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Executive Summary

Stock

This assessment reports the status of the coastal Pacific hake (or Pacific whiting,
Merluccius productusresource off the west coast of the United States and Carfadatock
exhibitsseasonal migratory behavjoanging from offshore and generally southern waters
during the winter spawning season to coastal areas between northern California and northern
British Columbia during the spring, summer and fall when the fishery is conducted. In years with
warmer water temperatures the stock tends to move farther north during the summer; older hake
tend to migrate farther than younger fish in all years. Separadenuch saller, populations of
hake occuing in the major inlets of the northeast Pacific Ocean, including the Strait of Georgia,
Puget Sound, and the Gulf of Califormiee not included in this analysis

Catches

Coastwide fishery landings of Pacifitake averaged21thousand mfrom 1966 to
201Q with a low of 90 thousand mt in 1980 and a peak 8ftBéusand mt in 2005. Prior to
1966 the total removals were negligible relative to the modern fishery. Recshivide
landings from 2002010 have beaeabove the long term avega, at 274 thousand niiandings
between 2001 and 200&re predominately comprised of fish from thexylarge 1999 year
class with the cumulative removal from that cohort exceeding 1.2 million mt. In 2008, the
fishery began harvesting considerable numbers of theethhengent 2005 year clagzatches in
2009 were again dominated by the 2005 year class with some contributroarfremergent
2006 year class and relatively small numbers of the 1999 cohort. The 2010 fishery encountered
very large numbers of twgear old hake from the 2008 yeaass, while continuing to see
substantial numbers from the 2005 and 2006-gkesesThe United States has averadéd
thousand mt, or45% of theaverage totdandings over the time series, with Canadian catch
averaginghb6 thousand mt. In this stock assessm#md,terms catch and landings are used
interchangeablyestimates of discandithin the target fishery are included, liscarding of
Pacific hakeén nontarget fisheries is not.ofal discard is estimated to be less than 1% of
landings and therefore is likely to be negligitegh regard to the population dynamics

Table aRecent commercial fishery landings (1000s fitjbal catches are included.

Canadian
us US shore us joint- Canadian  Canadian
Year at-sea based total venture domestic total Total
2001 101 73 174 22 32 54 228
2002 85 46 130 0 50 50 181
2003 87 55 142 0 63 63 205
2004 117 97 214 59 66 125 339
2005 151 109 260 16 87 103 363
2006 140 127 267 14 80 95 362
2007 126 91 218 7 66 73 291
2008 181 68 248 4 70 74 322
2009 72 49 122 0 56 56 177
2010 106 55 161 8 48 56 217
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Figure aTotal Pacific hakelandingsused in the assessmdaytsector 1965-201Q Tribal catches are
included.

Data and assessment

Following the 2010 assessment, nearly all of the data sources available for Pacific hake
have been reconstructed and thoroughlgvaluated for 2011 from the original observations
using consistent, and in some cases improved methods. In all caseshamgdischave occurred
relative to data used for previous stock assessments; however the current results represent the
best available information. Catches from all sectors and both nations were reconstructed from
1966 through 2010. Ageomposition informatn is available from 1973010. The acoustic
survey timeseries was ranalyzed from the raw data, and kriging has been applied in order to
provide a more robust estimate of total biomass as well as a measure of the annual sampling
variability due to patainess of hake schools and irregular transects. This has led to the
conclusion that survey efforts prior to 1995 failed to sample a sufficient portion of the stock to be
comparable with more recent surveys and that a reasonable estimate of the varihose for
early years would render them uninformative for the stock assessment. The uncertainty in the
2009 acoustic survey biomass estimate attributable to the presence of large numbers of
Humboldt squid has been quantified and explicitly included in the-¢enies. Ageand length
composition information from the acoustic survey has begmaeessed to be consistent with
therevisedtims er i es, and the survey teamds investi g:e
survey stratification has supported thentnued use in the stock assessment.

This assessment reports two models representing the collective work of the Joint
Technical Working Group (JTWG). Extensive efforts to compare and revise both the Stock
Synthesis and TINSS models from the 2010 assessment have been conducted. Botmé&ssessme
depend upon the acoustic survey index of abundance, the aggregate fiskeaynpgsition data
and the ageomposition data from the acoustic survey. Both models are fully Bayesian,
incorporating prior information on key parameters and integratingestgnation and parameter
uncertainty to provide results that can be probabilistically interpreted. The results from both



models are presented in parallel throughout this document, and the likely causes of observed
differences are discussed.

Stock biomass

Both stock assessment modieldicatethat the Pacific hake female spawning biomass
was well below equilibriunat the start of the fishery anldiring the 1970s. The stock increased
rapidly after two or more large recruitment events in the early 1980&andieclined rapidly
after a peak in the mido late 1980s to a low in 2000. This long period of decline was followed
by a brief increase to a peak in 2003 (1.44 million mt in the SS naodel.75million mt in the
TINSS model) as the exceptionally large 1999 year class matured. In 2011 (beginning of year),
spawning biomass is estimated to be rebounding rapidly based on the strength of recent year
classes (2005, 2006 apdrticularly2008 in boththe SSand TINSSmodek), however this
estimate is quite uncertain, with 95% posterior credibility intervals ranging from historical lows
to well above equilibrium level€Current median posterior spawning biomass equates to
approximately 91% (SS model) 575% (TINSS nodel) of the unfished levelJB). Estimates
of uncertainty in current relative depletion are extremely broad, fromZ&#%o of unfished
biomassn the SS modednd75%-40%% in the TINSSnodel. The estimate of spawning biomass
for 2011is 1.87 milion mt in theSS model and 2.18 million mt in the TINSS mqdw®ith much
larger than the 0.48 million mt estimated by the SS model in 2010 without information about the
aboveaverage 2008 recruitmerithe 2010 TINSS median posterior estimates 0.34million
mt. Modelaveraged posterior median estima2@d 1spawning biomass (assuming equal
weight for each model) wa03million mt (0.725.14). This corresponds to a moewleraged
posterior media2011depletion level 0i126% (42%350%).

—4— TINSS

Spawning biomass (million mt)

1970 1980 1990 2000 2010

Year
Figure b. Estimatetemale spawning biomass tirseries from the two models with 95% posterior
credibility intervals.



Table b. Recent trend in estimated Pacific Hekeale spawnindpiomasqmillion mt).

SS TINSS

25" 97.5" 25" 97.5"
Year percentile Median percentile percentile Median percentile
2002 0.972 1.289 2.099 1.269 1.638 2.338
2003 1.107 1.444 2.306 1.372 1.751 2.448
2004 1.075 1.397 2.223 1.164 1.460 2.004
2005 0.913 1.220 1.987 0.906 1.145 1.597
2006 0.695 0.976 1.704 0.702 0.945 1.387
2007 0.549 0.862 1.687 0.564 0.831 1.335
2008 0.501 0.937 2.026 0.664 1.103 1.978
2009 0.423 0.960 2.253 0.683 1.299 2.563
2010 0.544 1.451 3.767 0.720 1.485 3.047
2011 0.631 1.874 5.140 0.907 2.179 5.122

# —— SS
—4— TINSS

Spawning depletion
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Figure c. Timeseries of estimategtlativespawning depletion through 2011 for both models with 95%
posterior credibility intervals.



Table ¢ Recent trend iestimatedelative spawning depletidnom the two models

SS TINSS

25" 97.5" 25" 97.5"
Year percentle Median percentile percentile Median percentile
2002 0.491 0.647 0.872 0.766 1.327 2.175
2003 0.557 0.726 0.965 0.808 1.426 2.294
2004 0.538 0.699 0.919 0.688 1.194 1.898
2005 0.467 0.608 0.824 0.537 0.932 1.494
2006 0.367 0.488 0.695 0.440 0.765 1.246
2007 0.293 0.428 0.676 0.388 0.672 1.139
2008 0.275 0.465 0.816 0.488 0.902 1.617
2009 0.239 0.474 0.890 0.540 1.054 1.985
2010 0.298 0.706 1.477 0.591 1.206 2.506
2011 0.347 0.911 2.031 0.749 1.751 4.089

Recruitment

Estimates of historical Pacific hakecruitment indicate very large year classes in 1980
1984 and 1999 in both assessment modéls.strength of the 2008 cohort is estimated to be
very large, and this is informedainly by the 2010 fishery age compoeits. Uncertainty in
estimated recrtments is substantia¢speciallyso for 2008, as indicated by theoadposterior
intervals

Table d Recent trend in Pacific hake recruitméritlions age0 for SS; billions of agd for TINSS)

SS TINSS
25" 97.5" 25" 97.5"
Year percentile Median percentile percentiie Median percentile
2002 0.022 0.105 0.371 0.458 0.770 1.364
2003 1.107 1.874 3.656 0.144 0.250 0.455
2004 0.018 0.115 0.406 0.975 1.758 3.365
2005 2.309 4.579 10.515 0.280 0.515 1.107
2006 1.848 4.556 11.636 3.133 6.030 12.115
2007 0.021 0.129 0.619 2.426 5.426 12.569
2008 5.117 16.166 51.527 0.080 0.187 0.478

2009 0.059 0.874 10.239 3.308 12.304 38.549
2010 0.087 1.167 14.698 0.153 1.374 12.555
2011 0.081 1.090 18.852 0.012 0.855 56.714
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Figure d EstimatedPacific hakeecruitment timeseriesfor both modelsvith 95%posterior credibility
intervals (billions ag® for SS, upper panel; billions of agefor TINSS, lower panel)

Reference points

Unexploited equilibriunspawningbiomass increased the SS model to 230million mt
(from 1.33 million metric tons in the 2010 assessment), but the uncertainty is broad, with the
95% posterior credibility interval ranging from 1.55 to 2nalion mt. In the TINSS model, the
median of theposterior wad.24 million metric tong(credibility interval:0.85-2.12million mt).
The MSY-proxy target biomas$S@ioy) is estimated to be 0.81 million mt in the SS model and
0.50in the TINSS model.The minimum biomass threshsl(5B:s¢,) are0.51 and0.31million
mt, respectivelyMSYis estimated to b855 thousandnt in the SSmodel andL60thousandnt
in the TINSS modelThe equilibrium yield at the biomass targ8B(yy) is estimated to bd23
thousandntin the SS modednd158thousand mt in th&INSS model. The full set of reference
points are reported in table i below.
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Exploitation status

The spawning potential ratio for Pacific hakesstimated to haveeen below the proxy
target of 40%or both assessment models. ¥rainty in the valuesilarge Exploitation
fraction (catch/ag8&+ biomaskestimates are remarkably similar for the two models, as this
calculation is not influenced by fishery selectivityhe full exploitation history in terms of both
the biomass anH targets is portrayedrgphically via a phasplot.

Table e Recent trend in relative spawning potential ratkSBR/2SPRarqet=0.) for both models

SS TINSS

25" 97.5" 25" 97.5"
Year percentiie Median percentile percentile Median percentile
2001 0.500 0.760 0.957 0.474 0.664 0.838
2002 0.269 0.459 0.630 0.322 0.481 0.638
2003 0.279 0.465 0.623 0.329 0.493 0.658
2004 0.440 0.679 0.856 0.466 0.653 0.832
2005 0.543 0.813 0.995 0.512 0.708 0.902
2006 0.614 0.908 1.096 0.508 0.721 0.924
2007 0.593 0.918 1.133 0.499 0.724 0.943
2008 0.559 0.918 1.184 0.486 0.725 0.976
2009 0.312 0.628 1.001 0.319 0.536 0.807
2010 0.303 0.637 1.047 0.301 0.530 0.824

12 = . —6— 88
% —4-" TINSS

)

1-SPR_40%
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I I I I I
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Year
Figure e Trend in relative spawning potential ratio through 20:8RR/ESPRrarge=0.9 for bothmodels
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Table f Recentrendin exploitation fraction (atch/3+biomass) for both mod€MLE values)

SS TINSS

25" 97.5" 25" 97.5"
Year percentile Median percentile percentile Median percentile
2001 0.087 0.144 0.199 0.092 0.159 0.266
2002 0.027 0.044 0.058 0.034 0.060 0.100
2003 0.036 0.058 0.076 0.041 0.069 0.113
2004 0.072 0.115 0.149 0.051 0.086 0.139
2005 0.100 0.164 0.216 0.068 0.114 0.187
2006 0.106 0.186 0.257 0.072 0.128 0.222
2007 0.109 0.210 0.319 0.092 0.173 0.313
2008 0.078 0.169 0.306 0.048 0.101 0.206
2009 0.034 0.080 0.182 0.038 0.086 0.183
2010 0.045 0.112 0.286 0.043 0.098 0.215

Management performance

Since implementation of the Magnus8tevens Fishery Conservation and Management
Act in the U.S. and the declaration of a 200 mile fishery conservation zone in Canada in the late
1970's, annual quotas have been the primary management tool used to loaitthef Pacific

hake in both zones by foreign and domestic fisheries. During the 1990s, however, disagreement

between the U.S. and Canada on the division of the acceptable biological catch (ABC) between
the two countries led to quota overruns; 1:9992quotas summed to 128% of the ABC and
guota overruns averaged 114% from 1:9999. Since 2001, total catches have been below
coastwide ABCs. The current treaty between the United States and Canada, establishes U.S. and
Canadian shares of the coastle allowable biological catch at 73.88% and 26.12%,

respectively.

In many recent years, failure to extract the entire OY available to the fishery in U.S.
waters has been a result of extremely restrictive bycatch limits on overfished rockfish species,
particulary wi do w,

downoé duri
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Beginning in the 2009 fishery the U.S. motiséip, catcheprocessor and shelmsed sectors

were assigned sector specific, and much larger, bycatch limits. During 2009 and 2010 much of
the U.S. tribal allocation remained uncaught and so the total catch remained below the OY.

bycatch
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Figure f. Temporal pattern (phase plotyefativespawning potential ratio {$PR/2SPR-arget=0.) VS.

estimated spawning biomass relative to the proxy 40% level through 2010 for the SS model (upper panel,
note this calculation is based on the MLE). Lower panel shows relative spawning potentiat ratio (1
SPR/1SPRysy) vs. estimated spawning biomass relative to thg Bevel through 2010 for the TINSS

model. The filled circle denotes 2010 and the line connects years through tseftiese
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Table g Recent trend in Pacific hake managenparformance

Coastwide Coastwide
Total landings  (U.S. + Canada) (U.S. + Canada)

Year (mt) oY (mt) ABC (mt)
2001 227,531 238,000 238,000
2002 180,698 162,000 208,000
2003 205,177 228,000 235,000
2004 338,654 501,073 514,441
2005 363,157 364,197 531,124
2006 361,761 364,842 661,680
2007 290,545 328,358 612,068
2008 322,145 364,842 400,000
2009 177,459 184,000 253,582
2010 216,912 262,500 455,550

Unresolved problems and major uncertainties

Both assessment models integrate dliersubstantial uncertainty associated with several
important model parameters including: acoustic survey catchalgjisnithe productivity of
the stock (SS via theteepnesd, of the stockrecruitment relationshjpT INSS viaFysy, and
natural morthty, M). Although the Bayesian results presented include estimation uncertainty,
this withinrmodel uncertainty is likely a gross underestimate of the true uncertainty in current
stock status and future projections, since it does not include all struotialing choices, data
weighting uncertainty and scientific uncertainty in selection of prior probability distributions. In
an effort to capture these additional sour@®asncertainty, we report the results from the two
models throughout this document.

Pacific hake displays the highest degree of recruitment variability of any west coast
groundfishstockresulting in large and rapid changes in stock biomass. This volatditypled
with a dynamic fishery, which potentially targets strong cohorts, dmenaal rather than
annual fisheryindependent acoustic survey, will continue to result in highly uncertain estimates
of current stock status and even lesstain projections of stock trajectory in future stock
assessments. The primary source of unaggtéiat is relevant to management decisioaking
for the 2011 fishing season is the strength of the 2008cjass. The estimate for this cohort is
very uncertain, and the stock trajectagntirely dependent on its value. For this reason, the
decision table explicitly includesolumns representing alternate states of nature fomoedle
and highestimated2008 cohort streng#h The vast uncertainty in this year class will likely
persist untithe nextacoustic survey has been conductedviding a fishery independent
estimate of its magnitude

Forecass anddecision table

The modelaveraged posterianedian for the 2011 ABC (overfishing limitom the SS
and TINSS modelé&qualy weighted) was 973,727 mfThis value was highly uncertaivith
lower and upper posterior values approximately-loaié as likely (the 128and 87.8
percentiles) ranging from 530,115 to 1,726,125 mt.

In order to reflect the considerahlacertainty in recent (especially 2008) and future
yearclass strengthss well as current absolut@mass levelghreeyearforecasts are reported
in the decision table format. This allows for the evaluatiortefreative management actions
based on the full posterior distribution fmwsthmodek. The decision table isrganized such that

14



the projected implications for each potential management action (the rows, containing a range of
potential catch levels) can be evaluated for each of six states of nature (the columns). The six
states of nature represent the lower 25%ddie 50% and upper 25% of the posterior distribution

for the strength of the 2008 cohort for both the SS and TINSS models. Thus the middle value can
be considered twice as likely as the first and last within each model. The choice of the 2008
cohort stregth as the secondary axis of uncertainty (after including the two models) was based
on the very large uncertainty associated with this recruitment as well as the fact that it is
informed by only the 2010 fishery age composition data. For clarity, theiaetable is

divided into three sections: the first table projects the spawning biomass estimates, the second
the relative depletion (for both of these the 2011 values will be identical for all management
actions because they represent beginning of taewadues) and the third the relative SPR rate.
Relative SPR exceeding 1.0 indicates fishing in excess &Ry, MSY-proxy (overfishing).

The stock is projected to increase in spawning biomass for all three states of nature in
both modelsdr catchesp to an including 40,000 mt. At a catch level of 500,000 mt, the SS
model predicts that the stock will not fall below 2011 levels at the mode of the posterior, but if
the 2008ohort is in the lower 25% of the posterior density, overfishing will ocedrtiae stock
will decline, while staying above the precautionary zone during the next three Yaar$INSS
model predicts that the stock wibntinue to increasat that harvest leveinder all three states
of nature The SS model 40:10 OY harveatsin excess of 80,000 mt at the mode of the
posterior, while the TINSS model indicates that catches in excess of 700,000GHA00 mt
would be consistent with the harvest control rule depending on whether the estiiv&¥éarf
theF400-proxy is appled. Thedifferences between the two predictions are again likely due to the
differences in estimated fishery selectivity and to the priors for the productivity parameters.

15



Table h.1. Decision table with three year projections of posterior distributions for Pacific hake female
spawning biomasgmillions mt, at the beginning of the year before fishing takes place). Catch
alternatives are based on: 1) arbitrary constant catesl of 50,000, 100,000, 150,000, 300,C0m,000
and 500,000 mt (rows@ and &3), 2)the status quo OY from 2010 (row,&nd 3) the OY implied by
the estimatedFysyfrom the TINSS modgrow h), and theralues estimated via the 40:10 harvest control
rule and thé= 4., 0verfishing limit/target for the base case (&8v i) and TINSS models (row j).

States of nature

Model SS TINSS
Within model probability 25% 50% 25% 25% 50% 25%
Low High Low High
Description 2008 Modal 2008 2008 Modal 2008

cohort density  cohort  cohort density cohort

Management Action

Catch
Year (mt)
2011 50,000 1.053 1.873 3.232 1.358 2.174 3.534
a 2012 50,000 1.238 2.180 3.801 1.605 2.711 4.427
2013 50,000 1.309 2.308 3.912 1.629 2.732 4.449
2011 100,000 1.053 1.873 3.232 1.358 2.174 3.534
b 2012 100,000 1.215 2.157 3.777 1.581 2.686 4.403
2013 100,000 1.262 2.261 3.866 1.584 2.685 4.403
2011 150,000 1.053 1.873 3.232 1.358 2.174 3.534
c 2012 150,000 1.191 2.133 3.754 1.557 2.662 4.379
2013 150,000 1.215 2.215 3.821 1.538 2.643 4.356
2011 262,500 1.053 1.873 3.232 1.358 2.174 3.534
d 2012 262,500 1.138 2.081 3.701 1.503 2.608 4.325
2013 262,500 1.110 2.110 3.718 1.439 2.539 4.252
2011 300,000 1.053 1.873 3.232 1.358 2.174 3.534
e 2012 300,000 1.120 2.063 3.683 1.485 2.589 4.306
2013 300,000 1.075 2.075 3.684 1.404 2.504 4.217
2011 400,000 1.053 1.873 3.232 1.358 2.174 3.534
f 2012 400,000 1.073 2.016 3.636 1.437 2.541 4.258
2013 400,000 0.982 1.982 3.593 1.313 2.409 4.124
2011 500,000 1.053 1.873 3.232 1.358 2.174 3.534
g 2012 500,000 1.025 1.969 3.589 1.388 2.494 4.209
2013 500,000 0.889 1.890 3.500 1.221 2.314 4.034
2011 704,600 1.053 1.873 3.232 1.358 2.174 3.534
h 2012 781,000 0.928 1.879 3.493 1.292 2.398 4.107
2013 784,200 0.662 1.671 3.280 0.998 2.083 3.820
2011 840,000 1.053 1.873 3.232 1.355 2.174 3.534
i 2012 886,000 0.864 1.809 3.429 1.225 2.335 4.040
2013 782,000 0.558 1.559 3.166 0.890 1.971 3.712
2011 1,120,000 1.053 1.873 3.232 1.358 2.174 3.534
j 2012 1,107,000 0.734 1.683 3.297 1.080 2.201 3.900
2013 1,007,000 0.369 1.333 2.943 0.450 1.742 3.485
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Table h.2. Decision table with three year projections of posterior distributions for Pacific hake relative
depletion (at the beginning of the year before fishing takes pl&aich alternatives are based on: 1)
arbitrary constant catch levels of 50,000, 100,000, 150,000, 3084@0000 and 500,000 mt (rowsa
and eg), 2)the status quo OY from 2010 (row,&nd 3) the OY implied by the estimatggsyfrom the
TINSS modelrow h), and thevalues estimated via the 40:10 harvest control rule and;theverfishing
limit/target for the base case §8w i) and TINSS models (row j).

States of nature

Model SS TINSS
Within model probability 25% 50% 25% 25% 50% 25%
Low High Low High
Description 2008 Modal 2008 2008 Modal 2008

cohort density  cohort  cohort density cohort

Management Action

Catch
Year (mt)
2011 50,000 0.549 0.909 1.493 1.144 1.749 2.704
a 2012 50,000 0.649 1.066 1.740 1.412 2.155 3.327
2013 50,000 0.693 1.116 1.782 1.437 2.213 3.292
2011 100,000 0.549 0.909 1.493 1.144 1.749 2.704
b 2012 100,000 0.633 1.055 1.729 1.389 2.142 3.307
2013 100,000 0.669 1.095 1.760 1.397 2.173 3.252
2011 150,000 0.549 0.909 1.493 1.144 1.749 2.704
c 2012 150,000 0.618 1.042 1.719 1.367 2.125 3.289
2013 150,000 0.645 1.074 1.740 1.360 2.134 3.217
2011 262,500 0.549 0.909 1.493 1.144 1.749 2.704
d 2012 262,500 0.589 1.014 1.698 1.320 2.087 3.260
2013 262,500 0.591 1.023 1.693 1.269 2.049 3.138
2011 300,000 0.549 0.909 1.493 1.144 1.749 2.704
e 2012 300,000 0.580 1.006 1.691 1.302 2.071 3.251
2013 300,000 0.572 1.007 1.680 1.235 2.018 3.106
2011 400,000 0.549 0.909 1.493 1.144 1.749 2.704
f 2012 400,000 0.556 0.984 1.670 1.264 2.022 3.214
2013 400,000 0.519 0.963 1.642 1.147 1.939 3.019
2011 500,000 0.549 0.909 1.493 1.144 1.749 2.704
g 2012 500,000 0.533 0.961 1.648 1.221 1.979 3.175
2013 500,000 0.474 0.918 1.602 1.058 1.864 2.950
2011 704,600 0.549 0.909 1.493 1.144 1.749 2.704
h 2012 781,000 0.484 0.913 1.604 1.145 1.900 3.114
2013 784,200 0.357 0.809 1.496 0.852 1.677 2.763
2011 840,000 0.549 0.909 1.493 1.140 1.749 2.704
i 2012 886,000 0.451 0.878 1.569 1.088 1.847 3.072
2013 782,000 0.298 0.753 1.437 0.741 1.572 2.685
2011 1,120,000 0.549 0.909 1.493 1.144 1.749 2.704
j 2012 1,107,000 0.387 0.816 1.505 0.916 1.733 2.930
2013 1,007,000 0.202 0.643 1.329 0.359 1.383 2.510
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Table h.3. Decision table with three year projections of posterior distributions for Pacific hake relative
spawning potential ratio (1-SPR/:SPRTarget=0.4; values greater than 1.0 denote overfisidat)h
alternatives are based on: 1) arbitrary congtatth levels of 50,000, 100,000, 150,000, 300,800,000
and 500,000 mt (rows@ and &3), 2)the status quo OY from 2010 (row,&nd 3) the OY implied by
the estimatedFysyfrom the TINSS modeglrow h), and thevalues estimated via the 40:10 hanasitrol
rule and thé= 4., 0verfishing limit/target for the base case (&8v i) and TINSS models (row j).

States of nature

Model SS TINSS
Within model probability 25% 50% 25% 25% 50% 25%
Low High Low High
Description 2008 Modal 2008 2008 Modal 2008

cohort density  cohort  cohort density cohort

Management Action

Catch
Year (mt)
2011 50,000 0.225 0.129 0.075 0.174 0.122 0.080
a 2012 50,000 0.181 0.103 0.058 0.145 0.097 0.062
2013 50,000 0.167 0.095 0.055 0.131 0.084 0.053
2011 100,000 0.399 0.241 0.145 0.311 0.225 0.152
b 2012 100,000 0.334 0.197 0.113 0.266 0.184 0.120
2013 100,000 0.316 0.184 0.107 0.247 0.162 0.103
2011 150,000 0.538 0.340 0.209 0.421 0.313 0.216
c 2012 150,000 0.465 0.283 0.166 0.370 0.262 0.173
2013 150,000 0.448 0.267 0.158 0.352 0.234 0.151
2011 262,500 0.766 0.519 0.337 0.608 0.470 0.338
d 2012 262,500 0.699 0.451 0.274 0.560 0.411 0.282
2013 262,500 0.699 0.437 0.266 0.551 0.379 0.250
2011 300,000 0.823 0.569 0.374 0.657 0.513 0.373
e 2012 300,000 0.762 0.501 0.308 0.614 0.454 0.314
2013 300,000 0.769 0.488 0.300 0.609 0.422 0.281
2011 400,000 0.946 0.685 0.466 0.764 0.613 0.457
f 2012 400,000 0.905 0.620 0.392 0.740 0.557 0.395
2013 400,000 0.933 0.615 0.387 0.748 0.529 0.359
2011 500,000 1.038 0.780 0.546 0.851 0.695 0.529
g 2012 500,000 1.016 0.723 0.470 0.845 0.646 0.468
2013 500,000 1.067 0.727 0.468 0.869 0.626 0.429
2011 704,600 1.166 0.926 0.682 0.986 0.824 0.648
h 2012 781,000 1.214 0.932 0.650 1.055 0.835 0.631
2013 784,200 1.307 0.973 0.664 1.139 0.843 0.599
2011 840,000 1.226 1.000 0.755 1.056 0.891 0.712
i 2012 886,000 1.280 1.002 0.710 1.131 0.896 0.685
2013 782,000 1.340 1.003 0.679 1.192 0.867 0.611
2011 1,120,000 1.308 1.110 0.878 1.166 1.004 0.820
j 2012 1,107,000 1.359 1.118 0.822 1.325 1.014 0.786
2013 1,007,000 1.378 1.116 0.815 1.664 1.027 0.733
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Research and data needs

There are many areas of research that could improve stock assessment efforts, however
we focus here on those efforts that might appreciably reduce the uncertainty (both perceived and
unknown) in shorterm forecasts for management decismoaking.This list is in prioritized
order:

1) Conductan annual acoustic survey.

