1,131-1,762  53.0-82.0%  2,572- 4,061 2,464-3,842 a2- 2 51.4- 96.7% 8.9-13.9%
2005 884-1,363  41.3-63.3%  2,079- 3,271 2,045-3,206 18323  49.7-91.8% 11.3-17.8%
2006 703-1,105  33.2-51.0%  1,779-2,913 1,652-2,451 132%3 61.0-113.8% 14.8-23.3%
2007 537-891  25.8-40.0%  1,383-2,344 1,332-2,253 5-92 -BPM05% 12.7-21.5%
2008 529-931 25.9-41.5%  1,392-2,506 1,333-2,381  3,5&283, 67.9-113.1% 13.4-23.9%
2009 441- 847  22.0-36.5%  1,171- 2,268 955-1,825 735-2,54%.7-802.5% 9.8-18.7%
2010 420-840 21.1-36.0%  1,525-3,171 1,309-2,604 8,608325 70.3-124.6% 8.6-17.1%
2011 504-1,054  25.5-452%  1,851-4,241 1,235-2,599 158- 952.7-117.9% 10.9-22.9%
2012 595-1,420  30.3-61.2%  2,220- 5,535 2,181-5,386 58672, 46.9-98.7% 3.8-9.5%
2013 1,029-2,578 52.7-113.9%  2,462- 6,265 2,388-6,027 -1268 44.8-91.7% 4.7-12.0%
2014 1,028-2,740 53.8-119.7%  2,426- 6,615 2,276-6,197 8341D,352  41.6-92.1% 4.8-13.1%
2015 731-2,093  38.4-90.2%  1,925- 5,708 1,615-4,650 14- 4639.9- 79.9% 4.2-12.0%
2016 630-1,941  33.2-83.4%  1,936- 6,290 1,885-6,143 748886 48.7-111.1% 5.4-17.6%
2017 744-2,766  38.8-117.7%  1,891- 7,855 1,683-6,282 21618  51.7-119.2% 7.0-26.2%
2018 616-2,943  32.9-124.8%  1,742-11,332 1,518-9,486 5086 45.9-131.0% 4.3-27.0%
2019 471-3,601 26.3-156.7%  1,290-10,020 1,166-9,695 66216 - -
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Table 27. Select parameters, derived quantities, and reference ggtimates for the base model MLE and
posterior median (MCMC) estimates with an additional corigoa to posterior median estimates from
the previous (2018) base model.

Posterior
Posterior median from
MLE median 2018 base
model
Parameters
Natural mortality M) 0.214 0.231 0.230
Unfished recruitmentRy, millions) 2,070 2,770 2,773
Steepnesshj 0.865 0.816 0.812
Additional acoustic survey SD 0.260 0.308 0.305
Catchability @) 1.141 0.964 0.961
Derived Quantities
2008 recruitment (millions) 4,162 5,063 5,096
2010 recruitment (millions) 10,500 13,583 13,369
2014 recruitment (millions) 6,380 8,467 8,583
Unfished female spawning bioma$(thousand t) 1,718 2,026 2,032
2009 relative spawning biomass 28.4% 28.1% 29.3%
2019 relative spawning biomass 48.6% 64.1% -
2018 relative fishing intensity: (1-SPR)/(1-SRR) 93.3% 81.8% -
Female spawning biomassképr=400kBspr=409 thousand t) 645 722 730
Reference Points (equilibrium) based orF spr=40%
SPR atFspr=40% 40.0% 40.0% 40.0%
Exploitation fraction corresponding to SPR 17.3% 18.3% 3%8.
Yield at Bspr=40%(thousand t) 284 339 340

Table 28. Summary of median and 95% credibility intervals of equilibn reference points for the Pacific
Hake base assessment model. Equilibrium reference poartseomputed using 1975-2018 averages for
mean weight-at-age and baseline selectivity.

. 2.5n . 97.5"
Quantity percentile Median percentile
Unfished female spawning bioma&(thousand t) 1,649 2,026 2,682
Unfished recruitmentp, millions) 1,764 2,770 4,657
Reference points (equilibrium) based orFspr_40%

Female spawning biomasskpr-409 (thousand t) 533 722 945
SPR atFspr_40% = 40% =
Exploitation fraction corresponding spr-40% 16.1% 18.3% 20.8%
Yield associated witfrspr-409 (thousand t) 242 339 504
Reference points (equilibrium) based orB4gg, (40% of Bp)

Female spawning biomasB4pq, thousand t) 660 810 1,073
SPR a0 40.7% 43.4% 51.6%
Exploitation fraction resulting i 12.5% 16.2% 19.4%
Yield at Bagy, (thousand t) 241 329 493
Reference points (equilibrium) based on estimated MSY

Female spawning biomasBy(sy, thousand t) 373 514 828
SPR at MSY 22.4% 29.6% 46.9%
Exploitation fraction corresponding to SPR at MSY 14.6% 8%. 34.7%
MSY (thousand t) 249 355 548
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Table 29. Forecast quantiles of Pacific Hake relative spawning bignaashe beginning of the year before
fishing. Catch alternatives are based on: constant catelsléows a, b, c, d, e, ), including catch similar
to 2018 (row d) and the TAC from 2018 (row f), the catch values result in a median relative fishing
intensity of 100% (row g), the median values estimated \éadéfault harvest policy&pr-400—40:10) for
the base model (row h), and the fishing intensity that resubis50% probability that the median projected
catch will remain the same in 2019 and 2020 (row i). Catch 2126@oes not impact the beginning of the
year biomass in 2021.

Within model quantile 5% 25% 50% 75% 95%
Management Action _— . . .
Year Catch (0 Beginning of year relative spawning biomass

a 2019 0 31% 48% 64% 85% 133%
2020 0 35% 54% 73% 98% 163%
2021 0 37% 56% 75% 102% 173%
b: 2019 180,000 31% 48% 64% 85% 133%
2020 180,000 31% 50% 69% 94% 159%
2021 180,000 29% 48% 67% 94% 166%
c: 2019 350,000 31% 48% 64% 85% 133%
2020 350,000 27% 46% 65% 90% 155%
2021 350,000 20% 40% 60% 87% 159%
d: 2019 410,000 31% 48% 64% 85% 133%
2018 2020 410,000 25% 44% 63% 89% 154%
catch 2021 410,000 17% 37% 57% 84% 156%
e: 2019 500,000 31% 48% 64% 85% 133%
2020 500,000 23% 42% 61% 87% 152%
2021 500,000 13% 33% 53% 81% 153%
f: 2019 597,500 31% 48% 64% 85% 133%
2018 2020 597,500 20% 39% 59% 85% 150%
TAC 2021 597,500 9% 29% 49% 77% 151%
g: 2019 587,419 31% 48% 64% 85% 133%
Fl= 2020 556,709 21% 40% 59% 85% 150%
100% 2021 470,962 10% 30% 50% 78% 152%
h: 2019 725,593 31% 48% 64% 85% 133%
default 2020 643,698 17% 36% 56% 82% 147%
HR 2021 517,858 4% 25% 45% 73% 148%
i: 2019 660,812 31% 48% 64% 85% 133%
C2019= 2020 660,812 19% 38% 57% 83% 148%
C2020 2021 526,084 5% 26% 46% 74% 147%
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Table 30. Decision table of forecast quantiles of Pacific Hake redatishing intensity (1-SPR)/(1-SR&s),
expressed as a percentage, for the 2019-2021 catch ditesnatesented in TabR9. Values greater than
100% indicate fishing intensities greater than thgfharvest policy calculated using baseline selectivity.

Within model quantile 5% 25% 50% 75% 95%
Manag$21aernt é(;ttlc(:)r? 0) Relative fishing intensity
a 2019 0 0% 0% 0% 0% 0%
2020 0 0% 0% 0% 0% 0%
2021 0 0% 0% 0% 0% 0%
b: 2019 180,000 25% 39% 50% 64% 87%
2020 180,000 22% 35% 46% 61% 87%
2021 180,000 20% 34% 47% 63% 90%
c: 2019 350,000 43% 62% 7% 93% 117%
2020 350,000 38% 59% 75% 94% 123%
2021 350,000 37% 60% 79% 100% 134%
d: 2019 410,000 48% 69% 84% 100% 124%
2018 2020 410,000 44% 66% 83% 103% 132%
catch 2021 410,000 42% 68% 88% 110% 144%
e: 2019 500,000 56% 78% 93% 109% 132%
2020 500,000 51% 75% 94% 113% 142%
2021 500,000 50% 78% 100% 123% 159%
f: 2019 597,500 63% 85% 101% 116% 138%
2018 2020 597,500 58% 84% 103% 123% 151%
TAC 2021 597,500 56% 88% 112% 135% 167%
g: 2019 587,419 62% 85% 100% 115% 137%
Fl= 2020 556,709 55% 81% 100% 120% 148%
100% 2021 470,962 48% 77% 100% 125% 163%
h: 2019 725593 71% 94% 109% 124% 145%
default 2020 643,698 61% 89% 109% 129% 158%
HR 2021 517,858 52% 84% 109% 135% 167%
i: 2019 660,812 67% 90% 105% 120% 141%
C2019= 2020 660,812 62% 90% 109% 129% 156%
C2020 2021 526,084 52% 84% 108% 134% 167%

Pacific Hake assessment 2019 101 Seclienmables



Table 31. Probabilities related to spawning biomass, relative figltensity, and the 2020 default harvest
policy catch for alternative 2019 catch options (catchapiexplained in Tabl29).

Probability  Probability
2019 relative 2020 default

Catch Probability Probability Probability Probability fishing harvest policy

in 2019 B2020<B2019 B2020<Baow B2020<B2s% B2020<B10%

intensity catch

>100% <2019 catch
a:0 17% 8% 1% 0% 0% 0%
b: 180,000 40% 13% 2% 0% 2% 2%
c: 350,000 57% 17% 4% 0% 17% 12%
d: 410,000 61% 19% 5% 0% 25% 18%
e: 500,000 68% 22% 6% 1% 38% 30%
f: 597,500 72% 26% 9% 1% 51% 44%
g: 587,419 71% 25% 9% 1% 50% 43%
h: 725,593 77% 29% 12% 2% 65% 57%
i: 660,812 75% 27% 10% 2% 58% 50%

Table 32. Probabilities related to spawning biomass, relative figltensity, and the 2021 default harvest
policy catch for alternative 2020 catch options, given B&2catch level shown in Tab84 (catch options
explained in Tabl9).

Probability  Probability
2020 relative 2021 default

Catch Probability Probability Probability Probability fishing harvest policy

in 2020 B2021<B2020 B2021<Bao% B2021<B2s5% B2021<B10%

intensity catch

>100% <2020 catch
a:0 53% 7% 0% 0% 0% 0%
b: 180,000 69% 15% 3% 0% 2% 2%
c: 350,000 77% 25% 9% 1% 19% 17%
d: 410,000 80% 29% 11% 2% 28% 26%
e: 500,000 84% 34% 15% 4% 43% 40%
f: 597,500 86% 40% 20% 6% 55% 53%
g: 556,709 85% 38% 19% 5% 50% 48%
h: 643,698 87% 44% 25% 9% 61% 60%
i: 660,812 87% 44% 24% 8% 62% 60%
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Table 33. Maximum likelihood estimates (MLE) of select parameteesj\ied quantities, reference points, and negative loditikeds for the base
model and some sensitivity runs (described in Sec3i@h

Steepness Add
Mean Steepness Sigma Sigma  Natural Natural McAllister .
Base : ; . . . Francis
model Prior Fix R R Mortality ~ Mortality 1 Ia.nellll Weighting
Low 1.0 1.0 1.8 (SD=0.2) (SD=0.3) Weighting
Index

(0.5)
Parameters
Natural mortality M) 0.214 0.220 0.212 0.212  0.217 0.238 0.253 0.214 0.215 0.213
Ry (millions) 2,070 2,381 1,988 1,474 3,515 2,678 3,153 2,124 452 1,933
Steepnesshj 0.865 0.606 - 0.858  0.885 0.856 0.851 0.865 0.864 0.865
Additional acoustic survey SD 0.260 0.260 0.260 0.258  0.2610.259 0.259 0.261 0.254 0.248
Additional age-1 index SD - - - - - - - 0.195 - -
Derived Quantities
2010 recruitment (millions) 10,500 11,024 10,371 10,477 ,710 13,177 15,231 11,434 10,790 10,495
2014 recruitment (millions) 6,380 6,605 6,324 6,337 6,492 ,87Z 9,008 7,645 6,181 5,563
2016 recruitment (millions) 2,704 2,606 2,731 2,427 2,944 616 4,333 3,385 2,940 2,452
Bo (thousand t) 1,718 1,869 1,674 1,239 2,844 1,817 1,910 1,7572,015 1,609
2009 relative spawning biomass 28.4% 26.9% 29.0% 39.5% 9%7.3 30.6% 31.6% 28.7% 24.0% 30.0%
2019 relative spawning biomass 48.6% 44.2% 50.1% 66.7% 930.1 55.4% 59.5% 61.3% 42.5% 44.7%
Reference Points based oRspr_40%
2018 rel. fishing intensity: (1-SPR)/(1-SRj%)  93.3% 92.4% 93.6% 93.6% 92.2% 80.2% 72.5% 85.3% 93.4% 98.6%
Female spawning biomasBF(to%; thousand t) 645 530 670 464 1,080 679 712 660 756 604
SPRysY-proxy 40.0% 40.0% 40.0% 40.0%  40.0% 40.0% 40.0% 40.0% 40.0% 40.0%
Exploitation fraction corresponding to SPR 17.3% 17.7% 2%.  17.2% 17.5% 18.8% 19.6% 17.3% 17.4% 17.3%
Yield atBr,,, (thousand t) 284 240 292 203 482 332 370 291 336 265
Negative log likelihoods
Total 713.05 714.70 722.72 72435 712.78 712.61 712.32 715.51 .4823 489.73
Survey -6.73 -6.71 -6.74 -6.82 -6.69 -6.76 -6.77 -5.27 -6.93 -7.17
Survey age compositions 83.79 83.80 83.78 84.54 83.42 83.86 83.88 83.76 36.94 29.12
Fishery age compositions 525.14 525.13 525.13 531.70 $22.5525.38 525.53 526.11 99.07 352.83
Recruitment 48.79 49.66 48.53 52.09 51.87 47.83 47.42 49.3140.04 50.33
Parameter priors 0.19 0.91 10.15 0.13 0.38 0.34 0.25 0.21 4 02 018
Parameter deviations 61.87 61.92 61.86 62.71 61.29 61.95 .0162 61.39 54.12 64.44
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Table 34. Maximum likelihood estimates (MLE) of select parameteesjyied quantities, reference points, and negative loditikeds for the base
model and further sensitivity runs (described in Sec8@).

Phi Phi Phi Semi-Parametric Semi-Parametric
Base t.v. t.v. t.v. t.v t.v.
model selectivity selectivity selectivity selectivity selectivity
(0.21) (0.70) (2.10) (0.695) (1.0)

Parameters
Natural mortality M) 0.214 0.216 0.213 0.214 0.217 0.217
Ry (millions) 2,070 2,466 2,114 2,072 2,410 2,269
Steepnesshj 0.865 0.870 0.867 0.864 0.867 0.867
Additional acoustic survey SD 0.260 0.273 0.266 0.259 0.274 0.264
Derived Quantities
2010 recruitment (millions) 10,500 11,095 10,016 10,680 ,502 10,626
2014 recruitment (millions) 6,380 7,694 5,918 6,544 8,864 ,896
2016 recruitment (millions) 2,704 17,716 5,434 2,022 10,81 5,853
Bo (thousand t) 1,718 2,009 1,768 1,708 1,936 1,830
2009 relative spawning biomass 28.4% 24.0% 27.0% 28.8% %25.2 26.7%
2019 relative spawning biomass 48.6% 134.2% 60.0% 46.8% 310 64.9%
Reference Points based oRspr_40%
2018 rel. fishing intensity: (1-SPR)/(1-SRj%)  93.3% 78.7% 91.6% 95.0% 78.6% 82.9%
Female spawning biomasBF(m%; thousand t) 645 757 665 641 728 688
SPRysY-proxy 40.0% 40.0% 40.0% 40.0% 40.0% 40.0%
Exploitation fraction corresponding to SPR 17.3% 17.5% 3%. 17.3% 17.6% 17.5%
Yield atBg,, (thousand t) 284 338 293 283 327 308
Negative log likelihoods
Total 713.05 536.60 639.68 758.95 799.49 807.68
Survey -6.73 -6.31 -6.53 -6.77 -6.30 -6.58
Survey age compositions 83.79 82.38 83.94 83.35 82.23 82.94
Fishery age compositions 525.14 588.65 541.66 518.32 §58.8 529.74
Recruitment 48.79 52.62 50.60 48.12 51.27 49.13
Parameter priors 0.19 0.28 0.17 0.22 0.34 0.32
Parameter deviations 61.87 -181.03 -30.18 115.72 113.07 2.145
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Table 35. Maximum likelihood estimates (MLE) of select parameteesjwied quantities, reference points, and negative loditikeds for the base
model and further sensitivity runs (described in Sec8@).

Base Run Run Run Run Run Run Run

model 52 53 54 55 56 57 58
Parameters
Natural mortality (1) 0.214 0.214 0.214 0.214 0.226 0.226 0.226 0.227
Ro (millions) 2,070 2,073 2,073 2,072 2,377 2,333 2,333 2,378
Steepnesshj 0.865 0.861 0.861 0.865  0.880 0.863 0.863 0.880
Additional acoustic survey SD 0.260 0.259 0.259 0.259 0.259.259 0.259 0.259
Derived Quantities
2010 recruitment (millions) 10,500 10,537 10,532 10,538 ,692 11,640 11,633 11,706
2014 recruitment (millions) 6,380 6,378 6,376 6,376 6,949 ,928 6,921 6,952
2016 recruitment (millions) 2,704 3,125 3,119 3,106 3,355 ,383 3,375 3,363
Bo (thousand t) 1,718 1,721 1,721 1,719 2,509 2,479 2,479 2,509
2009 relative spawning biomass 28.4%  29.9% 29.9% 28.7% 9%20.828.4% 28.4%  20.9%
2019 relative spawning biomass 48.6%  49.5% 50.4% 47.1% 9386.244.9% 459%  33.9%
Reference Points based ofspr_40%
2018 rel. fishing intensity: (1-SPR)/(1-SRR8) 93.3% 100.3% 97.2% 96.8% 91.8% 104.6% 101.1% 91.7%
Female spawning biomasBF(m%; thousand t) 645 645 645 646 951 930 930 951
SPRysY-proxy 40.0%  40.0%  40.0% 40.0% 40.0% 40.0%  40.0%  40.0%
Exploitation fraction corresponding to SPR 17.3% 17.3% 3%. 17.3% 153% 15.3% 15.3% 15.3%
Yield atB,, (thousand t) 284 284 284 284 368 359 358 368
Negative log likelihoods
Total 713.05 711.33 711.32 711.38 713.29 713.08 713.08 713.29
Survey -6.73 -6.78 -6.78 -6.78 -6.76 -6.77 -6.77 -6.77
Survey age compositions 83.79 83.70 83.69 83.70 83.74 83.783.74 83.74
Fishery age compositions 525.14 52425 52425 52426 624.%24.75 524.75 524.76
Recruitment 48.79 48.50 4850 48,53  49.26 49.18 49.17 49.26
Parameter priors 0.19 0.18 0.18 0.20 0.81 0.71 0.71 0.81
Parameter deviations 61.87 61.48 61.48 61.48 61.48 61.47 4761 61.47
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Table 36. Summary of model runs that consider alternative assungptioncerning weight-at-age and time-
vary fecundity, plus the two related runs from 2018. Reduttsn the MCMC runs 53 and 54 are given
in Appendices andG. 2Due to the configuration of Stock Synthesis (noted on pagd ERlwards et al.
2018), these runs necessitated setting the 2018 (not 2019) waligige onwards to be the mean from
1975-2018.°Similarly, for the 2018 alternative run, the 2017 weightaige onwards was the mean from
2015-2017.The 2018 onwards weight-at-age was the mean from 1975-28&@. Section8.8.1and
3.8.2for more details and Figurés/-60 for the various weight-at-age assumptions.

Model run when Model run when Time-varying Pre-1975 Pregl97
2019 onwards 2018 onwards fecundity?  weight-at-age weaighge
weight-at-age is  weight-at-age is Is 1975-1979? is 1978320

mean from mean from

1975-2018 2016-2018

Base model 54 Y Y
552 58 Y Y
53 52 Y
57 56 Y

2018 base Y

2018 alternative Y Y
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Figure 1. Overview map of the area in the Northeast Pacific Ocean oedupy Pacific Hake. Common
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Figure 2. Spatial distribution of acoustic backscatter attributatol age-

-estimatedasisrior ages 2 to 20, with

1995-2017. Area of the circle is roughly proportional toeved backscatter. Histograms show survey
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109



B U.S. Joint-Venture B Canada Freezer Trawl B U.S. Shore-based
B U.S. Foreign B Canada Shoreside Hm US.CP
B Canada Joint-Venture m US.MS
B Canada Foreign
400 —
©
c
® 300
n
S
o
<
~— 200 —
o
O
)
©
O 100
0 —

1966 1970 1974 1978 1982 1986 1990 1994 1998 2002 2006 2010 2014 2018
Year

Figure 4. Total Pacific Hake catch used in the assessment by sectd@-2068. U.S. tribal catches are
included in the appropriate sector.
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Figure 5. Unstandardized (raw) catch-rates (t/hr) of Pacific Hakelezd by tow in the U.S. at-sea fleet
from 2014-2018.
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in the U.S. at-sea fleet from 2014—-2018.
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survey data is 0.75 for age 3 in 2013 and in the fishery is 0.7&ade 3 in 2011.

Pacific Hake assessment 2019 113 SedierfFigures



3.0

® Acoustic survey time series (with extrapolation, used in base model)
= o5 A Acoustic survey time series (no extrapolation)
5 * | |
.é tl
:’/ 20 A 1 II
© ' 1 1A :
e | [N )
= ‘ N [ 1
Q@ 15+ | ] i
e : R : * i}
() 1 ' v A 1
S K : A * 4
— 1 0 —

8 A
t § |
5 | ®
0 0.5
0.0 T T T T T T T I — T T
1995 1998 2001 2003 2005 2007 2009 2011 2013 2015 2017

Year

Figure 9. Acoustic survey biomass indices with and without extragpata(millions of tons). Approximate
95% confidence intervals are based on sampling variabititgriyals without squid/hake apportionment
uncertainty in 2009 are displayed in black). See Tal8éor values used in the base model.
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Figure 10. Preliminary acoustic survey age-1 index overlaid on egtichaumbers of age-1 fish (MLE from
the base model).
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Figure 11. Fraction of fish that are mature at each age north and south.4f3 (upper panel) and the
fecundity relationship (lower panel). The fecundity redaship (purple line) is the product of the weight-
at-age and the maturity-at-age for the samples collectad Morth of 34.44N (blue line in upper plot)
averaged across 1975 to 2018.
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2018 26 26 15 10 5
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Figure 13. Sample sizes for developing empirical weight-at-age \&lused in the base model (colors
represent empirical weight-at-age data, as shown in Fig@je Data are available from 1975-2018. The
total sample size for each age is shown at the bottom.
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Figure 14. Fit (red lines) to yearly weight-at-age data (standard dossp by age group (age-2 to age-15;
where age-15 is an accumulator group) using weighted lgasires. Statistical weights in the regression
were based on the inverse of the annual sample variance.
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Figure 15. Bridging models showing the 2018 base model and the resudtsquentially updating historic
catch data, historic age-composition data, and then Ristaright-at-age data. The points disconnected
from the time-series on the left side show the unfished dxitiin spawning biomass estimates.
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Figure 16. Bridging models showing the 2018 base model and the redudtsquentially building upon the
base model with updates shown in Figd#(i.e., adding the 2018 catch data and 2018 age-composition
and weight-at-age data) and then finally changing to timrgig fecundity which became the base model.
See Sectior3.8 for further details about modeling time-varying fecundiBanels are spawning biomass
(upper panel), relative spawning biomass (spawning bisrimasach year relative to the unfished equilib-
rium spawning biomass, middle left), absolute recruitm{@mtidle right), recruitment deviations (lower
left), and survey index (lower right).
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Figure 17. Summary of MCMC diagnostics for natural mortality (uppeneis) and logRo) (lower panels)
in the base model. Top sub-panels show the trace of the sdgiliges across iterations (absolute values,
top left; cumulative running mean with 5th and 95th perdestitop right). The lower left sub-panel
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density from a smoothed histogram of values in the tracg.plot
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Figure 18. Summary of MCMC diagnostics for steepness (upper panets}taadditional standard de-
viation (SD) in the survey index (lower panels) in the baselehoTop sub-panels show the trace of the
sampled values across iterations (absolute values, tgpclehulative running mean with 5th and 95th
percentiles, top right). The lower left sub-panel indisatige autocorrelation present in the chain at dif-
ferent lag times (i.e., distance between samples in thenghaind the lower right sub-panel shows the
distribution of the values in the chain (i.e., the marginahsity from a smoothed histogram of values in
the trace plot).
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Figure 19. Summary histograms of MCMC diagnostics for all base modehpaters together with the
derived time series of spawning biomass and relative spanniomass. The level of autocorrelation in
the chain (distribution across lag times, i.e., distandevben samples in the chain, shown in the top left
panel) influences the effective sample size (top right pamssd to estimate posterior distributions. The
Geweke statistic (lower left panel) tests for equality kesgw means located in the first part of the chain
against means in the last part of the chain. The HeidelbenggiWelch statistic (lower right panel) tests
if the sampled values come from a stationary distributiortdaypparing different sections of the chain.
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Figure 20. Gelman-Rubin plot showing the development of the scalea#oh (shrink factor) across the
chain length for key posterior parameter distributions. aétér close to 1 indicates that between chain
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Pacific Hake assessment 2019 124 SedierfFigures



Objective

function
Natural
0.14 mortality
(M)
Equilibrium | |-..
0.13 090 recruitment
log(RO) .
Steepness
0,083 0.097 0.21
(h)

Extra SD
in survey

0.079 oo 0.048

on ||0.79]/0.83 | o | o |Fecnisen /

0.16 0.70 11 0.79 soi 0.10 093 Reczrgi:?ent

011 0.45 || 0.58 o15 || 0.70 || 0.76 |[Feguiment

Relatiye ’

0.13 0.23 0.37 0.43 || 0.51 || 0.63 || Shawnrs ||
el

Default

o |1 050 || 067 | - || on ||0.70 |/ 0.76 || 0.74 || 0.86 || rares

Figure 21. Posterior correlations among key base-model parametdrdezived quantities. Numbers refer
to the absolute correlation coefficients, with font sizegamional to the square root of the coefficient.

Pacific Hake assessment 2019 125 Sedierfigures



Equilibrium|
recruitment] |

log(RO)
. Recruit
dev. 2009
Recruit
. 0.58 || gev. 2010
Recruit
0.23 0.34 dev. 2011

Recruit
- 043 | 0.68 018 1l dev. 2012

ooss 0.14 0.20 0.10 0.10 deR\?Cngi'lt3

031 || 0.46 0.18 046 || 033 || et

0.17 ds\fczrgl:s

018 010 || Recrut
0.17 0.10 0.15 0097 0004 . 0.27 deR\fczrg;tY

Recruit
dev. 2018

Figure 22. Posterior correlations among recruitment deviations freoent years and equilibrium recruit-
ment. Numbers refer to the absolute correlation coeffisiemith font size proportional to the square root
of the coefficient.