2) Develop alternative indices for juvenile or young (0 and/or 1 year old) Pacifi¢c hake
perhaps based on existing acoustic survey observations or new sampling efforts

3) Apply bootstrapping metlus to theacoustic survey timseriesin order to bring more of
the relevant componentsto the variance calculationBhese factors include the target
strength relationshigubjectivescoringof echogramsthresholding method#he species
mix and demoraphic estimates used to interpret the acoustic backseatteathers.

4) Routinely collectife historyinformation, includingmaturity and fecunditgatafor
Pacific hake Explorepossiblerelationshipsamong these observations as welvéh
growth andpopulation density. @renty availableinformation is limitedand outdated

5) Evaluate the quantity and quality of biological data prior to 1988 from the Canadian
fishery for use in developingpmposition data

6) Evaluate the quantity and qualiy biological data prior to 19780om theU.S.fishery for
use in developingomposition data

7) Conduct further exploration of ageing imprecision and the effects of large cohorts via
simulation and blind source ageading of samples with differing underlying age
distributionsi with and without dominant year classes.

8) Continue to explore procetssed assessment modeling methods that may be able to use
the large quantity of length observations to redunoéeluncertainty and better propagate
life-history variability into future projections.

9) Investigate metanalytic methods fadeveloping a prioon degree of recruitment
variability ().

10)Develop management strategy evaluation tools to evaluate major sources of uncertainty
relating to data, model structure and the harvest control rule for this fishery.
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Table i1. Summary 6Pacific hake reference points from the SS model.

25" 97.5"

Quantity percentile Median percentile
Unfished female spawning bioma&g, million mt) 1.549 2.034 2.756
Unfished total biomass (milliomt) 3.735 4.921 6.871
Unfished 3+ biomass (milliomt) 3.239 4.252 5.760
Unfished recruitmentR,, billions) 1.624 2.576 4.649
Reference points based on $B

MSYProxy female spawning biomasSB;q, million mt) 0.620 0.814 1.102

SPR resulting ir5Bigy, (SPRgags) 0.406 0.435 0.512

Exploitation fraction resulting iSBge 0.136 0.187 0.236

Yield at SByge, (million mt) 0.217 0.323 0.521
Reference points based on SPR proxy for MSY

Female spawning biomass3® Rysyproxy (SBsprMillion mt) 0.506 0.721 0.991

SPRusyproxy 0.400 0.400 0.400

Exploitation fraction corresponding to SPR 0.182 0.217 0.258

Yield with SPRysvproxy 8t SBspr(million mt) 0.222 0.334 0.536
Reference points based on estimated MSY values

Female spawning biomassMSEY (SBysymillion mt) 0.315 0.491 0.790

SPRysy 0.189 0.286 0.451

Exploitation fraction corresponding &PRysy 0.172 0.342 0.564

MSY (million mt) 0.228 0.355 0.581

Table i2. Summary dPacific hake reference points from the TINSS model.

25" 97.5"

Quantity percentile Median percentile
Unfished female spawning bioma&g, million mt) 0.851 1.242 2.121
Unfished total biomass (milliomt) 2.046 3.008 5.258
Unfished 3+ biomass (milliomt) 1.737 2.549 4.370
Unfished recruitmentR,, billions) 0.891 1.491 2.903
Referencepoints based on SRy,

MSYProxy female spawning biomassg;q,, million mt) 0.340 0.497 0.848

SPR resulting irsBigy, (SPRgags) 0.455 0.530 0.647

Exploitation fraction resulting i By, 0.101 0.151 0.194

Yield at SBygq, (Million mt) 0.098 0.158 0.266
Reference points based on SPR proxy for MSY

Female spawning biomass2® Rysyproxy (SBsprmillion mt) 0.000 0.283 0.497

SPRusyproxy 0.400 0.400 0.400

Exploitation fraction corresponding to SPR 0.198 0.236 0.284

Yield with SPRysvproxy 8t SBspr(million mt) 0.000 0.145 0.253
Reference points based on estimated MSY values

Female spawning biomassMSEY (SBysymillion mt) 0.283 0.456 0.851

SPRysy 0.353 0.509 0.669

Exploitation fraction corresponding 8PRysy 0.093 0.165 0.268

MSY (million mt) 0.098 0.160 0.271
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Equilibrium yield (mt}

Figure h. Equilibrium yield cunsfor theSS (upper panemt) and TINSS (lower panghillion mt)
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1. Introduction

Prior to 1997, separate Canadian and U.S. assessimeReific hakevere submitted to
each nati onods as skis graotcear resulteceirvdiffering yield aptioesbeang
forwarded to each count r-oodndaryrfsh stogkdeltipe f or t hi s
interpretations of Pacific hake status made it difficult to coordinate an overall management
policy. Sincel997 the Stock Assessment and Review (STARcess for the Pacific Fishery
Management Council (PFMC) has evaluated assessment models and the PFMC council process,
including NOAA Fisheries, has generated management advice that has been largely utilized by
both nationsThe Joint USCanaddreaty o Pacific Hake was formally ratifieid 2006 (signed
in 2007)by the United States as part of the reauthorization of the Magtgtseans Fishery
Corservation and Management Act. Although the treaty has been considered in force by Canada
since June 25, B, an error in the original U.S. text required that the treaty be ratified again
before it could be implanted. This second ratification occurred in;2@iever as of this
writing the treaty has not beéuly implemented Under thereaty, Pacific hakestock
assessments are to be prepared by the Hake Technical Working Group comprised of U.S. and
Canadian scientists and reviewed by a Scientific Review Group (SRG), with memberships as
appointed by both parties to the agreement

In keeping with the spirivf the treaty, this stock assessment document represents the
work of a joint U.S. and Canadian stock assessment team. In additstgeckassessment
results reported here reflect nearly completarralysis of all available data for the Pacific hake
stack during 2010. Many of these sources had not been investigated for decades and as a result
the basic fishery and acoustic survey catch andrageency information differs somewhat
from previous analyses after standardized methods were applied detaafirom both nations.

The 2010assessmemand reviewprocess was marked by several rather difficult situations which
included competing stock assessmémm U.S. and Canadian analysts, as well as disagreement
among analysts and reviewers on the use dicedata sources. Extensive modeling efforts
conducted during 2010 as well as highly productive discussions among analysts have resulted in
a unified document for 2011. Itis our attempt to highlight progress made during 2010, residual
areas of neede@searchas well as ongoing scientific uncertainties in modeling chpsresh

that future technical working groups will enjoy a much easier working environment which

fosters collaborative solutions these difficult issues

1.1 Stock structure and liféhistory

Pacific hake erluccius productus also referred to as Pacific whiting, isemipelagic
schoolingspecies distributed along the west coast of North America generally ranging ftom 25
N. to 55 N. latitude.It is amongl3 species of hake frothe genusvierluccius(being the
majority of the familyMerluccidag, which are distributed worldwide in both hemispheres of the
Atlantic and Pacifioceans and collectivelyaveconstitutel nearly two million mt of catch
annually (Alheit and Pitcher 1995)he coastal stock of Pacific hake is currently the most
abundant groundfish population in the California Current syssenaller populations of this
species occur in the major inlets of the North Pacific Ocean, including the Strait of Georgia,
Puget Soundand the Gulf of CalifornisgGeneticstudies indicate that Strait of Georgia and the
Puget Sound populations are genetically distinct from the coastal poplatmnoto et al.
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20049). Genetic differences have also been found between the coastal population and hake off the
west coast of Baja California (Vrooman and Paloma 191/%).coastal stock &lso
distingushed from the inshore populations by larger body aikseasonal migratory behavior

The coastal stock of Pacific hake typically ranges from the waters off southern California
to Queen Charlotte SounDistributions of eggs, larvae, and infrequent obagons of
spawning aggregations indicate that Pacific hake spawning occurs offcemiithl California
during JanuarmMarch.Due to the difficulty of locating major offshore spawning concentrations,
details of spawning behavior of hake remains poorteustood (Saunders and McFarlane
1997).In spring, adult Pacific hake migrate onshore and to the north to feed along the continental
shelf and slope from northern California to Vancouver Islamdummer, Pacific hake form
extensivemid-wateraggregationg association with the continental shelf break, with highest
densities located over bottoregths of 206B00 m (Dorn1991,199). Pacific hake feed on
euphausiids, pandalid shrimp, and pelagic schooling fish (such as eulachon and Pacific herring)
(Livingston and Bailey 1985).arger Pacific hake become increasingly piscivorous, and Pacific
herring are commonly a large component of hake diet off Vancouver I8lithdugh Pacific
hake are cannibalistic, the geographic separation of juveniles and adaltg psevents
cannibalism from being an important factor in their population dynamics (Buckley and
Livingston 1997).

OlderPacifichake exhibithe greatest northern migration each seasdth two- and
threeyear old fish rarely observed in Canadwaters north of southern Vancouver Island
During El Nifio eventgwarm ocean condiins, such as 19983 larger proportion of the stock
migrates into Canadian waters, apparently due to intensified northward transport during the
period of active migratiofDorn 1995 Agostini et al. 2006)EIl Nifio conditions also result in
range extensions to the north, as evidenced by reports obffalesoutheast Alaska during
these warm water yearBhroughout the warm period experienced in 1990s, terechanges
in typical patterns of hake distributicdBpawning activityvasrecorded north of California
Frequent reports of unusual numbers of juverslié®f Oregon to British Columbia suggest that
juvenile settlement patterasso shifted northwards in the latedD8(Bensonet al.2002, Phillips
et al. 2007)Because of this shift, juveniles mhgvebeensubjected to increaseadnnibalistic
predation andishing mortality.However, the degree to which this was significant, and the
proportion of the spawning anavenile settlement that was further North than usual is unknown.
Subsequently, La Nina conditio(molder waterjn 2001 resulted i southward shift in the
st oc k 6 s ,dvithamuchsimalldrproportion of the population found in Canadian waters
in the 2001 survey-ake were distributed across the entire range of the survey in 2003, 2005
2007 (Figures 1 and 2 after displaying a very southerly distribution in 2001. Although a few
adult hake (primarily from the 1999 cohort) were observed nortiieofueen Charlotte Islands
in 2009most of the stock appearshave been distributed off Oregon and Washington.

1.2 Ecosystentonsideratiors

Pacific hake are an important contributor to ecosystem dynamics in the Eastern Pacific
due to their relativelyarge total biomass and predatory behavior. The role of hake predation in
the regulation of other groundfish species is likely to be impoftéanvey et al. 2008)lthough
difficult to measure. Hake migrate farther north during the summer during refatisem water
years and their local ecosystem role therefore differstpegear depending on environmental
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conditions.Recent research indicates that hake distributions may be growing more responsive to
temperature, and that spawning and juvenile hakebmabccurring farther north (Phillips et al.
2007; Ressler et al. 2007). Given letegm climatechange projections and changing
distributional patterns, considerable uncertainty exists in any forward projectistadiohary
stock productivity and dynaigs.

Hake are also important prey items for many piscivorous species including lingcod
(Ophiodon elongatysandHumboldt squidalso known agumbo flying squid Dosidicus gigak
In recent years, the lingcod stock has rebuilt rapidly from an overfishelddied jumbo flying
squid haventermittentlyextended their range northward from more tropical waters to the west
coast of North AmericaRecent bservations oHumboldt squidoy hake fishermen as well as
recreational fishermen and scientists in the drfsl Canada reflect a very large increase in squid
abundanceas far north as southeast Alaskag(,Gilly et al., 2006;Field et al., 2007)luring the
same portions of the year that hake are prestthbugh the number and range vary greatly
betweenyears While the relative biomass of these squid and the cause of this range extension
arenot completeljknown squidpreddion on Racific hake is likely to have increased
substantiallyn some yearsThere is evidence from the Chilean hake (a similardysjglecies)
fishery that squignayhavea large and adverse impacstabundancedue to direct predation of
individuals of all sizegAlarcén-Mufioz et al.2008) Squid predation as well as secondary
effects on schooling behavior and distribution of Pacific g become important to this
assessmenhithe future however it is unlikely that the current data sources will be able to detect
squid related changes population dynamics (such as an increase in natural mortality) until well
after they have occurred, if at all. There is considerable ongoing research to document relative
abundance, diet composition and habitat utilizatioHwiboldt squidn the Califonia current
ecosystemd.g., J. FielfSWFSC andJ. StewartHopkins Marine Statiorpersonal
communication201Q Gilly et al., 2006; Field et al., 200®hich should beansidered in future
assessmentbklowever, there were very few Humboldt squid présethe California Current
during 2010, and so future presence and abundance trends are impossible to predict.

1.3Fisheries

The fishery for the coastal population of Pacific hake occurs along the coasts of northern
California, Oregon, Washington, aBditish Columbiaprimarily during ApritNovemberThe
fishery is conducted almost exclusively withid-watertrawls. Most fishing activity occurs over
bottom depths of 10800 m,while offshore extensions of fishing activity have occurired
recent yearsotprevent bycatch of depleted rockfish and salritwe history of the coastal hake
fishery is characterized by rapid changes brought about by tieéogewvent osubstantial
foreign fisheriesn 1966, jointventure fisheries bghe early 1980's, and domestisheries in
1990's Table 1.

Largescale harvesting of Pacific hake in the U.S. zone began in W®@6 factory
trawlers from the Soviet Union began targeting Pacific hBkeing the mid1970's, factory
trawlers from Poland, Federal RepublicGérmany, the German Democratic Republic and
Bulgaria also participated in the fisheBuring 19661979, the catch in U.S. watassestimated
to haveaveraged 137,000 t per year (Tablé-ihure 3. A joint-venture fishery was initiated in
1978 between tvU.S. trawlers and Sovietdiry trawlers acting as mothships (the practice
where the catch from several boats is brought back to the larger, slower ship for processing and
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storage until the return to landy 1982, the joirtventure catch surpasstt foreign catchand
by 1989, the U.S. fleet capacity had grown to a level sufficient to harvest the entire quota, and no
furtherforeign fishing was allowed, although joiménture fisheries continued for another two
years.n the late 1980's, jointertures involved fishing companies from Poland, Japan, former
Soviet Union, Republic of Korea and the Peopl
Historically, the foreign and jointenture fisheries produced fillesis well asheaded and
gutted productdn 1989, Japanesuotherships began pocing surimi from Pacific hakesing
a newly developed process to inhibit myxoza@auced proteolysidn 1990, domestic catcher
processors and mother ships entered the Pacific hake fishery in the U.Rreoimisly, these
vessés had engaged primarily in Alaskaralleyepollock (Theragra chalcogramn)disheries.
The development of surimi production techniques for pollock was expanded to include Pacific
hake as a viable alternativ&milarly, shorebased processors of Pacifiake had been
constrained by a limited domestic market for Pacific hake fillets and headed and gutted products.
The construction of surimi plants in Newport and Astoria, Oregon, led to a rapid expansion of
shorebased landings in the U.S. fishery in theye&990's when the Pacific council set aside an
allocation for that sectom 1991, the jointventure fishery for Pacific hake the U.S. zone
ended because of the increased level of participation by domestic gatobessors and mother
ships, and th growth of shorddased processing capacilly.contrast, Canada allocates a portion
of the Pacific hake catch to jomenture operations once shesiee capacity is filled.
The sectors involved in the Pacific hake fishery in Canada exhibit a sinstarical
pattern, although phasing out of the foreign and jeartture fisheriebas proceeded more
slowly relative to the U.§(Table 1).Since 1968, more Pacific hake have been landed than any
other species in the groundfish fishery on Calsagast cost. Prior to 1977, the fishing vessels
from the former Soviet Union caught the majority of Pacific hake in the Canadian zone, with
Poland and Japan accountimg imuch smaller landingéfter declaration of the 206file
extended fishing zone in 1977, thar@dian fisheryasdividedamongshorebased, joint
venture,and foreign fisheriedn 199, the foreign fishergnded but the demand of Canadia
shorebased processors remairtsglow the available yield, tisuthe jointventure fishery
continuegoday,although no joirtventuee fishery took place in 2002003 or 2009 The
majority of the shorbdased landings of the coastal hake stock is processed into surimi, fillets, or
mince by processing plants at Ucluelet, Port Alberni, and Delta, British Coluaithiaugh
significant aggregations of hake are found as far north as Queen Charlotte Sound, in most years
the fishery has been concentrated below 492afMude off the south coast of Vancouver Island,
where there are sufficient quantities of fish in pnaiky to processing plants.

1.4Management of Pacific hake

Since implementation of the Magnus8tevens Fishery Conservation and Management
Act in the U.S. and the declaration of a 280e fishery conservation zone in Canada in the late
1970's, annualdrvest quotas have been the primary management tool used to limit the catch of
Pacific hakeScientists from both countries historically collaborated through the Technical
Subcommittee of the CanatlaS. Groundfish Committee (TSC), and thesreinformal
agreements on the adoption of annual fishing poli@esing the 1990s, however,
disagreements between the U.S. and Canada on the allotment of the acceptable biological catch
(ABC) between U.S. and Canadian fisheries led to quota overruns1992iquota summed to
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128% of the ABC, while the 199B999 combined quotas were 107% of the ABC on avelage.
the current Pacific hake agreement, the United States is allocated 73.88% of the tetildeoast
harvest and Canada 26.12%.

In the last decadé¢he optinal yields (OYs, harvest targets) for Pacific hake have
generallybeen set well below the Allowable Biological Catches (ABCs, harvest limits) and the
total coastwide catch has tracked the harvest targets reasonably of@éaéle 2) In 2002 after
Pacifichake was declared overfishieg the U.S.the catclof 181thousand metric tons
exceeded th@®Y; however it was still below the ABC of 208 thousand Im2004,after Pacific
hake was declared rebuilt, and whkalarge 1999 cohort wast neafpeakbiomass the catch
fell well shat of the OY of 501 thousand mt whichlager than the largest catch ever realized.
Constraints imposed by bycatch of canary and widow rockfishes limited the commercial U.S.
OY to 259 thousand mieitherthe U.S. portionnor thetotal catch has substantialéxceeded
the harvest guidelings anyrecentyear, indicating thananagement procedures have been
effective.

1.4.1United States

In the U.S. zone, participants in the directed fishery are required to use pelagic trawls
with a codend mesh that is at least 7.5 cm (3 incReg)ulations also restrict the area and
season of fishing to reduce the bycatch of Chinook salmon and several depleted rockfish stocks.
More recently, yields in the U.S. zone have been restrictedets|below optimum yields due to
bycatch of overfishedockfishspecies, primarily widow and canary rockfisheshe Pacific
hake fishery. Atsea processing and night fishing (midnight to one hour after official sunrise) are
prohibited south of 42° Natitude.Fishing is prohibited in the Klamath and Columbia River
Conservation zones, and a trip limit of 10,000 pounds is established for Pacific hake caught
inside the 10dathom contour in the Eureka INPFC arBarring 19921995, the U.S. fishery
opened opril 15; however in 1996 the opening date wasngedo May 15.Shorebased
fishing is allowed after April 1 south of 42° N. latitude, but is limited to 5% of the diased
allocation being taken prior to the opening of the main shased fisheryThe main shore
based fishery opens on June BEor to 1997, asea processing was prohibited by regulation
when 60 percent of the harvegtideline was reachedhe current allocation agreement,
effective since 1997, divides the U.S. rtabal harvest gideline among factory trawlers (34%),
vessels delivering to @ea processors (24%), and vessels delivering to-tlase processing
plants (42%)Since 1996, the Makah Indian Tribe has conducted a separate fishery with a
specified allocation iits "usual and accustomed fishing atea beeginding in2009 thereéhas
alsobeena Quileute tribal allocation.

1.4.2 Industry actions

Shortly after the 1997 allocation agreement was approved by the PFMC, fishing
companie®wningfactory trawles withU.S.westcoast groundfisipermits established the
Pacific Whiting Conservation Cooperative (PWCTQ)e primary role of the PWCC is to allocate
the factoy trawler quota among its members to allmere efficient allocation of resources by
fishing companies, improvesnts in processing efficiency and product quality, and a reduction
in waste and bycatch rates relative to the fo
for a fleetwide quotaThe PWCC also initiated recruitment research to support hake stock
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asessmentAs part of this effort, PWCC sponsored a juvenile recruit survey in the sigomer
1998 and 2001, which since 2002 has become an ongoing collaboration with M\2B89, the
PWCC contracted a review of the 2009 stock assessmmgct wasdiscusgd inthe 2010 stock

assessment and was one of the contributing factors to the exteranedy®is of historical data
and modeling methods subsequent to that assessment

1.50verview of Recent Fishi&es

1.5.1United States

In 2005 and 2006he coaswide ABCs were 531,124 and 661,680 mt respectively. The
OYs for these years weset at 364L97 and 364,842 and were nedtly utilized with
abundant 1999 yeanlass comprising nearly all of the catétor the 2007 fishing season the
PFMC adopte@ 612068 mt ABC andacoastwide OY of 328,358 miThis coastwide OY
continued to beetconsiderably below the AB® order to avoid exceeding bycatch limfids
overfished rockfishin 2008, the PFMC adopted an ABC of 400,000 mt and a-eadstOY of
364,82 mt, based upon the 2008 stock assessmbi#ABC was set below the overfishing
level indicated by the stock assessment,thacefore thalifference between the ABC and OY
wassubstantiallyless than in prior years. However, the same bycatch constcainsed a mid
season closure in the U.S. in both 2007 and 2008 and resulted in final landings being below the
QY in both yearsBased on the 2@0whiting assessment, the Pacific council adopted a U.S.
Canada coasvide ABC 0f253,582mt, and a U.S. ABC af87,346mt. The council adopted a
U.S-Canada coaswide OY 0f184,000mt and a U.S. OY af35,939mt, reflecting the agreed
upon 73.88%06 of the OY apportioned to U.S. fishes and 26.12%0 Canadian fisherie®ycatch
limits were asgned to each sector of the fishdoy the first time in 2009preventing the loss of
opportunity for all sectors if one sector exceeded the total bycatch limit and greatly reducing the
6race for fishd as byc atndtotal te 200 W.R.disherycaught d ur i ng
121,110mt, or89.1% of theU.S. QY. Bycatch limits were not exceeded by any sector of the
U.S.fishery and the fishery was able to harvest fish during the fall and early winter when
bycatch rates were lower.

Faced with two stock assessmentsich yieldedvery different resultsfor 2010the
Pacific council adopted a U-Eanada coastide ABC 0f455,550mt, a U.S-Canada coast
wide OY 0f262,90 mt and a U.S. OY df90,935mt, reflecting the agreedpon 73.88%f the
OY apportioned to U.S. fisheries and 26.12% to Canadian fishAses.2009, tribal fisheries
did notharvest the full allocation granted théA9,939 mt in 201Q)and two reapportionments
were made to other sectors during the fishing sealsoiotal, the 2009 U.S. fishery caught
160,818 mt, or 84% of the U.S. OY.Catchefprocessor vessels fished from the May 15 start of
the season through to December. Bycatch rates were generally not a problem, although known
areas of high historical bycateverestill (anecdotally)eing avoided. For periods during the
fishing season and in certain areas of the coasts, many fishermen found it difficult to avoid the
large schools of ag2 hake (206B00 grams) present off the U.S. coast. There were repatts t
increased search time resulted from efforts to avoid the schools of smaller fish. This was
especially so for the shoesede fishery, which due to the presence of these small fish and to
avoidbycatch of canary rockfish opted for a voluntary stdodnbetween June 30 to July 20.
Some processors were able to make changes during the seasa@r pracdss the smaller fish.
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The U.S. tribal fishery reported a reduced amount of hake in their fishing areas and generally
smaller sized fish.

1.5.2Canada

TheCanadian fishery has operated under an Individual Vessel Quota (IVQ) management
system since 1997. Groundfish trawl vessels are allocated a set percentage of the Canadian TAC
that is fully transferable within the trawl sector. Additionally the IVQ mamege regime
allows an opportunitydr vessel owner to exceed licertsolding by up to 15% and have these
overages deducted from the quota for the subsequent year. Conversely, if less than the quota is
taken, up to 15% can be carried over into the next y@arexample, an apparent overage in
1998 was due to cangver from 1997 when 9% of the quota was not taken; this policy has not
resulted in catch exceeding the ceagte OY in the past 7 years (Table 2).

Canadian Pacific hake catches were fully wiizn the 2005 fishing season with 85,284
mt and 15,178 mt taken by the shaide and joint venture fisheries, respectively. In 2006, the
joint-venture and shorside fisheries harvested 13,700 mt and 80,000 mt, respectively. During
the 2007 fishing seaspCanadian fisheries harvested 85% of the 85,373 mt allocation. In 2008,
Canadian fisheries harvested 78% of the 95,297 mt allocation withvgntdre and shorgide
sectors catching 3,590 mt and 70,160 mt, respectively. During the 2009 season,e®wateh
made under joirventure program. The Canadian shsige fishery harvested 55,620 mt in
2009 or 115.7% of the Canadian OY.

Canada established the 2010 Canadian TAC at 68,565 mt, or 26.12% of theideast
OY taking into account the 2010 assesnsimand in agreement with amts of the PFMC on
setting the ocastwide OY. The carry forward from the 2009 season was 5,877 mt resulting in a
total allowable harvest of 74,442 mt. This was allocated as 65,942 mt for delivery tdnabede
facilities ard 8,500 mt for delivery in to jointenture fleet. The total catch for each fleet was
48,833 mt and 8,242 mt respectively, giving a total of 57,075 mt, or 77.0% of the 2010 quota.
Since 23% of the quota was not captured in 2010, the Canadian fishergrwilbeer the
maximum 15% into the 2011 season, as an overage allowance for 2011.

The fishery commenced in late April off the west coast of Vancouver Island. From mid
July to midAugust the fishing in the traditional area around La Perouse Bank limigstbdu
presence of large quantities of small Hake in the area. The fishing fleet effort moved more
westerly off the edge of the shelf where larger fish were found, however higher bycatch rates
particularly of Yellowtail Rockfish were encountered. Vesseth@nfleet are held individually
accountable and responsible for the all catch and to many the increased bycatch proved to a
major point of concern and affected fishing plans. The small fish presence resulted in many
vessels to venture to more northerlytevra into Queen Charlotte Sound. This resulted in
deliveries into Port Hardy and the catch then shipped via trucks to Vancouver. This spatial shift
of the fishery has been ongoing since 2008. The fleet moved back near the traditional grounds
from August though October. Fishers continued to report the need to avoid large schools of
small Hake (thought to be Age 2) in the area.

2. Available data sources

Nearly all of the data sources available for Pacific hake have besmieated during 2010.
This procss has included obtaining the original raw data, reprocessing the entisetie®
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with standardized methods, and summarizing the results for use in the 2011 stock assessment.
Primary fishery dependent and independiaitasourcesised heréFigure 4)include:

e Total catch fromall U.S.and Canadian fisheries (192610.

e Age compositions from the U.S. fishey9(752010 and Canadian fishery (192®10.

e Biomass indices and agempositions from the Joint.8. andCanadianntegrated
acoustic and tral survey(1995, 1998, 2001, 2003005 2007, and 200%.

Some sources were not includadhe final base modglbuthave beemxploredand
discarded in recent stock assessments or are inclad2@11via alternate models @ensitivity
runs(these data are discussed in more detail below)

e Fishery and acoustic survey length compositidarmation.
Fishery and acoustic survey agilength composition information.

e Biomass indices and age compositions from the Joint U.S. and Camddgmated
acoustic and trawl survey (1977, 1980, 1983, 1986, 1989, 1992).

e NWFSC/SWFS@WCCcoastwide juvenile hake and rockfish survey (202009).

e Bycatch of Pacific hake in the trawl fishery for pink shrimp off the coast of Oregon,
20042005, 20072008.

e Historical biological samples collected in Canada prior to 1990, but currently not
available in electronic form.

e Historical biological samples collected in the U.S. prior to 1975, but currently not
available in electronic form or too incomplete to ailanalysis with methods consistent
with more current sampling programs.

e CalCOFI larval hake production index, 198Q06.The data source wagseviously
exploredand rejecteds a potential index of hake spawning stock biopreass hasot
been revisited since ti#08stockassessment.

The assessment model also used biological relationships derived from external analysis of
auxiliary data; these include:

e Mean observedeight (at both size aralye from fishery and survey catchd®975
2010.

e Mean observed lengtht-age from fishery and survey catches, 12030.

e Proportion of individual female hake maturgsizeand/or age from aamplecollected
in 1995

e Aging error matrices based on crasadand doubleblind-readotoliths.

2.1Fishery-dependent dta

2.1.1Total cath

The catch of Pacific hake for 19@®0 by nation and fishergectoris shown in Table .1
Catches in U.S. waters fprior to 1978areavailable only by yedrom Bailey et al. (1982and
historical assessment donants Canadian catches prior to 1989 are also unavailable in
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disaggregated form. For more recent catches, haul or trip level information was available to
partition the removals by month during the fishing season and estimate bycatch rates from
observer information at this temporal resolution. Hasallowed a mee detailed investigation
of shifts in fishery timing(Figure 5) Although the application of monthly bycatch rates differed
from previous simpler analyses, it resulted in less than a 0.3% change in aggregate catch during
the timeseries. The U.S. shelmsed landings are from the Pacific Fishery Information Network
(PacFIN), foreign and jointenture catches for 1981990 and domestic-aea catches for 1991
2009 are estimated from the AFR&SOé&ksobservel, subse
programs gired in the NORPAC databasganadian joinventure catches from 1989 to April
2007 are from the Groundfish Biological (GFBio) database, the $fased landings from 1989
to 1995 are from the Groundfish Catch (GFCatch) database, then from 1996 to Apritda
the Pacific Harvest Trawl (PacHarvTrawl) database. From April 1, 2007 to the present the catch
data for both fleets is found in the Fisheries Operations System (B3&rdsare nominal
relative to the total fishery catchhe majority of vessslin the U.S. shorbased fisherphave
operatée under experimental fishing permits that reqditteem to retain all catch and bycatch for
sampling by plant observelall U.S. atsea vessels ar@anadian joinventure catches ar
monitored by atea obsemrs Observers use volume/density methods to estimate total catch.
Domestic Canadian landings are recorded by dockside monitors using total catch weights
provided by processing plants.

One of the concerns identified in recent assessments has been ¢ne@Esshifts in the
within-year distribution of catches during the time sei$ssequent to thescension of the
domestic fleet in the U.S. and both the domesticamkVVenture fleets irCanadathe fishery
shifted most of the catd the early sgng duringthe 1990s(Table 1, Figure b This fishery
gradually spread out over the sumraged fall, and the most recent fiyears has seen some of
the largest catches in the late summer and fall. This pattern is likely to continue in U.S. waters,
as the fishery proceeds under the individual trawl quota system adopted in 2011.

2.1.2Fishery hological data

Biological informaton from the U.S. asea commercial Pacific hake fishery was
extracted from the NORPAC databaghis yieldedength, weight and age information from the
foreign andoint-venture fisheries from 19785990, and from the domestics#a fishery from
1991-2000. Specifically these data includgexspecific length and age datdnich observers
collect by selecting fish randomly from each haul for biological data collection and otolith
extraction.Biological samples from the U.S. shdrased fishery19922010,were collected by
port sampleréocatedwhere there arsubstantial landings of Pacific hake: primafyescent
City, Newport, Astora, and WestporPort samplers routinely take one sample per offload
trip) consisting of 100 randomly selected fishifadividual length and weight arfcom these20
fish arerandomly selectetbr otolith extractionThe Canadian domestic fishery is subject to
10% observer coverage. On observed trips, otoliths (for ageing) and lengths are sampled from
Pacific hake caughn the first haul of the trip, with length samples taken on subsequent hauls.
Sampled weight from which biological information is collected must be inferred from year
specific lengthweight relationships. For unobserved trips, port samplers obtain bialagita
from the landed catch. Observed domestic-teel information is then aggregated to the trip
level to be consistent with the unobserved trips that are sampled in ports. For the Canadian joint
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venture fishery, an observer aboard the factory stprds the codend weight for each delivery
from a companion catcher boat. Length samples are collected every second day of fishing
operations, and otoliths are collected once a week. Length and age samples are taken randomly
from a given codend. Since theight of the sample from which biological information is taken
is not recorded, sample weight must be inferred from a wégglgth relationship applied to all
lengths taken and summed over haul.

Thesampling unifor the shorebasedisheriesis thetrip, while the haulis the primary
unit for the atsea fisheriesSince detailed hatével information is not recorded on trip landings
documentation in the shebmsed fishery, and haulsnspled in the asea fishery camot be
aggregated to a comparalyig level, there is no least common denominator for aggregating at
sea and shorbased fishery sampleAs a result, samples sizagesimply the summedhauls and
trips for fisherybiological dataThe magnitude of this sampling among sectors and awerif
presented in Table 3.

Biological data were analyzed based on the sampling protocols used to collect them, and
expanded to estimate the corresponding statistic from entire landed catch by fishery and year
whensampling occurredn general, the angical steps can be summarized as follows:

1) Countthe number of fislfor lengths) atachage(or length bir) within eachtrip (or
hau), generating Arawo frequency dat a.

2) Expand the raw frequencies from thig (or haul)based on the fraction of the total
haul sampled.

3) Weightthe summed frequencies by fishery setdodings and aggregate.

4) Calculate sample sizes (humbetrihs or hauly and normalize to proportions that
sum to unity within each year.

To complete step (2)he expansion factor was caleted for eacltrip or haul based on
the ratio of the totadstimatedcatch weight divided by the total weight from which biological
samples were takem cases where there wast an estimated sample weightpredicted
sampleweight was computed byultiplying the count of fish in the sample by a mean individual
weight, or byapplying a yeaspecific lengthweight relationship téhelengthof each fishin the
sample, then summing thegeedictedweights.Anomaliescanemerge when very small numbers
of fish aresampledrom very large landinggshesewere avoided by constraining expansion
factors to not exceed the®percentile of all expansion factors calculated for each year and
fishery. The totalnumber of trips or hauls samplexused a®itherthe multinomial sample size
input tothe SSstock assessment model or as a relative weighting factor among years.
Aggregatdishery age compositiordiffered somewhafrom those used in previous
assessmentsvith smaller fish slightly more representethis change is likgidue to the
calculation of ageomposition data without including lengths extrapolated to ages via static age
length keys, as well as application of more accurdtheseighting of the sectespecific
compositionsThese data confirrthe weltkknown pattern o¥ery large cohorts born ih98Q
1984and 1999(Figure6). The most recerdgecompositiondata from the 20®2010fishery
indicate the presence dlatively strong2005and 2006year clases Therewasonly a small
number of fish fronthe 1999 yeaclassstill present in the populatioim 2010,at age 11 Most
importantly for this assessment, is the presence of an extremely large relative proportien of one
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year old hake in 2009 andy2ar old hake in 201ndicating an unusually strong 2008 year
class

Both the weightand lengtkhat-age informatiorsuggest that thgrowth of hakehas
changednarkedly over time.This is particularly eviderit the frequency ofarger fish(> 55
cm) before 1990 and a $hto muchsmaller fishin more recent year§igure7). The treatment
of length-atage and weighatlength are described in more detail in section 2.3.3 and 2.3.4
below.Although length composition data are not fit explicitly in the base case assessment
models presented here, the presence of the 2008 year class is observed in both ofithery.S.
sectors (Figur8).

2.1.3 Bycatch in the pink shrimp fishery

Juvenilehake are frequently encountered by the trawl fishery for pink shrimp, which
operates primarily in the waters off Oregon (NWFSC, 2009; Hannah and Jones AZ00&t of
the 2010assessment, the estimated bycatch of juvenile hake in the pink shrimp fishery were
examined in order to determine whether they might proaidalternate index of recent year
class strength prior to clear signal in the fishdviany confoundindgactorsresuledin an
inability to create a proportional index of juvenile hake from the shrimp fishretlge future,
when and if the gear and behavior in the shrimp fishery becomes stalpletémsalindex could
berevisited although spatidimitationsmayremain.

2.14 Catch per unit effort

Catchperunit-effort (CPUE) is a commonly utilized source of information about relative
population trend in stock assessments wuoiide. However, calculation of a reliable CPUE
metric is particularly problematic for Pacific hake, dastherefore nevebbeen used as a tuning
index for thestock assessment at any time during thg&fr assessment histofhis is due to
sever al i mportant aspect s foftoistdiffieult tb debnk forr vy . Th
the hake fishery, as the use of acoustics, communication@vessels, extensive time spent
searching and transit time between fishing ports and known areas of recurrent hake aggregations
means that by the time a trawl net is put in the water, catch rates can be predicted by the fishing
vessel reasonably welFactory trawlers may continue to fish the same aggregation for days,
while shorebased sectors may be balancing running time with hold capacity and therefore opt
for differing catch rates. Further, during the last decade the hake fishery has been severely
constrained due to bycatch avoidanBee r i odi ¢ Vv edlomnntsadr,y aonsdt atnedmp or a
season closures have resulted from high bycatch rates, and in some years fishermen have
changed their fishing behavior and fishing ar@asrder to reduce bycataf overfished
rockfish species.

2.2 Fishery independent data

2.2.1Acousticsurvey

The joint U.S. and Canadian integrated acoustic and trawl survey has been the primary
fishery independent tool used to assess the distribution, abundance and biology of coastal Pacific
hake,Merluccius productusalong the west coasts of the United State$ CanadaCoastwide
surveys were carried out jointly Itlye Alaska Fisheries Science CentAFSC) and the Pacific
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Biological Station (PBS) of the Canadian Department of Fisheries and Oceansi(RO},

1998, and 2001Following 2001, the responsiityl for the U.S. portion of the survey was
transferred to the Fishery Resource Anal ysis
Northwest Fisheries Science Center (NWFST)e survey was scheduled on a biennial basis,

with joint acoustic surveys condudtby FRAM and PBS in 2003, 2005, 2007 and 2009.

Between 1977 antl992,acousticsurveysof Pacific hakevere conducted every three years by

the AFSC. However, these early surveys (19I/92) covered onlg reduced depth range and
focused orJ.S. watergTable 4 andthereforearenot used in the current assessment because of
concerns ovebothbias and variability. Specific concerns are tRatific hake abundance time
northernpor t i on of tislhighly satiable 4@ is notrasimgedractiohthe total
populationand thathe survey did not é&nd offshore past depth o#57 metersat most. A

reasonable estimate of the variance for those early years would likely render them uninformative
for the stock assessment, and raw data were nidableafrom these surveys to-amalyze using
current methods. Therefore, only acoustic surveys performed in 1995, 1998, 2001, 2003, 2005,
2007, and 2009 were used in this assessment (babléhe acoustic survey includes all waters

off the coasts of #hU.S. and Canada thought to contain portions of the coastal hake stock and all
portions of the hake stock older than-dgeAge0 and agel hake have been historically

excluded from the survey efforts due to largely different schooling behavior retatarger

hake and concerns over drastically different catchability by the trawl gear.

The distribution of Pacific hake can vagseatly between yesr It appears that northward
migration patterns are related to the strength of subsurface flow Gathiernia Current
(Agostini et al. 2006) and upwelling conditions (Benson et al. 2002). Distributions of hake
backscatter plotted for each acoustic survey since 1995 illustrate the variable spatial patterns
(Figure 1). The 1998 acoustic survey standsaodtshows an extremely northward occurrence
that is thought to be tied to the strong 199B8 EI Nino(Figure 2) In contrast, the distribution
of hake during the 2001 survey was very compressed into the lower latitudes off the coast of
Oregon and NortharCalifornia. In 2003, 2005 and 2007 the distributions generally folldied
i n or ma lwide pattemn,sbtitn 2009, the majority of the hake disution was found in U.S.
waters. Pacific hake also tend to migrate further north as they age. Fighma she mean
location of Pacific hake observed in the acoustic survey by age and year. Age 2 hake are located
in the southern portion of their distribution and the older ages are located more to the north
within the same year. The mean locations offitalcake aged 6 and older tend to be more
similar than the younger ages.

Historically, hake biomass (age 2wps estimated from the survey data using a stratified
transect design following Jolly & Hampton (1990). These delsaged estimates did not
accaunt for spatial correlation of the data or patchiness of hake distributions and assumed that
there was no hake biomass beyond the ends of each transect. In addition, estimates of variability
werenot routinely producedFor lack of a better methods, pirews stock assessments assumed
a constant variance for the acoustic survey index across all years, despite changes in the transect
design and the distribution of the stock.

For the 2011 assessment of Pacific hake, acoustic survey data from 1995 onweard we
completely reanalyzed from the raw data using the conventional methods as well as
geostatistical techniques (Petitgas 1993). Geostatistical methods account for spatial correlation
and provide a more robust estimate of total biomass as well as aatesiirthe yeaspecific
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sampling variability due to patchiness of hake schools and irregular transects. They have been
endorsed by an ICES working group (Anon. 1993) as an appropriate method to analyze acoustic
data, and have been used in many fisheqgdicationgPetitgas, 199Rivoirardet al. 2000;
Mello & Rose 2005; Simmonds and MacLenann, 2008bre specifically, kriging was used to
estimateboththe biomas®f Pacific hake and the uncertainty in that estimate from geahof
theacoustic survey. There are several advantages to the kriging approaghmotides the
hake biomass and associated sample variance estimates simultaneously and propersyfaccount
spatial correlabn along and between transects,t)rovides biomass estimates in the area
beyond transect lines but within correlation distai®}et provides maps of hake biomass and
variance that take into account thetergeneais and patchizake distribution, and 4) grovides
more flexibility in survey transect design sublattransectglo not need to beore or less
perpendicular to the coast lirtbus allowing formore efficient samplingesigns

During the acoustic surveys, migatertrawls were made opportunistically to determine
the species composition of observed acoustic marks and to obtain necessary length data to scale
the acoustic backscatter into biomass (see Table 4 for the number of tiEwdsg logical
sampledave ber poststratified based on similarity in size compositaond geographic
proximity. There has been concern in past assessment reviews that the tcamtingted
during the acoustic survegay not be representative of the acoustic backsachteeto
stratificatian within schoolsas well as net avoidance behavior

Field research done during the summer of 2G@ reanalysis of historical dataas
conducted in order to specifically addressicers in both the representativeness of trawling
relative to observed backscatter and the sensitivity of the acoustic results $trgidstation.
Both of these issues were made tractable due to the acquisition of all available historical data
during 2010 and the development of new software toieffity process these datdultiple
trawl sets were made on individual aggregations of hake during both U.S. and Canadian research
cruises in 2010In addition, a number of trawls were deployed with a camera mounted in the net
to monitor fish behavioMhese efforts revealed thiadke were observed to be passively entering
the net, without clear avoidance behavior. Furttier length compsition of the trawl catch did
vary substantially among hauls made in a relatively small area and short time pargmnéd
cases, different modal structure was observed in the léregihency distributions, indicating
the presence of two or more cohorts. However, the only indication of systematic patterns
occurred in a single bottom trawl deployed which captured stiaeharger fish than proximate
mid-watertrawls. Investigation of historical trawling effort revealed that trawl deployment was
relatively proportional to observed backscatter as a function of distance off bottom, so such a
pattern would be unlikely to pduce a strong bias in the acoustic results. Because of the
observed variability in the size structure of hake among hauls, it is quite reasonable to predict
that there is a relatively large amount of observation error in survey estimates resultingefrom t
fact that relatively few trawls are deployed each year (T4lded almost none repeated for a
single aggregatioruJtilizing software developed during 2010, sensitivity to pastvey
stratification was evaluated for observations made in the most teeeacoustic surveys: 2007
and 2009. Alternate stratifications ranging from no stratification to schemes similar to historical
met hods were applied to each yeards biologica
that biomass estimates varieglless than 9% over all stratification methods. This result
suggests another source of variability in the acoustic results that could lead to variation in annual
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index observations relative to the true population, but also suggests that it is a yelaitinoz|
component among the sources of variability inherent to acoustic methods. These new analyses
will be presented in more detail during the 2011 STAR panel, and were the primary basis for
continued use of biological samples from the acoustic survieiRacific hake stock

assessment models presented in this document.

The composite length frequendgveloped from the biological samplings used to
characterize the hake size distribution aleagh transe@nd topredict the expected
backscatteringross section for Pacific hake based on the fishtaizget strength (TS)
relationship Tg = 20logL-68 (Traynor 1996). Recent target strength work (Henderson and
Horne 2007), based on-situ and exsitu measurementestimateda regression intercept 46
dB lower than that of Traynd996), suggestinthat an individual hake reflects less acoustic
energyresuling in a larger estimateldiomass thamhen usingrraynor's(1996)equation.

However, this differencevould be accounted fattirectlyin estimates of acoustic catchability
within the assessment modelstinates of biomassf hake at length (and age)thin individual
cells were summed for each transect to ddheeconventionatoastwide estimate
Additionally, the celspecific bionass estimates were used in the kriging asisip provide
kriged estimatesMore details of the acoustic methods can be founldarbackground
documents provided for the 2011 STAR panel.

Themost recent acoustgurvey(2009)spamedthe continentallspe and shelf areas
along the west coast from south of Monterey California to the Dixon EntranceBaodagical
samplingrevealed the presence of four clear cohorts in the hakegimpufges 3, 4, 6, and 10
corresponding to the 2006, 2005, 2003 4869 year classgsand also showed theiumboldt
squid were present in very large numbegpresenhg the second most common species in the
acoustic survey trawl catch by weight (47% after hake at 5@¥Hhough theacoustic teams
attempted taarefully and consistentlgelineateregions of backscattéo Pacific hakethe high
abundance of Humboldt squid and the mixing of these two specie®disdn additiongland
appreciablesource of uncertainty in the 2009 acoustic biomass estinais.souce of
variability was relatively unexplored during the 2010 stock assessment and concerns over the
potential magnitude of uncertainty in the hake biomass index that was attributable to mixing with
squid led to the exclusion of that observation from ortb@fssessment models used by
management. To address these concerns, a detadeadlysis of the available data from 2009
was undertaken by the acoustics team and bootstrapping methods were employed to examine the
variability in estimated hake abundarwea transeeby-transect basis. It was found that 61% of
the estimated hake biomass occurred on transects that had no squid gresemethods of
bootstrapping the variability about the 39% of the hake biomass estimate that was potentially
more varidle due to the coccurrence oHumboldtsquidwere 1) resample from all the
proportions of squid and hake observed during trawl sampling and assign them randomly to
transects, and 2) cregidfs, based on the expert judgment of several acoustictise likely
proportion of hake and squid below and above the depth threshold used for analysis and
resample from these pdfs. Both methods yieklsidhilar level of variance in the resulting hake
biomass estimates. Utilizing the larger of the ttheyariancecomponent attributable to
Humboldtsquid was roughly half as large as that attributable to sampling variability and school
patchiness. To reflect these results in the stock assessment, the CV of the acoustic index based on
the kriging analysis fo2009 (0.112) was inflated to a value of 0.138 (T&ble
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Comparisos of the acoustic survey biomass estimates (agex2t3hown in Table 5 and
Figure 9 The historical and reprocessed conventional estimates are not exactly the same, but are
very similar. The kriged estimates algghtly greater than the conventional estimates, but
follow the same pattern. Thiscreasas expected because additional biomass beyond the end of
each transect is predicted when kriging. In addition, year specific éssimiauncertainty are
provided for the kriged estimates and the 2009 estimate of variability is inflated due to the
presence of Hundidt squid (Table 5 and Figur@.9These estimates of uncertainty account for
sampling variability and the variability dee squid in 2009butseveraladditional sources of
observation error are also possible. For example, haul to haul variation in size and age, target
strength uncertainty of hake as well as other species, and interannual differences in catchability
likely lead to increased uncertainty in the acoustic estimdwethie future, it is possible that a
thorough bootstrapping of many of these additional sources of variability can be conducted and
the estimation of variance inflation constants in the assessnagnbe less important, but at
present there is strong reason to believeahaurvey variance estimates are underestimated
relative to the true variability.

These uncertainties, as well as other factors, suggest that the survey estimates of biomass
maynot be an absolute estimate of biomass, but are reasenablyan index of abundance that
describes the trend in Pacific hake biomaRse acoustic survey catchability coefficieqt,
globally scaleshe population biomaspredicted in the assessment model lowed] or higher
(g>1) to match the index of abundance, and uncertargyeflects the uncertainty in the
absolute scale of the hake populatidyl stock assessmesprior to 2004that used the acoustic
survey n agestructured assessmengsgd.,Dorn et al. 1999) assertgd1.0 and treated the
parameter as a fixed quantity (In fact ABCs and OYs until 2003 were predicated upon that
assumption). The 2002007 assessments presented two models with diffgisng order to
bracket the range of uncertainty in the acoustic survey catchability coefficient. In 2008, an
attempt was made to integrate out the uncertaingywhile incorporating uncertainty in the
shape of the acoustic survey selectivity curve. In the 20080 and ircurrentassessmesty is
estimated and the uncertainty is included in the estimates of population biomass from the
assessment models.

As with the fishery data, acoustic survey age compositions were used to reconstruct the
age structure of thieake observed by this survelproportionsat-age for the seven acoustic
surveys are summarized in Figdi@and clearly show the strong 1999 year class as well as the
large 2005 and 2006 year classes. The acoustic sdoesynot includagel fishin their
analysis. Therefore, with the most recent survey being conducted in 2009, the acoustic age data
can only provide insight tn the 2007 and earlier cohorts, but not the strength of the 2008 year
class.

2.2.2Bottom trawl sirveys

The Alaska Fisheries Science Center conducted a triennial bottom trawl survey along the
west coast of North America from 1977 to 2001 (Wilkins et al. 1998). This survey was repeated
for a final time by the Northwest Fisheries Science Center in 2004. ) #89Northwest
Fisheries Science Center began to take responsibility for bottom trawl surveys off of the West
Coast, and, in 2003, the Northwest Fisheries Science Center survey was extended shoreward to a
depth of 30 fathoms to match the shallow limitleé triennial survey (Keller et al., 2008).
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Despite similar seasonal timing of the two surveys, the 2003 and subsequent annual surveys
differ from the triennial survey in size/horsepower of the chartered fishing vessels and bottom
trawl gear used. As sugcthe two were determined (at a workshop on the matter in 2006) to be
separate surveys which cannot be combined into one. In addition, the presence of significant
densities of hakéoth offshore and to the north of the area covered by the trawl surugyedo
with the questionable effectiveness of bottom trawls in catchingaatdr schooling hake, limits
the usefulness of this survey to assess the pakulation. For these reasargsther the triennial
nor the Northwest Fisheries Science Center steakfltsurvey have been used in recent
assessments. With the growing tiseries length of the NWFSC survey (now 8 years), future
assessments shouldeealuate the use of the segvas an index of the adult aodjuvenile (age
0-1) hake population.

2.2.3Pre-recruit survey

From 19992009 the NWFSC and Pacific Whiting Conservation Cooperative (PWCC),
in coordination with the SWFSC Rockfish survey have conductex@andedurvey (relative
to historical effortsjargeting of juvenile hake and rockfisthe SWFSC/NWFSMWCCpre
recruit survey usesraid-watert r awl wi t h an 86" headrope and 1
obtain samples of juvenile hake and rockfish (identical to that used in the SWFSC Juvenile
Rockfish Survey)Trawling was done at nightith the head rope at 30 m at a speed of 2.7 kt.
Some trawls were made before dusk to compare day/night differences infcatehtows of 15
minutes duration at target depth were conducted along transects at 30 nm intervals along the
coast.Stations weré¢ocated along each transect, at bottom depths of 50, 100, 200, 300, and 500
m. Since 2001, sidby-side comparisons were made between the vessels used for the survey
Trends in the coastide indexhave shown very poor correlations with estimated-year
class strengths in recent assessment mattheisit has not been used in recent assessments
Because the survey was not conducted in 2010 it has not been revisited for this assessment.

2.3 Externally analyzed data

2.3.1 Maturity

The fraction mature by siznd age is based on data reporteDann and Saunders
(1997)and has remained unchanged since the 2006 stock assesshesd#.data consisted of
782 individual ovary collections based on visual maturity determinations byebsdihe
highest variability in the percentage of each length bin that was mature within an age group
occurred at ages 3 and 4, with virtually all agpee fish immature and age 4+ hake mature.
Within ages 3 and 4, the proportion of mature hake increagkdanger sizes such that only
25% were mature at 31 cm while 100% were mature at 41 ess.tha 10% of the fish smaller
than 32 cm arpredicted to benature, while 100% maturity @redictedoy 45 cm. Histological
samples have been collected duriagent bottom trawl surveys, but these samples have not yet
been analyzed.

2.32 Aging eror

With the transfer of Pacific hake ageing to the NWFSC in 2001, an effort was made to
evaluate age reader agreement and calibrate readers at the Cooperatieréjgot CAP,
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Newport, Oregonyvith those at th®epartment of Fisheries and Oceans (DFO). As expected,
agreement was greater for younger fish than for older fish. This exchange was used to estimate
the ageing imprecision matrix applied in the 2008 assastsosing the maximum likelihood

method of Punt et al. (2008ubsequent to the 2008 assessment, 1,773 age estimates were
compared between the CAP and AFSC for otoliths collected throughout thedras but prior

to 2001. These estimates allowed eation of the degree of ageing imprecision for the AFSC

ages There were insufficient samples to estimate bias; however, precision was estimated and
guantified as the standard deviation of observed age from true age. Values of imprecision at age
estimated dlectly were found to be of similar magnitude to those fromQA®e.

With this much larger available data set, the 2808 201Gassessmestncluded an
additional process influencing the ageing of hake: cesyetific ageing error related to the
relativestrength of a yeatlass. This process reflects a tendency for uncertain age determinations
to be assigned to predominant year classes. The result is a tendency towards redageohgis
of strong year classes, and perhaps increasedgeiag of neighloyearclasses. To account for
this process in the model, we created ygacific ageingerror matrices (ovectors of standard
deviationsof observed age at true agehere the standard deviations of strong year classes were
reduced by a constant profion. In the 200%nd 2010assessmestthis proportion was
determined empirically by comparing double read error rates for strong year clabsegesi
for other year classe$he result suggested that strong year classes only had 55% of the-read
real disagreemenh ageing as other year classkseach year, that proportion (0.55) was
applied for thestrong year classes (for aged®) as a multiplicative factor to the base ageing
error vectors of standard deviations. For relatively strong butomirént year classes, a
proportion of 0.80 was appliedn alternative method of calculating the proportion by the age of
the strong year class was explored in the 2010 assessment, with little change in overall results.