Pacific Hake assessment 2019 126 Sedierfigures



0  Observed survey biomass (with MLE estimates of 95% intervals)
5 === MLE estimates of expected survey biomass
—— Median MCMC estimate of expected survey biomass
—— MCMC samples of estimates of expected survey biomass
4 —
"E -
S
E
x 3
[}
©
£
i
o {5
1 — y L
O B
0 | T T | T T | T | T | T | T | T | | | T | T |
1995 1998 2001 2003 2005 2007 2009 2011 2013 2015 2017

Year

Figure 23. Fits to the acoustic survey with 95% confidence intervalsiagidhe index points. Red and blue
thick lines are MLE and median MCMC expected survey estimatevery year, including years without
a survey. Thin blue lines show individual MCMC samples of éxpected survey biomass. Thicker
bars on uncertainty intervals around observed survey poidicate 95% log-normal uncertainty intervals

estimated by the kriging method. Longer bars indicate 95%erainty intervals with the MLE estimate
of additional uncertainty.
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Figure 24. Base model fits to the observed fishery (top) and acoustieguiottom) age-composition
data. Colored bars show observed proportions with coldi@eding each cohort across years. Points with
intervals indicate median expected proportions and 95%iuifity intervals from the MCMC calculations.
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Figure 25. Pearson residuals for base model MLE fits to the age-coniposiata. Closed bubbles are
positive residuals (observed > expected) and open bubi®ategative residuals (observed < expected).
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Figure 26. Prior (black lines) and posterior (gray histograms) disttions for key parameters in the base
model. The parameters are: natural mortalih) (equilibrium log recruitment lo@y), steepnesdj, and
the additional process-error standard deviation for tloeistic survey. The maximum likelihood estimates
and associated symmetric uncertainty intervals are alsoarsiblue lines).
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Figure 27. Mountains plot of median fishery selectivity in each yeattlfierbase model. Range of selectivity
is0to1ineach year.
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Figure 28. Fishery selectivity sampled from posterior probabilitgtdbution by year for the base model.
Black dots and bars indicate the median and 95% credibiliigrval, respectively. The shaded polygon
also shows the 95% credibility interval. Range is from O toithin each year. Selectivity for 1990 is
shared for all years from 1966 to 1990.
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Figure 29. Retrospective analysis of recruitment deviations from Mh&dels over the last 21 years. Re-
cruitment deviations are the log-scale differences batweeruitment estimated by the model and ex-
pected recruitment from the spawner-recruit relationshipes represent estimated recruitment deviations
for cohorts from 1999 to 2017, with cohort birth year marketha right of each color-coded line. Values
are estimated by models using data available only up to taeigevhich each cohort was a given age.
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Figure 30. Estimated acoustic (top — for all years) and fishery selgiets/(bottom — for 2018 only) from
the posterior distribution for the base model.
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Figure 31. Median of the posterior distribution for female spawningrhass at the start of each yeB)(
for the base model up to 2019 (solid line) with 95% posterrediility intervals (shaded area).
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Figure 32. Median (solid line) of the posterior distribution for relat spawning biomas$({/By) for the

base model through 2019 with 95% posterior credibility ivéds (shaded area). Dashed horizontal lines

show 10%, 40% and 100% levels.
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Figure 33. Medians (solid circles) and meang)(of the posterior distribution for recruitment (billion$ o
age-0 fish) with 95% posterior credibility intervals (blueds). The median of the posterior distribution
for mean unfished equilibrium recruitmeiRg] is shown as the horizontal dashed line with a 95% posterior
credibility interval shaded between the dotted lines.
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Figure 34. Medians (solid circles) of the posterior distribution fogtscale recruitment deviations with
95% posterior credibility intervals (blue lines). Recnu@nt deviations for the years 1946-1965 are used
to calculate the numbers at age in 1966, the initial year@htlodel. Deviations for the years 1970-2017
are constrained to sum to zero while deviations outsider#imge are represented as separate values that
do not have that constraint.
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Figure 35. Bubble plot of MLE estimates of population numbers at aghabeginning of each year, where
diagonals follow each year-class through time. The redrdapesents the mean age. The scale of the
bubbles is represented in the key where the units are Willadrish (with the largest bubble representing
13.7 billion age-0 recruits in 1980). See Tatfor values.
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Figure 36. Estimated stock-recruit relationship for the base mod#h wiedian predicted recruitments and
95% posterior credibility intervals. Colors indicate tirperiod, with yellow colors in the early years and
blue colors in the recent years. The thick solid black lirdidates the central tendency (mean) and the red
line indicates the central tendency after bias correctordghe log-normal distribution (median). Shading
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Figure 37. Trend in median fishing intensity (relative to the SPR mansayd target) through 2018 with
95% posterior credibility intervals. The management tedgdined in the Agreement is shown as a hori-

zontal line at 1.0.
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Figure 38. Trend in median exploitation fraction (catch divided byrbmss of fish of age-2 and above)

through 2018 with 95% posterior credibility intervals.
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Figure 39. Estimated historical path followed by medians of relatighiing intensity and relative spawning
biomass for Pacific Hake. Start and end years are labeled,ths year with the highest relative fishing
intensity. Gray bars span the 95% credibility intervals 200.8 relative fishing intensity (vertical) and
relative spawning biomass (horizontal).
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Figure 40. A comparison of maximum likelihood estimates with 95% coeifice intervals determined from
asymptotic variance estimates (red) to the posteriorildigton with 95% credibility intervals (black). The
posterior median is shown for spawning biomass while thégpi@s mean recruitment is displayed in the
lower panel to be more comparable to the MLE value.
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Figure 41. The posterior distribution of the default 2019 catch limaiaulated using the default harvest

policy (Fspro40%—40:10). The median is 725,593 t (vertical line), with thekdshaded area ranging from
the 2.5% quantile to the 97.5% quantile, covering the rarige753-2,106,509 t.
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Figure 42. Time series of relative spawning biomass at the start of gaahuntil 2019 as estimated from
the base model, and forecast trajectories to the start df B@2several management options from the
decision table (grey region), with 95% posterior credipiintervals. The 2019 catch of 725,593 t was
calculated using the default harvest policy, as definedarireement.
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Figure 43. Graphical representation of the base model results pegémfTable31 for various catches in
2019. The symbols indicate points that were computed dyré@m model output and lines interpolate
between the points.
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Figure 44. Graphical representation of the base model results pegé@niable32 for catch in 2020, given
the 2019 catch level shown in Tal#4. The symbols indicate points that were computed directiynfr
model output and lines interpolate between the points.
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Figure 45. Forecast age compositions in numbers and in weight for thé #8hery catch (combined across
all sectors in both countries). Gray bars show median essnd hick black lines show 50% credibility
intervals and thin black lines show 95% credibility intdsvaThese estimates are based on the posterior
distribution for selectivity averaged across the mostmediwe years and the distribution for expected
numbers at age at the start of 2019 (see TaBIéor the MLEs for numbers-at-age for all years). The
panel on the right is scaled based on the weight at each agggadeacross 1975 to 2018.
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Figure 46. Maximum likelihood estimates of spawning biomass for thesa@model and alternative sensitiv-
ity runs representing changing the mean of the prior forstess from 1.0 to 0.5, fixing steepness at 1.0,
lower (1.0) and higher (1.8) levels of variation assumeduatize stock-recruitment relationshig;§, and
changing the standard deviation of the prior for naturaltaiiy from 0.1 to 0.2 or 0.3.
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Figure 47. Maximum likelihood estimates of stock status (relativevapag biomass) for the base model
and alternative sensitivity runs representing changingpgaameters. See Figudé for sensitivity de-
scriptions.

Pacific Hake assessment 2019 145 SedierfFigures



3.0
. —e— 2019 Base model
c 25 - —4£— Add Age 1 Index
2 McAllister lanelli Weighting
E 204 —%— Francis Weighting
[)]
@
g 1.5 4
R
o]
2 1.0 H
c
2 054
n

0.0

| | | | | |
1970 1980 1990 2000 2010 2019
Year

Figure 48. Maximum likelihood estimates of spawning biomass for theebmodel and alternative sen-
sitivity runs that represent the following changes in daddding an age-1 index of abundance, using
the McAllister-lanelli approach to weight composition @aand using the Francis approach to weight
composition data.
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Figure 49. Maximum likelihood estimates of stock status (relativevapiag biomass) for the base model
and alternative sensitivity runs that represent changdaten See Figuré8 for sensitivity descriptions.
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Figure 50. Maximum likelihood estimates of the fit to the survey indexabfindance for the base model
and alternative sensitivity runs that represent changdaten See Figuré8 for sensitivity descriptions.
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Figure 51. Maximum likelihood estimates of recruitment deviations fioe base model and alternative
sensitivity runs that represent changes in data. See H@.fi sensitivity descriptions.
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Figure 52. Maximum likelihood estimates of spawning biomass for theebaodel and alternative sensi-
tivity runs representing different standard deviatio®$ &ssociated with time-varying selectivity and the
use of a semi-parametric approach for implementing tinrgiwg selectivity ©s).
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Figure 53. Maximum likelihood estimates of stock status (relativevapiag biomass) for the base model
and alternative sensitivity runs representing differeandard deviations®) associated with time-varying
selectivity and the use of a semi-parametric approach fptamenting time-varying selectivityof). See
Figure52 for legend.

Pacific Hake assessment 2019 148 SedierfFigures



4
|
]
&
-
= ol

N ]‘ § ,% . v ‘6 . Q %l'n
Faet taag t i
"ﬂ v ¥ éﬁx v:,% i ' I‘
[] Y - “’

(g
|

i TH

Recruitment deviations
0
|

1960 1980 2000 2019

Year

Figure 54. Maximum likelihood estimates of recruitment deviations fioe base model and alternative
sensitivity runs representing different standard devreti@®) associated with time-varying selectivity and
the use of a semi-parametric approach for implementing-tiarging selectivity §s). See Figuré?2 for
legend.
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Figure 55. Maximum likelihood estimates of the fit to the survey indexabiindance for the base model
and alternative sensitivity runs representing differeandard deviations®) associated with time-varying
selectivity and the use of a semi-parametric approach fpldmenting time-varying selectivityof). See
Figure52 for legend.
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Figure 56. lllustration of parameterization of time-varying seleitti as represented in the base model
(left) and the semi-parametric approach used in sengitantlyses (right). Panels show transformation
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from estimated parameters (a) to cumulative sum up to eaehlggand the resulting selectivity after

exponential transformation and rescaling to have maximuind), as described by equations (1-3). In
the base model, the deviations (red lines) are applied tbdkeline parameters, resulting in a new set of

parameters which are transformed in the same way, as shothe inlue lines in (a) through (c). In the
alternative approach, the deviations are applied as expiaheffsets to the resulting selectivity (f).
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Figure 57. Empirical weight-at-age (kg) values used for sensitivity 63 and the base model (Figura).

Data are only available from 1975-2018. Values based omgsfans for the early and late years are

shown outside the blue lines (see TaB&. Bold values between the blue lines represent unavaitidike

and such weights were interpolated or extrapolated froracadit ages or years. The sample-weighted

mean weight-at-age is shown at the bottom.
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Figure 58. Empirical weight-at-age (kg) values used for sensitiviljms 55 and 57. Details are as in

Figure57. Note the 2018 values have to be assumed (the location obthélte line is different to

Figure57), as described in Tabl&6.
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Figure 59. Empirical weight-at-age (kg) values used for sensitivims 52 and 54. Details are as in

Figure57. Note the 2018 values have to be assumed (the location obthélte line is different to

Figure57), as described in Tabl&6.
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Figure 60. Empirical weight-at-age (kg) used for sensitivity runs 5@l &8. Details are as in Figuks.

Note the 2018 values have to be assumed (the location of philte line is different to Figuré7), as

described in Tabl&6.
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Figure 61. Maximum likelihood estimates of spawning biomass for theebmodel and alternative sen-
sitivity runs 52, 53, and 54 that all set the pre-1975 (19884) weights-at-age to the long term mean
(1975-2018). Run 52 has non-time-varying fecundity andstimt term mean (2016—2018) as the post-
2017 weights-at-age. Run 53 is without time-varying fectynand with long term (1975-2018) mean as
the post-2018 weights-at-age. Run 54 has time-varyingnigitw and the short term mean (2016-2018)
as the post-2017 weights-at-age. See Ta8blr descriptions of runs.

N 4 - —6— 2019 Base model
= —£— Run 52
2 Run 53
'g 3 —— Run 54
(2]
(2]
£
e} 2
5 |
()]
£
S 14
@©
o
)

0 —

T T T T T T
1970 1980 1990 2000 2010 2019
Year

Figure 62. MCMC median posterior estimates with 95% credible inteofapawning biomass for the base
model and alternative sensitivity runs 52, 53, and 54. Sgeré61 and Table36 for descriptions of runs.
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Figure 63. Maximum likelihood estimates of stock status for the basdehand alternative sensitivity runs
52, 53, and 54. See Figuéd and Table36 for descriptions of runs.
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Figure 64. MCMC median posterior estimates with 95% credible inteofatock status for the base model
and alternative sensitivity models 52, 53, and 54. See Eigluand Table36 for descriptions of runs.
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Figure 65. Maximum likelihood estimates of spawning biomass for theebaodel and alternative sensi-
tivity runs 55, 56, 57, and 58 that all set the pre-1975 (19884) weights-at-age to the short term mean
(1975-1979). Run 55 has time-varying fecundity and the kengn mean (1975-2018) as the post-2017
weights-at-age. Run 56 has non-time-varying fecundity il short term (2016-2018) mean as the
post-2017 weights-at-age. Run 57 has non-time-varyingnigity and the long term mean (1975-2018)
as the post-2018 weights-at-age. Run 58 has time-varymmftity and the short term (2016—2018) mean
as the post-2017 weights-at-age. See Tablfor descriptions of runs.
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Figure 66. MCMC median posterior estimates with 95% credible inteofapawning biomass for the base
model and sensitivity runs 55, 56, 57, and 58. See Fi§arnd Table36 for descriptions of runs.
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Figure 67. Maximum likelihood estimates of stock status for the basdehand alternative sensitivity runs
55, 56, 57, and 58. See Figusb and Table36 for descriptions of runs
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Figure 68. MCMC median posterior estimates with 95% credible inteofatock status for the base model
and alternative sensitivity runs 55, 56, 57, and 58. Seerégftiand Table36 for descriptions of runs.
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Figure 69. Estimates of spawning biomass at the start of each year dtapyecruitment (bottom) for the
base model and retrospective runs (based on MLE model runs).
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Figure 70. Retrospective recruitment estimates shown in Fi@d@scaled relative to the most recent esti-
mate of the strength of each cohort.
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Figure 71. Summary of historical Pacific Hake assessment estimatgsagfréng biomass. Estimates are
MLEs or MCMC medians depending on the model structure. SigatBpresents the approximate 95%
confidence range from the 2019 base model.
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A SCIENTIFIC REVIEW GROUP (SRG) REQUESTS FROM 2019
MEETING

This appendix contains results requested at the Scientftel® Group meeting held from 19th
February to 22th February, 2019 in Vancouver B.C., Canada.

A.1 ADDITION OF 500,000 T CATCH LEVEL TO FORECASTING

To bridge a large gap in catch levels in the decision tables SRG requested the addition of a
500,000 t catch level to the forecasting. This new level vaaed by the JTC during the meeting,
and is included in all relevant tables and figures in this fasslessment document.

A.2 CALCULATE RETROSPECTIVES FOR THE SENSITIVITY RUN
THAT INCLUDES THE AGE-1 INDEX

The SRG requested the retrospectives be calculated foetisgtisity run that includes the age-
1 index in the model. The resulting retrospective cohortgpbnd associated uncertainty in the
recruitment deviations were viewed and discussed, andhanwrsin FiguresA.1 and A.2 and
TableA.1.

Investigations into inclusion of the age-1 index will conte in the 2020 assessment, which will
include a full MCMC run with an appendix containing forecdstision tables, and other relevant
MCMC outputs.
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Figure A.1. Retrospective analysis of recruitment deviations for el cohorts from MLE models as-
sociated with the age-1 index sensitivity evaluation ober last 21 years. Recruitment deviations are
the log-scale differences between recruitment estimagygtidomodel and expected recruitment from the
spawner-recruit relationship. Lines represent estimegetlitment deviations for example cohorts from
2007 to 2014, with cohort birth year marked at the right ofreemlor-coded line. Values are estimated by
models using data available only up to the year in which eatlot was a given age.
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Figure A.2. Retrospective analysis of recruitment deviations for aliarts from MLE models associated
with the age-1 index sensitivity evaluation over the lasty2ars. Recruitment deviations are the log-
scale differences between recruitment estimated by thehaod expected recruitment from the spawner-
recruit relationship. Lines represent estimated recreithtleviations for all cohorts from 1999 to 2017,
with cohort birth year marked at the right of each color-abtiee. Values are estimated by models using
data available only up to the year in which each cohort wasengage.
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Table A.1. Estimated recruitment deviations and log standard dewiat{approximiate CVs) for age-2
cohorts for the base model and the model which tests thetiséggio adding the age-1 index. All values
are from MLE runs.

Base model | Age-1Index
Cohort Value Log(SD) Value Log(SD)
1999 -0.303 1.144 -0.225 1.141
2000 -0.562 1.187 -0.560 1.187
2001 -0.076 1.315 -0.073 1.329
2002 0.007 1.492 -1.224 0.611
2003 0.073 1.423 0.051 1.417
2004 0.011 1.475 -2.078 0.591
2005 0.074 1.290 -0.435 1.185
2006 -0.425 1.256 1.710 0.553
2007 -0.391 1.211 -0.176 1.314
2008 0.478 1.189 2.454 0.541
2009 -1.021 1.187 -0.827 1.204
2010 1.201 1.286 2.654 0.740
2011 -0.534 1.179 -1.118 0.638
2012 -0.342 1.263 0.308 0.619
2013 -0.857 1.204 -0.802 1.201
2014 1.365 1.061 2.389 0.621
2015 -0.607 1.162 -0.503 1.160
2016 1.022 1.071 1.345 0.595
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B GLOSSARY OF TERMS AND ACRONYMS USED IN THIS
DOCUMENT

40:10 adjustment: a reduction in the overall total allowat@tch that is triggered when the female
spawning biomass falls below 40% of its unfished equilibriexel. This adjustment
reduces the total allowable catch on a straight-line baisi® the 40% level such that
the total allowable catch would equal zero when the biomass 10% of its unfished
equilibrium level. This is one component of the default lestpolicy (see below).

ABC: Acceptable biological catch. See below.

Acceptable biological catch (ABC): The acceptable biatagcatch is a scientific calculation of
the sustainable harvest level of a fishery used historitakgt the upper limit for fishery
removals by the Pacific Fishery Management Council. It isudated by applying the
estimated (or proxy) harvest rate that produces maximunaisizble yield (MSY, see
below) to the estimated exploitable stock biomass (thagqrodf the fish population that
can be harvested). For Pacific Hake/whiting, the calcutadidhe acceptable biological
catch and application of the 40:10 adjustment is now repladéh the default harvest
rate and the Total Allowable Catch.

Adjusted: A term used to describe Total Allowable Catch aations that account for carryovers
of uncaught catch from previous years (see Carryover below)

Advisory Panel (AP): The advisory panel on Pacific Hake/imgitestablished by the Agree-
ment.

Agreement (“Treaty”): The Agreement between the goverriraéthe United States and the gov-
ernment of Canada on Pacific Hake/whiting, signed at Se&thshington, on Novem-
ber 21, 2003, and entered into force June 25, 2008.

AFSC.: Alaska Fisheries Science Center (National Marinbdfies Service).
Bo: The unfished equilibrium female spawning biomass.

B1ow: The level of female spawning biomass corresponding to 103afished equilibrium female
spawning biomass, i.8109, = 0.1Bg. This is the level below which the calculated TAC
is set to 0, based on the 40:10 adjustment (see above).

Baows The level of female spawning biomass corresponding to 40%fished equilibrium female
spawning biomass, i.8409, = 0.4Bg. This is the level below which the calculated TAC

is decreased from the value associated Wibr-40%, based on the 40:10 adjustment
(see above).

Busy: The estimated female spawning biomass which theoretieailld produce the maximum
sustainable yield (MSY) under equilibrium fishing conditso(constant fishing and av-
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erage recruitment in every year). Also $&gq, (above).

Backscatter: The scattering by a target back in the direaifoan acoustic source. Specifically,
the Nautical Area Scattering Coefficient (a measure of sgag per area) is frequently
referred to as backscatter.

California Current Ecosystem: The waters of the contirlesttalf and slope off the west coast
of North America, commonly referring to the area from celn@alifornia to southern
British Columbia.

Carryover: If at the end of the year, there are unharvestedaions, then there are provisions for
an amount of these fish to be carried over into the next yelosadion process. The
Agreement states that “[I]f, in any year, a Party’s catctesslthan its individual TAC,
an amount equal to the shortfall shall be added to its ind&elidAC in the following
year, unless otherwise recommended by the JMC. Adjustments this sub-paragraph
shall in no case exceed 15 percent of a Party’s unadjust@ddodl TAC for the year
in which the shortfall occurred.”

Catchability §): The parameter defining the proportionality between dikeandex of stock abun-
dance (often a fishery-independent survey) and the estinstiek abundance available
to that survey (as modified by selectivity) in the assessmerntel.

Catch-per-unit-effort (CPUE): A raw or (frequently) stamdized and model-based metric of fish-
ing success based on the catch and relative effort expeoadgeaherate that catch. Catch-
per-unit-effort is often used as an index of stock abundamdke absence of fishery-
independent indices and/or where the two are believed todpopional.

Catch target: A general term used to describe the catch uakefor management. Depending on
the context, this may be a limit rather than a target, and neaggoal to a TAC, an ABC,
the median result of applying the default harvest policgame other number. The JTC
welcomes input from the JMC on the best terminology to uséhfese quantities.

Closed-loop simulation: A subset of an MSE that iterativ@iyiulates a population using an oper-
ating model, generates data from that population and péstgean estimation model,
uses the estimation model and a management strategy talprmanagement advice,
which then feeds back into the operating model to simulatadtttional fixed set of
time before repeating this process.

Cohort: A group of fish born in the same year. Also see recriritrand year-class.

Constant catch: A catch scenario used for forecasting ichwie same catch is used in successive
years.

CPUE: Catch-per-unit-effort (see above).

CV: Coefficient of variation. A measure of uncertainty defirass the standard deviation (SD, see
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below) divided by the mean.

Default harvest policy (rate): The applicationffpr-409 (See below) with the 40:10 adjustment
(see above). Having considered any advice provided by tle SRG or AP, the IMC
may recommend a different harvest rate if the scientific avog demonstrates that a
different rate is necessary to sustain the offshore Pacdlkekvhiting resource.

Depletion: Term used for relative spawning biomass (seewgbrior to the 2015 stock assess-
ment. “Relative depletion” was also used.

DFO: Department of Fisheries and Oceans (Canada). SeeiEshad Oceans Canada.

El Nifio: Abnormally warm ocean climate conditions in the i@athia Current Ecosystem (see
above) as a result of broad changes in the Eastern Pacifim@ceass the eastern coast
of Latin America (centered on Peru) often around the endettiendar year.

Exploitation fraction: A metric of fishing intensity thatpeesents the total annual catch divided by
the estimated population biomass over a range of ages adgorbe vulnerable to the
fishery (set to ages+2in this assessments; note that in previous assessments &\a
This value is not equivalent to the instantaneous rate affismortality (see below) or
the spawning potential ratio (SPR, see below).

F: Instantaneous rate of fishing mortality (or fishing motyalate); see below.

Fspro400s The rate of fishing mortality estimated to give a spawningepbal ratio (SPR, see
below) of 40%. Therefore, by definition this satisfies

4 spawning biomass per recruit WiE3pr-409
"" spawning biomass per recruit with no fishing

(B.1)

and SPRFspr-40%) = 40%. The 40% value is specified in the Agreement.
Fspr-400—40:10 harvest policy: The default harvest policy (see ahov

Female spawning biomass: The biomass of mature female fiek Beginning of the year. Some-
times abbreviated to spawning biomass.

Fisheries and Oceans Canada: Federal organization wHighrdgorograms and services that sup-
port sustainable use and development of Canada’s wateemalyesquatic resources.

Fishing intensity: A measure of the magnitude of fishing,rdfifor a fishing rat& as:
fishing intensity forr = 1— SPRF), (B.2)

where SPRF) is the spawning potential ratio for the value l6f Often given as a
percentage. Relative fishing intensity is the fishing intgnelative to that at the SPR
target fishing ratd-spr-409, WhereFsproa0v is theF that gives an SPR of 40% such
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that, by definition, SPRFspr_40%) = 40% (the target spawning ratio). Therefore

e ) 1-SPRF)

relative fishing intensity foF = B.3
° Y 1 SPRFspr-40%) (:3)

_ 1-SPRF)
~ 1-04 (B.4)

1—SPRF)
- = A/ B.5
0.6 ’ (8.5)

as shown in Figurd.1. For brevity we use SPfy = SPRFspro40%) in the text.
Although this simply equals 40%, it can be helpful to explycwrite:

1- SPRF)

relative fishing intensity foF = ——=.
g y 1— SPRioy

(B.6)

The calculation of relative fishing intensity is shown graphy in FigureB.2.

Fishing mortality rate, or instantaneous rate of fishingtaddy (F): A metric of fishing intensity
that is usually reported in relation to the most highly seddcages(s) or length(s), or
occasionally as an average over an age range that is vula¢oahe fishery. Because it
is an instantaneous rate operating simultaneously witlralmortality, it is not equiv-
alent to exploitation fraction (or percent annual remogale above) or the spawning
potential ratio (SPR, see below).

Fusy: The rate of fishing mortality estimated to produce the maximsustainable yield (MSY)
from the stock.

Harvest strategy: A formal system for managing a fishery imeltides the elements shown in
Figure A.1 ofTaylor et al.(2015.

Harvest control rule: A process for determining an ABC frost@ck assessment. Also see default
harvest policy (above).

Joint Management Committee (JMC): The joint managementaittee established by the Agree-
ment.

Joint Technical Committee (JTC): The joint technical coittea established by the Agreement.
The full formal name is “Joint Technical Committee of the lad¢lake/whiting Agree-
ment Between the Governments of the United States and Canada

Logistic transformation: A mathematical transformati@ed to translate between numbers bounded
within some range to numbers on the real lir@q(to +).

Magnuson-Stevens Fishery Conservation and Management AetMSFCMA, sometimes known
as the “Magnuson-Stevens Act”, established the 200-mhefisconservation zone, the
regional fishery management council system, and other §ioms of U.S. marine fish-
ery law.
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Management Strategy Evaluation (MSE): A formal proces®t@luating Harvest Strategies (see
above).

Markov-Chain Monte-Carlo (MCMC): A numerical method usedsample from the posterior
distribution (see below) of parameters and derived quastih a Bayesian analysis. Itis
more computationally intensive than the maximum likelidl@stimate (see below), but
provides a more accurate depiction of parameter unceytaddgeStewart et al(2013
for a discussion of issues related to differences betweeMM@nd MLE.

Maximum likelihood estimate (MLE): A method used to estimatsingle value for each of the
parameters and derived quantities. It is less computdijomaensive than MCMC
methods (see below), but parameter uncertainty is lessietdrmined.

Maximum sustainable yield (MSY): An estimate of the largasttainable annual catch that can be
continuously taken over a long period of time from a stockarredjuilibrium ecological
and environmental conditions.

MCMC: Markov-Chain Monte-Carlo (see above).
MLE: Maximum likelihood estimate (see above).
MSE: Management Strategy Evaluation (see above).
MSY: Maximum sustainable yield (see above).

t: Metric ton(s). A unit of mass (often referred to as weigtgual to 1,000 kilograms or 2,204.62
pounds. Previous stock assessments used the abbreviaib(mfetric tons).

NA: Not available.
National Marine Fisheries Service: See NOAA Fisherieswelo
NMFS: National Marine Fisheries Service. See NOAA Fistsebelow.

NOAA Fisheries: The division of the United States Nationak@nic and Atmospheric Adminis-
tration (NOAA) responsible for conservation and managdragoffshore fisheries (and
inland salmon). This is also known as the National Mariné&ies Service (NMFS),
and both names are commonly used at this time.

NORPAC: North Pacific Database Program. A database storigfishery observer data collected
at sea.

NWFSC : Northwest Fisheries Science Center. A NOAA FislsgBieience Center located primar-
ily in Seattle, Washington, but also in Newport, Oregon atieplocations.

Operating Model (OM): A model used to simulate data for us¢hm MSE (see above). The
operating model includes components for the stock and fighgramics, as well as the
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simulation of the data sampling process, potentially iditlg observation error. Cases
in the MSE represent alternative configurations of the dpeyanodel.

OM: Operating Model (see above).

PacFIN: Pacific Coast Fisheries Information Network. A bate that provides a central repository
for commercial fishery information from Washington, Oregand California.

PBS: Pacific Biological Station of Fisheries and Oceans Gar(®FO, see above), located in
Nanaimo, British Columbia.

Pacific Fishery Management Council (PFMC): The U.S. orgation under which historical stock
assessments for Pacific Hake/whiting were conducted.

Pacific Hake: Common name fdterluccius productusthe species whose offshore stock in the
waters of the United States and Canada is subject of thissesat.

Pacific Whiting: an alternative name for Pacific Hake commarsled in the United States.

Posterior distribution: The probability distribution fparameters or derived quantities from a
Bayesian model representing the result of the prior prdipalistributions (see be-
low) being updated by the observed data via the likelihoaghgn. For stock assess-
ments, posterior distributions are approximated via nisaemethods; one frequently
employed method is MCMC (see above).

Prior distribution: Probability distribution for a parateein a Bayesian analysis that represents the
information available before evaluating the observed datahe likelihood equation.
For some parameters, noninformative priors can be consttughich allow the data
to dominate the posterior distribution (see above). Foelogarameters, informative
priors can be constructed based on auxiliary informatiat'@nexpert knowledge or
opinions.

g: Catchability (see above).
Ro: Estimated annual recruitment at unfished equilibrium.

Recruits/recruitment: the estimated number of new menihexdish population born in the same
age. In this assessment, recruitment is reported at age ®.alSe cohort and year-
class.

Recruitment deviation: The offset of the recruitment in @egi year relative to the stock-recruit
function; values occur on a logarithmic scale and are radat the expected recruitment
at a given spawning biomass (see below).

Relative fishing intensity: See definition of fishing integpsi

Relative spawning biomass: The ratio of the beginninghefyear female spawning biomass to
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the unfished equilibrium female spawning biom&&g 6ee above). Thus, lower values
are associated with fewer mature female fish. This term wiasduaced in the 2015
stock assessment as a replacement for “depletion” (seeephldich was a source of
some confusion.