In 2010, a blind doubleead studywas conducted using otoliths collected across the
years 2002009. One read was conducted by a reader who was aware of the yearctboolle
and therefore of the agd the strong year classgseach samplevhile the other read was done
by a readewithout knowledge of the year of collection, and therefore with little or no
information to indicate which ages would be more prewtalehe resulting data (a portion of
which is shown in Figure }Ivereanalyzed via an optimization routine to estimatélageing
error and the cohort effect. The resultant ageing error was similar to the ageing error derived
from the 2008 analysis, and the calculated strong cohort proportional ageing error was 0.41 (95%
Cl =0.28i 0.55), supporting the use of the 0.55 ndijon.

In the current (2011) SS assessment, the ageing error matrix for all years is based on the
analysis of CAP ageing ert@ince the AFSC and DFO ageing error data show similar results. In
addition, we have applied the 0.55 proportion to the foongest year classes (1980, 1984,

1999 and 2008). The use of the 0.8 proportion for moderately strong year classes was found to
make negligible difference in results in previous assessnamsghus was not applied here.
Sensitivity analyse® removing dlageing erroandremovingjust the cohort effecre provided
below.

2.3.3 Weightat-length and age

In order to provide input values for the two models, a matrix of empirically derived
population weight at age was requirdtean weight at age was calculated from samples pooled
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from all fisheries and the acoustic survey for the years 1975 to(E@jide 13. Ages 15 and

over were pooled and assumed to have the same weight at age. For ages 2 to 15+, 99% of the
combinations offear and age had samples from which to calculate mean weight at age. At age 1,
58% of the years had samples available. Linear interpolation over both age and year dimensions
was used to fill in the missing values. However, the samples are generally mgiresef the

catch, so the combinations of year and age with no samples have very importance in the overall
estimates of the population dynamidshe use of empirical weight at age is a convenient method
to capture theariability in both the weighatlength relationship within and among years

(Figure 13)as well as the variability in lengtit-age, without requiring parametric models to
represent these relationships. However, this method requires the assumption that observed
values are not biased Btrong selectivity at length or weight and that the spatial and temporal
patterns of the data sources provide a representative view of the underlying population

2.3.4 Lengthat-age

In both 2011 assessment models and in models used for manageorenttre 2006
stock asessment, variability in lengédi-age was included in stock assessments via the
calculation ofempirical weightatage. In the 2006 and subsequent assessments that attempted to
estimate the parameters describing a parametric growth stiroeg patterns have been
identified in the observed data indicating sexually dimorphic and temporally variable growth.
Synthesis models in recent years have not explicitly accountsexspecific patterns (although
they have been documented repeabelilit have allowed for the draatic decline in maximum
size and corresponding increase in growth rate observed in thgdpiie 7). Parametric
growth models fit externally to data collected prior to 1990 and afterward show the same
dramatically different rates of growth for batbxes that has been estimated inside therfe8el
in recent years (Figure L4Hake show very rapid growtt younger ages, clearly evident in
data partitioned into seasons within legear (Figures 15 and 16T he trajectories of individual
cohorts also vary greatly, as has been documented in previousTarsss

In aggregatethese patterns restuitt a gred amount of process error for length at age
relative to commonly employed parametric growth modeiss means that even complex
approaches to modeling growth (and therefore fitting to length eatlgagth data explicitly)
will have great difficulty inmaking predictions that mimic the observed data. This has been
particularly evident in the residuals to the lenfygquency data from recent SS models. We
investigated models that allow for a high degree of complexity in the growth process and fit to
length and agatlength data in preparation for this assessment, but poor residual patterns
persisted in all cases (Figure)17

2.4 Prior probability distributions

The informative prior probability distributions used in this stock assessment are reported
in Table 6 The two models used priors for different parametessimmaryor eachmodelis
providedin Table 7 Priors intended to be nanformative are listed ifables8 and9. Several
importantdistributions are discussed in detail below.
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2.4.1Natural Mortality

In recent stock assessments, the natural mortality rate for Pacific hake has either been
fixed at a value of 0.23 per year, or estimatsshgan informative prior to constrain the
probability distribution to reasonable estimafHse 0.23 estimatewvasoriginally obtained via
tracking the decline in abundanceysar clasesfrom one acoustic survey to the next (Dorn et.
al 1994). Pacific hake longevity data, natural mortality rates reported for Merluciids in general,
and previously published estimates for Pacific hake natural mortality indicate that natural
morality rates irthe range 0.20.30 could be considered plausibide Pacific hake (Dorn 1996).

Beginningh t he 2008 assessment, Hoeni gds (1983)
mortality (M), was applied to hake, assuming a maximum age off22 relationship between
maxmum age and M was recalculated using data available in Hoenig (1982) and assuming a
log-log relationship (Hoenig, 1983), while forcing the exponent on maximum age 1o Dee
recalculation was done so that uncertainty about the relationship couldb&tedaand the
exponent was forced to bé because theoretically, given any proportional survival, the age at
which that proportion is reached is inversely related to M (when free, the exponent is estimated
to be-1.03). The median value of M via this thed was 0.193. Two measures of uncertainty
about the regression at the point estimate were calculated. The standard error, which one would
use assuming that all error about the regression is due to observation error (and no bias occurred)
and the standardeviation, which one would use assuming that the variation about the regression
line was entirely due to actual variation in the relationship (and no bias occurred). The truth is
undoubtedly somewhere in between these two extremes (the issue of bighstanding). The
value of the standard error in log space was 0.094, translating to a standard error in normal space
of about 0.02. The value of the standard deviation in log space was 0.571, translating to a
standard deviation in normal space of aboit0. Thus Hoeni gés method sug
distribution for M with mean of 0.193 and standard deviation between 0.02 and 0.1 would be
appropriate if it were possible to accurately estimate M from the data, all other parameters and
priors were correctlgpecified, and all correlian structure was accounted for.

In several previous assessments (2R080) natural mortality has been allowed to
increase with age after age 13, to account for the relative scarcity of hake at age 15+ in the
observed data. Thichoice was considered a compromise between using stueped
selectivity and assuming the oldest fish were extant but unavailable to the survey oy distiery
specifyingincreasing natural mortality over all ages, which tended to create residual pédtern
ages with far more fish in them. The reliability of this approach has been questioned repeatedly,
and it makes little difference to current assessment results, so in the interest of pansitaaly
mortality is considered to be constant acrossaagetime for all models reported in this
assessment document.

For the 2011 assessment, a combination of the informative prior used in recent Canadian
assessments and the results from Hoenigbs met
normal distibution with a mean of 0.2 and a lstandard deviation of 0.1. Sensitivity to this
prior is evaluated by examination of the posterior distribution as updated by thasdatdl as
the use of alternate priors, specifically a larger standard deviditart the point estimate.
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2.4.2 Steepness

This assessment considered two priors for the steepness parduineténé stockrecruit
relationship: one directly informing the probability distribution via a Bistributed constraint,
the second via informp the plausible distribution féfysy, which, given fixed lifehistory
characteristics and selectivityaps directly into an implied prior for steepness. The direct prior
is based on the median (0.79), 20th (0.67) and 80th (0.87) percentiles from Myers et al. (1999)
metaanalysis of the family Gadidae, and has been used in previous U.S. assessme2@gince
This prior is Betadistributedwith a mean of 0.777 and standard deviation of 0.Th&.implied
prior from Fysyis explained below.

2.4.3 Fysy
The underlying production function in TINSS is defined by three key population _

parametersNISY, Fusy, andM) and the parameters that define-agecificselectivity (& and E
). Informative lognormal prior distributions were usedMBY, Fysy andM where the log
means and log standard deviations are given ol These gor distributions for MSY and
Fusywere developed on an ad hoc basis and not necessarily derived fromnagtec work
that is the typical source of prior information.

In comparison to the SS mogal prior probability folFysyis nearly equivalent to a prior
probability for steepneg$) A lognormal prior was assumed fegsy, with a mean
corresponding to 0.35 and a stamtldeviation of 0.4 (corresponding a 95% confidence
intervalfor h of 0.16 to 0.77). This is broader ththe prior used in 2010, which had a standard
deviation of 0.263 (corresponding to a 95% confidence interval of 0.21 tp THOprior was
broadened to address concerns that the posterior predicted distribufigg.f¢in this and
previous assessmehptended to match the prior, indicating that the data contain little
information about the productivity of the population. Broadening the pridf\feytherefore
admitsmore uncertainty into the analysis.

Martell (2010) described the methodology to detilre 2010 prior foFysy, on which
this prior is based. In his methodsteadystate agestructured model was developed to calculate
a SpawningPotential Ritio based on growth parameters from Francis et al. (1982), a natural
mortality rate of 0.23, and logistic selectivity curve. Arbitrarily, it was assumed that production
is maximized somewhere between SPR=0.3 and SPR=0.45, and the corresponding values for
F300 andF4s0, Were then calculated. Based on the grematiturity, natural mortality, and
assumedelectivity, the values correspond Egge, = 0.48 and-4s0, = 0.25, which were then
assumed to be the 10th and 90th percentiles for a lognormabufistn. Note that th&€PRcurve
is insensitive tdhe assumed value of steepnasd that400, IS the assumed proxy féiysythat
is used by the Pacific Fisheries Management Councilahagticaltransformatiorfrom (MSY,
Fusy to (SBy; h) implies a prior density for the steepness paranvetérhis shown in Figurd. 8.

Note that in the BeverteHolt stock recruitment model, valuesiofange between 0.2
and 1.0, where 0.2 implies that recruitment is nearly proportional to spawner/egg production, and
1.0 implies that recruitment is unrelated to spawner/egg production. The implied phas for
sensitive to two key model components: the assumed prior distributibgdgrand theratio of
theage at which fish recruit to the fishagdthe age at which fish mature. Larger values of
Fusyimply a more productive stock and higher valueb fir given selectivity and maturity
schedules. Similarly, if fish recruit to the fishery prior to maturing then the levels of recruitment
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compensation (dn) must increase for a given valueRafsy. This relationship is highly nen
linear (Forrest et al. 2008Therefoe, criticalpieces oinformationarethe maturityatage and
weightatage schedules used to develop thegmezific fecundity relationship, as well as the
age at which fish recruit to the fishery.

2.4.4 MSY

The global scaling parameter in this modéViiSY, the maximum longerm sustainable
yield. The prior for this parameter was the same as that used in the 2010 assessment (Martell
2010). Since 1966, the average anmadéthhas beer221 thousandnt, and in the last decade
268 thousand mt. The TINSS model assumes a rathasdifbgnormal prior foMSY; with
median value corresponding to 200,000amdl a standard deviation of 500 thousamdThis
represents a 95% ebdence interval of roughly>thousand mt to 532 thousamd. Assigning a
prior density folMSYis nearly equivalent to assigning a prior density for the global scaling
parameteq.

2.4.5 Acoustic survey catchability (q)

A lognormal prior was placed on the survey catchability patamein the TINSS
model,with mean corresponding to 1 anddsigndard deviation 0.1 (95% confidence interval of
0.82 and 1.22)The prior was used to hefichieve model convergence. It might be considered
overly precise, although it is worth noting titia¢ maximum likelihood estimate was 0.73,
outside the confidence limits of the prior. Sensitivity tests were done to evaluate the influence of
the standard deviation of this prior.

3. Stock assessment

3.1Modeling history

Age-structured assessment modaflsarious forms have been used to assess Pacific hake
since the early 1980s, using total fishery landings, fishery length and age compositions, and
abundance indiceModeling approaches have evolved as new analytical techniques have been
developedinitially, a cohort analysis tuned to fishery CPUE was used (Francis et al. 1982).
Later, the cohort analysis was tuned to NMFS triennial acoustic survey estimates of absolute
abundance at age (Francis and Hollowed 1985, Hollowed et al. 1988a). In E9B&kéeh
population was modeled using a statistical catelage model (Stock Synthesis) that utilized
fishery catchatage data and survey estimates of population biomass armbeyp®sition data
(Dorn and Methot, 1991Y.he model was then converted to Akl Builder (ADMB) in 1999
by Dorn et al. (1999), using the same basic population dynamics equatenallowed the
assessment to take -aocdvwergemde eogtiees to €alcuhaz BtBndasd epooss t
(or likelihood profiles) for any quantityf interestBeginning in 2001, Helser et al. (2001, 2003,
and 2004 used the same ADMB modkl assess the hake stock and examine important
assessment modifications and assumptions, including the time varying nature of the acoustic
survey selectivity andatchability.The acoustic survey catchability coefficieq} yvas oneof
the major sources of uncertainty in the model. The 2004 and 2005 assessments presented
uncertainty in the final model result as a range of bionfdsslower end of the biomass range
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was based upon the conventional assumption that the acoustic gwasyequal to 1.0, while
the higher end of the range representgd@®6 assumption.

In 2006, the coastal hake stock was modeled using the Stock Synthesis modeling
frameworkwritten byDr. Richard Methot (Northwest Fisheries Science Center) in AD Model
Builder. Conversion of the previous hake model into SS2 was guided by three principles: 1)
incorporate lesderiveddata, favoring the inclusion of unprocessed data where possible, 2)
expicitly model the underlying hake growth dynamics, ang@sueparsimony n model
compl exity. fAderiveddmapa@anatinnagillessfitting obseryv
elemental formFor instance, no prprocessig to convert length data to agempositional data
was performedAlso, incorporating conditional agat-length datdor each fishery and survey
allowed explicit estimation of expected growth, dispersion about that expectation, and its
temporal variability, all conditioned on selectivitin both2006 and 2007, as in 2004 and 2005,
assessments presented two models (which were assumed equally likely) in an attempt to bracket
the range of uncertainty in the acoustic survey catchability coefficjeihe lower end of the
biomass range wasyain based upon the conventional assumption that the acoustic gwasy
equal to 1.0, while the higher end of the range allowed estimation of g with a fairly tight prior
about q = 1.0 (effective q = 0-:®.7). The 2006 and 200&ssessmentsere colldorative
including both U.S. and Canadiaaientists.

During 2008, three separate stock assessments were prepared independently by U.S. and
Canadian scientists. The U.S. model was reviethging the STAR panel processd both the
VPA and TINSS modelsere presented directly to the SSC, but were not formally included in
the assessment review and mg@ament process. The p&IAR-panelU.S.modelfreely
estimated q for the first time, and this resulted in very large relative stock size and yield
estimates.ln 2009,the U.S.assessment model incorporated further uncertainty in the degree of
recruitment variability 6g) as well as more flexible tieavarying fishery selectivity.

Additionally, the 2009 assessment incorporated further refinements to the-ageingatrices,

including both updated dataandcor®rpeci fi ¢ reductions in ageing
effects due to strong year classThe 2009).S. model continued to integrate uncertainty in

acoustic survey and selectivity and iM for older fish. Residual patterns that had been present

in the age and length data were discussed at length, and efforts were undertaken totboikl the
necessary to revaluate input data to allow more flexibility in potential modeling approaches.

In 2010two competing model@ne built in TINSS and one in S&Ere presented to the
STAR panel. Estimates of absolute stock size and yields diffeeatlygbetween the two
models, and the causes of these differences went largely unidentified. The SSC recommended
that the Pacific council base management advice on both models.

For 2011 we have focused on collaborative modetingsiderably refining botthe
historical U.S. and Canadian mod&detter understand the reasonspia@viousdifferences
among models and to better present the uncertainty in current stock status in the spirit of the
Pacific hake treaty.
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3.2 Response toecent reviewecommendations

3.21 2011STAR Panehnd SSC review

The 2011STAR panel (711 February, 2011) conducted a thorough review of the data,
analyses and modeling conducted by the joint technical team (a full summary can be found in the
STAR panel report). Dumg the course of the review, several aspects of the TINSS model were
improved, leading to results that were more similar to those from the SS model. Further, several
errors and inconsistencies were identified in the underlying code that could be reciifrep
the review. Subsequent to the STAR revyisawveraladditionalinconsistencig in the treatment
of weightat-age for various calculationgere discoveredlhese issues were correctadd the
revised results presented to the SSC during the PFMC meeting (5 March, 20tE.request
of the SSCthe posterior distributions for managemeglaited quantities from the SS and TINSS
models were combined with equal weight in order to pewdelaveraged estimateall
results reported in this document representfittad values on which the SSC and PFMC
decisions were based.

3.2.2 2010 STAR Panel recommendations

1. A detailed analysis of catch, effort, length, and age data by sex, goiiag back apossible,
and split by fleet, and vessel type, is needed to help understand the comdagaciahich go
into the stock assessment models. In particular, this would enaldefénsible length and age
frequencies to be constructed by flgwit just shorebased andt-sea within country), which in
turn may enable the modeling of the fisheries data edgtistant selectivities over time within
fleet (or, at least, lead to a reduction in the needifoe-varying selectivities); and (ii)
abundance indices (i.e. one or more fldeised CPUENdices) to be explored to provide an
alternative (or an addition) to the acoustic sunmgmass (should the squid remain in the
region and continue to make surdegsed hakéiomass unreliable; also, haviraiternative or
additional indices would strengthen thbility of the modelers todeequately assess the hake
stock) This should also includedditional spatial data describing the tribal and shdrased
fisheries.

Response: Catch, length, weight and dag were broken out by sex, fleet and season for the
2011 assessmemilodels were constructed that utilized each of these data sources (the efforts
described below); however, thesedels did not prove sufficiently different from the simpler
Empirical Age modelo justify their use. B conductinghis exercisewe have been able to

show that the model we are using mimics the model which includes the added complexity, and
future assessments can continue to consider and revise the range of possible hdaels w

have been explored using the data processing tools that have been developed.

2. Analysis from all data sources (commercial and acoustic survey) aimed at understieding
spatial, vertical, and temporal patterns of hake distribution (by length, agd sex)
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ResponseMuch progress was made on this topic during 2010. Ha@aéysis of acoustic
biological samples to investigate haul representativeness and sensitivity to stratification is
describedn section 2.2.hbove.

3. Fund research intthe appropriateness of attempting to produce biomass estimdeg#t,
age, and sex, from acoustic surveys of sdgmersal species such as hake palibck,

including in the presence of possible confounding species such as Husthoattdand lingcod.
Once the work has been done (by statistician(s) with practical fishexpesience, in
conjunction with acousticians) convene a workshop to discuss and e@dindings. Ideally
this should also address the issue of adequately sampling to grourttigigtboustic estimates,
including, for example, duration of trawl sampling, usingpanmercial trawler to sample, using
another (additional) gear type to sample.

Response: A workshop to evaluate acoustic survey design and methods is planned for 2012.

4. Place a very high priority on obtaining a defensible length to target strength relatidieship
hake.

Responselt is a high priority Although alternate values for target strength will scale pure
biomass estimates proportionally (and thus be absorbadregly estimated catchability
coefficient), delineation of mixedpecies backscatter may be sensitive to the relative target
strengths for each component speckeggregationf hakewith sufficient individual targets

were not present dumgrthe cruise conducted in 2010, but this research will be continued as is
possible.Ongoing research by the U.S. and Canadian acoustics teams includes the use of a
0drtorpansducer 6 for resolving single targets

5. Construct informed priors for the acoustic gs associated with the existing time seriesl(this
ensure that future model runs stay in sensible space, or alternatively, tlestithates will be a
revealing diagnostic).

ResponseThis is an area for future research, but not one that is likely to be easily resolved.
Such a prior was unnecessary for the current SS model. A description of the prior for g used in
the TINSS model is provided in section 2.4.5 above.

5. Provide an optionn SS3 to disable or severely limit the penalty on recruitmewiations
while maintaining internal consistency in the definition of BO.

ResponseThis is a general topic of research for-agreictured models and likely requires
simulation testing undevarying data quality and quantity scenarios to determine its
performance.A way to limit the penalty orecruitment in SS is tfix avery largel

parameter. However, this would cause the highly variable estimates in recruitment under the
current modeling approach to only become more variable. Without including the assumption
that recruitment has a distribution, nothing would prevent wild fluctnatio recruitments

during early years with no data or the most recent recruitment years that have not yet been
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observed in the age composition data. Fundamentally, the connection between an internally
consistent BO and assumptions about a central tendenegruitment are difficulif not
impossibleto separate.

3.23 2009 STAR Panel recommendations

1. The Panel recommends the investigation of how the biological sampling in the acoustic survey
occurs to determine whether these data are representattiae bhckscatter in the survey.

ResponseMid-waterandbottom trawls are made during survey operations in order to classify
the observed acoustic quantity and to gather the length and age data needed to scale the
acoustic data into units of biomass. The locations of these trawl deployments are not
systematicbut rather opportunistic, depending on the local acoustic observations, recent trawl
effort, and other logistical constraints (time available for trawling, time required to process the
catch, weather and sea conditions, etc.). Due primarily to logistitime constraints, not all
scattering aggregations can be sampled. Typically, one to three trawl sets are made per day
during the surveywhile the biological sampling is not randoangcomparative analysis of the
occurrence of backscatter versus the dgpknt of trawl over both depth and latitude did not
indicate a source of bias from the traafgpling. Variability in the siz and age structure of

the trawl samples due to sparse sampling is therefore likely to contribute an additional source
of processerror in the acoustic index of abundance. The estimation of an additional variance
component in the SS model accounts for this and other sources of process error.

2. The panel recommends and investigation of how the biological samples are processed and
applied to the acoustic estimates, including thestrsttification of length samples.

ResponseDocumentation of the analysis methods has been completed and provided as part of
the background materials for this assessment. Analysis espastficaton methods and

results during 2010 indicated that the tisexies of abundance was remarkably robust to the
stratification method (all stratification analyses produced < 10% change in the resulting
biomass estimate). Pendingamealysis of all years frorh9952009, a simplea priori

stratification approach may be employed in future surveys and historical estimates reanalyzed
to be consistent with that choice of strata.

3. The panel recommends that the raw data in the acoustic survey, including theskngtbs,
be appropriately assembled to allow statistical analysis of these data as well as appropriate
stratification

ResponseAll extant raw acoustic data has been assembled during 2010 and reanalyzed for this
assessment. Data prior to 1995 was fdienioe inadequate to reconstruct abundance estimates
and spatial coverageassuch that reasonable variance estimates would be prohibitively large.
Automated software tools for processing and kriging the acoustic data and for processing
biological samplesyvill allow bootstrapping of additional variance components for future stock
assessments.

46



4. The Panel recommends that a Management Strategy Evaluation approach be used to evaluate
whether the current 4Q0 harvest control rule is sufficient to produce thanagement advice
necessary to ensure the sustainable use of the Pacific hake stock with its dramatically episodic
recruitment. The 4Q0 rule assumes that simply reducing catches in a linear fashion as stock
biomass declines will be sufficient to gutte fishery back towards the target spawning biomass
level. However, with the fishery being dependent upon a single declining cohort just reducing the
catch may achieve the status quo but it rebuilding will not occur without new recruitment.

ResponseThe STAT agreestronglywith this recommendatigmowever the extensive work
on data processing and modeling methahaisng 2010wvas a necessary first step befare
MSE could be undertakdyy the joint technical working grouganadian scientists have
begun research into this area, and likely that this issue will be addressed by ¢benmittees
formed to fulfill the now ratified but currently not implemented hake treaty

4.1 Related to Recommendation 4, the operating model developed for the kanagtrategy
Evaluation should evaluate how well the different assessment models recapture true population
dynamics. At issue is whether a simpler model such as ADAPT / VPA performs better or worse
than a more complex model such as SS2.

ResponseOne ofthe top research priorities provided in this assessment &v&dap
management strategy evaluation tools to evaluate major sources of uncertainty relating to data,
model structure and the harvest control rule for this fishery.

5. Future assessmentodels should explore gendand lengthbased selection processes, in
recognition that the gender differ in growth and that many of the more influential dynamic
processes that operate in the fishery and leitogtbed but are currently considered from and
age-based perspective (for example selectivity).

ResponseA range of models was explored in preparation for the 2011 assessment with some
including lengthbased selectivity, explicitly fitting teexspecific data sources and estimating

the degree of dimphic growth. The conclusion for this effort, was that the processes driving
growth of hake (both weight at length and length at age) are extremely dynamic, far more so
than for most west coast groundfish. Hake get markedly heavier for their lengthttiering
growing season and this growth varies significafithyn year to year. Prior to 1990 the

patterns of length at age differed dramatically from growth observed in more recent years, and
this variability is far more pronounced than the modest but ggnif difference between

males and females. In aggregate, we were unable to create parsimonious models which could
mimic the temporal variability in growth sufficiently to provide statistically acceptable fits to

the length and agat-length observationsWhile this may be possible in the future, it must be
recognized that hake are atypical in the degree of growth variability relative to other
groundfish Even ifsuch models could be constructiédvould not be a foregone conclusion

that they could prode more reliable management advice tharstimeewhasimpler empirical
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approaches here, given that several models reported in this docurmiehtincluded
parametric growthprovided very consistent results.

6. When the raw acoustic survey data beconadahle there should be a+evaluation of the
treatment of prel995 acoustic survey data and index values. For example, the biomass index
implied by the area covered by the {1/@95 surveys should be compared with the total biomass
from the full area cowed by the pos1995 surveys. The difference between these two indices
has implications for the magnitude of the survey catchability coefficient prior to 1995.

ResponseAll available hstoricalacousticsurvey datdave been reanalyzéar this stock
assessment. Data prior to 1988&refound to be inadequate to reconstruct abundance
estimatedor the entire stocknd spatial coverage was such that reasonable variance estimates
would be prohibitively large.

7. There should be further exploration of geographical variations in fish densities and
relationships with average age and the different fisheries, possibly by including spatctre
into future assessment models.

ResponseThe addition of spatial sicture into the assessment moaak beyond the scope of
available resources for the 20&ssessmeythut could be considered for future analyses.

8. There should be exploration of possible environmental effects on recruitment and the acoustic
survey.

ResponseA Fisheries And The Environme(EATE) proposal was funded and the research to
investigate environmental effects on hake distribytismg acoustic survey dagad an array
of environmental variables ongoing (see figure 2)

3.2.42009 Industry contracted review

A review of the 2009 Pacific hake stock assessment was conducted in 2009 by
Quantitative Resource Assessment LLC (Dr. Mark Maunder, 2009). The review was thorough
and suggested a nunrlaf improvements to the modeh paticular, Dr. Maunder suggested two
main changes to the assessment: 1) Explicit modeling of sex structure (i.e. treating males and
females separately in the model and the data), and 2) Splitting the data into more fisheries, in
part to improve the modelimgf selectivity and changes in selectivity over time. Of additional
concern was the treatment of the acoustic survey data for years when geographic coverage was
incomplete as well as the assumption that trawl sampling (the biological data) and acoustic
baclkscatter (the acoustic index) necessarily arise from the same selectivity process. Dr. Maunder
emphasized thatlue to actual differences in growth between the sexes, most of the other
suggested improvements would be far less helpful without asgximoe!.

ResponseSeveral assessment models including saikand fleetdisaggregated dynamics
were constructed for this assessment and are reported as sensitivity analyses. These

48



assumptions did not produce markedly different results fobaged seléwity and data

constructs. As described above, models fully utilizing all available length obseryatioins
lengthbased selectivitgontained residual patterns that precluded their use for management
advice. The data processing tools andmalysis 6 historical observations will make it far

easier for future stock assessments to revisit this topic and perhaps make additional progress.
The potential benefit to full utilization of all length data could be a reduction in the
considerable uncertainty the assessmentodek, however the reliability of such models may
need to be simulatietested given the extremely dynamic growth processes observed in the
historical timeseries.

The acoustic survey data prior to 1995 have been removed from thesseslsment due to

the rav observations being unusable. This is dudéoincomplete spatial and depth coverage

of the sampling and the prohibitively large variance that would result from analysis consistent
with the recent timeseries (kriging).

3.32011 Modeldescriptiors

3.3.1 Stock Synthesis

This assessment e Stock Synthes(SS)modeling frameworklevelopedy Dr.
Richard Methot at the NWFSC. The Stock Synthesis application provides a general framework
for modeling fish stocks that permits tbemplexity of population dynamics to vary in response
to the quantity and quality of available data. In the cutrastassessment modéipth the
complexity of the data and the dynamics of the model are intended to be quite simple, and efforts
have beemade to be as consistent with the TINSS model as possible. Additional complexity is
explored via sensitivity analysis, and sources of difference between the two models are
highlighted where they have been identified.

In the SS modelhe Pacific hake popation is assumed to be a single ceaite stock
along the Pacific coast of the United States and Canada. Sexes are combined within all data
sources, ioluding fishery and survegge compositions, as well as in the matigiamics The
accumulator age fahe internal dynamics of the population is se2@years, well beyond the
expectation of asymptotic growth. The modeled period includes the ye&&2080 (last year of
available data)vith forecasts extending to 201Bhe population was assumed toifbe
equilibrium20 yearsprior to the first year of the model al | owkri nngd ao f6 bruercrr ui t me
estimates such that the age structure in the first year of the model was free of all equilibrium
assumptionsSince here were no largscale commercial fishies for hake until the arrival of
foreign fleets in the midto late 1960sno fishing mortality is assumed prior to 1966

The model structure, including parameter specifications, bounds and prior distributions
(where applicable) is summarized TaBl& he assessment model inclu@esingle fishery
representing the aggregate catch from all sectors in both néihianparison to recent SS
assessments that have separated U.S. and Canadian fisheries into separai&@edtsyt of
modeling thdJ.S.foreign, jointventure atsea and sho+kased fisheries, as well as the
Canadiarforeign, jointventureand domestic fisheriessseparatdleets is explored in a
sensitivity analysis. &imated selectivityor both the acoustic survey and commercialdrgh
does not change over time, unlike recent SS modibks selectivity curves were modeled as
nonparametridunctionsestimating agepecific values for each age beginning at age 2 for the
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acoustic surveysince agel fish are not included in the desigmd agel for the fisheryas
small numbers are observed in some years. Selectivity is forced to be constant after age 5, but
this restriction is evaluated via sensitivity analysis, as are alternate parameteriZégrasvas
no evidence of domshapedselectivity in this assessmerttjd is a change frompreviousmodek
which may be related to the removal of inconsistent acoustic survey observations prior to 1995.
Growth isrepresented via the externally derived matrix of weajtage described above.
Alternate models includingtime-varyingvon Bertalanffy functiondimorphic growth and
seasonally explicit growttvithin years are compared via sensitivity analysegilalnot provide
substantially different results
For the base model, the instantaneous rate of natural morkd)itg éstimated with a
lognormal priothaving ameanof 0.2 ando (in log-space) of 0.1described aboveThe stock
recruitment function was BevertonHolt parameterization, with the log of the mean unexploited
recruitment freely estimated. This assessment used a beta prior ferestagk steepnes$y
applied to previous assessmesmsl described abov¥&earspecific recruitment deviationsane
estimated from 146-2010. The constraint and biarrection standard deviatioi, for
recruitment variability igixed at a value of 1.8 this assessmebtased on consistency with the
observed variability in the timgeries Maturity and fecundit relationships are assumed to be
time-invariant andixed values remain whanged from recent assessments
Theacoustic surveindex of abundance was fit via a fagrmal likelihood function,
using the observed sampling variabiliggtimated via krigig as yeaispecific weighting, with an
additional constant and additive log(SD) componetich wadreely estimated to
accommodate unaccounted for sources of process and observation error. Survey catchability was
freely estimated with a uniform (noninformative) prior in4ggace A Multinomial likelihood
was applied to ageomposition data, weighted Ithe sum of the number of trips or hauls
actually sampled across all fishing fleegad the number afawl setsn the research surveys.
Input sample sizes wetken iteratively dowsweighted to allow for additional sources of
process and observatiorr@r. This process resulted toned inputsample sizeroughly equal to
the harmonic mean of the effective sample sizes after model fitting.

3.3.2 TINSS

TINSS is an agstructured model that sondtioned on historical catch and
parameterized from a magemenboriented perspective, where leading estimated parameters are
MSYandFysy. These were referred to @ andF* in previous assessments (Martell 2008;
2009; 2010) after Schnute and Kronlund (1996), the original proponents of manageeret
models. For internal consistency within the present document, these parameters will now be
referred to ad1SYandFysythroughout. In managementiented modeldISYandFysyare
directly estimated as parameters and analytically transfotonteir biological equivalentSB
and steepness, through the survivorship, growth, maturity and selectivity schedules (see
Appendix F ad Martell et al, 2008 foradetailed description of the transformation). In other
respects, the model structurally very similar to SShe main differences are: the treatment o
selectivity; the negative lelikelihood function for catctat-age residuals; partitioning of
observation and process error; and priors on the leading estimated pardiSatarslFysy
Where possiblesensitivity to these factors reported below
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The TINSS model presented here differs from the 2010 assessmetali(N810) The
model is no longer initialed at equilibrium. Instead, annual recruitment is estimated as the
product of an estimated mean recruitment (estimated in log spacegamatmallydistributed
annual recruitment deviations. Residuals aresttamed to conform to a Bevert¢tolt stock
reauitment relationship, as in S@ith the stockrecruit parameters derived from the leading
parameter8/SYandFysy. The validity of the assumption of equilibrium starting conditions has
been questioned in @vious assessments, particularly because the disglays a high degree of
recruitment variability The decision to remove this assumption was made jointly by the two
stock assessment teams.

A total of 69 model parameters are conditionally estimated (T@pl& summary of the
input data is provided in Appendix D. Ttechnical description of the modslprovided in
AppendixF; see also Martell et al. (2008) for further description of the mdaded.apprach of
TINSS is to fit an agstructured ppulation dynamics model to tirseries information on
relative abundance, amgiecomposition datérom the commercial fishergnd acoustic survey
using a Bayesian estimation framewdfkst, TINSS is conditionedn the total landings where
the fishing mortality rate each year is determined by solving the instantaneous Baranov catch
eqguation using the observed total landings and the estimated vulnerable biomass. The Baranov
catch equation is solved using a detilva based root finding methodhe model is fit to the
acousticsurveybiomass (Tabl®), assuming that these data are proportional to the vulnerable
biomass seen by the survey atsb thabbservation errors are lognorm8urvey data were
weightedmultiplicatively in the objective function by the relative CVs from the kriging
estimatesThe model estimates the inverse of the total variaritas well as the variance ratio
o, which partitions the total variance into the variances used for oliseraad process error
(i.e., prepresents the proportion of the total variance due to observation error).

The objective function contains five major components: 1) the negatitikéditpood of
the relative abundance data; 2) the negativdikaihood of the catchat-age proportions in the
commercial fishery; 3) the negative Higelihood of the catctat-age proportions in the acoustic
survey; 4) the prior distributions for model parameters, and 5) two penalty functions that
constrain the estimates stieepness to lie between 0.2 and 1, and prevent annual exploitation
rates from exceeding 1. Note that the value of the penalty functions was 0 for all samples from
the posterior distribution. The joint posterior distribution was numerically approximateg us
the Markov Chain Monte Carlo routines built into AD Model Builder (Otter Research 2008).
Posterior samples were drawn systematically every 1,000 iterations from a chain o2length
million (the first 2,000 samples were dropped to allow for sufficient-in). Convergence was
diagnosed using visual inspection of the trace @otsexamination of autocorrelation in
posterior chains.

Catch advice is based on the samples from the joint posterior distnikiEitnpirical
weightatage data, aggregated amdighted from both US and Canadian data, were used to
convert numberst-age to weightitage Figurel2, and described in section 2.3.3 above).

The biomass index was treated as a relative abundance index that is directly proportional
to the surveyulnerable biomass as the beginning of the year. It is assumed that the observation
errors in the relative abundance index arerogmally distributedThe survey catchability
parameteq is treated as an uncertain parameter, but the maximum likelihbodhesofq is
used in the calculation of the objective function (see Walters and Ludwig ¥98dymal prior,
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~N(0.0, 0.1), was placed on lgg Sensitivity to the standard deviation of this prior was tested.
Fishing mortality in the assessment mogakconditioned on the observed total catch weight
(combined US and Canada catch), andasassumed that total catch is known and reported
without error.

Age-composition informationvasassumed to come from a multivariate logistic
distribution where the pdécted proportiorat-age is a function of the predicted population-age
structure and the age specific vulnerability to the fishing gear (Richards and Schnute 1998). The
likelihood for the ageeomposition data was evaluated at the conditional maximumhidadi
estimate of the variance (i.e., no subjective weighting scheme was used to scale likelihaod for th
agecomposition information).

No aging errors were assumed in this assessment. Historical observations on mean
weightatage show systematic changesere the average weighét-age have declined from the
mid-1970s and increased again slightly late 1990s (Fit@reA number of the historical
cohorts have growth trajectories that initially increase from age2 t8 #gen decline or stay
relatively flat (e.g., 1977 cohoyt Given these data, there are at least three alternative
explanations for the observed decreases in mean wagiglge: 1) changes in condition factor
associated with food availability; 2) intensive size selective fishing mortalitydiffdrential
fishing mortality rates on faster growing inagtluals; and 3) apparent changes in selectivity over
time. All three of these variables are confounded, and it is not possible to capture decreasing
weightatage usingtte von Bertalanif growthmodel and a fixed allometric relationship
between length and weight. As such, TINSS uses the observed meanataiggdata from the
commercial fishery to scale population numbers to biomass.

It wasassumed that recruitment follows a Beverttwit typestockrecruitment
relationship and the process error terms are represented by a vector of deviation parajheters (
that are assumed to be fogrmally distributed. Both fishing mortality and natural mortality
wereassumed to occur simultaneoushstantaeous fishing mortalityasbased on the
Baranov catch equation where the analytical solutiofrf found using an iterative Newten
Raphson method with a fixed number of iterations to ensure the proper derivative information is
carried forward in thewtodiff libraries.Selectivity, or vulnerabilityat-age, to the fishing gear
wasassumed to be agpecific, timeinvariant, and is represented by asymptotic logistic
function Selectivity in the acoustic survey was also assumed to be asymptoticjrigliaw
logistic curve, and timénvariant.Age-specific fecundity is assumed to be proportional to the
product of bodyweight and the proportieat-age that are sexually mature.

As in the SSase model, the commercial catch and@waposition information from
Canada and the U.S. was combined to represent a single fishery. The aggregation of the
commercial catch data has the potential to create a bias in the predjetedmposition because
it assumes that the agpecific fishing mortality rates between the two countries has been
relatively consistent over time. Furthermore, the combining of the@aggosition data is done
using a weighted average, where the weights are based on theipropbd.S. or Canadian
landings by weight rather than by numbers.
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3.4Modeling results

3.41 Changes from 2010

Virtually all data sources and modeling approaches have bemmaleated for 2011 and
both the TINSS and SS models represent quite diffenediel formulationshan previously
applied.Thedetails andesults are described fully below.

3.4.2 Model selection and evaluation

The SSmodeling framework allows the fitting of a wide range of model complexities
with only relatively small changes toput files and data organization. With the datacessing
tools developed during 2010, ta#ficiency with which théechnical teantouldexplore
alternate moddbrmulatiorsincreased dramatically, no longer being hampered by an excessive
period of timefor data processing and formatting for each mdelel.this assessmera
multitude ofmodelswere constructedanging from simple production models to seasmeA,
specific,fleet-disaggregated models with fully specified growth-sutdels. An overview of
these efforts is provided in Tableand the range of models is included in the sensitivity
analyses

ThebaseSSgenerallyprovides similar results tahosewith moreconmplex dynamicsand
a complex treatment of the data. Howewasrnoted above and in the sensitivity section below,
we were unable to find parameterizatiothat provided acceptable fits to the observed length
and ageat-length dataThis is likely due to teporal changes in growth among years and
cohorts, as well as possibly mortality and fishery selectivitgimple fourparameter production
model, fitting to only the survey indeprovided results thatere so uncertain as to be of little
value for manageent purposes~gure 19.

Iterative reweighting of the composition data in the base case SS model did not produce
large changes in the results, and resulted in a degighting of the fishery sample sizes to 1,0%
and the acoustic data to 8986 the obsrved number of trips/haulsThis is consistent with the
high degree of correlation among fishery tows for theeat fleet and the much greater temporal
and spatial spread of the acoustic hauls. The additional variance component for the acoustic
surveywas estimated to be 0.26 at the median of the posterior distribution, indicating that
additional process error, beyond simple sampling variability was present (as exrdtdtt it
was not overwhelmingly larg@lthough it did substantially exceed #ampling varianceand
therefore the fit to the survey still informed the assessment.

The TINSS model is progied as an alternative to the 8®8dels and tonaintain
consistency withiecent assessment years. Theb&§S model is much more similar to TINSS
compared to previous years: both models contain aggregated fishery information, empirical
weights at age and similar prior assumptions where poséililendamental differencis the
multivariate logistic likelihood functions used to calculate residuaise commercial and
survey age compositions. The multivariate logistic likelihood function (Ricledrals 1997 uses
the conditional maximum likelihood estimate of the variance to weight the age composition data.
This likelihood function was originallyntroduced into TINSS in response to problems
encountered in previous assessments, where the age composition data had to be subjectively
downweighted to reduce retrospective bias (Martell 2010). In general, the multivariate logistic
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likelihood is more robst to weighting problems, although it does assume a single variance
across all years, which may produce overly large residuals in some years.

A summaryof the fit to the ageomposition datand survey indefor both models can
be found in the model reksi section 3.4.3.

3.4.3 Assessment modeadgults

Bayesian results are presented here for both assessment models. For the SS model, the
MCMC chain was run for 800000 iterations with the first 9,998scardedtoelim at e - 6 bur n
i nd eThd 16,800 walue and eery 5000" subsequent valugereretained, resulting i899
samples from the posterior distributions for model parameters and derived quantities. Stationarity
of the posterior distribution for model parameters was assessed via a suitelafdsthagnostic
tests. The objective function, as wellalsestimated parameters and derived quantsieswed
good mixing during the chain and no evidence for lack of convergence. Autocorrelation was low
(Figures 21 and 22nd correlatiorcorrected effective sample siagsre sufficient to
summarize the posterior distributiomgeither the Geweke nor the Hiedelberger and Welch
statistics for these parameters exceeded critical values more frequently than expected via random
chance(Figure 23. Correlations among key parameters and derived quantities were generally
low (Figure 24.

The fit of the modeled time series to the acoustic survaydss index is shown in
Figure25. Thefit to the acoustic survey biomass time series is quite reasonable, giveemrtioeé
the input and estimated variance components. The 2001 data point was well below the
predictions made by any model we evaluated, and no direct cause for this is knowrerhbwe
was conducted about one month earlier than all other surveys between 1995 and 20@9,(Table
which may explain some portion of the anomalye 2009 indexs higher than any predicted
value observed in model evaluatidine uncertainty of this pot is also higher than in other
years, due to the presence of large numbers of Humboldt squid during the survey. This has been
accounted for in both the data and the models.

Selectivity at agéor both the fishery and survey is relatively uncertain (aromamt
property of the noparametric selectivity option) but generally consistent with the observation
that fish are fully selected by the time they reach their full tigure 26). Fits to the age
composition data in the SS model are also reasonably, gath close correspondenttethe
dominant cohortsbserved in the datnd also identification of small cohartghere the data
give a consistent signdFigures 2729). These fits are improved over simpler models that do not
include ageing error anti¢ cohoreffecton ageing erroiResidual patterns to the fishery and
survey age data do not show particularly evident trends that would indicate systematic bias in
model predictions (Figureé¥0 and31).

Posterior distributions foBSmodel parameters showed that for both steepness and
natural mortality the prior distributions were likely strongly influencinggbsterior Figure 33.

In the TINSS model, the MCMC chaimas run for 5,000,000 iterations. Ever9@d"
subsequent vak wa retainedresulting in 1000 samples from the posterior distributions for
model parameters and derived quantities. Stationarity of the posterior distribution for model
parameters was assessedvisyializationof trace plots (Figur83) and analysis dhgged
autocorrelation. Autocorrelation plots (Bigs 34 and 35 indicateminor autocorrelatiorfor all
parametersThere was somanresolved confounding among the parameters describing the scale
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of recruitment, the variability in recruitment and natumalrtality in this population. Further
evidence for confounding among these parameters is the negative correlation between the

posterior estimates ofn R and¢ ™, and betweerdn R and M in the crossorrelationplot of
posterior estimates (Rige 36 and 37) The plots of posterior density compared with prior
density (Figire 38)provide further evidence that there is little information in the data about the
productivity of the population (the posterior distrilmumtifor Fysy is almost identical to the prior).

The fit of the modeled time series to the acoustic survey biomass index is shown in
Figure25. The assessment model fit to the acoustic survey biomassetireg is similar to that
for SS although the TINS#&odel fit to the 2009 data point, despite demeighting of this
point

The estimate of selectivity at age for the fishery is higher than in recent eane(39;
MLE of age at 50%ifst harvest estimated to be d,&ompared to 3.51 from the 2010 TIBIS
assessment (Martell 2010).

Fits to the ageomposition data in TINSS are reasonably good, with close
correspondence of the dominant cohdfigiires 40 and §1Residual patterns to the fishery and
survey age data do not show strong trends that wodldate systematic bias in model
predictiong(Figures 42 and 43although the model did tend to overestimate proportion of age
six fish, suggesting that age at 50% first harvest was overestimatedyal mortality
underestimated.

Both stock assessmambdels indicate that the Pacific hake female spawning biomass
was well below equilibrium at the start of the fishery and during #1@4 (Figure 44 and Tables
10-14). The stock increased rapidly after two or more large recruitmvent®in the early 1980s
(Figure 45 and Tdbs 1516) and then declined rapidly after a peak in the-nradate 1980s to a
low in 2000. This long period of decline was followed by a brief increase to a peak in 2003 (1.44
million mt in the SS modednd1.75 million mt in the TINSS model) ake exceptionally large
1999 year class matured. In 2011 (beginning of year), spawning biomass is estimated to be
rebounding rapidly based on the strength of recent year classes (2005, 2006 and particularly
2008, in botlthe SS and TINSS models), however this estimate is quite uncertain, with 95%
posterior credibility intervals ranging from historical lows to well above equilibrium levels.
Current median posterior spawnibgmass equates to approximately 91% (SS maddly 3%
(TINSS model) of the unfished levé; Figure 46¢. Estimates of uncertainty in current relative
depletion are extremely broad, from 383@3% of unfished biomass in the SS model Zbt-
4090 in the TINSS moddFigure 47) The estimate of spawnirgomass for 2011 is 1.87
million mt in the SS model and 2.18 million mt in the TINSS model, buibh larger than the
0.48 million mt estimated by the SS model in 2010 without information about the-abersge
2008 recruitmentThe 2010 TINSS median pesior estimatevas 0.34million mt. Model
averaged posterior median estimated 2011 spawning biomass (assuming equal weight for each
model) was 2.03 million mt (0.72.14 Table 14. This corresponds to a moekleraged
posterior median 2011 depletitgvel of 126% (42%350%).

Estimates of historical Pacific hake recruitment indicate very large year classes,in 1980
1984 and 1999 in both assessment modéls.strength of the 2008 cohort is estimated to be
very largeand this is informed mainly by the 2010 fishery age compositions. Uncertainty in
estimated recruitments is substantial, especially so for 2008, as indicated by the broad posterior

55



intervals (Figure 45). A comparison of the stoekruit relationships anecruitment deviations
from the two models is provided in figures-88.

3.4.4 Model wncertainty

Both assessment models integrate dliersubstantial uncertainty associated with several
important model parameters including: acoustic survey catchalgjisnithe productivity of
the stock (SS via theteepness, of the stockrecruitment relationshjpTINSS viaFysy, and
natural mortalityM). Although the Bayesian results presented include estimation uncertainty,
this withinrmodel uncertainty is likelg gross underestimate of the true uncertainty in current
stock status and future projections, since it does not include all structural modeling choiees, data
weighting uncertainty and scientific uncertainty in selection of prior probability distributlans.
an effort to capture these additional soumasncertainty, we report the results from the two
models throughout this document.

The Pacific hake stock displays the highest degree of recruitment variability of any west
coast groundfish resulting iarnge and rapid changes in stock biomass. This volatitiypled
with a dynamic fishery, which potentially targets strong cohorts and a aleatmer than annual
fishery independent acoustic survey, will continue to result in highly uncertain estohates
current stock status and even less certain projections of stock trajectory in future stock
assessments. The primary source of uncertainty that is relevant to managementahedisign
for the 2011 fishing season is the strength of the 2008cjass. The estimate for this cohort is
very uncertain, and the stock trajectagntirely dependent on its value. For this reason, the
decision table explicitly included columns representing alternate states of nature fmidawad
high estimated2008 coha strength. The vast uncertainty in this year class will likely persist
until an acoustic survey has been conductedpittatides an independeestimateof the
magnitude.

3.4.5 Reference points

Unexploited equilibriunspawningbiomass increased in ti%S model to 2 ®million mt
(from 1.33 million metric tons in the 20H3sessment), but the uncertainty is broad, with the
95% posterior credibility interval ranging fronb®d to 2.76 million mt (Table 37In the TINSS
model,the median of the posteriorawl.24million metric tons (Tald 17 credibility interval:
0.852.12million mt). TheMSY-proxy target biomassSBoy) is estimated to be 0.81 million mt
in the SS model an@.50in the TINSS model. The minimum biomass thresho&sf,) are
0.51 and).31 million mt, respectivelyMSYis estimated to be 355 thousand mt in the SS model
and160thousand mt in the TINSS model (Figure 51). The equilibrium yield at the biomass
target SBioy) is estimated to be 323 thousand mt in the SS modelB8ithousandnt in the
TINSS model. The full set a&ference points are reported in Table 17

The spawning potential ratio for Pacific hakeestimated to haveeen below the proxy
target of 40%or both assessmentodels (Figure 52). Uncertainty in the value is large, and the
TINSS model estimates that the SPR target has been exceeded in 1997 and 1998, while the SS
model estimates that the value has remained below target. This difference is likely due to the
very different selectivity curves estimated for the fishery in the two models and to the priors for
the productivity parameters (see sensitivity analyses in section 3.4.7 below). Exploitation
fraction (catch/ag@+ biomass estimates are remarkably similarterttvo models, as this
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calculation is not influenced by fishery selectivity. The full exploitation history in terms of both
the biomass anH targets is portrayed graphically via a phat# (Figure 53).

3.4.6 Modelprojections

The modelaveraged postenianedian for the 2011 ABC (overfishing limitom the SS
and TINSS modeléqualy weighted) was 973,727 miThis value was highly uncertain with
lower and upper posterior values approximately-loai as likely (the 12%8and 87.8
percentiles) rangopfrom 530,115 to 1,726,125 mt.

In order to reflect the considerahlacertainty in recent (especially 2008) and future
yearclass strengthsis well as current absolutemass levels, all forecasts are reported in the
decision tabldormat (Table 18 This allows for the evaluation of alternative management
actions based on the full posterior distributionbothmodeb. The decision table is organized
such that the projected implications for each potential management action (the rows, containing a
range of potential catch levels) can be evaluated for each of six states of nature (the columns).
The six states of nature represent the lower 25%, middle 50% and upper 25% of the posterior
distribution for the strength of the 2008 cohort for both the SST#8S models. Thus the
middle value can be considered twice as likely as the first and last within each model. The choice
of the 2008 cohort strength as the secondary axis of uncertainty (after including the two models)
was based on the very large uncetiaassociated with this recruitment as well as the fact that it
is informed by only the 2010 fishery age composition data. For clarity, the decision table is
divided into three sections: the first table projects the spawning biomass estimates, tthe secon
the relative depletion (for both of these the 2011 values will be identical for all management
actions because they represent beginning of the year values) and the third the relative SPR rate.
Relative SPR exceeding 1.0 indicates fishing in excese®@®Rq, MSY-proxy (overfishing).

The stock is projected to increase in spawning biomass for all three states of nature in
both models for catches up to an includ#@f,000 mt. At a catch level of 500,000 mt, the SS
model predicts that the stock will nfadl below 2011 levels at the mode of the posterior, but if
the 2008cohort is in the lower 25% of the posterior density, overfishing will occur and the stock
will decline, while staying above the precautionary zone during the next three Yaar§INSS
model predicts that the stock wabntinue to increasat that harvest leveinder all three states
of nature The SS model 40:10 OY harveatgin excess of 80,000 mt at the mode of the
posterior, while the TINSS model indicates that catches in exxe&0,000 and,100,000 mt
would be consistent with the harvest control rule depending on whether the estiM&éaf
the F4o0-proxy is applied. Thelifferences between the two predictions are again likely due to the
differences in estimated fishery selectivity and to the priors for the productivity parameters.

3.4.7 Sensitivity and retrospective analyses

A number of sensitivity analyses were congdcto test the effect structural choicesn
the SSmodel results. These results, as well as retrospective analyses, (both within and among
assessments) are presented belSmce both models are fully Bayesian, posterior parameter
distributions forthe base casare provided instead of the frequently reported likelihood profiles,
which are an imperfect proxy for the actual posteriors.

To expedite the comparison of sensitivities, MLE estimates are used instead of
attempting to create full, convergpdsteriors for all sensitivity runs. In other words, the base
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model (Empirical Age or EA) MLE estimatessatompared to the MLE estimatiesm each
alternate sensitivity odel via bothBecause MLE estimates are used, the similarity between
MCMC and MLE stimates were evaluated. FiguBk57 show the MLE estimates and the
medians of the posterior distributions of spawning biomass and depletion in 2011 for the SS and
TINSS basecase models. The median of the posterior distribution for spawning bionthss an
2011 depletion is slightly greater than the MLE estimate, which is expected due to the skewness
of the posterior distribution. Additionabmparisonsre shown ifmmables 1920, and show a
similar pattern. Overall, the MLE estimates and the mediarreegddsterior distributions are
very similar for both the SS and TINSS models, and the MLE is likedhiow similar patterns
in sensitivity and retrospective analyses.

The first set of sensitivities for SS evaluated model structures that were more complex
than the basease model. Three models were tested.

1. Age with Growth: Similar to the Empirical Age model but used a growth curve that was
externally estimated from length and age d&amposition data was fit for eaci
severfishery sectorginsteadof being aggregated into a single fishery as in the base
model).

2. Age by Sex with Growth: Similar to the Age with Growth model, but modeled females
and males separately. Age composit and growth curves were sgpecific.

Composition data were fit for each s#ven fishery sectors (instead of being aggregated
into a single fishery as in the base model).

3. Age with Catch by SeasonSimilar to Age with Growth, buisherycatchesvere
further disaggregated into nine seasorthiwieach year to account for both fishery
timing and growth within the year. Changes in weigHengthwereexplicitly modeled
for each year and each season within the year based on externally estimated parameters.
Composition data was fit for eao sevenfishery sectors (instead of being aggregated
into a single fishery as in the base model).