Scientific Review Group (SRG): The scientific review groufabished by the Agreement.

Scientific and Statistical Committee (SSC): The scientificisory committee to the PFMC. The
Magnuson-Stevens Act requires that each council mainte8&C to assist in gathering
and analyzing statistical, biological, ecological, eamnm social, and other scientific
information that is relevant to the management of coundikiigs.

SD: Standard deviation. A measure of variability within angée.

Simulation: A model evaluation under a particular stateattire, including combinations of pa-
rameters controlling stock productivity, stock statug] #me time series of recruitment
deviations. In this assessment, there are 2,000 simugatised to characterize alterna-
tive states of nature, each of which are based on a samplelffi@posterior distribution
of the parameters, as calculated using MCMC, for a partiomadel (e.g., the base
model).

Spawning biomass: Abbreviated term for female spawningibgs (see above).

Spawning biomass per recruit: The expected lifetime cbuation of an age-0 recruit, calculated
as the sum across all ages of the product of spawning biontaessch age and the
probability of surviving to that age. See FiguBe2 for a graphical demonstration of
the calculation of this value, which is found in both numeratnd denominator of the
Spawning potential ratio (SPR, see below).

Spawning potential ratio (SPR): The ratio of the spawniragass per recruit under a given level
of fishing to the estimated spawning biomass per recruitaratssence of fishing; i.e. for
fishing mortality rate~

spawning biomass per recruit wikh
spawning biomass per recruit with no fishing

SPRF) = (B.7)

Often expressed as a percentage, it achieves a value of X00% absence of fishing
and declines toward zero as fishing intensity increases.Fioege B.2 for a graphical
demonstration of the calculation of SPR.

SPR: Spawning potential ratio (see above).
SPRygy See target spawning potential ratio.
SS: Stock Synthesis (see below).

Steepnesdh): A stock-recruit relationship parameter representirgyloportion ofRy expected
(on average) when the female spawning biomass is reduce@oc2 B, (i.e., when
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relative spawning biomass is equal to 20%).

Stock Synthesis (SS): The age-structured stock assessnoel@l applied in this stock assess-
ment.

Target spawning potential ratio (SRf%): The spawning potential ratio of 40%, where the 40%
relates to the default harvest rateFbr_409, Specified in the Agreement. Even under
equilibrium conditionsFspr-40% Would not necessarily result in a spawning biomass
of Byoy, becauserspr_409, IS defined in terms of the spawning potential ratio which
depends on the spawning biomass recruit

Target strength (TS): The amount of backscatter from arviddal acoustic target.
TAC: Total allowable catch (see below).
Total allowable catch (TAC): The maximum fishery removal erthe terms of the Agreement.

U.S./Canadian allocation: The division of the total alltaescatch of 73.88% as the United States’
share and 26.12% as Canada’s share.

Vulnerable biomass: The demographic portion of the stockilabie for harvest by the fish-
ery.

Year-class: A group of fish born in the same year. See als®@itadnd ‘recruitment’.
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Figure B.1. Fishing intensity as a function of SPR (top axis) and 1-SRiRdm axis); given the target SPR
of 40%, the bold line is simply /0.6, as shown in equatiorB(5).

Pacific Hake assessment 2019 174 AppelixGlossary



1.0
0.8
0.6
0.4
0.2
0.0

0.20
0.15
0.10
0.05
0.00

0.10
0.08
0.06
0.04
0.02
0.00

Numbers per recruit

No fishing
B With fishing

Biomass per recruit

0 2 4 6 8 10 12 14 16 18 20

Female spawning biomass per recruit
Total =0.80 SPR =0.33/0.80 = 0.42
B Total =0.33 Rel. Fishing Intensity =
(1-SPR)/(1-0.40) =
0.97

Figure B.2. lllustration of the spawning potential ratio (SPR) caltida based on the combination of
maturity and fecundity used in the model, using the maximikelihood estimates of natural mortality,
selectivity, and fishing mortality in the final year of the bamodel.
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C REPORT OF THE 2018 PACIFIC HAKE FISHERY IN CANADA

Prepared by the Canadian Advisory Panel and submitted for irtlusion in this assessment
document on February 4th, 2019.

The 2018/19 Offshore Pacific TAC for Canada was 135,243 nmi@oed with carryover from the
2017/18 fishery of 20,824 mt, this year’s total availableveat was 156,067 mt. As of November
15, this year’s total catch of Offshore Pacific hake by Camadiessels was 91,400 mt which
equates to 68% of the Canadian TAC and 59% of the availableesiar For the second year in
a row, there was a Joint Venture fishery in Pacific Canada. Vhigshiery ran from August 21
to September 15 and a total of 2,439.63 mt of hake was detieréhe Dutch registered vessel
Margiris.

Fishing in the Canadian zone started in early April with &t delivery occurring in late Novem-
ber. Freezer vessels started first with shoreside dels/ene processing commencing in mid
April. The fishery started off Southern Vancouver Island lay©quot Canyon and south down to
Barkley Canyon. Through most of the year hake were availiabikeeir usual spots on the main
edge of Vancouver Island from Nit Nat Canyon to Pisces Canydmnile production was good for
most boats this year, operators did notice that the schdblzke were smaller on average than the
previous year. In 2018 there weren’t significant quantiidsake north of Pisces Canyon and there
were no bodies of mature hake seen in Queen Charlotte Sotwedside of the fish was generally
similar to the previous year with round sizes ranging frord 56860 grams and an average size
of 670 grams. There was a very large biomass of juvenile htikheGoose Bank and Top Knot
between 60-90 fathoms depths during June and August.

Avoidance of juvenile sablefish interception was an ong@rablem for the fleet this year. This
was also a concern at the start of the 2017 season, but in @48 & continuous issue throughout
the year with juvenile sablefish mixed in with mature hakeeeFlavoidance did impair hake har-
vesting efforts at times. In late August bocaccio rockfisbdigh also started to become a concern
(particularly north of Brooks Peninsula) and, while not ashpematic as juvenile sablefish, did
impact some operations.

A majority of the Canadian production was HGT (by both sholesind freezer vessels) with a
very small amount of mince and whole round produced shogeSitie Canadian hake shoreside
TAC is harvested by freezer vessels and vessels delivenesg to shoreside plants. Overall fleet
participation was down slightly from 2017 (32 vessels in 2@hd 29 vessels in 2018), due to a
reduced JV fishery.

The Canadian hake fleet believes the 2018 hake fishery was/posiith fish present continuously
along the shelf break and on the shelf off the West Coast ofMawver Island throughout the season.
Similar to 2017, there appeared to be a large hake biomasanada but the size of the schools
were smaller. However, there does appear to be signs of@rsttiong year class.
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D REPORT OF THE 2018 PACIFIC HAKE FISHERY IN THE UNITED
STATES

Prepared by the United States Advisory Panel and submitteddr the Canada/US Joint Man-
agement Committee’s and the Joint Technical Committee’s awsideration on February 2,
2019.

The Mothership (MS), Catcher Processor (CP), and ShoréSii¢ sectors of the U.S. Pacific
whiting fishery started fishing on May 15 this year. TribalJest began on July 5. Consistent
with normal operations, harvest continued through the semmthe SS sector; however, both the
MS and CP sectors temporarily suspended operations wiilevtbssels participated in the Bering
Sea Pollock fishery. Fishing resumed in both offshore sedtomid-September. Harvesting and
processing effort in 2018 was generally consistent with72@kcept that the one MS processor
absent in 2017 returned to the fishery.

At the 31 July 2018 JMC meeting in Victoria B.C., it was repaorthat all sectors were experi-
encing excellent CPUE early in the season similar to 2017is J&ar, even more so than last,
schools were spread out along the coast from north to soutinaroth deep and shallow bottom
depths. Unlike 2017, where the shallower schools of fish werdominantly small fish, larger fish
(2014 and older) have been found in as shallow as 50 fathoimes.abundant schools of whiting
encountered inside of 100 fathoms last year, so far have et beported by the fishermen this
year (through July). There have, however, been encouniérsizable schools of 150-200 gram
fish both north and south of the Columbia River. Harvest of lisltow 250 grams was below 2%
early in the season for the offshore sectors. It also wadraitthe July meeting that ocean condi-
tions had generally 'returned closer to normal’, rockfisa@ps seem to be more widely dispersed
(North-South and Shallow-Deep), and that harvesters ai@ agporting unusually high mid-water
encounters with juvenile black cod. Unlike last year whérese encounters were limited to the
northern areas, it appears that they are spreading to thie aswell.

At Sea Sectors

For the at-sea (MS and CP sectors) fishery, bycatch avoidaasegain the dominant driver of
fishing behavior. Throughout the season and particularfglinthe MS and CP sectors struggled
to find schools of hake that were not mixed with either rockfistblefish, Chinook salmon, spiny
dogfish, or a combination of all four. Eventually, the fishehut down early due to bycatch
issues.

During the 2018 fishery, hake were spread along the coastrimthern WA to southern OR, but
more often than not hake schools were mixed with bycatchiespeWvessels were forced to move
frequently to avoid species of concern. The at-sea sectiwstarily avoided Chinook salmon
and a large year-class of sablefish that was abundant indargeentrations in several areas along
the coast. Because exceeding specified amounts of thesespauwild result in fishery closure,
these measures, when combined with avoidance of darkleldtdckfish and Pacific Ocean perch,
forced the at-sea fleets to move up and down the coast in searethatively clean schools of
hake. Widow rockfish and canary rockfish were also chronj@ilcountered, sometimes in large
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amounts.

Early in the season, at-sea fleets encountered fish of 65Q+aD@s (perhaps from the 2010 year
class) to the north, but bycatch events drove them to fishdutio the south where catches have
been dominated by fish in the 450-500 gram size, presumedttel2014 year class. Fish quality
during this time was excellent as reported by processors’tétalthy and fat’ fish being reported.
Like 2017, good early season fishing was reported up and dosvodast.

Fishing in the at-sea sectors continued into Novembertaaéy shutting down prematurely due to
bycatch issues. Both the MS and CP sectors experienced nghar than normal rockfish bycatch
events, especially darkblotched rockfish and Pacific OceachRPOP). In mid-November, a MS
catcher vessel had a lightning strike tow with 15 mt of PORISafter this event, the MS sector
ceased fishing and closed themselves for the remainder getre With less than 1.5 mt of POP
remaining in the bycatch buffer, the CP sector continuedch@zag for clean fishing for another
week up and down the coast, eventually ceasing operatiohbbeember 22 when none could be
found. As aresult of the bycatch constraints, the at-seasestranded large amounts of hake. The
CP sector left over 20K mt unharvested and the MS sectorllaftst 30K mt unharvested.

Shoreside Sectors

The shoreside sector utilized about 76% of its 2018 whitifagation. Vessels reported a diverse
range of fish sizes over the course of this year’s fishery, laither fish found off southern Oregon
(Newport) and north of the Columbia River. Smaller fish wepasistently reported by vessels
fishing off the Willapa area.

Newport OR plants experienced an above average seasorsteaitty production into October and
most fish averaging 450-500g or more; boats were usuallytabdeoid smaller fish. Northern
plants (Columbia River) reported that fishing tended to hiétla kpottier, and pockets of smaller
fish (200-300 g) were observed around Willapa and on theashksinside of 70 fathom). In areas
where fish size was generally smaller (less than 250/300¢)sinaller fish were not uniform in
size and appear to come from a number of different year dasBish size tended to increase
again in areas north of Westport WA. The tribal catch of wigt{Makah) consisted of larger fish
(400g+).

Bycatch issues are reported to have been less significarthdéoshoreside sector this year for
southern areas of the fishery but problematic at times fomtivéhern areas. Yellowtail rock-
fish was a dominant bycatch species, and some vessels 'cappetle to the restrictive vessel
cap for yellowtail — this is a substantial concern for vesgbht spend part of the year targeting
groundfish/rockfish. Additionally, during the summertinghry, some boats moved off blackcod
bycatch encountered off the Willapa towards the ColumbieeRjin addition to the whiting being
smaller in this area).

Tribal Fishery

The 2018 tribal fishery saw significantly more fish on theirgrds than 2017 both in spring and
in fall. Fish size was better than in recent years. As in tloemepast, Tribal harvest was limited
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due to processing capacity.

Table D.1. December 31, 2018 PacFin data showed Pacific hake (whitenyeht in the U.S. fishery as
follows:

U.S. TAC Shoreside (SS) Catcher Processor (CP) MothershipAS)

Allocation (mt) 441,433 169,127 136,912 96,644

Catch (mt) 312,349 129,180 116,074 67,095

% Utilization 70.80% 76.40% 84.80% 69.40%
Conclusion

In 2018, there was generally good fishing in the U.S. at seaharkeside fisheries. Fish size was

larger on average than in the 2017 fisheries across all sedtbere was good fish abundance, gen-
erally spread across the grounds from northern Washingtsouthern Oregon. Bycatch species
of concern dominated harvest behavior and once again eeldultestricted harvest in the U.S. and

ultimately a substantial portion of available TAC to be leftharvested.
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E ESTIMATED PARAMETERS IN THE BASE ASSESSMENT MODEL

Table E.1. Medians of estimated parameters for the base model.

Parameter Posterior median
NatM_p_1 Fem_GP_1 0.2306
SR_LN.RO. 14.8344
SR_BH_steep 0.8157
Q_extraSD_Acoustic_Survey.2. 0.3080
In.EffN_mult._1 -0.5512
Early_InitAge_20 -0.2943
Early_InitAge_19 -0.0766
Early_InitAge_18 -0.0832
Early_InitAge_17 -0.1944
Early_InitAge_16 -0.1228
Early_InitAge_15 -0.2012
Early_InitAge_14 -0.2364
Early_InitAge_13 -0.3366
Early_InitAge_12 -0.3395
Early_InitAge_11 -0.3995
Early_InitAge_10 -0.3753
Early_InitAge_9 -0.4753
Early_InitAge_8 -0.5424
Early_InitAge_7 -0.6118
Early_InitAge_6 -0.5988
Early_InitAge 5 -0.5250
Early_InitAge_4 -0.3100
Early_InitAge_3 -0.0942
Early_InitAge_2 0.2719
Early_InitAge_1 0.5079
Early_RecrDev_1966 0.5417
Early_RecrDev_1967 1.5511
Early_RecrDev_1968 1.0760
Early_RecrDev_1969 -0.2483
Main_RecrDev_1970 2.1462
Main_RecrDev_1971 -0.2019
Main_RecrDev_1972 -0.6647
Main_RecrDev_1973 1.7150
Main_RecrDev_1974 -1.0404
Main_RecrDev_1975 0.5062
Main_RecrDev_1976 -1.5957
Main_RecrDev_1977 1.7922
Main_RecrDev_1978 -2.0059
Main_RecrDev_1979 0.2202
Main_RecrDev_1980 2.7791
Main_RecrDev_1981 -1.3659
Main_RecrDev_1982 -1.2325
Main_RecrDev_1983 -0.7527
Main_RecrDev_1984 2.5565
Main_RecrDev_1985 -2.0493
Main_RecrDev_1986 -1.7626
Main_RecrDev_1987 1.7899
Main_RecrDev_1988 0.6611
Main_RecrDev_1989 -2.1587
Main_RecrDev_1990 1.3988
Main_RecrDev_1991 0.1291
Main_RecrDev_1992 -2.0526
Main_RecrDev_1993 1.1273
Main_RecrDev_1994 1.1888
Main_RecrDev_1995 0.2079
Main_RecrDev_1996 0.6073
Main_RecrDev_1997 0.0680
Main_RecrDev_1998 0.6885
Main_RecrDev_1999 2.6051

Continued on next page
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Table E.1. Medians of estimated parameters for the base model.

Parameter Posterior median
Main_RecrDev_2000 -1.0908
Main_RecrDev_2001 0.2038
Main_RecrDev_2002 -3.4746
Main_RecrDev_2003 0.4780
Main_RecrDev_2004 -2.8120
Main_RecrDev_2005 0.9863
Main_RecrDev_2006 0.6851
Main_RecrDev_2007 -3.6337
Main_RecrDev_2008 1.7145
Main_RecrDev_2009 0.3742
Main_RecrDev_2010 2.7303
Main_RecrDev_2011 -0.8573
Main_RecrDev_2012 0.1522
Main_RecrDev_2013 -1.0115
Main_RecrDev_2014 2.1000
Main_RecrDev_2015 -2.4403
Main_RecrDev_2016 1.3651
Main_RecrDev_2017 0.7638
Late RecrDev 2018 -0.0184
ForeRecr_2019 0.0030
ForeRecr_2020 0.0215
ForeRecr 2021 -0.0272
AgeSel_P3_Fishery.1. 2.7889
AgeSel_P4_Fishery.1. 0.9520
AgeSel_P5_Fishery.1. 0.3925
AgeSel_P6_Fishery.1. 0.1875
AgeSel_P7_Fishery.1. 0.4982
AgeSel_P4_Acoustic_Survey.2. 0.6021
AgeSel_P5_Acoustic_Survey.2. -0.2259
AgeSel_P6_Acoustic_Survey.2. 0.2608
AgeSel_P7_Acoustic_Survey.2. 0.3920
AgeSel_P3_Fishery.1. DEVadd_1991 0.5812
AgeSel_P3_Fishery.1. DEVadd_1992 0.0952
AgeSel_P3_Fishery.1._ DEVadd_1993 -0.0521
AgeSel_P3_Fishery.1. DEVadd_1994 0.1324
AgeSel_P3_Fishery.1._ DEVadd_1995 -0.1577
AgeSel_P3_Fishery.1. DEVadd_1996 0.4510
AgeSel_P3_Fishery.1._ DEVadd_1997 0.0791
AgeSel_P3_Fishery.1. DEVadd_1998 0.2631
AgeSel_P3_Fishery.1._ DEVadd_1999 1.0008
AgeSel_P3_Fishery.1._ DEVadd_2000 0.5602
AgeSel_P3_Fishery.1._ DEVadd_2001 0.0301
AgeSel_P3_Fishery.1._ DEVadd_2002 0.0896
AgeSel_P3_Fishery.1._ DEVadd_2003 0.0254
AgeSel_P3_Fishery.1. DEVadd_2004 0.3382
AgeSel_P3_Fishery.1._ DEVadd_2005 -0.0179
AgeSel_P3_Fishery.1._ DEVadd_2006 0.6404
AgeSel_P3_Fishery.1._ DEVadd_2007 0.5573
AgeSel_P3_Fishery.1._ DEVadd_2008 -0.0144
AgeSel_P3_Fishery.1._ DEVadd_2009 0.4289
AgeSel_P3_Fishery.1. DEVadd_2010 1.0165
AgeSel_P3_Fishery.1. DEVadd_2011 -0.1105
AgeSel_P3_Fishery.1. DEVadd_2012 0.1268
AgeSel_P3_Fishery.1._ DEVadd_2013 0.2232
AgeSel_P3_Fishery.1. DEVadd_2014 0.4294
AgeSel_P3_Fishery.1._ DEVadd_2015 -0.6453
AgeSel_P3_Fishery.1. DEVadd_2016 0.0777
AgeSel_P3_Fishery.1. DEVadd_2017 -0.7988
AgeSel_P3_Fishery.1. DEVadd_2018 -0.5852
AgeSel_P4_Fishery.1._ DEVadd_1991 0.3969
AgeSel_P4_Fishery.1. DEVadd_1992 0.5983

Continued on next page
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Table E.1. Medians of estimated parameters for the base model.

Parameter Posterior median

AgeSel_P4_Fishery.1._ DEVadd_1993 0.7732
AgeSel_P4_Fishery.1. DEVadd_1994 0.2166
AgeSel_P4_Fishery.1._ DEVadd_1995 0.2220
AgeSel_P4_Fishery.1. DEVadd_1996 -0.3716
AgeSel_P4_Fishery.1._ DEVadd_1997 1.2648
AgeSel_P4_Fishery.1. DEVadd_1998 0.9851
AgeSel_P4_Fishery.1._ DEVadd_1999 -0.0899
AgeSel_P4_Fishery.1._ DEVadd_2000 0.7562
AgeSel_P4_Fishery.1._ DEVadd_2001 0.9288
AgeSel_P4_Fishery.1._ DEVadd_2002 0.7374
AgeSel_P4_Fishery.1._ DEVadd_2003 0.6784
AgeSel_P4_Fishery.1._ DEVadd_2004 0.4751
AgeSel_P4_Fishery.1._ DEVadd_2005 0.6377
AgeSel_P4_Fishery.1._ DEVadd_2006 -0.1274
AgeSel_P4_Fishery.1._ DEVadd_2007 0.2126
AgeSel_P4_Fishery.1._ DEVadd_2008 0.3433
AgeSel_P4_Fishery.1._ DEVadd_2009 0.7195
AgeSel_P4_Fishery.1. DEVadd_2010 0.1351
AgeSel_P4_Fishery.1. DEVadd_2011 1.0457
AgeSel_P4_Fishery.1. DEVadd_2012 0.1253
AgeSel_P4_Fishery.1. DEVadd_2013 0.8616
AgeSel_P4_Fishery.1. DEVadd_2014 0.2356
AgeSel_P4_Fishery.1. DEVadd_2015 0.3866
AgeSel_P4_Fishery.1._ DEVadd_2016 -0.9106
AgeSel_P4_Fishery.1. DEVadd_2017 -0.3059
AgeSel_P4_Fishery.1._ DEVadd_2018 -0.9171
AgeSel_P5_Fishery.1. DEVadd_1991 -0.8602
AgeSel_P5_Fishery.1._ DEVadd_1992 0.0906
AgeSel_P5_Fishery.1. DEVadd_1993 0.0158
AgeSel_P5_Fishery.1. DEVadd_1994 0.8822
AgeSel_P5_Fishery.1. DEVadd_1995 0.2331
AgeSel_P5_Fishery.1._ DEVadd_1996 -0.3415
AgeSel_P5_Fishery.1. DEVadd_1997 -0.1117
AgeSel_P5_Fishery.1._ DEVadd_1998 -0.6322
AgeSel_P5_Fishery.1. DEVadd_1999 0.1206
AgeSel_P5_Fishery.1._ DEVadd_2000 -0.1237
AgeSel_P5_Fishery.1._ DEVadd_2001 0.2880
AgeSel_P5_Fishery.1._ DEVadd_2002 0.5497
AgeSel_P5_Fishery.1._ DEVadd_2003 0.7351
AgeSel_P5_Fishery.1. DEVadd_2004 0.6607
AgeSel_P5_Fishery.1._ DEVadd_2005 0.7248
AgeSel_P5_Fishery.1._ DEVadd_2006 0.0111
AgeSel_P5_Fishery.1._ DEVadd_2007 -0.1243
AgeSel_P5_Fishery.1._ DEVadd_2008 -0.4227
AgeSel_P5_Fishery.1._ DEVadd_2009 -0.1544
AgeSel_P5_Fishery.1._ DEVadd_2010 0.4780
AgeSel_P5_Fishery.1. DEVadd_2011 -0.7101
AgeSel_P5_Fishery.1._ DEVadd_2012 0.2327
AgeSel_P5_Fishery.1. DEVadd_2013 -0.2524
AgeSel_P5_Fishery.1. DEVadd_2014 -0.3703
AgeSel_P5_Fishery.1. DEVadd_2015 -0.1136
AgeSel_P5_Fishery.1._ DEVadd_2016 0.1954
AgeSel_P5_Fishery.1. DEVadd_2017 -0.1066
AgeSel_P5_Fishery.1._ DEVadd_2018 -0.0489
AgeSel_P6_Fishery.1. DEVadd_1991 -0.0145
AgeSel_P6_Fishery.1._ DEVadd_1992 -0.4805
AgeSel_P6_Fishery.1. DEVadd_1993 -0.0470
AgeSel_P6_Fishery.1. DEVadd_1994 -0.1115
AgeSel_P6_Fishery.1. DEVadd_1995 0.7711
AgeSel_P6_Fishery.1._ DEVadd_1996 -0.1317
AgeSel_P6_Fishery.1. DEVadd_1997 -0.3376

Continued on next page
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Table E.1. Medians of estimated parameters for the base model.

Parameter Posterior median

AgeSel_P6_Fishery.1._ DEVadd_1998 0.3721
AgeSel_P6_Fishery.1. DEVadd_1999 -0.3994
AgeSel_P6_Fishery.1._ DEVadd_2000 0.1680
AgeSel_P6_Fishery.1. DEVadd_2001 -0.1020
AgeSel_P6_Fishery.1._ DEVadd_2002 0.1042
AgeSel_P6_Fishery.1. DEVadd_2003 0.2577
AgeSel_P6_Fishery.1. DEVadd_2004 -0.5544
AgeSel_P6_Fishery.1._ DEVadd_2005 0.2718
AgeSel_P6_Fishery.1._ DEVadd_2006 0.1909
AgeSel_P6_Fishery.1._ DEVadd_2007 -0.2099
AgeSel_P6_Fishery.1._ DEVadd_2008 0.3175
AgeSel_P6_Fishery.1._ DEVadd_2009 -0.2534
AgeSel_P6_Fishery.1._ DEVadd_2010 -0.4986
AgeSel_P6_Fishery.1. DEVadd_2011 -0.1775
AgeSel_P6_Fishery.1._ DEVadd_2012 -0.4511
AgeSel_P6_Fishery.1. DEVadd_2013 0.0142
AgeSel_P6_Fishery.1. DEVadd_2014 -0.0331
AgeSel_P6_Fishery.1. DEVadd_2015 -0.0028
AgeSel_P6_Fishery.1. DEVadd_2016 -0.2552
AgeSel_P6_Fishery.1. DEVadd_2017 0.0953
AgeSel_P6_Fishery.1. DEVadd_2018 -0.1701
AgeSel_P7_Fishery.1. DEVadd_1991 -0.1369
AgeSel_P7_Fishery.1. DEVadd_1992 0.0782
AgeSel_P7_Fishery.1l. DEVadd_1993 -0.3610
AgeSel_P7_Fishery.1. DEVadd_1994 0.1394
AgeSel_P7_Fishery.1._ DEVadd_1995 -0.1173
AgeSel_P7_Fishery.1. DEVadd_1996 0.4274
AgeSel_P7_Fishery.1._ DEVadd_1997 0.1270
AgeSel_P7_Fishery.1._ DEVadd_1998 -0.4983
AgeSel_P7_Fishery.1._ DEVadd_1999 -0.2504
AgeSel_P7_Fishery.1._ DEVadd_2000 -0.0904
AgeSel_P7_Fishery.1._ DEVadd_2001 -0.2768
AgeSel_P7_Fishery.1._ DEVadd_2002 -0.3823
AgeSel_P7_Fishery.1._ DEVadd_2003 -0.2435
AgeSel_P7_Fishery.1. DEVadd_2004 -0.1615
AgeSel_P7_Fishery.1._ DEVadd_2005 -0.3784
AgeSel_P7_Fishery.1._ DEVadd_2006 -0.3214
AgeSel_P7_Fishery.1._ DEVadd_2007 0.0214
AgeSel_P7_Fishery.1._ DEVadd_2008 -0.1814
AgeSel_P7_Fishery.1._ DEVadd_2009 0.1305
AgeSel_P7_Fishery.1._ DEVadd_2010 -0.5918
AgeSel_P7_Fishery.1._ DEVadd_2011 -0.5017
AgeSel_P7_Fishery.1. DEVadd_2012 -0.3437
AgeSel_P7_Fishery.1._ DEVadd_2013 0.0755
AgeSel_P7_Fishery.1. DEVadd_2014 -0.0161
AgeSel_P7_Fishery.1._ DEVadd_2015 -0.5289
AgeSel_P7_Fishery.1._ DEVadd_2016 -0.2266
AgeSel_P7_Fishery.1._ DEVadd_2017 -0.1719
AgeSel_P7_Fishery.1._ DEVadd_2018 0.3583
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F FECUNDITY SENSITIVITY RUN 53

This appendix contains MCMC model results for the fecundéwsitivity, run 53 as described in
Sections3.8.1-3.8.2and Table36.
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Figure F.1. Median of the posterior distribution for beginning of theayéemale spawning biomass through
2019 (solid line) with 95% posterior credibility interva{shaded area). The solid circle with a 95%
posterior credibility interval is the estimated unfishedilgrium biomass.
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Figure F.2. Median (solid line) of the posterior distribution for releg spawning biomasd{/By) through
2019 with 95% posterior credibility intervals (shaded qré&zashed horizontal lines show 10%, 40% and
100% levels.

Table F.1. Recent trends in estimated beginning of the year female pgwbiomass (thousand t) and
spawning biomass level relative to estimated unfished ibguiin.

Spawning Biomass Relative spawning Biomass
Year : (thousand t) : : (Bt/Byg) :
2.8 . Median 97'5. 2.5 . Median 97'5.
percentile percentile percentile percentile
2010 427.2 572.8 1,005.4 21.4%  28.1% 39.3%
2011 537.0 730.1 1,331.9 26.8%  35.8% 51.4%
2012 653.2 958.0 1,910.2 33.0% 47.0% 73.5%

2013 1,053.8 1,605.2 3,261.6 53.6%  78.6% 127.5%
2014 1,023.5 1,603.6 3,271.5 52.7%  78.3% 129.1%

2015 798.1 1,307.3 2,747.9 41.3%  64.0% 108.1%
2016 748.6 1,279.3 2,7126.3 39.6% 62.8% 108.2%
2017 782.5 1,490.2 3,361.0 42.0%  72.8% 135.1%
2018 624.0 1,408.7 3,311.1 33.2% 68.1% 136.0%
2019 508.9 1,374.2 4,215.6 27.7%  66.8% 168.9%
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Table F.2. Estimates of recent recruitment (millions of age-0) andument deviations, where deviations
below (above) zero indicate recruitment below (above) ¢istimated from the stock-recruit relationship.