Results of these thramodels compared to the Empirical Age model are shown in Ralded
Figure58. The four models wem@markablysimilar in terms of spaning biomass trajectories,
although the Empirical Age model tended to have the lowest spawning biomass. Historic large
year classes tended to be larger for the Empirical Age model, but the 2008 cohort was smaller.
The estimated parameters were genesthilar, and it is interesting to note that the estimated
male and female natural mortalities were almost identical. biggest difference was in
estimates oflong-term average unexploitddomass, which resulted in differences in depletion.
The Age with Sex and Growth model estimated the lafgagtterm average unexploited
biomass, thus showed the most depleted stock in 201 1lofidpeerm average unexploited
biomass for the Age with i@wth model was slightly higher than the Empirical Age and Age
with Catch by Season models, which both used empirical watgige instead of growth.
Overall, more complex models did not result in appreciable differencke basic resudtand
the moreparsimonious Empirical Age model appears to predict the abundance of Pacific hake
consistently.

The next sensitivitanalysisaddresses the uncertainty of the 2008 ydags and the
sensitivity of theforecastgo removing the 2010 age data. Spawnimgrass in 2010 and 2011
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is projected to increasiramatically due to the largsstimated2008 year class, althougs

estimate includea greatdeal ofuncertainty. Removing the 2010 age data makes very little
difference to the historic spawning biomasel recruitment timseries, but greatly reduces the
2010 and 2011 spawning biomass estimates due to the prediction of much lower recruitment in
2008, which was close to equilibrium recruitment (Fige®e The recent large yeatasses

from 2005 and 200@ere also slightly affected, but parameters not associated with recent
recruitments remained nearly unchanged (T2B)e This sensitivity shows that the majority of
information for the 2008 year classristhe 2010 age data. The 20@hery catchatage data
showed a slight hint of a strong 2008 year class (Figuteu due to low selectivity at agke and

no other data to support this observation, it was not very informative. The acoustic survey
specifically excludes age fish, thus there was nodication of this cohort in the 2009 acoustic
survey data. A 2010 acoustic survey would have baemely informativeo the prediction of
recent and future spawning biomass because it would have been an additional observation either
corroborating or imalidating the observation from the fishery.

The influence of por distributions developed for steepndssand natural mortalityM)
wereinvestigatedhroughaddtional sensitivity testing To provide a rough comparison of the
aggregate effects of the priors tdr MSY, andFysyused in th010TINSS model, thémplied
prior for steepnesisom that model was implemented in S3is steepness pridrad a mean of
0.48 and a SD of 0.1@his differs from the somewhat updated value resulting from the 2011
assessment, but is still illustrative with regard to the effects of a prior on steepness with a mode
at a much lower value)This alternate priaresulted in very little change to recent esteseaof
spawning biomass, but increased the estimate of equilibrium biomass, resulting in predictions of
a more depleted stock (Tat#i8 and Figures0). Next, the standard deviation on the prior for M
was increased to 0.5 frofn10,resulting in an increased estimate of natural mortality as well as
larger estimates of spawning biomass and a less depleted stock. Estimates of equilibrium
biomass were similar, but showed increased uncertainty. Finally, fikiaig0.23(the value
usedin recent assessmentpjoduced intuitive results fallingetween the base run and the
widened M prior run (Tabl23and Figures1). Overall, lower values of steepness and natural
mortality independently resulted in a slightly more depleted stock arltesriegin equilibrium
recruitment.

The effect of using ageing error was addressed for the SS model. The base model
assumes that cohort ageing error occurs, and a send#istity using ageing error without the
additional cohort ageing error@lied mnor differences. As expectethetlarge estimated
recruitments were slightlgtronger than with cohort ageing error and equilibrium spawning
biomass was slightly less, but there was virtually no change to 2011 depletide 24and
Figure 63. Spawniig biomass at the beginning of the thseries was slightly less than the base
case. Removing ageing error altogether resulted in a slightly larger change to predictions. The
equilibrium spawning biomass was further reduced, and large recruitments vadlez gman
those estimated in the base modesulting in a smaller increase in the spawning biomass in
recent years. Therefore, 2011 depletion was lower and the SPR ratio was slightly higher.

Estimated selectivity was different for the SS and TINSSatsp@dnd was investigated
through additional sensitivity test§he SS model compared three runs to its-base: 1) non
parametric, agspecific parameters estimated up to age 8, 2) estimatiagiptars for a
parametric doubl@ormal selectivitycurve and 3) introducing tim&arying selectivity. The
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results indicated that the SS model was quite insensitive to the shape and complexity of the
selectivity curves (Tabl25 and Figures3) and that the support for dorsbaped selectivity
observed in recerstock assessments has disappeared, likely due to the removal of inconsistent
and incomplete acoustic surveys prior to 198%ere was some discussion of thverying

selectivity during the 2011 STAR panel and the general result that the first sensitivity run listed
above produced a somewhat lower estinodthe 2008 yeaclass was of interest to the panel.

At the informal regast of the GMT, the 2011 ABC catch implied by the 40:10 harvest control
rule was calculated for the sensitivity run with tiweaying selectivity in all years. The value

was 757,738 mt, somewhat lower than the base case model, but still relatively tanggrared to
recent actual catches.

The key sensitivities in the TINSS analysis were assumed priors for the leading
parameter§&ysyandMSYand to the prior foM. Sensitivity to these assumptions was tested
using MLE results.

A full list of sensitivityanalyses is proded in Table 268Maximum likelihood estimates
of predicted model quantities were relatively insensitive to priorEyigtandMSY (Figurest4
and65; Tables27 and28); andquite sensitive to priors foM andq (Figures66 and67, Tables
29 and 30 FysyandMSYtended to be positively correlat@éigure 37). Therefore, higher
estimated~usyoccurred with higher estimat&dSY. These values translated (through the
selectivity function) to estimates of higher steepness and Ryvegspectively (Tableg7 and
28). This represents unresolved confounding between a larger, less productive popatatisn
a smaller, more productive population, with both able to explain the observations equally well.
This type of confounding is typicaF many stock assessments.

The effect of varying the mean bfin the prior had an expected effect. Increasing the
mean resulted in estimates of a larger population with smaller unfished biomass and
correspondingly slightly largeredicted depletion in@L1 (Figure 6@&and Table29). The
opposite was true when melihwas decreasethcreasing the SD for survegatchability(q)
resulted irhigherestimates off compared to thbase (Table 30 Corresponding estimates of
spawning biomass predictalilgcrease slightly as the catchabilitincreasedas did estimates of
depletion.

Retrospective analyseswareo nduct ed by systematically ren
data sequentially for five yearg.orthe SSmodel no retrospective pattern was observed for
spawning biomass and recruitment estimates prior to the yea(Rig00e68). Parameter
estimates also showed no patterns except that the additional variability on the acoustic survey
index increased each tina@ observation wagmoved (Tabl&1). A retrospective pattern may
seem to be present in recent estimates of spawning biomass, but this can be explained by the
recent large yeaclasses supporting the spawning biomass. As data are removed, less
information is available to accurately estimate these recruitments, thus they move towards
equilibrium recruitment, and the estimasgghwning biomass becomes lowdthe effect of
additional data can also be seen in the 1999 year class, which increases asaddtedasmce
observations of this cohort are persistent through time. This further shows that recent data are
critical to accurately estimate current and future biomass.

An analogousetrospective analysisas performed for the maximum likelihood
estimdes from the TINSS modeThere was a slight downward retrospective bias in spawning
stock biomass in runs when data was excluéeglfe 69 Table 33. For example, as data are
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removed, estimated spawning stock biomass in 20§énerallypecome smalleiThis is due to
amodesidecrease ithe estimate of the strength of the 1999 cohad indicated by the
estimates of agé recruits in the year 2000 (Figusd). Retrospective estimates of unfished
spawning stock biomas, and the parasters that defined the underlyipgoduction Eysyand
M) also showed very little trend as data were sequentially removed. Estim8t@svafre
relatively stable as data from 2005, and onward, were included in the assessment. Estivhates of
andFysywere also relatively stabl@verall, the retrospective analysis suggest that the
underlying production function is relatively stable, and change in estimates of spawning stock
biomass is due to retrospective changes iRlaggeruits.

A comparison of thenodels put forward for management since 1@0fetrospective
among assessment modedbpws that there has been considerable uncertainty in the Pacific
hake stock biomass and status (FigiBe Modelto-model variability (especially in the early
portionof the timeseries) is larger than the uncertainty reported in any single model, and this
pattern does not appear to dampen as subsequent assessments are deeehgpsdhe most
important feature of this historical perspective is the inclusion ahalte values for survey
catchability during 2002007, and then freely estimated values from 20@8present; prior to
that period catchability was ubiquitously assumed to be equal to 1.0.
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Table 1. Annual catchesd Pacific hake (1000s mt) in U.S. and Canadian watesebipr, 1966
201Q Tribal catches are included in the sector totals.

u.S Canada
Shore Total Total
Year Foreign JV At-sea -based U.S. Foreign JV  Domestic Canada Total
1966 137.00 0.00 0.00 0.00 137.00 0.70 0.00 0.00 0.70 137.70

1967 168.70 0.00 0.00 8.96 177.66 36.71 0.00 0.00 36.71  214.37
1968 60.66  0.00 0.00 0.16 60.82 61.36 0.00 0.00 61.36 122.18
1969 86.19 0.00 0.00 0.09 86.28 93.85 0.00 0.00 93.85 180.13
1970 159.51 0.00 0.00 0.07 159.58 75.01 0.00 0.00 75.01  234.59
1971 126.49 0.00 0.00 143 12792 26.70 0.00 0.00 26.70 154.62
1972 74.09 0.00 0.00 0.04 7413 43.41 0.00 0.00 43.41 117.54
1973 147.44 0.00 0.00 0.07 14751 15.13 0.00 0.00 15.13 162.64
1974 194.11 0.00 0.00 0.00 19411 17.15 0.00 0.00 17.15  211.26
1975 205.65 0.00 0.00 0.00 205.65 15.70 0.00 0.00 15.70  221.35

1976 231.33 0.00 0.00 0.22 23155 5.97 0.00 0.00 5.97 237.52
1977 127.01 0.00 0.00 0.49 12750 5.19 0.00 0.00 5.19 132.69
1978 96.83 0.86 0.00 0.69 98.38 345 1.81 0.00 5.26 103.64

1979 11491 8.83 0.00 094 12468 7.90 4.23 0.30 12.43  137.11
1980 44.02 27.54 0.00 0.79 7235 527 1221 0.10 17.58 89.93
1981 70.36 43.56 0.00 0.88 114.80 392 17.16 3.28 2436  139.16
1982 7.09 67.46 0.00 1.03 7558 1248 19.68 0.00 32.16  107.74
1983 0.00 72.10 0.00 1.05 7315 13.12 27.66 0.00 40.78  113.93
1984 1477 78.89 0.00 2.72 96.38 13.20 28.91 0.00 42.11  138.49
1985 49.85 31.69 0.00 3.89 8544 1053 13.24 1.19 2496  110.40
1986 69.86 81.64 0.00 3.47 15497 23.74 30.14 1.77 55.65  210.62
1987 49.66 106.00 0.00 480 160.45 21.45 48.08 4.17 73.70  234.15
1988 18.04 135.78 0.00 6.87 160.69 38.08 49.24 0.83 88.15  248.84
1989 0.00 195.64 0.00 7.41 203.05 29.75 62.72 2.56 95.03  298.08
1990 0.00 170.97 4.54 9.63 18514 381 68.31 4.02 76.14  261.29
1991 0.00 0.00 205.82 23.97 229.79 561 68.13 16.17 89.92 319.71
1992 0.00 0.00 154.74 56.13 210.87 0.00 68.78 20.04 88.82  299.69
1993 0.00 0.00 98.04 4211 140.15 0.00 46.42 12.35 58.77  198.92
1994 0.00 0.00 179.87 73.62 25348 0.00 8516 23.78 108.94 362.42
1995 0.00 0.00 102.31 7496 177.27 0.00 26.19 46.18 7237  249.64
1996 0.00 0.00 128.11 85.13 21324 0.00 66.78 26.36 93.14  306.38
1997 0.00 0.00 146.05 87.42 233.47 0.00 4257 49.23 91.79  325.26
1998 0.00 0.00 145.16 87.86 233.01 0.00 39.73 48.07 87.80 320.81
1999 0.00 0.00 141.02 83.47 22449 0.00 17.20 70.16 87.36 311.84
2000 0.00 0.00 120.92 85.85 206.77 0.00 15.06 6.38 21.44  228.21
2001 0.00 0.00 100.53 73.41 17394 0.00 2165 31.94 53.59  227.53
2002 0.00 0.00 84.75 45.71 13046 0.00 0.00 50.24 50.24  180.70
2003 0.00 0.00 86.61 55.34 14195 0.00 0.00 63.23 63.23  205.18
2004 0.00 0.00 117.07 96.50 21357 0.00 5889 66.19 125.08 338.65
2005 0.00 0.00 151.07 109.05 260.12 0.00 1569 87.34 103.04 363.16
2006 0.00 0.00 139.79 127.17 266.96 0.00 14.32 80.49 94.80 361.76
2007 0.00 0.00 126.24 91.44 21768 0.00 6.78 66.08 72.86  290.55
2008 0.00 0.00 180.64 67.76 24840 0.00 3.59 70.16 73.75  322.14
2009 0.00 0.00 7235 49.22 12157 0.00 0.00 55.88 55.88  177.46
2010 0.00 0.00 106.31 5450 160.82 0.00 8.08 48.01 56.09 216.91
Average: 164.28 56.31 220.60
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Table 2. Recent trend in Pacific hake management performance.

Coastwide Coastwide
Total landings  (U.S. + Canada) (U.S. + Canada)

Year (mt) QY (mt) ABC (mt)
2001 227,531 238,000 238,000
2002 180,698 162,000 208,000
2003 205,177 228,000 235,000
2004 338,654 501,073 514,441
2005 363,157 364,197 531,124
2006 361,761 364,842 661,680
2007 290,545 328,358 612,068
2008 322,145 364,842 400,000
2009 177,459 184,000 253,582
2010 216,912 262,500 455,550
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Table 3 U.S.and Canadiafishery samplinggummaryby yearfor data included in this stock
assessmenkoreign, jointventureand atsea sectors are in number of hauls sampled for age
composition, the shofieased sector is in number of trips.

U.sS. Canada
Joint Shore Joint

Year Foreign venture At-sea based Foreign venture Domestic
1975 13 0 0 0 0 0 0
1976 142 0 0 0 0 0 0
1977 320 0 0 0 0 0 0
1978 336 5 0 0 0 0 0
1979 99 17 0 0 0 0 0
1980 191 30 0 0 0 0 0
1981 113 41 0 0 0 0 0
1982 52 118 0 0 0 0 0
1983 0 117 0 0 0 0 0
1984 49 74 0 0 0 0 0
1985 37 19 0 0 0 0 0
1986 88 32 0 0 0 0 0
1987 22 34 0 0 0 0 0
1988 39 42 0 0 0 0 0
1989 0 77 0 0 0 0 0
1990 0 143 0 15 0 5 0
1991 0 0 116 26 0 18 0
1992 0 0 164 46 0 33 0
1993 0 0 108 36 0 25 6
1994 0 0 143 50 0 41 0
1995 0 0 61 51 0 35 0
1996 0 0 123 35 0 28 0
1997 0 0 127 65 0 27 3
1998 0 0 149 64 0 21 9
1999 0 0 389 80 0 14 31
2000 0 0 413 91 0 25 0
2001 0 0 429 82 0 28 2
2002 0 0 342 71 0 0 37
2003 0 0 358 78 0 0 21
2004 0 0 381 72 0 20 28
2005 0 0 499 58 0 11 45
2006 0 0 549 83 0 21 67
2007 0 0 524 68 0 1 36
2008 0 0 680 52 0 0 51
2009 0 0 594 57 0 0 26
2010 0 0 729 47 0 0 24
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Table4. Acoustic surveysummary 19772009

Offshore Numberof
Start Inshore limit Northern  hauls with bio.

Year date End date Vessel$ limit (m) (depth, m) limit (°N) samples
1977 12 July 29 Sept. Miller Freeman 91 457 50.0 85
1980 1July 11 Sept. Miller Freeman 55 457 50.0 49
1983 27 July 29 Sept. Miller Freeman 55 366 495 35
1986 30 June 31 July Miller Freeman 55 366 495 43
1989 22 July 25Aug. Miller Freeman 55 366 50.0 22
1992 7 July 19 Aug. Miller Freeman 55 366 51.7 43
1995 1 July 1 Sept.  Miller Freeman, Ricker 50 1,500 55.0 69
1998 6July 27 Aug. Miller Freeman, Ricker 50 1,500 55.0 84
2001 15June 29 July Miller Freeman, Ricker 50 1,500 55.0 49
2003 29 June 1 Sept. Ricker 50 1,500 55.0 71
2005 20 June 19 Aug. Miller Freeman 50 1,500 55.0 49
2007 20 June 21 Aug. Miller Freeman 50 1,500 55.0 130
2009 30June 7 Sept. Miller Freeman, Ricker 50 1,500 55.0 61

IMulti-vessel coveragalways included some transects sampled by only one vessel.
2Unexplained differences in prand posturvey calibration lead to a 1.5x difference in estimated stock biomass.
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Table 5 Historical and updateccaustic survey biomass estimataslijons of metric tonsland
SEs of the logindexrepresenting only sampling variabili49952007) and sampling variability
as well as squitiakeapportionment uncertainty (2009)

SE
Year Historical Reprocessec Kriged In(value)
1995 1.385 1.360 1.518 0.067
1998 1.185 1.103 1.343 0.049
2001 0.737 0.694 0.919 0.082
2003 1.840 1.608 2.521 0.071
2005 1.265 1.228 1.755 0.085
2007 0.879 0.824 1.123 0.075
2009 1.462 1.419 1.612 0.137
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Table 6 Informative prior probability distributions used in this stagsessment.

Parameter prior Justification

Myers et al. 1999 etaanalysis
Steepnesdhj ~Beta(mean=0.777, SD=0.115 results for Gadids.

Implied fromFysy; MSYand
Steepnesshj ~Beta(mean=0.478, SD=0.09¢€ selectivityin the 2010 TINSS model

Naturalmortality (M)

Maximum sustainable
harvest rateRysy)

Maximum sustainable
harvest MSY)

Acoustic survey
catchability €)

Hoenig's metbd andmaximum age =

~log(N)(mean=0.2, SD=0.1) 22

~log(N)(mean=0.35, SD=0.4) See section 2.4 in text.

~log(N)(mean=200,000,
SD=500,000) See section 2.ih text.

~log(N)(mean=1.0, SD=0.1)  See section 2.4 in text.
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Table?. Structural overview ofleernate models evaluated for 2011

Age
SS base sex Age Age sex
(Empirical Age with  and catch  Agesex length
Model TINSS Production age growth growth season length season
Data use
Aggregate fishery catch X X X
Catch by sector X X X X X
Catch by sector and seaso X X
Aggregate fishery age date X X
Fishery age data by sectol X X X X
Fishery age data by sectol X
andsex
Fishery length data lsex X
Fishery agetlength data X
Survey index X X X X X X X
Survey index and timing X X
Survey age data X X X X X X X
Survey age bgex X X X
Survey length data X X
Survey age at length data X
Aggregate weight at age X X
Aggregate length at age X X X
Informative prios
Natural mortality(M) X X X X X X X X
Steepneséh) X X X X X X X
FMSY X
MSY X
Acoustic catchabilityd) X
Dynamics
Stochastic recruitment X X X X X X X
Empirical weight at age X X
Fixed parametric growth X X X X
Estimated growth X X
Includes dimorphic growth X X
Weight lengthvariation X X X
among years
Variably timing of fishery
removals
Ageing error X X X X X
Age-based selectivity X X X X X X
Sizebased selectivity X X
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Table 8 Summary okestimatednodelparameters in the base c&®model

Number Bounds Prior (Mean, SD)

Parameter estimated (low, high) (single value = fixed)

Stock dynamics
Ln(Ry) 1 (13,18) uniform
Steepnessj 1 (0.2,1.0) ~Beta(0.777,0.113)
Recruitment variability {z) - NA 1.30
Ln(Rec. deviations): 1948011 66 (-6, 6) ~Ln(N(0, 4,))
Natural mortality i) 1 (0.05,0.4) ~Ln(N(0.2,0.1))

Catchability and selectivity (double normal)
Acoustic survey:

Catchability ) 1 NA Analytic solution
Additional valuefor acousticsurvey log(SE) 1 (0.0, 1.0) uniform

Non parametric agbased selectivity: agess 3 (-5,9) Uniform in scaled logistic space
Fishery:

Non parametric agbased selectivity: ages® 4 (-5,9) Uniform in scaled logistic space

Total: 12 + 66ecruitment deviations = 88 asiated parameters. See AppendifoAall parameter estimates.

78



Table 9.Summary of estimated model parameters in the base case TINSS model.

Number Prior (Mean, SD)
Parameter estimated Bounds (low,high) (singlevalue=fixed)
Maximum Sustainable YieldMSY) 1 (0.01,3) ~lognormal(0.2,0.5)
Fishing mortality aMSY (Fysy) 1 (0.01,3) ~lognormal(0.35,0.4)
Natural mortality i) 1 (0.05,0.9) ~lognormal(0.2,0.1)
Commercial fishery: age at 50% )
. 1 (0,14) Uniform

vulnerability (a)
Commercial fishery: SD of logistic ]

- 1 (0.05,5) Uniform
selectivity (y )
Survey: age at 50% vulnerabilitya() 1 (0,14) Uniform
Survey: SD of logistic selectivitgl;_/) 1 (0.05,5) ~gamma(4.0,2.25)
Variance ratio fp) 1 (0.01,0.999) ~beta(3,12)
Inverse total varianceg”) 1 (0.01,150) ~gamma(7.5,5.8)
Log of the mean recruitmentr(R) 1 None Uniform
log of survey catchabilityq Iengﬁ:ﬁgtlgd None ~Normal(0,0.1)
Log recruitment deviations 59 (-5,5) ~Normal(0r?)

1.t = standard deviation of recruitment residuals



Table 10 Time-series oimedian posterigpopulation estimates from tf8Smodel. The first two
guantities are not available from the MCMC in SS, so MLE values are reported; spawning
biomass is reported for both MLE and MCMC for comparison.

Total Age 3+ Female

biomass biomass spawning Female 1-SPR Exploitatio

(millions (millions biomass spawning Age-0 / n fraction

mt) mt) (millions mt) biomass recruits 1- (catch/3+

Year from MLE from MLE from MLE (millions mt) Depletion (billions) SPR40% biomass)
1966 2.85 2.47 1.19 1.13 55% 1.39 0.43 0.06
1967 2.76 2.30 1.10 1.05 52% 3.18 0.63 0.10
1968 2.68 2.12 1.02 0.97 48% 2.01 0.45 0.06
1969 2.77 2.11 1.03 1.02 51% 1.04 0.59 0.09
1970 2.92 2.27 1.05 1.07 54% 8.12 0.68 0.10
1971 2.99 2.26 1.03 1.06 53% 0.80 0.50 0.07
1972 3.35 2.12 1.19 1.27 64% 0.52 0.39 0.05
1973 3.48 3.18 1.34 1.46 73% 4.16 0.43 0.05
1974 3.37 3.00 1.35 1.49 74% 0.47 0.49 0.06
1975 4.21 3.37 1.34 1.50 73% 1.23 0.42 0.06
1976 4.34 4.15 1.31 1.47 2% 0.38 0.41 0.05
1977 3.95 3.37 1.23 1.39 68% 5.07 0.29 0.04
1978 3.36 2.93 1.15 1.28 63% 0.34 0.26 0.03
1979 3.58 2.81 1.17 1.31 64% 0.84 0.33 0.04
1980 3.80 3.01 1.17 1.31 64% 15.02 0.26 0.03
1981 3.89 2.59 1.14 1.27 62% 0.39 0.38 0.05
1982 4.32 211 1.47 1.63 80% 0.30 0.32 0.05
1983 4.22 4.13 1.79 1.97 98% 0.50 0.28 0.03
1984 4.63 4.03 1.89 2.08 103% 11.94 0.28 0.03
1985 5.32 3.71 1.81 1.98 98% 0.25 0.22 0.03
1986 5.24 3.25 1.99 2.15 108% 0.25 0.41 0.06
1987 4.84 4.58 2.09 2.25 113% 5.32 0.43 0.05
1988 4.84 4.19 2.01 2.16 108% 2.06 0.42 0.06
1989 4.32 3.24 1.93 2.08 103% 0.23 0.54 0.09
1990 4.13 3.64 1.83 1.96 97% 4.04 0.49 0.07
1991 3.93 3.46 1.68 1.79 89% 0.60 0.59 0.09
1992 3.31 2.68 1.53 1.64 81% 0.23 0.62 0.10
1993 2.56 2.32 1.38 1.48 73% 3.17 0.57 0.08
1994 2.56 2.14 1.21 1.29 64% 2.45 0.83 0.16
1995 2.48 1.72 1.01 1.08 53% 1.50 0.73 0.14
1996 2.37 1.78 0.95 1.01 50% 1.65 0.87 0.16
1997 2.26 1.80 0.87 0.93 46% 0.96 0.91 0.17
1998 1.85 1.53 0.79 0.84 42% 1.89 0.94 0.20
1999 1.98 1.30 0.67 0.72 36% 12.53 0.99 0.22
2000 3.41 1.31 0.58 0.62 31% 0.55 0.84 0.16
2001 3.61 1.45 0.88 0.96 48% 1.11 0.76 0.14
2002 4.03 3.84 1.19 1.29 65% 0.11 0.46 0.04
2003 3.50 3.28 1.34 1.44 73% 1.87 0.46 0.06
2004 2.92 2.75 1.30 1.40 70% 0.11 0.68 0.12
2005 2.46 2.06 1.13 1.22 61% 4.58 0.81 0.16
2006 2.38 1.82 0.90 0.98 49% 4.56 0.91 0.19
2007 2.05 1.28 0.79 0.86 43% 0.13 0.92 0.21
2008 2.72 1.76 0.85 0.94 46% 16.17 0.92 0.17
2009 2.81 1.98 0.85 0.96 47% 0.87 0.63 0.08
2010 3.94 1.73 1.28 1.45 71% 1.17 0.64 0.11
2011 4.85 4.33 1.69 1.87 91% 1.09 NA NA
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Table 11 Time-series of median posterior population estimates from the TINSS model.

Total Female
biomass Age 3+ spawning Age-1 1-SPR
(millions biomass biomass recruits / Exploitation
Year mt) (millions mt) (millions mt) Depletion  (billions)  1-SPR40% fraction
1966 0.76 1.26 0.60 0.49 1.50 0.64 0.17
1967 0.74 1.35 0.63 0.51 1.50 0.82 0.16
1968 0.70 1.33 0.62 0.51 1.80 0.63 0.16
1969 0.76 1.41 0.67 0.55 1.47 0.74 0.15
1970 0.78 1.50 0.69 0.57 1.56 0.84 0.14
1971 0.78 1.45 0.69 0.56 3.43 0.68 0.14
1972 0.85 1.51 0.74 0.61 1.17 0.54 0.14
1973 0.96 2.04 0.89 0.72 1.02 0.62 0.10
1974 1.04 1.98 0.93 0.76 2.70 0.69 0.10
1975 1.35 2.14 1.07 0.87 0.82 0.74 0.10
1976 1.54 2.72 1.22 0.99 0.89 0.71 0.08
1977 1.42 2.33 1.12 0.91 0.62 0.49 0.09
1978 1.31 1.99 0.95 0.77 4.58 0.46 0.10
1979 1.48 1.94 1.02 0.83 0.35 0.49 0.11
1980 1.28 2.53 1.04 0.85 0.66 0.39 0.08
1981 1.33 2.17 1.07 0.87 15.19 0.50 0.10
1982 1.42 1.75 1.12 0.90 0.21 0.40 0.12
1983 1.65 4.49 1.68 1.36 0.20 0.41 0.05
1984 2.03 4.27 2.03 1.64 0.40 0.42 0.05
1985 2.49 3.99 2.00 1.60 11.97 0.24 0.05
1986 2.69 3.24 1.84 1.49 0.31 0.47 0.07
1987 2.59 5.16 2.09 1.70 0.52 0.51 0.04
1988 2.73 4.65 2.24 1.83 4.39 0.49 0.05
1989 2.52 3.63 1.87 1.53 2.37 0.53 0.06
1990 2.59 3.91 1.83 1.49 0.82 0.52 0.05
1991 241 3.72 1.75 1.42 2.83 0.64 0.06
1992 2.13 3.06 1.53 1.24 1.11 0.55 0.07
1993 1.59 2.50 1.16 0.95 0.59 0.50 0.09
1994 1.57 2.37 1.14 0.92 2.11 0.68 0.09
1995 1.43 1.99 1.01 0.82 1.86 0.59 0.11
1996 1.19 1.86 0.88 0.72 1.41 0.74 0.12
1997 1.02 1.79 0.83 0.68 1.57 0.79 0.12
1998 0.86 1.53 0.72 0.59 0.98 0.89 0.14
1999 0.72 1.32 0.61 0.50 1.91 0.96 0.16
2000 0.82 1.38 0.69 0.56 11.28 0.74 0.16
2001 1.04 1.62 0.94 0.76 0.98 0.66 0.13
2002 1.38 4.35 1.64 1.33 0.77 0.48 0.05
2003 1.55 3.74 1.75 1.43 0.25 0.49 0.06
2004 1.64 3.02 1.46 1.19 1.76 0.65 0.07
2005 1.55 2.26 1.15 0.93 0.51 0.71 0.10
2006 1.34 2.03 0.94 0.76 6.03 0.72 0.11
2007 1.15 1.52 0.83 0.67 5.43 0.72 0.14
2008 1.20 2.54 1.10 0.90 0.19 0.72 0.08
2009 1.28 3.03 1.30 1.05 12.30 0.54 0.07
2010 1.64 2.65 1.49 1.21 1.37 0.53 0.08

2011 2.18 5.27 2.18 1.75 0.86 NA NA




Table 12 Time-series of~95%posterior credibilityintervals for female spawning biomass,
relative depletion estimates, age&ecruits, relative spawning potential ratieSRR/

SPRrarget=0.4 and exploitation fraction (catch/3+biomass) from 3&model.
Female spawning

Biomass Age-0 recruits (1-SPR) / Exploitation

Year (millions mt) Depldion (billions) (1-SPRarge) fraction

1966 0.662.17 33%-100% 0.098.84 0.230.68 0.030.10
1967 0.61-2.03 31%92% 0.2311.59 0.360.91 0.050.18
1968 0.561.95 28%-88% 0.159.14 0.230.71 0.030.11
1969 0.602.01 30%-93% 0.095.78 0.320.87 0.040.16
1970 0.632.16 32%-96% 3.5421.43 0.37-0.96 0.050.18
1971 0.61-2.30 31%-98% 0.083.59 0.240.78 0.030.12
1972 0.77-2.66 38%-113% 0.062.18 0.180.64 0.020.09
1973 0.892.99 44%126% 2.00-10.06 0.200.67 0.020.08
1974 0.903.02 45%129% 0.062.00 0.240.73 0.030.11
1975 0.89-3.07 46%128% 0.41-3.28 0.21-0.67 0.030.10
1976 0.86-2.97 44%125% 0.061.67 0.200.67 0.030.09
1977 0.792.78 41%117% 2.5011.65 0.140.49 0.020.06
1978 0.732.52 38%108% 0.041.72 0.130.45 0.020.06
1979 0.77-2.48 40%106% 0.123.00 0.160.55 0.020.08
1980 0.792.40 41%104% 8.8229.89 0.130.44 0.01-0.04
1981 0.762.29 40%-99% 0.051.54 0.200.60 0.030.08
1982 1.032.81 53%-121% 0.041.53 0.17-0.52 0.030.08
1983 1.333.30 66%-146% 0.07-1.93 0.150.44 0.020.04
1984 1.423.38 70%151% 7.4021.16 0.150.43 0.020.05
1985 1.373.14 68%142% 0.031.10 0.120.34 0.020.04
1986 1.563.32 77%150% 0.041.01 0.240.58 0.040.09
1987 1.693.40 83%-155% 3.139.16 0.27-0.59 0.030.06
1988 1.653.17 81%-146% 0.81-4.16 0.27-0.59 0.040.07
1989 1.61-2.96 78%-139% 0.030.83 0.360.71 0.060.11
1990 1.542.77 74%-131% 2.57-6.84 0.330.65 0.050.08
1991 1.432.49 68%-117% 0.101.51 0.41-0.74 0.060.11
1992 1.322.25 63%107% 0.040.80 0.450.79 0.080.13
1993 1.202.02 57%96% 2.105.25 0.400.73 0.060.10
1994 1.051.74 50%84% 1.554.23 0.630.99 0.120.19
1995 0.881.48 41%70% 0.87-2.77 0.540.89 0.100.17
1996 0.841.40 39%-65% 1.01-2.98 0.67-1.03 0.120.20
1997 0.771.32 36%-60% 0.41-1.97 0.701.06 0.120.21
1998 0.681.24 32%-54% 1.11-3.55 0.721.10 0.130.24
1999 0.571.10 28%-47% 8.5022.37 0.751.15 0.150.28
2000 0.47-1.02 23%42% 0.17-1.34 0.591.03 0.100.21
2001 0.731.60 36%-65% 0.632.04 0.500.96 0.090.20
2002 0.97-2.10 49%-87% 0.020.37 0.27-0.63 0.030.06
2003 111231 56%97% 1.11-3.66 0.280.62 0.040.08
2004 1.07-2.22 54%-92% 0.020.41 0.440.86 0.07-0.15
2005 0.91-1.99 47%82% 2.31-10.51 0.540.99 0.100.22
2006 0.691.70 37%-69% 1.8511.64 0.61-1.10 0.11-0.26
2007 0.551.69 29%-68% 0.020.62 0.591.13 0.11-0.32
2008 0.502.03 28%-82% 5.1251.53 0.561.18 0.080.31
2009 0.42-2.25 24%89% 0.0610.24 0.31-1.00 0.030.18
2010 0.543.77 30%-148% 0.0914.70 0.301.05 0.050.29

2011 0.635.14 35%-203% 0.0818.85 NA NA




Table 13 Time-series of ~95%osterior credibilityintervals for female spawning biomass,

relative depletion estimates, ayeecruits, relative spawning potential ratieSRR/
SPRrarget=0.4 andexploitation fraction (catch/3+biomass) from the TINSS model.

Female spawning

Biomass Age-1 recruits (1-SPR) / Exploitation
Year (millions mt) Depletion (billions) (1-SPRarge) fraction
1966 0.440.88 27% 84% 0.91-:3.02 0.420.87 0.07-0.33
1967 0.480.92 28% 89% 0.91-:3.02 0.581.03 0.060.29
1968 0.480.97 29% 92% 1.07-3.91 0.400.83 0.07-0.30
1969 0.52-1.07 31% 99% 0.863.25 0.490.94 0.060.29
1970 0.531.15 31%106% 0.91-3.29 0.551.04 0.060.27
1971 0.511.19 30%111% 1.987.42 0.400.89 0.060.28
1972 0.531.32 33%123% 0.682.54 0.300.76 0.050.27
1973 0.631.60 38%-148% 0.562.21 0.350.84 0.040.21
1974 0.651.68 40%-154% 1.495.96 0.400.92 0.040.21
1975 0.731.97 45%179% 0.451.81 0.41-1.00 0.040.20
1976 0.81-2.23 50%-206% 0.482.00 0.390.99 0.030.16
1977 0.732.09 45%189% 0.341.34 0.240.75 0.030.19
1978 0.621.74 38%158%  2.61-10.31 0.230.72 0.040.23
1979 0.67-1.85 41%169% 0.200.76 0.260.76 0.040.22
1980 0.681.91 43%172% 0.371.44 0.200.62 0.030.18
1981 0.701.95 44%171%  9.2328.98 0.27-0.75 0.040.21
1982 0.741.95 47%175% 0.11-0.43 0.21-0.62 0.050.27
1983 1.142.85 72%264% 0.120.37 0.21-0.63 0.020.10
1984 1.41-3.31 88%-310% 0.240.76 0.22-0.66 0.020.10
1985 1.423.16 88%294%  7.6520.49 0.130.39 0.020.11
1986 1.352.79 83%261% 0.190.56 0.280.68 0.030.13
1987 1.553.07 92%-293% 0.330.90 0.31-0.72 0.020.08
1988 1.703.16 1009%312%  2.81-7.18 0.300.70 0.02-0.09
1989 1.46-2.59 84%253% 1.553.90 0.340.73 0.030.11
1990 1.452.46 83%241% 0.551.29 0.340.72 0.020.10
1991 1.41-2.29 80%-226% 1.994.39 0.430.86 0.020.11
1992 1.251.96 69%195% 0.761.71 0.380.72 0.030.13
1993 0.971.47 53%148% 0.41-:0.92 0.350.65 0.040.15
1994 0.97-1.40 52%143% 1.483.30 0.51-0.85 0.040.16
1995 0.86-1.23 46%-126% 1.27-2.90 0.440.75 0.050.19
1996 0.76:1.09 41%110% 0.952.21 0.57-0.90 0.050.20
1997 0.71-1.03 39%-105% 1.082.56 0.61-0.95 0.050.21
1998 0.61-0.92 34% 91% 0.631.63 0.701.04 0.060.25
1999 0.51-0.80 29% 77% 1.243.20 0.761.12 0.07-0.29
2000 0.540.94 32% 88% 7.7318.29 0.550.92 0.07-0.29
2001 0.731.30 44%121% 0.591.69 0.47-0.84 0.060.25
2002 1.27-2.34 77%218% 0.461.36 0.320.64 0.020.09
2003 1.37-2.45 81%229% 0.140.45 0.330.66 0.020.11
2004 1.162.00 69%190% 0.983.36 0.47-0.83 0.030.13
2005 0.92-1.60 54%149% 0.281.11 0.51-:0.90 0.040.18
2006 0.70-1.39 449%-125%  3.1312.11 0.51-0.92 0.040.20
2007 0.56-1.33 39%114%  2.4312.57 0.50-:0.94 0.060.28
2008 0.66-1.98 49%-162% 0.080.48 0.490.98 0.030.19
2009 0.68-2.56 549%198%  3.31-38.55 0.320.81 0.020.17
2010 0.72-3.05 59%251% 0.1512.56 0.30-0.82 0.030.22
2011 0.91:-5.12 75%409%  0.01-56.74 NA NA
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Table 14 Modelaveraged (equal weightjrte-series of female spawning biomass agldtive
depletion estimatesom bothmodes.

Female spawningibmass (millions mt) Depletion

2.5" 97.5" 2.5" 97.5"
Year Percentile Median Percentile Percentile Median Percentile
1966 0.45 0.77 1.94 0.29 0.53 1.05
1967 0.49 0.76 1.80 0.30 0.51 0.91
1968 0.49 0.74 1.69 0.28 0.49 0.90
1969 0.53 0.80 1.77 0.30 0.53 0.96
1970 0.55 0.83 1.89 0.31 0.55 1.01
1971 0.53 0.84 1.92 0.31 0.54 1.03
1972 0.56 0.96 2.25 0.35 0.62 1.18
1973 0.66 1.13 2.59 0.41 0.73 1.37
1974 0.68 1.16 2.61 0.43 0.75 1.41
1975 0.76 1.25 2.68 0.45 0.80 1.58
1976 0.82 1.31 2.71 0.46 0.84 1.77
1977 0.75 1.22 2.53 0.43 0.78 1.66
1978 0.65 1.08 2.26 0.38 0.69 1.39
1979 0.69 1.13 2.29 0.40 0.72 1.49
1980 0.70 1.16 2.27 0.41 0.73 1.51
1981 0.71 1.16 2.16 0.41 0.72 1.53
1982 0.79 1.35 2.59 0.50 0.85 1.57
1983 1.17 1.82 3.12 0.68 1.11 2.31
1984 1.42 2.05 3.38 0.73 1.22 2.73
1985 1.39 1.99 3.15 0.71 1.18 2.63
1986 1.41 2.00 3.14 0.78 1.21 2.40
1987 1.61 2.18 3.26 0.85 1.30 2.66
1988 1.67 2.20 3.17 0.83 1.29 2.81
1989 1.49 1.98 2.84 0.79 1.18 2.33
1990 1.48 1.90 2.64 0.76 1.12 2.26
1991 1.42 1.77 2.39 0.70 1.04 2.13
1992 1.28 1.58 2.14 0.65 0.94 1.85
1993 1.00 1.31 1.86 0.56 0.80 1.39
1994 0.99 1.20 1.62 0.50 0.73 1.35
1995 0.87 1.03 1.38 0.43 0.62 1.19
1996 0.77 0.94 1.30 0.40 0.57 1.04
1997 0.73 0.88 1.21 0.37 0.53 0.98
1998 0.62 0.77 1.11 0.33 0.47 0.85
1999 0.52 0.66 0.98 0.28 0.41 0.73
2000 0.49 0.66 0.97 0.24 0.38 0.84
2001 0.73 0.95 1.45 0.37 0.57 1.15
2002 1.01 1.49 2.24 0.51 0.84 1.98
2003 1.15 1.62 2.39 0.58 0.92 2.12
2004 1.10 1.43 2.15 0.56 0.84 1.72
2005 0.91 1.17 1.84 0.48 0.71 1.35
2006 0.70 0.96 1.60 0.38 0.58 1.14
2007 0.56 0.84 1.53 0.31 0.52 1.05
2008 0.55 1.03 2.00 0.30 0.62 1.48
2009 0.48 1.14 2.41 0.26 0.69 1.82
2010 0.62 1.47 3.36 0.35 0.93 2.23
2011 0.72 2.03 5.14 0.42 1.26 3.50
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Table 15 Estimatechumbersat ageat the beginning of the yetom the SS modé€MLE;

millions).
Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15+
1966 171 124 084 062 049 040 034 029 025 0212 018 015 013 0.11 0.09 040
1967 279 138 100 067 049 038 030 025 022 019 016 0214 012 010 0.08 0.37
1968 2.8 225 111 080 051 036 027 022 018 016 0213 011 010 0.08 0.07 033
1969 118 176 182 089 062 039 027 020 016 024 012 010 009 0.07 0.06 0.30
1970 681 095 142 145 068 046 028 019 015 012 010 0.08 0.07 0.06 005 0.26
1972 092 550 077 113 109 049 032 020 014 020 0.08 007 006 005 004 0.22
1972 053 074 444 062 087 082 036 024 015 0210 0.08 006 005 004 004 019
1973 362 043 060 356 048 067 062 027 018 011 0.08 006 005 004 003 0.18
1974 050 292 035 048 277 037 050 046 021 0213 0.08 006 004 003 0.03 0.16
1975 117 041 236 028 037 208 027 037 034 015 010 006 004 003 0.03 0.14
1976 041 094 033 189 022 028 155 020 028 026 0211 0.07 005 003 002 012
1977 445 033 076 026 147 016 021 116 015 0212 019 008 006 003 0.02 011
1978 034 359 02 061 021 114 013 016 090 0.2 0.16 015 0.07 004 0.03 0.10
1979 083 027 290 021 048 016 088 0.10 013 069 009 012 011 005 0.03 0.10
1980 1341 067 022 233 017 037 0.12 068 0.08 0.10 053 0.07 0.09 0.09 004 0.10
1981 0.38 1082 054 018 184 013 029 0.10 052 0.06 0.07 041 005 0.07v 0.07 011
1982 031 031 874 044 014 141 010 022 007 040 0.04 006 031 0.04 006 0.13
1983 053 025 025 702 034 011 108 0.08 0.17 0.06 030 0.03 0.04 024 003 014
1984 10.81 043 020 020 554 027 008 083 006 013 0.04 023 003 003 018 0.14
1985 026 873 034 016 016 432 021 006 064 005 010 0.03 018 0.02 0.03 0.25
1986 026 021 705 028 013 013 337 0.16 005 050 0.04 008 003 014 002 021
1987 475 021 017 565 022 010 0.09 253 012 0.04 038 003 006 002 011 0.17
1988 196 384 017 014 439 0.16 0.07 007 189 0.09 003 028 002 004 001 021
1989 023 158 310 013 011 334 012 006 005 142 0.07 0.02 021 0.02 0.03 0.17
1990 365 019 128 248 010 008 242 009 004 004 103 005 002 015 0.01 0.15
1991 063 295 015 102 191 008 006 178 0.07 003 003 076 0.04 001 011 o0.12
1992 024 051 238 012 078 140 006 004 127 005 0.02 002 054 003 001 O0.16
1993 296 020 041 19 009 057 099 004 003 090 003 002 001 038 002 012
1994 225 239 016 033 145 007 041 071 003 002 065 002 001 001 0.27 0.10
1995 139 182 193 012 024 098 004 026 046 002 001 041 0.02 001 001 024
1996 149 112 146 153 009 0.17 066 003 018 031 001 001 028 001 001 017
1997 088 121 091 116 110 0.06 010 041 002 0211 0219 001 001 018 001 011
1998 170 071 097 071 082 071 004 006 025 001 007 012 0.01 0.00 0.11 o0.07
1999 1127 137 057 076 050 052 042 002 004 015 0.01 0.04 0.07 000 000 011
2000 055 910 111 045 052 031 029 024 001 002 0.08 000 0.02 0.04 0.00 0.06
2001 101 044 734 087 032 035 019 019 015 001 001 005 0.00 0.01 0.03 0.04
2002 0.10 081 036 582 064 022 023 013 012 010 001 001 0.04 0.00 0.01 0.04
2003 171 0.08 066 029 450 048 017 017 010 0.09 0.07 0.00 0.016 0.03 0.00 0.04
2004 0.11 138 0.07 053 022 340 036 012 013 0.07 0.07 006 0.00 0.01 0.02 0.03
2005 4.13 0.09 112 005 039 016 235 025 009 009 005 005 0.04 0.00 0.00 0.04
2006 4.02 334 0.07 083 004 027 010 152 016 006 0.06 0.03 0.03 0.03 0.00 0.03
2007 0.14 325 269 006 062 003 016 006 092 010 0.03 0.04 0.02 0.02 0.02 0.02
2008 1428 0.11 262 212 004 040 002 010 004 055 006 002 0.02 0.01 0.01 0.02
2009 174 1153 0.09 206 149 003 024 001 006 002 033 004 001 001 001 0.02
2010 221 141 930 0.07 155 108 002 017 001 004 002 023 002 001 0.01 0.02
2011 224 178 113 741 005 112 075 001 012 000 003 001 016 0.02 0.01 0.02
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Table 16 Estimatechumbers at age from the TINSS model (millions).

Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15+

1966 NA 130 110 066 071 0.09 008 007 006 006 0.05 0.04 004 003 0.03 0.06
1967 NA 130 102 086 050 051 006 005 005 004 004 0.03 003 0.02 002 0.06
1968 NA 153 101 078 063 034 033 004 003 003 002 002 002 001 001 0.04
1969 NA 122 120 079 059 046 024 022 002 002 002 001 001 001 001 0.03
1970 NA 130 095 092 059 042 031 015 013 001 001 0.01 001 001 001 0.02
1971  NA 280 101 073 068 040 027 018 0.09 0.07 0.01 001 0.01 0.00 0.00 0.02
1972 NA 094 220 079 055 049 028 018 012 0.05 0.04 001 0.00 0.00 0.00 0.01
1973 NA 083 074 172 060 041 036 020 012 0.08 0.04 003 0.00 0.00 000 0.01
1974 NA 218 065 058 131 044 029 024 013 0.08 005 0.02 0.02 000 000 0.01
1975 NA 066 171 050 043 09 030 019 015 0.08 0.05 003 001 001 0.00 0.01
1976 NA 071 052 133 038 032 067 021 012 010 0.05 0.03 0.02 001 001 0.00
1977 NA 050 056 040 102 028 023 046 014 008 006 003 002 001 001 0.01
1978 NA 370 039 044 031 078 021 017 033 010 0.06 005 0.02 001 001 0.01
1979 NA 029 293 031 034 024 058 016 012 024 0.07 004 003 002 001 0.01
1980 NA 055 023 230 024 026 018 043 011 0.09 047 005 0.03 002 001 0.02
1981 NA 1252 044 018 180 0419 020 013 031 008 006 012 0.04 0.02 0.02 0.02
1982 NA 017 990 034 014 137 014 014 009 022 006 004 008 003 001 0.03
1983 NA 0.17 014 781 027 011 103 0.0 011 0.07 0416 004 003 006 002 0.03
1984 NA 034 013 011 611 021 008 077 008 008 005 012 0.03 002 0.04 0.03
1985 NA 1021 0.27 010 008 472 016 006 057 006 006 004 008 002 002 0.06
1986 NA 026 811 021 008 007 365 012 005 043 0.04 004 003 006 002 0.06
1987 NA 044 021 639 017 006 005 271 009 003 031 003 003 002 005 0.05
1988 NA 377 035 016 498 013 005 004 196 006 002 022 002 002 001 0.07
1989 NA 205 298 028 013 381 009 004 003 140 005 002 016 002 0.02 0.06
1990 NA 072 162 234 021 010 280 007 002 002 097 003 001 011 001 0.05
1991 NA 251 057 127 182 016 007 204 005 002 001 068 002 001 0.08 0.04
1992 NA 099 198 045 098 136 012 005 141 003 001 001 046 002 0.01 0.08
1993 NA 052 078 155 034 073 099 008 004 095 002 001 001 030 001 0.06
1994 NA 187 041 061 120 026 054 070 0.06 002 065 002 001 000 021 0.05
1995 NA 164 147 032 046 086 018 035 044 004 001 039 001 0.00 0.00 015
1996 NA 123 129 114 024 034 061 012 023 028 002 001 025 001 0.00 0.10
1997 NA 137 09 100 08 017 022 038 007 013 016 001 0.01 014 0.00 0.06
1998 NA 083 106 073 073 058 011 013 021 004 007 009 001 0.00 0.07 0.03
1999 NA 164 065 080 053 049 035 006 007 011 0.02 0.03 004 000 0.00 0.05
2000 NA 970 126 048 057 034 028 018 003 003 005 001 002 002 0.00 0.02
2001 NA 084 758 097 036 040 022 017 011 002 002 003 000 001 001 0.01
2002 NA 066 066 58 073 026 027 014 011 007 0.01 001 002 000 001 0.01
2003 NA 021 052 052 452 055 019 019 010 007 004 001 001 001 0.00 0.01
2004 NA 152 017 041 040 340 040 013 013 0.07 005 003 001 001 o0.01 o0.01
2005 NA 045 119 013 031 029 235 026 009 008 0.04 003 0.02 000 000 0.01
2006 NA 521 035 092 010 022 020 151 016 005 005 003 002 001 0.00 0.01
2007 NA 474 407 027 068 007 014 012 088 009 003 003 001 001 001 0.01
2008 NA 017 371 313 020 048 005 009 007 051 005 002 002 001 001 0.01
2009 NA 1044 013 284 232 014 032 003 005 004 029 003 001 001 0.00 o0.01
2010 NA 121 824 010 219 174 010 022 002 004 003 019 002 001 0.01 o0.01
2011  NA 093 09 645 008 164 126 007 015 001 002 002 013 0.01 0.00 0.01
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Tablel7.1. Summary bPacific hake reference points from the SS model.

25" 97.5"

Quantity percentile Median percentile
Unfished female spawning bioma&g, millions mt) 1.549 2.034 2.756
Unfished total biomass (millions mt) 3.735 4,921 6.871
Unfished 3+ biomass (millions mt) 3.239 4.252 5.760
Unfished recruitmentR,, billions) 1.624 2.576 4.649
Reference points based on 8

MSYProxy female spawning biomasSg;q,, mt) 0.620 0.814 1.102

SPR resulting irSByge, (SPRg40s) 0.406 0.435 0.512

Exploitation fraction resulting iSBge 0.136 0.187 0.236

Yield at SByge, (Million mt) 0.217 0.323 0.521
Reference points based on SPR proxy for MSY

Female spawning biomass2® Rysyproxy (SBsprMt) 0.506 0.721 0.991

SPRusyproxy 0.400 0.400 0.400

Exploitation fraction corresponding to SPR 0.182 0.217 0.258

Yield with SPRysyproxy @t SBspr(million mt) 0.222 0.334 0.536
Reference points based on estimated MSY values

Female spawning biomassMS8Y (SBysymt) 0.315 0.491 0.790

SPRysy 0.189 0.286 0.451

Exploitation fraction corresponding 8PRysy 0.172 0.342 0.564

MSY (million mt) 0.228 0.355 0.581

Tablel7.2. Summary bPacific hake reference points from the TINSS model.

2.5" 97.58"

Quantity percentile Median percentile
Unfished female spawning bioma&g, millions mt) 0.851 1.242 2121
Unfished total biomass (millions mt) 2.046 3.008 5.258
Unfished 3+ biomass (millions mt) 1.737 2.549 4.370
Unfished recruitmentR,, billions) 0.891 1.491 2.903
Reference points based on &8

MSYProxy female spawning biomas3H,y,, mt) 0.340 0.497 0.848

SPR resulting irSByge, (SPRg40s) 0.455 0.530 0.647

Exploitation fraction resulting i®Bge 0.101 0.151 0.194

Yield at SByge (million mt) 0.098 0.158 0.266
Reference points based on SPR proxy for MSY

Female spawning biomass3® Rysyproxy (SBsprMt) 0.000 0.283 0.497

SPRusyproxy 0.400 0.400 0.400

Exploitation fraction corresponding to SPR 0.198 0.236 0.284

Yield with SPRysyproxy at SBspr(million mt) 0.000 0.145 0.253
Reference points based on estimated MSY values

Female spawning biomassM8Y (SBysymt) 0.283 0.456 0.851

SPRysy 0.353 0.509 0.669

Exploitation fraction corresponding 8PRysy 0.093 0.165 0.268

MSY (million mt) 0.098 0.160 0.271
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Table18.1. Decision table with three year projections of posterior distributions for Pacific hake female
spawning biomasgmillions mt, at the beginning of the year before fishing takes place). Catch
alternatives are based on: 1) arbitrary constant catch levels of 50,000, 100,000, 150,000, 430 0D,
and 500,000 mt (rows@ and &3), 2)the status qu®Y from 2010 (row §, and 3) the OY implied by
the estimatedFysyfrom the TINSS modglrow h), and thevalues estimated via the 40:10 harvest control
rule and the F40% overfishing limit/target for the base caged®S) and TINSS models (row j).