Absolute recruitment Recruitment deviations

Year : (millions) : : :

2.5 . Median 97'5. 2.9 . Median 97'5.

percentile percentile percentile percentile

2009 741.8 1,357.7 3,012.6 -0.080 0.389 0.826
2010 8,545.2 14,070.3  32,330.3 2.408 2.740 3.131
2011 149.2 404.2 1,071.5 -1.782  -0.840 -0.150
2012 595.3 1,154.1 2,863.9 -0.351 0.148 0.700
2013 126.0 402.6 1,412.3 -2.097  -0.965 0.049
2014 4,386.9 8,839.7 22,2855 1.584 2.122 2,777
2015 12.6 89.4 479.6 -4.282  -2.466 -0.975
2016 789.4 4,103.8 28,580.5 -0.159 1.371 3.125
2017 177.6 2,148.3 22,8104 -1.740 0.706 2911
2018 68.2 1,107.0 20,378.7 -2.680 0.054 2.768

30
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Figure F.3. Medians (solid circles) and means)(of the posterior distribution for recruitment (billion$ o
age-0) with 95% posterior credibility intervals (blue l&)e The median of the posterior distribution for
mean unfished equilibrium recruitmerRo] is shown as the horizontal dashed line with a 95% posterior
credibility interval shaded between the dotted lines.
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Table F.3. Recent estimates of relative fishing intensity, (1-SPR¥PRiq), and exploitation fraction
(catch divided by age-2+ biomass).

Relative fishing intensity Exploitation fraction
vear = g 978 2sM o7
. Median . . Median .
percentile percentile percentile percentile

2009 0.500 0.798 1.029 0.084 0.144 0.190
2010 0.592 0.925 1.200 0.073 0.130 0.172
2011 0.543 0.871 1.148 0.090 0.167 0.229
2012 0.371 0.694 0.971 0.031 0.064 0.096
2013 0.357 0.662 0.894 0.039 0.079 0.121
2014 0.369 0.682 0.957 0.041 0.083 0.131
2015 0.236 0.498 0.775 0.035 0.074 0.121
2016 0.398 0.749 1.085 0.047 0.101 0.177
2017 0.468 0.866 1.222 0.061 0.138 0.268
2018 0.428 0.851 1.338 0.038 0.110 0.256
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Figure F.4. Trend in median relative fishing intensity (relative to tHtRBmanagement target) through 2018
with 95% posterior credibility intervals. The managememgét defined in the Agreement is shown as a
horizontal line at 1.0.
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Table F.4. For the alternative run, summary of median and 95% cretiibiltervals of equilibrium reference
points. Equilibrium reference points were computed usi®g6:-2018 averages for mean size-at-age and
selectivity-at-age.

. 2.50 . 97.3"
Quantity percentile Median percentile
Unfished female spawning bioma(thousand t) 1,636 2,066 2,862
Unfished recruitmentRy, millions) 1,789 2,864 5,642
Reference points (equilibrium) based orFspr_40%

Female spawning biomasskipr-409 (thousand t) 534 731 1,012
SPR atFspr_409 - 40% -
Exploitation fraction corresponding #€spr-40% 16.0% 18.4% 21.4%
Yield associated witlrspr-409 (thousand t) 241 345 568
Reference points (equilibrium) based orBsgy, (40% of Bg)

Female spawning biomasBpy, thousand t) 654 826 1,145
SPR atBygv 40.6% 43.5% 51.7%
Exploitation fraction resulting 8409 12.4% 16.3% 19.7%
Yield at B4go, (thousand t) 241 336 554
Reference points (equilibrium) based on estimated MSY

Female spawning biomasBy(sy, thousand t) 370 529 857
SPR at MSY 22.4% 29.8% 47.4%
Exploitation fraction corresponding to SPR at MSY 145% 72. 35.5%
MSY (thousand t) 252 363 614
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Table F.5. Forecast quantiles of Pacific Hake relative spawning bismnaathe beginning of the year before
fishing. Catch alternatives are based on: constant catelsl&éows a, b, c, d, e, ), including catch similar
to 2018 (row d) and the TAC from 2018 (row f), the catch values result in a median relative fishing
intensity of 100% (row g), the median values estimated \éadéfault harvest policy&pr-400—40:10) for
the base model (row h), and the fishing intensity that resubis50% probability that the median projected
catch will remain the same in 2019 and 2020 (row i). Catch 2126@oes not impact the beginning of the
year biomass in 2021.

Within model quantile 5% 25% 50% 75% 95%
Management Action _— . . .
Year Catch (0 Beginning of year relative spawning biomass
a 2019 0 32% 50% 67% 89% 140%
2020 0 37% 56% 75% 102% 174%
2021 0 38% 58% 7% 106% 184%
b: 2019 180,000 32% 50% 67% 89% 140%
2020 180,000 32% 52% 71% 98% 171%
2021 180,000 30% 49% 68% 98% 176%
c: 2019 350,000 32% 50% 67% 89% 140%
2020 350,000 28% 48% 67% 94% 167%
2021 350,000 21% 42% 61% 91% 170%
d: 2019 410,000 32% 50% 67% 89% 140%
2018 2020 410,000 26% 46% 66% 93% 166%
catch 2021 410,000 18% 39% 59% 88% 167%
e: 2019 500,000 32% 50% 67% 89% 140%
2020 500,000 24% 44% 63% 91% 164%
2021 500,000 13% 35% 55% 84% 164%
f: 2019 597,500 32% 50% 67% 89% 140%
2018 2020 597,500 22% 42% 61% 88% 161%
TAC 2021 597,500 9% 31% 50% 80% 161%
g: 2019 614,204 32% 50% 67% 89% 140%
Fl= 2020 571,591 21% 41% 61% 88% 161%
100% 2021 487,389 9% 31% 51% 80% 161%
h: 2019 769,704 32% 50% 67% 89% 140%
default 2020 669,850 17% 38% 57% 85% 157%
HR 2021 537,218 3% 25% 45% 76% 157%
i: 2019 693,012 32% 50% 67% 89% 140%
C2019= 2020 693,012 19% 39% 59% 86% 159%
C2020 2021 545,694 4% 26% 46% 77% 158%
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Figure F.7. Time series of estimated relative spawning biomass to 2@if the base model, and forecast
trajectories to 2021 (grey region) for several managemeitdras defined in TablE.5, with 95% posterior
credibility intervals.
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Figure F.8. Graphical representation of the probabilities relate¢pamsing biomass, relative fishing inten-
sity, and the 2020 default harvest policy catch for altévea2019 catch options (catch options explained
in TableF.5) as listed in Tabld-.6. The symbols indicate points that were computed directynfmodel
output and lines interpolate between the points.

Table F.6. Probabilities related to spawning biomass, relative figltensity, and the 2020 default harvest
policy catch for alternative 2019 catch options (catchapgiexplained in TablE.5).

Probability  Probability
2019 relative 2020 default

Catch Probability Probability Probability Probability fishing harvest policy

in 2019 B2020<B2019 B2020<Bao% B2020<B2s5% B2020<B10%

intensity catch

>100% <2019 catch
a:0 21% 8% 0% 0% 0% 0%
b: 180,000 41% 12% 2% 0% 1% 1%
c: 350,000 57% 16% 4% 0% 15% 11%
d: 410,000 61% 18% 4% 0% 22% 17%
e: 500,000 67% 20% 6% 0% 35% 27%
f: 597,500 71% 23% 8% 1% 48% 40%
g: 614,204 72% 24% 8% 1% 50% 43%
h: 769,704 78% 28% 12% 2% 65% 58%
i: 693,012 75% 26% 10% 1% 58% 50%
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Figure F.9. Graphical representation of the probabilities relatedpawsiing biomass, relative fishing in-
tensity, and the 2021 default harvest policy catch for altve 2020 catch options (including associated
2019 catch; catch options explained in TablB) as listed in Tabld-.7. The symbols indicate points that
were computed directly from model output and lines inteapmbetween the points.

Table F.7. Probabilities related to spawning biomass, relative figlmtensity, and the 2021 default harvest
policy catch for alternative 2020 catch options, given tl0d @ catch level shown in Table.6 (catch
options explained in Table.5).

Probability  Probability
2020 relative 2021 default

Catch Probability Probability Probability Probability fishing harvest policy

in 2020 B2021<B2020 B2021<Bao% B2021<B2s5% B2021<B10%

intensity catch

>100% <2020 catch
a:0 53% 6% 0% 0% 0% 0%
b: 180,000 70% 14% 3% 0% 1% 2%
c: 350,000 78% 23% 8% 1% 16% 16%
d: 410,000 81% 26% 10% 2% 25% 23%
e: 500,000 83% 32% 14% 3% 39% 36%
f: 597,500 86% 37% 19% 6% 52% 50%
g: 571,591 85% 36% 19% 6% 50% 47%
h: 669,850 87% 44% 24% 9% 61% 60%
i: 693,012 87% 42% 23% 8% 62% 61%
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G FECUNDITY SENSITIVITY RUN 54

This appendix contains MCMC model results for the fecundéwsitivity, run 54 as described in
Sections3.8.1-3.8.2and Table36.
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Figure G.1. Median of the posterior distribution for beginning of theyéemale spawning biomass through
2019 (solid line) with 95% posterior credibility interva{shaded area). The solid circle with a 95%
posterior credibility interval is the estimated unfishedilgrium biomass.
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Figure G.2. Median (solid line) of the posterior distribution for relet spawning biomas$(/Byp) through
2019 with 95% posterior credibility intervals (shaded qré&zashed horizontal lines show 10%, 40% and
100% levels.

Table G.1. Recent trends in estimated beginning of the year female rdpgwiomass (thousand t) and
spawning biomass level relative to estimated unfished ibguiin.

Spawning Biomass Relative spawning Biomass
Year : (thousand t) : : (Bt/Byg) :
2.8 . Median 97'5. 2.5 . Median 97'5.
percentile percentile percentile percentile
2010 418.3 554.7 884.7 20.9%  27.5% 36.7%
2011 505.2 681.8 1,109.8 25.2%  33.7% 46.3%
2012 593.0 869.1 1,529.7 30.8% 42.7% 62.6%

2013 1,029.7 1,547.4 2,854.1 53.5% 76.1% 116.4%
2014 1,037.5 1,613.3 3,022.6 53.9%  79.1% 123.7%

2015 729.6 1,192.4 2,262.0 38.6%  58.1% 93.7%
2016 632.9 1,082.9 2,174.3 33.7%  52.5% 87.5%
2017 742.6 1,414.2 2,954.0 39.2%  68.5% 124.0%
2018 580.9 1,294.7 2,995.4 32.2%  63.2% 122.2%
2019 448.7 1,285.3 3,912.6 25.8% 62.5% 161.6%
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Table G.2. Estimates of recent recruitment (millions of age-0) andu®ment deviations, where deviations
below (above) zero indicate recruitment below (above) ¢istimated from the stock-recruit relationship.

Absolute recruitment

Recruitment deviations

Year : (millions) : : :

2.5 . Median 97'5. 2.9 . Median 97'5.

percentile percentile percentile percentile

2009 765.5 1,341.0 2,786.1 -0.076 0.383 0.817
2010 8,683.1 13,947.7 27,787.8 2.420 2.733 3.103
2011 151.2 408.4 993.5 -1.763  -0.840 -0.146
2012 598.8 1,137.6 2,532.4 -0.327 0.152 0.706
2013 118.2 403.2 1,272.9 -2.125  -0.964 -0.006
2014 4,393.9 8,775.4 21,323.3 1.580 2.127 2.755
2015 14.0 90.2 453.8 -4.155  -2.432 -0.989
2016 798.4 4,028.0 25,455.6 -0.122 1.378 3.054
2017 233.0 2,126.1  25,578.2 -1.395 0.708 2.987
2018 68.4 1,051.7 18,357.2 -2.742  -0.013 2.887
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Figure G.3. Medians (solid circles) and means)(of the posterior distribution for recruitment (billion$ o
age-0) with 95% posterior credibility intervals (blue l&)e The median of the posterior distribution for
mean unfished equilibrium recruitmerRo] is shown as the horizontal dashed line with a 95% posterior
credibility interval shaded between the dotted lines.
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Table G.3. Recent estimates of relative fishing intensity, (1-SPR¥PRi0), and exploitation fraction
(catch divided by age-2+ biomass).

Relative fishing intensity Exploitation fraction

vear—agh L 97.8h 2.9" | 97.8h

. edian . . Median .

percentile percentile percentile percentile

2009 0.539 0.790 1.009 0.094 0.145 0.188
2010 0.670 0.958 1.233 0.081 0.130 0.172
2011 0.588 0.904 1.192 0.103 0.168 0.229
2012 0.426 0.711 0.996 0.035 0.064 0.095
2013 0.422 0.681 0.907 0.043 0.079 0.119
2014 0.387 0.659 0.920 0.045 0.083 0.130
2015 0.271 0.514 0.787 0.038 0.074 0.120
2016 0.453 0.787 1.087 0.050 0.100 0.175
2017 0.481 0.816 1.172 0.065 0.138 0.263
2018 0.486 0.861 1.341 0.046 0.123 0.278
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Figure G.4. Trend in median relative fishing intensity (relative to tHeRBmanagement target) through 2018
with 95% posterior credibility intervals. The managememgét defined in the Agreement is shown as a
horizontal line at 1.0.
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Table G.4. For the alternative run, summary of median and 95% cretjibiitervals of equilibrium refer-

ence points. Equilibrium reference points were comput@&bus966—2018 averages for mean size-at-age

and selectivity-at-age.

. 2.50 . 97.3"
Quantity percentile Median percentile
Unfished female spawning bioma(thousand t) 1,643 2,046 2,802
Unfished recruitmentRy, millions) 1,803 2,836 5,186
Reference points (equilibrium) based orFspr_40%

Female spawning biomasskipr-409 (thousand t) 553 733 967
SPR atFspr_409 - 40% -
Exploitation fraction corresponding #€spr-40% 16.0% 18.4% 21.1%
Yield associated witlrspr-409 (thousand t) 243 346 528
Reference points (equilibrium) based orBsgy, (40% of Bg)

Female spawning biomasBpy, thousand t) 657 818 1,121
SPR aBoy 40.5% 43.3% 50.4%
Exploitation fraction resulting 8409 12.9% 16.4% 19.3%
Yield at B4go, (thousand t) 242 338 514
Reference points (equilibrium) based on estimated MSY

Female spawning biomasBy(sy, thousand t) 368 517 826
SPR at MSY 22.4% 29.3% 44.9%
Exploitation fraction corresponding to SPR at MSY 155% 126. 34.9%
MSY (thousand t) 252 365 560
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Table G.5. Forecast quantiles of Pacific Hake relative spawning bisraathe beginning of the year before
fishing. Catch alternatives are based on: constant catelsl&éows a, b, c, d, e, ), including catch similar
to 2018 (row d) and the TAC from 2018 (row f), the catch values result in a median relative fishing
intensity of 100% (row g), the median values estimated \éadésfault harvest policy&pr-400—40:10) for
the base model (row h), and the fishing intensity that resubis50% probability that the median projected
catch will remain the same in 2019 and 2020 (row i). Catch 2126@oes not impact the beginning of the
year biomass in 2021.

Within model quantile 5% 25% 50% 75% 95%
Management Action _— . . .
Year Catch (0 Beginning of year relative spawning biomass

a 2019 0 30% 47% 62% 84% 135%
2020 0 33% 51% 69% 94% 168%
2021 0 34% 51% 69% 97% 177%
b: 2019 180,000 30% 47% 62% 84% 135%
2020 180,000 29% 46% 65% 90% 165%
2021 180,000 25% 43% 62% 90% 170%
c: 2019 350,000 30% 47% 62% 84% 135%
2020 350,000 24% 43% 61% 87% 162%
2021 350,000 18% 36% 55% 83% 164%
d: 2019 410,000 30% 47% 62% 84% 135%
2018 2020 410,000 23% 41% 60% 85% 161%
catch 2021 410,000 15% 34% 52% 81% 161%
e: 2019 500,000 30% 47% 62% 84% 135%
2020 500,000 21% 39% 58% 83% 159%
2021 500,000 11% 30% 49% 77% 157%
f: 2019 597,500 30% 47% 62% 84% 135%
2018 2020 597,500 18% 37% 56% 81% 157%
TAC 2021 597,500 7% 26% 45% 73% 156%
g: 2019 634,540 30% 47% 62% 84% 135%
Fl= 2020 569,133 17% 36% 55% 81% 156%
100% 2021 464,68( 7% 26% 45% 73% 156%
h: 2019 718,572 30% 47% 62% 84% 135%
default 2020 616,636 15% 34% 53% 79% 154%
HR 2021 500,646 4% 23% 42% 71% 153%
i: 2019 637,617 30% 47% 62% 84% 135%
C2019= 2020 637,617 17% 36% 55% 81% 156%
C2020 2021 509,060 5% 24% 43% 72% 155%
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Figure G.7. Time series of estimated relative spawning biomass to 2@if the base model, and forecast
trajectories to 2021 (grey region) for several managemaidres defined in Tabl&.5, with 95% posterior
credibility intervals.
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Figure G.8. Graphical representation of the probabilities relategoamsing biomass, relative fishing inten-
sity, and the 2020 default harvest policy catch for altévea2019 catch options (catch options explained
in TableG.5) as listed in Tabl&.6. The symbols indicate points that were computed directiypnfmodel
output and lines interpolate between the points.

Table G.6. Probabilities related to spawning biomass, relative figlvitensity, and the 2020 default harvest
policy catch for alternative 2019 catch options (catchapiexplained in Tabl&.5).

Probability

Probability

2019 relative 2020 default

Catch Probability Probability Probability Probability fishing harvest policy
in 2019 B2020<B2019 B2020<Ba0% B2020<B2s% B2020<B10% intensity catch
>100% <2019 catch
a:0 29% 11% 2% 0% 0% 0%
b: 180,000 50% 16% 3% 0% 2% 3%
c: 350,000 64% 22% 5% 0% 15% 14%
d: 410,000 67% 24% 7% 1% 23% 21%
e: 500,000 72% 26% 8% 1% 35% 33%
f: 597,500 76% 29% 10% 2% 46% 45%
g: 634,540 7% 30% 12% 2% 50% 50%
h: 718,572 79% 33% 13% 2% 59% 58%
i: 637,617 7% 31% 12% 2% 50% 50%
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Figure G.9. Graphical representation of the probabilities relatedgawsing biomass, relative fishing
intensity, and the 2021 default harvest policy catch farakitive 2020 catch options (including associated
2019 catch; catch options explained in TaBl&) as listed in Tablé€.7. The symbols indicate points that
were computed directly from model output and lines inteapmbetween the points.

Table G.7. Probabilities related to spawning biomass, relative figimtensity, and the 2021 default harvest
policy catch for alternative 2020 catch options, given tB&2 catch level shown in Tablé.6 (catch
options explained in Tablgé.5).

Probability  Probability
2020 relative 2021 default

Catch Probability Probability Probability Probability fishing harvest policy

in 2020 B2021<B2020 B2021<Bao% B2021<B2s5% B2021<B10%

intensity catch

>100% <2020 catch
a:0 61% 10% 1% 0% 0% 0%
b: 180,000 73% 20% 5% 0% 2% 3%
c: 350,000 80% 30% 11% 2% 18% 19%
d: 410,000 82% 34% 14% 3% 27% 29%
e: 500,000 84% 39% 19% 4% 40% 43%
f: 597,500 86% 44% 24% 8% 52% 55%
g: 569,133 86% 44% 24% 8% 50% 53%
h: 616,636 86% 48% 28% 10% 57% 60%
i: 637,617 87% 46% 26% 9% 56% 60%
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H STOCK SYNTHESIS DATA FILE

../models/2019.03.00_base/hake_data.ss

#C 2019 Hake data file

1966 #_StartYr
2018 #_EndYr
1 #_Nseas

12 #_months/season
2 #_Nsubseasons (even number,
1 #_spawn_month
1 #_Ngenders
20 #_Nages=accumulator age
1 #_Nareas
2 #_Nfleets (including surveys)
#_fleet_type: l=catch fleet; 2=
#_survey_timing: -1=for use of

associated with a datum

#_fleet_area: area the fleet/s

#_units of catch: 1=bio;
later)
#_catch_mult: O=no; l=yes

#_rows are fleets
#_fleet_type timing area units

1 -1 1 1
3 0.5 1 2
#_Catch data: yr, seas, fleet,

#_catch_se: standard error of

#_NOTE: catch data is ignored
#Year Seas Fleet Catch Catch_
-999 1 1 0 0.01 #
#

1966 1 1 137700 0.01

1967 1 1 214370 0.01

1968 1 1 122180 0.01

1969 1 1 180130 0.01

1970 1 1 234590 0.01

1971 1 1 154620 0.01

1972 1 1 117540 0.01

1973 1 1 162640 0.01

1974 1 1 211260 0.01

1975 1 1 221350 0.01

1976 1 1 237520 0.01

1977 1 1 132690 0.01

1978 1 1 103637 0.01

1979 1 1 137110 0.01

1980 1 1 89930 0.0

1981 1 1 139120 0.01

1982 1 1 107741 0.01

1983 1 1 113931 0.01

1984 1 1 138492 0.01

1985 1 1 110399 0.01

1986 1 1 210616 0.01

2=num (ignored for surveys;

minimum is 2)

bycatch only fleet; 3=survey; 4=ignore
catch-at-age to override the month value

urvey operates in
their units read

need_catch_mult fleetname

0 Fishery # 1
0 Acoustic_Survey # 2
catch, catch_se

log(catch)
for survey fleets

SE
equilibrium catch prior to imnitial year
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1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
#

PR PR R RRPRRERPRPRRPRPRRERRPRPRRRERRPRRERRPRRRERRRERRRERRRRR
PR PR R RRPRRERPRPRRPRPRRERRPRRRERRPRRERRPRRRERRRERRRERRRRR

234148
248840
298079
261286
319705
299650
198905
362407
249495
306299
325147
320722
311887
228777
227525
180697
205162
342307
363135
361699
286658
318746
178683
224115
282398
206771
285830
299254
193838
332067
440942
410443

-9999 0 0 O O #

#

[eleolNeoleoleolNeoloNoNoNRoNoBRoNoBo oo oo RoBRoReoBoNolo oo o Reo oo ool

.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01
.01

end input of catch data

#_CPUE_and_surveyabundance_observations
O=numbers;

#_Units:

#_Errtype:
#_SD_Report:

-1=normal;
O=no sdreport;

l=biomass;
O=lognormal;
l=enable sdreport

#_Fleet Units Errtype SD_Report
1 1 0 0 # Fishery
21 0 0 # Acoustic_Survey

2=F;

>0=T

>=30 for special types

# Year month fleet obs se(log)

1995 7 2 1318035 0.0893

1996 7 -2 1 1 # dummy observation
1997 7 -2 1 1 # dummy observation
1998 7 2 1534604 0.0526

1999 7 -2 1 1 # dummy observation
2000 7 -2 1 1 # dummy observation
2001 7 2 861744 0.1059

2002 7 -2 1 1 # dummy observation
2003 7 2 2137528 0.0642

2004 7 -2 1 1 # dummy observation
2005 7 1376099 0.0638
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2006 7 -2 1 1 # dummy observation

2007 7 2 942721 0.0766

2008 7 -2 1 1 # dummy observation

2009 7 2 1502273 0.0995

2010 7 -2 1 1 # dummy observation

2011 7 674617 0.1177

2012 7 2 1279421 0.0673

2013 7 2 1929235 0.0646

2014 7 -2 1 1 # dummy observation

2015 7 2155853 0.0829 # note: "revised in early 2016
from 0.092 to 0.0829"

2016 7 -2 1 1 # dummy observation

2017 7 2 1417811 0.0632

2018 7 -2 1 1 # dummy observation

#

-9999 1 1 1 1 # terminator for survey observations

#

0 #_N_fleets_with_discard

#_discard_units (l=same_as_catchunits(bio/num); 2=fraction; 3=numbers)

#_discard_errtype: >0 for DF of T-dist(read CV below); 0 for normal with
CV; -1 for normal with se; -2 for lognormal; -3 for trunc normal with
Ccv

# note, only have units and errtype for fleets with discard

#_Fleet units errtype

# -9999 0 0 0.0 0.0 # terminator for discard data

#

0 #_use meanbodysize_data (0/1)

#_COND_30 #_DF_for_meanbodysize_T-distribution_like

# note: use positive partition value for mean body wt, negative
partition for mean body length

#_yr month fleet part obs stderr

# -9999 0 0 0 0 O # terminator for mean body size data

#

# set up population length bin structure (note - irrelevant if not using
size data and using empirical wtatage

2 # length bin method: 1l=use databins; 2=generate from binwidth,min,max
below; 3=read vector

2 # binwidth for population size comp

10 # minimum size in the population (lower edge of first bin and size at
age 0.00)

70 # maximum size in the population (lower edge of last bin)

1 # use length composition data (0/1)

#_mintailcomp: upper and lower distribution for females and males
separately are accumulated until exceeding this level.

#_addtocomp: after accumulation of tails; this value added to all bins

#_males and females treated as combined gender below this bin number

#_compressbins: accumulate upper tail by this number of bins; acts
simultaneous with mintailcomp; set=0 for no forced accumulation

#_Comp_Error: O=multinomial, 1=dirichlet

#_Comp_Error2: parm number for dirichlet

#_minsamplesize: minimum sample size; set to 1 to match 3.24, minimum
value is 0.001

#_mintailcomp addtocomp combM+F CompressBns CompError ParmSelect
minsamplesize
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-1 0.001 0 0 0 0 0.001
#_fleet:1_Fishery

-1 0.001 0 0 0 0 0.001
#_fleet:2_Acoustic_Survey

# sex codes: O=combined; l=use female only; 2=use male only; 3=use both
as joint sexxlength distribution

# partition codes: (0=combined; l1=discard; 2=retained

26 #_N_LengthBins; then enter lower edge of each length bin
20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66
68 70
#_yr month fleet sex part Nsamp datavector(female-male)
-9999 0 0 0 000 O0OO0OO0OO0OO0OO0OO0OO0OO0O0O0OO0O0OO0OOOOOOOOOOO
#
15 #_N_age_bins
1234567389 10 11 12 13 14 15
46 #_N_ageerror_definitions

#ageO agel age?2 aged age4 ageb ageb
age7 age8 age9 agelO agell agel2
agel3 agel4d agelb agel6 agel7 agel8
agel9 age20 yr def comment
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1973 defl 'Expected ages'
0.329242 0.329242 0.346917 0.368632 0.3956312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1973 def1l 'SD of age. '
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1974 def2 '"Expected ages'
0.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1974 def2 'SD of age. '
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1975 def3 'Expected ages'
0.329242 0.329242 0.346917 0.368632 0.3956312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1975 def3 'SD of age. '
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1976 def4 'Expected ages'
0.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1976 def4 'SD of age. '
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
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13.5 14.5 15.5 16.5 17.5 18.5

19.5 20.5 # 1977 defb 'Expected ages'
0.329242 0.329242 0.346917 0.368632 0.3956312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1977 defb 'SD of age. '
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1978 def6 'Expected ages'
0.329242 0.329242 0.346917 0.368632 0.3956312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1978 def6 'SD of age. '
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1979 def?7 'Expected ages'
0.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1979 def7 'SD of age. '
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1980 def8 'Expected ages'
0.329242 0.329242 0.346917 0.368632 0.3956312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1980 def8 'SD of age. '
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1981 def9 'Expected ages'
0.329242 0.329242 0.346917 0.368632 0.3956312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1981 def9 'SD of age. '
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1982 defl10 'Expected ages'
0.329242 0.329242 0.19080435 0.368632 0.395312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1982 defl10 'SD of age.
0.55*age2’
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1983 defll 'Expected ages'
0.329242 0.329242 0.346917 0.2027476 0.395312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
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2.934 3.388 # 1983 def11 'SD of age.