States of nature

Model SS TINSS
Within model probability 25% 50% 25% 25% 50% 25%
Low High Low High
Description 2008 Modal 2008 2008 Modal 2008

cohort density  cohort  cohort density cohort

Management Action

Catch
Year (mt)
2011 50,000 1.053 1.873 3.232 1.358 2.174 3.534
a 2012 50,000 1.238 2.180 3.801 1.605 2.711 4.427
2013 50,000 1.309 2.308 3.912 1.629 2.732 4.449
2011 100,000 1.053 1.873 3.232 1.358 2.174 3.534
b 2012 100,000 1.215 2.157 3.777 1.581 2.686 4.403
2013 100,000 1.262 2.261 3.866 1.584 2.685 4.403
2011 150,000 1.053 1.873 3.232 1.358 2.174 3.534
c 2012 150,000 1.191 2.133 3.754 1.557 2.662 4.379
2013 150,000 1.215 2.215 3.821 1.538 2.643 4.356
2011 262,500 1.053 1.873 3.232 1.358 2.174 3.534
d 2012 262,500 1.138 2.081 3.701 1.503 2.608 4.325
2013 262,500 1.110 2.110 3.718 1.439 2.539 4.252
2011 300,000 1.053 1.873 3.232 1.358 2.174 3.534
e 2012 300,000 1.120 2.063 3.683 1.485 2.589 4.306
2013 300,000 1.075 2.075 3.684 1.404 2.504 4.217
2011 400,000 1.053 1.873 3.232 1.358 2.174 3.534
f 2012 400,000 1.073 2.016 3.636 1.437 2.541 4.258
2013 400,000 0.982 1.982 3.593 1.313 2.409 4.124
2011 500,000 1.053 1.873 3.232 1.358 2.174 3.534
g 2012 500,000 1.025 1.969 3.589 1.388 2.494 4.209
2013 500,000 0.889 1.890 3.500 1.221 2.314 4.034
2011 704,600 1.053 1.873 3.232 1.358 2.174 3.534
h 2012 781,000 0.928 1.879 3.493 1.292 2.398 4.107
2013 784,200 0.662 1.671 3.280 0.998 2.083 3.820
2011 840,000 1.053 1.873 3.232 1.355 2.174 3.534
i 2012 886,000 0.864 1.809 3.429 1.225 2.335 4.040
2013 782,000 0.558 1.559 3.166 0.890 1.971 3.712
2011 1,120,000 1.053 1.873 3.232 1.358 2.174 3.534
j 2012 1,107,000 0.734 1.683 3.297 1.080 2.201 3.900
2013 1,007,000 0.369 1.333 2.943 0.450 1.742 3.485
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Table18.2. Decision table with three year projections of posterior distributions for Pacific hake relative
depletion (at the beginning of the year before fishing takes pl&aich alternatives are based on: 1)
arbitrary constant catch levels of 50,0000,000, 150,000, 300,00400,000 and 500,000 mt (rowsca
and eg), 2)the status quo OY from 2010 (row,&nd 3) the OY implied by the estimatggsyfrom the
TINSS modelrow h), and thevalues estimated via the 40:10 harvest control rule and the F40%
overfishing limit/target for the base case (&®v i) and TINSS models (row j).

States of nature

Model SS TINSS
Within model probability 25% 50% 25% 25% 50% 25%
Low High Low High
Description 2008 Modal 2008 2008 Modal 2008

cohort density  cohort  cohort density cohort

Management Action

Catch
Year (mt)
2011 50,000 0.549 0.909 1.493 1.144 1.749 2.704
a 2012 50,000 0.649 1.066 1.740 1.412 2.155 3.327
2013 50,000 0.693 1.116 1.782 1.437 2.213 3.292
2011 100,000 0.549 0.909 1.493 1.144 1.749 2.704
b 2012 100,000 0.633 1.055 1.729 1.389 2.142 3.307
2013 100,000 0.669 1.095 1.760 1.397 2.173 3.252
2011 150,000 0.549 0.909 1.493 1.144 1.749 2.704
c 2012 150,000 0.618 1.042 1.719 1.367 2.125 3.289
2013 150,000 0.645 1.074 1.740 1.360 2.134 3.217
2011 262,500 0.549 0.909 1.493 1.144 1.749 2.704
d 2012 262,500 0.589 1.014 1.698 1.320 2.087 3.260
2013 262,500 0.591 1.023 1.693 1.269 2.049 3.138
2011 300,000 0.549 0.909 1.493 1.144 1.749 2.704
e 2012 300,000 0.580 1.006 1.691 1.302 2.071 3.251
2013 300,000 0.572 1.007 1.680 1.235 2.018 3.106
2011 400,000 0.549 0.909 1.493 1.144 1.749 2.704
f 2012 400,000 0.556 0.984 1.670 1.264 2.022 3.214
2013 400,000 0.519 0.963 1.642 1.147 1.939 3.019
2011 500,000 0.549 0.909 1.493 1.144 1.749 2.704
g 2012 500,000 0.533 0.961 1.648 1.221 1.979 3.175
2013 500,000 0.474 0.918 1.602 1.058 1.864 2.950
2011 704,600 0.549 0.909 1.493 1.144 1.749 2.704
h 2012 781,000 0.484 0.913 1.604 1.145 1.900 3.114
2013 784,200 0.357 0.809 1.496 0.852 1.677 2.763
2011 840,000 0.549 0.909 1.493 1.140 1.749 2.704
i 2012 886,000 0.451 0.878 1.569 1.088 1.847 3.072
2013 782,000 0.298 0.753 1.437 0.741 1.572 2.685
2011 1,120,000 0.549 0.909 1.493 1.144 1.749 2.704
j 2012 1,107,000 0.387 0.816 1.505 0.916 1.733 2.930
2013 1,007,000 0.202 0.643 1.329 0.359 1.383 2.510
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Table18.3. Decision table with three year projections of posterior distributions for Pacific hake relative
spawning potential ratio (1-SPR/:SPRTarget=0.4; values greater than 1.0 denote overfisidat)h
alternatives are based on: 1) arbitrary constant catch levels of 50,000, 100,000, 150,000, 430 0D,
and 500,000 mt (rows@ and &3), 2)the status quo OY from 2010 (row,&nd 3) the OY implied by
the estimatedFysyfrom the TINSS modglrow h), and thevalues estimated via the 40:10 harvest control
rule and the F40% overfishing limit/target for the base caged®S) and TINSS models (row j).

States of nature

Model SS TINSS
Within model probability 25% 50% 25% 25% 50% 25%
Low High Low High
Description 2008 Modal 2008 2008 Modal 2008

cohort density  cohort  cohort density cohort

Management Action

Catch
Year (mt)
2011 50,000 0.225 0.129 0.075 0.174 0.122 0.080
a 2012 50,000 0.181 0.103 0.058 0.145 0.097 0.062
2013 50,000 0.167 0.095 0.055 0.131 0.084 0.053
2011 100,000 0.399 0.241 0.145 0.311 0.225 0.152
b 2012 100,000 0.334 0.197 0.113 0.266 0.184 0.120
2013 100,000 0.316 0.184 0.107 0.247 0.162 0.103
2011 150,000 0.538 0.340 0.209 0.421 0.313 0.216
c 2012 150,000 0.465 0.283 0.166 0.370 0.262 0.173
2013 150,000 0.448 0.267 0.158 0.352 0.234 0.151
2011 262,500 0.766 0.519 0.337 0.608 0.470 0.338
d 2012 262,500 0.699 0.451 0.274 0.560 0.411 0.282
2013 262,500 0.699 0.437 0.266 0.551 0.379 0.250
2011 300,000 0.823 0.569 0.374 0.657 0.513 0.373
e 2012 300,000 0.762 0.501 0.308 0.614 0.454 0.314
2013 300,000 0.769 0.488 0.300 0.609 0.422 0.281
2011 400,000 0.946 0.685 0.466 0.764 0.613 0.457
f 2012 400,000 0.905 0.620 0.392 0.740 0.557 0.395
2013 400,000 0.933 0.615 0.387 0.748 0.529 0.359
2011 500,000 1.038 0.780 0.546 0.851 0.695 0.529
g 2012 500,000 1.016 0.723 0.470 0.845 0.646 0.468
2013 500,000 1.067 0.727 0.468 0.869 0.626 0.429
2011 704,600 1.166 0.926 0.682 0.986 0.824 0.648
h 2012 781,000 1.214 0.932 0.650 1.055 0.835 0.631
2013 784,200 1.307 0.973 0.664 1.139 0.843 0.599
2011 840,000 1.226 1.000 0.755 1.056 0.891 0.712
i 2012 886,000 1.280 1.002 0.710 1.131 0.896 0.685
2013 782,000 1.340 1.003 0.679 1.192 0.867 0.611
2011 1,120,000 1.308 1.110 0.878 1.166 1.004 0.820
j 2012 1,107,000 1.359 1.118 0.822 1.325 1.014 0.786
2013 1,007,000 1.378 1.116 0.815 1.664 1.027 0.733
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Table 19 Selectikelihoods, parameters and estimated quantities favIBIS and posterior
medians Likelihood comparisonsire not meaningful between MLE and posterior results

Posterior
MLE median
Negative loglikelihood
Total  155.460 NA
Surveyindex -5.478 NA
Agedata 129.445 NA
Parameter priort  0.174 NA
Parameters
Ry (billions) 2.253 2.576
Steepnesdj 0.851 0.810
Natural mortality #1; m/f) 0.214 0.223
Acoustic catchability @) 1.019 NA
Additional acoustic survey SI  0.195 0.265
Reference points
2008recruitment deviatior  2.617 2.729
SB (million mt) 1.893 2.034
2011 Depletion  0.890 0.910

2010 SPR ratic 0.695 0.637




Table 20 Selectikelihoods, parameters and estimated quantitie lNISSMLE and posterior

medians Likelihood comparisonsire not meaningful between MLE and posterior results

Posterior
MLE median
Negative loglikelihood
Total  -276.23 NA
Survey index 1.44 NA
Commercial ge data -288.67 NA
Survey age dati  -53.92 NA
Parameter priort  64.92 NA
Parameters
MSY 0.13 0.15
Fumsy 0.34 0.41
Ro (billions) 1.23 1.49
Steepnessj 0.55 0.54
Natural mortality 1; m/f) 0.23 0.24
Acoustic catchability Q) 1.25 1.22
Reference points
2009 agel recruitment deviation 2.42 2.63
SB (million mt) 1.16 1.24
2011 Depletion 1.62 1.75
2010 SPR ratic 0.6 0.53
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Table 21 Selectikelihoods, parameters and estimated quantities for SS sensitivity analyses to
basic model structure. Likelihood values in italics are not comparable.

Age with
Empirical Age with  Age by sex  catch by
age growth with growth season
Negative loglikelihood
Total  155.460 390.107 650.547 407.663
Surveyindex -5.478 -6.171 -5.706 -5.137
Age data 129.445 355.405 610.428 369.765
Parameter prior:  0.174 0.201 0.096 0.144
Parameters
Ry (billions) 2.253 2.347 2.371 2.139
Steepnessj 0.851 0.863 0.873 0.863
Natural mortality §1; m/f) 0.214 0.214 0.206/0.206 0.212
Acoustic catchability @) 1.019 0.942 0.997 1.011
Additional acoustic survey SI  0.195 0.167 0.183 0.207
Reference points
2008recruitment deviatior  2.617 3.177 3.297 3.121
SB (million mt) 1.893 2.157 2.567 1.942
2011 Depletion  0.890 0.936 0.720 0.872
2010 SPRratic  0.695 0.626 0.710 0.681
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Table 22 Selectikelihoods, parameters and estimated quantities faedSitivity analyses to

the exclusion of the 2010 fishery age dai&elihood values in italics are not comparable.

No 2010
fishery
Base SS data
Negative loglikelihood
Total  155.460 146.378
Surveyindex  -5.478 -5.555
Age data  129.445 122.642
Parameter priorc  0.174 0.146
Parameters
Ro (billions) 2.253 2.271
Steepnessj 0.851 0.850
Natural mortality 1; m/f) 0.214 0.213
Acoustic catchability @) 1.019 0.960
Additional acoustic survey SI ~ 0.195 0.194
Reference points
2008 recruitmendeviation 2.617 0.773
SB (million mt) 1.893 1.923
2011 Depletion  0.890 0.485
2010 SPR ratic  0.695 0.719
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Table 23 Selectikelihoods, parameters and estimated quantities faeBSitivity analyses to
the priors on steepness and natural mortdlilyelihood values in italics are not comparable.

M prior SD = M fixed at
Base SS Low h prior 0.5 0.23
Negative loglikelihood
Total  155.460 156.742 154.618 154.814
Surveyindex -5.478 -5.364 -5.308 -5.414
Age data 129.445 129.351 129.270 129.369
Parameter prior:  0.174 0.653 0.055 -0.059
Parameters
Ro (billions) 2.253 2.662 3.614 2.685
Steepnessj 0.851 0.529 0.841 0.847
Natural mortality #1; m/f) 0.214 0.220 0.256 0.230
Acoustic catchability Q) 1.019 0.995 0.813 0.940
Additional acoustic survey SI  0.195 0.199 0.203 0.198
Reference points
2008 recruitment deviatio  2.617 2.691 2.564 2.595
SB (million mt) 1.893 2.122 2.171 1.973
2011 Depletion  0.890 0.787 1.042 0.949
2010 SPRratic  0.695 0.682 0.509 0.622
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Table 24 Selectlikelihoods, parameters and estimated quantities faedSitivity analyses to
the structure of ageing errdrikelihood values in italics are not comparable.

No cohort
ageing No ageing
Base SS error error
Negative loglikelihood
Total 155.460 222.264 109.160
Surveyindex  -5.478 -5.413 -5.200
Age data 129.445 193.481 91.795
Parameter priors  0.174 0.100 0.238
Parameters
Ro (billions)  2.253 2.172 2.149
Steepnesgj 0.851 0.843 0.852
Natural mortality 1; m/f) 0.214 0.212 0.216
Acoustic catchability Q) 1.019 1.026 1.032
Additional acoustic survey SI  0.195 0.198 0.205
Reference points
2008 recruitment deviatio  2.617 2.745 2.116
SB (million mt)  1.893 1.858 1.776
2011 Depletion  0.890 0.890 0.797
2010 SPR ratic  0.695 0.706 0.726
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Table 25 Selectikelihoods, parameters and estimated quantities faedSitivity analyses to
fishery and survey selectivity parameterizatibikelihood values in italics are not comparable.

Non-parametric  Doublenormal Time-varying
selectivity selectivity non-parametric
SS base to ages (domeshaped) selectivity
Negative loglikelihood
Total 155.460 145.893 170.529 123.635
Surveyindex -5.478 -5.574 -6.298 -5.775
Age data 129.445 119.918 145.474 91.257
Parameter priort 0.174 0.184 0.062 0.064
Parameters
Ry (billions)  2.253 2.103 2.183 1.978
Steepnessj  0.851 0.854 0.848 0.856
Natural mortality 1; m/f) 0.214 0.214 0.210 0.209
Acoustic catchability Q) 1.019 1.702 0.838 1.305
Additional acoustic surve
SD 0195 0.191 0.166 0.187
Reference points
2008 recruitment deviatio  2.617 2.581 2.316 1.935
SB (million mt)  1.893 1.765 1.897 1.727
2011 Depletion  0.890 0.845 0.714 0.653
2010 SPR ratic  0.695 0.766 0.740 0.754
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Table 26 Sensitivity topriors and model assumptions tested in TINSS. Note sensitivity runs
shown in the table were done individually, with all other priors set to the values in the base case

(Table 9).

Parameter Distribution ¢, 0 e, 0 ¢, 0 &, 0

Fusy lognormal 0.35,0.262 0.3,0.4 0.4,0.4 0.35,0.5 Prior mapped
from SS
steepness prior

MSY lognormal 0.15,0.5 0.3,0.5 0.2,0.75

M lognormal 0.15,0.1 0.25,0.1 0.2,05

o} lognormal 0,0.2 0,0.3

1. 2010 assessment prior (Martell 2010)
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Table 27 Selectparameters and estimated quantities for TINSS sensitivity analyses to the prior
for Fusyto the acoustic survey. Note thiatruits are age 1 and not directly comparable with SS.

TINSS e, 0 =g, e, | &, e, 0
Base
0.35,0.262 0.3,0.4 0.4,0.4 0.350.5 Mapped
from SS
Parameters prior on
steepness
MSY 0.134 0.134 0.128 0.140  0.133 0.186
Fumsy 0.343 0.346 0.302 0.383  0.340 0.959
Ro (billions) 1.225 1.224 1.241  1.213  1.226 1.152
Steepnessh] 0.546 0.549 0515 0574 0.544 0.829
Natural mortality M; m/f) 0.227 0.227 0.227 0.228  0.227 0.230
Acoustic catchability@) 1.255 1.255 1.254 1.255  1.255 1.257
Reference points
2009 log recruitmentdeviation 2.422 2.421 2432 2413 2422 2.371
SB (million mt) 1.165 1.163 1.186  1.149  1.166 1.077
2011Depletion 1.623 1.625 1.606 1.636  1.623 1.689
2010 SPR ratic 0.638 0.638 0.639 0.638 0.638 0.633
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Table 28 Select parameters and estimated quantities for TINSS sensitivity analyses to the prior
for MSY. Note thatrecruits are age 1 and not direatymparable with SS.

TINSS Base e, @ e, 0 e, @

Parameters 0.3,0.5 0.15,0.5 0.2,0.75
MSY  0.134 0.148 0.124 0.125
Fumsy 0.343 0.369 0.323 0.325
Ry (billions) 1.225 1.308 1.171 1.176
Steepnesj 0.546 0.565 0.531 0.532
Natural mortality #1; m/f) 0.227 0.228 0.227 0.227
Acoustic catchability@) 1.255 1.250 1.258 1.257

Reference points

2009 log recruitment deviatio  2.422 2.450 2.402 2.404
SB (million mt) 1.165 1.238 1.115 1.119
2011 Depletion  1.623 1.575 1.663 1.659
2010 SPRratic  0.638 0.645 0.634 0.635
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Table 29 Select parameters and estimated quantities for TINSS sensitivity analyses to the prior
for M. Note thatrecruits are age 1 and not directly comparable with SS.

TINSS Base e, @ e, 0 e, 1

Parameters 0.15,0.1 0.25,0.1 0.2,0.5

MSY 0.1% 0.133 0.139 0.150

Fumsy 0.343 0.313 0.357 0.338

Ry (billions) 1.225 0.800 1.827 3.523

Steepnesdhj 0.546 0.673 0.460 0.356

Natural mortality §1; m/f) 0.227 0.166 0.283 0.365

Acoustic catchability Q) 1.255 1.335 1.185 1.095
Referencepoints

2009 log recruitmen

deviation 2.422 2.558 2.235 1.814

SB (million mt) 1.165 1.267 1.194 1.443

2011 Depletion 1.623 1.207 1.911 2.126

2010 SPR ratic 0.638 0.510 0.726 0.823
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Table 30 Select parameters and estimated quantities for TB¢BSitivity analyses to the

standard deviation of éhprior for survey selectivitQ). Note thatrecruits are age 1 and not

directly comparable with SS.

SD fixed SD fixed
TINSS Base 0.2 0.3
Parameters
MSY  0.134 0.126 0.122
Fumsy 0.343 0.342 0.341
Ry (billions) 1.225 1.026 0.962
Steepnesshj 0.546 0.578 0.588
Natural mortality 1; m/f) 0.227 0.210 0.204
Acoustic catchability Q) 1.255 1.720 2.054
Reference points
2009 log recruitment deviatio  2.422 2.121 1.982
SB (million mt) 1.165 1.112 1.095
2011 Depletion  1.623 1.089 0.912
2010 SPRratic  0.638 0.519 0.467
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Table 31 Selectiikelihoods, parameters and estimated quantities fae88spective analyses
Likelihood values in italics are not comparatdehe SS base model

Base SS

-1 year

-2 years

-3 years

-4 years

-5 years

Negative loglikelihood
Total
Surveyindex

-5.478

-5.555

-4.470

-4.496

-3.230

155.460 146.378 138.073 134.258 128.301 124.731
-3.136
Age data 129.445 122.642 115.022 111.783 106.085 102.900

Parametepriors 0.174 0.146  0.164 0.154 0.126  0.144
Parameters
Ro (billions)  2.253 2.271 2.275 2.263 2.183 2.252
Steepnesshj 0.851  0.850 0.850 0.849  0.846  0.846
Natural mortality \1; m/f) 0.214  0.213 0.214 0.213 0.213 0.213
Acoustic catchability@) 1.019  0.960 1.030 1.038 1.071 1.113
Additional acoustic survey SI 0.195  0.194 0.214 0.213  0.244  0.250
Reference points
2008 recruitment deviatio 2.617 0.773 NA NA NA NA
SB (million mt)  1.893 1.923 1.916 1.910 1.855 1.904
2006 Depletion 0.478  0.506  0.449  0.445  0.402 0.356
2005 SPRratic 0.860 0.835 0.877 0.884 0.937  0.987
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Table 32 Retrospectivéables for TINSS model runResults based on p&@SC model code

Base
TINSS -lyear -2years -3years -4years -5years
Negativelog-likelihood
Total -276.27 -274.68 -260.69 -2455 -212.6 -199.79
Survey index 1.44 2.63 1.13 1.54 1.28 1.54
Commercial age dat -288.7 -278.2 -261.52 -243.41 -229.11 -217.0
Survey age dati -53.92  -61.6  -58.97 -60.88 -39.63  -39.07
Parametepriors  64.91 62.49 58.67 57.25 5486  54.74
Parameters
MSY(million mt) 0.1 0.18 0.129 0.13L 0.1%6 0.127
FMSY 0343 0343 0350 0346 0345 0.341
Natural mortality 1)  0.227 0.220 0.218 0.215 0.208 0.203
Acoustic catchabilityd) 1.25 1.20 1.21 1.15 1.12 1.08
Reference points
200 log recruitment deviatior  2.42 0.31 NA NA NA NA
SB (million mt)  1.14 1.12 1.10 1.11 1.08 1.10
2006 SSE  1.05 1.01 0.81 0.93 0.85 0.90
2006 Depletion 0.92 0.91 0.74 0.84 0.78 0.816
2005 SPR ratic  0.79 0.76 0.83 0.93 0.85 0.83
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7. Figures
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Figure 1. Spatiadlistribution of @ousticbackscatteattributable to Pacific hakieom joint US-
Canada acoustic surve¥98952009 Areaof thecircles is proportional tobservedackscatter.
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Figure 5 Within and among year temporal patterns in reconstruesesific hake landingsy

Jan-Mar =

Nov-Dec —

Jan-Mar 5

Nov-Dec ~
Jan-Mar -

Nov-Dec —

Jan-Mar —

US_Foreign

SRRAEA
S0 Q=1
S8 Sk
P VY P PP
Us_Jv
US_Atsea
US_Shore
O 5 a o o & o
© 5 6 a 0 a a
CAN_Foreign
B T
- e} o o
Y o] o O
o o O o o
CAN_JV

CAN_Domestic

eCOoo

e(Q0o

-00000 -

o(QO0o

00000 -

o(0o
oCoe

o o 0O
o o O
o o 0O
o o O
o o O

eQ0o
o(Coo

ooooooo

1966 1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

Year

sector, 1966010. The aea of each circle is proportional to catch for that period. Shaded
rectangles indicate years in whichly annuakatchwas avdable, @enrectanglesndicate 5

year reference period used to calculate average seasonal distributistnibuteannual catch
values. The Canadianrkign fleet had no seasonal data available, so the seasonal distribution
was assumd to be the same as the U.S. fgndied.

11C



14 - o o o o o e
N I - -
12 - I T o T - T 1 S o S I R
R R o T o T =+ S - N - B 5 S ol B A T - T S S R SR -
1[]_ e e 9o Do 0D e O oO- . +O- e o oo O3

c 00O O oD s e G () (D 20000 s 0s e oo o)

84 cooeledoeoooo ()« «(+ «{3oGoooo=o0cof Joo.
caCoeovsooepoed ) - Q.00 0000000 e of Joo. e
6 OQGOGOOQQQGOQHowggogooo{}oo@@aooo
OGDOOOOO@ﬂC}-QC}0D0+OQ-ODGGGq:bOoGDO
4+ 00000 o s 0000 -00000H oo s
000000 sQe + 00+ 006 - 0000 ) © + 0D
34 (a0 0l dr o D 000w s oD 0Qe( 0 e 0 0 ()

&
F'T1T T T TTTTTTTTTTTTTTTTTTTTTTTTTTTTT T

1975 1979 1983 1987 1991 1995 1999 2003 2007

Age (yr)

Year
Figure6. Aggregatdishery @ll sectorscombined agecompositions, 1972010 Proportions in
each year sum to 1.0, maximum bubble size represents a value of 0.77.

111



80

- Females: 1975-1989... Males: 1975-1989

60

40

20

B
o
£ o
2 2 - Females: 1990-2010 Males: 1990-2010
g
8 -
»/“‘-1- i
e p— . —
o e
& f
° T T T T T T
0 5 10 15 0 5 10 15

Age (years)

Figure 7. Estimated growth curves females and males fit to lengiind age datéor the time
periods 19751989 and 1992010. Darkness gjrey points indicates the number of samples at
each value. Red linesdicate median, as well as 50% and 95% intervals of the obdengitis
at each age from 1 to 15.

112



............. e O ol Mo o - Y mumﬂmvo .

.......... c o000 - bl e 000000 e - - -
“““““ e o OOOOCD0OT e - - - - - Fl oo oo o s e 0000000 e 0 - -
......... oOOOOOooOOOo. T B S g 1o = - BT S
.......... 008000o e e ..o L P 008000 S T
......... aoO@oov........ UO&UO
.......... co( e - - s e (DT e
.......... ooogooq........ ..........ooOOOOo.........
........ cooo oD MDe - - - - S . s e00 OO0 - - - -
“““““ e 0 OOO0ODODC e e - - - - - Fl - oo o 0L e 0 0DD0DOOC 0o s - -
....... co o QOIO00 e e o s s - - s s s s s s s e e Q0000 e - - - - s
......... o000 e @ - N T Rt R R I e o T o e - T
““““““ OD@OOOO o - - - - - -} e e e e e e s oOOOOOo + e
.......... cool Do - ks e o000 e
......... o0 GOnOoe - - - - - F| - - s s oQDE00 00 e F - - - -
....... o e O 0w - - - -k s s e 0 e QOO s s
S s e o000 e - - - - o coOQDOB e - - - - - -
.......... ol S or =] o =1 R NI <N @ @ T I K <3 S
......AA.DOO8OOooono eeeee e SO @ e o 0 e o o e
....... OOoOOQUOOUOu L S S s e e o000 e - - o - -
T T T , , T T T T T T T
= & i g & SIS 2 B g & &

(Lo} WpbueT (W) hua

2003 2005 2007 2009

1999 2001

1993 1995 1997

1991

Year

Figure 8 U.S. atsea ishery length compositions, 19201Q Proportions in each year sum to

1.0across botlsexes in each yeamaximum bubl# size represents a value of Ofar females

(upper panel) and 0.31 for males (lower panel)
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Figure 9. Historicahnd updatedaustic survey biomass estimatasljons of metric tons).
Approximate 95% anfidence intervals are basedamly sampling variability (1992007) and
sampling variability as well as squid/hake apportionment uncertainty (2009)
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Figure 10. Acoustisurvey age compositions, 192809 Proportions in each year sum to 1.0,
maximum bubble size represents a value of 0.63.
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Figure 11. Comparisoof agefrequency distributions from three recent years when otoliths were
read under normal conditions (fitldbars) and when the same set of otoliths was read, but were

analyzed in a mixed sample where the reader was unaware of the collection year (open bars).
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Figure 12. Interpolateohatrix of weight at age (kg) used in both models.

















































































































































































































































