0.55xage3"’
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1984 def12 '"Expected ages'
0.329242 0.329242 0.346917 0.368632 0.2174216 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1984 defl2 'SD of age.
0.55%aged’
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1985 defl13 '"Expected ages'
0.329242 0.329242 0.346917 0.368632 0.395312 0.2354495
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1985 def13 'SD of age.
0.55xageb’
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1986 defl4 'Expected ages'
0.329242 0.329242 0.19080435 0.368632 0.395312 0.42809
0.2575991 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1986 defl14 'SD of age.
0.55xage2, 0.55*age6'
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1987 defl1b 'Expected ages'
0.329242 0.329242 0.346917 0.2027476 0.395312 0.42809
0.468362 0.28481255 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1987 defl1b 'SD of age.
0.55xage3, 0.5b*xage7'
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1988 defl6 '"Expected ages'

0.329242 0.329242 0.346917 0.368632 0.2174216 0.42809
0.468362 0.517841 0.3182465 0.653316 0.745076 0.857813

0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1988 defl16 'SD of age.
0.55%aged4, 0.55xage8'
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1989 defl7 'Expected ages'
0.329242 0.329242 0.346917 0.368632 0.395312 0.2354495
0.468362 0.517841 0.57863 0.3593238 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
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2.934 3.388 # 1989 defl7 'SD of age.
0.55xageb, 0.55*xage9’

0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1990 defl18 '"Expected ages'
0.329242 0.329242 0.346917 0.368632 0.3956312 0.42809
0.2575991 0.517841 0.57863 0.653316 0.4097918 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1990 defl18 'SD of age.
0.55xage6, 0.5b5*agell’
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1991 defl19 '"Expected ages'
0.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.468362 0.28481255 0.57863 0.653316 0.745076 0.47179715
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1991 defl19 'SD of age.
0.55xage7, 0.55*agell’
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1992 def20 'Expected ages'

0.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.468362 0.517841 0.3182465 0.653316 0.745076 0.857813

0.5479771 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1992 def20 'SD of age.
0.55*xage8, 0.5b5*agel2’
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1993 def21 'Expected ages'
0.329242 0.329242 0.346917 0.368632 0.3956312 0.42809
0.468362 0.517841 0.57863 0.3593238 0.745076 0.857813
0.996322 0.641575 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 1993 def21 'SD of age.
0.55xage9, 0.b5b5*agell'’
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1994 def22 '"Expected ages'
0.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.468362 0.517841 0.57863 0.653316 0.4097918 0.857813
0.996322 1.1665 0.7565635 1.63244 1.858 2.172 2.53
2.934 3.388 # 1994 def22 'SD of age.
0.55%agel0, O0.55xageld’
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1995 def23 'Expected ages'
0.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.47179715
0.996322 1.1665 1.37557 0.897842 1.858 2.172 2.53
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2.934 3.388 # 1995 def23 'SD of age.
0.5b*xagell, 0.5b5xagelb’

0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1996 def?24 '"Expected ages'
0.329242 0.329242 0.346917 0.368632 0.3956312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.5479771 1.1665 1.37557 1.63244 1.0219 2.172 2.53
2.934 3.388 # 1996 def?24 'SD of age.
0.55xagel2, 0.5b5*agel6’
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1997 def25 '"Expected ages'
0.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 0.641575 1.37557 1.63244 1.858 1.1946 2.53
2.934 3.388 # 1997 def25 'SD of age.
0.55*%agel3, 0.55xagel7'
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1998 def26 'Expected ages'
0.329242 0.329242 0.346917 0.368632 0.3956312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 0.7565635 1.63244 1.858 2.172
1.3915 2.934 3.388 # 1998 def26 'SD of age.
0.55*%ageld4, 0.55xagel8'
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 1999 def27 'Expected ages'
0.329242 0.329242 0.346917 0.368632 0.3956312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 0.897842 1.858 2.172 2.53
1.6137 3.388 # 1999 def27 'SD of age.
0.55*%agelb, 0.55xagel9’
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 2000 def28 'Expected ages'
0.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.0219 2.172 2.53
2.934 1.8634 # 2000 def28 'SD of age.
0.55*%agel6, 0.55xage20'
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 2001 def29 'Expected ages'
0.329242 0.329242 0.19080435 0.368632 0.3956312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 1.1946 2.53
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2.934 3.388 # 2001 def29 'SD of age.
0.55xage2, 0.55*xagelT7’

0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 2002 def30 'Expected ages'
0.329242 0.329242 0.346917 0.2027476 0.395312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172
1.3915 2.934 3.388 # 2002 def30 'SD of age.
0.55xage3, 0.5b6*agel8'
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 2003 def31 '"Expected ages'
0.329242 0.329242 0.346917 0.368632 0.2174216 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
1.6137 3.388 # 2003 def31 'SD of age.
0.55xage4, 0.55*ageld’
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 2004 def32 'Expected ages'
0.329242 0.329242 0.346917 0.368632 0.3956312 0.2354495
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 1.8634 # 2004 def32 'SD of age.
0.55xageb, 0.55*xage20'
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 2005 def33 'Expected ages'
0.329242 0.329242 0.346917 0.368632 0.3956312 0.42809
0.2575991 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 2005 def33 'SD of age.
0.55*xageb6 '
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 2006 def34 'Expected ages'
0.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.468362 0.28481255 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 2006 def34 'SD of age.
0.55xageT7'
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 2007 def35 'Expected ages'

0.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.468362 0.517841 0.3182465 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
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2.934 3.388 # 2007 def35 'SD of age.

0.55xage8"'
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 2008 def36 '"Expected ages'
0.329242 0.329242 0.346917 0.368632 0.3956312 0.42809
0.468362 0.517841 0.57863 0.3593238 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 2008 def36 'SD of age.
0.55xage9 '
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 2009 def37 '"Expected ages'
0.329242 0.329242 0.346917 0.368632 0.395312 0.42809
0.468362 0.517841 0.57863 0.653316 0.4097918 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 2009 def37 'SD of age.
0.55%agel0’
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 2010 def38 'Expected ages'
0.329242 0.329242 0.346917 0.368632 0.3956312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.47179715
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 2010 def38 'SD of age.
0.55%agell’
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 2011 def39 'Expected ages'
0.329242 0.329242 0.346917 0.368632 0.3956312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.5479771 1.1665 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 2011 def39 'SD of age.
0.55*agel2’
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 2012 def40 'Expected ages'
0.329242 0.329242 0.19080435 0.368632 0.395312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 0.641575 1.37557 1.63244 1.858 2.172 2.53
2.934 3.388 # 2012 def40 'SD of age.
0.55xage2, 0.5b5*agel3'’
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 2013 def4dl 'Expected ages'
0.329242 0.329242 0.346917 0.2027476 0.395312 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 0.7565635 1.63244 1.858 2.172 2.53
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2.934 3.388 # 2013 def41 'SD of age.
0.55xage3, 0.5b5*ageld’

0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 2014 def4?2 '"Expected ages'
0.329242 0.329242 0.346917 0.368632 0.2174216 0.42809
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 0.897842 1.858 2.172 2.53
2.934 3.388 # 2014 def4?2 'SD of age.
0.55xage4, 0.5b5*agelb’
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 2015 def43 'Expected ages'
0.329242 0.329242 0.346917 0.368632 0.395312 0.2354495
0.468362 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.0219 2.172 2.53
2.934 3.388 # 2015 def43 'SD of age.
0.55xageb, 0.55*agel6’
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 2016 defd4d 'Expected ages'
0.329242 0.329242 0.19080435 0.368632 0.395312 0.42809
0.2575991 0.517841 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 1.1946 2.53
2.934 3.388 # 2016 def44 'SD of age.
0.55xage2, 0.55*xage6, O0.55*agelT7'’
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 2017 def4b 'Expected ages'
0.329242 0.329242 0.346917 0.2027476 0.395312 0.42809
0.468362 0.28481255 0.57863 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172
1.3915 2.934 3.388 # 2017 def4b 'SD of age.
0.55*%age3, 0.55*age7, 0.55*xagel8'
0.5 1.5 2.5 3.5 4.5 5.5 6.5
7.5 8.5 9.5 10.5 11.5 12.5
13.5 14.5 15.5 16.5 17.5 18.5
19.5 20.5 # 2018 def46 '"Expected ages'

0.329242 0.329242 0.346917 0.368632 0.2174216 0.42809
0.468362 0.517841 0.3182465 0.653316 0.745076 0.857813
0.996322 1.1665 1.37557 1.63244 1.858 2.172 2.53
1.6137 3.388 # 2018 def46 'SD of age.
0.55xage4, 0.b5b5*xage8, 0.55*xageld’

#_mintailcomp: upper and lower distribution for females and males
separately are accumulated until exceeding this level.

#_addtocomp: after accumulation of tails; this value added to all bins

#_males and females treated as combined gender below this bin number

#_compressbins: accumulate upper tail by this number of bins; acts
simultaneous with mintailcomp; set=0 for no forced accumulation
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l=dirichlet
for dirichlet
set to 1 to match 3.24,

O=multinomial,
parm number
minimum sample size;

#_Comp_Error:

#_Comp_Error2:

#_minsamplesize:
value is 0.001

#_mintailcomp addtocomp combM+F CompressBns CompError ParmSelect
minsamplesize

minimum

-1 0.001 0 0 1 1 0.001
#_fleet:1_Fishery

-1 0.001 0 0 1 2 0.001
#_fleet:2_Acoustic_Survey

1 #_Lbin_method_for_Age_Data: l=poplenbins; 2=datalenbins; 3=lengths

# sex codes: O=combined; 1l=use female only; 3=use both
as joint sexxlength distribution

# partition codes: (0=combined; 1=discard;

2=use male only;

2=retained

# Acoustic survey ages

#year Month Fleet Sex Partition AgeErr LbinLo LbinHi nTrips al a2
a3 a4 ab a6 a7 a8 a9 alo
all al2 al3 al4 alb
1995 7 2 0 0 23 -1 -1 69 0
20.48 3.26 1.06 19.33 1.03 4.03 16.37 1.44 0.72
24.86 0.24 1.67 0.21 5.32
1998 7 2 0 0 26 -1 -1 105 0
6.83 8.03 17.03 17.25 1.77 11.37 10.79 1.73 4.19
7.60 1.27 0.34 9.74 2.06
2001 7 2 0 0 29 -1 -1 57 0
50.62 10.95 15.12 7.86 3.64 3.84 2.60 1.30 1.34
0.65 0.68 0.87 0.15 0.39
2003 7 2 0 0 31 -1 -1 71 0
23.06 1.63 43.40 13.07 2.71 5.14 3.43 1.82 2.44
1.44 0.49 0.43 0.42 0.52
2005 7 2 0 0 33 -1 -1 47 0
19.07 1.23 5.10 .78 50.67 6.99 2.50 3.99 2.45
1.71 0.74 0.48 0.14 0.16
2007 7 2 0 0 35 -1 -1 69 0
28.29 2.16 11.64 38 5.01 3.25 38.64 3.92 1.94
1.70 0.83 0.77 0.34 0.12
2009 7 2 0 0 37 -1 -1 72 0
0.55 29.33 40.21 29 8.22 1.25 1.79 1.93 8.32
3.63 1.44 0.28 0.48 0.26
2011 7 2 0 0 39 -1 -1 46 0
27.62 56.32 3.71 .64 2.94 0.70 0.78 0.38 0.66
0.97 2.10 0.76 0.31 0.11
2012 7 2 0 0 40 -1 -1 94 0
62.12 9.78 16.70 .26 2.92 1.94 1.01 0.50 0.23
0.27 0.66 0.98 0.51 0.12
2013 7 2 0 0 41 -1 -1 67 0
2.17 T4.97 5.63 8.68 0.95 2.20 2.59 0.71 0.35
0.10 0.13 0.36 0.77 0.38
2015 7 2 0 0 43 -1 -1 78 0
7.45 9.19 4.38 58.98 4.88 7.53 1.69 1.68 1.64
0.95 0.16 0.29 0.24 0.92
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2017 7 2 0 0 -1 -1 59 0

0.49 52.73 2.80 3.70 3.31 26.02 4.13 2.91 1.14
0.91 0.87 0.42 0.33 0.25

#Aggregate marginal fishery age comps

#year Month Fleet Sex Partition AgeErr LbinLo LbinHi nTrips
al a2 a3 a4 ab a6 a7 a8 a9

alo all al2 al3 ald alb

1975 7 1 0 0 3 -1 -1 13
4.608 33.846 7.432 1.248 25.397 5.546 8.031 10.537
0.953 0.603 0.871 0.451 0.000 0.476 0.000

1976 7 1 0 0 4 -1 -1 142
0.085 1.337 14.474 6.742 4.097 24.582 9.766 8.899
12.099 5.431 4.303 4.075 1.068 2.355 0.687

1977 7 1 0 0 5 -1 -1 320
0.000 8.448 3.683 27.473 3.594 9.106 22.682 T7.599
6.544 4.016 3.550 2.308 0.572 0.308 0.119

1978 7 1 0 0 6 -1 -1 341
0.472 1.110 6.511 6.310 26.416 6.091 8.868 21.505
9.776 4.711 4.680 2.339 0.522 0.353 0.337

1979 7 1 0 0 7 -1 -1 116
0.000 6.492 10.241 9.382 5.721 17.666 10.256 17.370
12.762 4.180 2.876 0.963 1.645 0.000 0.445

1980 7 1 0 0 8 -1 -1 221
0.148 0.544 30.087 1.855 4.488 8.165 11.227 5.012
8.941 11.076 9.460 2.628 3.785 1.516 1.068

1981 7 1 0 0 9 -1 -1 154
19.493 4.030 1.403 26.726 3.901 5.548 3.376 14.675
3.769 3.195 10.185 2.313 0.504 0.163 0.720

1982 7 1 0 0 10 -1 -1 170
0.000 32.050 3.521 0.486 27.347 1.526 3.680 3.894
11.764 3.268 3.611 7.645 0.241 0.302 0.664

1983 7 1 0 0 11 -1 -1 117
0.000 0.000 34.144 3.997 1.825 23.458 5.126 5.647
5.300 9.383 3.910 3.128 2.259 1.130 0.695

1984 7 1 0 0 12 -1 -1 123
0.000 0.000 1.393 61.904 3.625 3.849 16.778 2.853
1.509 1.239 3.342 0.923 0.586 1.439 0.561

1985 7 1 0 0 13 -1 -1 57
0.925 0.111 0.348 7.241 66.755 8.407 5.605 7.106
2.042 0.530 0.654 0.246 0.000 0.000 0.032

1986 7 1 0 0 14 -1 -1 120
0.000 15.344 5.385 0.527 0.761 43.634 6.897 8.153
8.260 2.189 2.817 1.834 3.134 0.457 0.609

1987 7 1 0 0 15 -1 -1 56
0.000 0.000 29.583 2.904 0.135 1.013 53.260 0.404
1.250 7.091 0.000 0.744 1.859 1.757 0.000

1988 7 1 0 0 16 -1 -1 84
0.000 0.653 0.066 32.276 0.980 1.450 0.664 46.046
1.351 0.839 10.483 0.789 0.054 0.065 4.283

1989 7 1 0 0 17 -1 -1 80
0.000 5.616 2.431 0.288 50.206 1.257 0.292 0.084
35.192 1.802 0.395 2.316 0.084 0.000 0.037
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1990 7 1 0 0 18 -1 -1 163
0.000 5.194 20.560 1.885  0.592  31.348 0.512  0.200
0.042 31.901 0.296 0.067 6.411  0.000  0.992

1991 7 1 0 0 19 -1 -1 160
0.000  3.464  20.372 19.632 2.522  0.790  28.260 1.177
0.145 0.181  18.688 0.423 0.000 3.606  0.741

1992 7 1 0 0 20 -1 -1 243
0.461  4.238  4.304 13.053 18.594 2.271  1.043  33.926
0.767 0.078 0.340  18.050 0.413  0.037  2.426

1993 7 1 0 0 21 -1 -1 172
0.000 1.051  23.240 3.260 12.980 15.667 1.500  0.810
27.422 0.674 0.089  0.120  12.004 0.054  1.129

1994 7 1 0 0 22 -1 -1 235
0.000 0.037 2.832 21.390 1.265 12.628 18.687 1.571
0.573  29.906 0.262 0.282 0.022  9.634  0.909

1995 7 1 0 0 23 -1 -1 147
0.619 1.281 0.468 6.308 28.967 1.152  8.053  20.269
1.577  0.222  22.424 0.435 0.451 0.037 7.735

1996 7 1 0 0 24 -1 -1 186
0.000  18.282 16.242 1.506 7.742  18.139 1.002  4.909
10.981 0.576  0.347  15.717 0.009 0.108  4.439

1997 7 1 0 0 25 -1 -1 220
0.000 0.737 29.474 24.952 1.469 7.839  12.488 1.798
3.978 6.671 1.284 0.216 6.080 0.733  2.282

1998 7 1 0 0 26 -1 -1 243
0.015  4.779  20.335 20.294 26.596 2.868 5.406  9.312
0.917 1.561  3.901 0.353 0.092 2.942  0.628

1999 7 1 0 0 27 -1 -1 509
0.062  10.244 20.364 17.982 20.062 13.198 2.688  3.930
4.008 0.989 1.542 2.140 0.392 0.334  2.066

2000 7 1 0 0 28 -1 -1 530
0.996  4.218  10.935 14.285 12.880 21.063 13.115 6.548
4.648 2.509 2.070 2.306 1.292  0.720 2.414

2001 7 1 0 0 29 -1 -1 540
0.000 17.338 16.247 14.250 15.685 8.559  12.101 5.989
1.778  2.232 1.810 0.698 1.421 0.685  1.209

2002 7 1 0 0 30 -1 -1 449
0.000 0.033 50.642 14.934 9.687 5.719  4.438  6.580
3.546 0.871 0.845 1.036 0.242 0.475  0.953

2003 7 1 0 0 31 -1 -1 456
0.000 0.105 1.394 67.791 11.664 3.352 5.009  3.203
3.1563 2.119  0.879 0.438 0.536 0.126  0.232

2004 7 1 0 0 32 -1 -1 501
0.000 0.022 5.343 6.126  68.293 8.115  2.178  4.133
2.506 1.270 1.073 0.346 0.268 0.158  0.170

2005 7 1 0 0 33 -1 -1 613
0.018 0.569 0.464 6.561 5.381  68.723 7.954  2.359
2.908 2.208 1.177 1.091  0.250 0.090  0.248

2006 7 1 0 0 34 -1 -1 720
0.326 2.808 10.444 1.673 8.567 4.879  59.037 5.276
1.716  2.376  1.134 1.015 0.426 0.136  0.188

2007 7 1 0 0 35 -1 -1 629
0.776  11.522 3.807 15.697 1.589  6.887  3.811  43.947
5.080 1.713 2.203 1.661 0.482 0.187  0.639
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2008 7 1 0 0 36 -1 -1 794
0.765 9.891 30.835 2.408 14.475 1.028 3.630 3.167
27.780 2.977 1.119 0.725 0.477 0.309 0.414

2009 7 1 0 0 37 -1 -1 685
0.643 0.527 29.679 27.192 3.456 11.007 1.346 2.396
2.345 16.673 2.572 0.922 0.623 0.290 0.327

2010 7 1 0 0 38 -1 -1 874
0.029 25.918 3.409 35.410 21.156 2.239 2.872 0.417
0.572 0.957 5.612 0.878 0.270 0.103 0.158

2011 7 1 0 0 39 -1 -1 1081
2.713 8.741 71.016 2.642 6.245 4.326 1.101 0.757
0.296 0.349 0.115 1.317 0.170 0.100 0.112

2012 7 1 0 0 40 -1 -1 851
0.181 40.950 11.557 32.986 2.489 5.084 2.517 1.133
0.659 0.232 0.329 0.347 0.871 0.284 0.383

2013 7 1 0 0 41 -1 -1 1094
0.030 .545 70.312 5.904 10.470 1.123 3.413 2.059
0.906 .366 0.264 0.333 0.530 2.282 0.463

2014 7 1 0 0 42 -1 -1 1153
0.000 .299 3.681 64.420 6.979 12.085 1.592 3.120
1.835 .815 0.464 0.117 0.191 0.277 1.126

2015 7 1 0 0 43 -1 -1 798
3.591 .136 6.883 3.946 70.018 4.940 5.091 0.959
1.552 .089 0.202 .206 0.061 0.054 0.274

2016 7 1 0 0 44 -1 -1 1440
0.292 50.193 1.693 .475 2.477 32.871 2.775 3.233
0.760 0.442 0.369 .235 0.063 0.054 0.069

2017 7 1 0 0 45 -1 -1 1300
3.665 0.734 38.551 .356 4.129 3.104 36.976 4.281
3.066 1.279 0.623 0.725 0.211 0.094 0.206

2018 7 1 0 0 46 -1 -1 1059
5.422 23.443 1.625 28.765 1.676 .907 3.124 24.171
4.396 2.008 0.984 0.623 0.422 .352 0.082

-9999 0 0 0OOOOOO0OO0OO0OO0OO0OOOOOOOOODOODO

#

0 #_Use_MeanSize-at-Age_obs (0/1)

#

0O #_N_environ_variables

#Yr Variable Value

#

= O

o W

[y

-
(]

o W

N

o N

# N sizefreq methods to read
# do tags (0/1)

# morphcomp data (0/1)
Nobs, Nmorphs, mincomp
yr, seas, type, partition, Nsamp, datavector_by_Nmorphs

# Do dataread for selectivity priors(0/1)
Yr, Seas, Fleet, Age/Size, Bin, selex_prior, prior_sd
feature not yet implemented

O H HT HFO H H # O H O & O

99
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I STOCK SYNTHESIS CONTROL FILE

../models/2019.03.00_base/hake_control.ss

#C 2019 Hake control file

1 # O means do not read wtatage.ss; 1 means read and use wtatage.ss and
also read and use growth parameters

1 #_N_Growth_Patterns

1 #_N_platoons_Within_GrowthPattern

#_Cond 1 #_Morph_between/within_stdev_ratio (no read if N_morphs=1)

#_Cond 1 #vector_Morphdist_(-1_in_first_val_gives_normal_approx)

#

2

# recr_dist_method for parameters: 2=main effects for GP, Settle

timing, Area; 3=each Settle entity; 4=none when N_GP*Nsettlexpop==

1 # not yet implemented; Future usage: Spawner-Recruitment: 1=global;
2=by area

1 # number of recruitment settlement assignments

O # unused option

#GPattern month area age (for each settlement assignment)

1 1 1 0

#

#_Cond O # N_movement_definitions goes here if Nareas > 1

#_Cond 1.0 # first age that moves (real age at begin of season, not
integer) also cond on do_migration>0

#_Cond 1 1 1 2 4 10 # example move definition for seas=1, morph=1,
source=1 dest=2, agel=4, age2=10

#

0 #_Nblock_Patterns

#

# controls for all timevary parameters

1 #_env/block/dev_adjust_method for all time-vary parms (l=warn relative
to base parm bounds; 3=no bound check)

# autogen

11111 # autogen: 1st element for biology, 2nd for SR, 3rd for Q, 4th
reserved, 5th for selex

# where: 0 = autogen all time-varying parms; 1 = read each time-varying
parm line; 2 = read then autogen if parm min==-12345

#

#

# setup for M, growth, maturity, fecundity, recruitment distibution,
movement

#

0 #_natM_type:_O=1Parm;

1=N_breakpoints; _2=Lorenzen; 3=agespecific;_4=agespec_withseasinterpolate
#_no additional input for selected M option; read 1P per morph

1 # GrowthModel: 1=vonBert with L1&L2; 2=Richards with L1&L2;
3=age_specific_K; 4=not implemented

1 #_Age(post-settlement) _for_L1l;linear growth below this

20 #_Growth_Age_for_L2 (999 to use as Linf)

-999 #_exponential decay for growth above maxage (fixed at 0.2 in 3.24;
value should approx initial Z; -999 replicates 3.24)

0 #_placeholder for future growth feature

O #_SD_add_to_LAA (set to 0.1 for SS2 V1.x compatibility)
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0 #_CV_Growth_Pattern: 0 CV=f(LAA); 1 CV=F(A); 2 SD=F(LAA); 3 SD=F(A); 4
logSD=F(A)

5 #_maturity_option: 1=length logistic; 2=age logistic; 3=read
age-maturity matrix by growth_pattern; 4=read age-fecundity;
b=disabled; 6=read length-maturity

#_Age_Fecundity by growth pattern from wt-at-age.ss now invoked by read
bodywt flag

2 #_First_Mature_Age

1 #_fecundity option:(1)eggs=Wt*x(a+b*xWt);(2)eggs=a*L"b;(3)eggs=a*xWt b;
(4) eggs=a+b*L; (5)eggs=a+b*W

0 #_hermaphroditism option: O=none; l=female-to-male age-specific fxn;
-l1=male-to-female age-specific fxn

1 #_parameter_offset_approach (l=none, 2= M, G, CV_G as offset from
female-GP1, 3=1like SS2 Vi1.x)

#

#_growth_parms

#_LO HI INIT PRIOR PR_SD PR_type PHASE env_var devlink

devminyr devmaxyr dev_PH Block Block_Fzxn

0.05 0.4 0.2 -1.60944 0.1 3 4 0 0 0
0 0 0 0 # NatM_p_1_Fem_GP_1

2 15 5 32 99 0 -5 0 0 0
0 0 0 0 # L_at_Amin_Fem_GP_1

45 60 53.2 50 99 0 -3 0 0 0
0 0 0 0 # L_at_Amax_Fem_GP_1

0.2 0.4 0.3 0.3 99 0 -3 0 0 0
0 0 0 0 # VonBert _K_Fem_GP_1

0.03 0.16 0.066 0.1 99 0 -5 0 0 0
0 0 0 0 # CV_young_Fem_GP_1

0.03 0.16 0.062 0.1 99 0 -5 0 0 0
0 0 0 0 # CV_old_Fem_GP_1

-3 3 TE-06 TE-06 99 0 -50 0 0 0
0 0 0 0 # Wtlen_1_Fem

-3 3 2.9624 2.9624 99 0 -50 0 0 0
0 0 0 0 # Wtlen_2_Fem

-3 43 36.89 36.89 99 0 -50 0 0 0
0 0 0 0 # Mat50%_Fem

-3 3 -0.48 -0.48 99 0 -50 0 0 0
0 0 0 0 # Mat_slope_Fem

-3 3 1 1 99 0 -50 0 0 0
0 0 0 0 # Eggs/kg_inter_Fem

-3 3 0 0 99 0 -50 0 0 0
0 0 0 0 # Eggs/kg_slope_wt_Fem

0 2 1 1 99 0 -50 0 0 0
0 0 0 0 # RecrDist_GP_1

0 2 1 1 99 0 -50 0 0 0
0 0 0 0 # RecrDist_Area_1

0 2 1 1 99 0 -50 0 0 0
0 0 0 0 # RecrDist_timing_1

1 1 1 1 1 0 -1 0 0 0
0 0 0 0 # CohortGrowDev

0.00001 0.99999 0.5 0.5 0.5 0 -99 0 0 0
0 0 0 0 # FracFemale_GP_1

#

#_no timevary MG parameters
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#

#_seasonal_effects_on_biology_parms
00 0O0O0OO0OO0OO0OO0OO
#_femwtlenl ,femwtlen2,matl,mat2,fecl,fec2,Malewtlenl ,malewtlen2,Ll,K

#_ LO
#_Cond
#

HI INIT PRIOR PR_SD PR_type PHASE
-2 2 0 0 -1 99 -2 #_placeholder when no seasonal MG parameters

#_Spawner -Recruitment

3 #_SR_function: 2=Ricker; 3=std_B-H; 4=SCAA; 5=Hockey; 6=B-H_flattop;
T=survival_3Parm; 8=Shepard_3Parm

0 # 0/1 to use steepness in initial equ recruitment calculation

0 # future feature: 0/1 to make realized sigmaR a function of SR
curvature
#_ LO HI INIT PRIOR PR_SD
PR_type PHASE env-var use_dev dev_mnyr dev_mxyr
dev_PH Block Blk_Fxn # parm_name
13 17 15.9 15 99
0 1 0 0 0 0
0 0 0 # SR_LN(RO)
0.2 1 0.88 0.777 0.113
2 4 0 0 0 0
0 0 0O # SR_BH_steep
1 1.6 1.4 1.1 99
0 -6 0 0 0 0
0 0 0 # SR_sigmaR
-5 5 0 0 99
0 -50 0 0 0 0
0 0 0O # SR_regime
0 2 0 1 99
0 -50 0 0 0 0
0 0 0 # SR_autocorr
1 #do_recdev: O=none; l=devvector; 2=simple deviations

1970 # first year of main recr_devs; early devs can preceed this era

2017 # last year of main recr_devs; forecast devs start in following year
1 #_recdev phase

1 # (0/1) to read 13 advanced options

1946

#_recdev_early_start (O=none; neg value makes relative to

recdev_start)

3 #_recdev_early_phase

5 #_forecast_recruitment phase (incl. late recr) (0 value resets to
maxphase+1)

1 #_lambda for Fcast_recr_like occurring before endyr+1

1965
1971
2017
2018
0.87

#_last_early_yr_nobias_adj_in_MPD

#_first_yr_fullbias_adj_in_MPD

#_last_yr_fullbias_adj_in_MPD

#_first_recent_yr_nobias_adj_in_MPD

#_max_bias_adj_in_MPD (-1 to override ramp and set biasadj=1.0 for

all estimated recdevs)
0 #_period of cycles in recruitment (N parms read below)
-6 #min rec_dev
6 #max rec_dev
0O #_read_recdevs

#_end
#

of advanced SR options
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#_placeholder for full parameter lines for recruitment cycles

# read specified recr devs

#_Yr Input_value

#

all recruitment deviations
1946E 1947E 1948E 1949E 1950E 1951E 1952E 1953E 1954E 1955E 1956E
1957E 1958E 1959E 1960E 1961E 1962E 1963E 1964E 1965E 1966E 1967E
1968E 1969E 1970R 1971R 1972R 1973R 1974R 1975R 1976R 1977R 1978R
1979R 1980R 1981R 1982R 1983R 1984R 1985R 1986R 1987R 1988R 1989R
1990R 1991R 1992R 1993R 1994R 1995R 1996R 1997R 1998R 1999R 2000R
2001R 2002R 2003R 2004R 2005R 2006R 2007R 2008R 2009R 2010R 2011R
2012R 2013R 2014R 2015F 2016F 2017F 2018F 2019F

#
#

# 0000000O0O0O0O0O0O0OO0O0OO0OOOOOODOOOOOOOOOOOOOO
00000O0OOO0OOOOOOOOOOODOODOOOOOOOOOOOODO
0000

# implementation error by year in forecast: 0 0 O

#

#Fishing Mortality info

0.1 # F ballpark

-1999 # F ballpark year (neg value to disable)

3 # F_Method: 1=Pope; 2=instan. F; 3=hybrid (hybrid is recommended)

1.5 # max F or harvest rate, depends on F_Method

# no additional F input needed for Fmethod 1

# 1if Fmethod=2; read overall start F value; overall phase; N detailed
inputs to read

# if Fmethod=3; read N iterations for tuning for Fmethod 3
5 # iterations for hybrid F

#

#_initial_F_parms; count = O

#_ LO HI INIT PRIOR PR_SD PR_type PHASE

#2019 2037

# F rates by fleet

# Yr: 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978
1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

# seas: 1111111111111 1111111111111111111
1111111111111 111111111

# Fishery 0.00933897 0.0146642 0.00853273 0.012888 0.0174513 0.0121336
0.00976528 0.0143888 0.0200448 0.0140502 0.0147779 0.00984755

0.00884188 0.0123284 0.010776 0.0189597 0.01714 0.0176621 0.020617
0.0190307 0.0328569 0.0448643 0.046737 0.0665674 0.0490229 0.0548243
0.0667206 0.0519506 0.0926444 0.0606975 0.0759137 0.0805482 0.086194
0.0869669 0.0517765 0.0478408 0.0356577 0.0466746 0.0834855 0.0900341
0.0883171 0.0785301 0.0810821 0.0455776 0.0573031 0.074574 0.0532697
0.0685086 0.0705113 0.0503989 0.0892282 0.159745 0.163071 0.167658

#

#_Q_setup for fleets with cpue or survey data

#_1: 1link type: (l=simple q, 1 parm; 2=mirror simple q, 1 mirrored parm;
3=q and power, 2 parm)

#_2 extra input for link, i.e. mirror fleet

#_3 0/1 to select extra sd parameter

#_4: 0/1 for biasadj or not

#_5 0/1 to float
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#_ fleet link link_info extra_se biasadj float # fleetname
2 1 0 1 0 1 #
Acoustic_Survey
-9999 0 0 0 0 O
#
#_Q_parms(if_any) ;Qunits_are_1ln(q)
#NOTE: the first parameter lines below (for LnQ_base_Acoustic_Survey(2)),

is
# automatically replaced by an analytical estimate since float=1 in
Q_setup above
#_ LO HI INIT PRIOR PR_SD
PR_type PHASE env-var use_dev dev_mnyr dev_mxyr
dev_PH Block Blk_Fxn # parm_name
-15 15 -1.0376 0 1
0 -1 0 0 0 0
0 0 0 # LnQ_base_Acoustic_Survey(2)
0.05 1.2 0.0755 0.0755 0.1
0 4 0 0 0 0
0 0 0 # Q_extraSD_Acoustic_Survey (2)
#_no timevary [ parameters

#

#_size_selex_patterns

#Pattern: _0; parm=0; selex=1.0 for all sizes

#Pattern: _1; parm=2; logistic; with 95% width specification

#Pattern:_5; parm=2; mirror another size selex; PARMS pick the min-max
bin to mirror

#Pattern: _15; parm=0; mirror another age or length selex

#Pattern:_6; parm=2+special; non-parm len selex

#Pattern: _43; parm=2+special+2; 1like 6, with 2 additional param for
scaling (average over bin range)

#Pattern:_8; parm=8; New doublelogistic with smooth transitions and
constant above Linf option

#Pattern: _9; parm=6; simple 4-parm double logistic with starting length;
parm 5 is first length; parm 6=1 does desc as offset

#Pattern: _21; parm=2+special; non-parm len selex, read as pairs of size,
then selex

#Pattern: _22; parm=4; double_normal as in CASAL

#Pattern:_23; parm=6; double_normal where final value is directly equal
to sp(6) so can be >1.0

#Pattern: _24; parm=6; double_normal with sel(minL) and sel(maxlL), using
joiners

#Pattern:_25; parm=3; exponential-logistic in size

#Pattern:_27; parm=3+special; cubic spline

#Pattern:_42; parm=2+special+3; // like 27, with 2 additional param for
scaling (average over bin range)

#_discard_options:_O=none;_l=define_retention;_2=retention&mortality;_3=all_discarded_

#_Pattern Discard Male Special

0 00 O # 1 Fishery
0 00 0 # 2 Acoustic_Survey

#

#_age_selex_types

#Pattern: _0; parm=0; selex=1.0 for ages 0O to maxage

#Pattern: _10; parm=0; selex=1.0 for ages 1 to maxage

#Pattern:_11; parm=2; selex=1.0 for specified min-max age
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#Pattern:
#Pattern:
#Pattern:
#Pattern:
:_16;
#Pattern:

#Pattern

_12;
_13;
_14;
_15;

_17;

parm=2; age logistic

parm=8; age double logistic
parm=nages+l; age empirical
parm=0;

parm=2; Coleraine - Gaussian

parm=nages+1;

empirical as random walk

mirror another age or length selex

read can be overridden by setting special to non-zero

#Pattern: _41; parm=2+nages+l; // like 17,
scaling (average over bin range)
#Pattern:_18; parm=8; double logistic -
#Pattern:_19; parm=6; simple
#Pattern:_20; parm=6; double_normal,using joiners
#Pattern: _26; parm=3; exponential-logistic in age
#Pattern: _27; parm=3+special; cubic spline in age
#Pattern:_42; parm=2+nages+1l; // cubic spline;
for scaling (average over bin range)
#_Pattern Discard Male Special
17 0 0 20 # 1 Fishery
17 0 0 20 # 2 Acoustic_Survey
#
#_ LO HI INIT
PR_type PHASE env-var use_dev
dev_PH Block Blk_Fxn # parm_name
-1002 3 -1000
0 -2 0 0
0 0 0 # AgeSel_P1_
-1 1 0
0 -2 0 0
0 0 0 # AgeSel_P2_
-5 9 2.8
0 2 0 2
5 0 0 # AgeSel_P3_
-5 9 0.1
0 2 0 2
5 0 0 # AgeSel_P4_
-5 9 0.1
0 2 0 2
5 0 0 # AgeSel_P5_
-5 9 0.1
0 2 0 2
5 0 0 # AgeSel_P6_
-5 9 0
0 2 0 2
5 0 0 # AgeSel_PT7_
-5 9 0
0 -2 0 0
0 0 0 # AgeSel_P8_
-5 9 0
0 -2 0 0
0 0 0 # AgeSel_PO_
-5 9 0
0 -2 0 0
0 0 0 #

smooth transition

AgeSel_P10_Fishery (1)

PRIOR
dev_mnyr

-1
0
Fishery (1)
-1
0
Fishery (1)
-1
1991
Fishery (1)
-1
1991
Fishery (1)
-1
1991
Fishery (1)
-1
1991
Fishery (1)
-1
1991
Fishery (1)
-1
0
Fishery (1)
-1
0
Fishery (1)
-1
0

N parameters to

with 2 additional param for

4-parm double logistic with starting age

with 2 additional param

PR_SD
dev_mxyr

0.01
0

0.01
0

0.01
2018

0.01
2018

0.01
2018

0.01
2018

0.01
2018
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-5 0 -1 0.01
-2 0 0 0 0

0 # AgeSel_P11_Fishery (1)

-5 0 -1 0.01
-2 0 0 0 0

0 # AgeSel_P12_Fishery (1)

-5 0 -1 0.01
-2 0 0 0 0

0 # AgeSel_P13_Fishery (1)

-5 0 -1 0.01
-2 0 0 0 0

0 # AgeSel_P14_Fishery (1)

-5 0 -1 0.01
-2 0 0 0 0

0 # AgeSel_P15_Fishery (1)

-5 0 -1 0.01
-2 0 0 0 0

0 # AgeSel_P16_Fishery (1)

-5 0 -1 0.01
-2 0 0 0 0

0 # AgeSel_P17_Fishery (1)

-5 0 -1 0.01
-2 0 0 0 0

0 # AgeSel_P18_Fishery (1)

-5 0 -1 0.01
-2 0 0 0 0

0 # AgeSel_P19_Fishery (1)

-5 0 -1 0.01
-2 0 0 0 0

0 # AgeSel_P20_Fishery (1)

-5 0 -1 0.01
-2 0 0 0 0

0 # AgeSel_P21_Fishery (1)

-1002 -1000 -1 0.01

-2 0 0 0 0

0 # AgeSel_P1_Acoustic_Survey(2)

-1002 -1000 -1 0.01

-2 0 0 0 0

0 # AgeSel_P2_Acoustic_Survey(2)

-1 0 -1 0.01
-2 0 0 0 0

0 # AgeSel_P3_Acoustic_Survey(2)

-5 0.1 -1 0.01
2 0 0 0 0

0 # AgeSel_P4_Acoustic_Survey(2)

-5 0.1 -1 0.01
2 0 0 0 0

0 # AgeSel_P5_Acoustic_Survey(2)

-5 0 -1 0.01
2 0 0 0 0

0 # AgeSel_P6_Acoustic_Survey(2)

-5 0 -1 0.01
2 0 0 0 0

0 # AgeSel_P7_Acoustic_Survey(2)
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H H B

0 -1 0.01
0 0 0

AgeSel_P8_Acoustic_Survey (2)

0 -1 0.01
0 0 0

AgeSel _P9_Acoustic_Survey (2)

0 -1 0.01
0 0 0

AgeSel_P10_Acoustic_Survey (2)

0 -1 0.01
0 0 0

AgeSel_P11_Acoustic_Survey (2)

0 -1 0.01
0 0 0

AgeSel_P12_Acoustic_Survey (2)

0 -1 0.01
0 0 0

AgeSel_P13_Acoustic_Survey (2)

0 -1 0.01
0 0 0

AgeSel_P14_Acoustic_Survey (2)

0 -1 0.01
0 0 0

AgeSel_P15_Acoustic_Survey (2)

0 -1 0.01
0 0 0

AgeSel_P16_Acoustic_Survey (2)

0 -1 0.01
0 0 0

AgeSel _P17_Acoustic_Survey (2)

0 -1 0.01
0 0 0

AgeSel_P18_Acoustic_Survey (2)

0 -1 0.01
0 0 0

AgeSel_P19_Acoustic_Survey (2)

0 -1 0.01
0 0 0

AgeSel_P20_Acoustic_Survey (2)

0 -1 0.01
0 0 0

AgeSel_P21_Acoustic_Survey (2)

Dirichlet-Multinomial parameters controlling age-comp weights

0 -2 0
0 0 0 #
-5 9

0 -2 0
0 0 0 #
-5 9

0 -2 0
0 0 0 #
-5 9

0 -2 0
0 0 0 #
-5 9

0 -2 0
0 0 0 #
-5 9

0 -2 0
0 0 0 #
-5 9

0 -2 0
0 0 0 #
-5 9

0 -2 0
0 0 0 #
-5 9

0 -2 0
0 0 0 #
-5 9

0 -2 0
0 0 0 #
-5 9

0 -2 0
0 0 0 #
-5 9

0 -2 0
0 0 0 #
-5 9

0 -2 0
0 0 0 #
-5 9

0 -2 0
0 0 0 #
-5 20

0 2 0
0 0 0 #
-5 20

0 2 0
0 0 0 #

timevary selex parameters

.5 0 99
0 0 0

In(EffN_mult) _1

.5 0 99
0 0 0

In(EffN_mult) _2

value of 1.40 for "dev_se" parameters (a.k.a phi) is converted from 0.20
in 2017 hake assessment using slope of parameter transformation

LO HI
PR_type PHASE #

INIT
parm_name

PRIOR PR_SD
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0.0001 2 1.40 0.5 0.5

-1 -5 # AgeSel _P3_Fishery(l) _dev_se
-0.99 0.99 0 0 0.5
-1 -6 # AgeSel P3_Fishery(l)_dev_autocorr
0.0001 2 1.40 0.5 0.5
-1 -5 # AgeSel_P4_Fishery(l) _dev_se
-0.99 0.99 0 0 0.5
-1 -6 # AgeSel P4 _Fishery(l) _dev_autocorr
0.0001 2 1.40 0.5 0.5
-1 -5 # AgeSel_P5_Fishery(1l) _dev_se
-0.99 0.99 0 0 0.5
-1 -6 # AgeSel_P5_Fishery (1) _dev_autocorr
0.0001 2 1.40 0.5 0.5
-1 -5 # AgeSel _P6_Fishery(l) _dev_se
-0.99 0.99 0 0 0.5
-1 -6 # AgeSel_P6_Fishery(1l)_dev_autocorr
0.0001 2 1.40 0.5 0.5
-1 -5 # AgeSel P7_Fishery(l) _dev_se
-0.99 0.99 0 0 0.5
-1 -6 # AgeSel P7_Fishery(l)_dev_autocorr

# info on dev vectors created for selex parms are reported with other
devs after tag parameter section

#

0 # use 2D_AR1 selectivity(0/1): experimental feature

#_no 2D_AR1 selex offset used

#

# Tag loss and Tag reporting parameters go next

0O # TG_custom: O=no read; l=read if tags exist

#_Cond -6 6 1 1 2 0.01 -4 0 0 0 0 00 0O #_placeholder if no parameters

#

# deviation vectors for timevary parameters

# Dbase base first block block env env dev dev dev dev dev

# type 1index parm trend pattern link var vectr link _mnyr mxyr
phase dev_vector

# 5 3 1 0 0 2 0 1 2 1991 2018
4 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

# 5 4 3 0 0 2 0 2 2 1991 2018
4 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

# 5 5 5 0 0 2 0 3 2 1991 2018
4 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

# 5 6 7 0 0 2 0 4 2 1991 2018
4 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

# 5 7 9 0 0 2 0 5 2 1991 2018
4 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
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#

# Input variance adjustments factors:
#_l=add_to_survey_CV
#_2=add_to_discard_stddev
#_3=add_to_bodywt_CV
#_4=mult_by_lencomp_N
#_5=mult_by_agecomp_N
#_6=mult_by_size-at-age_N
#_7=mult_by_generalized_sizecomp

### values below no longer needed thanks to new Dirichelt-Multinomial

likelihood

### with additional parameters defined above

## #_Factor Fleet Value

## 5 1 0.15

## 5 2 0.45
-9999 1 0 # terminator

#

1 #_maxlambdaphase

1 #_sd_offset; must be 1 if any growthCV, sigmaR, or survey extraSD is an
estimated parameter

read 0 changes to default Lambdas (default value is 1.0)

Like_comp codes: l=surv; 2=disc; 3=mnwt; 4=length; b5=age; 6=SizeFreq;
T=sizeage; 8=catch; 9=init_equ_catch;

# 10=recrdev; ll=parm_prior; 12=parm_dev; 13=CrashPen; 14=Morphcomp;

15=Tag-comp; 16=Tag-negbin; 17=F_ballpark
#like_comp fleet phase value sizefreq_method
-9999 1 1 1 1 # +terminator

H &

lambdas (for info only; columns are phases)

0 #_CPUE/survey:_1

1 #_CPUE/survey:_2

1 #_agecomp:_1

1 #_agecomp:_2

1 #_init_equ_catch

1 #_recruitments

1 #_parameter-priors

1 #_parameter-dev-vectors

1 #_crashPenLambda

0 # F_ballpark_lambda

# (0/1) read specs for more stddev reporting

22 -115 111 -1 1 # selex type, len/age, year, N selex bins, Growth
pattern, N growth ages, NatAge_area(-1 for all), NatAge_yr, N Natages

123456789 10 11 12 13 14 15 # vector with selex std bin picks
(-1 in first bin to self-generate)

-1 # vector with growth std bin picks (-1 in first bin to self-generate)

20 # vector with NatAge std bin picks (-1 in first bin to self-generate)

999

#
#
#
#
#
#
#
#
#
#
#
#
1
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J STOCK SYNTHESIS STARTER FILE

../models/2019.03.00_base/starter.ss

#C Hake starter file

hake_data.SS

hake_control.SS

O # O=use init values in control file; l=use ss.par

1 # run display detail (0,1,2)

1 # detailed age-structured reports in REPORT.SSO0 (O=low,l1=high,2=low for
data-limited)

# write detailed checkup.sso file (0,1)

# write parm values to ParmTrace.sso (0=no,l=good,active; 2=good,all;
3=every_iter ,all_parms; 4=every,active)

# write to cumreport.sso (0O=no,l=like&timeseries; 2=add survey fits)

# Include prior_like for non-estimated parameters (0,1)

# Use Soft Boundaries to aid convergence (0,1) (recommended)

# Number of datafiles to produce: 1st is input, 2nd is estimates, 3rd
and higher are bootstrap

25 # Turn off estimation for parameters entering after this phase

400 # MCeval burn interval

1 # MCeval thin interval

O # jitter initial parm value by this fraction

-1 # min yr for sdreport outputs (-1 for styr)

-2 # max yr for sdreport outputs (-1 for endyr; -2 for endyr+Nforecastyrs

O # N individual STD years

#vector of year values

(e e]

= O = O

le-05 # final convergence criteria (e.g. 1.0e-04)

0 # retrospective year relative to end year (e.g. -4)

2 # min age for calc of summary biomass

1 # Depletion basis: denom is: O=skip; 1l=rel X*BO; 2=rel X*Bmsy; 3=rel
X*B_styr

# Fraction (X) for Depletion denominator (e.g. 0.4)

# SPR_report_basis: O=skip; 1=(1-SPR)/(1-SPR_tgt);
2=(1-SPR)/(1-SPR_MSY); 3=(1-SPR)/(1-SPR_Btarget); 4=rawSPR

1 # F_report_units: O=skip; l=exploitation(Bio); 2=exploitation(Num);

3=sum(Frates); 4=true F for range of ages

#COND 10 15 #_min and max age over which average F will be calculated
with F_reporting=4

# F_report_basis: O=raw_F_report; 1=F/Fspr; 2=F/Fmsy ; 3=F/Fbtgt

# MCMC output detail (0O=default; 1l=obj func components; 2=expanded;
3=make output subdir for each MCMC vector)

# ALK tolerance (example 0.0001)

3.30 # check value for end of file and for version control

=

w o

o
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K STOCK SYNTHESIS FORECAST FILE

../models/2019.03.00_base/forecast.ss

#C 2018 Hake forecast file

# for all year entries except rebuilder; enter either: actual year, -999
for styr, 0 for endyr, neg number for rel. endyr

1 # Benchmarks: O=skip; l=calc F_spr,F_btgt,F_msy; 2=calc F_spr,F0.1,F_msy

2 # MSY: 1= set to F(SPR); 2=calc F(MSY); 3=set to F(Btgt) or FO.1l; 4=set
to F(endyr)

0.4 # SPR target (e.g. 0.40)

0.4 # Biomass target (e.g. 0.40)

#_Bmark_years: beg_bio, end_bio, beg_selex, end_selex, beg_relF,
end_relF, beg_recr_dist, end_recr_dist, beg_SRparm, end_SRparm (enter
actual year, or values of 0 or -integer to be rel. endyr)

-999 -999 -999 -999 -999 -999 -999 0 -999 O

2 #Bmark_relF_Basis: 1 = use year range; 2 = set relF same as forecast
below

#

1 # Forecast: O=none; 1=F(SPR); 2=F(MSY) 3=F(Btgt) or FO0.1l; 4=Ave F (uses
first-last relF yrs); 5=input annual F scalar

3 # N forecast years

1 # F scalar (only used for Do_Forecast==5)

#_Fcast_years: beg_selex, end_selex, beg_relF, end_relF, beg_recruits,
end_recruits (enter actual year, or values of O or -integer to be
rel. endyr)

-4 0 -4 0 -999 0

0 # Forecast selectivity (O=fcast selex is mean from year range; l=fcast
selectivity from annual time-vary parms)

1 # Control rule method (l=catch=f(SSB) west coast; 2=F=f(SSB) )

0.4 # Control rule Biomass level for constant F (as frac of Bzero, e.g.
0.40); (Must be > the no F level below)

0.1 # Control rule Biomass level for no F (as frac of Bzero, e.g. 0.10)

1 # Control rule target as fraction of Flimit (e.g. 0.75)

3 #_N forecast loops (1=0FL only; 2=ABC; 3=get F from forecast ABC catch
with allocations applied)

3 #_First forecast loop with stochastic recruitment

O #_Forecast recruitment: O= spawn_recr; l=value*spawn_recr_fxn;
2=value*VirginRecr; 3=recent mean)

1 # value is ignored

0 #_Forecast loop control #5 (reserved for future bells&whistles)

2020 #FirstYear for caps and allocations (should be after years with
fixed inputs)

0 # stddev of log(realized catch/target catch) in forecast (set value>0.0
to cause active impl_error)

O # Do West Coast gfish rebuilder output (0/1)

1999 # Rebuilder: first year catch could have been set to zero
(Ydecl) (-1 to set to 1999)

2002 # Rebuilder: year for current age structure (Yinit) (-1 to set to
endyear+1)

1 # fleet relative F: l=use first-last alloc year; 2=read seas, fleet,
alloc list below

# Note that fleet allocation is used directly as average F if
Do_Forecast=4
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2 # basis for fcast catch tuning and for fcast catch caps and allocation
(2=deadbio; 3=retainbio; 5=deadnum; 6=retainnum)

# Conditional input if relative F choice = 2

# enter list of: season, fleet, relF; if used, terminate with
season=-9999

# 1 1 1

# enter list of: fleet number, max annual catch for fleets with a max;
terminate with fleet=-9999

-9999 -1

# enter list of area ID and max annual catch; terminate with area=-9999

-9999 -1

# enter list of fleet number and allocation group assignment, if any;
terminate with fleet=-9999

-9999 -1

#_if N allocation groups >0, list year, allocation fraction for each group

# list sequentially because read values fill to end of N forecast

# terminate with -9999 in year field

# no allocation groups

2 # basis for input Fcast catch: -1=read basis with each obs; 2=dead
catch; 3=retained catch; 99=input Hrate(F)

#enter list of Fcast catches; terminate with line having year=-9999

#_Yr Seas Fleet Catch(or_F)

-9999 1 1 0

#

999 # verify end of input
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L STOCK SYNTHESIS WEIGHT-AT-AGE FILE

../models/2019.03.00_base/wtatage.ss

# empirical weight-at-age Stock Synthesis input file for hake
# created by code in the R script: wtatage_calculations.R

# creation date: 2019-01-29 14:33:44

HH#HHH AR R A A S S SR RAAA AR R A S S S S SR R R

20 # Maximum age

#Maturity x Fecundity: Fleet = -2
# new values added for 2019 assessment based on age-based maturity *
weight-at-age for each year

#_#Yr seas gender GP bseas fleet a0 al a2
a3 a4 ab a6
a7 a8 a9 alo
all al2 al3 ald
alb alé6 al7 al8 al9 a20
-1940 1 1 1 1 -2 0 0
0.0657459 0.3184844 0.4666616 0.49128
0.5415808 0.5997702 0.6791829 0.7402848
0.838586 0.8887918 0.9613 1.0148094
0.9547135 0.92799 0.92799 0.92799 0.92799 0.92799 0.92799
1975 1 1 1 1 -2 0 0
0.0779607 0.3069062 0.5903423 0.580152
0.7306144 0.8091388 0.9261846 0.85668
0.9506 1.6289546 1.5 1.8202
1.8675025 2.47005 2.47005 2.47005 2.47005 2.47005 2.47005
1976 1 1 1 1 -2 0 0
0.0615699 0.418661 0.4985668 0.638112
0.7459264 0.848679 1.1544291 1.258824
1.42051 1.5879734 1.8066 1.7807304
1.8675025 2.47005 2.47005 2.47005 2.47005 2.47005 2.47005
1977 1 1 1 1 -2 0 0
0.104922 0.4095998 0.5671822 0.6118
0.6949792 0.7659872 0.9358503 1.0433088
1.209418 1.2648376 1.4027 1.6775538
2.0059775 1.98846 1.98846 1.98846 1.98846 1.98846 1.98846
1978 1 1 1 1 -2 0 0
0.0332775 0.3942461 0.5095222 0.554392
0.5931776 0.6849622 0.8059854 0.9261584
1.077706 1.1985558 1.3295 1.4191812
1.6635145 2.10177 2.10177 2.10177 2.10177 2.10177 2.10177
1979 1 1 1 1 -2 0 0
0.062901 0.2170493 0.5593981 0.631856
0.7124256 0.8249734 0.8735496 0.9788336
1.174726 1.2007684 1.5326 1.486816
1.714225 1.78353 1.78353 1.78353 1.78353 1.78353 1.78353
1980 1 1 1 1 -2 0 0
0.0554625 0.3799831 0.3769042 0.451168
0.4794048 0.6069004 0.6829152 0.825056
1.041348 1.1181326 1.2898 1.2454958
1.2127545 1.25649 1.25649 1.25649 1.25649 1.25649 1.25649

Pacific Hake assessment 2019 234 AppehdixWeight-at-age file



1981 1 1 1 1 -2 0 0

0.0557757 0.2871058 0.5058704 0.361836
0.4875712 0.5057812 0.7143048 0.6800576
0.806638 1.0017306 1.0989 1.2884142
1.425433 1.09152 1.09152 1.09152 1.09152 1.09152 1.09152
1982 1 1 1 1 -2 0 0
0.0643365 0.2798904 0.2976217 0.505632
0.3671168 0.488465 0.5386953 0.7180064
0.670026 0.8214518 1.067 0.8423694
0.972763 1.056237 1.056237 1.056237 1.05237 1.05237 1.05237
1983 1 1 1 1 -2 0 0
0.0354177 0.286099 0.3549934 0.301484
0.48256 0.4655928 0.5913303 0.666464
0.8624 0.8945638 1.0356 0.987698
1.2622235 1.33407 1.33407 1.33407 1.33407 1.33407 1.33407
1984 1 1 1 1 -2 0 0
0.0428562 0.2091627 0.4213024 0.378396
0.4038656 0.5437472 0.5552514 0.6379552
0.68698 0.9151506 1.1364 0.9827164
1.2230685 1.692 1.692 1.692 1.692 1.692 1.692
1985 1 1 1 1 -2 0 0
0.0599517 0.2247681 0.4241854 0.505632
0.5079872 0.5571742 0.7131564 0.6544752
0.708638 0.8257808 0.8698 0.9060764
0.6454845 1.00953 1.00953 1.00953 1.00953 1.00953 1.00953
1986 1 1 1 1 -2 0 0
0.072558 0.2438134 0.2906064 0.34362
0.5035328 0.529672 0.6144897 0.7749296
0.921494 1.140932 1.19 1.3160046 1.6044
1.45278 1.45278 1.45278 1.45278 1.45278 1.45278
1987 1 1 1 1 -2 0 0
0.0362268 0.317981 0.2677346 0.26404
0.3360288 0.534765 0.5718075 0.6012336
0.748524 0.944684 0.925 1.1885906
1.1489605 1.27413 1.27413 1.27413 1.27413 1.27413 1.27413
1988 1 1 1 1 -2 0 0
0.048807 0.2532102 0.4506129 0.33718
0.3307392 0.4517028 0.5995605 0.6304976
0.657482 0.8834046 0.9388 0.98195
0.969898 1.4085 1.4085 1.4085 1.4085 1.4085 1.4085
1989 1 1 1 1 -2 0 0
0.0714357 0.2556433 0.2816691 0.472328
0.4070208 0.3763264 0.4944819 0.5912272
0.647878 0.5797974 0.8758 0.6405188
0.790931 1.01376 1.01376 1.01376 1.01376 1.01376 1.01376
1990 1 1 1 1 -2 0 0
0.0635535 0.2933144 0.3748861 0.470212
0.5073376 0.5718976 0.6387018 0.50032
0.749798 0.7995182 2.2 1.1381998
0.970853 1.32021 1.32021 1.32021 1.32021 1.32021 1.32021
1991 1 1 1 1 -2 0 0
0.0718794 0.3101783 0.4418678 0.472696
0.5045536 0.5469882 0.689997 0.8021168
1.077706 0.691197 0.6403 0.9762978
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1.1508705 2.14452 2.14452 2.14452 2.14452 2.14452 2.14452
1992 1 1 1 1 -2 0 0
0.0604476 0.2913847 0.4583009 0.49496
0.545664 0.575046 0.616308 0.616432
0.625534 0.6942754 0.7371 0.8143958
0.931125 0.9216 0.9216 0.9216 0.9216 0.9216 0.9216
1993 1 1 1 1 -2 0 0
0.0648846 0.2839176 0.380556 0.417588
0.457968 0.4645742 0.467016 0.5183504
0.4998 1.215006 1.025 0.587733
0.5725225 0.6165 0.6165 0.6165 0.6165 0.6165 0.6165
1994 1 1 1 1 -2 0 0 0.0783
0.3042214 0.4294709 0.411516
0.4883136 0.52782 0.5950626 0.5284512
0.621418 0.46657 0.6491 0.69934
0.6697415 0.67095 0.67095 0.67095 0.67095 0.67095 0.67095
1995 1 1 1 1 -2 0 0
0.0700002 0.280226 0.4646435 0.493304
0.5989312 0.5756016 0.6289404 0.7143248
0.620536 0.7132268 0.8039 0.8718758
0.649782 0.71631 0.71631 0.71631 0.71631 0.71631 0.71631
1996 1 1 1 1 -2 0 0
0.0750636 0.3340898 0.4491714 0.489164
0.5244128 0.6027334 0.5700849 0.6005728
0.592802 0.7215 0.6756 0.7768422
1.4184615 0.67581 0.67581 0.67581 0.67581 0.67581 0.67581
1997 1 1 1 1 -2 0 0
0.0927855 0.3626158 0.4738691 0.503792
0.5060384 0.5401358 0.5603235 0.5731024
0.61887 0.8304946 0.5946 0.6819044
0.632019 0.78237 0.78237 0.78237 0.78237 0.78237 0.78237
1998 1 1 1 1 -2 0 0
0.0547578 0.3013688 0.485305 0.476192
0.5023264 0.5874544 0.5817603 0.6336128
0.767242 0.6857136 0.7907 0.7408214
0.7102335 0.71478 0.71478 0.71478 0.71478 0.71478 0.71478
1999 1 1 1 1 -2 0 0
0.0653022 0.2898745 0.4085211 0.48438
0.5168032 0.5303202 0.5853969 0.663632
0.6517 0.7685418 0.7554 0.8417946
0.701734 0.73683 0.73683 0.73683 0.73683 0.73683 0.73683
2000 1 1 1 1 -2 0 0
0.0839376 0.3967631 0.5541126 0.607016
0.6659328 0.6740354 0.7214823 0.7908832
0.799582 0.8479068 0.8554 0.8996578
0.835052 0.84024 0.84024 0.84024 0.84024 0.84024 0.84024
2001 1 1 1 1 -2 0 0
0.0748287 0.4063277 0.6272447 0.61134
0.6931232 0.7990454 0.8187135 0.8309088
0.94374 0.941798 1.0054 1.0053252
0.9480285 0.87912 0.87912 0.87912 0.87912 0.87912 0.87912
2002 1 1 1 1 -2 0 0
0.0935163 0.3838425 0.5821738 0.75072
0.7035168 0.7859888 0.9350847 0.8799968
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0.899248 0.9594988 0.989  0.8848088
1.074375 0.95157 0.95157 0.95157 0.95157 0.95157 0.95157
2003 1 1 1 1 -2 0 0
0.0665811 0.3653845 0.5021225 0.54142
0.6965568 0.6340322 0.7023423 0.7466096
0.75313 0.7256366 0.8132 0.7562452
0.803537 0.8136 0.8136 0.8136 0.8136 0.8136 0.8136
2004 1 1 1 1 -2 0 0
0.0528525 0.3661396 0.4648357 0.496156
0.623152 0.6665348 0.6447309 0.6788304
0.77861 0.8169304 0.8105 0.898125
0.791886 0.78435 0.78435 0.78435 0.78435 0.78435 0.78435
2005 1 1 1 1 -2 0 0
0.0679383 0.3654684 0.491071 0.506092
0.5360128 0.595881 0.6447309 0.6736384
0.77469 0.7706582 0.8117 0.73766
1.0244285 0.87723 0.87723 0.87723 0.87723 0.87723 0.87723
2006 1 1 1 1 -2 0 0
0.0999891 0.3838425 0.5132701 0.52808
0.548448 0.5536554 0.627792 0.6605168
0.711382 0.694564 0.7753 0.630364
0.6111045 0.8595 0.8595 0.8595 0.8595 0.8595 0.8595
2007 1 1 1 1 -2 0 0
0.0569502 0.3208336 0.5123091 0.513912
0.569328 0.5952328 0.6274092 0.6717504
0.760676 0.7206342 0.8217 0.819569
0.749102 0.77067 0.77067 0.77067 0.77067 0.77067 0.77067
2008 1 1 1 1 -2 0 0
0.063684 0.3422281 0.541043 0.58558
0.637072 0.6313468 0.6792786 0.6807184
0.733824 0.7766226 0.8483 0.742929
0.843647 0.74988 0.74988 0.74988 0.74988 0.74988 0.74988
2009 1 1 1 1 -2 0 0
0.0638928 0.2878609 0.4528232 0.586132
0.6219456 0.6428292 0.7142091 0.7765344
0.752052 0.7829718 1.0147 0.8145874
0.915081 0.93006 0.93006 0.93006 0.93006 0.93006 0.93006
2010 1 1 1 1 -2 0 0
0.0607086 0.2448202 0.4163052 0.487784
0.6108096 0.7731174 1.0362396 0.9700544
0.939036 0.8430006 0.8524 1.0780374 0.6876
0.81189 0.81189 0.81189 0.81189 0.81189 0.81189
2011 1 1 1 1 -2 0 0
0.0641277 0.2716682 0.3723875 0.473064
0.55216 0.6229202 0.816321 0.8773536
0.957166 1.0340538 1.0591 0.9847282
1.0081935 0.82908 0.82908 0.82908 0.82908 0.82908 0.82908
2012 1 1 1 1 -2 0 0
0.0559845 0.2966704 0.3935295 0.449788
0.6089536 0.6394956 0.7441632 0.8565856
0.943348 0.9275604 0.9638 0.9477494
0.9478375 0.84843 0.84843 0.84843 0.84843 0.84843 0.84843
2013 1 1 1 1 -2 0 0
0.0750114 0.3016205 0.4513817 0.469568
Pacific Hake assessment 2019 237 AppehdixWeight-at-age file



0.580928 0.663479 0.699567 0.7847472

0.978922 1.0343424 1.2303 1.0717146
1.020131 0.94905 0.94905 0.94905 0.94905 0.94905 0.94905
2014 1 1 1 1 -2 0 0
0.0971181 0.3866112 0.4624332 0.498364
0.5342496 0.5732866 0.637362 0.6944064
0.685804 1.0893688 0.9145 0.9092378 1.02758
0.93906 0.93906 0.93906 0.93906 0.93906 0.93906
2015 1 1 1 1 -2 0 0
0.0644931 0.3276295 0.4271645 0.433136
0.5132768 0.5507848 0.6458793 0.6493776
0.703542 0.8020194 0.9523 0.975723
1.0402815 1.12437 1.12437 1.12437 1.12437 1.12437 1.12437
2016 1 1 1 1 -2 0 0
0.0636579 0.3214209 0.4001604 0.40572
0.4321696 0.475501 0.4959174 0.4846496
0.648466 0.6924476 0.5921 0.9162312
1.385705 1.30869 1.30869 1.30869 1.30869 1.30869 1.30869
2017 1 1 1 1 -2 0 0
0.0739935 0.3311533 0.4653162 0.48024
0.518752 0.5112446 0.5543901 0.617376
0.59584 0.6912932 0.7967 0.7422584
0.777561 0.85473 0.85473 0.85473 0.85473 0.85473 0.85473
2018 1 1 1 1 -2 0 0
0.0930204 0.3939105 0.4899178 0.508024
0.5309088 0.5899546 0.5806119 0.5837696
0.660128 0.6413654 0.7068 0.8153538
0.8567305 0.99639 0.99639 0.99639 0.99639 0.99639 0.99639

#All matrices below use the same values, pooled across all data sources

#Weight at age for population in middle of the year: Fleet = -1
#_#Yr seas gender GP bseas fleet a0 al a2 a3 a4

ab a6 a7 a8 a9 alo all al2 al3 ald
alb alé6 al7 als al9 a20

-1940 1 1 1 1 -1 0.0157 0.0905 0.2519 0.3796 0.4856
0.5340 0.5836 0.6477 0.7097 0.7842 0.8557 0.9239 0.9613 1.0593 0.9997
1.0311 1.0311 1.0311 1.0311 1.0311 1.0311

1975 1 1 1 1 -1 0.0550 0.1575 0.2987 0.3658 0.6143
0.6306 0.7873 0.8738 0.9678 0.9075 0.9700 1.6933 1.5000 1.9000 1.9555
2.7445 2.7445 2.7445 2.7445 2.7445 2.7445

1976 1 1 1 1 -1 0.0550 0.0986 0.2359 0.4990 0.5188
0.6936 0.8038 0.9165 1.2063 1.3335 1.4495 1.6507 1.8066 1.8588 1.9555
2.7445 2.7445 2.7445 2.7445 2.7445 2.7445

1977 1 1 1 1 -1 0.0550 0.0855 0.4020 0.4882 0.5902
0.6650 0.7489 0.8272 0.9779 1.1052 1.2341 1.3148 1.4027 1.7511 2.1005
2.2094 2.2094 2.2094 2.2094 2.2094 2.2094

1978 1 1 1 1 -1 0.0517 0.0725 0.1275 0.4699 0.5302
0.6026 0.6392 0.7397 0.8422 0.9811 1.0997 1.2459 1.3295 1.4814 1.7419
2.3353 2.3353 2.3353 2.3353 2.3353 2.3353

1979 1 1 1 1 -1 0.0484 0.0763 0.2410 0.2587 0.5821
0.6868 0.7677 0.8909 0.9128 1.0369 1.1987 1.2482 1.5326 1.5520 1.7950
1.9817 1.9817 1.9817 1.9817 1.9817 1.9817

1980 1 1 1 1 -1 0.0452 0.0800 0.2125 0.4529 0.3922
0.4904 0.5166 0.6554 0.7136 0.8740 1.0626 1.1623 1.2898 1.3001 1.2699
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1.3961
1981
0.3933
1.2128
1982
0.5496
1.1693
1983
0.3277
1.4823
1984
0.4113
1.8800
1985
0.5496
1.1217
1986
0.3735
1.6142
1987
0.2870
1.4157
1988
0.3665
1.5650
1989
0.5134
1.1264
1990
0.5111
1.4669
1991
0.5138
2.3828
1992
0.5380
1.0240
1993
0.4539
0.6850
1994
0.4473
0.7455
1995
0.5362
0.7959
1996
0.5317
0.7509
1997
0.5476
0.8693
1998
0.5176

.3961

.5254
.2128

.3956
.1693

.5200
.4823

.4352
.8800

.5474
L1217

.5426
.6142

.3621
.4157

.3564
.5650

.4386
.1264

.5467
.4669

.5437
.3828

.5880
.0240

.4935
.6850

.5262
.7455

.6454
.7959

.5651
.7509

.5453
.8693

.5413

oroo+roo+rocoo+rooroorrprror+rnvorr*rrorrrrrorrrorrpror+rprHrrorrorrRrorrRrRoRrR,rLror R, o R

.3961

.5462
.2128

.5275
.1693

.5028
.4823

.5872
.8800

.6017
L1217

.5720
.6142

.B775
.4157

.4878
.5650

.4064
.1264

.6176
.4669

.5907
.3828

.6210
.0240

.5017
.6850

.5700
.7455

.6216
.7959

.6509
.7509

.5833
.8693

.6344

.3961

. 7464
.2128

.5629
.1693

0.6179
.4823

0.5802
.8800

. 7452
L1217

.6421
.6142

.5975
.4157

0.6265
.5650

0.5167
.1264

.6674
.4669

.7210
.3828

.6440
.0240

.4880
.6850

.6218
.7455

.6572
.7959

.5957
.7509

.5855
.8693

.6079

1.3961 1.3961

-1 0.0419 0.1074 0.2137 0.3422 0.5264
0.7204 0.8231 1.0413 1.0989 1.3449 1.4926
1.2128 1.2128

-1 0.0386 0.1181 0.2465 0.3336 0.3097
0.7606 0.6837 0.8539 1.0670 0.8793 1.0186
1.1693 1.1693

-1 0.0353 0.1287 0.1357 0.3410 0.3694
0.7060 0.8800 0.9299 1.0356 1.0310 1.3217
1.4823 1.4823

-1 0.0321 0.1315 0.1642 0.2493 0.4384
0.6758 0.7010 0.9513 1.1364 1.0258 1.2807
1.8800 1.8800

-1 0.0288 0.1740 0.2297 0.2679 0.4414
0.6933 0.7231 0.8584 0.8698 0.9458 0.6759
1.1217 1.1217

-1 0.0255 0.1555 0.2780 0.2906 0.3024
0.8209 0.9403 1.1860 1.1900 1.3737 1.6800
1.6142 1.6142

-1 0.0222 0.1478 0.1388 0.3790 0.2786
0.6369 0.7638 0.9820 0.9250 1.2407 1.2031
1.4157 1.4157

-1 0.0190 0.1400 0.1870 0.3018 0.4689
0.6679 0.6709 0.9183 0.9388 1.0250 1.0156
1.5650 1.5650

-1 0.0157 0.1389 0.2737 0.3047 0.2931
0.6263 0.6611 0.6027 0.8758 0.6686 0.8282
1.1264 1.1264

-1 0.0156 0.1378 0.2435 0.3496 0.3901
0.5300 0.7651 0.8311 2.2000 1.1881 1.0166
1.4669 1.4669

-1 0.0155 0.1367 0.2754 0.3697 0.4598
0.8497 1.0997 0.7185 0.6403 1.0191 1.2051
2.3828 2.3828

-1 0.0154 0.1356 0.2316 0.3473 0.4769
0.6530 0.6383 0.7217 0.7371 0.8501 0.9750
1.0240 1.0240

-1 0.0152 0.1274 0.2486 0.3384 0.3960
0.5491 0.5100 1.2630 1.0250 0.6135 0.5995
0.6850 0.6850

-1 0.0151 0.1191 0.3000 0.3626 0.4469
0.5598 0.6341 0.4850 0.6491 0.7300 0.7013
0.7455 0.7455

-1 0.0150 0.1108 0.2682 0.3340 0.4835
0.7567 0.6332 0.7414 0.8039 0.9101 0.6804
0.7959 0.7959

-1 0.0149 0.1019 0.2876 0.3982 0.4674
0.6362 0.6049 0.7500 0.6756 0.8109 1.4853
0.7509 0.7509

-1 0.0148 0.0929 0.3555 0.4322 0.4931
0.6071 0.6315 0.8633 0.5946 0.7118 0.6618
0.8693 0.8693

-1 0.0147 0.0840 0.2098 0.3592 0.5050
0.6712 0.7829 0.7128 0.7907 0.7733 0.7437
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0.7942
1999
0.5265
0.8187
2000
0.6598
0.9336
2001
0.6645
0.9768
2002
0.8160
1.0573
2003
0.5885
0.9040
2004
0.5393
0.8715
2005
0.5501
0.9747
2006
0.5740
0.9550
2007
0.5586
0.8563
2008
0.6365
0.8332
2009
0.6371
1.0334
2010
0.5302
0.9021
2011
0.5142
0.9212
2012
0.4889
0.9427
2013
0.5104
1.0545
2014
0.5417
1.0434
2015
0.4708
1.2493
2016
0.4410

orrroFr prorrroroorrooroorrrorocoorooroorroorooroorroPrrooPr oo, ookrP o

L7942

.5569
.8187

L7176
.9336

. 7469
.9768

.7581
.0573

.7506
.9040

.6715
.8715

.B776
L9747

.5910
.9550

.6135
.8563

.6865
.8332

.6702
.0334

.6582
.9021

.5950
.9212

.6562
.9427

.6260
.0545

.5757
.0434

.5531
.2493

.4657

orrroFr prorrroroorooroorrorocoorooroorroorooroorroPrroor oo, ookrP o

L7942

L5727
.8187

L7279
.9336

.8629
.9768

.8488
.0573

.6847
.9040

. 7198
.8715

.6435
L9747

.5979
.9550

.6428
.8563

.6818
.8332

.6942
.0334

.8349
.9021

L6727
.9212

.6906
.9427

.7165
.0545

.6191
.0434

.5948
.2493

.5135

L7942

L6117
.8187

.7539
.9336

.8555
.9768

0.9771
.0573

.7339
.9040

L6737
.8715

.6737
L9747

.6560
.9550

.6556
.8563

.7098
.8332

.7463
.0334

.0828
.9021

.8530
.9212

L7776
.9427

0.7310
.0545

.6660
.0434

.6749
.2493

.5182

0.7942 0.7942

-1 0.0146 0.1369 0.2502 0.3455 0.4251
0.7030 0.6650 0.7989 0.7554 0.8787 0.7348
0.8187 0.8187

-1 0.0145 0.1899 0.3216 0.4729 0.5766
0.8378 0.8159 0.8814 0.8554 0.9391 0.8744
0.9336 0.9336

-1 0.0144 0.0512 0.2867 0.4843 0.6527
0.8802 0.9630 0.9790 1.0054 1.0494 0.9927
0.9768 0.9768

-1 0.0142 0.0756 0.3583 0.4575 0.6058
0.9322 0.9176 0.9974 0.9890 0.9236 1.1250
1.05673 1.0573

-1 0.0141 0.1000 0.2551 0.4355 0.5225
0.7909 0.7685 0.7543 0.8132 0.7894 0.8414
0.9040 0.9040

-1 0.0140 0.1081 0.2025 0.4364 0.4837
0.7191 0.7945 0.8492 0.8105 0.9375 0.8292
0.8715 0.8715

-1 0.0139 0.1162 0.2603 0.4356 0.5110
0.7136 0.7905 0.8011 0.8117 0.7700 1.0727
0.9747 0.9747

-1 0.0138 0.1324 0.3831 0.4575 0.5341
0.6997 0.7259 0.7220 0.7753 0.6580 0.6399
0.9550 0.9550

-1 0.0137 0.0429 0.2182 0.3824 0.5331
0.7116 0.7762 0.7491 0.8217 0.8555 0.7844
0.8563 0.8563

-1 0.0144 0.1346 0.2440 0.4079 0.5630
0.7211 0.7488 0.8073 0.8483 0.7755 0.8834
0.8332 0.8332

-1 0.0152 0.0667 0.2448 0.3431 0.4712
0.8226 0.7674 0.8139 1.0147 0.8503 0.9582
1.0334 1.0334

-1 0.0159 0.1089 0.2326 0.2918 0.4332
1.0276 0.9582 0.8763 0.8524 1.1253 0.7200
0.9021 0.9021

-1 0.0167 0.0844 0.2457 0.3238 0.3875
0.9294 0.9767 1.0749 1.0591 1.0279 1.0557
0.9212 0.9212

-1 0.0174 0.1290 0.2145 0.3536 0.4095
0.9074 0.9626 0.9642 0.9638 0.9893 0.9925
0.9427 0.9427

-1 0.0182 0.1297 0.2874 0.3595 0.4697
0.8313 0.9989 1.0752 1.2303 1.1187 1.0682
1.0545 1.0545

-1 0.0189 0.2120 0.3721 0.4608 0.4812
0.7356 0.6998 1.1324 0.9145 0.9491 1.0760
1.0434 1.0434

-1 0.0155 0.0759 0.2471 0.3905 0.4445
0.6879 0.7179 0.8337 0.9523 1.0185 1.0893
1.2493 1.2493

-1 0.0120 0.1653 0.2439 0.3831 0.4164
0.5134 0.6617 0.7198 0.5921 0.9564 1.4510
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1.4541 1.4541 1.4541 1.4541 1.4541 1.4541

2017 1 1 1 1 -1 0.0085 0.1362 0.2835 0.3947 0.4842
0.5220 0.5590 0.5521 0.5793 0.6540 0.6080 0.7186 0.7967 0.7748 0.8142
0.9497 0.9497 0.9497 0.9497 0.9497 0.9497

2018 1 1 1 1 -1 0.0085 0.1785 0.3564 0.4695 0.5098
0.5522 0.5721 0.6371 0.6067 0.6184 0.6736 0.6667 0.7068 0.8511 0.8971

1.1071 1.1071 1.1071 1.1071 1.1071 1.1071

#Weight at age for population at beginning of the year: Fleet = 0

#_#Yr seas gender GP bseas fleet a0 al a2 a3 a4

ab a6 a7 a8 a9 alo all al2 all ald
aldb al6 al7 als al9 a20

-1940 1 1 1 1 0 0.0157 0.0905 0.2519 0.3796 0.4856
0.5340 0.5836 0.6477 0.7097 0.7842 0.8557 0.9239 0.9613 1.0593 0.9997
1.0311 1.0311 1.0311 1.0311 1.0311 1.0311

1975 1 1 1 1 0 0.0550 0.1575 0.2987 0.3658 0.6143
0.6306 0.7873 0.8738 0.9678 0.9075 0.9700 1.6933 1.5000 1.9000 1.9555
2.7445 2.7445 2.7445 2.7445 2.7445 2.7445

1976 1 1 1 1 0 0.0550 0.0986 0.2359 0.4990 0.5188
0.6936 0.8038 0.9165 1.2063 1.3335 1.4495 1.6507 1.8066 1.8588 1.9555
2.7445 2.7445 2.7445 2.7445 2.7445 2.7445

1977 1 1 1 1 0 0.0550 0.0855 0.4020 0.4882 0.5902
0.6650 0.7489 0.8272 0.9779 1.1052 1.2341 1.3148 1.4027 1.7511 2.1005
2.2094 2.2094 2.2094 2.2094 2.2094 2.2094

1978 1 1 1 1 0 0.0517 0.0725 0.1275 0.4699 0.5302
0.6026 0.6392 0.7397 0.8422 0.9811 1.0997 1.2459 1.3295 1.4814 1.7419
2.3353 2.3353 2.3353 2.3353 2.3353 2.3353

1979 1 1 1 1 0 0.0484 0.0763 0.2410 0.2587 0.5821
0.6868 0.7677 0.8909 0.9128 1.0369 1.1987 1.2482 1.5326 1.5520 1.7950
1.9817 1.9817 1.9817 1.9817 1.9817 1.9817

1980 1 1 1 1 0 0.0452 0.0800 0.2125 0.4529 0.3922
0.4904 0.5166 0.6554 0.7136 0.8740 1.0626 1.1623 1.2898 1.3001 1.2699
1.3961 1.3961 1.3961 1.3961 1.3961 1.3961

1981 1 1 1 1 0 0.0419 0.1074 0.2137 0.3422 0.5264
0.3933 0.5254 0.5462 0.7464 0.7204 0.8231 1.0413 1.0989 1.3449 1.4926
1.2128 1.2128 1.2128 1.2128 1.2128 1.2128

1982 1 1 1 1 0 0.0386 0.1181 0.2465 0.3336 0.3097
0.5496 0.3956 0.5275 0.5629 0.7606 0.6837 0.8539 1.0670 0.8793 1.0186
1.1693 1.1693 1.1693 1.1693 1.1693 1.1693

1983 1 1 1 1 0 0.0353 0.1287 0.1357 0.3410 0.3694
0.3277 0.5200 0.5028 0.6179 0.7060 0.8800 0.9299 1.0356 1.0310 1.3217
1.4823 1.4823 1.4823 1.4823 1.4823 1.4823

1984 1 1 1 1 0 0.0321 0.1315 0.1642 0.2493 0.4384
0.4113 0.4352 0.5872 0.5802 0.6758 0.7010 0.9513 1.1364 1.0258 1.2807
1.8800 1.8800 1.8800 1.8800 1.8800 1.8800

1985 1 1 1 1 0 0.0288 0.1740 0.2297 0.2679 0.4414
0.5496 0.5474 0.6017 0.7452 0.6933 0.7231 0.8584 0.8698 0.9458 0.6759
1.1217 1.1217 1.1217 1.1217 1.1217 1.1217

1986 1 1 1 1 0 0.0255 0.1555 0.2780 0.2906 0.3024
0.3735 0.5426 0.5720 0.6421 0.8209 0.9403 1.1860 1.1900 1.3737 1.6800
1.6142 1.6142 1.6142 1.6142 1.6142 1.6142

1987 1 1 1 1 0 0.0222 0.1478 0.1388 0.3790 0.2786
0.2870 0.3621 0.5775 0.5975 0.6369 0.7638 0.9820 0.9250 1.2407 1.2031
1.4157 1.4157 1.4157 1.4157 1.4157 1.4157
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1988
0.3665
1.5650

1989
0.5134
1.1264

1990
0.5111
1.4669

1991
0.5138
2.3828

1992
0.5380
1.0240

1993
0.4539
0.6850

1994
0.4473
0.7455

1995
0.5362
0.7959

1996
0.5317
0.7509

1997
0.5476
0.8693

1998
0.5176
0.7942

1999
0.5265
0.8187

2000
0.6598
0.9336

2001
0.6645
0.9768

2002
0.8160
1.0573

2003
0.5885
0.9040

2004
0.5393
0.8715

2005
0.5501
0.9747

corooroorror-roorocoorooroorooroorrocoorooroorroPrNMNOPr RO RO Lo

.3564
.5650

.4386
.1264

.5467
.4669

.5437
.3828

.5880
.0240

.4935
.6850

.5262
. 7455

.6454
. 7959

.5651
.7509

.5453
.8693

.5413
L7942

.5569
.8187

L7176
.9336

. 7469
.9768

.7581
.0573

.7506
.9040

.6715
.8715

.5776
.9747

corooroorpro-roorocoorooroorooroorocoorooroorroPrNMNOPr R, o R,PoOoRP Lo

[y

.4878
.5650

.4064
.1264

.6176
.4669

.5907
.3828

.6210
.0240

.5017
.6850

.5700
. 7455

.6216
. 7959

.6509
.7509

.5833
.8693

.6344
L7942

L5727
.8187

L7279
.9336

.8629
.9768

.8488
.0573

.6847
.9040

.7198
.8715

.6435
.9747

1

0.6265
.5650

1

.5167
.1264

1

.6674
.4669

1

.7210
.3828

1

0.6440
.0240

1

.4880
.6850

1

.6218
. 7455

1

.6572
. 7959

1

.59567
.7509

1

.58565
.8693

1

.6079
L7942

1

L6117
.8187

1

.7539
.9336

1

.8555
.9768

1

L9771
.0573

1

.7339
.9040

1

.6737
.8715

1

.6737
.9747

0 0.0190 0.1400 0.1870 0.3018 0.4689
0.6679 0.6709 0.9183 0.9388 1.0250 1.0156
1.5650 1.5650

0 0.0157 0.1389 0.2737 0.3047 0.2931
0.6263 0.6611 0.6027 0.8758 0.6686 0.8282
1.1264 1.1264

0 0.0156 0.1378 0.2435 0.3496 0.3901
0.5300 0.7651 0.8311 2.2000 1.1881 1.0166
1.4669 1.4669

0 0.0155 0.1367 0.2754 0.3697 0.4598
0.8497 1.0997 0.7185 0.6403 1.0191 1.2051
2.3828 2.3828

0 0.0154 0.1356 0.2316 0.3473 0.4769
0.6530 0.6383 0.7217 0.7371 0.8501 0.9750
1.0240 1.0240

0 0.0152 0.1274 0.2486 0.3384 0.3960
0.5491 0.5100 1.2630 1.0250 0.6135 0.5995
0.6850 0.6850

0 0.0151 0.1191 0.3000 0.3626 0.4469
0.5598 0.6341 0.4850 0.6491 0.7300 0.7013
0.7455 0.7455

0 0.0150 0.1108 0.2682 0.3340 0.4835
0.7567 0.6332 0.7414 0.8039 0.9101 0.6804
0.7959 0.7959

0 0.0149 0.1019 0.2876 0.3982 0.4674
0.6362 0.6049 0.7500 0.6756 0.8109 1.4853
0.7509 0.7509

0 0.0148 0.0929 0.3555 0.4322 0.4931
0.6071 0.6315 0.8633 0.5946 0.7118 0.6618
0.8693 0.8693

0 0.0147 0.0840 0.2098 0.3592 0.5050
0.6712 0.7829 0.7128 0.7907 0.7733 0.7437
0.7942 0.7942

0 0.0146 0.1369 0.2502 0.3455 0.4251
0.7030 0.6650 0.7989 0.7554 0.8787 0.7348
0.8187 0.8187

0 0.0145 0.1899 0.3216 0.4729 0.5766
0.8378 0.8159 0.8814 0.8554 0.9391 0.8744
0.9336 0.9336

0 0.0144 0.0512 0.2867 0.4843 0.6527
0.8802 0.9630 0.9790 1.0054 1.0494 0.9927
0.9768 0.9768

0 0.0142 0.0756 0.3583 0.4575 0.6058
0.9322 0.9176 0.9974 0.9890 0.9236 1.1250
1.0573 1.0573

0 0.0141 0.1000 0.2551 0.4355 0.5225
0.7909 0.7685 0.7543 0.8132 0.7894 0.8414
0.9040 0.9040

0 0.0140 0.1081 0.2025 0.4364 0.4837
0.7191 0.7945 0.8492 0.8105 0.9375 0.8292
0.8715 0.8715

0 0.0139 0.1162 0.2603 0.4356 0.5110
0.7136 0.7905 0.8011 0.8117 0.7700 1.0727
0.9747 0.9747
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2006 1 1 1 1 0 0.0138 0.1324 0.3831 0.4575 0.5341
0.5740 0.5910 0.5979 0.6560 0.6997 0.7259 0.7220 0.7753 0.6580 0.6399
0.9550 0.9550 0.9550 0.9550 0.9550 0.9550

2007 1 1 1 1 0 0.0137 0.0429 0.2182 0.3824 0.5331
0.5586 0.6135 0.6428 0.6556 0.7116 0.7762 0.7491 0.8217 0.8555 0.7844
0.8563 0.8563 0.8563 0.8563 0.8563 0.8563

2008 1 1 1 1 0 0.0144 0.1346 0.2440 0.4079 0.5630
0.6365 0.6865 0.6818 0.7098 0.7211 0.7488 0.8073 0.8483 0.7755 0.8834
0.8332 0.8332 0.8332 0.8332 0.8332 0.8332

2009 1 1 1 1 0 0.0152 0.0667 0.2448 0.3431 0.4712
0.6371 0.6702 0.6942 0.7463 0.8226 0.7674 0.8139 1.0147 0.8503 0.9582
1.0334 1.0334 1.0334 1.0334 1.0334 1.0334

2010 1 1 1 1 0 0.0159 0.1089 0.2326 0.2918 0.4332
0.5302 0.6582 0.8349 1.0828 1.0276 0.9582 0.8763 0.8524 1.12563 0.7200
0.9021 0.9021 0.9021 0.9021 0.9021 0.9021

2011 1 1 1 1 0 0.0167 0.0844 0.2457 0.3238 0.3875
0.5142 0.5950 0.6727 0.8530 0.9294 0.9767 1.0749 1.0591 1.0279 1.0557
0.9212 0.9212 0.9212 0.9212 0.9212 0.9212

2012 1 1 1 1 0 0.0174 0.1290 0.2145 0.3536 0.4095
0.4889 0.6562 0.6906 0.7776 0.9074 0.9626 0.9642 0.9638 0.9893 0.9925
0.9427 0.9427 0.9427 0.9427 0.9427 0.9427

2013 1 1 1 1 0 0.0182 0.1297 0.2874 0.3595 0.4697
0.5104 0.6260 0.7165 0.7310 0.8313 0.9989 1.0752 1.2303 1.1187 1.0682
1.0545 1.0545 1.0545 1.0545 1.0545 1.0545

2014 1 1 1 1 0 0.0189 0.2120 0.3721 0.4608 0.4812
0.5417 0.5757 0.6191 0.6660 0.7356 0.6998 1.1324 0.9145 0.9491 1.0760
1.0434 1.0434 1.0434 1.0434 1.0434 1.0434

2015 1 1 1 1 0 0.0155 0.0759 0.2471 0.3905 0.4445
0.4708 0.5531 0.5948 0.6749 0.6879 0.7179 0.8337 0.9523 1.0185 1.0893
1.2493 1.2493 1.2493 1.2493 1.2493 1.2493

2016 1 1 1 1 0 0.0120 0.1653 0.2439 0.3831 0.4164
0.4410 0.4657 0.5135 0.5182 0.5134 0.6617 0.7198 0.5921 0.9564 1.4510
1.4541 1.4541 1.4541 1.4541 1.4541 1.4541

2017 1 1 1 1 0 0.0085 0.1362 0.2835 0.3947 0.4842
0.5220 0.5590 0.5521 0.5793 0.6540 0.6080 0.7186 0.7967 0.7748 0.8142
0.9497 0.9497 0.9497 0.9497 0.9497 0.9497

2018 1 1 1 1 0 0.0085 0.1785 0.3564 0.4695 0.5098
0.5522 0.5721 0.6371 0.6067 0.6184 0.6736 0.6667 0.7068 0.8511 0.8971
1.1071 1.1071 1.1071 1.1071 1.1071 1.1071

#Weight at age for Fishery: Fleet = 1
#_#Yr seas gender GP bseas fleet a0 al a2 a3 a4
ab a6 a7 a8 a9 alo all al2 al3 ald
alb alé6 al’v als al9 a20
-1940 1 1 1 1 1 0.0157 0.0905 0.2519 0.3796 0.4856
0.5340 0.5836 0.6477 0.7097 0.7842 0.8557 0.9239 0.9613 1.0593 0.9997
1.0311 1.0311 1.0311 1.0311 1.0311 1.0311

1975 1 1 1 1 1 0.0550 0.1575 0.2987 0.3658 0.6143
0.6306 0.7873 0.8738 0.9678 0.9075 0.9700 1.6933 1.5000 1.9000 1.9555
2.7445 2.7445 2.7445 2.7445 2.7445 2.7445

1976 1 1 1 1 1 0.0550 0.0986 0.2359 0.4990 0.5188
0.6936 0.8038 0.9165 1.2063 1.3335 1.4495 1.6507 1.8066 1.8588 1.9555
2.7445 2.7445 2.7445 2.7445 2.7445 2.7445
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1977
0.6650
2.2094

1978
0.6026
2.3353

1979
0.6868
1.9817

1980
0.4904
1.3961

1981
0.3933
1.2128

1982
0.5496
1.1693

1983
0.3277
1.4823

1984
0.4113
1.8800

1985
0.5496
1.1217

1986
0.3735
1.6142

1987
0.2870
1.4157

1988
0.3665
1.5650

1989
0.5134
1.1264

1990
0.5111
1.4669

1991
0.5138
2.3828

1992
0.5380
1.0240

1993
0.4539
0.6850

1994
0.4473
0.7455

coroo+rpHrHro+rvor-rr»rorrprorrpror+rrrorrrrorprorprorrprrBorrpror rRorFrRrorRrRror o NOoOE

. 7489
.2094

.6392
.3353

L1677
.9817

.5166
.3961

.5254
.2128

.3956
.1693

.5200
.4823

.4352
.8800

.5474
L1217

.5426
.6142

.3621
.4157

.3564
.5650

.4386
.1264

.5467
.4669

.5437
.3828

.5880
.0240

.4935
.6850

.5262
.7455

coroo+rpHrHro+rrnvorrrorprorrpror+rrrorrrrorprorprorrprHrBorrrrorrRorFrRrorRrRrorNvorNOoOE

1

.8272
.2094

L7397
.3353

.8909
L9817

.6554
.3961

.5462
.2128

.5275
.1693

.5028
.4823

.5872
.8800

.6017
L1217

.5720
.6142

.B775
.4157

.4878
.5650

.4064
.1264

.6176
.4669

.5907
.3828

.6210
.0240

.5017
.6850

.5700
.7455

1

L9779
.2094

1

.8422
.3353

1

.9128
L9817

1

.7136
.3961

1

0.7464
.2128

1

0.5629
.1693

1

.6179
.4823

1

.5802
.8800

1

.7452
L1217

1

0.6421
.6142

1

0.5975
.4157

1

0.6265
.5650

1

.5167
.1264

1

.6674
.4669

1

.7210
.3828

1

0.6440
.0240

1

.4880
.6850

1

.6218
.7455

1 0.0550 0.0855 0.4020 0.4882 0.5902
1.1052 1.2341 1.3148 1.4027 1.7511 2.1005
2.2094 2.2094

1 0.0517 0.0725 0.1275 0.4699 0.5302
0.9811 1.0997 1.2459 1.3295 1.4814 1.7419
2.3353 2.3353

1 0.0484 0.0763 0.2410 0.2587 0.5821
1.0369 1.1987 1.2482 1.5326 1.5520 1.7950
1.9817 1.9817

1 0.0452 0.0800 0.2125 0.4529 0.3922
0.8740 1.0626 1.1623 1.2898 1.3001 1.2699
1.3961 1.3961

1 0.0419 0.1074 0.2137 0.3422 0.5264
0.7204 0.8231 1.0413 1.0989 1.3449 1.4926
1.2128 1.2128

1 0.0386 0.1181 0.2465 0.3336 0.3097
0.7606 0.6837 0.8539 1.0670 0.8793 1.0186
1.1693 1.1693

1 0.0353 0.1287 0.1357 0.3410 0.3694
0.7060 0.8800 0.9299 1.0356 1.0310 1.3217
1.4823 1.4823

1 0.0321 0.1315 0.1642 0.2493 0.4384
0.6758 0.7010 0.9513 1.1364 1.0258 1.2807
1.8800 1.8800

1 0.0288 0.1740 0.2297 0.2679 0.4414
0.6933 0.7231 0.8584 0.8698 0.9458 0.6759
1.1217 1.1217

1 0.0255 0.1555 0.2780 0.2906 0.3024
0.8209 0.9403 1.1860 1.1900 1.3737 1.6800
1.6142 1.6142

1 0.0222 0.1478 0.1388 0.3790 0.2786
0.6369 0.7638 0.9820 0.9250 1.2407 1.2031
1.4157 1.4157

1 0.0190 0.1400 0.1870 0.3018 0.4689
0.6679 0.6709 0.9183 0.9388 1.0250 1.0156
1.5650 1.5650

1 0.0157 0.1389 0.2737 0.3047 0.2931
0.6263 0.6611 0.6027 0.8758 0.6686 0.8282
1.1264 1.1264

1 0.0156 0.1378 0.2435 0.3496 0.3901
0.5300 0.7651 0.8311 2.2000 1.1881 1.0166
1.4669 1.4669

1 0.0155 0.1367 0.2754 0.3697 0.4598
0.8497 1.0997 0.7185 0.6403 1.0191 1.2051
2.3828 2.3828

1 0.0154 0.1356 0.2316 0.3473 0.4769
0.6530 0.6383 0.7217 0.7371 0.8501 0.9750
1.0240 1.0240

1 0.0152 0.1274 0.2486 0.3384 0.3960
0.5491 0.5100 1.2630 1.0250 0.6135 0.5995
0.6850 0.6850

1 0.0151 0.1191 0.3000 0.3626 0.4469
0.5598 0.6341 0.4850 0.6491 0.7300 0.7013
0.7455 0.7455
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1995
0.5362
0.7959

1996
0.5317
0.7509

1997
0.5476
0.8693

1998
0.5176
0.7942

1999
0.5265
0.8187

2000
0.6598
0.9336

2001
0.6645
0.9768

2002
0.8160
1.0573

2003
0.5885
0.9040

2004
0.5393
0.8715

2005
0.5501
0.9747

2006
0.5740
0.9550

2007
0.5586
0.8563

2008
0.6365
0.8332

2009
0.6371
1.0334

2010
0.5302
0.9021

2011
0.5142
0.9212

2012
0.4889
0.9427

coHrooroorror-roorocooroorooroorrooPFrProrroorroorooroo"ooroor oo

.6454
. 7959

.5651
.7509

.5453
.8693

.5413
L7942

.5569
.8187

L7176
.9336

. 7469
.9768

.7581
.0573

.7506
.9040

.6715
.8715

.B776
L9747

.5910
.9550

.6135
.8563

.6865
.8332

.6702
.0334

.6582
.9021

.5950
.9212

.6562
.9427

coHrooroorpro-roorocoorooroorooroorFrProrrooroorooroo"rooroor oo

1

.6216
. 7959

.6509
.7509

.5833
.8693

.6344
L7942

L5727
.8187

L7279
.9336

.8629
.9768

.8488
.0573

.6847
.9040

. 7198
.8715

.6435
L9747

.5979
.9550

.6428
.8563

.6818
.8332

.6942
.0334

.8349
.9021

L6727
.9212

.6906
.9427

1

.6572
. 7959

1

.59567
.7509

1

.58565
.8693

1

.6079
L7942

1

L6117
.8187

1

.7539
.9336

1

.8555
.9768

1

L9771
.0573

1

.7339
.9040

1

L6737
.8715

1

.6737
L9747

1

.6560
.9550

1

.6556
.8563

1

.7098
.8332

1

.7463
.0334

1

.0828
0.9021

1

.8530
.9212

1

L7776
.9427

1 0.0150 0.1108 0.2682 0.3340 0.4835
0.7567 0.6332 0.7414 0.8039 0.9101 0.6804
0.7959 0.7959

1 0.0149 0.1019 0.2876 0.3982 0.4674
0.6362 0.6049 0.7500 0.6756 0.8109 1.4853
0.7509 0.7509

1 0.0148 0.0929 0.3555 0.4322 0.4931
0.6071 0.6315 0.8633 0.5946 0.7118 0.6618
0.8693 0.8693

1 0.0147 0.0840 0.2098 0.3592 0.5050
0.6712 0.7829 0.7128 0.7907 0.7733 0.7437
0.7942 0.7942

1 0.0146 0.1369 0.2502 0.3455 0.4251
0.7030 0.6650 0.7989 0.7554 0.8787 0.7348
0.8187 0.8187

1 0.0145 0.1899 0.3216 0.4729 0.5766
0.8378 0.8159 0.8814 0.8554 0.9391 0.8744
0.9336 0.9336

1 0.0144 0.0512 0.2867 0.4843 0.6527
0.8802 0.9630 0.9790 1.0054 1.0494 0.9927
0.9768 0.9768

1 0.0142 0.0756 0.3583 0.4575 0.6058
0.9322 0.9176 0.9974 0.9890 0.9236 1.1250
1.05673 1.0573

1 0.0141 0.1000 0.2551 0.4355 0.5225
0.7909 0.7685 0.7543 0.8132 0.7894 0.8414
0.9040 0.9040

1 0.0140 0.1081 0.2025 0.4364 0.4837
0.7191 0.7945 0.8492 0.8105 0.9375 0.8292
0.8715 0.8715

1 0.0139 0.1162 0.2603 0.4356 0.5110
0.7136 0.7905 0.8011 0.8117 0.7700 1.0727
0.9747 0.9747

1 0.0138 0.1324 0.3831 0.4575 0.5341
0.6997 0.7259 0.7220 0.7753 0.6580 0.6399
0.9550 0.9550

1 0.0137 0.0429 0.2182 0.3824 0.5331
0.7116 0.7762 0.7491 0.8217 0.8555 0.7844
0.8563 0.8563

1 0.0144 0.1346 0.2440 0.4079 0.5630
0.7211 0.7488 0.8073 0.8483 0.7755 0.8834
0.8332 0.8332

1 0.0152 0.0667 0.2448 0.3431 0.4712
0.8226 0.7674 0.8139 1.0147 0.8503 0.9582
1.0334 1.0334

1 0.0159 0.1089 0.2326 0.2918 0.4332
1.0276 0.9582 0.8763 0.8524 1.1253 0.7200
0.9021 0.9021

1 0.0167 0.0844 0.2457 0.3238 0.3875
0.9294 0.9767 1.0749 1.0591 1.0279 1.0557
0.9212 0.9212

1 0.0174 0.1290 0.2145 0.3536 0.4095
0.9074 0.9626 0.9642 0.9638 0.9893 0.9925
0.9427 0.9427
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2013 1 1 1 1 1 0.0182 0.1297 0.2874 0.3595 0.4697
0.5104 0.6260 0.7165 0.7310 0.8313 0.9989 1.0752 1.2303 1.1187 1.0682
1.0545 1.0545 1.0545 1.0545 1.0545 1.0545

2014 1 1 1 1 1 0.0189 0.2120 0.3721 0.4608 0.4812
0.5417 0.5757 0.6191 0.6660 0.7356 0.6998 1.1324 0.9145 0.9491 1.0760
1.0434 1.0434 1.0434 1.0434 1.0434 1.0434

2015 1 1 1 1 1 0.0155 0.0759 0.2471 0.3905 0.4445
0.4708 0.5531 0.5948 0.6749 0.6879 0.7179 0.8337 0.9523 1.0185 1.0893
1.2493 1.2493 1.2493 1.2493 1.2493 1.2493

2016 1 1 1 1 1 0.0120 0.1653 0.2439 0.3831 0.4164
0.4410 0.4657 0.5135 0.5182 0.5134 0.6617 0.7198 0.5921 0.9564 1.4510
1.4541 1.4541 1.4541 1.4541 1.4541 1.4541

2017 1 1 1 1 1 0.0085 0.1362 0.2835 0.3947 0.4842
0.5220 0.5590 0.5521 0.5793 0.6540 0.6080 0.7186 0.7967 0.7748 0.8142
0.9497 0.9497 0.9497 0.9497 0.9497 0.9497

2018 1 1 1 1 1 0.0085 0.1785 0.3564 0.4695 0.5098
0.5522 0.5721 0.6371 0.6067 0.6184 0.6736 0.6667 0.7068 0.8511 0.8971
1.1071 1.1071 1.1071 1.1071 1.1071 1.1071

#Weight at age for Survey: Fleet = 2
#_#Yr seas gender GP bseas fleet a0 al a2 a3 ad
ab a6 a7 a8 a9 alo all al2 al3 ald
alb alé6 al7 als ald a20
-1940 1 1 1 1 2 0.0157 0.0905 0.2519 0.3796 0.4856
0.5340 0.5836 0.6477 0.7097 0.7842 0.8557 0.9239 0.9613 1.0593 0.9997
1.0311 1.0311 1.0311 1.0311 1.0311 1.0311

1975 1 1 1 1 2 0.0550 0.1575 0.2987 0.3658 0.6143
0.6306 0.7873 0.8738 0.9678 0.9075 0.9700 1.6933 1.5000 1.9000 1.9555
2.7445 2.7445 2.7445 2.7445 2.7445 2.7445

1976 1 1 1 1 2 0.0550 0.0986 0.2359 0.4990 0.5188
0.6936 0.8038 0.9165 1.2063 1.3335 1.4495 1.6507 1.8066 1.8588 1.9555
2.7445 2.7445 2.7445 2.7445 2.7445 2.7445

1977 1 1 1 1 2 0.0550 0.0855 0.4020 0.4882 0.5902
0.6650 0.7489 0.8272 0.9779 1.1052 1.2341 1.3148 1.4027 1.7511 2.1005
2.2094 2.2094 2.2094 2.2094 2.2094 2.2094

1978 1 1 1 1 2 0.0517 0.0725 0.1275 0.4699 0.5302
0.6026 0.6392 0.7397 0.8422 0.9811 1.0997 1.2459 1.3295 1.4814 1.7419
2.3353 2.3353 2.3353 2.3353 2.3353 2.3353

1979 1 1 1 1 2 0.0484 0.0763 0.2410 0.2587 0.5821
0.6868 0.7677 0.8909 0.9128 1.0369 1.1987 1.2482 1.5326 1.5520 1.7950
1.9817 1.9817 1.9817 1.9817 1.9817 1.9817

1980 1 1 1 1 2 0.0452 0.0800 0.2125 0.4529 0.3922
0.4904 0.5166 0.6554 0.7136 0.8740 1.0626 1.1623 1.2898 1.3001 1.2699
1.3961 1.3961 1.3961 1.3961 1.3961 1.3961

1981 1 1 1 1 2 0.0419 0.1074 0.2137 0.3422 0.5264
0.3933 0.5254 0.5462 0.7464 0.7204 0.8231 1.0413 1.0989 1.3449 1.4926
1.2128 1.2128 1.2128 1.2128 1.2128 1.2128

1982 1 1 1 1 2 0.0386 0.1181 0.2465 0.3336 0.3097
0.5496 0.3956 0.5275 0.5629 0.7606 0.6837 0.8539 1.0670 0.8793 1.0186
1.1693 1.1693 1.1693 1.1693 1.1693 1.1693

1983 1 1 1 1 2 0.0353 0.1287 0.1357 0.3410 0.3694
0.3277 0.5200 0.5028 0.6179 0.7060 0.8800 0.9299 1.0356 1.0310 1.3217
1.4823 1.4823 1.4823 1.4823 1.4823 1.4823
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1984
0.4113
1.8800

1985
0.5496
1.1217

1986
0.3735
1.6142

1987
0.2870
1.4157

1988
0.3665
1.5650

1989
0.5134
1.1264

1990
0.5111
1.4669

1991
0.5138
2.3828

1992
0.5380
1.0240

1993
0.4539
0.6850

1994
0.4473
0.7455

1995
0.5362
0.7959

1996
0.5317
0.7509

1997
0.5476
0.8693

1998
0.5176
0.7942

1999
0.5265
0.8187

2000
0.6598
0.9336

2001
0.6645
0.9768

coHrooroorocooroorooroorroorocoorrprrorrpnpvpoOorrprorrrrorrprorrprorrpRror o R,roR

.4352
.8800

.5474
L1217

.5426
.6142

.3621
.4157

.3564
.5650

.4386
.1264

.5467
.4669

.5437
.3828

.5880
.0240

.4935
.6850

.5262
. 7455

.6454
. 7959

.5651
. 7509

.5453
.8693

.5413
. 7942

.5569
.8187

L7176
.9336

.7469
.9768

corooroo+r ocooroorooroor+rooroorrprrorrp$porrrrorrrorRrorrRrRorRrRorR,ror o

[y

.5872
.8800

.6017
L1217

.5720
.6142

.B775
.4157

.4878
.5650

.4064
.1264

.6176
.4669

.5907
.3828

.6210
.0240

.5017
.6850

.5700
.7455

.6216
. 7959

.6509
. 7509

.5833
.8693

.6344
. 7942

.5727
.8187

L7279
.9336

.8629
.9768

1

0.5802
.8800

. 7452
L1217

.6421
.6142

.5975
.4157

0.6265
.5650

0.5167
.1264

.6674
.4669

. 7210
.3828

.6440
.0240

.4880
.6850

.6218
. 7455

.6572
. 7959

.5957
. 7509

.5855
.8693

.6079
. 7942

.6117
.8187

.7539
.9336

.85565
.9768

2 0.0321 0.1315 0.1642 0.2493 0.4384
0.6758 0.7010 0.9513 1.1364 1.0258 1.2807
1.8800 1.8800

2 0.0288 0.1740 0.2297 0.2679 0.4414
0.6933 0.7231 0.8584 0.8698 0.9458 0.6759
1.1217 1.1217

2 0.0255 0.1555 0.2780 0.2906 0.3024
0.8209 0.9403 1.1860 1.1900 1.3737 1.6800
1.6142 1.6142

2 0.0222 0.1478 0.1388 0.3790 0.2786
0.6369 0.7638 0.9820 0.9250 1.2407 1.2031
1.4157 1.4157

2 0.0190 0.1400 0.1870 0.3018 0.4689
0.6679 0.6709 0.9183 0.9388 1.0250 1.0156
1.5650 1.5650

2 0.0157 0.1389 0.2737 0.3047 0.2931
0.6263 0.6611 0.6027 0.8758 0.6686 0.8282
1.1264 1.1264

2 0.0156 0.1378 0.2435 0.3496 0.3901
0.5300 0.7651 0.8311 2.2000 1.1881 1.0166
1.4669 1.4669

2 0.0155 0.1367 0.2754 0.3697 0.4598
0.8497 1.0997 0.7185 0.6403 1.0191 1.2051
2.3828 2.3828

2 0.0154 0.1356 0.2316 0.3473 0.4769
0.6530 0.6383 0.7217 0.7371 0.8501 0.9750
1.0240 1.0240

2 0.0152 0.1274 0.2486 0.3384 0.3960
0.5491 0.5100 1.2630 1.0250 0.6135 0.5995
0.6850 0.6850

2 0.0151 0.1191 0.3000 0.3626 0.4469
0.5598 0.6341 0.4850 0.6491 0.7300 0.7013
0.7455 0.7455

2 0.0150 0.1108 0.2682 0.3340 0.4835
0.7567 0.6332 0.7414 0.8039 0.9101 0.6804
0.7959 0.7959

2 0.0149 0.1019 0.2876 0.3982 0.4674
0.6362 0.6049 0.7500 0.6756 0.8109 1.4853
0.7509 0.7509

2 0.0148 0.0929 0.3555 0.4322 0.4931
0.6071 0.6315 0.8633 0.5946 0.7118 0.6618
0.8693 0.8693

2 0.0147 0.0840 0.2098 0.3592 0.5050
0.6712 0.7829 0.7128 0.7907 0.7733 0.7437
0.7942 0.7942

2 0.0146 0.1369 0.2502 0.3455 0.4251
0.7030 0.6650 0.7989 0.7554 0.8787 0.7348
0.8187 0.8187

2 0.0145 0.1899 0.3216 0.4729 0.5766
0.8378 0.8159 0.8814 0.8554 0.9391 0.8744
0.9336 0.9336

2 0.0144 0.0512 0.2867 0.4843 0.6527
0.8802 0.9630 0.9790 1.0054 1.0494 0.9927
0.9768 0.9768
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2002
0.8160
1.0573

2003
0.5885
0.9040

2004
0.5393
0.8715

2005
0.5501
0.9747

2006
0.5740
0.9550

2007
0.5586
0.8563

2008
0.6365
0.8332

2009
0.6371
1.0334

2010
0.5302
0.9021

2011
0.5142
0.9212

2012
0.4889
0.9427

2013
0.5104
1.0545

2014
0.5417
1.0434

2015
0.4708
1.2493

2016
0.4410
1.4541

2017
0.5220
0.9497

2018
0.5522
1.1071

# End of

.7581
.0573

.7506
.9040

L6715
.8715

.B776
L9747

.5910
.9550

.6135
.8563

.6865
.8332

.6702
.0334
.9021

.5950
.9212

.6562
.9427

.6260
.0545

.5757
.0434

.55631
.2493

.4657
.4541

.5590
.9497

.5721

1
0
1
1
0
0
1
0
0
1
0
0
1
0
0
1
0
0
1
0
0
1
0
1
1
0.6582
0
1
0
0
1
0
0
1
0
1
1
0
1
1
0
1
1
0
1
1
0
0
1
0
1.1071

rorHroorprorprorrprorrroroorooroorrorroorocooroorroo"rooroor o

1

.8488
.0573

1

.6847
.9040

1

L7198
.8715

1

.6435
L9747

1

.5979
.9550

1

.6428
.8563

1

.6818
.8332

1

.6942
.0334

1

.8349
.9021

1

L6727
.9212

1

.6906
.9427

1

. 7165
.0545

1

.6191
.0434

1

.5948
.2493

1

.5135
.4541

1

.5521
.9497

1

.6371
.1071

1

0.9771

.0573

. 7339
.9040

L6737
.8715

.6737
L9747

.6560
.9550

.6556
.8563

.7098
.8332

. 7463
.0334

.0828
.9021

.85630
.9212

LTT7T76
.9427

0.7310

0.
1.

wtatage.ss file

.0545

.6660
.0434

.6749
.2493

.5182
.4541

.5793
.9497

6067
1071

2 0.0142 0.0756 0.3583 0.4575 0.6058
0.9322 0.9176 0.9974 0.9890 0.9236 1.1250
1.05673 1.0573

2 0.0141 0.1000 0.2551 0.4355 0.5225
0.7909 0.7685 0.7543 0.8132 0.7894 0.8414
0.9040 0.9040

2 0.0140 0.1081 0.2025 0.4364 0.4837
0.7191 0.7945 0.8492 0.8105 0.9375 0.8292
0.8715 0.8715

2 0.0139 0.1162 0.2603 0.4356 0.5110
0.7136 0.7905 0.8011 0.8117 0.7700 1.0727
0.9747 0.9747

2 0.0138 0.1324 0.3831 0.4575 0.5341
0.6997 0.7259 0.7220 0.7753 0.6580 0.6399
0.9550 0.9550

2 0.0137 0.0429 0.2182 0.3824 0.5331
0.7116 0.7762 0.7491 0.8217 0.8555 0.7844
0.8563 0.8563

2 0.0144 0.1346 0.2440 0.4079 0.5630
0.7211 0.7488 0.8073 0.8483 0.7755 0.8834
0.8332 0.8332

2 0.0152 0.0667 0.2448 0.3431 0.4712
0.8226 0.7674 0.8139 1.0147 0.8503 0.9582
1.0334 1.0334

2 0.0159 0.1089 0.2326 0.2918 0.4332
1.0276 0.9582 0.8763 0.8524 1.1253 0.7200
0.9021 0.9021

2 0.0167 0.0844 0.2457 0.3238 0.3875
0.9294 0.9767 1.0749 1.0591 1.0279 1.0557
0.9212 0.9212

2 0.0174 0.1290 0.2145 0.3536 0.4095
0.9074 0.9626 0.9642 0.9638 0.9893 0.9925
0.9427 0.9427

2 0.0182 0.1297 0.2874 0.3595 0.4697
0.8313 0.9989 1.0752 1.2303 1.1187 1.0682
1.0545 1.0545

2 0.0189 0.2120 0.3721 0.4608 0.4812
0.7356 0.6998 1.1324 0.9145 0.9491 1.0760
1.0434 1.0434

2 0.0155 0.0759 0.2471 0.3905 0.4445
0.6879 0.7179 0.8337 0.9523 1.0185 1.0893
1.2493 1.2493

2 0.0120 0.1653 0.2439 0.3831 0.4164
0.5134 0.6617 0.7198 0.5921 0.9564 1.4510
1.4541 1.4541

2 0.0085 0.1362 0.2835 0.3947 0.4842
0.6540 0.6080 0.7186 0.7967 0.7748 0.8142
0.9497 0.9497

2 0.0085 0.1785 0.3564 0.4695 0.5098
0.6184 0.6736 0.6667 0.7068 0.8511 0.8971
1.1071 1.1071

Pacific Hake assessment 2019

248 AppehdixWeight-at-age file
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